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Training for Certification

Taking An ASE Certification Test

This study guide will help prepare
you to take and pass the ASE rest. It
contains descriptions of the types of
questions used on the test, the task
list from which the test questions are
derived, a review of the task list subject
information, and a pracrice test con-
taining ASE style questions.

ABOUT ASE

The National Institute for Automo-
tive Service Excellence (ASE) is a non-
profit organization founded in 1972
for the purpose of improving the qual-
ity of automotive service and repair
through the voluntary testing and cer-
tification of automotive technicians.
Currently, there are over 400,000 pro-
fessional technicians certified by ASE
in over 40 different specialist areas.

ASE certification recognizes your
knowledge and experience, and since
it is voluntary, taking and passing an
ASE certification test also demon-
strates to employers and customers
your commitment to your profession.
It can mean better compensation and
increased employment opportunities
as well.

ASE not only certifies techni-
cian competency, it also promortes
the benefits of technician certifica-
tion to the motoring public. Re-
pair shops that employ at least one
ASE technician can display the
ASE sign. Establishments where
75 percent of technicians are certified,
with at least one technician certified

in each area of service offered by the
business, are eligible for the ASE Blue
Seal of Excellence program. ASE en-
courages consumers to patronize these
shops through media campaigns and
car care clinics.

To become ASE certified, you must
pass at least one ASE exam and have at
least two years of related work experi-
ence. Technicians that pass specified
tests in a series earn Master Technician
status. Your certification is valid for
five years, after which time you must
retest to retain certification, demon-
strating that you have kept up with the
changing technology in the field.

THE ASE TEST

An ASE test consists of forty to
eighty multiple-choice questions. Test
questions are written by a panel of
technical experts from vehicle, parts
and equipment manufacturers, as well
as working technicians and techni-
cal education instructors. All ques-
tions have been pre-tested and qual-
ity checked on a national sample of
technicians. The questions are derived
from information presented in the rask

© Advanstar Communications Inc. 2012.3

Customer Service 1-800-240-1968
FAX 218-740-6437
e-mail: PassTheASE@advanstar.com
URL: www.PassTheASE.com
A1 - ENGINE REPAIR

list, which details the knowledge that
a technician must have to pass an ASE
test and be recognized as competent
in that category. The task list is peri-
odically updated by ASE in response
to changes in vehicle technology and
repair techniques.

There are five types of questions on
an ASE rest:

* Direct, or Completion
MOST Likely
* Technician A and Technician B
EXCEPT
LEAST Likely

Direct, or Completion

This type of question is the kind
that is most familiar to anyone who
has taken a multiple-choice test: you
must answer a direct question or com-
plete a statement with the correct an-
swer. There are four choices given as
potential answers, but only one is cor-
rect. Sometimes the correct answer to
one of these questions is clear, however
in other cases more than one answer
may seem to be correct. In that case,
read the question carefully and choose
the answer that is most correct. Here
is an example of this type of test ques-
tion:

A compression test shows that one
cylinder is too low. A leakage test

on that cylinder shows that there is
excessive leakage. During the test,
air could be heard coming from the
tailpipe. Which of the following could
be the cause?

Training for Certification
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A. broken piston rings

B. bad head gasket

C. bad exhaust gasket

D. an exh ‘ust valve not seating

There is only one correct answer
to this question, answer D, If an
exhaust valve is nor seated, air will
leak from the combustion chamber
by way of the valve out to the tailpipe
and make an audible sound. Answer
C is wrong because an exhaust gas-
ket has nething to do with combus-
tion chamber sealing. Answers A and
B are wrong because broken rings or a
bad head gasket would have air leaking
through the oil filler or coolant system.

MOST I+ikely

This type of question is similar to
a direct question but it can be more
chaﬂcnginé because all or some of the
answers may be nearly correct. How-
ever, only one answer is the most cor-
rect. For e*ample:

When a c;tlnder head with an over-
head cams haft is discovered to be
warped, which of the following is the
most corrTct repair option?

A. replace the head

B. check for cracks, straighten the
head, surface the head

C. surface the head, then straighten it
D. straighten the head, surface the
head, check for cracks

The mdjst correct answer is B. It
makes no sense to perform repairs on a
cylinder head that might not be usable.
The head 1sh0uld first be checked for
warpage and cracks. Therefore, answer
B is more correct than answer D. The
head could certainly be replaced, but
the cost factor may be prohibitive and
availability may be limited, so answer
B is more correct than answer A. If
the top of the head is warped enough
to interfere with cam bore alignment
and/or restrict free movement of the
camshaft, the head must be straight-
ened before it is resurfaced, so answer
C is wrong.

Technician A and
Technician B

These questions are the kind most
commonly associated with the ASE
test. With these questions you are
asked to choose which technician state-
ment is correct, or whether they both
are correct or incorrect. This type of
question can be difficult because very
often you may find one technician’s
statement to bC Ciearl}’ correct or in-
correct while the other may not be so
obvious. Do you choose one techni-
cian or both? The key to answering
these questions is to carefully examine
each technician’s statement indepen-
dently and judge it on its own merit.
Here is an example of this type of
question:

A vehicle equipped with rack-and-
pinion steering is having the front
end inspected. Technician A says
that the inner tie rod ends should be
inspected while in their nermal run-
ning position. Technician B says that
if movement is felt between the tie
rod stud and the socket while the tire
is moved in and out, the inner tie rod
should be replaced. Who is correct?
A. Technician A

B. Technician B

C.Both Aand B

D. Neither A or B

The correct answer is C; borth
technicians’ statements are correct.
Technician B is clearly correct because
any play felt between the tie-rod stud
and the socket while the tire is moved
in and our indicates that the assembly
is worn and requires replacement.
However, Technician A is also correct
because inner tie- rods should be
inspected while in their normal
running position, to prevent binding
that may occur when the suspension is
allowed to hang free.

EXCEPT

This kind of question is sometimes
called a negative question because you
are asked to give the incorrect answer.
All of the possible answers given are
correct EXCEPT one. In effect, the
correct answer to the question is the

one that is wrong. The word EXCEPT

is always capitalized in these questions.
For example:

All of the following are true of torsion
bars EXCEPT:

A. They can be mounted longitudi-
nally or transversely.

B. They serve the same function as
coil springs.

C. They are interchangeable from
side-to-side

D. They can be used to adjust vehicle
ride height.

The correct answer is C. Torsion
bars are not normally interchangeable
from side-to-side. This is because the
direction of the twisting or torsion
is not the same on the left and right
sides. All of the other answers contain
true statements regarding torsion bars.

LEAST Likely

This type of question is similar to
EXCEPT in that once again you are
asked to give the answer thart is wrong,
For example:

Blue-gray smoke comes from the
exhaust of a vehicle during decelera-
tion. Of the following, which cause is
LEAST likely?

A. worn valve guides

B. broken valve seals

C. worn piston rings

D. clogged oil return passages

The correct answer is C. Worn
piston rings will usually make
an engine smoke worse under
acceleration. All of the other causes can
allow oil to be drawn through the valve
guides under the high intake vacuum

thar occurs during deceleration.

PREPARING FOR THE

ASE TEST
Begin preparing for the test by read-

ing the task list. The task list describes
the actual work performed by a techni-
cian in a particular specialty area. Each
question on an ASE test is derived
from a task or set of tasks in the list.
Familiarizing yourself with the task
lise will help you to concentrate on the
areas where you need to study.

The text section of this study guide
contains information pertaining to

A1 - Engine Repair
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Taking an ASE Certification Test

each of the tasks in the task list. Re-
viewing this information will prepare
you to take the pracrice test.

Take the practice test and compare
your answers with the correct answer
explanations. If you get an answer
wrong and don’t understand why, go
back and read the information pertain-
ing to that question in the text.

After reviewing the tasks and the
subject information and taking the
practice test, you should be prepared
to take the ASE test or be aware of
areas where further study is needed.
When studying with this study guide
or any other source of information,
use the following guidelines to make
sure the time spent is as productive as
possible:

* Concentrate on the subject areas

where you are weakest.

* Arrange your schedule to allow

specific times for studying.

* Study in an area where you will

not be distracted.

* Don’t try to study after a full

meal or when you are tired.

* Don’t wait until the last minute

and try to ‘cram’ for the test.

REGISTERING FOR ASE
COMPUTER-BASED
TESTING

Registration for the ASE CBT tests
can be done online in myASE or over
the phone. While not mandatory, it
is recommended that you establish a
myASE account on the ASE website
(www.ase.com). This can be a big help
in managing the ASE certification pro-
cess, as your test scores and certifica-
tion expiry dates are all listed there.

Test times are available during two-
month windows with a one-month
break in between. This means that
there is a total of eight months over the
period of the calendar year that ASE
testing is available.

Testing can be scheduled during the
daytime, night, and weekends for max-
imum flexibility. Also, results are avail-
able immediately after test completion.
Printed certificates are mailed at the
end of the two-month test window. If
you fail a test, you will not be allowed
to register for the same test undil the
next two-month test window.

TAKING THE ASE TEST
- COMPUTER-BASED
TESTING (CBT)

On test day, bring some form of
photo identification with you and be
sure to arrive at the test center 30 min-
utes early to give sufficient time to
check in. Once you have checked in,
the test supervisor will issue you some
scratch paper and pencils, as well as a
composite vehicle test booklet if you
are taking advanced tests. You will then
be seated at a computer station and
given a short online rutorial on how
to complete the ASE CBT tests. You
may skip the tutorial if you are already
familiar with the CBT process.

The test question format is similar
to those found in written ASE tests.
Regular certification tests have a time
limit of 1 to 2 hours, depending on the
test. Recertification tests are 30 to 45
minutes, and the L1 and L2 advanced
level tests are capped at 2 hours. The
time remaining for your test is dis-
played on the top left of the test win-
dow. You are given a warning when
you have 5 minutes left to complete
the test.

Read through each question care-
fully. If you don’t know the answer to
a question and need to think about it
click on the “Flag” button and move
on to the next question. You may also
go back to previous questions by press-
ing the “Previous Question” burton.
Don't spend too much time on any
one question. After you have worked
through to the end of the test, check
your remaining time and go back and
answer the questions you flagged. Very
often, information found in questions
later in the test can help answer some
of the ones with which you had dif-
ficulty.

Some questions may have more con-
tent than what can fit on one screen. If
this is the case, there will be a “More”
button displayed where the “Next
Question” button would ordinarily ap-
pear. A scrolling bar will also appear,
showing what part of the question you
are currently viewing. Once you have
viewed all of the related content for the
question, the “Next Question” button
will reappear.

You can change answers on any of

the questions before submitting the
test for scoring. At the end of the ex-
amination, you will be shown a table
with all of the question numbers. This
table will show which questions are
answered, which are unanswered, and
which have been flagged for review.
You will be given the option to review
all the questions, review the flagged
questions, or review the unanswered
questions from this page. This table
can be reviewed at any time during the
exam by clicking the “Review” butron.

If you are running out of time and
still have unanswered test questions,
guess the answers if necessary to make
sure every question is answered. Do
not leave any answers blank. It is to
your advantage to answer every ques-
tion, because your test score is based
on the number of correct answers. A
guessed answer could be correct, but a
blank answer can never be.

Once you are satisfied that all of the
questions are complete and ready for
scoring, click the “Submit for Scoring”
button. If you are scheduled for more
than one test, the next test will begin
immediately. If you are done with test-
ing, you will be asked to complete a
short survey regarding the CBT test
experience. As you are leaving the test
center, your supervisor will give you a
copy of your test results. Your scores
will also be available on myASE within
two business days.

To learn exactly where and when the
ASE Certification Tests are available in
your area, as well as the costs involved
in becoming ASE certified, please con-
tact ASE directly for registration infor-
mation.

The National Institute for Automotive
Service Excellence
101 Blue Seal Drive, S.E. Suite 101
Leesburg, VA 20175
1-800-390-6789
http://www.ase.com

Training for Certification
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Test Specifications And Task List
I

'CONTENT AREA

Engine Repair

'A. General Engine Diagnosis

'C. Engine Block Diagnosis And Repair

|E. Fuel, Electrical, Ignition And Exhaust Systems

| Inspection And Service

TEST SPECIFICATIONS
FOR ENGINE REPAIR (TEST A1) "

NUMBER OF PERCENTAGE

QUESTIONS OF COVERAGE

IN ASE TEST IN ASE TEST
17 28
|B. Cylinder Head And Valvetrain Diagnosis And Repair 14 23
14 23
D. Lubrication And Cooling Systems Diagnosis And Repair 8 18
7 12

Total 60 100%

The 5-year Recertification Test
will cover the same content areas
as those |isted above. However, the
number of questions in each con-
tent area|of the Recertification Test
will be reJ;Iuced by about one-half.

The following pages list the tasks
covered| in each content area.
These task descriptions offer de-
tailed information to technicians

preparing for the test, and to per-
sons who may be instructing tech-
nicians in Engine Repair. The task
list may also serve as a guideline
for question writers, reviewers and
test assemblers.

It should be noted that the num-
ber of questions in each content
area may not equal the number
of tasks listed. Some of the tasks

are complex and broad in scope,
and may be covered by several
questions. Other tasks are simple
and narrow in scope; one ques-
tion may cover several tasks. The
main purpose for listing the tasks
is to describe accurately what is
done on the job, not to make each
task correspond to a particular test
question.

A. GENERAL ENGINE
DIAGNOSIS
(17 questions)
Task 1 - Verify driver's complaint
and/or road test vehicle; deter-
mine necessary action.
Task 2 - Determine if no-crank,
no-start or hard starting condition
is an ignition system, cranking sys-
tem, fuel| system, exhaust system
or engine mechanical problem.
Task 3 - Inspect engine assem-
bly for fuel, oil, coolant and other
leaks; determine necessary action.
Task 4 - Listen to engine noises
and vibrations; determine neces-
sary action.
Task 5 - Diagnose the cause of
excessive oil consumption, cool-
ant consumption, unusual engine
exhaust |color, odor and sound;
determine necessary action.
Task 6 -| Perform engine vacuum
tests; determine necessary action.
Task 7 - Perform cylinder power
balance tests; determine neces-
sary action.
Task 8 - Perform cylinder crank-

ENGINE REPAIR TEST
TASK LIST

ing compression tests; determine
necessary action.

Task 9 - Perform cylinder leakage
tests; determine necessary action.

B. CYLINDER HEAD AND
VALVETRAIN DIAGNOSIS
AND REPAIR
(14 guestions)

Task 1 - Remove cylinder heads,

disassemble, clean and prepare

for inspection.

Task 2 - Visually inspect cylinder

heads for cracks, warpage, corro-

sion and leakage, and check pas-
sage condition; determine needed
repairs.

Task 3 - Inspect and verify valve

springs for squareness, pressure

and free height comparison; re-
place as necessary.

Task 4 - Inspect valve spring re-

tainers, rotators, locks and valve

lock grooves.

Task 5 - Replace valve stem seals.

Task 6 - Inspect valve guides for

wear; check valve guide height

and stem-to-guide clearance; de-
termine needed repairs.

Task 7 - Inspect valves and valve
seats; determine needed repairs.
Task 8 - Check valve face-to-seat
contact and valve seat concentric-
ity (runout).

Task 9 - Check valve spring in-
stalled (assembled) height and
valve stem height; determine
needed repairs.

Task 10 - Inspect pushrods, rocker
arms, rocker arm pivots and shafts
for wear, bending, cracks, loose-
ness and blocked oil passages;
repair or replace as required.

Task 11 - Inspect and replace hy-
draulic or mechanical lifters/lash
adjusters.

Task 12 - Adjust valves on engines
with mechanical or hydraulic lifters.
Task 13 - Inspect and replace
camshaft(s) (includes checking
drive gear wear and backlash,
end-play, sprocket and chain wear,
overhead cam drive sprocket(s),
drive belt(s), belt tension, tension-
ers and cam sensor components).

6
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Test Specifications And Task List

Task 14 - Inspect and measure
camshaft journals and lobes; mea-
sure camshaft lift.

Task 15 - Inspect and measure
camshaft bore for wear, damage,
out-of-round and alignment; de-
termine needed repairs.

Task 16 - Time camshaft(s) to
crank-shaft.

Task 17 - Inspect cylinder head
mating surface condition and
finish, reassemble and install
gasket(s) and cylinder head(s); re-
place and tighten fasteners accord-
ing to manufacturers’ procedures.

C. ENGINE BLOCK DIAGNOSIS

AND REPAIR

(14 questions)
Task 1 - Disassemble engine block;
clean and prepare components for
inspection and reassembly.
Task 2 - Visually inspect engine
block for cracks, corrosion, pas-
sage condition, core and gallery
plug hole condition, surface warp-
age and surface finish and condi-
tion; determine necessary action.
Task 3 - Inspect and repair dam-
aged threads where allowed; in-
stall core and gallery plugs.
Task 4 - Inspect and measure cyl-
inder walls; remove cylinder wall
ridges; hone and clean cylinder
walls; determine need for further
action.
Task 5 - Inspect crankshaft for
end-play, straightness, journal
damage, keyway damage, thrust
flange and sealing surface condi-
tion, and visual surface cracks;
check oil passage condition; mea-
sure journal wear; check crankshaft
sensor reluctor ring (where appli-
cable); determine necessary action.
Task 6 - Inspect and measure
main bearing bores and cap align-
ment and fit.
Task 7 - Install main bearings and
crankshaft; check bearing clear-
ances and end-play; replace/re-
torque bolts according to manu-
facturers' procedures.
Task 8 - Inspect camshaft bear-
ings for excessive wear and align-
ment; install camshaft, timing
chain and gears; check end-play.
Task 9 - Inspect auxiliary (bal-
ance, intermediate, idler, coun-
terbalance or silencer) shaft(s),

drive(s) and support bearings for
damage and wear; determine nec-
essary action.

Task 10 - Inspect, measure, ser-
vice or replace pistons and piston
pins; identify piston and bearing
wear patterns that indicate con-
necting rod alignment problems;
determine necessary action.

Task 11 - Inspect connecting rods
for damage, bore condition and
pin fit; determine necessary action.
Task 12 - Inspect, measure and
install or replace piston rings; as-
semble piston and connecting rod;
install piston/rod assembly; check
bearing clearance and side-play;
replace/retorque fasteners accord-
ing to manufacturers’ procedures.

Task 13 - Inspect, reinstall or re-
place crankshaft vibration damper
(harmonic balancer).

Task 14 - Inspect crankshaft flange
and flywheel mating surfaces; in-
spect and replace crankshaft pilot
bearing/bushing (if applicable); in-
spect flywheel/flexplate for cracks
and wear (including flywheel ring
gear); measure flywheel runout; de-
termine necessary action.

Task 15 - Inspect and replace
pans and covers.

Task 16 - Assemble the engine
using gaskets, seals and formed-
in-place (tube-applied) sealants,
thread sealers, etc. according to
manufacturers' specifications.

D. LUBRICATION AND COOLING
SYSTEMS DIAGNOSIS AND
REPAIR
(8 questions)

Task 1 - Diagnose engine lubrica-
tion system problems; perform oil
pressure tests; determine neces-
sary action.
Task 2 - Disassemble, inspect and
measure oil pump (includes gears,
rotors, housing and pick-up as-
sembly), pressure relief devices
and pump drive; determine neces-
sary action; replace oil filter.

Task 3 - Perform cooling system

tests; determine necessary action.

Task 4 - Inspect, replace and adjust

drive belt(s), tensioner(s) and pulleys.

Task 5 - Inspect and replace en-

gine cooling and heater system

hoses and fittings.

Task 6 - Inspect, test and replace

thermostat, bypass and housing.
Task 7 - Inspect coolant; drain,
flush and refill cooling system with
recommended coolant; bleed air
as required.

Task 8 - Inspect and replace
water pump.

Task 9 - Inspect, test and replace
radiator, heater core, pressure cap
and coolant recovery system.
Task 10 - Clean, inspect, test
and replace fan (both electrical
and mechanical), fan clutch, fan
shroud, air dams and cooling re-
lated temperature sensors.

Task 11 - Inspect, test and replace
internal and external oil coolers.

E. FUEL, ELECTRICAL,
IGNITION AND EXHAUST
SYSTEMS INSPECTION AND
SERVICE
(7 questions)

Task 1 - Inspect, clean or replace

fuel and air induction system compo-

nents, intake manifold and gaskets.

Task 2 - Inspect, service or re-

place air filters, filter housings and

intake ductwork.

Task 3 - Inspect turbocharger/su-

percharger; determine necessary

action.

Task 4 - Test engine cranking sys-

tem; determine needed repairs.

Task 5 - Inspect and replace posi-

tive crankcase ventilation (PCV)

system components.

Task 6 - Visually inspect and reinstall

primary and secondary ignition sys-

tem components; time distributor.

Task 7 - Inspect and diagnose ex-

haust system; determine needed

repairs.

The preceding Task List Data de-
tails all of the related informational
subject matter you are expected
to know in order to sit for this ASE
Certification Test. Your own years
of experience in the professional
automotive service trade as a
technician also should provide you
with added background.

Finally, a conscientious review of
the self-study material provided in
this Training for ASE Certification
unit also should help you to be ad-
equately prepared to take this test.

Training for Certification
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General Engine Diagnosis

General Engine Diagnosis

Any engine repair should begin
with the correct diagnosis, which
may in fact reveal that a mechani-
cal repair is not required. It would
be unfortunate to perform a sig-
nificant mechanical repair like an
engine overhaul, only to determine
that the real malfunction was in
another system.

Also, make sure you diagnose
and repair the real problem and
not just focus on the results of the
problem. In many cases something
other than the engine malfunc-
tioned and in turn caused the en-
gine to fail. This problem must be
addressed before the vehicle leaves
or the engine will only fail again. It
doesn’t make any sense to overhaul
an engine that overheated without
repairing the cause of the cooling
system failure.

Proper engine diagnosis begins
with listening to the customer’s
complaint. Then, visually inspect
the engine assembly and listen for
abnormal engine noise. If the en-
gine is using excessive amounts of
oil or coolant, determine the cause
and check the exhaust color and
odor. Finally, perform vacuum,
compression, cylinder leakage and
cylinder balance tests in order to
determine your course of action,

The first step in diagnosis is talk-
ing to the customer. Get a detailed
description of what happens and
under what conditions it happens,
then verify the information. Con-
duct a road test if possible. Before
road testing the vehicle, visually in-
spect the engine for obvious prob-
lems such as:

s fuel, oil and coolant leaks

* loose, cracked, glazed or frayed

belts

broken, burned or damaged
wiring and loose or corroded
connectors

* soft, brittle, kinked or dam-

aged hoses

* loose components and missing

fasteners

* clogged air filter and missing

or damaged air cleaner duct
work.

If the engine won't start or is
hard to start, you'll have to de-
termine if the reason is due to a
cranking system, ignition system,
fuel system or engine mechanical
problem.

If the engine won't crank, check
the battery terminal connections
and make sure they are clean
and tight. If the battery has re-
movable caps, check the electro-
lyte level and specific gravity. On
sealed maintenance-free batter-
ies, check the color of the built-in
charge indicator. Check the open
circuit voltage using a voltmerter
and charge the battery if necessary.
Load test the battery to determine
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if it can provide sufficient current
to the starter.

If the battery tests good and the
engine still won't crank, check the
cables, wiring and connections in
the starter circuit. Make sure the
solenoid is functioning and the
starter is properly mounted. Per-
form a starter current draw test.
Current draw that is greater than
specification could be caused by a
bad starter or a binding mechani-
cal assembly.

Remove the spark plugs and
then attempt to turn the engine by
hand. If the engine can be turned
by hand using suitable tools at
the flywheel or crank-shaft bal-
ancer, then the problem is with
the starter. If the engine cannot be
turned by hand, it may be seized or
have broken internal components.

If the engine cranks, but seems
to crank too easily, the timing
belt or chain may have broken or
jumped time. Rotate the crank-
shaft by hand while watching for
distributor rotor or camshaft move-
ment. If the rotor or camshaft do
not move when the crankshaft is
turned, the belt or chain is broken.
If they turn when the crankshaft is
turned, bring the piston in cylinder
No. 1 to TDC (Top Dead Cen-
ter) on the compression stroke and
verify that the valve timing is cor-
rect. A broken timing belt or tim-
ing chain, or incorrect valve timing
caused by a belt or chain that has
jumped time, can result in valve to
piston contact on some engines.

If the cam drive system and valve
timing are OK and the engine
cranks normally but won't start,
check for spark and adequate fuel
delivery. Check for spark at the
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spark plug wires using a spark tes-
ter. If the spark plugs do not fire,
first determine in which part of the
ignition circuit the fault lies. Dis-
connect the coil wire from the dis-
tributor cap and check for a good
spark with the spark tester while
cranking the engine. If there is a
good spark, the problem is in the
ignition secondary circuit (distrib-
utor cap, rotor, wires and plugs). If
there is no spark or a weak spark
the prob em is in the ignition pri-
mary circuit. Check the ignition
module and coil. If they are OK,
continue testing components, wir-
ing and connections back through
the primary circuit.

Check‘the fuel delivery system
by disconnecting the fuel pressure
feed lme and inserting it into a
graduated container. On systems
with mechanical fuel pumps, crank
the starter motor. On systems
with electric fuel pumps, you usu-
ally must operate the pump with a
jumper wire for a specified period.
First, y0l‘tl should be able to hear
the electric fuel pump running in
the tank. If not, the pump must be
removed for further inspection. If
the electric pump runs, it should
flow at least a half-pint of fuel in 30
seconds. If not, before condemn-
ing the pump, check the external
and in-tank fuel filters and the fuel
lines for restriction. Also, perform a
voltage drop test on the power and
ground circuits to the pump.

At this point, the engine should
be cranking properly, have spark
and adequate fuel delivery. If the
engine still does not start, further
diagnosis of the fuel and elec-
tronic engine control system are
needed. However, an engine that
cranks, has spark and fuel might
also not start because of a severe
exhaust restriction.

Connect a vacuum gauge to the
intake manifold and crank the en-
gine. A good engine should have
a steady 3-5 in. Hg vacuum while

cranking. If there is zero vacuum
while cranking, this could be an
indication of blockage in the ex-
haust system. Disconnect the ex-
haust pipe(s) at the manifold(s)
and try to start the engine.

ENGINE LEAKS

Fuel Leaks

Since the fuel system is under
pressure when the engine is run-
ning (and on fuel injection sys-
tems, remains under pressure, even
after the engine has been turned
off), the source of a fuel leak is
usually not difficult to find. Fuel
can leak from damaged lines or
hoses or from loose fittings. In-
spect hoses for cracks and swell-
ing and inspect the condition and
security of hose clamps. Inspect
fuel lines for cracks, corrosion and
damage from abrasion. Make sure
all fittings are properly installed
and tightened. A leak from a fit-
ting that is tight may be caused
by a damaged O-ring. On vehicles
with fuel injection, components
like the fuel pressure regulator can

also be the source of a fuel leak.
Oil Leaks

Oil leaks are most often caused
by hardened or worn out seals
and gaskets, or leaking oil pres-
sure sending units. However, en-
gine oil leaks can also be caused by
something technicians often over-
look — excessive crankcase pres-
sure, which can be caused by worn
rings or excessive cylinder wall
clearances. These problems allow
an unusual amount of combustion
blowby gases to enter the crank-
case, where the gases can push oil
past seals and gaskets that are in
good condition.

The key here is to look for re-
lated symptoms, such as spark
plugs that are oil-fouled or show
signs of oil deposits. Look for the
telltale blue-gray or gray-white ex-

haust smoke of an oil-burner.

Excessive crankcase pressure can
also build up in a perfectly good
engine if the crankcase ventilation
system isn't working properly.
Remember that fresh air must
be able to enter the crank-case.
This means that the crank-case
breather filter must be clean and
the related plumbing must be un-
obstructed. It also means that the
PCV valve must work correctly
and its plumbing must be clean
and in good condition.

At idle, a substantial amount
of air enters the PCV valve. If
you pull the PCV valve out of its
grommet with the engine idling,
you should feel a strong suction at
the valve’s inlet.

Many systems use a PCV orifice
in place of the PCV valve. If the oil
is not changed on a regular basis,
this system will plug up. Some sys-
tems may have screens that can be
removed and cleaned.

To find the source of an oil leak,
bring the engine to normal operat-
ing temperature and then park the
vehicle over a large piece of paper
or old sheet. Wait several minutes,
and then check for dripping fluids.

Of course, engine oil may not be
the only fluid leaking from the ve-
hicle, so you'll need to become fa-
miliar with the color, feel and smell
of different fluids. Engine oil will
be brown, dark brown or black and
feel slippery. Automatic transmis-
sion fluid will be red or dark brown
and smell differently than engine
oil. Antifreeze can be green, orange
or rust colored and, while slippery,
will have a different feel than engine
oil. Power steering fluid can be red
or clear and will feel like transmis-
sion fluid. A clear or dark brown
fluid that is significantly less slip-
pery than engine oil is probably
brake fluid or hydraulic clutch fluid.

Check for leaks at sealing surface
areas, fittings and sending units.
If the source of the leak cannot be
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found, thoroughly clean the en-
gine and surrounding components
and apply powder to the suspected
leak area. Operate the vehicle for
several miles at normal operating
temperature and again check for
leaks, which will be indicated by
discolorations in the powder.

For hard to find oil leaks, add a
fluorescent dye to the engine oil
that is visible with a black light.
Run the engine for a while and
then pass the light around the en-
gine. The dye should pinpoint the
source of the leak.

Coolant Leaks

Visually inspect for coolant leaks
at the radiator and heater hoses,
water pump, radiator, intake man-
ifold, sensor fittings, water con-
trol valves and heater core. Attach
a suitable pressure tester to the
coolant filler neck and apply pres-
sure equal to the pressure rating
marked on the radiator cap (make
sure the cap is the correct one for
the vehicle!). The pressure should
remain at that level if there are no
leaks in the cooling system. If the
pressure drops, check for leaks in

the same areas.

External coolant leaks are rela-
tively easy to find. But, what if
you pressurize the cooling system
with a cooling system pressure
tester, the pressure drops, and no
coolant appears outside the en-
gine? This indicates that the cool-
ant leak is inside the engine and is
most likely caused by a defective
intake manifold or timing cover
gasket, blown head gasket, cracked
cylinder head or cracked block.
Inspect the engine oil for signs of
coolant; if it is thick and milky,
that’s a dead giveaway.

Symptoms will vary depending
upon the severity of an internal
coolant leak. When coolant leaks
into a cylinder, it may create white
exhaust smoke and a somewhat
sweet antifreeze odor in the ex-
haust. It may also cause misfiring,
especially when the engine is cold.
Unfortunately, catalytic converters
can mask small coolant leak symp-
toms. The converter super-heats
the coolant into such a fine vapor
that it is not noticeable. A cool-
ant leak can also damage oxygen
sensors. If a coolant leak has been
confirmed and repaired, always test
the oxygen sensor for proper op-

Pressure testing the cooling system. Watch the gauge needle for an indication

of a cooling system leak.

eration, or driveability symptoms
may remain.

If coolant is leaking into a cylin-
der, combustion gases will also be
able to escape into the cooling sys-
tem. When combustion gas escapes
into the cooling system, it can cause
big air bubbles to appear in the ra-
diator coolant when the engine is
running. It can also pressurize the
coolant recovery reservoir.

One common internal coolant
leak detecrion procedure uses a
chemical that is sensitive to com-
bustion gas. With the engine run-
ning, place a vial of the chemical
over the radiator neck and draw
vapors from the top of the radia-
tor into the vial. If the chemical
changes color, you know that com-
bustion gases are leaking into the
cooling system.

Another way to detect combus-
tion gas is to carefully hold the ex-
haust analyzer probe over the neck
of the radiator. Do not allow the
probe to draw in coolant. Cup a
clean cloth or a plastic bag with a
hole for the probe over the radiator
neck. If combustion gas is entering
the coolant, you'll see a reading on
the exhaust analyzer.

Sometimes when you disable cyl-
inders, the bubbles appearing in
the radiator will diminish when
you eliminate the cylinder that
has the coolant leak. Disabling the
leaking cylinder may also reveal
little or no rpm drop compared
to the other cylinders. Remember,
in closed loop the computer may
adjust idle and mixture faster than
you can hear or see an rpm change.

Closely examine the spark plugs.
When combustion heat evaporates
the leaking coolant, it not only
creates white exhaust smoke — it
also tends to clean the porcelain
insulator that surrounds the plug’s
center electrode.

If the radiartor is cool enough
to do so, remove the radiator cap.
Remove all the spark plugs. Then
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perform a leakdown test on the
cylinder with the unusually clean-
looking spark plug. If pumping air
into that cylinder produces bubbles
in the radiator coolant, you know
that the leak is in that cylinder. If
you also find that air escapes from
an adjacent cylinder, you know
that the head gasker has blown out
between those two cylinders and
has caused both a compression leak
and a coolant leak.

In cases where disabling cylin-
ders or inspecting the spark plugs
fail to point to a particular cylin-
der, pendprm a leakdown test on
each cylinder. After you have pin-
pointed the leaking cylinder and
have disassembled the engine, al-
ways inspect both the block and
the head for cracks and warpage.

ENGINE NOISES

Generally, noises are caused by
too much clearance between parts
or loss of oil pressure. The follow-
ing common engine noises can be
caused by any of these parts:

Crankshaft Noises

* Main bearings
Connecting rod bearings
Pistons
Wrist pin
Crankshaft end-play.

\

Valvetraiq Noises

* Bearing noise

* Rocker arms, shaft, ball and

seat

* Pushrods

. Tapp‘ets and camshaft

. Timi}ng gears and chain.

Other Norses

* Loose or broken brackets

* Oil pump failure

* Spark knock.

In ord}:‘r to successfully diag-
nose noises, you must pay close
attention to the frequency at which
the noise occurs and how the fre-
quency cExanges as you vary engine

load and engine rpm. Also note
how factors such as temperature
and oil pressure affect the noise. A
stethoscope can be used to find the
location of a noise.

Bearing Noises

Main bearing noise is caused
by too much bearing clearance,
which usually creates a dull or
deep-sounding metallic knock-
ing. When you increase rpm or
engine load, the knocking usually
increases in frequency. The noise
is usually most obvious right after
the engine starts up, when the en-
gine is under a heavy load, or dur-
ing acceleration. Along with the
knocking sound, the engine may
also exhibit low oil pressure.

Connecting rod noise, which
is also caused by excessive bear-
ing clearance, is much less intense
than main bearing noise. This
noise usually sounds like a light
metallic rapping that is most no-
ticeable when the engine is run-
ning under a light load at rela-
tively slow speeds. This knock
becomes louder and occurs more
frequently when the speed of the
engine is increased. When you
eliminate the ignition or injection
to the cylinder with a rod knock,
the sound diminishes.

Crankshaft End-Play Noise

Crankshaft end-play noise oc-
curs when there is excessive clear-
ance between the crank-shaft
thrust bearing and the machined
faces of the crankshaft thrust jour-
nal, allowing the crankshaft to
move back-and-forth.

When crankshaft end-play is
excessive, the engine may make a
deep knocking sound that is usu-
ally most obvious at idle but di-
minishes when a load is placed on
the crankshaft, such as when the
clutch is disengaged on a manual
transmission vehicle.

Where space allows, you can ver-

ify excessive crankshaft end-play
by fitting a dial indicator to the tip
of the crankshaft. Using a prybar,
carefully pry the crank-shaft back
and forth and note the reading on
the dial indicator. Compare the
reading with specifications.

Piston Noises

Excessive piston-to-wall clear-
ance can cause piston slap. This is
caused by side-to-side movement
of the piston within the cylinder
bore, and sounds like a dull or
muffled metallic rattle at idle or
during light engine loads.

Very faint piston slap may disap-
pear after the engine warms up and
the piston expands. In this case,
the piston-to-wall clearance usu-
ally isn't severe enough to worry
about. However, piston slap that
continues after the engine warms
up should be corrected. Note that
unlike a connecting rod bearing
noise, piston slap does not quiet
down and may in fact grow louder
when you eliminate ignition or
fuel injection to that cylinder.

A knocking noise can be caused
by excessive carbon buildup in the
combustion chamber where the
piston contacts the carbon at TDC.

Piston Pin Noise

When piston-to-piston pin
clearance is excessive, the pin
makes a light but sharp metallic
rapping at idle. The sound may
be more obvious during low-speed
driving. Eliminating ignition or
fuel injection to a cylinder with a
loose piston pin will change the
frequency and possibly the inten-

sity of the rapping noise.

Hydraulic Lifter Noise

A noisy hydraulic lifter is usually
a consistent ticking sound that oc-
curs at a frequency slower than en-
gine rpm (remember that the val-
vetrain operates at half crankshaft
rpm). Try sliding a feeler gauge
between the valve stem and the
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Examples of normal combustion (top), preignition (center) and detonation (bottom).

rocker arm. If this eliminates the
ticking, it confirms that there is ex-
cessive clearance in the valvetrain.
With the engine running, you
can also press down on the push-
rod end of each rocker arm with a
piece of wood or a hammer han-
dle. If this stops or reduces the
ticking, you have pinpointed the
faulty lifter. Always check valve
adjustment and inspect valvetrain
parts for wear or damage. Worn

valvetrain parts can mimic the

noise of bad hydraulic lifters.

Spark Knock

Spark knock, which is caused
by two kinds of abnormal, uncon-
trolled combustion, sounds like a
metallic pinging or ringing noise.
You may hear spark knock when
the engine is under a heavy load
and being run at too low an rpm,
or when the engine is accelerating.

An engine that is running too hot
and/or has excessive combustion
deposits can also suffer from spark
knock.

Preignition spark knock oc-
curs when a hot piece of carbon
or metal inside the combustion
chamber prematurely ignites the
air/fuel mixture. Then the spark
plug ignites the remaining mixture
at the normal time. When the two
portions of burning mixture meet
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each oth‘pr inside the combustion
chamber, there is a sudden and ab-
normal rise in cylinder pressure,
which causes engine vibration in
that cylinder.

Detonation spark knock is pri-
marily caused by fuel with too
low an octane rating for the en-
gine, ignition timing that is too
far adva:ﬁced, high engine operat-
ing temperature or excessive car-
bon buildup in the combustion
chamber. If the octane rating is
too low for the engine, it basically
means that the fuel will burn too
quickly. When detonation occurs,
the spark fires, the mixture begins
burning, and pressure in the cyl-
inder begins rising. But the rise in
normal pressure causes part of the
air/fuel mixture elsewhere in the
combustion chamber to self-ignite.
Then the two flame fronts collide
as in the preignition situation.

Both preignition and detonation
can cause damage to pistons and
spark plugs.

Most vehicles have a knock sen-
sor to adjust timing as needed to
avoid damage however, excessive
spark knock may be a sign of en-
gine control problems. Before any
major engine tear down, check
the engine control system. EGR
(Exhaust Gas Recirculation) opera-
tion, knock control, coolant level,
or any number of engine sensors
or solenoids can cause spark knock.
Asking the customer how long the
engine has made this noise is the
best way to determine how much
damage may have occurred.

Other Noises
A high pitched squealing noise
when the engine is accelerated in-
dicates a |oose or glazed drive belt.
A knock that is most noticeable
when the vehicle is in Park or Neu-
tral can be caused by loose torque
converter bolts.
A taf;ﬂsg sound that may sound

like a etrain noise can actually

be caused by an exhaust leak at the
exhaust manifold/ cylinder head
juncture.

EXCESSIVE OIL
CONSUMPTION AND
EXHAUST SMOKE

Diagnosing Exhaust Smoke

Black exhaust smoke indicates
that the air/fuel mixture is too rich.
Black smoke can be caused by a
leaking fuel pressure regulator dia-
phragm, a defective fuel injector or
an electronic sensor misleading the
computer to add more fuel than is
needed. It is rare that black smoke
is engine mechanical-related.

Excessive white exhaust smoke
usually means coolant is leaking
into one or more cylinders and
the engine is trying to burn off
that coolant. The most common
cause of white smoke is a bad head
gasket. A compression test must
be performed to narrow down the
damaged area. Any leak from the
cooling system into the intake or
combustion areas can cause white
smoke. This problem may be
masked until it becomes severe,
because the catalytic converter will
super-heat the water to such a fine
vapor that it may not be notice-
able.

Blue-gray or gray-white smoke
tells you the engine is burning oil.
This could be caused by some-
thing as simple as a PCV system
malfunction. The most common
causes of burning oil are worn
valve guides and/or seals, and worn
piston rings and/or cylinders. A
cylinder leakage test must be per-
formed to determine if the prob-
lem is located in the cylinder head

or block.

Abnormal Oil Consumption
The three common causes of

excessive oil consumption are oil

leaks, valve guide/valve seal prob-

lems, and piston ring problems.

When an engine is using oil, in-
spect it visually for serious oil leaks
first. Check the crankcase ventila-
tion system as a matter of routine.
If you don't, the oil leaks may reap-
pear in spite of the new seals and
gaskets you install.

A careful road test can be a criti-
cal diagnostic step in determin-
ing the cause of the oil burning.
Note when the oil smoke is most
intense. Typically, bad piston rings
will make the engine smoke worse
when it is accelerating — especially
after it has been idling for a long
time.

When a vehicle suffers from
worn valve guides and/or bad valve
stem seals, you'll see exhaust smoke
during deceleration. The high in-
take vacuum that occurs during
deceleration draws the oil through
the worn guides or seals. Remem-
ber, the catalytic converter will su-
per-heat the oil and reduce some
of the smoke that would have been
seen on pre-converter models.

Reading the spark plugs can also
confirm your diagnosis. When the
excess oil is coming from the valve
guide, the oil deposits on the spark
plug tend to accumulate only on
one side of the spark plug. When
the excess oil is coming from the
rings, the deposits on the spark
plug tend to accumulate around
the entire spark plug.

Before you blame either the valve
guides or the valve seals for an oil
consumption problem, verify that
all of the oil return holes are clean.
If oil cannot drain freely back into
the crankcase, it can accumulate in
the head and be drawn by vacuum
into the combustion chamber, in-
creasing oil consumption and caus-
ing exhaust smoke. Valve stem
seals are designed to keep normal
amounts of lubricating oil from
entering the combustion chamber,
but seldom work well when sub-
merged in oil.
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ENGINE VACUUM TESTS

Cranking Vacuum Test

Properly disable the ignition and
fuel systems. Connect an amme-
ter to the starting circuit and a
vacuum gauge to the intake mani-
fold. Crank the engine, listen to
the cranking rhythm, and watch
your instruments.

On a good engine, the crank-
ing speed and cranking rhythm
will sound crisp and consistent.
There will be no ‘pauses’ or uneven
rhythms, suggesting binding or
differing compression values. The
ammeter will stabilize at a con-
sistent current draw reading that’s
within specifications. The vacuum
gauge will read a fairly steady 3 to
5 in. Hg or more.

The better the rings and valves
are sealing, the stronger cranking
vacuum will be. All things being
equal, the following are true:

* The stronger the cranking vac-
uum, the quicker the engine
will start

* The weaker the cranking vac-
uum, the more difficult it will
be to start the engine. More-
over, if the engine can’t draw
any cranking vacuum at all, it
won’t start.

Whenever you see zero or nearly
zero cranking vacuum, check for a
substantial air leak such as:

* an improperly adjusted throttle

blade

* a loose or cracked carburetor

or intake throttle body

* a stuck-open PCV valve or a

cracked PCV hose

* secondary throttle blades that
are stuck open (where a carbu-
retor is used)

a leaking intake manifold gas-
ket.

Zero cranking vacuum and a
no-start or hard-start complaint
can also be caused by a severe ex-
haust restriction. When in doubrt,

loosen the exhaust pipe(s) at the
exhaust manifold(s) and repeat
the test. An easier way to test
quickly on many engines is to re-
move the oxygen sensor. Strong
puffs of air from the mounting
hole during cranking can indi-
cate a restricted exhaust. A simple
gauge is available to screw into the
hole to measure the backpressure.

Of course, poor cranking vac-
uum (coupled with faster-than-
normal cranking speed) could also
mean that compression is low in
all cylinders due to normal engine
wear or due to a valve timing or
timing belt problem. When tim-
ing chains or timing belts wear or
stretch, valve timing can go astray.
Sometimes, the camshaft drive sys-
tem will literally jump a tooth and
the engine will continue running
(although very sluggishly).

Note that with some jumped
valve timing problems, the engine
will crank very unevenly and the
vacuum and ammeter readings will
be very erratic. You may notice
that disabling the ignition on an
erratically cranking engine makes
the engine crank smoothly again.
This indicates an ignition or valve
timing problem.

Suppose the engine has one or
more consistent compression leaks.
Every time the cylinder with the
compression leak comes around:

* the compression air volume

will drop momentarily

* the cranking speed will in-

crease momentarily

* the starter current draw will

decrease momentarily.

The reason that the cranking
speed increases and starter draw
decreases is that it takes less effort
for the starter to crank a weaker
cylinder. When the cranking tests
suggest a compression problem,
you must perform other pinpoint
tests to confirm the source of the
problem. Start with compression
and cylinder leakdown tests.

Manifold Vacuum Test

Checking manifold vacuum can
reveal a variety of engine maladies.
When the engine has reached nor-
mal operating temperature, con-
nect a vacuum gauge to a manifold
vacuum port. As a general rule, an
engine in good condition should
produce a steady 17 to 21 in. Hg
reading at idle. However, always
check the standard for the particu-
lar engine in question.

NOTE: Remember atmospheric
pressure changes with elevation.
Manufacturers provide sea level
readings so the technician needs to
adjust readings accordingly. As an
approximation, for every 1000 fi.
above sea level, remove one inch of
vacuum.

Does the idle vacuum look OK?
If so, disconnect the vacuum hose
from the EGR valve and plug it.
Using normal safety precautions,
slowly raise engine rpm to about
2500 rpm in Neutral or Park and
note the vacuum reading again.
At 2500 rpm, the vacuum reading
should be equal to or greater than
the idle reading. Besides making
the vehicle perform very sluggishly,
an exhaust restriction will cause
a substantial drop in the vacuum
reading at 2500 rpm.

When the idle vacuum is low
but steady, suspect an air/fuel mix-
ture that is too lean or too rich.
Air leaks or vacuum leaks can
cause a lean condition and are
common causes of rough idle,
hesitation, stalling and hard start-
ing. If the mixture is artificially
enriched by injecting propane into
the induction system, an engine
running lean should speed up
and the vacuum reading should
rise. If the air/fuel mixture is too
rich, the engine will slow down
and the vacuum reading will drop.
If the engine is running lean and
you suspect a vacuum leak as the
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'

Vacuum Gauge

Typical vacuum gauge installed for manifold vacuum test.

(Courtesy: Ford Motor Co.)

cause, try using a propane kit with
a length of hose artached to find
the leak. t[’ass the hose end around
the suspected areas and listen for a
change in idle.

Worn valve guides can also cause
a lean co‘Pdition by allowing addi-
tional air to enter the combustion
chamber. If worn valve guides are
suspectedl, disconnect the PCV sys-
tem and inject some propane into
the valve cover. If the guides are
at fault, the engine speed should

increase and the vacuum reading
should rise.

If artificially enriching the mix-
ture makes no difference and the
engine performs sluggishly, suspect
a leaking EGR valve, late ignition
timing or valve timing. Note that
a leaking EGR valve can cause a
low but steady vacuum reading.
However, it can also cause a low,
somewhat unsteady reading, but
not as unsteady or erratic as you
see with burned or sticking valves.

ALTITUDE Inches Of Vacuum
(in-Hg)
Sea Level to 1000 ft. 17-22
1000 ft. to 2000 ft. 16-21
2000 ft to 3000 ft. 15-20
3000 ft to 4000 ft. 14-19
' 4000 ft to 5000 ft. 13-18
5000 ft to 6000 ft. 12-17

Corrected vacuum gauge readings for higher altitudes.

When in doubt, see if temporarily
blocking off the EGR valve with
gasket paper corrects the engine’s
rough idle, stalling and hesitation
problems.

When the reading floats or
slowly wanders above and below a
normal idle reading, the carburetor
is out of adjustment.

A vacuum reading that regularly
drops to a much-lower-than-nor-
mal reading usually indicates leak-
ing valves. When you see a sub-
stantial but very intermittent drop,
suspect sticking valves.

With weak or broken valve
springs, the vacuum reading usu-
ally flutters or oscillates at idle and
when you raise engine speed.

When the reading jumps
abruptly from normal to very low,
it could indicate a head gasket
that has blown out between two
cylinders.

CYLINDER POWER
BALANCE TEST

With a cylinder power balance
test, you can compare the power
output of all the engine’s cylinders.
Some technicians call it a power
contribution test because it indi-
cates how much power each cylin-
der contributes to the engine. The
power balance test is an important
technique for solving rough idle
complaints.

To perform this test, let the en-
gine idle and short out the igni-
tion to each cylinder, one cylinder
at a time. Some technicians also
short cylinders at 1500 rpm and
compare the results with those of
the idle test. You can use an engine
analyzer or a cylinder-shorting de-
vice to do this test safely. When in
doubt, always refer to the manu-
facturer’s recommended procedures
for power balance tests. Many Ford
products do this test during the
Key On Engine Running test by
turning off injectors.
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White needle = steady needle

Indication: Normal engine
in good condition,

Gauge reading: Steady, from 17-22-in./Hg.

Indication: Late ignition or
valve timing, low
compression, stuck
throttle valve, leaking car-
buretor, throttle body or
intake manifold

gaskets.

Gauge reading: Low (15-20-in./Hg) but steady.

Indication: Weak valve
springs, worn valve stem
guides or leaky cylinder
head gasket (vibrating ex-
cessively at all speeds).
NOTE: A plugged
catalytic converter may
also cause this reading.

Gauge reading: Needle fluctuates as engine speed
increases.

Indication: Choked muffier
or catalytic converter, or
excessive back pressure
in system. Choked muffler
will exhibit a slow drop of
vacuum to zero.

Gauge reading: Gradual drop in reading at idle.
Reading decreases with rpm.

USING A VACUUM GAUGE

Dark needle = drifting needle

Indication: Sticking
valves or ignition miss.

Gauge reading: Intermittent fluctuation at idle.

Indication: Improper
carburetor adjustment
or minor intake leak at
carburetor or manifold.

~ NOTE: Bad fuel injector
O-rings may also cause
this reading.

Gauge reading: Drifting needle.

Indication: Burnt valve or
improper valve clearance.
The needle will drop when
the defective valve oper-
ates.

Gauge reading: Steady needle, but drops regularly.

Indication: Worn valve
guides

Gauge reading: Needle vibrates excessively at idle,
but steadies as engine speed increases.

Vacuum gauge readings.

Training for Certification
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General E‘ngine Diagnosis

Never i;hort cylinders by pulling
wires off the spark plugs. Open-
circuiting a plug wire can give you
a nasty shock and can damage the
ignition system.

Because shorting cylinders
dumps raw fuel into the catalyric
converter, the converter could
overheat. Allow about a 20-second
cool-down period after you short
each cylinder.

If each cylinder is producing
about the same power, idle rpm
will drop the same amount every
time you short a cylinder. The
cylinder(?s) that show little or no
rpm drop are either weak or dead.
After you identify a weak cylinder
or cylinders, you have to determine
what those cylinders have in com-
mon with each other.

Two caLnsecutive cylinders in fir-
ing order that are weak or dead
often share an ignition problem.
For example, the spark plug wires
on these cylinders may be crossed.
Or, there may be a carbon track
or crack between their terminals
inside the distributor cap. Some-
times, two problem cylinders share
an ignition coil, as in a distributor-
less ignition.

Two weak cylinders also could be
related because they are the closest
cylinders to an intake air leak or a
leaking EGR valve. A somewhat
centralized air leak such as a loose
carburetor or throttle body hous-
ing can affect each cylinder to a
different extent, resulting in erratic
and unpredictable rpm drops dur-
ing repeated power balance tests.

On a carbureted engine, watch
out for rpm drops that are alter-
nately high and low. When every
other cylinder in firing order shows
a high rpm drop, look for unbal-
anced idle mixture screws or a
dirty idle circuit on one side of the
carburetor. Remember that on a
traditional intake system, each side
of the carburetor feeds alternate
cylinders in firing order.

A power balance test can also
be conducted using an exhaust
gas analyzer. This is accomplished
by measuring the amount of HC
(Hydrocarbons) increase each time
a cylinder is cancelled. A substan-
tial increase in hydrocarbons tells
you that the injector is delivering
enough fuel and that the valve-
train is allowing the fuel to enter
and exit the cylinder. If HC does
not increase or rises only slightly
when a cylinder is shorted out,
then either the injector is malfunc-
tioning or there is a problem in
the valvetrain.

If you have no other obvious
signs of why a cylinder is weak on
the power balance test, you may
have to remove the valve cover and
look for valvetrain wear. Before
you use any measuring tools, turn
the engine over very slowly and
see if valve action on the weak cyl-
inder is the same as it is on the
strong cylinders. Now, check the
clearances. If a rocker shaft is used,
consider the possibility of shaft
wear. If there are pushrods, shine
a light along the length of each
one. Are there any bent pushrods?

A bent pushrod can cause a weak
cylinder. When two cylinders
right next to each other are dead,
suspect a blown head gasket or a
cracked head. Follow up with a
cranking compression and cylinder

leakage test.
COMPRESSION TEST

Cranking Compression Test

Once you have used the power
balance and cranking vacuum/
cranking rhythm tests to locate a
compression problem, do a com-
pression test to determine why the
cylinder is leaking compression.
The two traditional ways of pin-
pointing a compression leak are the
cranking compression test and the
cylinder leakage test.

To get the most consistent and
accurate results, perform a cranking
compression test with the engine
at normal operating temperature.
Remove all of the spark plugs so
the engine will crank more easily.
To ensure that the engine breathes
freely, remove the air cleaner and
hold the throttle blade(s) wide
open. Be sure the battery is strong
enough to maintain the same
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Typical engine compression tester. (Courtesy: Ford Motor Co.)
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General Engine Diagnosis

cranking speed throughout the test.
Use a battery charger if the battery
is questionable.

Where necessary, ground the
coil wire to prevent it from arcing.
Also, disable fuel injection systems
so they don’t spray fuel during the
compression test. Service manuals
usually list compression pressure
specifications as well as allowable
deviations from them.

Connect the compression gauge
to the cylinder being tested, crank
the engine through four com-
pression strokes (four puffs on
the compression gauge) and note
how the gauge responds. Usually,
cranking each cylinder through
four compression strokes will give
you an accurate compression read-
ing. Pay close attention to how
the gauge responds to each puff.
A healthy cylinder usually builds
most of its pressure on the first
stroke and continues building to a
good compression reading.

Wet Compression Test

During the cranking compres-
sion test, the first puff may pro-
duce weak pressure. On the sec-
ond, third, and fourth puffs, the
pressure may improve but never
builds up to a healthy reading.
When you notice this, try per-
forming a wet compression test on
that cylinder.

Squirt a spoonful of clean engine
oil into the cylinder and spin the
engine over to spread oil around
the cylinder. Repeat the cranking
compression test. If the compres-
sion improves substantially dur-
ing the wet compression test, the
problem may be worn compres-
sion rings, a worn piston, and/or a
worn cylinder wall.

However, if the pressure is low
on the first puff and remains low
during a wet compression test, ex-
pect problems such as valves out of
adjustment, burned valves, sticking
valves, a hole in the piston, etc.

When compression is low in two
adjacent cylinders, the head gas-
ket may be blown or the block
cracked between those two cyl-
inders. Low compression on all
cylinders could be a sign of worn
rings on an extremely high-
mileage or abused (run without
enough oil) engine. It could also
be an indication of valve timing
that is out of specification. Com-
pare cranking compression test re-
sults to idle vacuum readings.

CYLINDER LEAKAGE
TEST

Think of the cylinder leak-
age test as being the last word in
compression testing for a weak cyl-
inder. In this test, you bring the
piston in the weak cylinder up to
TDC on the compression stroke
and pump compressed air into the
cylinder. Where the air leaks out
shows you the location of the com-
pression leak.

NOTE: The piston must be at
TDC on the compression stroke
when performing a cylinder leakage
test or results will be misleading.

A leakage tester will compare
the air leaking out of the cylin-
der to the amount of air you are
putting into it. Generally speak-
ing, leakage greater than 20 per-
cent indicates a problem cylinder.
If you are testing more than one
cylinder, always use the same air
pressure on each cylinder.

When the air leaks out of a cyl-
inder, it goes to one of four places.
Here’s how to determine where the
air is going, and why:

* Air that causes bubbles in the
radiator coolant indicates a
cracked head, cracked block,
and/or a blown head gasket

* Air that is blowing out of the
carburetor or intake system
confirms that an intake valve
is leaking. Be sure the air you
hear in the intake isn’t com-

Air Line

Adapter

Spark Plug
Port Adapters

Typical cylinder leakage tester. (Courtesy: Ford Motor Co.)
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General Engine Diagnosis

ing from the crankcase via the
PCV valve. Plug the PCV sys-
tem and listen again

* Air that comes out of the tail
pipe confirms that an exhaust
valve is leaking

* Air blowing into the crankcase
indicates leaking rings and/or
worn cylinders. To check for
this type of leak, remove the
engine’s oil filler cap and listen.

20 A1 - Engine Repair
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Cylinder Head And Valvetrain Diagnosis And Repair

CYLINDER HEAD
REMOVAL

Always‘ wait until the engine has
cooled before removing the cylinder
head(s). Disconnect the negative
battery cable and label and discon-
nect the necessary electrical connec-
tors. Drain the cooling system.

On fuel injected engines, properly
relieve the fuel system pressure. Re-
move the intake and exhaust mani-
folds from the cylinder head(s).
Remove the valve covers and any
accessories and brackets that are
mounted on the cylinder head(s).

On OHC (Overhead Camshaft)
engines, remove the timing belt or
timing chain sprocket(s) from the
camshaft(s). Use wire or another
suitable device to keep the belt or
chain attached and positioned on
the sprocket(s), to aid reassembly.
If the timing belt is to be com-
pletely removed from the engine,
mark the direction of belt rotation
for assembly reference.

On OHV (Overhead Valve) en-
gines, loosen or remove the rocker
arms to allow pushrod removal.

Loosen and remove the cylinder
head bolts. Remove the bolts in the

An example of a manufacturer
specified cylinder head bolt removal
sequence. This pattern is not the
reverse of the torque sequence.
(Courtesy: Ford Motor Co.)

sequence specified by the manufac-
turer; if one is not given then re-
move them in the reverse order of
the torque sequence. If the cylin-
der head will not break loose from
the engine block, first make sure
all head bolts have been removed,
then use a prybar inserted into a
port to work the head loose.

Inspect the condition of all fas-
teners and components during
the cylinder head removal process.
Keep all parts in order so they can
be reinstalled in their proper loca-
tions. Look for worn and broken
parts, and damaged threads. Note
the location of threads that must
be repaired.

Examine the gaskets and mating
surfaces of the intake and exhaust
manifolds. Look for cracks, warp-
age and evidence of leaks and poor
sealing. Carefully inspect the head
gasket and look for signs of leakage.

DISASSEMBLY

The only specialty tools needed
for disassembly are a valve spring
compressor and a valve stem height
gauge.

Before you take anything apart,
carefully inspect the head for ob-
vious damage such as a broken
casting, cracks, stripped threads,
broken studs, etc., and for miss-
ing components. Serious damage
like a crack or broken casting may
make the head unsuitable for re-
conditioning. Also look for any
markings indicating the head has
been milled or fitted with a cam
with oversized journals.

First remove all components nec-
essary to gain access to the valve
components as well as components
that are not integral to the cylinder

head. Identify the locations of all
parts, prior to removal, for assem-
bly reference. Photographs, draw-
ings, tags, etc. are methods that
can be used for reference.

Remove all housings, covers, sen-
sors, timing and oil pump drive
components. These parts cannot
be left on the cylinder head as they
could be damaged during the re-
conditioning process. Inspect all
parts for wear and damage as they
are removed.

A slide hammer can be used to
remove core plugs from the cylinder
head. (Courtesy: Ford Motor Co.)

Remove all fittings, core plugs,
relief valves, restrictors and oil gal-
lery plugs. Core plugs, also known
as freeze plugs, are usually exposed
to coolant and can corrode from
the inside. A core plug may look
fine on the outside but in real-
ity be paper thin from corrosion,
so to be safe all core plugs should
be replaced. Relief valves, oil gal-
lery restrictors and gallery plugs
must be removed to allow thor-
ough cleaning of the oil galleries. If
any gallery plugs are left in place,
dirt and sludge could remain in the
head and the wet sludge could also

attract abrasives from the clean-
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Cylinder Head And Valvetrain Diagnosis And Repair

ing process. The combination of
dirt and abrasives can be carried
throughout the engine by the oil
when the engine is restarted, with
disastrous consequences. Stubborn
oil gallery plugs can be heated with
a torch and quenched with paraf-
fin wax or in extreme cases, drilled
and the remainder removed with a
SCIew extractor.

Any studs should be removed on
an as-required basis. If the studs
interfere with or could be easily
damaged during the recondition-
ing process, then they should be
removed. However, some studs
may be difficult to remove without
breaking them and attempts to re-
move them may cause more prob-
lems than leaving them in place
would.

As you disassemble the valvetrain
components, line up the parts to
keep them in order. This is espe-
cially important on OHC engine
parts that contact the camshaft.
These parts include rocker arms
and bucket-type valve adjusting
shims, which wear mate to the
cam lobes during engine operation.
Keeping the parts in order can also
help you spot problems. For ex-
ample, a rounded or mushroomed
valve stem tip can also result in a
badly worn valve guide or a dam-
aged rocker arm. A bad hydraulic
lifter could be the cause.

On OHC cylinder heads, the
camshaft can be mounted in a re-
movable carrier or it may slide
into the camshaft bearings from
the front or rear of the cylinder
head, but in most cases the cam-
shaft is retained by removable
bearing caps. Before removing the
camshaft from the cylinder head,
make sure the camshaft bearing
caps are marked for correct in-
stallation direction and position.
Gradually and evenly loosen the
camshaft bearing cap bolts to
gradually remove the pressure on

Rocker Arm

Valvetrain components develop wear patterns, so all parts should be kept in
order as they are removed. Inspect all components as they are removed for
signs of obvious wear and damage. Even if wear to these parts is found to be
within specification, they should still be reassembled in their original order.
(Courtesy: DaimlerChrysler Corp.)

the camshaft
exerted by the
valve springs.
Follow the bolt
loosening se-
quence if one
is specified by
the manufac-
turer. Failure
to properly
loosen and re-
move the cam-
shaft bearing
cap bolts can
result in cam-
shaft or cylin-
der head cast-
ing breakage.
Examine the
bearing caps
as they are re-
moved for wear
and damage.
On most en-
gines, the cam-
shaft will ride
directly on the
cylinder head
and bearing

On this DOHC (Double or Dual Overhead Cam) cylinder
head, the camshaft is mounted in a separate housing or
carrier.

(Courtesy: GM Corp.)
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Valve Locks

Valve
Springs

Valve Stem

Cylinder
Head

Valves

Camshaft Bearing Caps

Valve
Retainer

Cylinder Head And Valve Assembly

Cylinder
Head Bolts

Cover Gasket
Replace If Damaged

Always Replace
Bearing
Cap Nut

Check For Wear And Check End-Play

Valve Seat: Lower

Cylinder Head Bolt

DiISeaI

Cylinder Head
Gasket

On this SOHC (Single Overhead Cam) cylinder head, the camshaft is retained

by individual bearing caps.

caps, however some engines have
replaceable insert cam bearings.
These must be removed prior to
cleaning operations.

Using an appropriate valve spring
compressor, compress the valve
springs and remove the keepers
with needlenose pliers or a magnet.

Release the compressor and remove
the valve spring, retainer and oil
seal from each valve stem.

Before removing the valves, mea-
sure the valve stem installed height
if the valve stem installed height
specification is not available. This
dimension will be used for later

Compressing the valve spring with a
valve spring compressor.

reference during assembly. Height
is measured with the valve closed.
It is the distance from the spring
seat to the tip of the valve stem.

When a valve will not slide out
but sticks in the guide, do not
drive it out. A mushroomed valve
stem will ruin the inside of the
guide if it is pounded out. To re-
move a mushroomed valve without
damaging the guide, hold the valve
shut and file the edge of the stem
tip until the valve can slide easily
through the guide.

CLEANING

The method of cleaning selected
should remove all grease, carbon
and dirt from the head and valve
components without damaging
the metal. Caustic soda dissolves
aluminum. When cleaning alumi-
num, the chemicals in a hot tank,
cold tank, or jet spray washer must
be aluminum safe.

Thermal cleaning in an oven
will bake off the grease and oil in
a head leaving behind a dry pow-
dery ash residue. This residue is
removed by washing, airless shot
blasting or glass beading. With alu-
minum heads, baking temperatures
should generally be reduced from
the usual 650-750°F (344-399°C)
down to 400-450°F (205-232°C).
Higher temperatures can cause
valve seats to fall out. Also, a few
heads are impregnated with resin at
the factory to seal against porosity

24

A1 - Engine Repair




EEEREERERERRERRARERER R R R R R R R R R R R R R R R R R EEERR

Cylinder Head And Valvetrain Diagnosis And Repair

Measure the valve stem height when disassembling a cylinder head
(Courtesy: Mazda Motor of N. America Inc.)
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Checking for cracks in a cast iron head using magnetic particle detection
equipment. After checking for cracks with the tester in this position, it must be
turned 90 degrees and the iron powder sprayed again, in order to thoroughly

check this combustion chamber.

leaks. The resin will be burned out
by excessive temperatures.

When cleaning heads with an
airless shot blaster or glass beads,
all of the blast material must be
removed from the head cavities
after cleaning. Glass or steel clean-
ing media can cause severe engine
damage. A tumbler is commonly
used for this purpose. Steel shot
is too abrasive to use on soft alu-
minum heads. An alternative is
to use aluminum shot. It’s softer
and is less apt to cause damage if

a particle finds its way into the en-
gine. Glass beading can be used on
aluminum to remove carbon and
hard, dry deposits. Crushed walnut
shells and plastic media are other
alternative soft cleaning materials.

Note: Glass beads are especially
prone to sticking to wet surfaces
inside oil galleries. This method
should not be used on an aluminum
head that is not completely dry.

Parts like valves, valve springs

and retainers can be cleaned by
hand with parts cleaning solvent
or in a media tumbler. If valves
are cleaned in a media tumbler,
then the stems must be protected
to keep them from being nicked
and becoming rough.

INSPECTION

Crack Inspection

After the head has been thor-
oughly cleaned, inspect it for
cracks. Cracks are generally caused
by thermal stress, but sometimes
result from casting imperfections.
The most common places where
cracks form are between the valve
seats, in the vicinity of the spark
plug hole, in the exhaust ports,
near the valve guides, and under
the spring seats. When cracks ex-
tend into the cooling jacket, they
often leak coolant into the com-
bustion chamber. Due to the
breakdown in lubrication, ring,
cylinder, and bearing damage usu-
ally results. Cracks that are not
leaking coolant are still considered
a potential problem because cracks
tend to grow. They may begin to
leak eventually.

Crack inspection can be done
in several ways: using fluorescent
dyes, magnetic crack detection
equipment, pressure testing or
vacuum testing. Magnetic crack
detection can only be done on fer-
rous (iron and steel) parts. Dye
penetrants can be used on alumi-
num castings since they are not
magnetic. Pressure testing and vac-
uum testing can be used to check
for cracks and porosity in iron and
aluminum heads.

Magnetic particle detection is
a fast and easy way to find hair-
line cracks in cast iron heads. The
magnetic field created by the tes-
ter attracts iron powder applied to
the head. A secondary magnetic
field is created at the location of a
crack. Additional powder accumu-

Training for Certification

25



Cylinder P—Iead And Valvetrain Diagnosis And Repair

lates arJund this field, outlining
the crack. This technique will not
reveal a crack that is parallel to the
magnetic field. A second magnetic
check is made by turning the tes-
ter 90 degrees. This can catch any
cracks that might have been missed
on the first try. It is difficult to find
internal iracks in water jackets and
ports with this technique.

Dye penetrant is a method of
crack detection that can be used on
aluminuji Dye is sprayed on the
surface and allowed to dry. Then
the excess is wiped from the surface.
A develo‘per is sprayed on to make
the cracks visible. A black light can
be used \fmh some dyes for greater
visibility.

Pressure testing is another crack
detection method that is good at
revealing hard-to-see internal leaks.
After plugging all the external
openmgs\ of the water jacket, the
head is lightly pressurized (usually
less than 30 psi) with air. A soapy
water solution is sprayed on the
head to check for leaks. Bubbles
highlight leaks.

Vacuum testing is a quick way to
determine if a head is cracked or
porous. The cylinder head is placed
combustion chamber side down
on a foam pad lightly coated with
oil, to seal the coolant passages.
Smaller foam pads on metal back-
ing plates are then used to seal off
the remaining coolant passages.
One of the pads is attached to a
hose that is connected to a vacuum
pump. V:then all pads are in place,
the cylinder head is then held
down against the main pad and
the vacufm pump is started. If a
steady vacuum can be maintained
for a certain period of time, then
the head is not cracked or porous.
If the head will not hold vacuum,
then it can be pressure tested to
find the source of the leak.

When a crack is found in a head,
a decision must be made before
proccedi:{g further. If there are ex-

tensive cracks that would be dif-
ficult or impossible to repair, the
head must be replaced with a new
or used casting. If a crack appears
to be repairable, the head can be
salvaged using one of several repair
techniques: epoxy or heat setting
caulk, pinning, lock stitching or
welding.

Warpage Inspection

Clean any remaining dirt and
gasket material that may be left
over from the cleaning process
from all of the cylinder head gasket
mating surfaces. Inspect the gas-
ket mating surfaces for scratches,
gouges and other damage that
could prevent a gasket from seal-
ing. Minor imperfections can be
removed by resurfacing, but severe
damage may require that the head
be replaced.

Check the head surface for flat-
ness with a straightedge and feeler
gauge. Check across the center of
the head, at each edge and diago-
nally. As a rule, if there is warpage
more than 0.001-in. (0.025mm)
per cylinder bore, or 0.004-in.
(0.102mm) in any six-inch length,
the head must be resurfaced. For
instance, a V6 (three cylinders on
each side) would not allow over
0.003-in. (0.076mm) warpage.

Always refer to the factory spec-
ifications for flatness since some
engines are not as tolerant of dis-
tortion as others are. If distortion
exceeds the factory limits, the head
will have to be resurfaced.

Aluminum heads are much more
vulnerable to warping than cast
iron because aluminum has a much
higher coefficient of expansion.
When mated to a cast iron block,
an aluminum head tends to expand
in the middle as it gets hot. Under
normal conditions, the clamping
force of the head bolts keeps the
metal from moving excessively.
But if the head overheats, it usu-

ally bows up in the middle, result-

ing in permanent warpage and/or
cracking. Severely warped alumi-
num heads should be straightened
before they are resurfaced.

On OHC heads, warpage affects
the concentricity of the cam bores.
If the warpage is severe enough, it
can result in rapid bore wear, loss
of oil pressure and possible binding
or cam breakage. OHC cam bore
alignment can be checked easily
before disassembly by turning the
cam to see that it rotates freely.
If the cam does not rotate freely,
check the cam bores for wear and
check the camshaft runout at the
center journal. If the cam bores
are OK, runout is within speci-
fication, and the camshaft does
not turn easily, the head can be
straightened. Straightening should
be done before resurfacing or cam
align boring the head. This mini-
mizes the amount of metal to be
removed. Align boring may be
needed after straightening or weld-
ing to restore the cam bores.

Heads can be resurfaced by
grinding, milling, or belt sanding
to eliminate warpage and restore a
proper surface finish. Proper surface
finish is critical for head gasket seal-
ing. The surface finish must be cor-
rect for the type of gasker that will
be used, particularly with multi-
layer steel gaskets, or the gasket will
not seal properly. Refer to the gas-
ket manufacturer’s specifications for
surface finish requirements.

The surface finish can be
checked after milling or grinding
using a profilometer or comparator
gauge. A profilometer has a stylus
that sweeps across the surface to
be measured. The vertical move-
ment of the stylus is recorded and
used to calculate a roughness mea-
surement. A comparator gauge is a
metal card with sample patches of
various surface textures to visually
compare with the head surface.

The amount of material that can
be removed from a head surface is
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To check cylinder head warpage, place a straightedge across the head gasket
surface. This should be done in diagonal directions, down the centerline of the
head and on each side of the combustion chambers, checking for gaps at

several points along the head.

limited. Too much resurfacing can
increase compression excessively,
create valve-to-piston interference
problems, or change the valve tim-
ing on OHC engines. To compen-
sate for excessive metal removal,
on some applications a thicker

head gasket or a copper shim sand-
wiched together with the stock re-
placement head gasket can be used.

Milling the heads changes the
alignment between the heads and
intake manifold on V6 and V8

engines. Excessive metal removal

(when the heads are milled more
than about 0.030-in.) would re-
quire proportional amounts of
metal to be machined off the man-
ifold if the ports in the heads and
manifold are to martch up. Excess
metal removal can be compensated
for by installing a shim (available
from gasket manufacturers) along
with the head gasket.

On pushrod engines, another
change brought on by resurfac-
ing head(s) is a decrease in the
distance between the lifters and
rocker arms. Excessive resurfacing
can upset the valvetrain geometry,
causing the rocker arm to contact
the valve stem tip improperly, re-
sulting in excessive valve and guide
wear. On non-adjustable valvetrain
engines, excessive resurfacing can
cause the location of the hydrau-
lic lifter plungers to be too low
within the lifter bodies. Shorter
than stock pushrods can be used
to compensate for resurfacing and
restore proper valvetrain geometry.

On an OHC engine, if the cyl-
inder head or block deck has been
milled, cam timing will be affected.
Removal of 0.020-in. (0.508mm)
from the head surface will retard
cam timing by about one degree. A
shim can be installed or offset cam
sprockets or keyways can be used
to restore correct timing.

Valves

The valves should be carefully
inspected and cleaned. Hard car-
bon deposits can be removed from
the valve head with a wire buffing
wheel or glass bead blaster. Do not
glass bead the valve stems.

The following are conditions
which would require a valve to be
replaced: cupped heads, evidence
of necking (stretching and narrow-
ing of the stem neck just above
the head), pitting, burning, cracks,
worn keeper grooves, too narrow
a margin on the valve head or a
worn or bent stem.
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(A) An acceptable valve. (B) Problems that prevent a valve from being reused.

Checking valve stem wear with a
micrometer.

Stem diameter should be mea-
sured with a micrometer and
compared to specifications.
Measure the valve in a worn
area and compare that to an un-

worn area of the stem below the
keeper groove. Some valve stems
are ground with about 0.001-in.
(0.025mm) taper. Stems on these
valves are smaller at the combus-
tion chamber end. Carefully check
the keeper grooves for wear, too.
Most exhaust valves are made of
a higher quality stainless steel. Al-
ways replace stainless steel exhaust
valves with ones of at least the
same or better steel. Check a valve
to see if it is magnetic. Stainless is
non-magnetic. Some exhaust valves
are spin welded of two pieces (head
and stem are different). Check the
stem and valve head with a mag-
net. The valve head of a premium
valve will be non-magnetic. The
valve stems of these valves are
sometimes magnetic. Some valves

also have a spin welded hardened
stem tip. Intake valves are occa-
sionally of a stainless grade, too.

Valve Guides

Every head will show a certain
amount of valve guide wear. Severe
wear can indicate inadequate lubri-
cation, problems with valve geom-
etry, and/or wrong valve stem-to-
guide clearance (too much or too
little).

Inadequate lubrication can result
from oil starvation in the upper
valvetrain, from low oil pressure
or an obstructed oil passage. In-
adequate guide lubrication can
also be caused by using the wrong
type of valve seal or using a posi-
tive seal in combination with an
original equipment O-ring seal.
Insufficient lubrication results
in stem scuffing, rapid stem and
guide wear, and valve sticking.
Ultimately, the valve will fail due
to poor seating and the resultant
overheating.

Valve geometry problems include
incorrect installed valve height,
out-of-square springs, and mis-
aligned rocker arms (which push
the valve sideways every time it
opens). The resulting uneven guide
wear leaves an egg-shaped hole.
This leads to increased stem-to-
guide clearance, poor valve seating,
and premature valve failure.

A certain amount of clearance
between the guide and valve stem
is necessary so that oil can lubri-
cate the stem and guide, and to
allow for thermal expansion of the
valve stem. Exhaust valves require
more clearance than intake valves
because they operate at higher tem-
peratures and expand more. But
the stem-to-guide clearance must
also be tight enough to control
oil consumption and to prevent
exhaust gases from going up the
stem and damaging the valve seal
and spring. Varnish and carbon de-
posits can also build up on stems
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Atmospheric

/ Pressure
~

Combustion Chamber

This illustration shows how worn exhaust guides can also cause oil

consumption.

when there is excessive clearance.
This can cause valve sticking.

Too little clearance can lead to
scuffing, rapid stem and guide
wear, and sticking (which prevents
the valve from seating fully). A
sticking valve can run hot, causing
the valve to burn. The lower end of
the guide is often relieved (made
larger) for a distance of about 3/8-
in. (9.525mm) during guide ma-
chining to prevent valve sticking.

Too much clearance can create
oil control problems. Oil con-
sumption is a problem with sloppy
or worn intake guides because the

guides are constantly exposed to
vacuum. During the days of early
automobiles, designers thought
that oil could only be consumed
through the intake guides. How-
ever, a lower pressure (vacuum) is
created at the neck of the exhaust
valve as the hot exhaust rushes past
it. Oil can also be pulled down a
worn exhaust guide by this differ-
ence in pressure.

Oil drawn into the engine past
worn guides can foul spark plugs,
cause the engine to emit higher
than normal unburned HC emis-
sions, and contribute to a rapid

buildup of carbon deposits on the
backs of the intake valves and in the
combustion chamber. Carbon de-
posits in the combustion chamber
can raise compression to the point
where detonation occurs when the
engine is under load. Deposits on
the backs of the intake valves in
engines equipped with multiport
fuel injection can cause hesitation
and idle problems because the de-
posits soak up fuel, interfering with
proper fuel vaporization.

Inadequate valve cooling is an-
other problem that can result from
excessive valve stem-to-guide clear-
ance. A valve loses much of its heat
through the stem. If the stem fits
poorly in the guide, heat transfer
will be reduced and the valve will
run hot. This can contribute to
valve burning, especially with ex-
haust valves (which don’t have the
benefit of intake cooling from fresh
air and fuel).

A severely worn intake guide can
allow unmetered air to be drawn
into the intake ports. The effect
is similar to that of worn throttde
shafts on a carburetor. The extra air
reduces intake vacuum and leans
the air/fuel mixture of the engine
at idle. This can result in a lean
misfire and rough idle.

Different engines have dif-
ferent valve stem-to-guide clear-
ance requirements. Always refer
to the factory recommendations.
Typical stem-to-guide clearances
range from 0.001-in.—0.003-in.
(0.025mm~-0.076mm) for intake
guides and 0.002-in.—0.004-in.
(0.051mm-0.102mm) for ex-
haust guides. Exhaust guides usu-
ally require 0.0005-in.—0.001-in.
(0.0127mm-0.025mm) more
clearance than the intakes be-
cause the valves expand more due
to the hot exhaust gases. Heads
with sodium-filled exhaust valves
usually require an extra 0.001-in.
(0.025mm) of clearance to handle
the additional heat conducted up
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through the valve stems.

The type of guide also influences
the amount of clearance needed.
Bronze guides are said to be able
to handle about half the clearance
specified for cast iron guides or
integral guides, with less tendency
to seize. A knurled guide, one with
oil retention grooves, or a bronze
threaded liner, provides better lu-
brication than a smooth guide.
Consequently, clearances for these
types of guides can be kept closer
to the low side of the listed toler-
ance. As extra assurance against
valve sticking, do not go tighter
than the specified minimum valve
stem-to-guide clearance.

The design of the engine’s valve
guide seal is also a factor to con-
sider when determining clearances.
Compared to deflector O-ring or
umbrella type valve seals, positive
valve seal‘f reduce the amount of oil
that reaches the valve stem. A guide
with a deflector/O-ring valve seal
may neeg somewhat tighter clear-
ances than one with a positive valve
seal to control oil consumption.

Guide clearance can be checked
after cleaning the valve stem and
guide with solvent and a brush to
remove all gum and varnish. Insert
the valve into its guide and hold it
at its normal opening height. Rock
it from side to side (in the same di-
rection that the rocker arm would
push on it) while checking play
with a dial indicator. The amount
of actual clearance is one half of
the TIR (Tortal Indicator Reading).

When valve stem-to-guide clear-
ance exceeds the specified limits,
measure the valve stem with a mi-
crometer to see if it is worn exces-
sively. The 1.D. (Inside Diameter)
of the guide can be measured with
a split-ball gauge and micrometer,
a go/no-go gauge, or a special valve
guide dial indicator. A guide will
typically show the most wear at the
ends and the least wear in the mid-
dle. This is called bellmouth wear.

Checking valve guide wear with a dial indicator.

(Courtesy: DaimlerChrysler Corp.)

1. Read Inside Of Guide With Gauge

2. Read Measurement With Micrometer

Measuring valve guide inside diameter with a split-ball gauge. The split-ball
gauge is then measured with an outside micrometer.

Valve Springs

Thoroughly clean and visually
inspect the valve springs. Do not
reuse a valve spring that has shiny
ends or is shiny between the coils.
These are indications of a weak
spring. Also do not reuse a spring
that is rusted, nicked or has deep
scratches. Such flaws focus stress
and can cause the spring to break.

Check the valve springs for ten-
sion, squareness and height. Start
by checking the free-standing (re-
laxed) height of the springs (also
called the spring free length). In-
dividual spring height should be

et

Measuring valve spring height.
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within 1/16-in. (1.587mm) of the
original equipment manufactur-
er’s specification. Line all of them
up and position a straight edge
on top of them. Any spring that
is 1/16-in. (1.587mm) or more
shorter than the rest should be
replaced. Short springs are often
found where exhaust guide clear-
ance has been excessive. Excessive
heat from the exhaust weakens the
spring. Keep in mind that some
cylinder heads use rotators on just
the exhaust valves. If the machined
spring seats on the cylinder head
are all the same height, the exhaust
springs will be shorter than the in-
takes to allow for the thickness of
the rotator. In this case the free-
standing height of the exhaust and
intake springs should be checked
separately.

Another spring check is for
squareness. A bent spring will
exert side pressure on the valve
stem. This can cause the guide
to wear abnormally or it can re-
sult in breakage of the stem tip.
Place each spring on a flat surface
and hold a square next to it. The
spring must sit flush against the
square when rotated. If the gap
between the top of the spring and
the square is more than 1/32-
in. (0.794mm) for each inch of
length, the spring is defective.

Check the pressure of the spring.
Over time, springs lose tension
from exposure to high tempera-
tures and repeated cycling. Weak
springs will allow compression loss
and cause valves to run hot, short-
ening their life. Weak springs can
also allow valves to float (remain
open) at higher rpm, limiting en-
gine speed and risking valve-to-
piston contact.

Use a spring tester to check both
the open and closed pressure ex-
erted by each spring. Specifications
are given for each position. At its
installed height, the spring’s closed
pressure must be within 10% of

Place the valve spring on a flat
surface and check it for squareness
with a steel rule or square.

Checking valve spring pressure with
a spring tester.

new specifications. The same rule
applies for the open pressure read-
ing when the spring is compressed
to its open height.

Miscellaneous

Carefully check the keep-
ers, valve spring retainers, and, if
equipped, rotators and studs for
wear and damage. Many experts
recommend that spring retainers
and keepers be replaced whenever
new valves and/or springs are in-
stalled, otherwise the retainers and
keepers should be reused if they
pass visual inspection. Make sure
that rotators turn freely by hand
without any grinding noise.

Worn or damaged press-fit

rocker studs can be removed using
a stud extractor or with a nut and
a stack of washers. Oversized studs
can be used for replacement if the
stud hole is damaged or the hole
can be tapped for the installation
of a threaded stud. If the stud goes
into a water jacket, be sure to use
sealant when installing the new
stud. When pressing in a new stud,
make sure it is installed to the cor-
rect height.

Visually inspect the camshaft
bores in the cylinder head for wear
and damage. The camshaft bore
I.D. can be checked using a dial
bore gauge or a telescoping gauge
and outside micrometer and com-
pared with specifications. Bore
alignment can be checked using
a straightedge and feeler gauge. If
the bores are damaged or the 1.D.
and/or alignment are not within
specification, on some applications
the cam bores can be machined to
accept a cam with oversize jour-
nals. Otherwise the cylinder head
must be replaced.

Visually inspect the condition
of the hydraulic lash adjuster
bores or cam follower bores, as
required. Check the fit of each
lash adjuster or cam follower in its
respective bore.

REPAIR

Valves

The valve face and valve stem
tip should be reground to a new
finish on a valve refacing machine.
Many manufacturers specify that
the valve be ground to an interfer-
ence angle of 1/2 to one degree.
For example, if the seat is ground
to a 45 degree angle, the valve face
would be ground to 44 or 44.5 de-
grees. Use of an interference angle
improves valve seating and helps
prevent carbon build-up. Always
refer to the manufacturer’s speci-
fications for the proper valve face

angle and dress the grinding wheel

Training for Certification
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Grinding a valve on a valve refacing machine.

on the valve refacing machine be-
fore grinding the valve.

Clamp the valve in the refacing
machine chuck and position the
valve face just in front of the grind-
ing wheel. Adjust the chuck feed so
that when the valve face is moved
back and |forth, the grinding wheel
will clear|the valve stem. Start the
machine and observe the valve
head. If the valve head appears to
wobble as the valve rotates, the
valve is bent and must be replaced.

Move the valve back-and-forth
while gradually feeding the valve
towards the grinding wheel, until
light contact is made. Grind the
valve while maintaining light con-
tact until|the valve face is smooth.
To avoid overheating the valve,
make sure the coolant nozzle is
directed at the valve while grind-
ing. Grind only what is necessary.
Grinding more off of the valve face
leaves a narrower margin on the
top of the valve head. The mini-
mum limit of margin thickness for
exhaust valves is usually 1/32-in.
(0.794mm) above the valve face.
A sharp edge can cause detona-

No Margin
s

Top — After machining the valve
face, a margin of at least 42-in.
(0.794mm) should remain on most
valves. Bottom — If no margin
remains after machining the valve
face, the valve should not be reused.

tion and valve burning. Some OE
(Original Equipment) larger in-
take valves have a narrower margin.
Refer to manufacturer’s specifica-
tions or compare an old valve to a
new one when in doubt.

The tip of the valve stem is
ground to restore the surface and
also to correct for minor changes

in installed height that occur
when the seat and valve face are
reground. Valve stem height will
be checked during assembly. Some
manufacturers recommend that
the valve stem tips not be ground
at all, so be sure to refer to the
specific recommendations for the
engine in question. Grinding too

Grinding the valve stem tip.

much from the valve stem tip can
also result in the rocker arm or
cam follower contacting the keep-
ers or valve spring retainer.

The valve stem tip is ground by
clamping the valve in the V-block
of the refacing machine and pass-
ing it across the grinding wheel.
When grinding a valve stem, a
1/32-in. (0.794mm) chamfer is
ground around the outside of the
tip of the stem. To avoid overheat-
ing the stem, direct coolant at the
stem tip while grinding.

Warning: Do not use a water-
based cooling lubricant when
grinding sodium filled valve
stems. If the valve is cracked,
the sodium inside can react ex-
plosively if it comes into contact
with water!

32

A1 - Engine Repair




EEEERREEEREEEREERERERRER R R R RERREREREEREERELEEEERER.

Cylinder Head And Valvetrain Diagnosis And Repair

Valve Guides

Options for repairing worn valve
guides include knurling, replace-
ment, installing guide liners, and
reaming to oversize and using
valves with oversized stems.

Knurling

Checking the amount of wear in
the guides is the most important
step to determine whether or not
they can be knurled. If the guide
is worn excessively, knurling may
not restore the guide. Knurling de-
creases the guide I.D. more in the
center (unworn area) than at its
ends.

The knurling process consists
of running a special wheel tool or
ridged arbor through the guide.
This leaves behind a spiral groove
with raised metal on each side. The
raised metal reduces the 1.D. of the
guide. Next, the guide is finished
by reaming to its finished size.

Knurling is self-aligning, so the
centering of the guide with re-
spect to the valve seat is not lost.
Knurling also allows the original
valves to be reused. The other pri-
mary benefit of knurling is im-
proved oil control, compared to
a smooth guide bore. The stem-
to-guide clearance for a knurled
guide can be as close as 0.0007-
in. (0.0178mm). When guides are
knurled and clearances are tight,
however, positive valve seals are not
recommended.

Replacement

Replacing guides is done in both
aluminum and cast iron heads. In
cast iron heads, guides are often in-
tegral and a hole must be bored in
the old guide to accept a pressed-in
replacement guide.

To replace valve guides in alu-
minum heads, the heads must be

Valve Guide Driver

Removing valve guides from an
aluminum cylinder head using an air
hammer and valve guide driver.
(Courtesy: Honda Motor Co.)

and air hammer. The replace-
ment guides are chilled and lubri-
cated prior to installation. Most
wet guides are tapered and require
sealer to prevent leaks.

Replacement guides are available
in a variety of materials besides
cast iron. Bronze guides are gener-
ally more expensive than cast iron
but usually run cooler and provide
superior durability. Bronze alloys
include phosphor bronze, silicon-
aluminum bronze, and manganese
bronze.

Guide Liners

Thin tubes called thinwall valve
guide liners are often installed to
restore worn guides. This repair
technique provides the benefits of
a bronze guide surface (better lu-
bricity; longer wear, and the ability
to handle tighter clearances). Lin-
ers can be installed in heads with
either integral or replaceable cast
iron guides. The process is por-
table, fast, and sometimes less ex-
pensive than installing new guides.

Reaming Oversize

When valves are replaced, less
machining time is required. If
valves are replaced with those with
oversized stems, all that is neces-
sary is to ream the guide to the
proper oversize. Stem-to-guide
clearance should be in accordance
with the engine manufacturer’s rec-
ommendations.

Valve Seats
The guides must be recondi-
tioned or replaced before cutting,

Reaming a valve

heated to facilitate removal and in- guide to accept a
stallation without damaging the new replacement
head. The guides are then usually valve with an
driven out with a suitable driver oversize stem.
Training for Certification a3
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[
grinding, or replacing valve seats.

All seat machining is done with
a pilot that centers in the valve
guide. If guide work is done after
seat work, the guide and seatr will
no longer be aligned to each other.

A proterly finished valve seat
must meet several criteria. If a
valve is fo cool properly, it must
have a toncentric seat that is
square with the guide. The seat-to-
valve contact area must be of the
correct width and positioned prop-
erly on the valve face.

A non-concentric seat will not
allow the valve to make full con-
ract. Thij results in a poor seal and
loss of dompression. Poor valve
face-to-seat contact will also reduce
heat transfer, causing the valve to
run hot. This will eventually lead
to premature failure. Check seat
concentricity with a dial indica-
tor. Concentricity should be within
0.002-in./ (0.05 mm).

.

it must flex to conform to the
seat. After thousands of such cy-
cles, metal fatigue sets in and stress
cracks develop in the valve. The
process is accelerated when valve
rotators are used. Eventually the
valve stem or head snaps. This often
results in serious engine damage.

The width of the valve seat is
important for good heat trans-
fer, proper sealing and long valve
life. A seat that is too narrow can
suffer increased wear and will
not be able to transfer sufficient
heat to the cooling jacket. A seat
that is too wide may not pro-
vide enough pressure for a tight
seal. An excessively wide seat also
tends to develop deposits that can
prevent the valve from seating.
This reduces heat transfer and
lowers compression at idle. Rec-
ommended seat width for intake
valves is usually around 1/16-in.
(0.062-in.). Exhaust valve seat
width is usually about 3/32-in.
(0.093-in.).

The point at which the valve
and seat mate is also important.
Ideally, the valve-to-seat contact
area should be about one third of
the way down the valve face. The
top edge of the contact area should
be about 1/64-in. - 1/32-in. below
the margin of the valve. This leaves
an area of the valve face berween
the margin and top of the seat con-
tact area that overhangs into the
combustion chamber.

When the area of contact is too
high on the valve face (too close

to the margin), the valve is too far
into the head. This increases in-
stalled height, reduces valve spring
tension, upsets valvetrain geom-
etry, and restricts free breathing.
Another valve positioning problem
is when the area of contact is too
low on the face (too far from the
margin). As the engine warms up
and the valve expands, the contact
point moves down the valve face
away from the margin. The valve
may lose partial contact with the
seat, causing it to lose compression
and run hot.

Valve seats should be replaced
if they are badly worn or ground
too deep in the head. Replaceable
inserts (typically used in aluminum
heads) should also be replaced if
they are cracked or loose in the
head. Heads with integral seats can
be machined to accept a replace-
able insert.

Seats can be ground with a wet
or dry stone, or cut with a car-
bide cutter. There are advantages
to each method. Grinding requires
at least three steps for each seat
and in the case of dry stones, pro-
duces abrasive dust. Stones must
be properly dressed to maintain
accuracy. Cutting is cleaner and
faster, especially when all three an-
gles are cut at once. Cutters are
more expensive, however.

To grind a seat, select a wheel
about 1/8-in. larger than the seat.
The angle of the stone depends on
the manufacturer’s specifications. A
typical seat face angle is 45 degrees,

Checking Vvalve seat concentricity
using a dial indicator.

An offisquare seat can prevent
a valve from seating and holding
compression. It can also lead to
valve breakage. When a seat is off-
center from the axis of the valve
guide, every time the valve closes

Too Narrow Too Wide

Too Low Too High

Seat width and where the valve contacts the valve seat are critical for proper

sealing and long valve life.
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Grinding a valve seat with a wet
stone.

On this guide and seat machine, a
carbide cutter cuts all three angles at
once.

but occasionally 30 degrees is used
(most often for intake valves). The
grit of the stone depends upon the
material the seat is made from. For
best results and fast stock removal,
use coarse stones on hard searts and
a finer general purpose stone for
cast iron seats.

Thread the stone onto the stone
holder. Some stone holders have
a ball bearing assembly inside and
may be used with a lifting spring.

Another type of stone holder has
a brass bushing inside. A lifting
spring cannot be used with this
type.

Adjust the angle on the stone
dressing stand to the correct set-
ting. Dress the stone using a dia-
mond nib, taking a small amount
of material off of the stone. At-
tempting to remove too much
from the stone at once will lift
the stone and result in an un-
even grinding surface. The dia-
mond nib can also be undercut
and removed from the dressing
tool. Take quick strokes across the
stone. Slow strokes can glaze the
grinding stone (especially with
finer grit stones).

Select the correct size pilot to
insert into the valve guide. Slide
the stone and stone holder (and
lifting spring, if used) over the
pilot. Grind the seat with a gen-
tle circular motion. Be sure to be
gentle and hold the stone holder
in alignment to the pilot. Push-
ing the stone to the side can cause
seat runout. If there is no lifting
spring, lift the stone holder away
from contact with the seat before
it stops turning. This will give a
smoother finish.

Grind the seat to remove discol-
oration and pitting. Remove only

as much material as required to
clean the entire seat and remove
all pits in the surface. Dress the
wheel frequently (when grinding
the face angle in particular). Then
switch wheels and use a 30 degree
stone (15 degree stone if the face
angle is 30 degrees) to cut the top
angle on the seat. This will locate
it with respect to the valve face.
The top of the valve to seat con-
tact area should be no closer to the
margin of the valve than 1/64-in.
(0.397mm). If the seat is too wide,
there will be no overhang. Grind
as needed with the 30 degree or 15
degree stone until the correct over-
hang is obtained.

If the seat is too wide after grind-
ing, narrow it by cutting the throat
angle using a 60 degree stone (45
degree stone if the face angle is 30
degrees). Be careful when cutting
this angle; removal of too much
material from the bottom edge of
the seat will call for installation
of a new valve seat to correct the
problem.

Dykem blue is a dye that some
technicians paint on the valve
seat. The valve is inserted into the
guide, lightly seated, and rotated
about 1/8-in. (3.175mm). A con-
tinuous blue line should appear all
the way around the valve face if the

To Remove Stock
From Top Of Seat,
Use 30 Degree Wheel

To Remove Stock
. From Bottom
Of Seat, Use 60

Valve Seat Width

Angles used to locate and narrow a valve seat.

(Courtesy: Ford Motor Co.)
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valve anc\ seat are mating properly.
Open patches or breaks in the line
indicate that the seat is not con-
centric and the low spots are not
making contact.

Some technicians use another
type of coloring agent when ma-
chining heads. Prussian blue is a
paste that is spread on the valve
face. The valve is inserted into the
guide anp its face is pushed into
the blue paste to make an imprint.
This gives an idea of the height of
the valve seat on the valve face.

The procedure for refinishing a
valve seat by cutting is essentially
the same as for grinding. Carbide
cutters are used instead of grind-
ing stones. A seat cutting process
popular in high volume machine
shops cuts all three angles in a one-
step operation. Check concentric-
ity (seat runout) to make sure the
seats were cut properly.

Some technicians lap valves
after grinding or cutting the
seats. An abrasive paste, called
lapping compound, is applied to
the valve or seat. A rubber suc-
tion cup on a wooden or plas-
tic handle is attached to the head
of the valve. The valve is worked
back and forth against the sear.
This process is reassuring in that
a very clear pattern becomes ap-
parent on the valve face, show-
ing the valve-to-seat maring area.
The fine lapping compound helps
the seat and valve to mate exactly
with each other, but the valve will
expand about 0.015-in. - 0.020-
in. (0.381mm — 0.508mm) when
hot. This means that the lapped
area will no longer match berween
the valve and the valve seat once
the valve is hot. Lapping valve
seats was a popular process in the
past but it is not necessary if seat
refinishing is done correctly.

ASSEMBLY
Once all of the valves, seats,
and guides have been recondi-

tioned, wash the head, valves,
springs, retainers and keepers
thoroughly in clean solvent to
prepare for reassembly.

Valve Stem Installed Height

Install the valves in the valve
guides and measure the installed
stem height from the spring seat to
the tip of the valve, with the valve
fully seated. Refer to the manufac-
turer's valve stem installed height
specifications or, if unavailable, to
the dimensions recorded during
disassembly. Valve stem height that
is not within specifications can
change rocker arm geometry and
can cause the location of the hy-
draulic lifter plunger to be too low
within the lifter body.

If valve stem installed height is
greater than specification, the valve
stem tip can be ground to com-
pensate, providing the variance is
not too great. However, some valve
stem tips are case hardened and
should not have more than about
0.010-in.-0.020-in. (0.254mm—
0.508mm) removed from their
surface, and some manufacturers
recommend that the tips not be
ground at all. Grinding too much
from the valve stem tip can also
result in the rocker arm or cam
follower contacting the keepers or
valve spring retainer.

If the proper installed height
cannot be obtained by grinding
the tip of the stem, the valve is too
deep in the head. A small amount
of correction can be made with a
new valve, which has more metal
on its face, enabling it to sit shal-
lower in the head. If a new valve
does not bring the valve installed
height within specification, a new
seat will need to be installed.

Installed Spring Height
Check the installed height of the
valve springs. To check the height,
lightly lubricate a valve stem, slide
the valve into place, and mount

the retainer on the stem. Install the
keepers without the valve spring
for this test. Measure the distance
from the machined spring seat on
the head to the underside of the
retainer and compare it to speci-
fications. Both grinding the valve
and grinding the valve seat result
in an increase in this dimension.
A valve spring insert (shim) can
be installed under the spring to
restore the original installed height
for proper spring tension.

A thin shim is found on alu-
minum heads to protect the
softer head surface from dam-
age. There are several thicknesses
of valve spring inserts (shims)
available. Common sizes for cor-
recting spring height are 0.030-
in. (0.762mm) and 0.060-in.
(1.524mm). The serrated side of

To determine if shimming is needed,
a telescoping gauge is expanded
between the valve spring seat and
the underside of the valve spring
retainer. The gauge is then measured
with an outside micrometer and the
distance compared with the valve
spring height specification.
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the insert should face the head.
These serrations help insulate the
spring from the hot cylinder head
for longer spring life.

Valve Seals

Valve seals control oil that lu-
bricates the valve stems from seep-
ing into the guides in excessive
amounts. There are three types
of seals. Positive seals fit tightly
around the top of the guide and
scrape oil off the valve as it moves
up and down. If the design of the
head is such that the guides tend
to be flooded with oil (and oil
consumption would result), posi-
tive type seals may be specified.
Positive seals are installed at the
factory on almost all OHC en-

When positive valve seals are
installed on a head that was not
designed for them, the top of the
guide boss area must be machined
with a special cutter. This is a com-
mon modification on high perfor-
mance engines. On these applica-
tions, the valve lift should be cal-
culated before machining, to make
sure enough material is removed
from the guide boss to prevent the
bottom of the valve spring retainer
from contacting the valve seal at
maximum lift.

When installing positive valve
seals, apply a light coat of oil on
the valve stem and guide boss. Use
a protective cap or sleeve over the
valve stem to protect the seal as

The O-ring typically fits into an
extra groove in the valve stem that
is just below the keeper grooves.
Lubricate it and install it squarely
in its groove. Then install the
keepers and release the valve
spring compressor.

Final Assembly

Before installing the valves in the
guides, lubricate the valve stems
with assembly lube. Lubricate the
valve springs, which is especially
important on heads with double
springs or inner harmonic damp-
ers. Friction between the inner
and outer springs can overheat and
weaken the springs when the en-
gine is first started.

After sliding each valve into

gines and are installed on other
heads in the aftermarket.

O-ring seals are another type
of seal. They fit into the valve
stem groove under the keep-
ers and keep oil from traveling
down the valve stem. These seals
are used with a metal oil deflec-
tor that covers the top coils of
the valve spring.

Umbrella seals (also called
splash or deflector seals), ride
on the valve stems to deflect oil

place, install a shim if needed.
Install the valve guide seal and
put the spring and retainer into
position. Then compress the
spring with a spring compressor
just enough to install the keep-
ers. Be careful not to compress
the spring too far. This can dam-
age the new valve seal. Grease
can be used to hold the keepers
in place while releasing the valve
spring compressor. Slowly release
the spring compressor so there

away from the guides. These fit
tightly on the valve stem and move
up-and-down with the valve.

Valve guide seals are of several
qualities. Appearance is not an in-
dicator of quality. The least expen-
sive seal is effective to only about
250°F (121°C). The best seals are
good up to about 440°F (227°C).
Valve guide seals are often included
in a gasket set. Intake and exhaust
seals on the same head are some-
times different. Sometimes seals are
color coded. Other times they are
of different shapes. Follow manu-
facturer’s directions as to the type
of seal to use on the intake and ex-
haust valves. A 250°F (121°C) seal
used on an exhaust valve would be
an unfortunate error.

Installing positive valve stem seals.
(Courtesy: DaimlerChrysler Corp.)

it is slid onto the valve. A special

installation tool is then usually

placed over the seal and the seal is

tapped into place on the guide boss

using a small mallet. Be sure the

positive seal seats squarely on the
ide boss.

With umbrella or deflector type
seals, just push the seal down on
the valve stem until it touches the
valve guide boss. It will be posi-
tioned correctly the first time the
valve opens.

O-ring seals must be installed
after the spring is compressed.

is no chance of misaligning the
valve stem seals or disturbing the
position of the keepers.

After all valves have been in-
stalled, tap the valve stem tips
squarely with a soft mallet to make
sure the keepers are properly seated.

CAMSHAFT AND
VALVETRAIN

Camshaft

Camshaft Installed
Camshaft lobe lift and end-
play can be checked while the

cam is installed in the cylinder

head or block.

To check lobe lift on an OHC
engine, install a dial indicator so
the indicator foot is on the cam-

Training for Certification
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shaft lobe. Rotate the engine until
the indicator foot is on the base
circle of the camshaft lobe, then
zero the indicator. Continue ro-
tating the engine until the indica-
tor foot is on the high lift point
of the cam lobe. Record the in-
dicator reading. Repeat for each
cam lobe and compare the read-
ings with specifications. Replace
the cam if any reading is below
specification.

Measuring camshaft lobe lift on an
OHC engine.
(Courtesy: Ford Motor Co.)

Measuring camshaft lobe lift on a
pushrod engine.
(Courtesy: Ford Motor Co.)

To check lobe lift on a push-
rod engine, remove the rocker
arms. Install a dial indicator so
the indicator foot is on top of the
pushrod and in the same plane as
pushrod movement. Rotate the
engine until the valve lifter is on
the base circle of the cam-shaft,

then zero the indicator. Continue
rotating the engine until the lifter
is in the fully raised position. Re-
cord the indicator reading. Repeat
for each cam lobe and compare
the readings with specifications.
Replace the cam if any reading is
below specification.

Checking camshaft end-play.
(Courtesy: Ford Motor Co.)

To check camshaft end-play,
first remove or loosen the neces-
sary valvetrain component to allow
fore-and-aft camshaft movement.
Move the camshaft to the rear of
the head or block, then install a
dial indicator so the indicator foot
is resting on the end of the cam-
shaft. Zero the indicator. Move the
camshaft forward in the head or
block. Record the indicator read-
ing and compare with specifica-
tion. If end-play is excessive on
applications where a thrust plate
is used, replacing the plate may
restore the clearance. Some man-
ufacturers recommend replacing
the cam-shaft and rechecking end-
play. If end-play still exceeds speci-
fication, then the cylinder head
must be replaced.

Camshaft Removed

Clean the camshaft using sol-
vent, and clean out all oil holes.
Visually inspect cam lobes, bear-
ing journals and accessory drive
gear and fuel pump eccen-
tric (if equipped) for excessive
wear, rounded lobes, edge wear,
scratches, pitting, scoring or gall-
ing. If there is any obvious wear
or damage, the camshaft must be
replaced.

6.35mm 6.35mm
1/4-in. 1/4-in. No Pitting
Allowed
In
This
Area
Dimension ‘A’ Minus
Dimension ‘B’
Equals The

: Cam Lobe Lift

A

Measuring camshaft lobe wear. The
difference between measurements
‘A’ and ‘B’ represents lobe lift.
(Courtesy: Ford Motor Co.)

Measure each camshaft lobe
height and base circle diameter
using a micrometer. Subtract the
base circle diameter from the lobe
height to get the lobe lift. Com-
pare to manufacturer’s specification
and replace the cam if necessary.

Measure the camshaft journals

Checking camshaft runout.
(Courtesy: Ford Motor Co.)

for out-of-round and taper and
compare to specifications. If lobes
and journals appear OK, place the
front and rear journals in V-blocks
and rest a dial indicator on the
center journal. Rotate the camshaft
to check straightness. If runout ex-
ceeds manufacturer’s specifications,
replace the camshaft.

On OHC engines, coat the lobes
of the camshaft(s) with a suitable
EP (Extreme Pressure) lubricant
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and coat the journals with an as-
sembly lubricant. On some OHC
heads, the cam runs directly on
top of cam followers that sit atop
the valves. Lubricate the face of
these followers with EP lubricant
and lubricate the followers and
their bores with assembly lubri-
cant, then install the followers in
the head.

Install the camshaft(s) in the
cylinder head(s). If equipped with
bearing caps, install them, mak-
ing sure they are in their proper
locations. Torque the caps in the
proper sequence. Be careful when
sliding the cam into a head that
has full round bores rather than
bearing caps. Some cam bores have
soft cam bearings that can be easily
damaged. On some OHC heads,
special tools may be required to
hold the valves down while the
cam is being installed.

Some OHC heads have hydrau-
lic valve lash adjusters. These do
not ride against the cam but are in-
stalled in holes in the cylinder head
and support the ends of the rocker
arms. Lubricate the lash adjusters
and their bores with assembly lu-
bricant and install them in the cyl-
inder head. Lubricate the contact
areas of the rocker arms with as-
sembly lubricant and install them
in the cylinder head.

On pushrod engines, lubricate
the lobes with EP lubricant and
the journals with assembly lube
and install the camshaft in the
block, being careful not to damage
the camshaft bearings. Long bolts
can be threaded into the camshaft
sprocket mounting holes to pro-
vide leverage and facilitate instal-
lation. Install the camshaft thrust
plate, if equipped and torque the
bolts to specification.

Timing Belt And Sprockets
Visually inspect timing belts for

cracks, peeling, cord separation

and missing teeth. These condi-

Extreme care should be used when
installing the camshaft to avoid
damaging the camshaft bearings.

tions could be due to a worn ten-
sioner and/or idler pulley, or ex-
tended service life. Most manu-
facturers recommend belt replace-
ment at specific mileage intervals.
A belt should also be replaced if it
is contaminated with oil or grease.

Check the camshaft and crank-
shaft sprockets, and tensioner and
idler pulleys, for wear, cracks or
damage. Check tensioner opera-
tion. Check the tensioner and idler
pulleys for smooth rotation and
check for play and noise. Replace
parts as necessary.

When installing a timing belr,
rotate the crankshaft until the
number one piston is at TDC.
Verify the positions of the cam-
shaft and crankshaft timing
marks. Install the new belt and
adjust the tension.

Many engines with timing belts
have spring-loaded tensioners that
provide an automatic tension ad-
justment. A lock bolt maintains
the tension once the belt is in
place. A new belt might not be
exactly centered on the sprockets,
however. After initially tension-
ing the belt, rotate the crankshaft
to align the belt on the sprockets.
Loosen the lock bolt and retighten
it to provide accurate tension.

Tensioners that require manual
adjustment must be set according

Rubber
Exposed

Crack

Tooth Missing
And Canvas Fiber

Look for these conditions when
inspecting a timing belt.
(Courtesy: Hyundai Motor Co.)

to the manufacturer’s instructions.
Too much tension is bad for the
belt and/or cam bearings. Too little
tension may allow timing varia-
tions or belt slippage. Slippage will
take the teeth off of the belt.

Training for Certification
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Timing Chain And
Sprockets

Visually inspect the timing
chain for damaged links or other
wear. Check the camshaft and
crankshaft sprockets for cracks and
worn or broken teeth. The timing
chain and sprockets are replaced as
an assembly.

All OHC engines and some
OHYV engines are equipped with a
chain tensioner. On engines with-
out tensioners, the chain deflec-
tion should be checked to see if the
chain has stretched and replace-
ment is necessary. Turn the crank-
shaft clockwise to take up slack on
the right side of the chain. Mark
a reference point on the block at
the approximate midpoint of the
chain. Measure from this point to
the midpoint of the chain.

Rotate the crankshaft coun-

terclockwise to take up slack on
the left side of the chain. Force
the left side of the chain ourward
with your finger and measure the
distance between the reference
point and the midpoint of the
chain. The timing chain deflec-
tion is the difference between the
two measurements. Replace the
chain and sprockets if deflection
exceeds specifications.

Inspect the timing chain ten-
sioner and chain guides for wear
or damage and replace as necessary.
These parts may be included in a
replacement timing set.

Before installing the timing
chain, correctly position the tim-
ing marks on the camshaft and
crankshaft sprockets. Lubricate the
timing chain with clean engine oil
prior to installation. Torque the
sprocket retaining bolts to speci-

fication. Set or adjust the timing
chain tensioner according to the
manufacturer’s instructions.

Timing Gears

Inspect timing gears for cracks,
worn or broken teeth and exces-
sive backlash. To check backlash,
loosen or remove the necessary
valvetrain components to allow
camshaft movement. Position a
dial indicator so the indicator
foot is resting on a camshaft gear
tooth. Move the gear in one di-
rection until it stops and zero the
gauge. Move the gear in the other
direction until it stops again and
record the indicator reading. Re-
place the gears if backlash exceeds
specification.

Timing gears must be replaced
as a set. On some engines, the
camshaft gear must be pressed
onto the camshaft.

First Measurement

Reference Point
On Block

Timing Chain

Reference Point
On Block

Second Measurement

Midpoint Of Chain

Machinist's Midpoint Machinist's
Rule Of Chain Rule
Eirst Measurement -  Second Measurement =  Timing Chain Deflection

Measuring timing chain deflection. (Courtesy: Ford Motor Co.)
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adjusters can be disassembled and
cleaned. Keep all components for
each lifter in order; components
should not be mixed berween lift-
ers. Replace the entire lifter if any
components show signs of pitting,
scoring or excessive wear. Replace
the entire lifter if the plunger is not
free in the lifter body. The plunger
should drop to the bottom of the
body by its own weight when as-
sembled dry.

convex, the cam lobe is slightly ta-
pered (about 0.0005 - 0.0007-in.)
and the lifter bore is offset to make
the lifter rotate during operation.
This rotation is essential because
it spreads wear over a greater sur-
face area. If the lifter fails to spin
it will destroy itself and its cam
lobe. If new lifters are installed on
a cam where the lobes have lost
their taper, the lifters will not ro-
tate, the load will be concentrated
in one spot and the ensuing

Measuring timing gear backlash.

Valve Lifters/Lash Adjusters

Remove any gum and varnish
from the lifters using solvent. In-
spect the face of flat-tappet lift-
ers for pitting, excessive wear or
concave appearance. The face of
the lifter should be convex and
smooth. If any unusual wear is ap-
parent, inspect the corresponding
camshaft lobe. Inspect the lifter
body for scuffing and wear and if
any are found, inspect the corre-
sponding lifter bore.

Check For Concave
Wear On Face Of
Lifter Using Lifter
For Straight Edge.

Lifters in good condition should have
a convex (curved) surface on the
bottom. If the bottom of the lifter is
concave, it needs to be replaced.

If their appearance passes in-
spection, hydraulic lifters and lash

scuffing will ruin the cam and

the new lifters.

Many engines are now
equipped with roller lift-
ers. Unlike flat-tappet lift-

Te

Hydraulic
Tappet
Leakdown

/ )

i

ers, roller lifters are centered
on the cam lobe and the cam
lobe is not tapered. Roller lift-
ers must be checked for roller
bushing wear and alignment
device problems. The bushing
shouldn’t allow the roller ex-

Measuring the leakdown rate of a hydraulic

lifter using a leakdown tester.
{Courtesy: Ford Motor Co.)

After reassembly, the lifters
should be tested with a leakdown
tester, which checks the ability of
the lifter to hold hydraulic pres-
sure. The lifter is submerged in a
specified test fluid (moror oil or
other fluids should not be used)
and purged of air. A weighted
arm, which is connected to a
pointer and scale, is then placed
on the lifter plunger. The time
it takes for the plunger to move
a certain distance (the leakdown
rate) is measured and compared to
manufacturer’s specifications. Any
lifter that has a leakdown rate that
is not within specifications should
be replaced.

It is recommended that if any
lifters require replacement, that the
camshaft and all lifters be replaced.
The face on a flat-tapper lifter is

cessive play on the axle pin of
the lifter, and the alignment
devices should retain the lifter
in the bore so that the roller
axle centerline stays parallel
with the cam lobe centerline.
This locking arrangement serves to
prevent the lifter from rotating and
causing the roller to slide on the
lobe of the cam rather than rolling.

Clean the lifter bores in the
block. Any nicks or scratches can
be removed with light honing,
if necessary. Fill hydraulic lifters
with oil and purge them of trapped
air, by submerging them in clean
motor oil and depressing the
plunger several times with a push-
rod or other suitable tool. Coat the
lifter face with EP lubricant, lu-
bricate the lifter body with oil and
install it in the lifter bore.

Training for Certification
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Valvetriain
1

Hydraulic
Valve
Adjuster

On OHC engines, be sure to inspect
the cam follower and cam-shaft for
signs of \nﬂear.

|

Inspect camshaft followers,
rocker arms and rocker arm pivots
or shafts for wear or damage. On
shaft-mounted rocker arm assem-
blies, disassemble the rocker arms,
springs, spacers, shafts, supports,
etc. and thoroughly clean all parts.
Keep all parts in order so they can
be reassembled in their original lo-
cations. Measure the diameter of
the rocker shafts where the rocker
arms pivot and measure the inside
diameter of the rocker arms. Com-
pare measurements with specifica-
tions and replace any components
that are not within tolerance.

Inspect the pushrod ends for
wear or damage. Roll each pushrod
over a flat piece of glass to check
for bending. Hollow pushrods that
are used for oil delivery must be
clean inside.

CYLINDER HEAD
INSTALLATION

Before installing the cylinder
head(s), make sure the cylinder
head and block gasket mating sur-
faces are clean. The threads on the
head bolts and those in the block
must also be clean. Use a thread

Fulcrum

Shaft
Bore

On pushrod engines, inspect wear points on the rocker arms.

(Courtesy: Federal Mogul)

7" surtace Should Be Smooth.

Measuring rocker arm shaft diameter.
(Courtesy: Honda Motor Co.)

chaser to chase threads in the block
and clean the entire head bolt
using a wire wheel. Do not reuse

a head bolt that is nicked, eroded,

or rusted.

Note: Some engines use torque-
to-yield head bolts. These bolts are

purposely overstretched when tight-
ened and are usually not reused.
New head bolts may be provided
with the gasket set. Consult the
service manual to see if torque-to-

yield bolts are used.

Place the head gasket on the
block in the proper direction.
Head gaskets are usually marked to
indicate which side faces up. Older
gaskets used sealer but most mod-
ern ones do not.

When installing an OHC cylin-
der head, be sure that the cam has
been rotated until its timing mark
is correctly positioned. The num-
ber one piston must be positioned
at TDC so that the head can be
installed. If the cam is not correctly
positioned on an interference en-
gine, a valve can be bent when the

head bolts are rightened.
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The tightening procedure
for torque-to-yield bolts, called
torque-turn, is different than the
procedure for normal head bolts.
A torque-to-yield bolt is tightened
to a specified torque and then
turned an additional amount (like
1/4 turn or 90 degrees). Torqu-
ing a bolt into yield purposely
overstretches the fastener. This
achieves a higher clamping force
that is more uniform for each of
the fasteners.

Most head bolt specifications
are for clean, lightly lubricated
threads. Lubricating the threads
with other than light weight oil
changes the clamping force ap-
plied by the bolts at a given torque
value. Torque must be reduced for
proper loading if an anti-seize or
other thread lubricant is used. A
shop towel moistened with engine
oil can be used to lightly lubricate
the threads.

Hardened steel washers are
placed against aluminum head
surfaces. These are also used on
some cast iron applications. Sealer
is applied to the threads of any
fasteners that extend into the
cooling jackets.

Tighten head bolts in the se-
quence specified by the manufac-
turer. This allows for slight warp-
age of the head and stresses the
block according to its engineer-
ing design. The bolts in the cen-

ter of the head are tightened first.
The bolts should be tightened to
their full torque value in several
incremental steps, rather than all at
once. Leave about 10 foot pounds
for the final step. For instance, if
the specification is 70 ft. lbs. (94.9
Nm), tighten first to 30 ft. lbs.
(40.7 Nm), then to 60 ft. Ibs.
(81.4 Nm), and finally to 70.

If equipped with a timing bel,
install the camshaft sprocket(s) and
torque the bolt(s) to specification.
Align the sprocket timing marks
and install the timing belt. If the
belt is being reused, observe the
mark indicating direction of ro-
tation made during removal. Ad-
just the tensioner according to the
manufacturer’s specifications and
rotate the engine several times to
ensure the timing marks are prop-
erly aligned.

If equipped with a timing
chain, lubricate the chain, align
the timing marks and install the
camshaft sprocket(s) and chain.
Torque the camshaft sprocket
bolt(s) to specification.

Lubricate the pushrod ends and
install the pushrods through the
guides into the lifters. Lubricate
the rocker arm ends and pivot
surfaces. If equipped with rocker
arm shafts, tighten the shaft bolts
gradually and evenly to the proper
torque, being careful to align the
pushrod ends with the rocker

Follow the manufacturer's recommended sequence for tightening head bolts.

(Courtesy: Ford Motor Co.)

arms as the shaft is drawn down.
If equipped with individual rocker
arm pivots, align the pushrod with
the rocker arm as the nut or bolt is
tightened. Torque the bolt or nut
or follow the valve adjustment pro-
cedure, as required.

Valve Adjustment

Some engines have a valve lash
(clearance) setting that must be set
within the range specified by the
manufacturer. This compensates
for thermal expansion. If the clear-
ance is too tight, the valves will be
held open causing compression loss
and/or valve burning. If the clear-
ance is too loose, the valvetrain will
be noisy and the cam will experi-
ence shock loads and premature
wear. Engine performance can also
be adversely affected by the de-
creased valve lift and changed du-
ration that results.

To adjust valve lash for one cyl-
inder’s cam lobes, rotate the crank-
shaft so that its piston is at TDC
on the compression stroke. This
will position the intake and ex-
haust valve lifters or OHC cam
followers on the base circle of their
respective cam lobes. With the en-
gine in this position, adjust the
clearance with a feeler gauge of the
proper thickness.

Adjusting valve lash on pushrod
engines calls for inserting a feeler
gauge between the tip of the valve
stem and the rocker arm. An ad-
justment nut or screw is turned to
change the clearance. Occasionally
there is a lock nut.

Some OHC engines use lash pad
adjusters. These are shims housed
in buckets that ride directly on
the camshaft. They are replaced to
change valve clearance.

Other OHC engines use rocker
arms that have an adjustment fea-
ture on one of their outer ends.

Pay attention to whether the
valve lash setting recommended by
the manufacturer is a hot or cold

Training for Certification
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vave Valve
Clearance | Clearance

|

Use a feeler gauge to measure valve
clearance (lash). The clearance
measuring locations for different
valvetrain designs are shown here. If
the lash specifications are hot, the
valves will have to be readjusted
after the engine has reached
operating temperature.

(Courtesy: Toyota Motor Sales, USA,
Inc.)

Here a technician is turning the pushrod while tightening the rocker arm
adjusting nut, to feel for zero lash on a hydraulic lifter. Then the adjusting nut
will be turned additionally to position the plunger in the lifter body.

specification. With a cold specifi-
cation, the lash setting requires no
further adjustment once the engine
is warm. A hot setting will have to
be readjusted by the installer once
the engine is at normal operating
temperature,

Hydraulic lifter lash is adjusted
by loosening the rocker arm ad-
justing nut until zero lash is
reached. This is when the lifter
plunger is extended all of the way
in its travel and there is no clear-
ance between the rocker arm and
valve stem tip. Loosening the ad-
justment further would result in

valve clearance. From the zero lash
point the rocker arm adjustment
is given an additional number of
turns (3/4 to 11/2 turns is typical).
The intent is to position the lifter
plunger midway in its travel in the
lifter body.

Changes in valve stem height re-
sulting from valve and seat grind-
ing or excessive cylinder head or
block deck resurfacing can cause a
pushrod to move the plunger lower
in the lifter body. Too much in-
crease in stem height causes the
lifter plunger to permanently bot-
tom out in its bore.

44

A1 - Engine Repair




Engine Block Diagnosis And Repair

Engine Block Diagnosis And Repair

ENGINE DISASSEMBLY

Identify the locations of all parts,
prior to removal, for assembly ref-
erence. Photographs, drawings,
rags, etc. are methods that can
be used for reference. Remove all
sensors and external components.
These parts cannot be left on the
engine as they could be damaged
during the reconditioning process.

While disassembling the engine,
note the condition of the various
parts. Tl+is will be helpful for di-
agnostic purposes and in decid-
ing which parts require service or
replacement. Wear patterns and
component failures can indicate
the cause of a problem and the
steps necessary to prevent it from
happeniqg again.

Even when a complete rebuild is
performed and most of the major
components are to be replaced; it
will still be necessary to inspect
the old parts as they are removed.
For example, an uneven wear pat-
tern on the main bearings can be a
result of misalignment in the main
crank-shaft bores. Machining of
the main bearing bores will be nec-
essary to restore proper alignment.

Begin disassembly by draining
the oil from the crankcase, noting
the presence of any metallic par-
ticles thak would indicate a major
problem. Remove and discard the
oil filter. |

Carefully remove all electri-
cal components (sensors, send-
ing unit‘F, distributor, ignition
coil), rub‘ber hoses, emission con-
trol components (EGR and PCV
valves), accessories (alternator,
starter, air pump) and accessory
brackets.

Remove either the carburetor,

‘

throttle body, or fuel rail and in-
jectors if these parts were not pre-
viously removed. If they can re-
main attached to the intake mani-
fold and will not need to be disas-
sembled in order to remove the
manifold from the head, simply
remove the manifold.

Remove the turbocharger or su-
percharger (and intercooler if so
equipped). Be very careful not to
damage the blades on a turbo-
charger impeller or turbine wheel.

Note areas of heavy grease de-
posits, or oil or coolant leaks. Use
degreaser or detergent to clean the
outside of the engine with a pres-
sure washer. Cleaning should be
performed in a special area de-
signed to trap toxic materials for
later disposal.

Remove the intake and exhaust
manifolds. Inspect the exhaust
manifolds for cracks. Check the ex-
haust crossover and EGR passages
for carbon deposits. Clean these
passageways, if necessary.

Remove the valve cover(s) and
the upper valvetrain components
while checking for worn or bro-
ken parts. Keep all mated parts to-
gether. If they are to be reinstalled
later, they will need to go in the
same position. Also, if a part is
worn, a cause will have to be de-
termined and a course of action
taken to prevent it from happening
again. The corresponding part that
caused the wear will also have to be
carefully inspected.

On OHC engines, remove the
water pump, crank pulley and
damper. Remove the timing cover
and remove the timing belt or
chain. Inspect the belt or chain
and related components as detailed

in the Cylinder Head And Valve-
train Diagnosis And Repair section
of this study guide.

Remove the cylinder head and
gasket. Inspect the head gasket and
cylinder head surface carefully. The
location of coolant or combustion
leaks can often be determined dur-
ing this inspection. Questionable
areas can be scrutinized more care-
fully while checking warpage. Dis-
card the gasket after inspecring it.

On pushrod engines, remove the
water pump, crankshaft pulley and
damper, and timing cover from the
front of the engine. Check the tim-
ing chain deflection as detailed in
the Cylinder Head And Valvetrain
Diagnosis And Repair section of
this study guide. Remove the tim-
ing chain and sprockets.

Check the camshaft end-play
with a dial indicator. If end-play
is excessive the camshaft and/
or thrust plate are worn. On an
engine with a timing gear drive,
check the backlash as detailed in
the Cylinder Head And Valvetrain
Diagnosis And Repair section of
this study guide. Remove the tim-
ing gears.

Check the flywheel for wear
and runout. Look for heat cracks
on the clutch face. Also check for
excessive runout. Either of these
conditions will require replace-
ment of the flywheel. Look for
missing or damaged gear teeth
on the starter ring gear. The ring
gear can be removed and replaced
on some manual transmission
flywheels. When starter teeth are
damaged on an automatic trans-
mission flexplate, the flexplate is
replaced.

When a flywheel clutch sur-
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Disassembled view of a typical V6 engine, showing the cylinder block and lower end components.
(Courtesy: Ford Motor Co.)
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Flywheel

Hold Flywheel And
Crankshaft Forward
Or Backward While
Checking Runout.

With Bracketry.

Dial Indicator
Stylus Contacts

Approximately One
Inch From Edge.

back in the same bore from
which it was removed. Push-
rod engines usually experi-
ence excessive wear to the
cam and lifters. Flat-tappet
cam lobes are tapered and
lifters are convex. This is
so the lifters will spin and
dissipate loads on them.
Look for wear on the bot-
tom edges of the cam lobes.
One worn lobe is cause for
replacement of all of the lift-
ers and the camshaft. New

Measuring flywheel runout with a dial
indicator.
(Courtesy: Ford Motor Co.)

face has Lot spots (blue or black
marks), scoring, or warpage, it can
often be successfully resurfaced
using a flywheel grinder. Runout
is checked by mounting a dial in-
dicaror to read off of the flywheel’s
clutch suglface and then turning the
flywheel one complete revolution.
If the m&ximum runout between
the highest and lowest point ex-
ceeds the manufacturer’s specified
value, the crank flange or flywheel
mounting surface could be bent.

Use a straightedge to check for
warpage across the clutch face of
the flywheel. If warpage exceeds the
manufacturer’s specified value, the
flywheel will have to be resurfaced.
Also check the pilot bearing in the
rear of the crankshaft for wear.

Note: It is a good habit to always
mark the flywheel and clutch parts
before disassembly. On

externally balanced engines, do
not unbolt the flywheel from the
crankshaft until you mark its
index position with a punch. This
is necessary to maintain proper en-

gine balance.

On a pushrod engine, remove
the cam and lifters. If the lifters are
to be reused they must be kept in
order so that each one may be put

lifters must always be used
with a new cam, and vice versa.

Remove the oil pan and gasket
and discard the gasket. The oil
pump and pickup screen are re-
moved next. Note the presence of
any debris in the pickup screen,
which would call for its replace-
ment. Most screens have a built-in
pressure relief valve in case they be-
come restricted. When the engine
has been run at high speed while
the screen has been plugged by de-
bris or heavy oil, the screen can
become permanently deformed.
This leaves the relief valve open,
which can allow debris to enter the
pump. Oil pump pickup screens
are usually replaced. However, if
the screen is to be reused, it must
be thoroughly cleaned.

Check the oil pump gears for
wear. A new or rebuilt oil pump
is included in most master en-
gine kits. Pumps that are enclosed
within the oil pan are commonly
replaced during a rebuild. Replac-
ing a defective oil pump later is
often a difficult proposition.

Remove the pistons and con-
necting rods. Look for numbers
stamped on the sides of the con-
necting rods indicating their cylin-
der number. If there are no num-
bers, use number stamps to mark
the position of each connecting
rod according to its cylinder num-
ber. Stamp the numbers on both
sides of the big end parting face, so

Connecting Rod
Matching Numbers
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e
4
3 e

An example of cylinder identification
marks stamped on a connecting rod.

the rod caps will not be mixed up
during removal.

Before the pistons are removed,
check for a ridge at the top of the
cylinder bore. This ridge occurs
because the piston ring does not
travel all the way to the top of the
bore, thereby leaving an unused
portion of cylinder bore above the
limit of ring travel. This ridge will
usually be more pronounced on
high mileage engines. If the ridge
is severe, it must be removed with
a ridge reamer before pushing the
pistons out the top of the block.

To remove the ridge, place the
piston at the bottom of the bore,
and cover it with a rag. Cut the
ridge away using a ridge reamer,
exercising extreme care to avoid
cutting too deeply — that is, more
deeply than is necessary to just
even out the top of the bore. Also,
don't allow the cutter bit to come
high enough out of the bore to tilt
and chamfer the top edge of the
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Ridge Reamer

Cloth

Removing the cylinder wall ridge with a ridge reamer.

cylinder wall. Remove the cutter.
Return the piston to TDC. Re-
move the rag, and then carefully
remove any cuttings that remain
on top of the piston.

Note: A severe ridge is an indi-
cation of excessive cylinder bore
wear. Before removing the piston,
check the cylinder bore diameter
with a bore gauge and compare the
measurement with specification.

If the bore is excessively worn, the
block will be rebored for oversize
pistons so removing the ridge is not
necessary.

Remove the piston and rod as-
semblies one at a time. Remove the
rod bolts or rod bolt nuts, as re-
quired, and remove the connecting
rod cap. Slip pieces of rubber hose
over the rod bolts to keep the bolt
threads from damaging the crank-
shaft during removal. Push each
assembly upward and remove from
the top of the bore. After the pis-
ton and connecting rod assembly
is removed from the block, reinstall
the rod cap.

Inspect the pistons and connect-
ing rods for cracks, damage and
wear patterns that might indicate
other problems. Scuffed pistons,
for example, might be the result of
inadequate lubrication, insufficient
piston-to-cylinder wall clearances
and/or overheating. A fuel system
problem can contribute to a piston
overheating condition called four
corner scuffing. Damaged ring
lands are often a result of a detona-
tion problem. A

stamped or cast into the main cap.
If no identifying numbers can be
seen, before removing any of the
main caps, use number stamps to
mark their positions in the block.
The caps must be reinstalled in
their original positions.

Remove the main bearing caps,
lift out the crankshaft, and remove
the bearings. Mark the back of
each bearing with a felt marker for
future reference.

Using a suitable puller or driver
tool, remove and inspect the cam-
shaft and, if equipped, balancer
shaft and/or auxiliary shaft bear-
ings. Note any wear of the bores
that would indicate a need for
align honing or align boring. If the
center bearing shows more wear
than the end bearings, either the
camshaft is bent or the block is
warped.

Remove all fittings, core plugs,
relief valves, restrictors and oil gal-
lery plugs. Core plugs, also known
as freeze plugs, are usually exposed
to coolant and can corrode from
the inside. A core plug may look
fine on the outside but in reality
be paper thin from corrosion, so to
be safe all core plugs should be re-
placed. Core plugs can be removed
using a punch to twist the plug in
its hole so it can be pulled or pried

hole burned in
the top of the

piston can also
be caused by
detonation.
During man-
ufacture, each
main cap is fin-
ish machined
at the same
time as its cor-
responding
bore half in the
block. On most

engines, the

Be sure that the main bearing caps are marked before

_CaP,S POSi‘iO_“ removing them. They are not interchangeable and must be
in the block is returned to their original positions.
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Scratched By Dirt

Dirt Imbedded Into
Bearing Material

Tapered Journal

Overlay Gone
From Entire Surface

Lack Of Oil

Overlay Wiped Out

Radius Ride

Radius Ride

Improper Seating

Bright (Polished) Sections

Fatigue Failure

Craters Or Pockets

Reading bearings after the engine has been disassembled can help you diagnose engine problems that need repairs.

out. They can also be removed by
knocking a hole through them
with a chrsel and prying them out.
Be careful not to damage a cylin-
der by forcing a core plug into the
coolant jacket. A cylinder can eas-
ily be distorted.

Relief valves, oil gallery restric-
tors and gallery plugs must be re-
moved to allow thorough cleaning
of the oil galleries. If any gallery
plugs are left in place, dirt and
sludge could remain in the block
and the wet sludge could also at-
tract abrasives from the clean-
ing process. The combination of
dirt and abrasives can be carried
throughout the engine by the
oil when the engine is restarted,
with disastrous consequences.
Plug type gallery plugs can be re-
moved in the same manner as core
plugs. Stubborn threaded oil gal-
lery plugs can be heated with a
torch and quenched with paraffin
wax or in extreme cases, drilled
and the remainder removed with a
SCrew extractor.

Any studs should be removed on
an as-required basis. If the studs in-
terfere with allowing a part to be
reconditioned, then they should be
removed. However, some studs may
be difficult to remove without break-
ing them and attempts to remove
them may cause more problems
than leaving them in place would.

Spread the main and rod bear-
ings out in the same positions as
they were previously installed in
the block. Note any unusual wear
patterns. Check to see if the cen-
ter main bearings show more wear
than the ones toward either end of
the crankshaft. This could indicate
that the crankshaft is bent. It will
have to be straightened or replaced.
If the main bearing bores of the
block are misaligned due to block
distortion, the upper or lower bear-
ing halves will show wear. The cen-
termost bearing will usually show
the most wear. This will require
align honing or boring of the main
bearing bores. If only the upper
front bearing is worn, too tight of

a belt adjustment is indicated.

If the engine had a knock, the
rod bearing(s) farthest from the oil
pump might show the most wear.
This would indicate an oil supply
problem.

Oil supply problems can result
from:

* A loose or leaky oil pump

pickup tube

* Restricted pickup screen

* Worn oil pump

* Excessive main bearing clear-

ance

* Low oil level

* Too much oil in the crankcase.

If there is too much oil in the
crankcase, the spinning crank-shaft
can churn the oil into foam. The
foam is drawn into the oil pump
and a lack of crucial lubrication
results.

When a single rod bearing shows
excessive wear burt the rest are fine,
several things could be the cause:

* An obstruction in the crank-

shaft oil passage(s), which sup-
ply the bearing
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Out-of-round rod bore
Stretched rod bolts

Loose or improperly torqued
rod nuts

Twisted or bent rod
Out-of-round or rough con-
necting rod journal

* Misassembly, including incor-

rect bearing crush fit, incorrect
oil clearance, installation of a
wrong-sized bearing, or dirt
behind the bearing back

* Detonation or preignition in

the related cylinder.

Burned bearings and/or discol-
ored crank journals are signs of
inadequate lubrication. Possible
causes include clogged oil passages,
internal oil leaks, a weak or bro-
ken oil pump, improperly installed
pickup tube, engine overheating,
an oil relief valve stuck in the open
position or low oil level due to
leaks or neglect.

Particles embedded in the bear-
ings or badly scored bearings are
due to oil contamination. Contam-
ination can result from infrequent
oil and filter changes, oil bypassing
a clogged filter, unfiltered air en-
tering the crank-case through the
PCV system, or metal debris from
damaged components elsewhere in
the engine.

Upper rod bearings and lower
main bearings that show signs of
fatigue stress (flaking separation of
bearing layers from the steel back-
ing) may be a symptom of detona-
tion or preignition.

Corroded bearings are the result
of acid buildup in the crankcase
due to infrequent oil changes, a re-
stricted PCV system or poor qual-
ity oil.

CLEANING

After the engine has been dis-
assembled, the cylinder block,
crankshaft, and related parts must
be thoroughly cleaned. Sludge,
carbon deposits, grease, dirt, scale
and other debris are removed.

The selected cleaning technique
must also clean hidden areas of
the block such as oil passages and
water jackets.

The most common techniques
for cast iron cleaning used to be
soaking the block and other
parts in a hot tank filled with a
solution of caustic soda and hot
water, or placing the parts in a jet
clean cabinet where they would
be cleaned by high pressure jets of
caustic solution while rotating on
a turntable. Due to environmental
concerns, however, thermal clean-
ing has become a popular alterna-
tive. With this method, cast iron
parts are placed in a high tempera-
ture bake oven or pyrolytic oven
set at about 750°F (399°C), and
the oven burns out the grease and
other contaminants. The remain-
ing ash and scale is then removed
by washing or by shot blasting.
After shot blasting, the part is tum-
bled in a tumbler to remove left-
over shot.

Note: It is extremely important
that no shot blast media be left in
the block where it could find its
way into the oil system. The abra-
sive could then be carried through-
out the engine by the oil when the
engine is restarted, with disastrous
consequences.

Aluminum parts can be cleaned
chemically; however, caustic so-
lutions are too strong for clean-
ing aluminum parts. A detergent
based or aluminum safe chemical
must be used to chemically clean
aluminum. If aluminum parts
are thermal cleaned, a lower tem-
perature setting, about 450°F
(232°C), must be used. Steel shot
is too abrasive to use on soft alu-
minum. An alternative is to use
aluminum shot, crushed walnut
shells or plastic media. Glass bead-
ing can also be used. If the pistons
are cleaned with glass beads, only

remove the carbon from the top of
the pistons and do not glass bead
the ring grooves. Wrap masking
tape around the ring band to pro-
tect the ring grooves, prior to glass
beading.

Small parts are typically cleaned
in cleaning solvent (cold tank) or
chlorinated hydrocarbon (carbure-
tor cleaner). However, do not soak
the piston and rod assemblies in
solvent as the wrist pin can seize
to the piston. Always disassemble
the pistons from the pins and rods
if the pistons are to be soaked in a
chemical cleaner. Pressed fit pins
are removed in a press, with suit-
able fixtures to properly support
the piston. The pins in full floating
pistons are retained with clips lo-
cated in the piston pin bore. These
clips are discarded after removal
and should not be reused. Prior to
disassembly, be sure to record the
piston-to-rod orientation for as-
sembly reference.

Bead blasting with glass, alu-
minum, or soft media can also be
used to clean small parts and alu-
minum castings. As with steel shot
cleaning, it is very important that
cleaning media does not remain
inside the engine. Glass beads are
especially prone to sticking to wet
surfaces inside oil galleries.

INSPECTION

Crack Inspection

After the block and other parts
have been cleaned, they should
be inspected for cracks. Compo-
nents like the connecting rods and
crankshaft may appear to be per-
fectly sound, but microscopic fa-
tigue cracks invisible to the naked
eye can grow and expand after
parts are returned to service. They
can eventually result in a part fail-
ure. Crack inspection of the crank-
shaft, connecting rods, main caps,
block and heads can be done using
fluorescent dyes and/or magnetic
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crack de ‘ection equipment. Blocks
can also be pressure tested.

NOTE: When an engine has a
broken crankshaft, check the

harmonic balancer (vibration
dampen). A problem with the

damper can often create stress loads
that ledf{ to crank breakage.

Magnetic crack detection can
only be done on ferrous (iron and
steel) parts. Wet magnetic parti-
cle inspection is normally used to
check crjmkshafts, camshafts and
rods. Dry magnetic particle inspec-
tion is used to check blocks.

Magnetic particle detection is
a fast anH easy way to find hair-
line cracks in cast iron blocks. The
magnetic field created by the tes-
ter attracts iron powder applied to
the block. A secondary magnetic
field is created at the location of a
crack. Additional powder accumu-
lates around this field, outlining
the crack, This technique will not
reveal a crack that is parallel to the
magnetic field. A second magnetic
check is made by turning the tes-
ter 90 degrees. This can catch any
cracks that might have been missed
on the first try. It is difficult to
find internal cracks in water jackets
with this technique.

Dye penetrants must be used on
the pistons and aluminum castings
since they are not magnetic. Dye is
sprayed on the surface and allowed
to dry. Then the excess is wiped
from the surface. A developer is
sprayed on to make the cracks vis-
ible. A black light can be used with
some dyes for greater visibility.

Pressure testing can also be
used to check for cracks or leaks
in the block. It is a crack detec-
tion method that is good at re-
vealing hard-to-see internal leaks.
After plugging all the external
openings of the water jackets, the
block is lightly pressurized (usually
less than 30 psi) with air. A soapy

water solution is sprayed on the
block to check for leaks. Bubbles
highlight leaks.

Cracked blocks are not necessar-
ily replaced. A cracked cylinder can
often be successfully repaired by
installing a sleeve. Cracks or holes
in external water jackets and deck
surfaces are tougher to fix. They
require welding, gluing or pinning,

Cylinder Block Warpage
Inspection

The deck surface of the cylinder
block must be clean and flat if the
head gasket is to seal properly. A
blown head gasket or a buildup of
carbon on the deck surface is an
indication that the deck surface is
uneven. Check for warpage with
a straightedge and feeler gauge.
Warpage of more than 0.001-in.
(0.025mm) per cylinder bore, or
0.004-in. (0.102mm) in any six-
inch length, requires that the deck
be resurfaced. For instance, a V6
(three cylinders on each side)
would not allow over 0.003-in.
(0.076mm) warpage. Resurfacing is
also recommended to remove small
surface imperfections or scratches
that can encourage gasket failure.

I

M|

Check the deck surface of the block
for warpage with a straightedge at
these positions.

The deck can be resurfaced by
grinding or milling to eliminate
warpage and restore a proper sur-
face finish. Proper surface finish
is critical for head gasket sealing.

The surface finish must be correct
for the type of gasket that will be
used, particularly with multi-layer
steel gaskets, or the gasket will not
seal properly. Refer to the gasket
manufacturer’s specifications for
surface finish requirements.

Cylinder Bores

Cylinder bores wear in two ways,
taper and out-of-round. Tapered
cylinders are worn more at the top,
where ring loading is the greatest.
Cylinders can be out-of-round as a
result of the motion of the piston
rocking on its wrist pin.

Visually inspect the cylinder
bores for nicks, scratches, scoring
or scuffing. Measure the cylinder
bore using a dial bore gauge. Mea-
sure for wear, taper and out-of-
roundness. Refer to the manufac-
turer’s specifications for bore size
to set the gauge or zero the gauge
on an unworn portion of the cyl-
inder. Any movement from zero on
the gauge represents cylinder bore
wear.

Checking cylinder bore dimensions
with a dial bore gauge.

Measure the cylinder bore at the
lowest point of piston ring travel,
then gradually move the gauge to
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the uppermost point of ring travel.
Measure at points perpendicular to
and parallel to the crankshaft (90
degrees apart). The difference in
the upper and lower measurements
is the cylinder bore taper; the dif-
ference in the 90 degree apart mea-
surements is the cylinder bore out-
of-roundness.
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Cylinders develop the most wear at
the top where ring loading is the
greatest.

Compare your measurements
with the manufacturer’s specifi-
cations. If cylinder bore wear is
within specification, then honing
is all that will be necessary to pre-
pare the cylinder wall surface for
new rings. However, if wear is be-
yond specification, the cylinders
will have to be bored, honed and
new pistons installed. Consult the
engine and/or piston manufactur-
ers for available oversizes.

Cylinder Sleeves

Some engines have dry cylin-
der sleeves or liners that are either
slide-fit or pressed-fit in the block.
They are called dry sleeves because
coolant does not contact the out-
side of the sleeve. Both types can
be replaced if the sleeves are worn,
but require the use of special pull-
ers or a press. Sleeves may also be
used to repair bad cylinders that
are cracked or worn in regular inte-

Measure the cylinder bore at both
points A (perpendicular to the
crankshaft) and B (parallel to the
crankshaft) to determine bore wear
and roundness. Measurements
should be taken at both the top and
bottom of the cylinder to check for
taper wear.

gral liner blocks.

Wet sleeves are so called because
they are exposed to coolant. They
have soft metal rings at the top,
and rubber rings at the bottom to
seal the sleeves in the block. Wet
sleeves can usually be replaced
without special pullers or a press.

Main Bearing And Camshaft
Bearing Bores

Camshaft and crankshaft bores
should be checked for alignment
and distortion. Bore diameter can
be checked using a bore gauge. As
a rule, if the bores are more than
0.0015-in. (0.0381mm) out-of-
round, they should be align bored
or align honed. When cam bores
are machined larger, oversized
bearings are installed.

Alignment can be checked using
a straightedge and feeler gauge. A
deviation of more than 0.0015-in.
(0.0381mm) will require machin-
ing to correct.

Crankshaft

Remove any gears or wood-
ruff keys that may remain on the
crankshaft. Clean the crankshaft
thoroughly with solvent to per-
mit a thorough inspection. Use
pipe cleaning brushes to ensure

Checking crankshaft main bearing
bore diameter.

that all oil holes and passages in
the crankshaft are open and free
of sludge. Some crankshafts have
oil gallery plugs and these should
be removed. If the plugs are diffi-
cult to remove, they can be heated
and quenched with wax to ease
removal.

Check the journals and thrust
faces for scoring, nicks, burrs or
any form of roughness. If any jour-
nals are discolored (blue or black)
this indicates overheating, due to a
failed bearing. The metallurgy of a
crankshaft can be changed when it
overheats and the crankshaft will
have been weakened; it will have to
be replaced or heat treated as part
of a repair.

If the crankshaft is from a man-
ual transmission vehicle, check the
condition and fit of the transmis-
sion pilot bearing. Also check the
crankshaft snout, flange, and rear
main seal and thrust areas for dam-
age. Damaged seal and thrust areas
can be repaired by building them
up with weld and regrinding. Re-
pair sleeves are also available for
repairing grooved seal areas.

A crankshaft journal that looks
acceptable to the naked eye might
still be out-of-round, tapered, or
worn. Measure the crank journal
diameter with a micrometer at ei-
ther bottom or top dead center,
and again at 90 degrees in either
direction. Rod journals typically
experience the most wear at TDC
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Using a straightedge and feeler gauge to check main bearing bore alignment.

so comparing diameters at the two
different positions should reveal
any out-of-roundness. The tra-
ditional rule-of-thumb for jour-
nal variation says up to 0.001-in.
(0.025mm) is acceptable, but
many of today’s engines can-
not tolerate more than 0.0002-
in. - 0.0005-in. (0.0051mm -
0.0127mm) of out-of-roundness.

Be sure to check specifications.

Bearing journals can experience
taper wear (one end worn more
than the other), barrel wear (ends
worn more than the center) or
hourglass wear (center worn more
than the ends). Measure the jour-
nal diameter at the center and
both ends. The journal diameter
itself should be within 0.001-
in. (0.025mm) of its original di-
mensions, or within 0.001-in.
(0.025mm) of standard regrind di-
mensions for proper oil clearances
with a replacement bearing.

An easy way to tell that a jour-
nal has been previously reground
is to look for machinist markings
stamped on the crank. A num-
ber 10, 20, or 30 stamped near a
journal tells you the journal has
already been machined undersize.
Of course, if there is any question,
measuring will give you the actual
dimension. Further regrinding may
be out of the question, depending
on how badly the crank is worn.

Dial Indicator

Measure the crankshaft journals
with a micrometer.

Taper Shape

Hour Glass Shape

Barrel Shape

Rotate Two Complete Revolutions.

Support With Lathe Type Tool Or V-Blocks.

Worn crankshaft journals. (Courtesy: Honda Motor Co.)

Measuring crankshaft runout with a dial indicator.
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Replacement bearings are available
for most crankshafts machined up
to 0.030-in. (0.762mm) under-
size. In addition, if the crankshaft
is still at standard size, worn uni-
formly and still useable, bearing
shell sets of 0.001-in. (0.025mm),
0.002-in. (0.051mm), and 0.003-
in. (0.076mm) over standard size
are sometimes available to correct
excessive bearing clearance.

A bent crankshaft can be di-
agnosed by inspecting the main
bearings for wear during disas-
sembly. It can also be diagnosed
by placing the crankshaft in
V-blocks or a turning fixture and
rotating it while watching for wob-
ble at the center main journal with
a dial indicartor. If runout exceeds
limits, the crank will need to be
straightened or replaced.

If the journals are free from
flaws, and wear, taper, out-of-
roundness and runout are within
specification, the crankshaft jour-
nals can be polished and the crank-
shaft returned to service. How-
ever, if the crankshaft fails to meet
these criteria, it will have to be
reground 0.010-in. (0.254mm),
0.020-in. (0.508mm) or 0.030-
in. (0.762mm) undersize. Most
journals will clean up at 0.010-in.
(0.254mm) undersize. If it takes
more than 0.030-in. (0.762mm) to
restore the journals, the crank may
have to be replaced or built up by
welding metal onto the journals.
After grinding, the machinist will
chamfer the oil holes to promote
good oil flow to the bearings, and
then polish the journals with a fine
grit emery belt.

Pistons

Clean the pistons and carefully
inspect them for wear and damage.
Note the condition of the rings.
Piston rings can wear in normal
use or because of a lack of proper
lubrication, or from dirty air or oil.
Abrasive wear accounts for most

After the rings have been removed,
clean and inspect the ring grooves.

ring failures. Overheating is also a
major cause of failed rings.

If the rings are to be replaced,
remove the old rings from the pis-
tons with a ring expander. Do not
spiral rings off or on. Check the
ring lands for wear, cracks or dam-
age. Clean the ring grooves with a
ring groove cleaner. Be very careful
not to damage the ring grooves.

Do not use the wire wheel on a
grinder or attempt to clean the pis-
tons in a hot tank filled with caus-
tic soda. If pistons are cleaned with
a glass bead blaster or in carburetor
cleaner (chlorinated hydrocarbon),
the connecting rods and wrist pins
must be removed first. If the piston
is cleaned with glass beads, only
remove the carbon from the top of
the piston and do not glass bead
the ring grooves. Wrap masking
tape around the ring band to pro-
tect the ring grooves, prior to glass

beading.

Note: Do not soak the piston and
rod assemblies in solvent as the
wrist pin can seize to the piston.
Always disassemble the pistons
from the pins and rods if the pis-
tons are to be soaked in a chemical
cleaner.

Use penetrating dye to check
the piston for invisible hairline
cracks around the wrist pin boss,
ring lands, crown and skirt areas.
Replace any piston found to be

cracked. Note unusual wear pat-
terns. Scoring on one piston skirt
can be caused by inadequate lubri-
cation due to prolonged idling or
engine lugging. Scuffing on both
piston skirts is usually an indication
of insufficient piston-to-bore clear-
ance after a rebore. A cooling sys-
tem problem will often cause scuff-
ing of the skirt on the sides near
the pin due to excessive expansion.
Holes or melted spots on the piston
indicate a preignition or detona-
tion problem. Cracked ring lands
indicate detonation. A slanted wear
pattern on the side of the piston
indicates a twisted connecting rod.
Wear above the wrist pin can be
due to a bent connecting rod. Bent
and twisted rods can be accompa-
nied by misalignment wear of the
connecting rod bearings.

Piston wear can be checked by
measuring the diameter of the pis-
ton with a micrometer and com-
paring it to specifications. Pis-
tons are cam ground (slightly oval
shaped to allow for thermal expan-
sion). Their largest diameter is at
a point about one inch below the
oil ring groove, perpendicular to
the wrist pin, however, check the
manufacturer’s specifications for
specific measuring locations. If the
diameter is smaller than the speci-
fied service limits, the piston must
be replaced.

Check the ring grooves for wear.
Every time the piston changes di-
rection in its up and down travel,
the rings are forced against the pis-
ton lands. Over time this pounds
the lands out of shape. Check the
side clearance of a ring by insert-
ing a new ring backward into the
land and measuring its clearance
to the groove with a feeler gauge.
Compare your measurement with
specifications. Roll the ring around
the circumference of the entire ring
groove, while checking for bind.

When a groove is damaged or
worn excessively, the usual practice
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Measuring piston diameter with a micrometer.
|

is to replace the piston. However,
if an expensive piston in otherwise
good condition has excessive ring
side clearance, the top groove can
be cut wider using a special lathe.
A spacer iis then installed with the
new ring.|

When a piston has a worn skirt,
the piston can rock back-and-forth
in its bore, accelerating ring, pis-
ton, and bore wear. Skirt clearance
can be checked by measuring the
piston diameter with a micrometer
and comparing it to the diameter
of the bote.

Wear in the wrist pin area can
cause an engine knock as the pis-
ton rocks/and twists on the ends of
the wrist f)in. When a pin fits loose
in the piston, the piston pin bore
and rod small end can be resized to
fit an oversize wrist pin.

Once piston inspection has been
completed, determine whether or
not the pistons will be removed
from the|connecting rods. If the
pistons are to be replaced or con-
necting rch service is required, the
wrist pins and connecting rods
must be removed. Pressed fit pins
are removyed in a press with suit-
able fixtures to properly support
the piston. The pins in full floating
pistons are retained with clips lo-
cated in the piston pin bore. These

clips are discarded after removal
and should not be reused.

Prior to disassembly, be sure to
record the piston-to-rod orienta-
tion for assembly reference.

Connecting Rods

Connecting rods can suffer from
a variety of problems. Cracked
rods should be replaced. Worn pis-
ton pin bushings can be replaced
and out-of-round bearing bores
can be remachined. Bent or twisted
rods can be straightened but are
most commonly replaced with an
inexpensive rebuilt rod.

Inspect the old connecting rod
bearings for uneven wear that
could indicate that a rod is bent
or twisted. Check connecting rod
straightness on a rod alignment fix-
ture.

The connecting rod big end
bore concentricity must be within
0.001-in. (0.025mm). This is
checked on a gauge that reads to
0.0001-in. (0.0025mm) and com-
pared to the manufacturer’s speci-
fications. Rods that do not meet
specification are resized on a rod
reconditioning machine. The rod
bolts are removed and the rod and
cap ground on a cap grinding ma-
chine. The minimum amount of
material is removed, usually no

Checking ring side clearance. (Courtesy: GM Corp.)
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Load areas caused by a bent
connecting rod.

more than 0.003-in. (0.076mm).
The rod is then reassembled and
the big end bore honed to size.
There is one exception to the
above and that is for the ‘cracked’
powdered metal connecting rods
that are appearing in many newer
engines. During the manufactur-
ing process, the rod caps on these
rods are separated from the rest of
the rod by fracturing rather than
machining, hence the name. The
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Checking a connecting rod for bend
on a rod alignment fixture.
(Courtesy: Ford Motor Co.)

Checking a connecting rod for twist
on a rod alignment fixture.
(Courtesy: Ford Motor Co.)

resulting irregular mating surface
makes for a stronger bond be-
tween the two pieces when they are
bolted together.

Because of this design fearture,
the rod and cap of a ‘cracked’ rod
cannot be ground. Some aftermar-
ket manufacturers have addressed
this problem by making rod bear-
ings with oversize outside diame-
ters for some applications. The big
end of the rod can then be honed
oversize and the rod reused.

Pressed fit pins must have the

Measuring connecting rod big end bore diameter.

right amount of interference in the
connecting rod or they can come
out and damage the cylinder wall.
When the wrist pin is pressed into
the rod, the pin bore is usually
0.001-in. (0.025mm) smaller than
the pin. If the small end bore is not
within specification, the small end
bore and the corresponding piston
bore can be honed and an oversize
wrist pin installed.

When the piston uses full float-
ing pins, bushings are usually in-
stalled in the small end bore. If a
bushing is damaged or the bore is
not within specification, the old
bushing is driven out and replaced.
The new bushing is then honed to
provide the proper clearance to the
wrist pin.

Ideally, a new rod should be
matched as closely as possible to
the weight of the original to main-
tain engine balance. This is not as
critical in a low rpm, light-duty
engine as it is in a high rpm or
heavy-duty engine. It is more criti-
cal in V-type engines than it is with
in-line engines.

CYLINDER HONING

Honing applies a surface finish
to the cylinder walls so that the
rings can seat with minimal wear.
This surface finish must retain
enough oil to provide a bearing
surface for the rings and keep the
rings lubricated, but not retain so
much oil that oil consumption be-
comes a problem.

The type of finish applied is
determined by the type of hone
used and the grade of abrasive.
This in turn is determined by the
type of ring that will be used and
the amount of cylinder wall mate-
rial that will be removed. A flex-
ible hone, sometimes called a glaze
breaker, will not remove much cyl-
inder wall material, however the
finish it applies may only be ad-
equate for certain types of rings. A
rigid hone will remove more cylin-
der wall material during use, but
the honing stones can provide a
more precise finish and crosshatch.

A rigid hone is always used when
a cylinder is bored. If during the
inspection process it was deter-
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mined th}at honing was all that was
required, a minimum amount of
cylinder wall material should be
removed to ensure that the correct
piston-to-wall clearance is main-
rained. In this instance a flexible
hone is usually the best choice, al-
though a rigid hone can be used if
used carefully.

When the machinist bores the
block, he will leave about 0.0025 —
0.003-in, (0.064mm - 0.076mm)
cylinder wall material for finish hon-
ing. He will then use a multi-step
honing procedure, beginning with
roughing stones and progressing to
finishing stones when he is within
0.0005-in. (0.0127mm) of final
bore size. In general, 220 grit stones
are used for finishing when cast iron
or chrome rings are used. 280 to
400 grit stones should be used for
moly rings.

Following normal honing, some
manufacjlurers recommend a pla-
teau finish in the bore. Plateau hon-
ing levels off the peaks left in the
bore surface from honing. As a final
polishing step it forms flat plateau
areas between the grooves or val-
leys of the crosshatch. A plateau
surface retains oil and allows faster
ring seating, while reducing ring
and cylinder wear.

Care must be used in the final
polishing step. When too much
metal is removed with a finish
stone, the bore will end up with a
very smooth finish that does not
allow deep enough valleys to retain
oil. Conversely, if too little metal is
removed during the final step, the
bore will not have the proper pla-
teau and will be too rough.

To be sure of proper ring sealing,
always consult with the machin-
ist for the specific engine and/or
piston ring manufacturer’s surface
finish recommendations.

Many of today’s thin-wall blocks
have reduced rigidity. The use of
torque plates (also called hon-
ing plates or deck plates) is rec-

Using a torque plate can reduce
bore distortion when honing
cylinders. The torque plate simulates
the loading that occurs when the
cylinder head is installed on the
block.

(Courtesy: Perfect Circle/Dana Corp.)

ommended on some engines to
keep bore distortion to a mini-
mum when honing. Torque plates
are heavy iron plates that simu-
late cylinder heads when bolted
to the block. The plate duplicates
the bore distortion that occurs
when the head bolts are tightened.
Consult with a machinist to see
whether torque plates are required.

If you are using a rigid hone to
apply a surface finish to a cylin-
der that did not require boring,
attach the hone to a suitable drill,
lubricate the honing stones with
cutting oil and position the hone
in the cylinder. Tension the stones,

Crosshatch

Cylinder wall crosshatch.

then turn on the drill motor and
move the hone up-and-down in
the bore to produce a crosshatch
on the cylinder walls. Most ring
manufacturers call for a crosshatch
of 45 degrees to 60 degrees (in-
cluded angle between the grooves)
when measured at the center of the
cylinder, or an angle of 25 degrees
to 45 degrees when the grooves
are measured from horizontal. Re-
move only as much cylinder wall
material as necessary to leave a fin-
ish. Check the bore size frequently
with a dial bore gauge.

The flexible hone is used in the
same manner as the rigid hone,
but of course without any stones

Honing a cylinder with a flexible hone.
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to adjust. The crosshatch left by a
flexible hone will usually not be as
defined as that created by a rigid
hone.

ENGINE ASSEMBLY

Preparation

When all machine work has
been completed, the block and all
components should be thoroughly
cleaned and the piston and con-
necting rods assembled, if neces-
sary. All component parts should
be cleaned, laid out and prepared
for assembly.

All threaded holes in the cylin-
der block should be cleaned and
repaired, the block deburred, and
thoroughly cleaned with soap and
water.

Inspect all threaded holes, clean
them with a thread chaser and re-
pair as necessary. Clamping force
measured when reading a torque
wrench changes with friction.
When the threads and the under-
side of the hex head on the bolt are
not clean, friction will increase the
torque reading.

Major damage to threaded holes
is repaired by drilling out the
stripped threads, tapping the hole
and installing an insert. Some pre-
wound threaded inserts require
special size drills and taps as well
as a special installation tool, all of
which is usually included in a kit.
There are also solid type threaded
inserts, which use standard size
drills and taps and are installed
using a screwdriver that fits into
slots on the insert.

Inspect the block for sharp edges
and casting burrs and flash, paying
special attention to the cam gallery,
oil drain passages, main bearing
bulkheads and lifter valley. Sharp
edges are stress risers that can give
cracks a starting point. If not re-
moved, casting burrs and flash
could break off later and cause en-
gine damage. Large casting burrs

Damaged threads can be repaired
by drilling the hole oversize and
cutting new threads with a special
tap. A prewound insert is then
installed with a special tool.

and flash can be carefully chipped
off with a hammer and chisel. The
rest, along with the sharp edges,
can be ground off with a high
speed grinder and carbide curter.

WARNING: Be sure to wear eye
protection when deburring and
cleaning the block.

Thoroughly wash the block with
soap and hot water. Half of all ring
failures that occur during break-in
can be directly attributed to im-
properly cleaned cylinder walls.
Following the cylinder honing
or deglazing process, the cylinder
walls must be cleaned with hot,
soapy water and a stiff nonmerallic
bristle brush. Gasoline, kerosene
or other petroleum solvents can-
not wash away abrasive residues.
Rather, they carry the abrasives
further into the pores of the metal
where they can escape later.

All the grit, dirt and machining
chips accumulated during the ma-
chining process must be removed
from the block. A selection of stiff
bristle brushes of various diam-
eters should be used to dislodge
dirt, grit and chips from all the
nooks and crannies in the block,
as well as the oil passages and lifter
bores. Wash the cylinder bores last,

after the rest of the block has been
cleaned, to prevent scratching the
cylinder wall finish.

Note: Throughout the block
washing process, be careful not to
let any machined surfaces rust.
The cylinder bores especially, will
quickly rust after they have been
scrubbed clean if a rust inhibitor
such as WD-40™ is not quickly
applied.

Once the block has been com-
pletely cleaned and rinsed, and all
machined surfaces have been pro-
tected with a rust inhibitor, blow
dry the block with compressed
air, paying particular attention to
the oil galleries. Do not use shop
towels for drying. Lint from the
towels can accumulate and cause
problems. When the block is clean
and dry to your satisfaction, and
all machined surfaces have been
protected, cover the block with a
plastic trash bag if it is not to be
assembled immediately.

The crankshaft should be washed
with clean solvent. Run a stiff bris-
tle brush through all the oil pas-
sages to make sure they are clean.
After the crankshaft has been
cleaned, blow it dry with com-
pressed air, paying special attention
to the oil passages.

Wash the pistons and connecting
rods with clean solvent, dry them
and assemble as required. Be sure
to properly position the piston and
rod prior to assembly, so that they
will be facing the proper direction
when installed in the engine.

On pistons with floating wrist
pins, lubricate the wrist pin, con-
necting rod small end and piston
bore, and assemble using new pin
retainer clips. Some retainer clips
will have a rounded edge and a
sharp edge. These clips should
always be installed so that the
rounded edge is against the pin,
leaving the sharp edge to bite into

Training for Certification

59



Engine Block Diagnosis And Repair

the piston aluminum. The clips
should also be positioned with
their gaps facing down, so that the
full area of the clip is against the
groove during combustion.

Always position wrist pin clips with
the gap facing down.

Pistons with presscd pins are as-
sembled in either of two ways, by
pressing the pin into the connect-
ing rod or by heating the small end
of the rod enough that the pin can
be installed using hand pressure.

Camshaft Bearings

Camshaft bearings are installed
using tools that either drive or
draw the bearings into place. Some
engines use different sized cam
bearings for some of the bores in
the block. Determine the locations
of the bearings by comparing their
part numbers and positions. This
information is usually on one of
the tabs of the cardboard carton
that the bearings came in.

Care must be taken to properly
align the oil holes in the cam bear-
ings with those in the block so oil
can be pumped to the cam jour-
nals. If a hole is partially or totally
blocked, it will result in cam and/
or bearing failure. If the engine has
bearings for balance shaft(s) or an
auxiliary shaft, install them at this
time.

Pressing the piston pin into the
connecting rod small end bore. A
special fixture must be used to
properly support the piston and
locate the pin in the rod and piston
pin bore.

After the camshaft (and auxiliary
shaft/balance shaft, if equipped)
bearings are in place, install the
rear camshaft (and auxiliary shaft/
balance shaft, if equipped) plug(s)

and any cup type oil gallery plugs.
Apply the recommended sealer or
anaerobic adhesive to the plug to
prevent oil leaks, then stake it in
place to aid retention. If an oil gal-
lery plug comes out, all oil pressure
to the engine will be lost. This is
usually an internal leak (within the
timing cover).

Oil gallery plugs on the out-
side of the engine are most often
threaded. Install these next, along
with core plugs and wear sleeves.
Coat core plugs with sealer or an-
aerobic adhesive and carefully tap
them into place. Stake the edges of
the plugs to assure that they can-
not come out. Put sealer or tef-
lon tape on threaded gallery plugs
to prevent leaks and then install
them.

CAUTION: If teflon tape is

used, be absolutely certain that a
piece of tape does not extend into
the oil gallery. A loose piece could
come off and block the flow of
oil. Teflon also acts as a thread
lubricant. When tightening a
tapered pipe plug, do not over-
tighten it.

Installing camshaft bearings in a cylinder block.
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Crankshaft

Make sure that the replacement
bearing size matches the crankshaft
journal diameter. If the crank has
been turned 0.010-in., 0.020-in.
or 0.030-in. undersize, the bear-
ings must be the appropriate un-
dersize. Check the markings on the
back of the bearings and check the
diameter of the crankshaft journals
with a micrometer before attempt-
ing to check bearing fit.

Make sure the bearing saddles
in the block are perfectly clean
and dry because even the smallest
amount of dirt will decrease bear-
ing clearance. Dirt can also result
in deformation in the bearing shell,
enough to ruin a bearing,

Install the upper main bearing
inserts (the ones with the oil holes
in them) in the engine block. Next,
install the lower inserts in the main
caps. In some bearing sets, lower
main bearings will not have lubri-
cation holes in them. In other sets,
both the upper and lower bear-
ing halves have holes. Check to
see that the oil holes in the upper
bearing shells line up with those
in the block. Bearing locating lugs
must also be correctly positioned
in their slots.

When the engine has a split rear
main oil seal, install the seal halves
in the block and rear main cap.
Line up the surfaces where the seal
halves meet so that they are above
and below the parting half of the
main cap. This will ensure that oil
cannot leak through.

When the engine uses a one
piece rear main oil seal, it can be
installed after the crankshaft and
rear main bearing cap have been
installed. Some engines have a rear
seal housing that is bolted to the
back of the block. When the seal
fits into a recess in the rear bearing
cap, it is often possible to install a
full round seal around the crank-
shaft sealing flange before install-
ing the rear main cap. The seal is

Measuring crankshaft main bearing oil clearance with a dial bore gauge.

held in place while installing the
rear main cap. If the cap is already
in place, a special installation tool
may be used for seal installation.

Main bearing oil clearance can
be checked using a dial bore gauge
or with Plastigage™. If a dial bore
gauge is to be used, the main bear-
ing caps should be installed and
the bolts torqued to specification.
Measure the crank-shaft bearing
journal diameter with a microm-
eter and use the measurement to
set the dial bore gauge. Measure
the inside diameter of the bearings
using the bore gauge; the differ-
ence of this measurement and the
main journal diameter measure-
ment will be the main bearing oil
clearance.

If bearing clearance is to be
checked with Plastigage™, care-
fully lower the crankshaft onto the
upper main bearings. Lay a piece
of Plastigage™ lengthwise on the
crank journal. Install and torque
the main cap to specifications. Be
careful not to turn the crankshaft
while the Plastigage™ is in position.
Remove the main cap and compare
the thickness of the crushed piece
of Plastigage™ to the gauge on the
package to determine the amount
of bearing clearance.

Refer to the manufacturer’s rec-

ommendations for bearing clear-
ance. A ballpark figure that ap-
plies to most engines is 0.001-in.
(0.025mm) of clearance for each
inch of journal diamerer.

After checking bearing clear-
ances, remove the crankshaft. Plas-
tigage™ is easily removed with en-
gine oil because it is soluble in oil.
Lubricate the main bearings and
crankshaft main journals with as-
sembly lubricant.

Reinstall the crankshaft and
main bearing caps. An anaerobic
sealer or RT'V silicone is sometimes
installed on rear main caps to pre-
vent oil leaks. Be careful not to get
any under the parting surface of
the main cap, as this will increase
bearing clearance. Anti-seize com-
pound is used with main cap bolts
that are threaded into aluminum
blocks.

Lightly tap each main bearing
cap with a hammer to seart it in its
recess in the block. Then torque
the main cap bolts to specifica-
tions. When the engine has upper
and lower thrust halves, leave the
thrust main until the last. Pry the
crankshaft forward and backward
to align the thrust halves, before
tightening the main cap. As each
main cap is torqued, turn the

crankshaft to see if it binds. If the
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Pry Crankshaft Rearward,
Zero Indicator And Then
Pn‘y Forward.

Indicator Stylus
Against And Paraliel
To Crankshaft

inverted piston. The ring
end gap should be within the
range specified by the manu-
facturer. As a rule, the mini-
mum end gap will be 0.003-
in. — 0.004-in. (0.076mm
— 0.102mm) per inch of cyl-
inder diameter. Some manu-
facturers specify even less.

An end gap that is too
large is not as critical as one
that is too small. A typical
passenger car can have up to

Measurin$ crankshaft end-play with a dial

indicator. | (Courtesy: Ford Motor Co.)

crankshaft does not rotate freely in
the engine block, the main bores
may be misaligned, the crankshaft
may be bent, or one or more of
the main bearings may be too
tight. Dirt or debris behind one of
the bearing shells can also restrict
crankshaft movement.

Check crankshaft end-play. This
is done by inserting a feeler gauge
between|the rear main bearing
flange and crank, or by placing a
dial indicator against the end or
nose of the crank. End-play can
then be measured by pushing the
crank fore-and-aft as far as it will
go. Refer|to the manufacturer’s rec-
ommended specifications.

Use a dial indicator to check for
crankshaft flange runout. Rotate
the crankshaft and compare the
minimum and maximum read-
ings to determine the maximum
amount af lateral runout.

Pistons And Connecting
Rods

Piston Ring Installation

Place a new piston ring into the
cylinder |in which it will be in-
stalled and measure the ring end
gap clearance with a feeler gauge.
If the bore is worn, the ring should
be positioned in the area of ring
travel that is least worn. Square
the ring in the cylinder using an

0.030-in. (0.762mm) more
end gap than the minimum
specification without suffer-
ing from excessive blowby.
However, if an end gap is too
small, as the ring heats up during
engine operation, the ring will ex-
pand and the ends of the ring can
butt together. As the ring contin-
ues to expand, the ring face will
be forced against the cylinder wall
causing rapid wear. If the gap is
too small, a rotary ring file is used
to carefully trim the ends of a ring

Measuring piston ring end gap.

to bring it within specification.
Use a fine whetstone to debur the
edges of the ring after filing.

After the ring end gaps are set,
install the rings on the pistons.
Locate the side of the ring that
is marked ‘up’. This mark is usu-
ally a dot, however, refer to the

Installing piston rings with a ring expander. Piston rings are usually marked so
the correct side can be installed facing up.
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information on the ring packag-
ing for specific instructions. Use
a ring expander to install the rings
on the piston. Do not over-ex-
pand the rings or spiral them on
by hand. Doing so can distort the
rings, leaving a permanent twist
that prevents the rings from seat-
ing properly.

Install the oil ring first. The
middle compression ring is next,
followed by the top compression
ring. The position of the rings on
the pistons is staggered so the end
gaps are at least 60 degrees and
preferably 180 degrees apart. This
prevents combustion gases from
having a direct route to blow by
the rings. Follow the recommenda-
tions of the manufacturer.

Piston And Connecting Rod
Installation

Make sure the connecting rod
bearing saddles are clean and dry.
Install the bearing inserts, making
sure the locating lugs are correctly
positioned in their slots. Some
connecting rods have oil squirt
holes built into the rod. Make sure
the hole in the bearing lines up
with the hole in the rod.

Just like the main bearings, con-
necting rod bearing oil clearance
can be checked using a dial bore
gauge or with Plastigage™. If a dial
bore gauge is to be used, the rod
bearing caps should be installed
and the bolts torqued to specifica-
tion. Measure the crankshaft bear-
ing journal diameter with a mi-
crometer and use the measurement
to set the dial bore gauge. Measure
the inside diameter of the bearings
using the bore gauge; the differ-
ence of this measurement and the
connecting rod journal diameter
measurement will be the connect-
ing rod bearing oil clearance. If
Plastigage™ is to be used, the bear-
ing clearance is checked after the
piston is installed in the bore.

Lightly lubricate the piston, pis-

ton rings and cylinder bore. Many
pistons are slightly offset or have
valve recesses, depressions or raised
domes that must face one way. A
small notch or mark usually in-
dicates which side of the piston
faces the front of the engine. The
front is usually the end that the
harmonic balancer mounts on,
whether the engine is mounted
in the usual north/south configu-
ration or transversely (as in most
front-wheel drive cars).

Before installing the pistons and
rods, install rod bolt protectors or
pieces of fuel hose over the ends of
the rod bolts to protect the crank
journals. Position the crankshaft
so the rod journal is beneath the
cylinder in the bottom dead center
position. A ring compressor is used
to compress the rings into their
grooves while the piston is slid
into the cylinder. A soft hammer
or wooden handle can be used to
gently push the piston into place.

If the bearing clearance is to
be checked with Plastigage™, lay
a piece of Plastigage™ lengthwise

on the crank journal. Install and
torque the rod bearing cap to spec-
ifications. Be careful not to turn
the crankshaft while the Plasti-
gage™ is in position. Remove the
rod cap and compare the thickness
of the crushed piece of Plastigage™
to the gauge on the package to
determine the amount of bearing
clearance.

Remove the Plastigage™ from the
crankshaft, then push the piston
and rod assembly back up into the
bore just enough to lubricate the
upper rod bearing and crankshaft
with assembly lube. Pull the rod
back onto the crankshaft. Lubri-
cate the lower rod bearing and
crankshaft with assembly lube,
install the rod bearing cap and
torque the nuts to specification.

Check connecting rod side clear-
ances with a feeler gauge. There is
seldom a problem with this mea-
surement when the original crank-
shaft and connecting rods are used.
However, if the crank has been
welded or replaced, or any rods
have been replaced, clearance can

Using a ring compressor to install a piston into the cylinder block.
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Measurind connecting rod bearing clearance with Plastigage™.

(Courtesy: DaimlerChrysler Corp.)

Check connecting rod side clearance
with a feelr%r gauge.

be below minimum specification.
Clearance that is too tight can re-
sult in the rod bearings riding on
the journal radius and failing. If
clearance is not adequate, the rod
can be machined to provide the
necessary clearance.

Camshaft And Timing
Components

Before sliding the camshaft and
any balance/auxiliary shafts into the
block, coat the journals with suit-
able assembly lubricant. Coat the
camshaft lobes with EP lubricant.

Be very careful while sliding
the cam into the block as the cam
lobes can nick or damage the soft
cam bearings. Install long bolts
into the camshaft sprocket mount-
ing holes or temporarily install the
sprocket to provide leverage during
installation.

Do not force the cam too far in,
as it may push the rear cam plug
out. The cam lobes can also be
damaged in a careless installation.
Rotate the cam to assure that it
turns freely. Binding indicates im-
proper clearances, misalignment in
the cam bores, or a bent camshaft.

Note: Sometimes the weight of the
block hanging from a universal

engine stand is enough to

distort it. If the camshaft cannot
be turned easily or will not go

into its bores, remove the block
from the stand and support it on a
workbench. This is often enough to
allow the camshaft to turn easily.

Some engines have a thrust plate
and retainer on the front of the
camshaft. Use a feeler gauge or mi-
crometer to check the clearance
between the camshaft boss (on the
back of the gear) and thrust plate.
The spacer will be about 0.002-in.
(0.051mm) thicker than the boss
on the gear. This provides the nec-
essary end-play. Change the spacer
as needed to achieve the required
clearance.

After installing the camshaft on
an engine with a thrust spacer,
end-play can be checked with a
dial indicator against the nose of
the cam. Push the cam as far in as
it will go and set the gauge to zero.
Then pull it as far out as it will go
and note the reading on the gauge.

Timing gears come as a matched
set and must likewise be replaced
as a set. When installing a new
timing belt, sprocket replacement
is usually not necessary unless they
show signs of unusual wear or are
damaged.

Correctly position the timing
marks on the camshaft and crank-
shaft gears or sprockets. Before in-
stalling a timing chain, lubricate it
with clean engine oil. Torque the
cam gear or sprocket retaining bolt(s)
to manufacturer’s specifications.

When installing a timing belt, ro-
tate the crankshaft until the num-
ber one piston is at TDC. Verify
the positions of the camshaft and
crankshaft timing marks. Install the
new belt and adjust the tension.

Many engines with timing belts
have spring-loaded tensioners that
provide an automatic tension ad-
justment. A lock bolt maintains
the tension once the belt is in
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Make sure the timing marks on the
cam and crank gears or sprockets
(and any auxiliary or balance shaft
sprockets) are correctly aligned.

place. A new belt might not be
exactly centered on the sprockets,
however. After initially tension-
ing the belt, rotate the crankshaft
to align the belt on the sprockets.
Loosen the lock bolt and retighten
it to provide accurate tension.

Tensioners that require manual
adjustment must be set according
to the manufacturer’s instructions.
Too much tension is bad for the
belt and/or cam bearings. Too little
tension may allow timing varia-
tions or belt slippage. Slippage will
take the teeth off of the belt.

On an OHC engine, if the
cylinder head or block deck has
been milled, cam timing will be
affected. Removal of 0.020-in.
(0.508mm) from the head surface
will retard cam timing by about
one degree. This can be compen-
sated for on some applications by
installing a shim available from
gasket manufacturers.

Proper timing of the balance
shaft(s) in engines so equipped is
critical. The offset weights on the
balance shaft(s) are positioned to
cancel out engine vibrations. The
shafts are usually driven by a crank-
shaft mounted gear and rotate op-
posite to the direction of crank-

shaft rotation. If a shaft is incor-
rectly timed it will amplify, rather
than diminish, engine vibrations.

Gaskets

Head Gaskets

When all engines were made
of cast iron, many engines were
equipped with simple steel shim
head gaskets, which in most cases
lasted the life of the engine. These
gaskets were no longer adequate
when manufacturers began to in-
stall aluminum cylinder heads on
engines.

Aluminum expands at a greater
rate than cast iron when heated.
The difference in thermal expan-
sion rate causes the cylinder head
to move back and forth as it ex-
pands and cools, which would
scrub and shear a conventional
head gasket until it failed. The an-
swer to the problem is a gasket that
allows the head to move without
destroying the gasket.

Graphite gaskets and conven-
tional gaskets with non-stick coat-
ings like teflon, are now used to
seal bimeral engines. Graphite has
lubricity to allow expansion and
contraction of an aluminum cyl-
inder head and can handle high
temperatures.

Multi-layer steel (MLS) gaskets
are also used on many newer de-
signed engines. These consist of
several layers of steel, the facing
layers embossed at critical seal-
ing areas, with a thin rubber coat-
ing on the top and bottom faces
as well as between layers. MLS
gaskets not only solve the seal-
ing problem, they are extremely
durable and reduce cylinder bore
distortion.

Proper surface finish is critical
for head gasket sealing. The sur-
face finish must be correct for the
type of gasket that will be used,
particularly with multi-layer steel
gaskers, or the gasket will not seal

properly. Refer to the gasket manu-
facturer’s specifications for surface
finish requirements. The surface
finish can be checked after milling
or grinding using a profilometer or
comparator gauge.

General Gasket Installation

When installing valve covers,
timing covers, oil pans and other
covers, never reuse old gaskets, like
molded silicone rubber gaskets for
instance. These are often found on
late model passenger car engines
because they last longer than cork
rubber gaskets, are more flexible,
conform better and seal tighter. Oil
makes silicone swell, which keeps
the gasket tight in use. But because
it swells, molded silicone gaskets
will usually not fit back in place.

Synthetic rubber gaskets must be
installed against a perfectly clean
and dry surface. Do not use gasket
sealer on any synthetic rubber gas-
kets. It acts like a lubricant, caus-
ing the gasket to slip and leak.

Compression is what prevents a
gasket from leaking. A cork/ rub-
ber gasket is compressed to about
50% of its original height. With
silicone rubber, 30% compression
is desirable. Less compression re-
sults in a poor seal, while more
compression risks splitting the
gasket. Unlike cork/rubber, which
has many little air pockets in ir,
silicone is solid and does not com-
press. It deforms to cither side to
seal the joint. For that reason, both
surfaces and the gasket must be
clean and dry. Otherwise the gas-
ket can slip.

Small metal grommets are often
used in the gasket bolt holes to
prevent the gasket from being
over-tightened. The thickness
of the grommet is such thar the
ideal amount of clamping force is
achieved when the flange bottoms
against the grommet.

Cork/rubber gaskets can be sub-
stituted for molded silicone rubber

Training for Certification

65



Engine Block Diagnosis And Repair

gaskets on some engines. But with
a die cast cover the flange design
may make it impossible to use any-
thing but an identical replacement.

Here are some gasket installation

tips to keep in mind:

* Lip-type oil seals must be
lubricated to protect them
against damage during inirial
start-up

* Do not over tighten cover
bolts. This can crush or dam-
age the gasket and/or cover
flange

* If using RTV silicone instead
of a cut or molded gasket to
seal a cover or oil pan flange,
make sure the flange and en-
gine surfaces are clean, dry
and oil free. RTV silicone
sealer can only be used on
covers with flat flanges, not
those with raised lips or beads.
Apply a 1/8-in. (3.175mm) to
3/16-in. (4.762mm) wide bead
of sealer along the length of
the cover flange or block sur-
face, going to the inside or all
the way around bolt holes. Be
careful not to smear the bead
of sealer as the cover is being
installed

* Do not use excessive amounts
of RTV. If too much is used it
can squeeze out, break off and
clog oil passages, resulting in
severe engine damage

* Make sure the type of sealant
selected is safe for use on ve-
hicles with oxygen sensors.

Harmonic Balancer

One often overlooked item is
the harmonic balancer or vibration
damper on the front of the crank-
shaft. A defective, loose, or incor-
rect vibration damper can result
in a broken crankshaft. The rub-
ber ring upon which the damper
weight is mounted sometimes de-

teriorates. If the weight has shifted

Always use a proper installation tool
to install a harmonic balancer.

position, false ignition timing read-
ings will be given.

Some harmonic balancers are a
press fit on the crankshaft; how-
ever, they should never be ham-
mered on. If the balancer is ham-
mered on, not only will the bal-
ancer be damaged but the crank-
shaft thrust bearing may be dam-
aged as well. Installation tools are
available that thread into the end
of the crankshaft. The balancer is
then started onto the crankshaft; a
large bearing and nut are threaded
onto the tool and then used to
press the balancer into position.

FLYWHEEL CHECKS

On externally balanced engines,
the flywheel must be correctly in-
dexed when it is mounted on the
crankshaft to maintain engine bal-
ance (many flywheels have bolt
holes that are unevenly spaced
so they can only go on one way).
Make certain that index marks are
properly aligned when installing
the flywheel. Torque flywheel bolts
to specifications in a crisscross pat-
tern in several steps.

Next, check runout on the face
of the flywheel with a dial indi-
cator. If runout exceeds specifica-
tions, the flywheel may be warped
or the crankshaft flange may be
bent. Dirt or a burr between the
flywheel and crankshaft flange can
also cause this problem.

If the engine is for a vehicle with
a manual transmission, check the
condition of the pilot bushing or
bearing in the end of the crank-
shaft. Install a new one if necessary.

When there is a separate trans-
mission bell housing, its alignment
can be checked with a dial indica-
tor. The customer complaint for
transmission to engine misalign-
ment would be clutch chattering
or hard shifting. First, check to
make sure the circular transmis-
sion opening in the bell housing is
centered with respect to the crank-
shaft. Then, check to see that the
machined face of the bell housing
is square (parallel) to the back of
the engine block.

To check for concentric runout
in the circular transmission open-
ing, position a dial indicator on the
back of the flywheel so its tip rides
against the inside edge of the open-
ing. Rotate the crankshaft and note
the amount of runout. If it exceeds
specifications, usually about 0.008-
in. (0.203mm) maximum, the
housing can be re-centered on the
block using offset dowel rods.

To check the bell housing-to-
block alignment, mount the dial
indicator on the flywheel so its tip
rides on the outside machined face
of the opening in the bell hous-
ing. Again rotate the crankshaft
and note the amount of runourt.
If the reading varies by more than
the manufacturer’s specifications,
shims can be installed between
the bell housing and block at the
required bolt positions to restore
proper alignment.
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0il Relief Valve
Assembly

LUBRICATION SYSTEM

Oil Pres‘rsure Testing

Make sure the engine oil is at the
proper level. Remove the oil pres-
sure sending unit and install an ac-
curate oil pressure gauge. Start the
engine and observe the oil pressure
reading. Refer to the manufacturer’s
specifications for the temperature

Bolt

Body
Assembly

Identification Mark -\v 3
Rotor And Shaft @

and engine speed at which oil pres-
sure should be checked.
The following are possible causes
of lower than specified oil pressure: Assembly
* Incorrect oil viscosity or di- Inlet Tube
luted oil Assembly ks

Clogged oil filter

L]
* Stuck oil pressure relief valve
L ]
L]

Oil pump exploded view. (Courtesy: Ford Motor Co.)

Identification Mark

Worn oil pump

Loose or damaged oil pump
pickup

Clogged pickup screen

* Excessive bearing clearance
* Cracked, porous or clogged oil
gallery

0il Pressure Gauge

0il Pressure Switch

Mounting Hole
Adapter

* Missing oil gallery plug.
Oil Pump

Oil pumps that are enclosed
within the oil pan are usually re-
placed during a rebuild. Where the
oil pump housing is part of another
engine component like the timing
cover, the oil pump is rebuilt.

Remove the oil pump cover and
seal, if equipped. Remove the gears
or rotors from the pump body.
Mark the gears prior to removal
so that they can be reinstalled with
the same gears meshing. Remove
the pressure relief valve pin and
the piston and spring. Remove and
discard the oil pump pickup.

Clean all parts in solvent. Check
the inside of the pump housing, the
pump cover and the gears or rotors
for nicks, burrs, scoring, damage or

Check the pump cover surface
with a straightedge and feeler
gauge. Measure the rotor or gear
thickness and diameter with a mi-
crometer. Place the rotors or gears
in the pump housing and measure

Checking inner and outer rotor tip

excessive wear. Replace parts or the
entire pump, as necessary.

clearance.
(Courtesy: Ford Motor Co.)

Checking oil pressure with an oil pressure
gauge. (Courtesy: Honda Motor Co.)
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Oil Cooler
Some vehicles are
equipped with an en-

Feeler Gauge

gine oil cooler. There
are oil-to-air coolers
and oil coolers that
are incorporated into
the vehicle’s cooling
system. Inspect the
cooler, lines, hoses
and connections of
air-to-oil coolers for
leaks. Make sure the
cooling fins are not
bent or damaged.

If oil is found in
the cooling system or
coolant in the oil, on

Checking rotor end-play.
(Courtesy: Ford Motor Co.)

the clearance between the two with
a feeler gauge. Place a straight-
edge across the pump housing and
measure the gear or rotor end-play
with a feeler gauge. Compare your
measurements with the manufac-
turer’s specifications.

Measure the relief valve spring’s
free length or tension and compare
to specification. Check the relief
valve piston for scoring and for free
movement in the bore.

Lubricate the pump housing and
gears or rotors with clean engine
oil. Install the rotors or gears in the
pump housing. Be sure to install
gears with the matchmarks aligned.
Install the pump cover with a new
seal, if equipped, and torque the
bolts to specification. Install the
pressure relief valve assembly and
retain it with the pin. Install a new
pickup and screen, making sure it is
at the proper angle to fit closely to
the bottom of the oil pan.

Prior to installation, prime the
pump by pouring clean engine
oil into the pickup and operating
the drive gear or rotor assembly to
draw oil through the pump.

vehicles with liquid
cooled oil coolers, the oil cooler

assembly should be inspected for
leakage.

COOLING SYSTEM

Proper engine operation depends
on the cooling system maintain-
ing engine operating temperature
within a specified range. If the
engine runs colder than normal,
a richer air/fuel mixture may re-
sult, causing poor fuel mileage and
excessive emissions. If the engine
runs hotter than normal, it may
cause detonation or the engine
may overheat, resulting in possible
engine damage.

Cooling System Inspection

Begin cooling system inspection
by checking the coolant level, then
check coolant concentration using
an antifreeze tester. The protec-
tion level should be at least —20°F
(-30°C). Visually check the en-
gine and cooling system compo-
nents for leaks and damaged com-
ponents. Replace any hoses that
show signs of leakage or are swell-
ing, chafing, hardened or have
soft spots. Always use new clamps
when replacing a hose.

Check the radiator cap rating to
make sure it is the right one for the

vehicle. Check the cap’s relief valve
spring action, and inspect the seal
for brittleness. Check the filler neck
on the radiator or surge tank mat-
ing surface.

Check the water pump drive belt
for wear, glazing and belt tension.
A slipping belt will not turn the
pump impeller at the proper speed
to circulate coolant. If the engine
is equipped with a mechanical fan,
a slipping belt will cause the fan to
turn too slowly, not draw enough air
through the radiator, and possibly
cause the engine to overheat. Re-
place or adjust the belt as necessary.

Inspect the fan for missing,
cracked or bent blades. If equipped
with a fan clutch, check the back of
the clutch for an oily film, which
would indicate that fluid is leak-
ing and replacement is necessary.
Turn the fan and clutch assembly
by hand; there should be some
viscous drag, but it should turn
smoothly during a full rotation. Re-
place the fan clutch if it does not
turn smoothly or if it does not turn
at all. It should also be replaced if
there is no viscous drag when hot
or cold.

If the fan is electric, make sure
it runs when the engine warms up
and also when the A/C is switched
on. Make sure the fan shroud is in
place and not broken.

Start the engine and listen for
unusual noises. A hammering
sound may indicate a restriction
in the water jacket or air in the
system. Squealing noises indicate
a bad belt or water pump bearing
damage. Gurgling from the radia-
tor may point to air in the system.

Cooling System Pressure
Testing

Use a hand-held pump with a
pressure gauge that is designed for
cooling system testing. While the
engine is cold, remove the pres-
sure cap from the radiator or surge

tank. Make sure the system is filled
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to capad?ity, then attach the tes-
ter. Pump it up to the rated sys-
tem pressure and watch the gauge
needle; it should not drop rapidly.
If pressque drops, check for leaks
at the radiator and heater hoses,
water pump, radiator, intake mani-
fold, sensor fittings, water control
valves and heater core. Repair leaks
as required and retest.

If you can't spot the leak, it may
be inter al such as a head gasket,
cracked cylinder head or cracked
block. Inspect the engine oil for
signs of coolant; if it is thick and
milky, that’s a dead giveaway. Start
the engine and watch the tester
gauge. If the pressure immediately
increases, there could be a head
gasket leak, but not into the crank-
case. The‘ coolant may be going out
the tajlplpc, however, which would
be mdtca‘te(i by white smoke from
the exhaust pipe and a somewhat
sweet antifreeze odor in the ex-
haust. Remember that catalytic
converters can mask small cool-
ant leak symptoms, because the
converter super-heats the coolant
into such a fine vapor that it is not
noticeable.

Use the system tester’s cap
adapter to check the pressure cap.
Pump it up to the cap’s rating. It
should hold for about 10 seconds
and then decrease gradually. If it

When pressure testing the radiator
cap, the proper cap adapter must be
used. Thelcap should be capable of
holding the pressure recommended
for the vehicle. Pressure test the
cooling system at approximately the
release pressure of the radiator cap.

drops too quickly, or if it does not
drop at all when the pressure test
exceeds the cap’s rating by more
then 3 psi, replace the cap.

Drive Belts, Pulleys And
Tensioners

Check the accessory drive belt(s)
for evidence of cracking, fraying,
glazing or other damage and re-
place as necessary.

Tension
Gauge

Checking belt tension with a belt
tension gauge.
(Courtesy: Ford Motor Co.)

Checking belt tension using the
deflection method.

If the belt is adjustable, belt
tension can be checked using the
deflection method or by using a
belt tension gauge. Locate a point
midway between the pulleys on
the longest accessible belt span.
If using the deflection method,
push on the belt with your finger
using moderate pressure and mea-
sure the belt deflection. If you are
using a belt tension gauge, posi-
tion the gauge and measure the
amount of force necessary to de-
flect the belt. Compare your read-

ing with specifications.

Belt tension should also be
checked on vehicles with auto-
matic belt tensioners to make sure
the tensioner is functioning prop-
erly. Some automatic tensioners
are equipped with belt length in-
dicator and minimum and maxi-
mum acceptable marks, the theory
being that if the correct length belt
is installed on the engine and the
mark is within range, belt tension
is correct.

To adjust V-belt tension, loosen
the adjuster pulley, or accessory
pivot and adjuster bolts, then use a
suitable prybar to move the pulley
or accessory until the belt tension
is correct. Tighten all fasteners and
recheck belt tension.

If belt replacement is necessary,
loosen the adjuster pulley or ac-
cessory pivot and adjuster bolts,
moving the pulley or accessory to
eliminate belt tension, and remove
the belt. It may be necessary to re-
move other accessory drive belts to
gain access to a particular belt.

Before removing a serpentine
V-ribbed belt, make sure there is
a belt routing diagram handy or
draw one prior to belt removal,
to prevent installation problems.
Use a socket or wrench to tilt the
automatic tensioner away from
the belt, and then remove the belt
from the pulleys.

After the belt is removed, spin
the pulleys to determine if they
wobble or if an accessory has any
noticeable bearing wear. Inspect
the pulleys for chips, nicks, cracks,
tool marks, bent sidewalls, severe
corrosion or other damage. Check
for hard objects such as small
stones or sand that may have be-
come imbedded in the bottom of
the pulley grooves.

When replacing the belt, inspect
all pulleys for improper alignment.
Aligned pulleys reduce both pulley
and belt wear, and vibration of en-
gine components. If the belt pul-
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Belt Length Indicator ‘—_

Minimum
Acceptable

Minimum
Acceptable

Mark

Mark

Belt length indicator on an automatic belt tensioner.

(Courtesy: Ford Motor Co.)

leys are severely misaligned, look
for improper positioning of an ac-
cessory or its corresponding pulley,
improper fit of the pulley or shaft,
or incorrect components installed.

Correct

Pulley

Incorrect

Make sure V-ribbed belts are
properly seated in the pulley
grooves. One revolution of the
engine with the belt incorrectly
seated can damage the belt.
(Courtesy: Ford Motor Co.)

Install a new belt, making sure it
is correctly positioned in its pulley
grooves and propetly routed. Ad-
just the belt tension, as required.

Thermostat

The thermostat’s function is to
allow the engine to come to op-
erating temperature quickly and
then maintain a minimum operat-
ing temperature. If the thermo-
stat is good, the upper radiator
hose should be hot to the touch
after the engine has been idling
and warm. If the hose is not hort,
the thermostat is most likely stuck
open, especially if there has also
been a complaint of poor heater
performance. If the thermostat
was stuck closed, the engine would
quickly overheat.

To test the thermostat operation,
remove the radiator cap while the
engine is cold. Put a thermometer
in the radiator fill neck and start
the engine. Keep an eye on the
coolant in the radiator and oc-
casionally feel the upper radiator
hose. When the hose gets warm,
the coolant should be moving in
the radiator. Check the thermom-
eter. If it doesnt go above 150°F
(66°C), the thermostat is either
stuck open or missing.

The thermostat can be checked
more precisely by removing it
from the vehicle. Suspend the
thermostat in a container of
water, not letting it contact the

The thermostat is designed to open
when the engine coolant reaches a
specified temperature.

bottom of the container. Place a
thermometer in the container and
heat the water. When the ther-
mostat begins to open, check the
temperature and compare with the
thermostat’s opening temperature
specification. Remove the thermo-
stat from the water; it should close
slowly when exposed to cooler am-
bient temperature.

Testing a thermostat.
(Courtesy: Honda Motor Co., Ltd.)
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O " &

Temperature
Gauge
Sending Unit

Typical thermostat installation. (Courtesy: DaimlerChrysler Corp.)

To replace the thermo-

Water Pump

The water pump is mounted on
the engine and driven by a belt.
The pump employs an impeller
fan designed to pump coolant
throughout the engine via specially
placed water jackets. While some
water pumps are mounted directly
behind the radiator fan and its pul-
ley, others are mounted indepen-
dently on the front of the engine.

Check for a coolant leak at the
water pump drain hole at the bot-
tom of the pump. Check the water
pump bearings by grasping the fan
or pulley and attempting to move
the impeller shaft back and forth.
If there is any movement, the
water pump bearings are defective.
Replace the pump if it leaks or the
bearings are defective.

To replace a water pump, drain
the cooling system and disconnect
the hoses from the pump. Remove
the water pump drive belt and pul-
ley. Remove any brackets or other

components necessary

stat, drain the cooling sys-
tem and disconnect the
hose from the thermo-
stat housing. Remove the
thermostat housing and
remove the thermostat.
Clean all gasket material
from the sealing surfaces
and check the surfaces for
nicks or burrs.

Properly seat the ther-
mostat in its flange on
the engine. Make sure the
heat sensing portion of
the thermostat is installed
so as to expose it to the
hot coolant side. Using
a new gasker, install the
thermostat housing and
torque the bolts to speci-
fication. Refill the cool-
ing system, start the en-
gine and check for leaks
and proper operation.

for water pump removal.
Remove the water pump
mounting bolts and re-
move the water pump.
Clean all gasket material
from the sealing surfaces
and check the surfaces for
nicks or burrs.

Install the water pump
using new gaskets and
torque the mounting
bolts to specification.
Install any brackets or
other components that
were removed. Install
the water pump pul-
ley and the drive belt.
Properly tension the
belt, as required. Con-
nect the coolant hoses to
the water pump. Refill
the cooling system, start
the engine and check for

leaks.

Typical water pump installation. (Courtesy: GM Corp.)
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Radiator

Coolant from the engine flows
through a series of tubes in the ra-
diator. These tubes are surrounded
by a network of fins designed to
direct air flow to the tubes. The
cooled antifreeze is then circulated
back through the engine in order
to maintain proper operating tem-
perature.

Clean the radiator fins of debris,
bugs or leaves that may have been
drawn in while driving. Make sure
all fins are intact, and not bent so
as to misdirect air flow. Distorted
fins can be straightened using a
suitable tool, however, be careful
when straightening because the
fins are very delicate.

Inspect the radiator for damage
and any signs of leakage from the
core tubes, radiator tanks and hose
collars. If visual inspection and/
or pressure testing indicates that
radiator replacement is required,
drain the cooling system and dis-
connect the hoses and transmis-
sion cooler lines, if equipped.
Separate the radiator from the fan
shroud. Remove the electric cool-

ing fan, if equipped, and remove
the radiator mounting fasteners.
Remove the radiator from the ve-
hicle.

Transfer fittings and/or tem-
perature sending units to the re-
placement radiator, as required.
Position the radiator in the vehi-
cle and tighten the mounting fas-
teners to specification. Install the
shroud and electric cooling fan,
if equipped. Connect the radia-
tor hoses and transmission cooler
lines, if equipped. Refill the cool-
ing system, start the engine and

check for leaks.

Flushing, Filling And
Bleeding The Cooling
System

Engine overheating can be
caused by a clogged cooling sys-
tem. If you suspect that the system
is clogged, flush the system using
one of the commercially available
flushing kits. Flush the system ac-
cording to the directions supplied
with the kit.

All used coolants pick up heavy
metals such as lead from the solder

used in the assembly of heat ex-
changers, so drained coolant must
either be disposed of properly or
recycled.

After flushing, or whenever the
cooling system has been drained
for service, the system should be
refilled with the vehicle manufac-
turer’s specified coolant mixture.
Ethylene glycol is the most widely
used substance mixed with water
to form engine coolant, although
propylene glycol and some other
substances are becoming popular.
Not all ethylene glycol coolant is
the same, however. Different eth-
ylene glycol based coolants come
with different corrosion inhibitor
packages. There are the familiar
brand name coolants that have
been around for years, which are
dyed green; GM’s Dexcool, which
is dyed orange or red; another that
is dyed yellow and used in some
Fords and other vehicles; as well as
other colors for heavy-duty trucks
and other applications. However,
the color alone cannot be used to
determine the type of coolant that’s
in the system or the container. For

Typical radiator installation. (Courtesy: DaimlerChrysler Corp.)
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\
optimum system protection, use

the type of coolant specified by the
vehicle manufacturer.

A mix of 50 percent water/50
percent antifreeze is usually the
most effective mixture, but some
vehicle manufacturers may spec-
ify otherwise. This mixture lowers
the freezing point while raising the
boiling point, affording protection
against Tloiling over. Drain and
replace the coolant at the vehicle
manufacturer’s recommended in-
terval, as the protective additives,
such as the rust inhibitors, dimin-
ish in use.

When filling the cooling sys-
tem, be aware that some vehicles
have bleeder valves to release air
trapped in the system and require
that a specific bleeding procedure
be followed. If there are no bleed-
ers, to prevent air from becom-
ing trapped in the system you can
remove a hose from the highest
point (usually at the heater core)
and fill the system until coolant
begins to come out at this point.
Start the engine, and as soon as
the level in the radiator drops, top
it off and install the cap. Fill the
reservoir to the indicared level.

Most all cooling systems in use
today are equipped with a cool-
ant reservoir. The radiator cap in
the system functions as a two-way
check valve: It has a limit that, once
exceeded, allows the coolant to es-
cape from the radiator and into the
reservoir. This happens normally as
the coolant heats up and expands.
As the system cools, it creates a
partial vacuum and sucks coolant
from the reservoir or surge tank
back into the radiator. It is a closed
system where, ideally, no coolant
escapes and no air gets into the
cooling system. Air in the system
contributes to corrosion.

When adding coolant to this
type of system, add it to the reser-
voir, noting that the tank is usually
marked with the proper coolant

level. The overflow tank serves as a
receptacle for coolant forced out of
the radiator overflow pipe and pro-
vides for its return to the system.
As the engine cools, the balancing
of pressures causes the coolant to
siphon back into the radiator.

Cooling Fans

Mechanical Cooling Fan

Most rear-wheel drive cars and
trucks have belt-driven, mechanical
fans equipped with a fan clutch.
The fan clutch is designed to slip
when cold and rotate the fan at
certain maximum speeds when
hot. Fan clutches improve gas
mileage and reduce noise levels.

Inspect the fan clutch as de-
scribed under Cooling System In-
spection in this study guide. To
test the fan clutch, attach a ther-
mometer or electronic tempera-
ture probe to the radiator near the
inlet and connect a timing light to
the engine. Start the engine and
strobe the fan to ‘freeze’ the blades;
note the engine speed. When the

engine warms up (check the ther-
mometer), the fan speed should
increase and the blades will appear
to be moving in the strobe light.
As the temperature drops, the fan
should slow down. A quick check
of fan clutches is to shut down a
hot engine, then observe how long
it takes for the fan to stop spin-
ning. A properly operating clutch
should stop the fan from spinning
within two seconds.

Replace the fan clutch if it fails
inspection or testing.

Electric Cooling Fan

Many vehicles, especially those
with transverse engines, use elec-
tric cooling fans. Besides not need-
ing a belt to drive them, electric
fans conserve energy since they run
only when needed.

When the engine slightly ex-
ceeds proper operating tempera-
ture, the electric fan should come
on. It may cycle on and off as the
coolant warms and cools. On most
vehicles, the fan also should run
whenever the A/C is switched on.

1. COOLANT PUMP

2. COOLANT PUMP HUB
3.BOLT

4. NUT

5. FAN CLUTCH

6. COOLING FAN
7.8TUD

PQ].‘

Typical mechanical cooling fan and fan clutch. (Courtesy: GM Corp.)
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(Some vehicles have two fans with
one dedicated to the A/C system.
That one may not run for engine
cooling alone.)

If the fan doesn’t run, check
for power at its connector using
a test light. If there is power, the
fan motor is faulty. If there is
no power, the problem may be a
blown fuse, a bad relay, the fan’s
temperature switch, the engine
coolant temperature sensor, the
computer controls or wiring. In
most cases, the fan motor can be
replaced by removing the entire
assembly, and then removing the
fan from its motor. Use caution
not to damage the radiator fins or
core tubes when removing the fan.
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Fuel, Electrical, Ignition And Exhaust Systems

Inspection And Service

FUEL AND AIR
INDUCTION SYSTEM

Inspect fuel system components
for leaks and damage. Replace
carburetor, fuel pump or throttle
body gaskets, as necessary. Check
fuel lines, hoses and connections
for cracks, leaks, torn O-rings or
other damage. Inspect fuel system
wiring for chafing and damaged
connectors.

Clean the intake manifold gasket
mating surfaces. Inspect the mani-
fold for cracks or other damage.
Check the surface that is mounted
to the cylinder head for warpage
using a straightedge and feeler
gauge and compare to manufac-
turer’s specifications.

Install the intake manifold using
a new gasket(s). Apply sealer as
recommended by the vehicle and
gasket manufacturers. Tighten the
intake manifold bolts to the speci-
fied torque in the proper sequence.

Remove the air filter from its
housing and gently tap it on a hard
surface to dislodge dirt. Hold the

filter up to a light source to check
the filter. If the filter is clean, light
will pass through all areas. Dark
areas on a filter element will not
allow light to pass through; the
filter is dirty and must be replaced.

When replacing the filter ele-
ment, wipe any dirt from the hous-
ing and make sure the filter seals
fit properly. Check and replace the
crankcase breather filter. Check
the air intake ducting for cracks
and poor joint sealing that could
allow air into the engine other than
through the filter. This is especially
important on vehicles with remote
mounted MAF (Mass Air Flow)
or VAF (Vane Air Flow) sensors.
These sensors measure the amount
of air entering the engine and the
PCM (Powertrain Control Mod-
ule) uses this information in calcu-
lating the proper air/fuel mixture.
Air entering the throttle body other
than through the MAF or VAF sen-
sor will not be accounted for in
these calculations.

POSITIVE CRANKCASE
VENTILATION

During engine operation, some
combustion gases leak past the
piston rings into the crankcase.
These gases are commonly known
as ‘blowby”. The PCV (Posi-
tive Crankcase Ventilation) sys-
tem vents crankcase gases into the
engine air intake where they are
burned with the air/fuel mixture.

The PCV system keeps pol-
lutants from being released into
the atmosphere, and also helps to
keep the engine oil clean by rid-
ding the crankcase of moisture
and corrosive fumes. It also keeps
crankcase pressure from building
up and causing oil leaks as the
pressure forces its way past seals
and gaskets.

The PCV system is basically
a controlled air leak from the
crankcase into the intake mani-
fold. Fresh air enters the crank-
case through the breather cap or
the ventilation filter inside the
air cleaner. Atmospheric pressure

\ (MAF)

o0

Flex Tube

\ To
Throttle Evaporative
Body ™——— Remote Air glosum i
oge " o
Air Eloaner Or (Some Applications)
Cleaner Mass Air Air Outlet
Assembly Flow Sensor  Clean Air Tube

Rocker Cover

B

(Air Path

Engine Crankcase

Typical air intake system. Make sure there are no air leaks
downstream from the MAF sensor or a lean condition could

result. (Courtesy: Ford Motor Co.)

PCV system functional diagram.

(Courtesy: Ford Motor Co.)
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pushes cl ankcase blow-by vapors
toward tﬁe low-pressure point of-
fered by the PCV valve and the
intake manifold.

Start the engine and let it idle.
Being careful not to damage the
hose, use a suitable tool to pinch
the hose ‘between the intake mani-
fold and the PCV valve. If the
PCV valve is OK it should make
a clicking sound when the hose is
pinched and released.

Disconnect the PCV valve from
its mounting grommet and listen
at the valve. It will make a hiss-
ing noise if it is not clogged. Place
your finger over the valve to check
for vacuum. If there is little or no
vacuum, check for a clogged or re-
stricted hose.

Turn OE‘- the engine, remove the
PCV valve from the engine and
shake it. Listen or feel for the rat-
tle of théi valve plunger within the
valve body. If it rartles the valve
is not stuck open or closed. If it
doesn’t rattle, the valve must be
replaced.

TURBOCHARGERS AND
SUPERCHARGERS

In a normally-aspirated engine,
when the piston moves down the
cylinder on the intake stroke, a
vacuum is created that draws the
air into the cylinder. The air moves
into the cylinder because the pres-
sure in the cylinder is lower than
the atmospheric pressure outside
the engine. The more air that can
be packe# into the cylinders (along
with a corresponding amount of
fuel), the more power an engine
will make, however, cylinder filling
is limited in this type of engine be-
cause it is restricted to the amount
of air that can be pushed by atmo-
spheric pressure alone. This is why
normally-aspirated engines are also
known as atmospheric engines.

A supercharger or turbocharger is
an air pump that forces air into the
combustion chamber. In effect, a

supercharger or turbocharger raises
the pressure inside the intake mani-
fold, so that when the intake valves
open, more air (along with fuel)
flows into the cylinders, resulting in
an increase in power.

Superchargers are driven off
the engine’s crankshaft by a belt
or gears, so some of the increased
power that the supercharger gen-
erates is used to drive the super-
charger itself. Turbochargers are
driven by the engine’s exhaust, so
the power increase is said to be
‘free’ horsepower, since the turbo-
charger does not use any of the
horsepower it creates.

Turbochargers

A turbocharger is divided into
two sections, the turbine and the
compressor. The turbine is at-
tached to the exhaust manifold
where a turbine wheel inside the
turbine housing is driven by the
exhaust gas pressure and heat en-
ergy. The turbine wheel is con-
nected by a shaft to the compressor
wheel inside the compressor hous-

ing. The spinning of the turbine
wheel causes the compressor wheel
to spin, drawing in air to the com-
pressor housing where it is com-
pressed and pumped through ducts
into the intake manifold. As the
speed of the turbine increases, so
does the pressure output, or boost,
of the compressor.

Boost pressure must be limited
to prevent engine damage. Boost
is controlled by a wastegate or by
shutting off the fuel supply to the
engine.

A wastegate is a valve activated
either by a diaphragm or a boost
control solenoid. Wastegates are ei-
ther integral to the turbine housing
or are remotely mounted in the ex-
haust system. If controlled by a di-
aphragm, when a preset boost limit
is reached, the diaphragm moves
a rod that opens the wastegate. If
controlled by a boost control so-
lenoid, which is operated by the
PCM, the wastegate opens and
closes in response to sensor inputs
to the PCM. When the wastegate

is opened, excess exhaust pressure

—— Turbine
Compressor l Turbocharger
<1 Ambient Air
o e e - =
i
s ; Air Cleaner
1
1 [
! 4
I i
: “~T~ " 7 Actuator
U e T ) g -~ (Spring-Loaded Closed)
Exhaust System ! '
To Atmosphere a TS :
Wastegate
Valve
Turbine Discharge Pressure [
Ambient Air Pressure
| Compressor Inlet Pressure [l
d‘ Compressor Discharge Pressure @
Turbine Inlet Pressure  [RED
Turbocharger operation. (Courtesy: GM Corp.)
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is released from the turbine hous-
ing, directed to the exhaust system
and expelled into the atmosphere.

The fuel supply to the engine
can be shut off by the PCM in
response to inputs regarding intake
manifold pressure or engine speed.
The MAP (Manifold Absolute
Pressure) sensor sends a signal to
the PCM when a specified intake
manifold pressure is reached. The
PCM then cuts the fuel supply to
the engine, causing boost and en-
gine speed to decrease. When in-
take manifold pressure falls below
the limit, fuel delivery resumes.
When boost is controlled in re-
sponse to engine speed, the PCM
will cut the fuel supply when in-
puts are received that a specific
engine speed has been reached.
Fuel delivery resumes when engine
speed drops below the limit.

Turbocharger related engine
performance problems are caused
by too little boost pressure or by
overboost. These problems can
usually be traced to a malfunc-
tion in the boost control sys-
tem however, other components
should also be inspected before
any are condemned. If there is a
lack of power, check for a dirty
air cleaner, loose or restricted in-
take ducting or restricted exhaust
system. Listen for unusual noises
coming from the turbocharger
that could be an indicarion that
the rotating assembly is binding
or dragging.

A wastegate actuator that is
stuck can be the cause of too little
boost and low power if it is stuck
open, or overboost if it is stuck
closed. Overboost can cause deto-
nation and possible engine dam-
age. A wastegate can stick or bind
due to carbon buildup or be in-
operative due a leaking diaphragm
or vacuum hose. Check for free
movement of the actuator by
hand if possible and check for ob-
structions that could prevent free

movement or ClOSUfC. Wastegate
operation can be checked using
air pressure and a pressure gauge.
Consult the appropriate service
manual for testing procedures and
pressure specifications.

WARNING: Turbochargers
operate at extremely high tem-
peratures. Do not touch the turbo-
charger while the engine is operat-
ing. Allow the turbocharger to cool
sufficiently after the engine has
been turned off before performing
testing or servicing procedures.

If a wastegate problem is sus-
pected, always check the igni-
tion timing, knock sensor and
vacuum lines before replacing the
wastegate. If the wastegate is con-
trolled by a boost control solenoid
and the solenoid fails, a DTC (Di-
agnostic Trouble Code) should
set in the PCM’s memory and
the MIL (Malfunction Indicator
Light) may illuminate.

Most turbocharger failures are
caused by lubrication problems
such as oil lag, restriction or lack
of oil flow and foreign material
in the oil. The exhaust flow past
the turbine wheel creates extremely
high temperatures, which creates

a harsh operating environment for
the turbocharger shaft bearings.
Some manufacturers connect cool-
ant lines to the turbocharger to
cool the shaft bearings, but others
rely on engine oil to lubricate and
to cool. With the latter design, it
is a good idea to let the engine idle
for about a minute before shutting
it off, particularly if the vehicle has
been run hard, to let oil cool the
turbocharger. If the engine is shut
off immediately, the oil may burn
causing hard carbon particles to
form, which in turn will destroy
the bearings.

The oil and filter should be
changed art regular intervals and
the air filter should be inspected
regularly. Inspect the routing and
integrity of the oil supply and oil
drain lines and check for oil leaks.
When a turbocharger is replaced, it
should be preoiled prior to installa-
tion and the engine should not be

revved before proper oil pressure
has been established.

Superchargers

The amount of boost pres-
sure generated is determined by
the size of the pulleys or gears on
the crankshaft and supercharger,
and by engine speed. The size of

Regulated
Shop Air

Connecting

Testing wastegate operation using air pressure.

(Courtesy: Ford Motor Co.)
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the pulleys or gears can be varied
in order to get the desired boost.
It may be necessary to drive the
supercharger at a speed faster or
slower than crankshaft speed. If the
supercharger turns the same speed
as the engine it is driven 1:1. If it’s
geared to turn faster for more or
quicker Eoost, it is overdriven. If
i’s set up to run slower than the
engine, Jt is under driven. Oth-
erwise, boost increases as engine
speed increases.

To prevent supercharger cavi-
tation, reduced performance and
increased temperatures, a bypass
valve is jinstalled at the super-
charger outlet. This bypass valve
allows a controlled amount of air
flow from the supercharger outlet
back into| the supercharger.

Proper supercharger perfor-
mance depends on there being no
vacuum leaks, which could cause a
lean operating condition. Vacuum
leaks can|be detected using a pro-
pane cylinder.

EXHAUST SYSTEM

Exhaust system components can
fail due to physical or chemical
damage. Since it is located under
the vehicle, the exhaust system is
subject to damage and wear from
dirt, stones, water and other road
hazards. The components in the
system can also rot out from the
inside. When the engine is started
from cold, combustion gases mix
with condensation that forms
when the hot exhaust contacts the
colder exhaust parts, forming acids
that corrode the metal. This type
of failure is common on vehicles
that are driven short distances,
since the exhaust system never gets
warm enough to evaporate the
moisture.

Whether it is caused by physi-
cal or chemical damage, the result
is cracks, holes or other damage
to the exhaust system that cause

s Al F
excessiveg noise and can allow

harmful exhaust gases to enter the
passenger compartment. Engine
exhaust contains CO (Carbon
Monoxide), which can cause head-
ache, nausea and drowsiness, and
if enough is ingested, can even re-
sult in unconsciousness and death.
Any exhaust system damage that
results in exhaust leakage must be
repaired immediately.

Damage to the exhaust system
can also result in a restriction in
the system. A blockage can be
caused by physical damage, such
as a dent in a pipe, or a clogged
muffler or catalytic converter. A
restriction can also be caused by a
collapsed exhaust pipe. Some ve-
hicles use double wall tubing for
exhaust pipes. The inside tube can
collapse or rust inside the outer
tube and cause a restriction, even
though the outer tube looks OK.
Tap on the exhaust pipes with a
mallet and listen for rattling or
rust breaking loose, which would
indicate a problem inside the pipe.
A restricted exhaust system can
cause a lack of power, poor fuel
economy, backfiring, and if com-
pletely clogged, the engine may
not run at all.

Begin exhaust system inspection
by raising and safely supporting
the vehicle. Visually inspect the
exhaust system for physical dam-
age, holes, cracks, separated com-
ponents, bulging muffler seams,
and broken or missing clamps and
hangers. A catalytic converter that
appears bluish or brownish indi-
cates that it is overheating.

Wiggle the exhaust system at
various points to check for exces-
sive movement caused by broken
or cracked connections or broken
or missing hangers. Tap on the
exhaust system components with
a mallet. A part that is in good
condition will make a solid me-
tallic sound, while a part that is
worn out will have a dull sound.
Rattling noises can be caused by

loose heat shields, loose clamps or
an exhaust pipe interfering with
another component.

When tapping on the muffler,
listen for the sound of loose rust
particles. Mufflers usually rot out
from the inside, so even if the out-
side of the muffler appears OK, it
still may be ready for replacement.

A telltale sign of exhaust leak-
age is black streaks or soot on the
outside of a component. However,
if the source of exhaust leakage is
not evident, you may have to start
the engine and listen carefully for
leaks at all joints. Do not overlook
welded connections, as these can
crack. A small exhaust leak will
make a hissing or popping noise.
A tapping sound that may sound
like a valvetrain noise can actually
be caused by an exhaust leak at the
exhaust manifold/cylinder head
juncture. Keeping in mind that
the exhaust system will be very
hot, carefully pass your hand close
to a suspected leak area to see if
escaping exhaust can be felt.

To check for a restricted exhaust
system, connect a vacuum gauge
to the intake manifold and start
the engine. At idle, there should be
approximately 17-21 in. Hg. vac-
uum. Accelerate the engine grad-
ually to 2000 rpm. The vacuum
should momentarily drop to zero
and then return to normal without
delay; if the exhaust is restricred,
as the engine rpm is increased the
vacuum will slowly drop to zero
and slowly rise to normal. When
closing the throttle, the vacuum
should momentarily increase and
then resume the normal reading;
if the exhaust is restricted the vac-
uum will not increase when the
throttle is closed. Accelerate the
engine to 2500 rpm and hold. If
the vacuum reading drops 3 inches
Hg below the original reading after
a few minutes, there is a restriction
in the exhaust system.

A backpressure test can also be
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used to check for a restricted ex-
haust system. Remove the front
oxygen sensor and install a suitable
pressure gauge in the sensor hole.
Start the engine and compare the
pressure reading with specifications
for the vehicle in question. A pres-
sure reading that is higher than
specifications indicates an exhaust
restriction.

BATTERY

Preliminary Inspection

WARNING: The sulfuric acid
in battery electrolyte can cause
serious injury if it contacts the
eyes or skin. To prevent injury,
always wear skin and eye protec-
tion when servicing the battery.
Batteries give off hydrogen gas,
which is highly explosive. Never
smoke or allow flames near a
battery.

Visually inspect the battery,
looking for damage to the battery
case and damage or corrosion on
the battery terminals and cables.
If the battery case is damaged
and there is any evidence of leak-
age, the battery must be replaced.
Check the battery’s date of manu-
facture. Just because the battery is
near the end of its service life does
not mean that it will necessarily
test bad, however the age of the
battery must be considered when
deciding whether replacement is
necessary.

Corrosion on the battery case,
and battery tray and hold-down,
can be cleaned with a solution of
baking soda and water. Make sure
the battery tray is in good condi-
tion and the battery is mounted
securely, without over-tightening
the battery hold-down.

If the battery terminals and ca-
bles are corroded, remove the ca-
bles, negative cable first, and clean
the terminals and cables with a

battery brush. Before disconnect-
ing the battery cables, keep in
mind that computers, program-
mable radios, and other solid-state
memory units may have their
memories erased by disconnect-
ing the battery. In addition, the
engine and transmission on some
vehicles may perform erratically
when first started and must un-
dergo a relearning process, once
the battery is reconnected. To pre-
vent this, a 12-volt power supply
from a dry cell battery can be con-
nected to the cigarette lighter or
power point connector to main-
tain voltage in the system while
the battery is disconnected.

Inspect the entire length of the
battery cables for heavy corrosion,
frayed wires and damaged insula-
tion, and replace as necessary. Secure
the cables to the battery terminals
after cleaning, and apply a coating
of petroleum jelly to the terminals
to minimize further corrosion.

If the battery has removable
vent caps, check the electrolyte
condition and level in each bat-
tery cell. Look for cloudy or
muddy discoloration of the fluid.
Discolored fluid is a sign of re-
cent deep cycle discharge action.
Add distilled water to the proper
level, if necessary. In general, the
electrolyte should be /4 — 1/2-in.
(6.35-12.70mm) above the plates.

Battery State-of-Charge

A hydrometer is used to check
the specific gravity of the bat-
tery’s electrolyte. A hydrometer is
a transparent glass tube with a rub-
ber pickup hose on one end and
a rubber bulb on the other end.
Inside the tube is a weighted float,
which is scale-calibrated to read
specific gravity in a range of about
1.100 to 1.300.

The floats in the hydrometer
are calibrated with 80°F (27°C)
being the exact reference point. For
each 10°F variation above or below

the 80°F (27°C) mark, 0.004 spe-
cific gravity points are added (for
temperatures above 80°F) or sub-
tracted (for temperatures below
80°F).

A battery with a specific gravity
reading of 1.260 (usually stated as
twelve-sixty) is generally regarded
as fully charged, while a bartery
with a reading of 1.070 (ten-sev-
enty) is generally regarded as fully
discharged. It follows that 1.120 is
one-quarter charged; 1.170 is half-
charged; and 1.215 is three-quar-
ters charged. A maximum of 0.050
(50 points) difference between cells
is all that is allowed. Any difference
greater than this calls for further
testing of the battery, and the bat-
tery may have to be removed from
service,

Checking electrolyte specific gravity
with a hydrometer.

When checking specific gravity,
hold the hydrometer in a vertical
position and insert the draw tube
into the battery. Draw just enough
electrolyte into the tube to permit
the float to move freely without
touching the top, bottom, or sides.
Note that there are times when
electrolyte readings are inaccurate.
One is just after adding water to
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the bartery. After adding water, it
is recommended to wait at least
one day, or until the vehicle has
been operated for a while to check
specific gravity. Another time is
during or just after charging. After
charging, it is recommended to
wait at least 15 minutes prior to
checking specific gravity. Still an-
other time is just after the battery
has been subjected to a high rate of
discharge, such as after prolonged
cranking,

Darkened Indicator

With Green Dot

* Fully Charged
« |©
To |
Jump Darkened Indicator
Start No Green Dot

» Needs Charging

| @

Do Not Lightened Indicator
Jump * Replace Battery

Charge indicator in a sealed
maintenance-free battery.

The electrolyte cannot be
checked on sealed maintenance-
free batteries. Instead, these batter-
ies have a built-in charge indicator.
Usually a good battery is indicated
by a green or light-colored dot in
the center. If the indicator is dark,
the battery may be jumped or re-
charged. If the indicator is clear or
light yellow, the fluid level is below
the level of the hydrometer; the
battery should not be charged and
should be replaced.

Check the open circuit voltage of
the battery to determine if it must
be charged before further testing.
Remove the surface charge from
the battery by turning on the high
beams for 10 seconds, then wait
a few seconds before checking the
battery voltage. Male sure all ac-
cessories are off, then measure the
voltage at the battery terminals
with a voltmeter. If the voltage is
less than 12.4 volts, the battery
must be charged before proceeding
with further testing,

Battery Capacity Testing

Connect the battery load tester
to the battery terminals. Turn the
load control knob to draw current
equal to three times the ampere-
hour (amp/hr) rating or one-half
the CCA (Cold Cranking Amps)
rating. The battery rating is usu-
ally given on the battery case,
case top or label, and some labels
will indicate the load that should
be placed on the battery. Main-
tain the load for 15 seconds, then
check the voltage reading. On a
good battery, the voltage should
be 9.6 volts or higher, however the
voltage may be slightly lower if the
ambient temperature is less than
70°F (217C):

If a battery fails a load test, but
was deemed OK for testing when
the state-of-charge was checked,
connect a voltmeter and battery
charger to the battery and charge
the battery for three minutes with
the charger set at 40 amps. If after
three minutes the voltage reading
is greater than 15.5 volts, replace
the battery.

STARTER

System Diagnosis

The most common starter com-
plaints are that the starter does not
crank or cranks too slowly to start
the engine, the starter operates but
does not turn over the engine, and

finally, that the starter stays en-
gaged once the engine has started.

Engine Does Not Crank

If nothing happens when the key
is turned to the Start position, turn
the headlights on and turn the key
to Start again. If the headlights do
not dim, check for an open cir-
cuit in the starting system. If the
lights go dim, test the battery as
described in the previous section of
this study guide. If the battery tests
OK, check the condition of the
cables and wiring to the starter and
solenoid, making sure all connec-
tions are clean and tight.

If the wiring connections are
OK, next check the starter sole-
noid function. Connect a jumper
wire between the battery and so-
lenoid ‘S’ terminals. If the sole-
noid clicks, but the engine still
doesn’t crank, perform the starter
current draw test. Make sure that
the starter is mounted securely and
that the starter drive and flywheel/
flexplate ring gear are not binding.
Perform the voltage drop test. If
current draw is excessive and volt-
age drop is within specifications,
the starter is defective or there is
a mechanical problem that is pre-
venting the engine from turning
over. If the engine can be rotated
by hand through several revolu-
tions, replace the starter.

Engine Cranks Slowly

If the engine cranks slowly,
test the battery as described in
the previous section of this study
guide. If the battery tests OK,
check the condition of the cables
and wiring to the starter and sole-
noid, making sure all connections
are clean and tight. If the wiring
connections are OK, perform the
starter current draw test.

Make sure that the starter is
mounted securely and that the
starter drive and flywheel/flexplate
ring gear are not binding. Perform
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the voltage drop test. If current
draw is excessive and voltage drop
is within specification, the starter
is defective or there is a mechanical
problem that is causing the engine
to bind. If the engine can be ro-
tated by hand through several revo-
lutions, replace the starter.

Starter Operates But Does Not
Crank Engine

If the starter turns but the en-
gine does not, the starter drive is
not engaging the flywheel/flexplate
ring gear properly. You may hear a
high-pitched grinding sound when
this happens. If possible, have an
assistant operate the ignition key
while you check starter drive op-
eration. Look for a bent or warped
flywheel/flexplate, missing ring
gear teeth or a damaged or failed
starter drive.

Make sure the starter is mounted
securely. If engagement is poor and
the flywheel/flexplate and starter
drive are OK, the position of the
starter motor may allow adjust-
ment if equipped with shims,
otherwise the starter should be re-
placed.

Starter Does Not Disengage

If the engine starts and the starter
does not disengage, check for a
damaged starter drive. Check the
starter drive/ring gear engagement.
If engagement is poor, the posi-
tion of the starter motor may allow
adjustment if equipped with shims,
otherwise the starter should be re-
placed.

If the starter drive is working
and engaging properly, but still
does not disengage when the en-
gine starts, check for a defective
solenoid or a short in the control
circuit.

gear reduction starters

Battery Ground Wire

can draw more. Always
refer to the specifica-
tions in the vehicle ser-
vice manual. Battery
voltage should remain
above 9.6V, and the en-
gine should spin rapidly.

Higher than nor-
mal current-draw read-
ings may be caused by a
short circuit in the starter
motor or mechanical
problems causing bind-
ing in the engine. Am-
perage that is too low
may be caused by starter
circuit resistance.

Voltage Drop Test

Connect the voltme-

Performing a starter current draw test.

(Courtesy: Honda Motor Co.)

Starter Current Draw Test
Perform a starter current-draw
test with a high-amperage-rated
ammeter designed for this purpose.
Allow the engine to warm up to
normal operating temperature,
then disable the ignition system.
Connect the ammeter’s inductive
pickup to the negative

ter black lead to the bat-
tery cable connection at
the starter. Make sure
the test point is posi-
tioned after the starter
relay. Now, disable the engine igni-
tion and crank the starter motor.
As you crank the engine, touch
the red lead of the voltmeter to
the positive post of the battery.
Quickly switch the voltage scale
knob of the voltmeter to progres-

battery cable or connect
the ammeter in series
with the negative battery
cable. Also, connect a
voltmeter across the bat-
tery terminals.

With the test connec-
tions made and all elec-
trical loads off, crank
the engine over with the
starter. Starter current

draw when cranking the
engine over should be
around 150 amps for a
4-cylinder engine, 200
amps for a 6-cylinder
and 250 amps for a V8,
however, some perma-
nent magnet type and

1. S-TERMINAL

2. REMOTE STARTER SWITCH
3. BATTERY

4. DIGITAL MULTIMETER

5. B-TERMINAL

6. M-TERMINAL

Performing a starter voltage drop test.
(Courtesy: Ford Motor Co.)
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sively lo‘ er scales until a reading
can be seen. Be sure to remove the
red voltmeter lead from the battery
post before you release the starter
engagement, or you could damage
the meter.

If the voltage drop exceeds 0.5V
for the entire starter circuit, repeat
the test, moving the black lead to-
ward the battery one connection
at a time. When you get past the
bad one, the voltage drop reading
will sharply decline. Once the high
resistance connection is identified,
clean the‘connecrion or replace the
part causing the problem. Refer to
the proper service manual for the
manufacturer’s maximum accept-
able voltage drop specifications.

Starter G{ound And Connection

To check the starter ground cir-
cuit, first place the black lead of
the voltmeter on the negative bat-
tery post. Now, using the same
techniquj you used on the supply
voltage circuit, crank the starter
and place the red lead on the
starter housing. Read the voltage
drop. If you find a high resistance
at the starter mounting, the pres-
ence of et]gine—to—starter shims, or
an engine-to-battery ground cable
that produces more than the volt-
age drop recommended by the
manufacturer, check carefully for a
poor connection or even corrosion.

Locate the problem by moving
the red lead closer to the battery
post in steps. Repeat the voltage
test each Fime. Don't forget to re-
move the red lead before you stop
cranking the engine!

Now check the control circuit.
Locate the starter relay or solenoid
and place the black voltmeter lead
on the relay control voltage ter-
minal. Crank the engine over and
place the red lead to the positive
battery terminal to check the volt-
age drop. This checks the circuit
through the ignition switch, neutral
safety switch and wiring harness.

of problems, such as

1. DIGITAL MULTIMETER

2. BATTERY

3. S-TERMINAL

4, M-TERMINAL

5. B-TERMINAL

6. REMOTE STARTER SWITCH

a no start condition,
hard starting, miss-
ing, lack of power,
rough idle, high emis-
sions, and poor fuel
economy. Inspect the
distributor cap for
cracks, wear or other
damage. Check the
spark plug wire and
coil wire terminals
for corrosion. Check
the locating tab and
hold-downs to make
sure the cap is secured
properly to the dis-

Testing the starter ground circuit.
(Courtesy: Ford Motor Co.)

Remember to check the relay
ground. Quite often, relays are
mounted on non-metallic inner
fender panels and require a good
ground to the metal vehicle body.

IGNITION SYSTEM

Perform a visual inspection of
the ignition wiring and compo-
nents. Make sure the spark plug
wires are securely connected to the
spark plugs, distributor cap and/or
coil(s). Inspect the wires and wire
boots for wear and cracking and
replace as necessary. Check that
the firing order is correct on DI
(Distributor Ignition) systems and
make sure that wires from consecu-
tively firing cylinders cross rather
than run parallel, to prevent cross-
firing. Check the coil(s) for cracks,
damage and evidence of oil leakage.

Check the primary circuit wir-
ing for damage, corrosion and poor
connections, which can cause volt-
age drops. If there is an intermit-
tent problem, you may have to
wiggle or gently tug on the wiring,
including the connection at the ig-
nition switch, with the engine run-
ning to find the cause.

Damaged or worn out distributor
caps and rotors can cause a variety

tributor.

Remove the distrib-
utor cap and check
the rotor contact ter-
minals for wear, corrosion or other
damage. Look for cracks or evi-
dence of carbon tracking. A carbon
track is a small line of carbon that
conducts electricity. A carbon track
can cause coil voltage to short to
ground or to the wrong plug wire,
causing a misfire or causing a plug
to fire at the wrong time.

Inspect the rotor for cracks, car-
bon tracks and erosion or other
damage to the rotor tip and spring
arm contact. Check the rotor locat-
ing tab and hold-downs to make
sure the rotor is properly positioned
on the distributor shaft. Remove
the rotor and look for discoloration
in the center at the top and bot-
tom. Such discoloration is evidence
of ‘rotor burn through’; indicating
the high voltage from the coil has
burned through the rotor and is
grounding on the distributor shaft.

With the cap and rotor removed,
inspect the condition of the trig-
gering mechanism and wiring.
The triggering mechanism com-
ponents seldom require service, al-
though the pickup air gap can be
adjusted on some early systems.
A nonmagnetic feeler gauge must
be used when checking the gap
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uare
iﬂgnmam
Locator

Check spark plugs for
g;a‘;t!?r appearance and spark
plug gap. The spark
plug electrodes should
be squared off and the
insulator should be a
light tan. Check spark
plug gap using a wire
gauge and bend the side
electrode to adjust to
specification. A gap that
is too tight will cause a
lower firing voltage re-
sulting in incomplete
combustion. If the gap
is too wide, the coil may
not generate enough

Typical location for crack or carbon track in a

distributor cap.
(Courtesy: Ford Motor Co.)

between the pickup and the tips of
the reluctor wheel. Try to move the
distributor shaft from side-to-side
to check the condition of the dis-
tributor bushings before perform-
ing this adjustment. Excessive play
could change the pickup gap and
cause a misfire.

Problems with spark plug wires
and spark plugs are most easily seen
on an engine analyzer or oscillo-
scope. Wires with excessively high
resistance will be indicated by an
abnormally high firing line on a
scope pattern. The resistance of
suspect wires can be checked using
an ohmmeter.

Checking spark plug gap.

voltage to bridge the gap
for the required time.

Ignition Timing

Ignition timing is a measure-
ment, in degrees of crankshaft ro-
tation, of the point at which the
spark plug fires in relation to when
the piston reaches TDC on the
compression stroke. Initial or basic
timing is usually set for the spark
plug to fire just before the piston
reaches TDC, when the engine is
at idle. However, as engine speed
increases, the spark plugs must fire
earlier to allow complete combus-
tion, requiring a mechanism to
advance spark timing.

On engines with distributor-
less ignition systems, basic igni-
tion timing and timing advance
are controlled by the PCM and are
not adjustable. Modern distribu-
tor ignition systems allow adjust-
ment of initial timing after discon-
necting a timing control circuit, to
keep the PCM from advancing the
timing during timing adjustment.
Spark advance on these systems is
controlled by the PCM.

On older distributor ignition
systems, spark advance is con-
trolled by a mechanical advance
mechanism using centrifugal
weights inside the distributor and

by a vacuum advance unit. Initial
timing can be adjusted on these
systems after the vacuum hose is
disconnected from the advance
unit and plugged.

To adjust initial timing, con-
nect a timing light and tachom-
eter to the engine. Disconnect the
vacuum hose or electrical connec-
tor, as required, to prevent spark
advance. Run the engine at the
specified rpm and aim the timing
light at the timing marks on the
crankshaft pulley or flywheel. If
adjustment is required, loosen the
distributor hold-down and turn
the distributor housing until the
timing marks align. Tighten the
hold-down and recheck timing.

To check mechanical timing ad-
vance, accelerate the engine, check
the advance using a timing light
and compare to specifications. If
spark advance is not within specifi-
cation, inspect the mechanical ad-
vance mechanism for binding and
clean and lubricate as necessary.

The vacuum advance unit can be
checked using a timing light and a
vacuum pump. Check the timing
advance while applying vacuum to
the advance unit with the pump.
The advance unit should be rated
at certain amounts of advance at
specific vacuum increments. If the
vacuum advance unit is not within
specifications, it may require ad-
justment or replacement.

Training for Certification
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Ditto.

When OE plastic shift interlock levers TechSmart®

break, their cars get stuck in “park.” Shift Interlock Levers
TechSmart’s Shift Interlock Lever is « Machined out of billet aluminum
machined out of billet aluminum and and anodized for long-lasting
anodized for long-lasting strength strength, durability and smooth

hifti ti
and durability. So when the going gets P et

* No need to replace the entire
tough, you can count on our parts to

' shifter assembly when only the
keep going. original lever fails

The Evolution of Parts

Armadillos are mammals with a leathery
armor shell. The word armadillo means
“little armored one” in Spanish.
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Prepare yourself for ASE testing with these questions on
ENGINE REPAIR

NOTE: The following questions are written in the
ASE style. They are similar to the kinds of ques-
tions that you will see on the ASE test, however
none of these questions will actually appear on
the test.

1. Technician A says that Part ‘X’ shown above is
used to rotate the valve spring. Technician B says that
Part ‘X' is used to correct installed spring height. Who
is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

2. A compression test shows that one cylinder is too
low. A leakage test on that cylinder shows that there
is excessive leakage. During the test, air could be
heard coming from the tailpipe. Which of the following
could be the cause?

A. broken piston rings

B. bad head gasket

C. bad exhaust gasket

D. an exhaust valve not seating

3. Technician A says that main bearing oil clearance
can be checked with Plastigage™. Technician B says
that main bearing oil clearance can be checked with a
dial bore gauge. Wha is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

4. Which of the following is NOT a method of correct-
ing excessive valve stem-to-guide clearance?

A. knurling the valve stem

B. knurling the guide

C.reaming for oversize

D. guide replacement

5. To raise the seat contact on the valve face shown
above, which combination of stones should be used?
A. 45 degree and 60 degree stones
B. 30 degree and 45 degree stones
C. 15 degree and 30 degree stones
D. 30 degree and 60 degree stones

6. A vacuum gauge is connected to the intake mani-
fold of an engine running at idle. The pointer on the
gauge fluctuates rapidly but steadies as the engine
speed is increased. The test results indicate:

A. a leaking intake manifold gasket

B. worn valve guides

C. late ignition timing

D. a weak valve spring

Training for Certification
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Prepare yourself for ASE testing with these questions on
ENGINE REPAIR

7. A techn!ician takes a compression reading on a
4—cylinde" engine, and gets readings of 140, 135, 135
and 40 psi. Then he performs a wet compression
test, and}he readings are almost the same as those
in the first test. Technician A says that a burned valve
could caJse these readings. Technician B says that a
broken piz‘ston ring could cause these readings. Who
is right?

A. Teci'rnician A only

B. Technician B only

C.Both Aand B

D. Neither A or B

8. Technician A says that retarded valve timing can
cause hig(L cylinder compression readings. Techni-
cian B says that a lean air/fuel mixture can cause a
high intake manifold vacuum reading. Who is right?

A. Technician A only

B. Technician B only

C.Both Aand B

D. Neither A or B

9. An engine is being rebuilt and the crankshaft con-
necting rod journals have been ground undersize.
Specifications show that the original connecting rod
journal size was 2.1228-in. — 2.1236-in. If the journals
now measure 2.1032-in., what size bearings should be
used?

A. 0.001-in. undersize

B. 0.010-in. undersize

C. 0.020-in. undersize

D. 0.030-in. undersize

10. Camshaft lift is defined as:
A. the distance the valves are open
B. the height of the lobes on the camshaft
C. the time the valves stay closed
D. the time the valves stay open

11. Technician A says that a burned valve could be
the result of too little valve lash. Technician B says
excessive valve lash could cause very fast camshaft
wear. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither Aor B

12. Technician A says that engine cylinders wear most
at the top of the ring travel. Technician B says that the
difference in cylinder bore measurements taken par-
allel and perpendicular to the crankshaft will indicate
cylinder bore taper. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither Aor B

13. A tapping noise can be heard coming from the
upper part of an engine running at idle. Which of the
following could be the cause?

A. valve clearance out of adjustment

B. worn rocker arm shaft

C. loose exhaust manifold

D. all of the above

14. An engine’s upper and lower center main bear-
ings show more wear than the ones toward either end
of the crankshaft. Technician A says this wear pattern
could be due to a bent crankshaft and replacing it
with one that is straight will fix the problem. Techni-
cian B says that the cylinder block main bearing
bores are misaligned and the problem can be fixed by
align boring or honing the block. Who is right?

A. Technician A only

B. Technician B only

C. BothAand B

D. Neither Aor B

A1 - Engine Repair
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Prepare yourself for ASE testing with these questions on
ENGINE REPAIR

15. Blue-gray smoke comes from the exhaust of a
vehicle during deceleration. Of the following, which is
the LEAST likely cause?

A.worn valve guides

B. broken valve seals

C. worn piston rings

D. clogged oil return passages

Engine Firing Order:
1-8-4-3-6-5-7-2

16. During a cylinder power balance test on the en-
gine shown above, cylinder No. 5 and cylinder No.
7 were both found to be weak. Technician A says a
blown head gasket could be the cause. Technician B
says an ignition problem could be the cause. Who is
right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither Aor B

17. When a cylinder head is disassembled, the stem
height on one valve is found to be too high. Which of
the following can correct this?

A. regrind the valve

B. regrind the valve seat

C. install a new valve seat

D. install a shim

18. All of the following methods can be used to find
cracks in aluminum heads EXCEPT:

A. pressure test

B. magnetic particle detection

C. visual inspection

D. dye penetrant

19. Technician A says that before installing an oil
pump, it should be primed with clean engine oil.
Technician B says that before installing an oil pump,
the position of the pickup screen should be checked
to make sure it fits closely to the bottom of the oil
pan. Who is right?

A. Technician A only

B. Technician B only

C. BothAand B

D. Neither A or B

20. Crankshaft journals should be measured for:
A. diameter
B. out-of-round
C. taper
D. all of the above

21. All of the following can cause low oil pressure EX-
CEPT:

A. diluted engine oil

B. worn pistons

C. excessive bearing clearance

D. clogged oil pump pickup

22. While conducting a cylinder leakage test, bubbles
are seen in the coolant in the radiator. Technician A
says a failed exhaust valve is the cause. Technician B
says a failed intake valve is the cause. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

23. Technician A says that umbrella valve seals are in-
stalled in their operating position during cylinder head
assembly. Technician B says that positive valve seals
are positioned by the valve. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

Training for Certification
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ENGINE REPAIR

24. Technician A says that excessive grinding of valve
faces and seats allows the valve tips to move too far
away from their spring seats. Technician B says grind-
ing the stem tips helps to correct minor changes in
valve spring installed height. Who is right?

A. Technician A only

B. TeciLnician B only

C. Both Aand B

D. Neither A or B

25. Technician A says that excessive cylinder head
or block deck resurfacing on a pushrod engine can
change the geometry between the valve stem tip and
rocker arm. Technician B says that excessive grind-
ing of the valve face and seat changes the geometry
between the valve stem tip and rocker arm. Who is
right?

A. Technician A only

B. Technician B only

C.Both Aand B

D. Neither A or B

A

X

26. Technician A says that Plastigage™ is used to
measure the clearance between the crankshaft and
‘X’ and ‘Y’ on the bearing shown above. Technician B
says that a dial indicator is used to measure the clear-
ance. Who is right?

A. Technician A only

B. Technician B only

C.Both Aand B

D. Neither A or B

27. Technician A says that piston rings installed up-
side down will cause increased oil consumption.
Technician B says rings installed upside down will
cause piston ring land damage. Who is right?

A. Technician A only

B. Technician B only

C. Both A and B

D. Neither A or B

nﬁm*n

28. The diameter of the piston above is measured
from point:

Ao A

“Bio"Bi

0 o e

. ‘D' to ‘D’

o w>

29. Of the following spring measurements, which
would NOT require spring replacement if the mea-
surement is not within specification?

A. installed height

B. pressure

C. free height

D. squareness

30. Technician A says that a flat-tappet hydraulic lifter
rotates during operation. Technician B says the face
of the lifter should be convex. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B
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ENGINE REPAIR

31. Technician A says that valve lash should be ad-
justed with the piston in the cylinder being adjusted
at TDC on the compression stroke. Technician B says
that hydraulic lifters should be adjusted to zero lash.
Who is right?

A. Technician A only

B. Technician B only

C. BothAand B

D. Neither A or B

32. Technician A says that the thermostat controls
maximum engine temperature. Technician B says if
the engine continuously runs hot, install a cooler ther-
mostat. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

33. Technician A says if the camshaft bores are more
than 0.0015-in. (0.0381mm) out-of-round, they should
be align bored or align honed. Technician B says that
the block needs to be align bored or honed if bore
alignment is not within 0.0015-in. (0.0381mm). Who is
right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither Aor B

34, Technician A says that cylinder head bolts should
always be loosened in the reverse order of the torque
sequence. Technician B says that torque-to-yield
head bolts cannot be reused. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

35. Technician A is rebuilding an engine with a tim-
ing chain. Technician B is rebuilding an engine with a
timing belt. Technician A says that the timing chain is
stretched and must be replaced, however, the timing
sprockets appear to be in good shape so they can be
reused. Technician B says he is replacing the timing
belt and that this requires him to also replace the tim-
ing sprockets. Who is right?

A. Technician A only

B. Technician B only

C.Both Aand B

D. Neither A or B

36. All of the following are ways to clean an aluminum
engine EXCEPT:

A. cold solvent tank

B. carburetor cleaner

C. hot caustic tank

D. pyrolytic oven

37. All of the following are methods of repairing a
cracked block EXCEPT:

A. pinning

B. magnafluxing

C. gluing

D. welding

38. In order to perform a proper compression test, all
of the following conditions should be met EXCEPT:
A. the throttle blades should be held wide open
B. the battery should be fully charged
C. the engine should be at operating temperature
D. only the spark plug for the cylinder to be tested
should be removed

39. A single rod bearing shows excessive wear, but
the rest show normal wear. Technician A says this
could be due to an out-of-round connecting rod bore.
Technician B says that this could be due to an ob-
struction in the crankshaft oil passage(s) that supplies
the bearing. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B
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40. All of &he following could cause an engine to ping
or detonate EXCEPT:

A. a faulty EGR valve

B. retarded ignition timing

C. excessive machining of the cylinder head

D. using fuel with too low of an octane rating
|

41. Technician A says that a twisted connecting rod
would cause a slanted wear pattern on the side of a
piston. Technician B says that a bent connecting rod
would cause the rod bearing inserts to have more
wear on ane side. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither Aor B

42. TechnFcian A says that a defective harmonic bal-
ancer can cause inaccurate ignition timing readings.
Technician B says that a defective harmonic balancer
can cause a broken crankshaft. Who is right?

A. Technician A only

B. Technician B only

C.Both Aand B

D. Neiﬂher AorB

43. Technician A says the flywheel on an externally
balanced engine can only be installed in one position
on the crankshaft flange. Technician B says that fly-
wheel runput should be checked with a straightedge
and feeler gauge. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither Aor B

44. Al of the following could cause an engine to over-
heat EXCEPT:

A. defective fan clutch

B. clogged cooling system

C. broken fan shroud

D. stuck open thermostat

45. All of the following can cause an engine oil leak
EXCEPT:

A. cracked valve cover gasket

B. stuck open PCV valve

C. worn rear main seal

D. worn piston rings

46. Technician A says that the engine should be ac-
celerated when checking vacuum advance. Techni-
cian B says that the engine should be accelerated
when checking centrifugal advance. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

47. Technician A says that if the ring ridge at the top
of the cylinder is not removed, damage to the new
piston and rings can result. Technician B says when
the block will be bored for oversize pistons, removing
the ridge is not necessary. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

48. All of the following could cause reduced perfor-
mance from a turbocharged engine EXCEPT:

A. dirty air filter

B. restricted exhaust system

C. worn turbocharger bearings

D. stuck closed wastegate

49. All of the following statements about batteries are
true EXCEPT:
A. a fully charged battery should have a specific
gravity of 1.260
B. if the open circuit voltage is less than 12.4 volts,
charge the battery at a slow rate
C. a battery is load tested to one-third its CCA
(Cold Cranking Amps) rating for 15 seconds
D. at the end of a load test, battery voltage must be
9.6 volts or more.
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50. Technician A says that a deep gouge in a cylinder
bore can be repaired by installing a sleeve. Technician
B says a crack in a cylinder bore requires that the
block be replaced. Who is right?

A. Technician A only

B. Technician B only

C.Both Aand B

D. Neither A or B

51. When a cylinder head with an overhead camshaft
is discovered to be warped, which of the following is
the MOST correct repair option?
A. replace the head
B. check for cracks, straighten the head, resurface
the head
C. resurface the head, then straighten it
D. straighten the head, resurface the head, check
for cracks

52. Technician A says that crankshaft connecting rod
journals typically experience the most wear at BDC
(Bottom Dead Center). Technician B says that bearing
journal diameter should be measured at the center
and at both ends. Who is right?

A. Technician A only

B. Technician B only

C. BothAand B

D. Neither A or B

53. All of the following can result from resurfacing a
cylinder block EXCEPT:
A. change in the camshaft timing on an overhead
camshaft engine
B. change in the alignment between the cylinder
heads and intake manifold on a V8 engine
C. decreased compression
D. change in the valvetrain geometry on a pushrod
engine

54. Technician A says if only the upper front main
bearing is worn, a belt adjusted too tight is indicated.
Technician B says when an engine with a knock is
disassembled, the connecting rod bearing(s) closest
to the oil pump will show the most wear. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

55. A timing cover is being installed using a syn-
thetic rubber gasket. Technician A says that a I/8-in.
(3.175mm) to 3/16-in. (4.762mm) wide bead of sealer
should be applied along the length of the cover flange
and block surface. Technician B says the gasket must
be installed against a perfectly clean and dry surface.
Who is right?

A. Technician A only

B. Technician B only

C. BothAand B

D. Neither A or B

56. Technician A says that when replacing a thermo-
stat, the heat sensing element should face the block.
Technician B says that when checking a fan clutch,
the fan should rotate easily. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

57. When cleaning a cylinder block for final assembly,
which of the following should be used?

A. carburetor cleaner

B. kerosene or cutting lubricant

C. hot, soapy water and a bristle brush

D. petroleum solvent

58. Technician A says that a cylinder should be bored
to within 0.001-in. (0.025mm) of final size. Technician
B says that a plateau finish on the cylinder bore will
help seat the piston rings. Who is right?

A. Technician A only

B. Technician B only

C.Both Aand B

D. Neither A or B
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Prepare yourself for ASE testing with these questions on
ENGINE REPAIR

59. Technician A says the retainer clips on pistons
with floating pins should be reused if they are not
damaged, Technician B says that after a full floating
pin bushing is pressed into the rod, the piston and
rod is then reassembled. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

60. All of the following statements about piston rings
are true Eb(CEPT:
A. Ring\ end gap must be measured prior to instal-

lation.

B. Rin?} must be installed facing the correct verti-

cal direction.

C. Rinng are installed on the piston using a ring
compressor.

D. Ring end gaps must be staggered around the
pistan.

61. A manifold vacuum test is performed on an en-
gine in a shop that is located approximately 4000 ft.
(1.2km) above sea level. With the engine at normal op-
erating temperature, the gauge reads a steady 15 in.
Hg at idle, Which of the following is indicated by this
vacuum reading?

A. late ignition timing

B. low compression

C. vacuum leak

D. normal operation

62. An engine has a light metallic knocking noise dur-
ing light engine loads. However, when the cylinder
with the npise is disabled during a cylinder power bal-
ance test, the sound diminishes. Technician A says
that the noise is caused by excessive connecting rod
bearing clearance. Technician B says that the noise is
caused by excessive piston-to-wall clearance. Who is
right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

63. All of the following are statements describing nor-
mal mechanical fan clutch operation EXCEPT:
A. A fan clutch has viscous drag regardless of tem-
perature.
B. A fan clutch varies fan speed according to en-
gine temperature.
C. A fan clutch stops the fan from spinning within
two seconds after turning off a hot engine.
D. A fan clutch varies fan speed according to en-
gine speed.

64. Which of the following methods can be used to
find a cylinder with an internal coolant leak?

A. Draw vapors from the radiator into a vial con-
taining a special chemical and look for a color
change.

B. Hold an exhaust analyzer probe over the radia-
tor neck and check for the presence of exhaust
gases.

C. Perform a leakdown test and look for the pres-
ence of bubbles in the radiator coolant.

D. all of the above

65. Technician A says that a vacuum gauge and
pressure gauge can both be used to determine if an
exhaust system is restricted. Technician B says the
cause of an exhaust system restriction could be a
dent in an exhaust pipe, a collapsed exhaust pipe or a
clogged catalytic converter. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

66. While the engine is running, a technician pulls
the PCV valve out of the valve opening and places
his finger over the valve. No vacuum is felt. Techni-
cian A says that the PCV valve could be stuck closed.
Technician B says that the hose between the intake
manifold and the PCV valve could be plugged. Who is
right?

A. Technician A only

B. Technician B only

C.Both Aand B

D. Neither A or B
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Prepare yourself for ASE testing with these questions on
ENGINE REPAIR

67. Technician A says that the specific gravity of the
battery electrolyte should be checked after adding
water to bring all cells to the proper level. Technician
B says that specific gravity should be checked right
after the battery is charged. Who is right?

A. Technician A only

B. Technician B only

C. BothAand B

D. Neither A or B

68. All of the following are true statements regarding a
starter current draw test EXCEPT:

A. As a general rule, current draw on a V8 should
be higher than on a 4-cylinder engine.

B. Battery voltage should remain above 9.6V during
the test.

C. Higher than normal current draw readings can
be caused by excessive resistance in the starter
circuit.

D. Higher than normal current draw readings can
be caused by engine mechanical problems.

69, Technician A says that threaded oil gallery plugs
can be removed by first heating them with a torch and
then quenching with wax. Technician B says that if a
tap-in oil gallery plug comes out, oil pressure will be
lost and there will be oil all over the outside of the en-
gine. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

70. After reassembling a hydraulic lifter, Technician A
says that it should be tested with a leakdown tester.
Technician B says that the leakdown rate is how far
the lifter plunger moves within a set time period. Who
is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

71. Two technicians are inspecting an exhaust sys-
tem. When he taps on the muffler with a mallet, Tech-
nician A hears noise coming from inside the muffler
and says that it is most likely rotting out from the in-
side. Technician B says that this type of failure is due
to chemical damage. Who is right?

A. Technician A only

B. Technician B only

C. BothAand B

D. Neither Aor B

72. A technician has just flushed a cooling system.
Which of the following statements should he adhere
to when refilling the system?
A. Make sure the fresh antifreeze is the same color
as that which was drained.
B. Use a 50/50 mixture of water and antifreeze.
C. Bleed air from the system only if the vehicle has
a bleeder valve.
D. none of the above

73. Technician A says that the finish left on a cylinder
head by a resurfacing machine must be appropriate
for the head gasket that will be used. Technician B
says that the finish can be checked with a metal card
that has sample patches of various surface textures.
Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither Aor B
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ENGINE REPAIR

74, The exhaust valve clearance specification for a
4-cyl. OHC engine is 0.25-0.30mm. The actual mea-
sured clearance is 0.37mm. If the valve shim shown
above measures 2.4mm, which of the following shims
should be selected to bring the clearance within
Specificati‘ons?

A. 2.45mm

B. 2.5mm

C. 2.55mm

D. 2.6mm

75. A vacuum gauge is connected to the intake mani-
fold of an engine and the engine is run at 2000 rpm.
During the test, the pointer on the gauge fluctuates
rapidly beiween readings of 10 and 22 inches of vac-
uum. These test results point to:

A a IeagLing intake manifold gasket

B. worn piston rings

C. worn valve guides

D. a weak or broken valve spring

76. A cylinder head is being disassembled. Technician
A says that if a core plug appears OK, then it should
be left in place. Technician B says that all studs
should be removed. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither Aor B

77. A vehicle with a manual transmission has a deep
knocking sound coming from the engine. The knock-
ing sound diminishes when the clutch pedal is de-
pressed. Technician A says the cause of the sound is
excessive main bearing clearance. Technician B says
that the cause is excessive crankshaft end-play. Who
is right?

A. Technician A only

B. Technician B only

C.BothAand B

D. Neither A or B

78. With the tester shown above adjusted to 1.6-in., a
technician checked the valve springs from a 4-cylin-
der engine with the following results:

1. 78 Ibs. 2.76 |bs.
3. 75 lbs. 4,77 lbs.
5. 70 Ibs. 6. 73 lbs.
7. 76 Ibs. 8. 76 lbs.

If the valve closed specification for new springs is 80
Ibs. @ 1.6-in., which of the following should the tech-
nician do?

A. Replace springs 5 and 6.

B. Replace spring 5.

C. Replace all of the springs.

D. not replace any springs

79. Technician A says that a piston must be replaced if
the diameter is smaller than specification. Technician
B says that a piston must be replaced if the wrist pin
clearance is greater than specification. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B
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Prepare yourself for ASE testing with these questions on
ENGINE REPAIR

80. Technician A says that threads and the underside
of the hex head on a bolt must be clean to obtain cor-
rect torque. Technician B says that clamping force
measured when reading a torque wrench will be
changed when using thread lubricants. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither Aor B
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Answers to Study-Guide Test Questions

1. The correct answer is B. The part shown is a sim-
ple, flat shim that is placed under the valve spring to
adjust its installed height to specification, in response
to a change in valve height caused by valve and seat
machining.

2. The correct answer is D. If an exhaust valve is not
seating, air will leak from the combustion chamber by
way of the valve out to the tailpipe and make an au-
dible sound. Broken rings or a bad head gasket would
have air leaking through the oil filler or cooling system.

3. The correct answer is C, both technicians are
right. Either method can be used to check main bear-
ing oil clearance.

4. The correct answer is A. The valve stem is hard-
ened and cannot be knurled.

5. The correct answer is A, When the seat contact area
is too low on the valve face, 45 degree and 60 degree
stones should be used to raise the seart.

6. The correct answer is B, Worn valve guides would
cause the gauge needle to fluctuate rapidly at idle but
steady as the engine speed is increased. A leaking intake
manifold gasket or late ignition timing would cause a
steady low reading. A weak valve spring would cause
the gauge needle to fluctuate as engine speed increased.

7. The correct answer is A. Only technician A is cor-
rect. A burned valve will not allow the cylinder to
build compression, and the results from wet and dry
compression tests will be the same. If piston rings (or
worn cylinder walls) were at fault, compression read-
ings from a wet test would exceed dry test results.

8. The correct answer is D, neither technician is
right. Technician A is wrong because retarded valve
timing will cause the valves to open and close at the
wrong time, thereby reducing compression and mani-
fold vacuum readings. Retarded valve timing can be
caused by a loose timing belt or chain jumping one
or more teeth. Technician B is wrong because a low
but steady manifold vacuum reading may be caused
by a lean air/fuel mixture. Air leaks or vacuum leaks

can cause a lean condition and are common causes of
rough idle, hesitation, stalling and hard starting. If the
mixture is artificially enriched by injecting propane
into the induction system, an engine running lean
should speed up and the vacuum reading should rise.

9. The correct answer is C. Adding 0.020 to 2.1032
is 2.1232, which is right in the middle of the standard
specifications, so 0.020-in. undersize bearings should

be used.

10. The correct answer is B. The distance the valves
are opened is defined as valve lift. The time the valves
stay open is usually referred to as duration.

11. The correct answer is C, both technicians are
right. A clearance ramp cushions the take up of clear-
ance between the rocker arm or cam follower. Excessive
lash causes the cam lobe to be contacted after the clear-
ance ramp has passed. Too little valve lash results in not
enough time for heat to be carried from the valve into
the seat and its coolant jacket.

12. The correct answer is A. Technician A is correct
because most wear to the engine cylinder is at the
top where ring loading is the greatest. Technician B is
wrong because the difference in bore measurements
taken at points parallel and perpendicular to the crank-
shaft will indicate cylinder bore out-of-roundness.

13. The correct answer is D. Tapping noises are most
often caused by loose valvetrain clearances or worn
components. However, a tapping sound that may
sound like a valvetrain noise can actually be caused by
an exhaust leak at the exhaust manifold/cylinder head

juncture.

14. The correct answer is A. A bent crankshaft could
cause more wear on both bearings in the center of a
block; straightening or replacing the crankshaft would
be the correct repair. A warped block would cause wear
on either the upper or the lower bearing, depending on
how the block was warped.
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15. The correct answer is C. Worn piston rings will
usually make an engine smoke worse under accelera-
tion. All of the other causes can allow oil to be drawn
through the valve guides under the high intake vacuum
that occurs during deceleration.

16. The correct answer is C, both technicians are
right. Technician A is correct because the cylinders
are adjacent to one another, and a blown head gasket
between the two cylinders could be causing low com-
pression in both cylinders. Technician B is also correct.
Since both cylinders are also consecutive cylinders in
the firing order, they may share an ignition problem
such as crossed spark plug wires or a carbon track or
crack between their terminals inside the distributor
cap.

[
17. The correct answer is C. Installing a new valve
seat will position the valve lower in the head and re-
duce stem height. A and B are incorrect because grind-
ing the valve or seat will place the valve higher in the
head and increase the stem height. D is also wrong;
shims are used to correct valve spring installed height.

18. The correct answer is B. Magnetic particle detec-
tion can only be used on ferrous (iron and steel) parts.
|

19. The correct answer is C, both technicians are
right. The oil pump should be filled with oil dur-
ing engine reassembly to prevent it from cavitating
or sucking air during engine start-up. To prevent the
pickup from sucking air and subsequent oil starvation
and engine damage, make sure the pickup screen is po-
sitioned close to the bottom of the oil pan to ensure it
is always s!ubmergcd in oil.

20. The correct answer is D. The crankshaft main and
rod journals should be inspected and measured for di-
ameter, out-of-round and taper wear.

21. The correct answer is B. Worn pistons can cause
noise and accelerate ring and bore wear, but would not
cause low oil pressure. Diluted oil, excessive bearing
clearance and a clogged pump pickup can all cause low
oil pressure.

22. The correct answer is D, neither technician
is right. If a failed exhaust valve was the cause, air
would be heard from the exhaust pipe. If the intake
valve failed, air would be heard from the carburetor or
throttle valve assembly. If bubbles are seen in the radia-
tor coolant, the cause could be a leaking cylinder head
gasket or a cracked head or block.

23. The correct answer is D, neither technician is
right. Umbrella seals are installed by pushing the seal
down on the valve stem until it touches the valve guide
boss. It will be positioned correctly the first time the
valve opens. Positive seals are tapped into place on the
guide boss during assembly using a special installation
tool and a small mallet.

24. The correct answer is A. The stem tip height in-
creases with valve or seat grinding. Grinding stem tips
can change the stem tip height, but will have no effect
on the valve spring installed height. That measure-
ment is controlled by the height of the keeper grooves
above the spring seat of the head. Valve spring installed
height is corrected by installing shim(s) between the
valve spring and cylinder head.

25, The correct answer is C, both technicians are
right. Both will affect valvetrain geometry.

26. The correct answer is B, ‘X’ and ‘Y’ are the thrust
surfaces of the crankshaft thrust bearing. The clearance
between the thrust bearing and crankshaft is called
crankshaft end-play and is measured using a dial indi-
cator by pushing the crank fore-and-aft as far as it will
go. Crankshaft end-play can also be measured using a
feeler gauge.

27. The correct answer is A. Piston rings are designed
with a slight taper on the ring face to scrape the oil
off the cylinder wall. When installed upside down,
rather than scraping oil down and off the walls, they
scrape oil up into the combustion chamber where it is
burned, causing increased oil consumption. Installing
the rings upside down does not change the ring land
clearance, so the ring lands will not be affected.
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28. The correct answer is C. Manufacturer’s specify
that piston diameter be measured at a fixed distance
below the ring lands, perpendicular to the piston pin.
The manufacturer’s specifications should always be
consulted for specific measuring location.

29. The correct answer is A. If not within specifica-
tion, spring installed height can be corrected by in-
stalling shim(s) between the valve spring and cylinder
head. If spring free height, squareness or pressure is not
within specification, the spring must be replaced.

30. The correct answer is C, both technicians are
right. A flat-tappet lifter face is convex, the cam lobe
is slightly tapered (about 0.0005 — 0.0007-in.) and
the lifter bore is offset to make the lifter rotate during
operation. This rotation is essential because it spreads
wear over a greater surface area. If the lifter fails to
spin, it will destroy itself and its cam lobe.

31. The correct answer is A. To adjust valve lash for
one cylinder’s cam lobes, rotate the crankshaft so that
its piston is at TDC on the compression stroke. This
will position the intake and exhaust valve lifters or
OHC cam followers on the base circle of their respec-
tive cam lobes. Hydraulic lifters should be adjusted
until zero lash is reached, then turned an additional
number of turns (3/4 to 11/2 turns is typical). The
intent is to position the lifter plunger midway in its
travel in the lifter body.

32. The correct answer is D, neither technician is
right. The thermostat’s function is to allow the engine
to come to operating temperature quickly and then
maintain a minimum operating temperature. The
PCM bases fuel mixture, ignition timing, EGR op-
eration and other functions in part on input regarding
coolant temperature. Only the correct heat range ther-
mostat should be installed. If the thermostat is good
and the engine runs hot, another problem exists.

33. The correct answer is C. Both technicians are
right.

34, The correct answer is B. Some engines use torque-
to-yield head bolts. These bolts are purposely over-
stretched when tightened and are not reused. Head

bolts should be removed in the sequence specified by
the manufacturer, which may not be the reverse order
of the torque sequence. If a removal sequence is not
given, then remove the bolts in the reverse order of the
torque sequence.

35. The correct answer is D, neither technician is
right. A new timing chain should always be installed
on new sprockets. Unless they are damaged, it is usu-
ally not necessary to replace the sprockets when replac-
ing a timing belt.

36. The correct answer is C. Caustic will damage alu-
minum.

37. The correct answer is B. Magnafluxing is used to
detect cracks, not repair them.

38. The correct answer is D. All of the spark plugs
should be removed so the engine will crank more easily.

39. The correct answer is C, both technicians are
right. One rod bearing showing wear that is different
than the rest could have an obstruction in the crank-
shaft oil passage(s) that supplies the bearing, or an out-
of-round rod bore.

40. The correct answer is B. Ignition timing that is
too far advanced would cause pinging or detonation,
but retarded ignition timing would not. Excessive cyl-
inder head resurfacing would raise compression and
could cause pinging or detonation. An inoperative
EGR valve would let combustion chamber tempera-
tures become too high and could cause pinging or
detonation. Fuel with too low an octane rating will
burn too quickly and can be ignited by hot spots in the
combustion chamber.

41, The correct answer is C. Both technicians are
right.

42, The correct answer is C, both technicians are
right. The outer ring on a defective harmonic balancer
can slip, causing inaccurate ignition timing readings. A
broken crankshaft can also result from an incorrect or
defective balancer.
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43. The correct answer is A. On externally balanced
engines, the flywheel must be correctly indexed when it
is mounted on the crankshaft to maintain engine bal-
ance (ma}xy flywheels have bolt holes that are unevenly
spaced so they can only go on one way). Make certain
that index marks are properly aligned when installing
the flywheel. Runout on the face of the flywheel is
checked with a dial indicator,
\

44. The correct answer is D. A thermostar that is
stuck open will not restrict coolant flow. A clogged
cooling system would restrict coolant flow and cause
engine o‘:{;rheatmg A defective fan clutch and broken

fan shroud would both reduce air flow through the ra-
diator and could cause engine overheating.

|

45. The correct answer is B. A cracked valve cover
gasket and worn rear main seal would allow oil to leak
past their damaged surfaces. Worn piston rings would
cause excessive crankcase pressure and push oil past
seals and‘gaskets that are in good condition. A stuck
open PCV would not cause excessive crankcase pres-
sure, but would cause a vacuum leak and cause the
engine to run rough at idle.

\
46. The d:orrect answer is B. The weights and springs
in a centr fhgal advance mechanism are calibrated to ad-
vance ignition timing as engine speed increases, there-
fore the engine must be accelerated when checking
centrifugal advance. Vacuum advance works only in re-
sponse to changes in vacuum applied to the unit, there-
fore changes in ignition timing can be seen with a tim-
ing light while applying vacuum with the engine at idle.

|

47. The correct answer is C, both technicians are
right. A new ring can contact the old rounded ring
ridge. This will push the bottom part of the ring
groove down, possibly affecting second ring clearance.
If the black is to be bored, removal of the ring ridge

will not be necessary.

48. The correct answer is D. A dirty air filter and re-
stricted exhaust would inhibit air flow through the tur-
bocharger and reduce performance. Worn turbocharger
shaft bearings could cause the rotating assembly to
bind or drag and reduce performance. A stuck open
wastegate would reduce performance. However, a stuck
closed wastegate would cause overboost.

49. The correct answer is C. During a load test, a bat-
tery should be loaded to one-half its CCA rating for 15

seconds.

50. The correct answer is A. A sleeve can be used to
repair a damaged or cracked cylinder bore.

51. The correct answer is B. It makes no sense to
perform repairs on a cylinder head that might not be
useable. The head should first be checked for warpage
and cracks. If the top of the head is warped enough to
interfere with cam bore alignment and/or restrict free
movement of the camshaft, the head must be straight-
ened before it is resurfaced.

52. The correct answer is B, Connecting rod journals
typically experience the most wear at TDC (Top Dead
Center). Because bearing journals can experience taper
wear, barrel wear or hourglass wear, they should be
measured at the center and at both ends.

53. The correct answer is C. Resurfacing the block
deck will decrease the deck height (the distance from
the top of the pistons at TDC to the top of the block)

and raise compression.

54. The correct answer is A. A tight belt will cause
wear to the front upper main bearing. When an oil
supply problem has resulted in a knock, the bearings
furthest from the oil pump suffer first.

55. The correct answer is B. Gasker sealer must not
be used on synthetic rubber gaskets. It acts like a lubri-
cant, causing the gasket to slip and leak.

56. The correct answer is A. When replacing a ther-
mostat, the heat sensing element should be installed
in the block or exposed to the hot water side. The fan
clutch should be replaced if there is no viscous drag
when the fan is rotated.

57. The correct answer is C. Cylinder walls are best
cleaned with hot water and a stiff bristle brush. Sol-
vents drive grit deeper into the pores of the cast iron
cylinder wall.
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58. The correct answer is B. When a cylinder is bored,
0.0025 - 0.003-in. (0.064mm-0.076mm) cylinder wall
material is left for finish honing to final size. This is
necessary to completely remove the rough finish left
by the boring tool. Following normal honing, some
manufacturers recommend a plateau finish in the bore.
Plateau honing levels off the peaks left in the bore sur-
face from honing. As a final polishing step it forms flat
plateau areas between the grooves or valleys of the cross-
hatch. A plateau surface retains oil and allows faster ring
seating, while reducing ring and cylinder wear.

59. The correct answer is D, neither technician is
right. On engines with full-floating wrist pins, the
retainer clips at the ends of the pin should always be
replaced with new ones. Full floating pin bushings that
are worn are replaced by pressing them in. Then they
are finish honed to provide the correct clearance.

60. The correct answer is C. Rings are installed on the
piston using a ring expander; they are installed in the
cylinder with the piston using a ring compressor.

61. The correct answer is D. If the shop was located
at sea level, any of the other answers might be indi-
cated by this vacuum reading. But remember, atmo-
spheric pressure changes with elevation and vacuum
readings must be adjusted accordingly. As an approxi-
mation for every 1000 ft. above sea level, remove one
inch of vacuum. If we correct for elevation, we can see
that this engine would produce 19 in. Hg vacuum at
idle at sea level, which is within the parameters for nor-
mal engine operation.

62, The correct answer is A. When you eliminate the
ignition or injection to a cylinder with a rod knock,
the sound diminishes. Unlike a connecting rod bearing
noise, piston slap does not quiet down and may in fact
grow louder when you eliminate ignition or fuel injec-
tion to that cylinder.

63. The correct answer is D. A properly operating
fan clutch will change the speed of the fan according
to engine temperature. When the engine is cold, the
fan clutch does not turn the fan very fast, even when
engine speed is increased. As the engine warms up,
the fan clutch increases the speed of the fan. If the fan
speed varies only according to engine speed, regardless
of temperature, then the fan clutch is probably seized
and should be replaced.

64. The correct answer is C. When performing a
leakdown test, if pumping air into a particular cylinder
produces bubbles in the radiator coolant, you know
that the leak is in that cylinder. The other methods can
be used to determine if the engine has an internal cool-

ant leak, but would not identify the leaking cylinder.

65. The correct answer is C, both technicians are
right. A vacuum gauge connected to the intake mani-
fold or a pressure gauge installed in the front oxygen
sensor hole can be used to check for a restricted ex-
haust system. A blockage in an exhaust system can be
caused by physical damage, such as a dent in a pipe,
a clogged muffler or catalytic converter, or a collapsed
exhaust pipe.

66. The correct answer is C, both technicians are
right. The valve should be removed from the hose and
shaken. If the valve rattles when shaken, it is not stuck
open or closed. The hose from the intake manifold to
the PCV valve is most likely plugged.

67. The correct answer is D, neither technician is
right. There are times when specific gravity readings
will be inaccurate. One is just after adding water to the
battery. After adding water, it is recommended to wait
at least one day, or until the vehicle has been operated
for a while, to check specific gravity. Another time is
during or just after charging. After charging, it is rec-
ommended to wait at least 15 minutes prior to check-
ing specific gravity.

68. The correct answer is C. Amperage that is too low
may be caused by starter circuit resistance. All of the
other answers are true statements regarding a starter
current draw test.

69. The correct answer is A. Technician B is wrong
because tap-in oil gallery plugs are usually used inside
the engine. If one came out, it would cause a loss of oil
pressure but the oil leak would be inside the engine.

Oil gallery plugs on the outside of the engine are most
often threaded.

70. The correct answer is A. Technician B is wrong
because the leakdown rate is the time it takes the
plunger to move a certain distance, not the distance
the plunger moves within a certain period of time.
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71. The correct answer is C, both technicians are
right. Exhaust systems can suffer chemical damage,
causing the components in the system to rot out from
the inside. When the engine is started from cold,
combustion gases mix with condensation that forms
when the hot exhaust contacts the colder exhaust
parts, forming acids that corrode the metal. This type
of failure is common on vehicles that are driven short
distances, since the exhaust system never gets warm
enough to evaporate the moisture. To determine chem-
ical damage, tap on the exhaust pipes and muffler
with a maller and listen for rattling or rust breaking
loose, which would indicate a problem inside the com-
ponent. An exception to this would be the cartalytic
converter. If a ratding sound is heard coming from a
catalytic converter when it is struck with a mallet, it
means that the ceramic substrate has come loose and is
disintegrating,
‘

72. The c‘forrect answer is D. Answer A is wrong be-

cause not all ethylene glycol coolant is the same and
different ethylene glycol based coolants come with dif-
ferent corrosion inhibitor packages. Color alone cannot
be used to determine the type of coolant that’s in the
system or} the container. For optimum system protec-
tion, use the type of coolant specified by the vehicle
manufactfprer. Answer B is wrong because, while a mix
of 50 pe?cent water/50 percent antifreeze is usually
the most effective mixture, some vehicle manufactur-
ers may specify otherwise. Answer C is wrong because
even if t% vehicle does not have a bleeder valve, the
system must still be bled to keep air from becoming
trapped in the system. Remove a hose from the high-
est point (usually at the heater core) and fill the system
until coolant begins to come out at this point. Start the
engine, and as soon as the level in the radiator drops,
top it off and install the cap. Fill the reservoir to the
indicarted level.

73. The correct answer is C, both technicians are
right. Proper surface finish is critical for head gasket
sealing. The surface finish must be correct for the type
of gasket that will be used, particularly with multi-layer
steel gaskets, or the gasket will not seal properly. Refer
to the gasket manufacturer’s specifications for surface
finish requirements. The surface finish can be checked
after milling or grinding using a profilometer or com-
parator gauge. A comparator gauge is a metal card with
sample patches of various surface textures to visually
compare with the head surface.

74. The correct answer is B. Subtract the specified
clearance (0.25-0.30mm) from the actual measured
clearance: 0.37mm — 0.25mm = 12mm, 0.37mm —
0.30mm = 0.07mm. Add the amount of excessive
clearance (0.07-0.12mm) to the thickness of the ex-
isting shim: 0.07mm + 2.4mm = 2.47mm, 0.12mm
+ 2.4mm = 2.52mm. The new shim must be 2.47-
2.52mm, therefore answer B, 2.5mm is the correct
answer. Using the 2.5mm shim will result in 0.27mm
clearance, which is within the specified range of 0.25-
0.30mm.

75. The correct answer is D. A leaking intake mani-
fold gasket or worn piston rings would not cause a
vacuum gauge needle to fluctuate. Worn valve guides
would make the needle fluctuate at idle but the needle
would be steady when engine speed is increased. A
weak or broken valve spring will cause a vacuum gauge
to fluctuate or jump from low to high readings.

76. The correct answer is D, neither technician is
right. Core plugs are usually exposed to coolant and
can corrode from the inside. A core plug may look fine
on the outside but in reality be paper thin from cor-
rosion, so to be safe all core plugs should be replaced.
Any studs should be removed on an as-required basis.
If the studs interfere with allowing the head to be
properly set up for a machining operation, or if the
studs could be easily damaged during cleaning, then
they should be removed. However, some studs may
be difficult to remove without breaking them and at-
tempts to remove them may cause more problems than
leaving them in place.

77. The correct answer is B. Both excessive main
bearing clearance and excessive crankshaft end-play
could cause a deep knocking sound in an engine.
However, since the noise diminishes when the clutch
is disengaged, it is due to excessive crankshaft end-play.
Excessive crankshaft end-play means there is excessive
clearance between the crankshaft thrust flange and the
thrust bearing surface. When the clutch pedal is de-
pressed, the crankshaft is forced against the thrust bear-
ing, reducing this clearance.

78. The correct answer is B. A used spring should be
within 10% of a new spring’s pressure specification.
Since the new spring specification is 80 lbs., any spring
that measures below 72 Ibs. should be replaced.
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79. The correct answer is A. If the piston diamerter
is smaller than the specified service limits, the piston
must be replaced. However, when a pin fits loose in the
piston, the piston pin bore and connecting rod small
end can be resized to fit an oversize wrist pin.

80. The correct answer is C, both technicians are
right, The effect of torque on the fastener changes
with friction. Thread lubricants will increase the
clamping force provided by a specified torque reading,
This could possibly overstretch a fastener. When the
threads and the underside of the hex head on the bolt
are not clean, friction will increase the torque reading,
while providing less clamping force.
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abrasion - rubbing away or wearing of a part.

abrasive cleaning - cleaning that requires physical abra-
sion (e.g., glass bead blasting, wire brushing).

acidity - in lubrication, the presence of acid-type chemi-
cals, which are identified by the acid number. Acidity
within oil causes corrosion, sludges and varnish to in-

crease.

additive - material added to the engine oil to give it cer-
tain properties.

adhesion - an oil’s ability to cling to a surface.
aeration - the process of mixing air with liquid.
aerobic - curing when exposed to oxygen.

air duct - a tube, channel or other tubular structure
used to carry air to a specific location.

air gap - space or gap between spark plug electrodes,
motor and generator armatures and field shoes.

align boring - a machining method that realigns bear-
ing bores to center and makes the bores round.

alignment - an adjustment to bring into a line.

alloy - a mixture of different metals (e.g., solder, an alloy
consisting of lead and tin).

aluminum - a lightweight metal used often for cylinder
heads and other parts.

ambient temperature - the temperature of the air sur-
rounding an object.

ammeter - instrument used to measure electrical current
flow in a circuit.

ampere (amp) - unit for measuring electrical current.
anaerobic - curing in the absence of oxygen.
antifreeze - a material such as ethylene glycol which is

added to water to lower its freezing point; used in an au-
tomobile’s cooling system.

atmospheric pressure - the weight of the air at sea level
(14.7 lbs. per sq. in.) or at higher altitudes.

axial - having the same direction or being parallel to the
axis of rotation.

axial load - a type of load placed on a bearing that is
parallel to the axis of the rotating shaft.

axial - movement parallel to the axis of rotation.
P

bires
babbitt - a soft bearing alloy used in engine bearings.

backlash - the clearance or play between two parts, as in
gear mesh.

backpressure - pressure created by restriction in an ex-
haust system.

balance shaft - weighted shaft used on some engines to
reduce vibration.

ball bearing - an anti-friction bearing that uses a series
of steel balls held between inner and outer bearing races.

barometric pressure - the pressure of the atmosphere,
usually expressed in terms of the height of a column of
mercury. A sensor or its signal circuit sends a varying fre-
quency signal to the processor relating actual barometric
pressure.

base circle - the part of a camshaft lobe that is opposite
the tip of the nose. The part of the camshaft lobe that
does not move the valve in any way.

battery - a device that produces electricity through elec-
trochemical action.

battery acid - the sulfuric acid solution used as the elec-
trolyte in a bartery.

battery cell - the part of a storage battery made from
two dissimilar metals and an acid solution. A cell stores
chemical energy to be used later as electrical energy.

bearing - part that supports and reduces friction be-
tween a stationary and moving part or two moving parts.

bearing cap - the lower half of the bearing saddle. It is
removable, as in main cap or rod cap.
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bearing clearance - the space between a bearing and
its corresponding component’s loaded surface. Bearing
clearances are commonly provided to allow lubrication
between the parts.

bearing crush - the bearing is slightly larger at its part-
ing lines 5o that when the two halves of the bearing are
tightened together, the bearing seats firmly in its bore.
This keeps the bearing from rotating,

bearing lining - the bearing surface area of a bearing, it
is usually made up of an alloy of several metals, includ-

ing lead.

bearing tace - machined circular surface of a bearing
against which the roller or ball bearings ride.

bearing spread - the condition in which the distance
across the outside paring edges of the bearing insert is
slightdy g%eater than the diameter of the housing bore.

before top dead center (BTDC) - the degrees of crank-
shaft rotation just before the piston in a specific cylinder
reaches TﬁDC, the highest point in its vertical travel on
the compression stroke. On most vehicles, spark occurs a
certain number of degrees of crankshaft rotation BTDC.
big end - the large end of the connecting rod that con-
nects to the crankshaft.

blowby - the unburned fuel and products of combustion
that leak past the piston rings and into the crankcase at
the last part of the combustion stroke.

bolt diameter - measurement across the major diameter
of a bolt’:Tthreaded area or the bolt shank.

bolt head - part of the bolt that the socket or wrench
fits over in order to torque or tighten the bolt.

| -
boost pressure - term used when a turbocharger in-
creases thk air pressure entering an engine above atmo-
spheric pressure.

bore - a cylindrical hole.

bore gauge - a precision measuring instrument used to
measure the diameter of a bore.

boss - the part of a piston that fits around its pin.

bottom dead center (BDC) - when the piston is at its
lower limit in the cylinder bore.

break-in - a slow wearing-in process between two mat-
ing part surfaces.

o=

camshaft - a shaft with eccentric lobes that control the
opening of the intake and exhaust valves.

camshaft bearing - a bearing that supports the cam-
shaft journal. On some engines it is full round and
pressed in place. On some OHC engines the camshaft
bearing is made up of two shells like a connecting rod
bearing.

camshaft follower - on OHC engines the equivalent of
a rocker arm.

camshaft journal - the bearing area of a camshaft.

camshaft lobe - the eccentric on a camshaft thar acts on
lifters or followers and in turn, other valvetrain compo-
nents as the camshaft is rotated, to open the intake and
exhaust valves.

camshaft sprocket - the sprocket on a camshaft that is
turned by a chain or belt from the crankshaft. The cam-
shaft sprocket has twice as many teeth as the crankshaft
sprocket.

carbon - a hard or soft nonmerallic element that forms
in an engine’s combustion chamber when oil is burned.

carbon dioxide (CO3) - a colorless, odorless, noncom-
bustible gas, heavier than air; can be compressed into a
super-cold solid known as dry ice; changes from solid to
vapor at —78.5°C.

carbon monoxide (CO) - a colorless, odorless gas,
which is highly poisonous. CO is produced by incom-
plete combustion. It is absorbed by the bloodstream 400
times faster than oxygen.

carburetor - a device that atomizes air and fuel in a pro-
portion that is burnable in the engine.

casting - metal that is manufactured by pouring it into a
mold. It is more porous than forged metal and does not
conduct hear as well. It is less expensive to manufacture,
however.
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catalyst - a compound or substance that can speed up
or slow down the reaction of other substances without
being consumed itself. In a cartalytic converter, special
metals (platinum or palladium) are used to promote
combustion of unburned hydrocarbons and reduce car-
bon monoxide.

catalytic converter - an emission control device located
in the exhaust system that contains catalysts, which
reduce hydrocarbons, carbon monoxide and nitrogen

oxides in the exhaust gases.
chafing - damage caused by friction and rubbing.

chamfer - a bevel or taper at the edge of a hole or cor-
ner, usually cut at 45 degrees.

chase - to straighten or repair damaged threads.

chemical cleaning - relies primarily on chemical action
to remove dirt, grease, scale, paint or rust.

clearance - the specified distance berween two compo-
nents.

closed loop - electronic feedback system in which sen-
sors provide constant information on whar is taking
place in the engine.

cold cranking amps (CCA) - the amount of cranking
amperes that a battery can deliver in 30 seconds at 0°F
(=18°C),

combustion - the burning of the air/fuel mixture,

combustion chamber - enclosure formed by a pocket
in the cylinder head and the top of the piston, where the
spark plug ignites the compressed air/fuel mixture. The
volume of the cylinder above the piston when the piston
is at TDC.

comparator gauge - a metal card with sample patches
of various surface textures to visually compare with a
milled or ground surface.

compression - in a solid material, compression is the op-
posite of tension. In a gas, compression causes the gas to
be confined in a smaller area, raising its temperature and
pressure.

compression ratio - ratio of the volume in the cylinder
above the piston when the piston is at bottom dead cen-
ter to the volume in the cylinder above the piston when
the piston is at top dead center.

compression rings - usually the top two rings on a pis-
ton, they form a seal between the piston and cylinder
wall to compress the air/fuel mixture in the cylinder.

compression stroke - the second stroke of the
4-stroke engine cycle, in which the piston moves from
bottom dead center and the intake valve is closed, trap-
ping and compressing the air/fuel mixture in the cylin-

der.

connecting rod - a rod that connects the crankshaft to
the piston and enables the reciprocating motion of the
piston to turn the crankshaft.

connecting rod bearings - the plain bearing shells lo-
cated in the big end of the connecting rod that support
the connecting rod and piston on the crankshaft.

connecting rod cap - the removable part of the big end
of the connecting rod.

contraction - reduction in mass or dimension; the op-
posite of expansion.

coolant - mixture of water and ethylene glycol-based an-
tifreeze that circulates through the engine to help main-
tain proper temperatures.

cooling fan - a mechanically or electrically driven pro-
peller that draws air through the radiator.

cooling system - the system used to remove excess heat
from an engine and transfer it to the atmosphere. In-
cludes the radiator, cooling fan, hoses, water pump, ther-
mostat and engine coolant passages.

core - in automotive terminology, the main part of a
heat exchanger, such as a radiator, evaporator or heater.
Usually made of tubes, surrounded by cooling fins, used
to transfer heat from the coolant to the air.

core plugs - plugs that fill holes in a block or head left
from the casting process. Also called freeze, welsh or ex-
pansion plugs.

corrode - gradual loss from a metal surface from chemi-
cal action.
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corrosia+ - the eating into or wearing away of a sub-
stance gradually by rusting or chemical action.

corrosivity - the characteristic of a material that enables
it to dissolve metals and other materials or burn the skin.

counterbore - to enlarge a hole to a given depth.

countersink - to cut or form a depression to allow the
head of a screw to go below the surface.

counterweight - weights that are part of a crankshaft
casting or forging. They counterbalance the weight of
the connecting rods and journals to reduce vibration.

crankecase - the lower part of an engine block that
houses th% crankshaft.

crankpin - machined, offset area of a crankshaft where
the connecting rod journals are machined.

crankshaft - a lower engine part with main and rod
bearing journals. It converts reciprocating motion to ro-

tary moti on.

cmnksba_ﬂﬁ Jjournals - the bearing areas of a crankshaft
are the main and rod journals.

cranksbqﬁ‘ pulley - the belt drive pulley mounted on

the front of the vibration damper.

crankshaft thrust collar - a flat machined area thart is
90 degrees to the crankshaft main journals. The flange of

the thrus& main bearing rides against it to control crank-
shaft end thrust.

crank throw - distance from the crankshaft main bear-
ing centerline to the connecting rod journal centerline.

crank web - unmachined portion of a crankshaft that
lies between two crank pins or between a crankpin and
main bea i' g journal.

crosshatch - the pattern left on a finished cylinder wall;
retains oil and aids piston ring seating.

crush - the bearing is slightly larger at its parting lines so
that when the two halves of the bearing are tightened to-
gether, the bearing seats firmly in its bore. This keeps the
bearing from rotating.

cylinder - a round hole in the engine block for the
piston.

cylinder bore - a cylindrical hole.

cylinder head - the casting that contains the valves and
valve springs, and covers the top of the cylinders.

cylinder leakage test - an engine diagnostic test where
the piston in the cylinder to be tested is brought to
top dead center (TDC) on the compression stroke and
compressed air is pumped into the cylinder through the
spark plug hole. Where the air leaks out shows the loca-
tion of the compression leak. A leakage tester will com-
pare the air leaking out of the cylinder to the amount of
air being put into it, expressed as a percentage.

cylinder power balance test - an engine diagnostic test
used to compare the power output of all the engine’s cyl-
inders. Also known as a power contribution test.

cylinder sleeve - a replacement iron liner that fits into
a cylinder bore. It can be either wet or dry. The outside
diameter of wet sleeves contacts the coolant.

cylinder walls - the walls of the cylinder bore.

current - the number of electrons flowing past a given
point in a given amount of time.

s
dampen - to slow or reduce oscillations or movement.

damper - a device mounted on the front of the crank-
shaft. It reduces the torsional or twisting vibration that
occurs along the length of the crankshaft in multiple cyl-
inder engines. It is also called a harmonic balancer.

dead center - the extreme upper or lower position of the
crankshaft throw at which the piston is not moving in
either direction.

deck - wp of the engine block where the cylinder head is
mounted.

degree - used to designate temperature readings or 1 de-
gree as a 1/360 part of a circle.

detergent - a compound of soap like nature used in
engine oil to remove engine deposits and hold them in
suspension in the oil.
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detonation - abnormal combustion of an air/fuel mix-
ture. When pressure in the cylinder becomes excessive
and the mixture explodes violently, instead of burning
in a controlled manner. The sound of detonation can be
heard as the cylinder walls vibrate. Detonation is some-
times confused with preignition or ping.

dial caliper - versatile instrument capable of raking in-
side, outside, depth and step measurements.

dial indicator - 2 measuring device equipped with a
readout dial used most often to determine end motion
or irregularities.

dowel - pin extending from one part to fit into a hole in
an attached part; used for location and retention.

driveability - the degree to which a vehicle operates
properly, including starting, running smoothly, accelerat-
ing and delivering reasonable fuel mileage.

dry sleeve - a sleeve, that when installed in a cylinder
block, does not come into contact with coolant.

duration - the length of time that a valve remains open,
measured in crankshaft degrees.

dykem blue - a dye that is painted on a valve seat in
order to determine seat concentricity. The valve is in-
serted into the guide, lightly seated, and rotated about
1/8-in. (3.175mm). A continuous blue line should ap-
pear all the way around the valve face if the valve and
seat are mating properly. Open patches or breaks in the
line indicate that the seat is not concentric and the low
spots are not making contact.

—=-

eccentric - the part of a camshaft that operates the fuel
pump.

efficiency - ratio of the amount of energy put into an
engine compared to the amount of energy coming out of
the engine; a measure of how well a particular machine
works.

elasticity - the principle by which a bolt can be
stretched a certain amount. Each time the stretching
load is reduced, the bolt returns to exactly its original,
normal size.

electrode - firing terminals found in a spark plug.

electrolysis - chemical and electrical decomposition
process that can damage metals such as brass, copper and
aluminum in the cooling system.

electrolyte - a material whose atoms become ionized
(electrically charged) in solution. In automobiles, the
battery electrolyte is a mixture of sulfuric acid and water.

embedability - the ability of the bearing lining marerial
to absorb dirt.

end-play - the amount of axial or end-to-end movement
in a shaft due to clearance in the bearings.

energy - the ability to do work.

engine - a device that converts heat energy into me-
chanical energy.

engine block - the casting made up of cylinders and the
crankcase.

engine displacement - calculated by multiplying the
number of cylinders in the engine with the bore diam-
eter and the length of the stroke.

exhaust gas recirculation (EGR) system - helps pre-
vent the formation of oxides of nitrogen (NOx) by
recirculating a certain amount of exhaust as an inert
gas through the intake manifold to keep the peak com-
bustion temperatures below what would form those
chemical compounds. The computer determines when
and how much exhaust to recirculate based on informa-
tion from all its other sensors. It then actuates the EGR
solenoid, which opens a vacuum circuit or operates an
electronic circuit to actually work the EGR valve. The
computer uses a duty-cycle (percentage of on-time) sig-
nal to activate the solenoid.

exhaust gas recirculation (EGR) valve - component
in the EGR system, used to meter a controlled amount
of exhaust gas into the intake air stream.

exhaust manifold - the part of the exhaust system that
is fastened to the cylinder head.

exhaust pipe - the pipe between the exhaust manifold
and muffler.

exhaust port - the passage or opening in a 4-stroke cyl-
inder head for the exhaust valve.
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exhaust .‘rtmke - the final stroke of the 4-stroke engine
cycle, du‘}ing which the exhaust valve is open and the
intake valve is closed, exhausting the combusted gases.

expansion - an increase in size.

-f--

Jan - a mechanically or electrically driven propeller that
draws ot]pushes air through the radiator, condenser,
heater core or evaporator core.

|
fan clut 5 - a device attached to a mechanically driven
cooling fan that allows the fan to freewheel when the en-
gine is cold or the vehicle is driven at speed.

Jan shroud - an enclosure that routes air through the
radiator cooling fins.

fatigue - deterioration of a bearing metal under exces-
sive intermittent loads or prolonged operation; in me-
chanical ‘erms, the tendency of a material, especially
metal, to Fail under repeated applications of stress.

|

Jfatigue strength - a bearing’s ability to withstand loads.

Jeeler gauge - thin metal strip manufactured in precise
thickness and used to measure clearance between parts;
usually part of a set.

ﬁzrrous - containing or derived from iron.

Sferrous metal - metal that contains iron or steel and is
subject to rust.

|
Jflange - a projecting rim or collar on an object for keep-
ing it in place.

Sflexible hone - a hone used primarily to deglaze cylinder
walls. Also known as a ball hone.

Sloating éin - a piston pin that moves in the piston and
the small end of a connecting rod. It is held in place by
retaining clips in the pin bosses.

Sflutter - as applied to engine valves, refers to a condition
wherein the valve is not held tightly on its seat during
the time the cam is not lifting it.

Slywheel - a cast iron or steel wheel mounted to the end
of the crankshaft; helps to smooth the engine’s power
delivery, the teeth around its circumference provide an
engagement for the starter, and it provides the mounting
points for the pressure plate and friction surface for the
clutch disc.

foot pound - a unit of measurement for torque. One
foot pound is the torque obtained by a force of one
pound applied to a wrench handle that is 12 inches long.

Jorce - a pushing effort measured in pounds.
Jorge - 1o shape meral; to stamp into a desired shape.

Jour stroke cycle engine - an engine, either gasoline or
diesel, that uses four strokes: intake, compression, power
and exhaust. A firing impulse occurs every two turns of
the crankshaft. When this engine is a gasoline engine it
is also called an Otto cycle engine after its inventor. A
diesel engine is called a Diesel cycle engine for the same
reason.

Jfree-play - the measurable travel in a mechanical device
between the time force is applied and work is accom-
plished; looseness in a linkage between the start of ap-
plication and the actual movement of the device, such
as the movement in the steering wheel before the wheels
start to turn.

Sfreeze plug - another name for core plug.

Jriction - resistance to motion that occurs when two ob-
jects rub against each other.

fuel pressure regulator - uses intake manifold vacuum,
or more properly intake manifold absolute pressure
(MAP), to modify the pressure in the fuel rail. The fuel
pump can pump more fuel than the engine can use, so
the system routes the extra fuel back to the tank through
the fuel pressure regulator.

--g--

gasket - a material such as artificial rubber, cork or steel
used to seal between parts that would otherwise leak
fuel, coolant, lubricants or combustion gases.

gear - a toothed wheel, disc, etc. designed to mesh with
another or with the thread of a worm; used to transfer or
change motion.
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gear pump - positive displacement pump that uses two
meshing external gears, one drive and one driven.

glaze - thin residue on cylinder walls formed by a com-

bination of heat, engine oil and piston movement.

glass bead blasting - an operator intensive abrasive
cleaning method that uses glass beads propelled by com-
pressed air in an enclosed blasting cabinet.

glaze breaker - a spring loaded tool with honing stones
that restores the crosshatch surface of a cylinder wall
prior to installing new piston rings.

go/no-go gauge - a measuring tool that tells if a tolerance
is met or not.

grind - to machine a surface with an abrasive wheel.

ground - negatively charged side of a circuit; can be a
wire, negative side of the battery or vehicle chassis.

=

harmonic balancer - a device that reduces the torsional
or twisting vibration that occurs along the length of the
crankshaft in multiple cylinder engines. It is also called a
vibration damper.

harmonic vibration - periodic motion or vibration
along a straight line. The severity depends on the fre-
quency or amplitude,

harmonics - potentially damaging vibration in the

crankshaft or valve springs.

beli-coil - one type of thread repair device that consists
of a spring loaded stainless steel coil.

hemispherical combustion chamber - a combustion
chamber shape that resembles a half a globe. The valves
are on the sides of the spark plug, which is in the center.

Hg - the chemical symbol for the element mercury. En-
gine vacuum is measured in inches of mercury or in/Hg.

high tension - high voltage. In an ignition system, volt-
ages in the secondary circuit of the system as opposed to
the low, primary circuit voltage.

hone - abrasive tool for correcting small irregularities or
differences in diameter in a cylinder, such as an engine
cylinder or brake caliper; to enlarge or smooth a bore
with a rotating tool containing an abrasive material.

horsepower (HP) - measurement of an engine’s ability
to perform work. One horsepower is the energy required
to lift 550 pounds 1 foot in 1 second.

housing bore - the machined bore in a block or head
where a bearing will be installed.

hydraulic valve lifter - an automatic lash adjusting
device that provides a rigid connection between the cam-
shaft and valve, while absorbing the shock of motion. A
hydraulic valve lifter differs from the solid type in that it
uses oil to absorb the shock that results from movement
of the valvetrain.

hydrocarbons (HC) - solid particles of gasoline pres-
ent in the exhaust and in crankcase vapors that have not

been fully burned.

hydrometer - an instrument used to measure the spe-
cific gravity of a solution.

el
ID - inside diameter.

inertia - the constant moving force applied to carry the
crankshaft from one firing stroke to the next.

insert bearing - a bearing made as a self-contained part
and then inserted into the bearing housing.

insert guides - valve guides that are a press fit in the cyl-
inder head.

installed spring height - distance from the valve spring
seat to the underside of the retainer when it is assembled
with keepers and held in place.

installed stem height - distance from the valve spring
seat to the stem tip.

intake manifold - a part with runners that connect the
fuel system to the intake valve ports.

intake port - the passage or opening in a cylinder head
that is closed by the intake valve.
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intake stroke - first stroke of the 4-stroke engine cycle
in which the piston moves away from top dead center
and the i | take valve opens.

intake valve - also called inlet valve, it closes off the in-
take por:I:nd opens it at the correct time in response to
movement from the cam lobe.

integral + made of one piece.
integral guides - valve guides thar are part of the cylin-
der head.

|
integral #eats‘ - valve seats that are part of the cylinder
head.

intercooler - device used on some turbocharged engines
to cool the compressed air.

|
|
‘ :
‘ Pl

Jjet clean - a deaning machine that sprays engine parts
with degreasing solution under high pressure. The parts
rotate on a carousel during the cleaning process to ex-
pose all surfaces to the cleaning spray.

journal - the bearing surface on a shaft.

1 sl

keepers —} small locks that hold the valve retainer onto
the valve stem. Also called split locks.

key - a small block inserted between the shaft and hub
to prevent circumferential movement.

keyway - a slot cut into a shaft to accepr a key.
\

kenurling - technique used for restoring the inside diam-
eter dimensions of a worn valve guide by plowing tiny
furrows through the surface of the metal.

e
land - the areas between the grooves of a piston.
lapping - the process of fitting one surface to another

by rubbing them rogether with an abrasive material be-
tween the two surfaces.

lash - the amount of clearance between components in a
geartrain or valvetrain.

lash adjuster - a device for adjusting valve lash or main-
taining zero lash in certain types of OHC engines. The
lash adjuster is stationary in the cylinder head, with one
end of a cam follower mounted on top of it. The other
end of the follower acts on the valve stem when the cam-
shaft lobe, which is positioned over the center of the fol-
lower, pushes the follower down.

leakdown - the relative movement of the plunger with
respect to the hydraulic valve lifter body after the check
valve is seated by pressurized oil. A small amount of oil
leakdown is necessary for proper hydraulic valve lifter
operation.

lifter - the valvetrain part that rides on the camshaft
lobe.

lifter bores - the holes in an engine block that the lifters

fit into.

liner - a thin layer, used as a wear surface or a replace-
able guide liner or cylinder sleeve.

load - in mechanics, the amount of work performed by
an engine; specifically, the external resistance applied to
the engine by the machine it is operating. In electrical
terms, the amount of power delivered by a generator,
motor, etc., or carried by a circuit. The work an engine
must do, under which it operates more slowly and less
efficiently (e.g., driving up a hill, pulling extra weight).

lobe - the eccentric part of the camshaft that moves the

lifter.

lock stitch - a crack repair method.

lubrication - the process of introducing a friction re-

ducing substance between moving parts to reduce wear.
g

magnet - any body that attracts iron or steel.

magnetic field - the areas surrounding the poles of a

magnet, which are affected by its forces of artraction or
repulsion.
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magnetic particle detection - a process, often called
magnaflux, which is used with iron or steel parts to de-
tect cracks.

main bearing caps - the removable lower halves of the
main bearing bores.

main bearing clearance - the clearance between the
main bearing journal and its bearings.

main bearing journal - the central, load-bearing points
along the axis of a crankshaft, where the main bearings
support the shaft in the block.

main bearings - the plain bearings that support the
crankshaft in the engine block.

main bearing saddle bores - the housings that are ma-
chined for main bearings.

major and minor thrust surfaces - the sides of a pis-
ton. The major thrust surface receives most of the load
from crankshaft rotation.

manifold absolute pressure (MAP) sensor - a sensor
that measures changes in intake manifold pressure result-
ing from changes in engine load and speed. The pressure
in the intake manifold as referenced to a perfect vacuum.
Manifold vacuum is the difference between MAP and
atmosphere pressure. For example, in a standard atmo-
sphere (sea level) the pressure is 29.92 inches of mercury,
101 kilopascals, or 0 inches of vacuum.

manifold vacuum - relatively low pressure in an en-
gine’s intake manifold just below the throttle plate(s).
Manifold vacuum is highest at idle and drops during ac-
celeration.

margin - the area between the valve face and the head of
the valve.

mass air flow (MAF) sensor - a sensor in a fuel injec-
tion system that measures the mass (weight/density) of
the incoming air flowing through a meter. The measure-
ment transmitted to the PCM is usually either a fre-
quency or a voltage.

mesh - to fit closely together or interlock, as the fit of
gear teeth.

micrometer - a precision measuring instrument. When
a micrometer measures in thousandths of an inch, one
turn of its thimble results in 0.025-in. movement of its
spindle. There are 40 threads per inch (1/40th inch =
0.025-in.)

mill - machining with rotating tooth cutters.

millimeter - the base of metric size measurement. One
millimeter equals 0.039370-in. One inch is equal to
25.4 mm.

misfiring - failure of an explosion to occur in one or
more cylinders while the engine is running; can be con-
tinuous or intermitrent failure.

missing - a lack of power in one or more cylinders.

multimeter - a tool that combines the functions of a
voltmeter, ohmmeter and ammeter into one diagnostic
instrument.

mushroom lifters - lifters with contact faces that
are wider than the lifter bore. They must be installed
through the bottom of the lifter bores, before the cam is
installed.

mushroomed valve stem tip - a folding over of the
metal at the tip of the valve stem in response to pound-
ing from too loose a valve adjustment or a defective hy-
draulic lifter.

"_”’-
normally aspirated - the method by which an inter-
nal combustion engine draws air into the combustion
chamber. As the piston moves downward in the cylinder,
it creates a vacuum that draws air into the combustion
chamber through the intake manifold.

==

octane - rating indicating a fuel’s tendency to resist deto-
nation.

OD - outside diameter.

OHC engine - overhead cam engine. An engine with
the camshaft located in the cylinder head.

obm - a unit of measured electrical resistance.
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o0il clearance - the difference between the inside bearing
diameter and the journal’s diameter.

oil cooler - a device used to remove heat from the en-
gine or transmission oil. There are oil-to-air coolers and
oil coolers that are incorporated into the vehicle's cooling
system.

oil gallery - a line that supplies oil to areas of the engine
block or ‘ linder head.

oil groove - a groove machined in the bearing surface
that provides a channel for oil flow.

oil pan - the part that encloses the crankcase at the
lower enJ of the block.

oil press‘ re - the pressure that results from resistance
to flow from the oil pump. As the pump turns faster, it
produces more flow. A relief valve limits the amount of
pressure it can produce.

oil pump - the pump that circulates lubricating oil
throughout the engine, usually driven by the camshaft
(by way of the distributor).

oil pump pickup - the screen that filters and keeps de-
bris out of the oil pump.

oil rings - the bottom ring on the pistons, scrapes excess
oil from the cylinder walls to keep it from entering and
burning in the combustion chamber.

|
open circuit - an electrical circuit that has a break in the
wire.

O-ring ::szl - a sealing ring, usually made of rubber and
installed in a groove; a type of valve seal that fits into a
valve stem groove under the valve keepers.

out-of-round - refers to an inside or outside diameter
that was briginally designed to be perfectly round, but
instead has varying diameters when measured at differ-
ent points across its diameter.

overbore - the dimension by which a machined hole is
larger than the standard size.

overhead cam (OHC) engine - an engine with the
camshaft located in the cylinder head.

overhead valve engine - an 1-head engine. The intake
and exhaust valves are located in the cylinder head.

overlap - the point at TDC where both valves are open
at the same time. The intake valve is just beginning to
open while the exhaust valve is just finishing closing.

oxidation - the process of combining with oxygen, re-
sulting in rusting or burning. Rust is slow oxidation; fire
is rapid oxidation.

oxides of nitrogen (NOx) - various compounds of oxy-
gen and nitrogen thart are formed in the cylinders during
combustion, and are part of the exhaust gas.

.-—P -

parting face - the surface of a bearing half that contacts
the other bearing half when the bearing is assembled.

PCV valve - a part of the positive crankcase ventilation
system. Meters crankcase vapors into the intake mani-

fold.
pin boss - the part of a piston that fits around its pin.

pinning - a crack repair method, also called stitching or
pegging,

piston - the cylindrical component that is attached to
the connecting rod and moves up and down in the cyl-
inder bore. The top of the piston forms the bottom of
the combustion chamber. When combustion occurs, the
piston is forced downward in the cylinder, moving the
connecting rod, which in turn rotates the crankshaft.

piston collapse - when the diameter of the piston skirt
becomes less due to heat.

piston head - the part of the piston that is above the
rings.

piston pin - see wrist pin.

piston ring - an open-ended ring that fits into a groove
on the outer diameter of the piston. Its chief function
is to form a seal between the piston and cylinder wall.
Most automotive pistons have three rings: two for com-
pression sealing; one for oil sealing.

piston slap - a noise that result from excessive piston to
cylinder wall clearance.

pitting - surface irregularities caused by corrosion.
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plain bearing - a type of bearing where the load is sup-
ported on a thin film of pressurized oil.

Plastigage™ - a plastic material that is compressed
between a bearing and journal, and the resulting com-
pressed material measured to determine the clearance.

play - movement between two parts.

poppet valve - a valve consisting of a round head with
a tapered face, an elongated stem that guides the valve,
and a machined slot at the top of the stem for the valve
spring retainer.

porosity - tiny holes in casting caused by air bubbles.
ports - valve openings in a cylinder head.

positive crankcase ventilation (PCV) system - a sys-
tem that controls crankcase emissions by using a valve to
meter crankcase vapors into the intake manifold.

positive seal - a type of valve seal that fits tightly around
the top of the valve guide.

power stroke - the third stroke of a 4-stroke cycle en-
gine, which begins with the combustion of the air/fuel
mixture, driving the piston away from TDC, which in
turn exerts turning force on the crankshaft.

powertrain control module (PCM) - on vehicles with
computer control systems, the main computer that de-
termines engine operation based on sensor inputs and by
using its actuator outputs. The PCM may also control
transmission operation.

preignition - also called ping, it is abnormal combus-
tion of the air/fuel mixture before it is time to do so. A
hot surface or carbon deposit in the combustion cham-
ber ignites the air/fuel mixture before the spark plug
is fired. The sound of preignition can be heard as the
cylinder walls vibrate. Detonation is sometimes confused
with preignition.

preload - tightening a bearing a specified amount past
zero lash to eliminate axial play.

press fit - when a part is slightly larger than a hole it
must be forced together with a press.

pressure - the exertion of force upon a body, measured
in pounds per square inch on a gauge.

primary circuit - the low-voltage circuit of an ignition
system.

profilometer - an instrument used to measure surface
profiles and surface roughness.

Prussian blue - a paste used to determine the contact
area between two parts, such as the height of the valve
seat on the valve face.

pushrod - a rod between the lifter and rocker arm. They
are sometimes hollow to allow oil distribution to the
valves.

-_r--

race - channel in the inner or outer ring of an anti-fric-
tion bearing in which the balls or rollers operate.

radial - perpendicular to the shaft or bearing bore.

radial load - load applied at 90 degrees to an axis of
rotation.

radiator - the part of the cooling system that acts as a
heat exchanger, transferring heat to atmosphere. It con-
sists of a core and holding tanks connected to the cool-
ing system by hoses.

radiator cap - a device that seals the radiator and main-
tains a set pressure in the cooling system.

ratio - proportion of one number to another.

reaming - technique used to repair worn valve guides by
increasing the guide hole size to take an oversized valve
stem, or by restoring the guide to its original diameter.

rear main oil seal - a seal that fits around the rear of
the crankshaft to prevent oil leaks.

resistance - the opposition offered by a substance or
body to the passage of electric current through it.

ridge - a raised area at the top of a cylinder bore created
by ring wear. The ridge occurs because the piston ring
does not travel all the way to the top of the bore, thereby
leaving an unused portion of cylinder bore above the
limit of ring travel. This ridge will usually be more pro-
nounced on high mileage engines.
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ridge reamer - a tool used to remove the ridge from the
top of a ¢ylinder bore.

rigid hone - a hone that removes mertal and imparts a
precise ﬁ}xish and crosshatch to the bore.
|

ring end gap - the clearance between the ends of a pis-
ton ring then installed in the cylinder bore.

|
ring file - a tool used to trim the ends of a piston ring to
bring the ring end gap within specification.

\
ring lands - the raised parts between the piston ring
grooves.

|

or a stud. One end of the rocker arm is applied by the
pushrod and the other end acts upon the valve stem.

rocker arm - a pivot lever mounted on a round shaft
1O

rocker s)iaﬁ - a round pipe that is mounted parallel on
top of the cylinder head. All of the rocker arms on the
head are mounted on it.

\
rocker stud - a stud that is pressed or threaded into a
cylinder head on which the rocker arm is mounted.

\
roller bearing - an anti-friction device made up of hard-
ened inner and outer races between which steel rollers
move.

roller lifter - lifters that are equipped with rollers at
the bottom that ride on the camshaft lobe, in order to
reduce friction.

runner - a cast tube on an intake or exhaust manifold
used to carry air in or out of the engine.

runout - degree of wobble outside normal plane of
rotation.

o
\

score - a scratch, ridge or groove marring a finished sur-

face.

scuffing - scraping and heavy wear from the action of a

piston on cylinder walls.

seal - a part, usually made of rubber or plastic, installed
around a moving part or shaft to prevent leaks.

seat - a surface (usually machined) upon which another
part rests or seats (e.g., valve seat).

secondary circuit - the high voltage side of the ignition
system, usually above 20,000 volts. The secondary cir-
cuit includes the ignition coil, coil wire, distributor cap,
rotor, spark plug wires and spark plugs.

seize - when a part sticks, preventing the engine from
turning. An example is when a piston welds itself to a
cylinder wall because of insufficient clearance or lubrica-
tion.

serpentine belt - a flat, ribbed drive belt that makes

multiple angles, driving several components.

shim - thin sheets of a material, such as metal, which are
used as spacers between two parts.

siamese cylinders - when two cylinders are joined at
one side without a coolant jacket berween them.

siamese ports - when two cylinders are fed through one
pﬂl’t.

skirt - the sides of the piston that are against the cylin-
der walls.

sleeve - a thin metal liner, such as is commonly used in a
cylinder bore.

sleeving - a means of reconditioning an engine by bor-
ing the cylinder oversize and installing a thin metal liner
called a sleeve.

spark knock - engine noise caused by abnormal, uncon-
trolled combustion due to preignition or detonation.

spark plug - an electrical device that is connected to a
high voltage source. The high voltage travels down an
electrode inside the spark plug and arcs across an air gap,
thereby creating the spark that starts the combustion
process in the combustion chamber.

specific gravity - the ratio of the weight or mass of the
given volume of a substance to that of an equal volume
of another substance, e.g., - water for liquids and solids;
air or hydrogen for gases, are used as standards.

splines - external or internal teeth cut into a shaft;
splines are used to keep a pulley or hub secured on a ro-
tating shaft.

split-ball gauge - a transfer measuring instrument. Turn-
ing the handle on the gauge causes the split ball to ex-
pand. It can be used for measuring small holes such as
valve guides.

118

A1 - Engine Repair




REEREREEEEREREERERERERERE R A B AR R R R E A R AR A

Glossary of Terms

split locks - see valve keepers.

straightedge - a long, flat steel strip with perfectly
straight edges, used for checking surfaces for warpage.

stroke - the distance the piston moves from TDC to
BDC.

supercharger - a compressor, mechanically driven by
the engine’s crankshaft, which pumps air into the intake
manifold.

e

tang - a projecting point or prong designed to fit into a
handle or shaft; another name for the main or rod bear-
ing shell location lug.

tap - to cut threads in a hole with a tapered, fluted,
threaded tool; a tool used to cut threads in a hole or
bore.

taper - a gradual decrease in width or thickness; the dif-
ference in diameter between the cylinder bore at the bot-
tom of the hole and the bore at the top of the hole, just
below the ridge.

TDC - see top dead center.

tensioner - a device used with a timing chain or belt to
maintain its tension,

thermal cleaning - a parts cleaning method that uses
high temperature in a bake oven to turn grease, oil and
sludge into a powdery residue. This residue is then re-
moved by washing, airless shot blasting or glass beading.

thermostat - a device installed in the cooling system
that allows the engine to come to operating temperature
quickly and then maintain a minimum operating tem-
perature.

thread chaser - a tool for cleaning threads that will not
remove any metal.

thread pitch - the number of threads in one inch of
threaded bolt length. In the metric system, the distance
in millimeters between two adjacent threads.

throw - distance from center of the crankshaft main
bearing journal to center of the connecting rod journal.

thrust load - load placed on a part that is parallel to the
center of the axis.

thrust plate - a plate behind the cam sprocket that con-
trols camshaft end thrust.

timing - refers in crankshaft degrees to the position of
the piston in the cylinder. When referring to camshaft
timing, it is when the valves open. When referring to
ignition timing, it is when the spark occurs.

timing belt - a toothed reinforced belt used to drive the
camshaft from a sprocket on the crankshaft.

timing chain - a chain that drives the camshaft from a
sprocket on the crankshaft.

timing gears - gears that drive the camshaft from the
crankshaft.

tolerance - the difference between the allowable maxi-
mum and minimum dimensions of a mechanical part;
the basis for determining the accuracy of a fitting,

top dead center (TDC) - the position of the crankshaft
for a specific cylinder when the piston is at the highest
point in its vertical travel.

torque - twisting effort on a shaft or bolr.

torque sequence - a specified order in which a compo-
nent’s mounting bolts should be tightened.

torque-to-yield head bolts - head bolts that are often
not reusable. They are torqued into yield, which means
that they have been purposely stretched beyond the
point where they will return to their original length.
This provides more uniform clamping force.

torque-turn - the method used to tighten rorque-
to-yield head bolts. A torque angle gauge is used to
tighten a fastener a specified number of degrees after it is
torqued to a foot pound specification.

torque wrench - a breaker bar or ratcher wrench with an
indicator that measures the twisting effort applied to a
fastener during tightening,

transverse - perpendicular or at a right angle to a front-
to-back centerline.
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mrbocb#rger - an exhaust driven pump that compresses
intake air and forces it into the combustion chambers
at higher than atmospheric pressure. The increased air
pressure allows more fuel to be burned and results in in-
creased ‘orsepower being produced.

——ff =
umbrella type valve seals - valve guide seals that fit

tightly on the valve stem. They move up and down with
the valve stem acting like an umbrella to shield oil away.

.l 5 s ; :
undersize - when an inside or outside diameter has been
machined to a dimension smaller than standard. Under-
sized bearings are used to compensate.

L
vacuum - a pressure lower than atmospheric.

vacuum advance - a distributor mounted mechanism
that controls spark advance in response to engine vac-
uum.

\
vacuum gauge - an instrument used to measure the
amount of vacuum produced by an engine.

valve - a device that controls the pressure, direction or
rate of flow of a liquid or gas.
valve cover - an enclosure fastened to the top of a cylin-
der head, over the valvetrain.

valve duration - the length of time, in degrees of crank-
shaft roraTion, that a valve is open.

valve face - the area of the valve that contacts the valve
seat. \
valve float - when valves remain open, usually at high
rpm, due to weak or broken valve springs.

valve guide - a bore in the cylinder head that the valve
stem fits into.

valve guide knurling - a method of refinishing the in-
side of a valve guide by restoring its original size.

valve guide liner - a thin bronze bushing installed in a
valve guidE to restore it to original size.

valve keepers - small locks that hold the valve retainer
onto the valve stem. Also called split locks.

valve lash - the amount of clearance in the valvetrain
when the lifter is on the base circle of the camshaft lobe.

valve lift - the distance from the valve seat when the
valve is fully open.

valve lifter - a small cylinder that fits into a bore above
the cam lobe. It acts on a pushrod and rocker arm to
open the valve.

valve margin - on a poppet valve, the space or rim be-
tween the surface of the head and the surface of the valve

face.

valve rotator - a part found at the end of some valve
springs that rotates the valve each time it opens. This
aids in providing even cooling to the valve.

valve seal - a seal located over the valve stem, used to
prevent oil from leaking down the valve guide and into
the combustion chamber.

valve seat - the machined surface thar the valve face
seats against,

valve spring - a small coil spring used to keep the valve
closed against the valve seat.

valve spring compressor - a tool used to compress the
valve spring on a cylinder head. When the valve spring
is compressed, the valve keepers can be removed, then
the spring is released and the spring, valve spring retainer
and valve can be removed from the cylinder head.

valve spring installed height - the specified distance
between the machined spring seat on the cylinder head
to the underside of the valve spring retainer. Both grind-
ing the valve and grinding the valve seat result in an
increase in this dimension. A shim can be installed under
the spring to restore the original installed height for
proper spring tension.

valve spring retainer - the part that connects the valve
spring to the valve and holds the valve against the cylin-
der head. It is held to the valve by keepers.

valve spring seats - meral shims used, usually on alumi-
num cylinder heads, to protect the head from the bot-
tom of the valve spring.
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valve stem - the part of the valve that is inside the valve
guide.

valve timing - set rotations of the camshaft and crank-
shaft to open/close valves at proper intervals during the
piston strokes for optimal operation of an engine.

valvetrain - parts that convert camshaft movement to
valve movement. These include the camshaft, cam tim-
ing parts, lifters or cam followers, pushrods, rocker arms,
valve and spring.

valvetrain geometry - the dynamic relationship be-
tween the rocker arm and valve stem during the time
when the valve is opening and closing.

vibration damper - see harmonic balancer.
volt - unit of electromotive force. One volt of electromo-
tive force applied steadily to a conductor of one ohm

resistance produces a current Of one ampere.

voltage drop - voltage lost by the passage of electrical
current through resistance.

voltmeter - a tool used to measure the voltage available
at any point in an electrical system.

__w--

warpage - a condition that exists when a part is bent or
twisted; the degree to which a part deviates from flatness.

wastegate - a bypass valve that limits boost produced by
a turbocharger.

water jacket - also called a cooling jacket, it is the hol-
low area of a casting designed for coolant flow.

water pump - device used to circulate coolant through
the engine.

wet sleeve - a sleeve, which when installed in a cylinder
block, is exposed to coolant.

wrist pin - a hollow metal tube that secures the piston
to the connecting rod and allows the piston to swivel on

the rod. Also called a piston pin.
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