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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 test. 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 practice 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 volunrary, 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 promotes
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 cerrified

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 instrucrors. 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 task
list, which details the knowledge that
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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 test:

¢ Direct, or Completion

* MOST Likely

* Technician A and Techni-

cian 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 exhaust valve not seating

There is only one correct answer
to this question, answer D. If an
exhaust valve is not 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 nothing 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 Likely

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

When a cylinder head with an over-
head 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, surface the head

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

The most correct answer is B, It
makes no sense to perform repairs on a
cylinder head that might not be usable.
The head should 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 be clearly 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 normal 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.BothAand B

D. Neither A or B

The correct answer is C; borh
technicians’ statements are correct.
Technician B is clearly correct because
any play felt berween the tie-rod stud
and the socket while the tire is moved
in and out 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 that 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
that 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 rasks in the list.
Familiarizing yourself with the task
list will help you to concentrate on the
areas where you need to study.

The text section of this study guide
contains information pertaining to

A8 - Engine Performance
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each of the tasks in the task list. Re-
viewing this information will prepare
you to take the practice 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 thar 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 until 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 tutorial on how
to complete the ASE CBT tests. You
may skip the turtorial if you are already
familiar with the CBT process.

The test question formar 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” button.
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-
ficulry.

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” button.

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

Engine Performance

TEST SPECIFICATIONS
FOR ENGINE PERFORMANCE (TEST A8)
NUMBER OF PERCENTAGE
QUESTIONS OF COVERAGE
CONTENT AREA IN ASE TEST IN ASE TEST
A. General Diagnosis 12 24/%
B. Ignition System Diagnosis And Repair 8 16%
C. Fuel, Air Induction And Exhaust Systems Diagnosis And Repair 9 18%
D. Emissions Control Systems Diagnosis And Repair (Including ODB |I) 8 16%
1. Positive Crankcase Ventilation (1)
2. Exhaust Gas Recirculation 2
3. Secondary Air Injection (AIR) And
Catalytic Converter 2)
4. Evaporative Emissions Controls (3)
E. Computerized Engine Controls Diagnosis And Repair
(Including ODB 1) 13 26%
Total 50 100%

There could be up to 10 additional
questions that are included for
statistical research purposes only.
Your answers to these questions will
not affect your test score, but since
you do not know which ones they
are, you should answer all guestions
in the test. The 5-year Recertification
Test will cover the same content areas
as those listed above. However, the
number of guestions in each content
area of the Recertification Test will be

reduced by about one-half.

The following pages list the tasks
covered in each content area. These
task descriptions offer detailed
information to technicians preparing
for the test, and to persons who
are instructing Engine Performance
technicians. The task list may also
serve as a guideline for question
writers, reviewers and testassemblers.

It should be noted that the
number of questions in each

content area might 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
guestion 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 DIAGNOSIS
(12 guestions)

Task 1 - Verify driver's complaint,
perform visual inspection and/
or road test vehicle; determine
needed action.

Task 2 - Research applicable
vehicle and service information,
such as engine management
system operation, vehicle service
history, service precautions,
technical service bulletins and
service campaigns/recalls.

Task 3 - Diagnose noises and/
or vibration problems related to
engine performance; determine
needed action.

Task 4 - Diagnose the cause of
un-usual exhaust color, odor and

ENGINE PERFORMANCE TEST

TASK LIST

sound; determine needed action.
Task 5 - Perform engine manifold
vacuum or pressure tests;
determine needed action.

Task 6 - Perform cylinder power
balance test; determine needed
action.

Task 7 - Perform cylinder cranking
compression test; determine
needed action.

Task 8 - Perform cylinder leakage/
leak-down test; determine needed
action.

Task 9 - Diagnose engine
mechanical, electrical, electronic,
fuel and ignition problems with an
oscilloscope, engine analyzer and/
or scan tool; determine needed
action.

Task 10 - Prepare and inspect
vehicle for HC, CO, CO2 and Oz
exhaust gas analysis; perform
test and interpret exhaust gas
readings.

Task 11 - Verify valve adjustment
on engines with mechanical or
hydraulic lifters.

Task 12 - Verify camshaft timing
(including engines equipped with
variable valve timing); determine
needed action.

Task 13 - Verify engine operating
temperature, check coolant level
and condition, perform cooling
system pressure test; determine
needed repairs.

Task 14 - Inspect and test
mechanical/electrical fans, fan clutch,

6
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fan shroud/ducting and fan control
devices; determine needed repairs.
Task 15 - Read and interpret
electrical schematic diagrams and
symbols.

Task 16 - Test and diagnose
emissions or driveability problems
caused by battery condition,
connections or excessive key-off
battery drain; determine needed
repairs.

Task 17 - Perform starter current
draw test; determine needed
action.

Task 18 - Perform starter circuit
voltage drop tests; determine
needed action.

Task 19 - Inspect, test and repair
or replace components and wires
in the starter control circuit.

Task 20 - Test and diagnose
engine performance problems
resulting from an undercharge,
overcharge or a no-charge
condition; determine needed
action.

Task 21 - Inspect, adjust and
replace alternator (generator) drive
belts, pulleys, tensioners and fans.
Task 22 - Inspect, test and
repair or replace charging circuit
components, connectors and
wires.

B. IGNITION SYSTEM
DIAGNOSIS AND REPAIR
(8 questions)
Task 1 - Diagnose ignition
system related problems such
as no-starting, hard starting,
engine misfire, poor driveability,
spark knock, power loss, poor
mileage and emissions problems;
determine root cause; determine
needed repairs.
Task 2 - Interpret ignition system
related diagnostic trouble codes
(DTCs); determine needed repairs.
Task 3 - Inspect, test, repair or
replace ignition primary circuit
wiring and components.
Task 4 - Inspect, test, service,
repair or replace ignition system
secondary circuit wiring and
components.
Task 5 - Inspect, test and replace
ignition coil(s).
Task 6 - Inspect, test and replace
ignition system sensors; adjust as
necessary.

Task 7 - Inspect, test and/or
replace ignition control module
(ICM)/powertrain/engine control
module (PCM/ECM); reprogram as
needed.

C. FUEL, AIR INDUCTION

AND EXHAUST SYSTEMS

DIAGNOSIS AND REPAIR

(9 questions)
Task 1 - Diagnose fuel system
related problems, including hot
or cold no-starting, hard starting,
poor driveability, incorrect idle
speed, poor idle, flooding,
hesitation, surging, engine
misfire, power loss, stalling, poor
mileage and emissions problems;
determine root cause; determine
needed action.
Task 2 - Interpret fuel or induction
system related diagnostic trouble
codes (DTCs); analyze fuel
trim and other scan tool data;
determine needed repairs.
Task 3 - Inspect fuel tank, filler
neck and gas cap; inspect
and replace fuel lines, fittings
and hoses; check fuel for
contaminants and quality.
Task 4 - Inspect, test and replace
fuel pump(s) and/or fuel pump
assembly; inspect, service and
replace fuel filters.
Task 5 - Inspect and test electric
fuel pump control circuits and
components; determine needed
repairs.
Task 6 - Inspect, test and repair
or replace fuel pressure regulation
system and components of fuel
injection systems; perform fuel
pressure/volume test.
Task 7 - Inspect, remove, service
or replace throttle assembly; make
related adjustments.
Task 8 - Inspect, test, clean and
replace fuel injectors and fuel rails.
Task 9 - Inspect, service and
repair or replace air filtration
system components.
Task 10 - Inspect throttle
assembly, air induction system,
intake manifold and gaskets
for air/vacuum leaks and/or
unmetered air.
Task 11 - Remove, clean, inspect,
test and repair or replace fuel
system vacuum and electrical
components and connections.

Task 12 - Inspect, service and
replace exhaust manifold, exhaust
pipes, oxygen sensors, mufflers,
catalytic converters, resonators,
tailpipes and heat shields.

Task 13 - Test for exhaust system
restriction or leaks; determine
needed action.

Task 14 - Inspect, test, clean and
repair or replace turbocharger
or supercharger and system
components.

D. EMISSIONS CONTROL
SYSTEMS DIAGNOSIS AND
REPAIR (INCLUDING OBD II)
(8 questions)

1. POSITIVE CRANKCASE
VENTILATION
(1 question)

Task 1 - Test and diagnose

emissions or driveability problems

caused by positive crankcase
ventilation (PCV) system.

Task 2 - Inspect, service and

replace positive crankcase

ventilation (PCV) filter/breather
cap, valve, tubes, orifice/metering
device and hoses.

2. EXHAUST GAS
RECIRCULATION
(2 questions)
Task 1 - Test and diagnose
driveability problems caused
by the exhaust gas recirculation
(EGR) system.
Task 2 - Interpret exhaust gas
recirculation (EGR) related scan
tool data and diagnostic trouble
codes (DTCs); determine needed
repairs.
Task 3 - Inspect, test, service and
replace components of the EGR
system, including EGR valve,
tubing, passages, vacuum/pressure
controls, filters, hoses, electrical/
electronic sensors, controls,
solenoids and wiring of exhaust
gas recirculation (EGR) systems.

3. SECONDARY AIR INJECTION
(AIR) AND CATALYTIC
CONVERTER
(2 questions)

Task 1 - Test and diagnose

emissions or driveability problems

caused by the secondary air
injection or catalytic converter
systems.

Training for Certification
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Task 2 - Interpret secondary air
injection system related scan tool
data and diagnostic trouble codes
(DTCs); determine needed repairs.
Task 3 - Inspect, test, service and
replace mechanical components
and electrical/electronically-
operated components and circuits
of secondary air injection systems.
Task 4 - Inspect catalytic
converter. Interpret catalytic
converter related diagnostic
trouble codes (DTCs); analyze
related scan tool data to
determine root cause of DTCs;
determine needed repairs.

4. EVAPORATIVE EMISSIONS
CONTROLS
(8 questions)
Task 1 - Test and diagnose
emissions or driveability problems
caused by the evaporative
emissions control system.
Task 2 - Interpret evaporative
emissions related scan tool data
and diagnostic trouble codes
(DTCs); determine needed repairs.
Task 3 - Inspect, test and replace
canister, lines/hoses, mechanical
and electrical components of the
evaporative emissions control
system.

E. COMPUTERIZED ENGINE
CONTROLS DIAGNOSIS AND
REPAIR (INCLUDING OBD lI)
(13 guestions)

Task 1 - Retrieve and record

diagnostic trouble codes (DTCs),

OBD Il monitor status and freeze

frame data.

Task 2 - Diagnose the causes of

emissions or driveability problems

with stored or active diagnostic
trouble codes (DTCs).

Task 3 - Diagnose the causes of

emissions or driveability problems

without diagnostic trouble codes

(DTCs).

Task 4 - Use a scan tool, digital

multimeter (DMM) or digital

storage oscilloscope (DSO) to
inspect or test computerized
engine control system sensors,
actuators, circuits and powertrain/
engine control module (PCM/

ECM); determine needed repairs.

Task 5 - Measure and interpret

voltage, voltage drop, amperage

and resistance using digital
multimeter (DMM) readings.

Task 6 - Test, remove, inspect,

clean, service and repair or replace

power and ground distribution
circuits and connections.

Task 7 - Remove and replace the
powertrain/engine control module
(PCM/ECM); reprogram as needed.
Task 8 - Diagnose driveability and
emissions problems resulting from
failures of interrelated systems (for
example: cruise control, security
alarms/theft deterrent, torque
controls, traction controls, torque
management, A/C, non-OEM
installed accessories).

Task 9 - Clear diagnostic trouble
codes (DTCs), run all OBD Il
monitors and verify the repair.

The preceding Task List Data
details all of the relevant subject
matter you are expected to
know in order to sit for this ASE
Certification Test. Your own years
of experience as a professional
technician in the automotive
service industry should provide
you with additional background.

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

A8 - Engine Performance
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General Diagnosis

General Diagnosis

Proper engine performance,
emissions levels that are within al-
lowances and good fuel economy
all depend upon a quality, well-
timed spark, fuel, air and compres-
sion. No matter how sophisticated
the engine and its controls become,
they will still rely upon these four
basic components.

When engine performance prob-
lems occur, such as no-starting,
hard-starting, poor fuel economy
or loss of power, diagnosis should
be performed in a logical man-
ner, using a process of elimination.
Begin by questioning the driver
about the vehicle’s symptoms, when
they occur, and how long they have
been occurring. What does the cus-
tomer have to do to experience the
problem? Is there a temperature,
running time, time spent without
running, speed, or road condition
prerequisite?

Always perform a road test, if
possible, to verify the driver’s com-
plaint. But before road testing, per-
form a visual inspection under the
hood to check for obvious prob-
lems. Check the accessory drive
belt(s) for looseness, cracks, glazing
or fraying. A loose alternator belt
could be the cause of a charging
system problem. Check the battery
cables and all electrical wires and
connections for damage and secure
connections. Quite often a prob-
lem in a computerized engine con-
trol system circuit is not caused by
a component but rather by broken
or abraded wires or corroded con-
nectors. Check the condition and
routing of all vacuum lines. Broken
or disconnected vacuum hoses can
cause an engine to run roughly or

stall.

Check the vehicle’s service his-
tory to look for similar complaints
in the past. Check for TSBs (Tech-
nical Service Bulletins) that may
reveal updated repair informartion
regarding the symptoms or sys-
tem in question. Doing research at
this point could save valuable time
that would otherwise be needlessly
spent trying to achieve a diagnosis.
Check for recalls and service cam-
paigns, which may indicate that
the problem is in fact a defect that
the vehicle manufacturer will cor-
rect. Some investigation here could
save your customer from unneces-
sarily paying for a repair.

If the initial inspection and road
test reveal that there is an engine
performance problem, vacuum,
compression, cylinder leakage and
cylinder balance tests can be per-
formed to make sure the engine is
mechanically in good condition.

s b

®

We employ technicians certified by the
National Institute for

AUTOMOTIVE
SERVICE

EXCELLENCE

k Let us show you their credentials /

ENGINE NOISES

Start the engine and let it idle
while listening for unusual 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

Valvetrain Noises
* Bearing noise
* Rocker arms, shaft,
ball and seat
Pushrods
* Tappets and camshaft
* Timing gears and chain

Other Noises

* Loose or broken brackets

* Oil pump failure

* Spark knock.

In order to successfully diag-
nose noises, you must pay close
attention to the frequency at which
the noise occurs and how the fre-
quency changes 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 due to
worn bearings or crankshaft jour-
nals or a lack of lubrication. It is
usually indicated by a dull or deep-
sounding metallic knocking. When

you increase rpm or engine load,

Training for Certification
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General Diagnosis

the knocking usually increases in
frequency. The noise is usually
most obvious right after the engine
starts up, when the engine is under
a heavy lpad, or during acceler-
ation. Along with the knocking
sound, the engine may also exhibit
low oil pressure.

Connecting rod noise, which is
also caused by excessive bearing
clearance or lack of lubrication,
is much less intense than main
bearing noise. This noise usually
sounds like a light metallic rap-
ping that is most noticeable when
the engine is running under a light
load at relatively 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 occurs
when there is excessive clearance
between the crankshaft thrust bear-
ing and the machined faces of the
crankshaft thrust journal, 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 jobvious 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 crankshaft back
and forth and note the reading on
the dial indicator. Compare the
reading with specifications.

Piston Noise

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
TDGC.

Piston Pin Noise

When piston-to-piston pin clear-
ance 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 injec-
tion to a cylinder with a loose pis-
ton pin will change the frequency
and possibly the intensity of the
rapping noise.

Valvetrain Noise

Valvetrain noise can be caused by
excessive valve clearance in adjust-
able valvetrains, worn components
like rocker arms, shafts, lifters and
camshaft, or lack of lubrication. It
is usually indicated by a light tick-
ing noise at idle that occurs at a
frequency slower than engine rpm.
This is because the valvetrain oper-
ates at half the crankshaft speed.

Hydraulic Lifters

A noisy hydraulic lifter usually
makes a consistent ticking sound.
Try sliding a feeler gauge between

the valve stem and the rocker

arm. If this eliminates the ticking,
it confirms that there is excessive
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
handle. 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
each other 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 engine,
ignition timing that is too far ad-
vanced, high engine operating
temperature or excessive carbon
buildup in the combustion cham-
ber. 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,

10
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General Diagnosis

and pressure in the cylinder begins
rising. But the rise in normal pres-
sure causes part of the air/fuel mix-
ture 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 system problems. 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 loose or glazed drive belt.

A thumping noise at the back
of the engine that is most notice-
able when the vehicle is in Park
or Neutral can be caused by loose
torque converter bolts or a loose or
cracked flexplate.

Spark Occurs

Combustion Begins

Continues Rapidly

And Is Completed

e Ff e BN

1LO LI ILLL

Ignited By A Hot Deposit

Regular Ignition Spark

Ignites Remaining Fuel

Flame Fronts Collide

Combustion Begins

&l

Examples of normal combustion (top), preignition (center) and detonation (bottom).
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DIAGNOSING EXHAUST
COLOR, ODOR AND
SOUND

Black exhaust smoke indicates
that the air/fuel mixture is too
rich. Black smoke can be caused
by a restricted air intake, leak-
ing fuel pressure regulator dia-
phragm, defective fuel injector or
electronic sensor misleading the
computer to add more fuel than
is needed. It is rare that black
smoke is engine mechanical-re-
lated. The exhaust will also have
a definite odor if the mixture is
too rich and vehicles with catalytic
converters may have a strong sul-
phur smell.

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 gas-
ket. 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, be-
cause the catalytic converter will
super-heat the water to such a fine
vapor that it may not be noticeable.

Blue-gray or gray-white smoke
tells you the engine is burning oil.
This could be caused by something
as simple as a PCV system mal-
function, however, the most com-
mon causes of burning oil are worn
valve guides and/or seals, and worn
piston rings and/or cylinders.

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 degeleration. The high in-
take vacuum that occurs during
deceleration draws the oil through
the worn guides or seals. Remem-

ber, the catalytic
converter will
super-heat the oil
and reduce some
of the smoke that
would have been
seen on pre-con-
verter models.
Before you
blame either the
valve guides or
the valve seals,
verify that all of
the oil return
holes are clean. If
oil cannort drain
freely back into
the crankcase,

Vacuum Gauge

Vacuum

it can accumu-
late in the head
and be drawn
by vacuum into

the combustion

chamber, causing Typical vacuum gauge installed for manifold vacuum test.

exhaust smoke.

A small exhaust
leak will make a
whistling, 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 man-
ifold/ cylinder head juncture. Rading
noises can be caused by loose exhaust
system heat shields, loose clamps or an
exhaust pipe interfering with another
component. Loose internal compo-
nents in the muffler and catalytic con-
verter can also cause a rattling noise.

ENGINE VACUUM TESTS

Cranking Vacuum Test

Properly disable the ignition and
fuel systems. Connect an ammeter
to the starting circuit and a vac-
uum gauge to the intake manifold.
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

(Courtesy: Ford Motor Co.)

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 art 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

12
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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 carburetor, 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
excessively 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 cata-
Iytic converter, or excessive back
pressure in system. Choked muffier
will exhibit a slow drop of vacuum
to zero.

Gauge reading: Gradual drop in reading at idle. Reading de-
creases with rpm,

Dark needle = drifting needle

Indication: Sticking valves or
10 l 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
operates.

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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* a stuck-open PCV valve or a

cracked PCV hose

* secondary throttle blades that

are stuck open (where a carbu-
retor is used)

* aleaking intake manifold gasket.

Zero cranking vacuum and a no-
start or hard-start complaint can
also be caused by a severe exhaust
restriction. When in doubt, 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 remove the oxygen
sensor. Strong puffs of air from the
mounting hole during cranking can
indicate a restricted exhaust. A sim-
ple 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 increase
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 mixture
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 starting. If the
mixture is artificially enriched by
injecting propane into the induc-
tion system, an engine running
lean should speed up and the vac-
uum reading should rise. If the air/
fuel mixcure 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 cause, try using
a propane kit with a length of hose
attached to find the leak. Pass the
hose end around the suspected
areas and listen for a change in
idle.

Worn valve guides can also cause
a lean condition by allowing addi-
tional air to enter the combustion
chamber. If worn valve guides are
suspected, 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.

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

14
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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.
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 cylin-
ders.

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 engine
idle and short out the ignition 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 device to do this test safely.
When in doubt, always refer to the
manufacturer’s recommended proce-
dures for power balance tests. Many
Ford products do this test during
the Key On Engine Running test by
turning off injectors.

Never short 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 catalytic
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 consecutive 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 system.

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 housing
can affect each cylinder to a differ-
ent extent, resulting in erratic and
unpredictable rpm drops during
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 (hy-
drocarbons) 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/

Training for Certification
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Gauge

Compression
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the fuel pump
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ety relay or dis-
connect the
fuel pump
wire at the
fuel tank.
Connect
the compres-
sion gauge to
the cylinder
being tested,
crank the en-
gine through
four compres-
sion strokes
(four puffs on

the compres-

Typical engine compression tester. (Courtesy: Ford Motor Co.)

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 crank-
ing compression test with the
engine at normal operating tem-
perature. Remove all of the spark
plugs so the engine will crank
more easily. To ensure that the en-
gine breathes freely, remove the
air cleaner and hold the throttle
blade(s) wide open. Be sure the
battery is strong enough to main-
tain the same cranking speed
throughout the test. Use a battery
charger if the battery is question-
able.

On vehicles with distribu-
tor ignition, disconnect and iso-
late the positive wire at the coil. If
equipped with distributorless igni-
tion, disconnect the primary coil
connector at the coil pack. Also,
disable fuel injection systems so
they don’t spray fuel during the
compression test. Disconnect the

sion gauge)
and note how
the gauge re-
sponds. Usually, cranking each cyl-
inder through four compression
strokes will give you an accurate
compression reading. Pay close at-
tention 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. Service manuals usually
list compression pressure specifica-
tions as well as allowable deviations
from them.

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 perform-
ing 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 gasket
may be blown or the block cracked
between those two cylinders. Low
compression on all cylinders could
be a sign of worn rings on an ex-
tremely high-mileage or abused
(run without enough oil) engine. It
could also be an indication of valve
timing that is out of specification.
Compare cranking compression
test results to idle vacuum read-
ings.

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 cylinder to
the amount of air you are putting
into it. Generally speaking, leakage
greater than 20 percent indicates a
problem cylinder. If you don’t use a
leakage tester and 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:

16
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o Cylinder Leakage
Air Line Gauge, Regulator
Adapter And Hose

Spark Plug Port Adapters

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

* Air thar causes bubbles in the radia-
tor coolant indicates a cracked head,
cracked block, and/or a blown head
gasket

* Air thar is blowing out of the carbure-
tor or intake system confirms that an
intake valve is leaking. Be sure the air
you hear in the intake isn’t coming
from the crankcase via the PCV valve.
Disconnect the PCV system and listen
again

* Air thar comes out of the tailpipe con-
firms that an exhaust valve is leaking

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

USING A SCAN TOOL

Beginning in the late 1970’ ve-
hicle manufacturers began using
electronics and on-board comput-
ers to control engine functions.
On-board diagnostics were de-
veloped as a part of these systems
to aid in the diagnosis of vehicle
problems.

With on-board diagnostics, the
engine control system’s computer,

known as the PCM (Powertrain
Control Module) or ECM (Engine
Control Module), monitors the
input and output circuits in the
system and compares their volt-
age, resistance or current values
with preprogrammed parameters.
If an abnormal signal is detected, a
fault is stored in the PCM/ECM’s
memory in the form of a Diagnos-

Typical scan tool screen display.

tic Trouble Code (DTC).

Early computerized engine con-
trol systems used a dash-mounted
Malfunction Indicator Light
(MIL) to communicate system sta-
tus. When a fault was stored in the
computer’s memory, the MIL was
illuminated to alert the driver and
technician that there was a prob-
lem. If specific pins in a diagnos-
tic connector were jumpered or a
pigtail wire was grounded with the
ignition key turned on, the MIL
would then flash. Counting the
flashes would reveal the code num-
ber and in turn, direct the techni-
cian to the relevant service infor-
mation.

However, as engine control sys-
tems became more complex and
sophisticated, a better way of com-
municating with the PCM/ ECM
became necessary, and so the scan
tool was born. The first scan tools
were proprietary and designed by
vehicle manufacturers for specific
vehicles or systems. Aftermarket
scan tools soon began to appear,
but their use was complicated by
the lack of standardization within
the automotive industry. The loca-
tion of the Data Link Connector
(DLC), where the scan tool con-
nects to the engine control system,

MT2800
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A scan tool connected to the DLC on an OBD |l vehicle.

PO1

VEHICLE AREA

7|2

B - Body

C - Chassis
v' P - Powertrain

U - Network

CODE DEFINITION
72- Bank 1 fuel system too rich

CODE TYPE

v 0 - Generic (SAE)
1-0EM

¥ 1-Air/Fuel, Induction
2 - Fuel Injection
3 - Ignition or Misfire
4 - Auxiliary Emission Controls
5-VSS, Idle Control, Aux. Input
6 - Computer Inputs & Qutputs
7 - Transmission/Transaxle

VEHICLE SYSTEM

OBD Il trouble code description.

varied according to manufacturer.
The size |of the connector and
number of pins also varied, neces-
sitating the use of adapters to con-
nect the scan tool. The number
of components monitored by the
engine control system varied from
manufacturer to manufacturer and
each manufacturer had their own
nomenclature and code numbers.
This changed when automobile
manufacturers implemented On-

Board Diagnostics 11 (OBD II) in
response to Federal and the state
of California emissions control sys-
tem monitoring standards. OBD 11
requires on-board diagnostic sys-
tems to detect problems before they
can result in increased emissions. In
OBD I systems, components are
monitored for deteriorating perfor-
mance rather than just total failure.

OBD II regulations also required
vehicle manufacturers to standard-

ize their engine performance moni-
toring systems. The following regu-
lations pertain to scan tools:

* A common scan tool can be
used on all vehicle makes and
models

* A scan tool must be used to
retrieve OBD II DTCs

* A universal 16-pin DLC, with
dedicated pin assignments

* The DLC must be located
under the dash on the driver’s
side of the vehicle and be easily
accessible

* A standard list of DTCs

* Stored DTCs must be able to
be cleared from memory with
a scan tool.

Before using a scan tool, read
the manufacturer’s instructions to
become familiar with its operation.
Most scan tools are equipped with
removable cartridges that contain
specific vehicle service informa-
tion. The proper cartridge must
be installed for the vehicle being
serviced. To stay up to date, new
cartridges must be purchased as
required, although some cartridges
can be updated by downloading
information from a computer.

Make sure the ignition key is
in the OFF position, then con-
nect the scan tool connector to the
DLC. On pre-OBD II vehicles, an
adapter may have to be used. If the
scan tool is not powered through
the DLC, connect the power
lead(s) to the cigarette lighter or
battery.

The scan tool may ask you cer-
tain questions to identify the vehi-
cle being serviced. Most scan tool
have buttons or knobs with which
to input information. Once the
vehicle is identified, you can then
select the desired diagnostic infor-
mation.

DTCs are the most common
requested information. Prior to
OBD II, vehicle manufacturers
used two and three digit codes that
were proprietary to specific vehi-
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cles and systems and each manu-
facturer also had their own code
definitions. With OBD II, com-
mon codes and definitions were
developed to identify all basic
emissions-related failures. OBD II
trouble codes consist of one alpha
character followed by four digits.
The alpha character indicates the
area of the vehicle where the failure
occurred. This includes (B) Body,
(C) Chassis, (P) Powertrain, and
(U) Network. The first digit of
the DTC denotes the origin of the
code. Codes authored by the Soci-
ety of Automotive Engineers (SAE)
are identified by a zero (0). These
codes are known as generic DTCs
since they are the same for every
vehicle. Manufacturer specific
codes are indicated by the number
one (1). These DTCs are part of
the manufacturer’s enhanced diag-
nostic software, and vary between
brands. The second digit in the
DTC identifies the system experi-
encing the problem, while the last
two digits correspond to a specific
code definition.

In addition to accessing DTCs,
modern scan tools can also display
datastream values. Datastream val-
ues are the electrical operating val-
ues of the sensors, actuators and
circuits in the engine control sys-
tem. The displayed values can then
be compared with specifications in
the service manual.

Some scan tools can also provide
‘snapshot’ data. This allows the
technician to check for problems
when driving the vehicle. If there is
an intermittent or condition—spe-
cific problem, the technician can
then take a ‘snapshot’ of the engine
control system, capturing the vari-
ous sensor readings when the mal-
function occurs. The technician
can then review the information
back at the shop to find the cause
of the problem.

Some scan tools can be used to
perform tests and are known as

bi-directional scan tools. The scan
tool can activate various switches
and actuators and then tell you
whether the component is func-
tioning properly.

USING AN
OSCILLOSCOPE

An oscilloscope is an important
component of an engine analyzer.
It displays a graph (or waveform)
of an electrical signal, and shows
how that electrical signal changes
over a period of time. By compar-
ing a scope pattern to a known
good pattern, a technician can
determine whether something is
wrong in an electrical circuit.

An oscilloscope visually displays
a voltage reading on a screen in
the form of a white line, or trace.
Variations in voltage are shown as
a waveform. There are two basic
types of oscilloscopes, live analog
scopes and digital storage oscillo-
scopes. On live analog scopes, the
signal has to be repetitive or occur-
ring at the moment of observation.
A digital storage oscilloscope takes
momentary samples of signals and
stores them in memory. The wave-
form that appears on the screen is
a reconstruction from the memory
contents put in order.

The scope display represents val-
ues of voltage or current on a ver-
tical scale, and values of time on
a horizontal scale. The lower left
hand corner represents zero values
or negative values, depending on
the configuration. The values of
the vertical divisions are selectable
using hand switches or software,
and are sometimes expressed as the
value of the entire scale, such as
a total value of 25 volts from the
zero line up to the top of the scale.
Other choices might include .1, .5,
1.0, 5, 10, 15 volts, etc.

Much like setting up a multime-
ter, begin with a value higher than
expected, and work your way lower
until the waveform occupies an

area of the screen that lets you see
the desired portion. The horizontal
line values of time are also select-
able manually, and can range from
a few milliseconds up to many
whole seconds. The easiest scopes
to use have preprogrammed set-
tings made available by the manu-
facturer, and those settings are set
automatically by the software ac-
cording to the type of circuit or
component to be tested, such as
fuel injectors, hall effect pickups,
and many more.

The preprogrammed settings
also control the manner of sweep
triggering required for the function
selected. Some scopes allow you to
program and save your favorite set-
tings and reference waveforms for
future recall. You can devise your
own trigger points and polarities as
you see fit using a manual override.
Many units allow you to view mul-
tiple traces at the same time, allow-
ing you to compare events in real
time, such as comparing an input
and output of a module to see if it
responds as required.

EXHAUST GAS ANALYSIS

The exhaust gases emitted into
the atmosphere are a combination
of burned and unburned fuel. To
understand the exhaust emission
and its composition, we must re-
view some basic chemistry.

When the air/fuel mixture is in-
troduced into the engine, we are
mixing air composed of nitrogen
(78 percent), oxygen (21 percent)
and other gases (1 percent) with the
fuel, which is 100 percent HC (Hy-
drocarbons), in a semi-controlled
ratio. As the combustion process is
accomplished, power is produced
to move the vehicle while the heat
of combustion is transferred to the
cooling system. The exhaust gases
are then composed of N2 (Nitrogen,
a diatomic gas), the same as was in-
troduced in the engine, CO2 (Car-
bon Dioxide), the same gas that is
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Exhaust gas relationships before and after the catalytic converter. Note especially the reduction of NOx.

used in beverage carbonation, and
H:0 (water vapor). The Na, for
the most part, passes through the
engine unchanged, while the Oz
(Oxygen) reacts (burns) with the
HC and produces the CO2 and the
water vapors. If this chemical pro-
cess would be the only process to
take place, the exhaust emissions
would be harmless. However, dur-
ing the combustion process, other
compounds are formed which are
considered dangerous. These pol-
lutants are HC, CO (Carbon Mon-
oxide), NOx (Oxides of Nitrogen),
SOx (Oxides of Sulfur), and engine
particulates.

Interpreting Exhaust Gas Readings

Exhaust gas analyzers are com-
monly used to check tailpipe emis-
sions levels as a part of states’ ve-
hicle inspection programs, but they
can also be a valuable diagnostic
tool. By checking the quality of

an engine’s exhaust, combustion
problem areas can be identified ac-
cording to the type and amount of
deviation from normal.

Traditional exhaust gas analyz-
ers read two gases: HC and CO.
HC is unburned fuel in the ex-
haust, and it means that complete
combustion is not occurring in the
combustion chamber. HC is mea-
sured in either parts per million
or grams per mile. CO is a color-
less, odorless, poisonous gas that’s
a byproduct of combustion. CO
is usually caused by a lack of air or
excessive fuel and is measured as a
percent of the total exhaust.

As a rule, the more efficiently the
engine runs, the less HC and CO
it produces. Some manufacturers
list CO guidelines for their vehi-
cles. Emission analyzer companies
also publish troubleshooting guide-
lines for HC/CO limits.

CO is a fuel mixture indicator.

The higher the CO level, the richer
the mixture; the lower the CO, the
leaner the mixture. Anything that
enriches the mixrure will raise the
CO level. Therefore, CO is par-
ticularly helpful for diagnosing fuel
economy complaints. Everything
from leaking injectors to a dirty
air filter will raise CO levels. Air
leaks, on the other hand, will lower
CO levels. Excessive CO emissions
could be caused by one or more of
the following:
* air/fuel ratio too rich
* clogged air filter
* ¢ leaking fuel injector(s) or fuel
pressure regulator diaphragm
* fuel pressure that is too high
* crankcase oil is contaminated
with fuel
* engine is running too cool
* faulty sensors, particularly
ECT (Engine Coolant Tem-
perature) or IAT (Intake Air
Temperature) sensors.
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Higher-than-normal HC means
engine efficiency is suffering some-
what. Very high HC levels mean
the engine is misfiring. When you
see high HC, check the CO level:
very high HC coupled with very
low CO means lean misfire. With
these readings, the engine is also
likely to have symptoms of rough
idle, stalling, hesitation and poor
fuel economy; a lower-than-normal
manifold vacuum art idle; uneven
rpm drops on the power balance
test; and a tendency to idle faster
and more smoothly when you arti-
ficially enrich the mixture.

But, if CO levels are normal, the
high HC is caused by ignition or
compression-related misfiring.

Excessive HC emissions could be
caused by one or more of the fol-
lowing:

* ignition misfires

* incorrect ignition timing

* * air/fuel ratio is too lean or

too rich

* low compression

* bad head gasket

* internal engine mechanical

problems: bad valves, valve
guides, lifters, pistons, piston
rings, etc.

The addition of catalytic con-
verters as a part of most vehicle’s
emissions control systems has
greatly reduced the amount of
HC and CO in the exhaust, to
the point where checking the con-
tent of these gases in the exhaust
does not give a true indication of
engine operation. Four gas ana-
lyzers, which monitor CO2 and
O: in addition to HC and CO,
are now used to measure engine
efficiency, since CO2 and Oz are
changed only slightly by emissions
controls. Some exhaust gas analyz-
ers can now also measure NOx.

A high level of COz in the ex-
haust indicates complete combus-
tion. Any deviation, rich or lean,
from the optimum air/fuel ratio
will cause| the CO2 level to drop.

To determine whether a low CO2
level is caused by a rich or lean
condition, look at the Oz levels.
Higher Oz levels indicate a lean
mixture, while lower levels mean a
richer mixture.

Normally, nitrogen is an inert
gas, however, when it is heated to
approximately 2500°F (1371°C)
through the combustion process,
it can bond with Oz molecules and
form NOx. High levels of NOx in
the exhaust can be caused by lean
air/fuel mixtures, a malfunctioning
EGR system and cooling system
problems.

Before an exhaust gas analyzer
can be used it must first go through
a warmup and calibration pe-
riod. If exhaust flow through the
analyzer is restricted because of a
clogged filter or probe, a warn-
ing light will illuminate. The ana-
lyzer or vehicle manufacturer may
specify that the secondary air injec-
tion system be disconnected before
performing exhaust gas analysis.
Always refer to the vehicle service
manual and/or equipment opera-
tor’s manual for the proper proce-
dure.

VALVES AND VALVE
TIMING

There are literally dozens of valve
system configurations, and almost
as many adjustment specifications
and methods of service. Your con-
cern as the technician is to detect
an abnormal condition through
basic testing on the analyzer, and
to recommend additional diagnosis
and repair when warranted by the
individual situation. This is done
most often by observing the crank-
ing amps per cylinder values, and
the relative compression figures
for each cylinder. These readings
will lead you to focus on the indi-
vidual cylinders, and their associ-
ated valves, for additional testing
by means of the compression and
leakdown tests.

Valve Timing

An engine that lacks power, has
low manifold vacuum and consis-
tently low compression readings
on all cylinders indicates that valve
timing has jumped. If the timing
belt or chain jumps enough teeth
or breaks, the engine will not start.

To check valve timing on an
engine with distributor ignition,
remove the distributor cap. On
engines with distributorless igni-
tion, remove a valve cover or tim-
ing belt/chain cover. Rotate the
crankshaft by hand while watching
for distributor rotor or camshaft
movement. If the rotor or camshaft
does not move when the crank-
shaft is turned, the belt or chain is
broken.

If this is the case, check service
information to see whether the en-
gine is a freewheeling or interfer-
ence engine. On freewheeling en-
gines, the pistons cannot contact
the valves regardless of their posi-
tions. However, a broken timing
belt or timing chain, or one that
has excessively jumped time, can
result in valve to piston contact on
interference engines.

If the rotor or cam moved when
the crank was turned, move the
crank back and forth to see how
much the crank moves before the
rotor or cam moves. If there is ex-
cessive movement, suspect a loose
chain or belt or worn gears.

Accessing and checking the tim-
ing mark alignment on the cam
and crank sprockets is the best way
to see if the engine has jumped
time, but another way to deter-
mine this is by looking at the valves
when the piston is at TDC on the
exhaust stroke. At this crankshaft
position, both valves should be
open slightly because of valve over-
lap. The exhaust valve should be
just closing and the intake valve
should be just opening. When the
crank is moved slightly back and
forth, both valves should move. If
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the valves do not operate as de-
scribed with the crank in this posi-

tion, the valve timing is incorrect.

Valve Adjustment

Assuring proper valve opening
and closing on individual cylin-
ders is accomplished by checking
the valve adjustment. Engines with
mechanical lifters 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 its 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. With the engine 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 feature on one
of their outer ends.

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

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 once the engine is at
normal operating temperature.

On engines with hydraulic lift-
ers, the purpose of valve adjust-
ment is to properly position the
hydraulic lifter plunger within the
lifter body. This is done by turn-
ing the rocker arm adjuster nut a
specified amount after zero lash.
Most engines with hydraulic lift-
ers have non-adjustable valvetrains;
the hydraulic lifter plunger adjust-
ment is designed into the valve-
train geometry. Keep in mind that
on these engines, changes in valve
stem height resulting from valve
and seat grinding or excessive cyl-
inder head or block deck resurfac-
ing can cause a pushrod to move
the plunger lower in the lifter
body and possibly bottom out in
its bore. Different length pushrods
can be used to restore the plunger-
to-lifter body relationship.

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 inspec-
tion by checking the coolant ap-
pearance, level and freeze protec-
tion. The coolant should appear
clean and translucent; a cloudy or
muddy appearance is evidence of
contamination. Check the coolant

level in the expansion or overflow
tank. The coolant should be at the

Valve Valve
Clearance

Clearance

Valve
Clearance

Use a feeler gauge to measure valve
clearance (lash). The clearance
measuring locations for different
valvetrain designs are shown here
(Courtesy: Toyota Motor Sales, USA,
Inc.)
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When adjusting a hydraulic lifter, turn the pushrod while tightening the rocker
arm adjusting nut to feel for zero lash, then turn the adjusting nut additionally
to position the plunger in the lifter body

level indicated for the temperature
of the coolant.

Check coolant concentration
using a hydrometer. A hydrometer
uses a calibrated float to measure
the specific gravity of a liquid. The
specific gravity of coolant changes
according to the antifreeze con-
centration; the specific gravity in-
creases as the concentration of the
antifreeze increases.

It is best to obtain a coolant sam-
ple directly from the radiator, as the
overflow tank may have recently
been topped off with water or pure
antifreeze. Always use caution when
removing the radiator cap from a
pressurized system; only remove the
cap when the system is cold. Draw
the coolant into the hydrometer
and read the specific gravity on the
float. The protection level should
be at least —34°F (-37°C), which
represents a 50/50 mixture of anti-
freeze and water.

Visually inspect the cooling sys-
tem for problems. Check for signs
of coolant leaks at all hose con-
nections, core plugs (freeze plugs),
head gasket(s), thermostat housing,
water pump and radiaror. Inspect
all hoses for cracks, ballooning or
brittleness and replace if neces-
sary. If the hoses feel soft or mushy

when they are squeezed, replace
them.

Check the radiator for restrictions
in the air passages through the core.
Clean the fins of debris, bugs or
leaves that may have been drawn
in while driving. Sometimes, debris
may collect between the radiator
and condenser. Make sure all fins
are intact, and not bent so as to
misdirect air flow. Distorted fins
can be straightened using a suit-
able 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. Look inside the radiator for
large amounts of mineral depos-
its at the ends of the core tubes,
as mineral buildup can cause an
internal restriction. If blockage in-
side the radiator is suspected, an
infrared surface thermometer can
be used to scan the surface of the
radiator when the engine is hot
and idling. The radiator should be
warmest near the inlet and gradu-
ally cool toward the outlet. If there
are areas that are considerably
cooler than the inlet, then there
may be restrictions at those areas.

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
mating 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 o
turn too slowly, not draw enough air
through the radiator, and possibly
cause the engine to overheat. Replace
or adjust the belt as necessary.

Check for a coolant leak from
the vent hole at the bottom of the
water pump shaft housing. Check
the water pump bearings by grasp-
ing the fan or pulley and attempt
to move the impeller shaft back
and forth. If there is any move-
ment, the water pump bearings are
defective. Remove the drive belt
and turn the pulley by hand. The
pulley should turn smoothly. If
there is noise and/or binding, the
bearings are defective. Replace the
pump if it leaks or the bearings are
defective.

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. Replace
the fan clutch if it does not turn
smoothly or if it does not turn ar 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 un-
usual noises. A hammering sound
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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 radiator may
point to air in the system.

The engine’s operating tempera-
ture can be verified by installing
a mechanical gauge or by using a
hand held pyrometer.

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
to capacity, 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 pressure 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 internal 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.

If coolant is leaking into a cyl-
inder, combustion gases will also
be able to escape into the cooling
system. When combustion gas es-
capes into the cooling system, it
can cause big air bubbles to appear
in the radiator coolant when the
engine is running. It can also pres-
surize the coolant recovery reser-
voir. An internal coolant leak can
be detected by placing a vial of a
chemical that is sensitive to com-
bustion gases over the radiator filler
neck while the engine is running,
The chemical will change color in
the presence of combustion gases.
An exhaust analyzer probe can also
be held over the filler neck while
checking for a reading on the ex-
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Pressure testing the cooling system. Watch the gauge needle for an indication

of a cooling system leak.

haust analyzer.

The coolant may be going out
the tailpipe, however, which would
be indicated by white smoke from
the exhaust pipe and a somewhat
sweet antifreeze odor in the exhaust.
Remember that catalytic converters
can mask small coolant leak symp-
toms, 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 just a bit. If it drops too
much, replace the cap. Pump the
cap to exceed its pressure rating.
The cap should release pressure; if
not it should be replaced.

COOLING FANS

Mechanical Cooling Fan

Most rear-wheel-drive cars and
trucks have belt-driven, mechani-
cal 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 earlier in this section.

Pressure testing the radiator cap.

To test the fan clutch, attach a
thermometer or electronic tem-
perature probe to rthe radia-
tor 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 thermometer), the
fan speed should increase and the
blades will appear to be moving
in the strobe light. As the tem-
perature 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.
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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 temperature,
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. (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 doesnt run, visually in-
spect the wiring and connectors in
the circuit and check the fuse. Make
sure the operating conditions (cool-
ant temperature, A/C on) exist that
would engage the fan. Check the
voltage at the fan relay terminals and
fan motor using a DMM (Digital
Multi-meter), according to the man-
ufacturer’s diagnostic procedure.

WIRING DIAGRAMS

The ability to read and under-
stand electrical schematics is a ne-
cessity for diagnosing engine per-
formance problems. Since wiring
diagrams are like a road map of the
electrical system, trying to trace
electrical problems without them
makes the job twice as hard. Cir-
cuits in vehicles contain numer-
ous components, and many differ-
ent circuits may share some of the
same wires.

Wiring diagrams indicate circuit
identification factors like wire colors,
connector types and locations. This
is vital information when diagnos-
ing electrical problems. But, before
a technician begins his search, he
must be certain that the diagram is
in fact the correct one for the vehicle.
Revisions and changes to wiring hat-

nesses can take place, causing confu-
sion. Also, always look for a legend
on the wiring diagram indicating
which symbols represent which com-
ponents. Different manufacrurers
might use different symbols to repre-
sent the same components.

Review the table of symbols
shown in this study guide, and
make it a point to learn the various
ways different manufacturers typi-
cally show their circuits in manuals.
Symbols are usually self-explanatory,
such as the symbol for a bulb clearly
showing the curl of the filament and
the one for a battery looking like
plates sandwiched together.

In every diagram, a line shown
between symbols is an electrical

pathway between components,
usually a wire or cable. Some-
times, an entire group of circuits
are summarized in a block or
square on the diagram because too
many components are contained
within. Commonly, power connec-
tions are on the top and bottom of
a schematic, and input and output
circuits are depicted to the left and
right, but all of this can vary with
the particular schematic.

If simplified schematics aren’t
available for a given vehicle, don't
be intimidated by the more com-
plex type that shows several cir-
cuits lumped together. Just make
a photocopy of the schematic and
highlight the circuit you are inter-

Positive

Negative

Ground

Fuse

Circuit Breaker
Capacitor

Ohms

Resistor

Variable Resistor
Series Resistor

Coil

Step-Up Coil

Open Contact
Closed Contact
Closed Switch

Open switch

Closed Ganged Switch
Open Ganged Switch
2-Pole Single-Throw Switch
Pressure Switch
Solenoid Switch
Mercury Switch

S B {40t

=% Connector
—>  Male Connector
>—  Female Connector
rq% Muitipie Connector
—-S Wire Continues Elsewhere
——  Splice
& splice ldentification

0:],_ Optional  Wiring With
<o Wiring Without

Thermal Element (Bimetal Strip)
‘Y’ Windings

‘Delta’ Windings

Digital Readout

< 3

=
ey
&5
o]

Single Filament Lamp
Dual Filament Lamp
LED (Light-Emitting Diode)

Thermistor

Gauge

Timer

Motor

Armature and Brushes
Diode or Rectifier

100 8R)9o0

Bi-Directional Zener Diode

Typical electrical symbols used in automotive wiring diagrams and

schematics.
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ested in. It's often helpful to re-
draw it on a separate piece of paper
in simplified fashion. Straighten
out the wires and arrange the com-
ponents so you can understand the
intended current path. This may
seem like a lot of trouble, but a
clear schematic can shorten your
work time substantially.

BATTERY

Preliminary Inspection

WARNING: The sulfuric acid in
battery electrolyte can cause seri-
ous injury if it contacts the eyes or
skin. To prevent injury, always
wear skin and eye protection 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 bartery 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 bartery 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
cables are corroded, remove the
cables, negative cable first, and
clean the terminals and cables with
a battery brush. Before discon-

necting the battery cables, keep in
mind that computers, program-
mable radios, and other solid-state
memory units may have their
memories erased by disconnecting
the battery. In addition, the engine
and transmission on some vehi-
cles may perform erratically when
first started and must undergo a
relearning process, once the battery
is reconnected. To prevent this, a
12-volt power supply from a dry
cell battery can be connected to
the cigarette lighter or power point
connector to maintain voltage in
the system while the battery is dis-
connected.

Inspect the entire length of the
battery cables for heavy corrosion,
frayed wires and damaged insula-
tion, and replace as necessary. Se-
cure the cables to the battery ter-
minals after cleaning, and apply a
coating of petroleum jelly to the
terminals to minimize further cor-
rosion.

If the battery has removable vent
caps, check the electrolyte con-
dition and level in each battery
cell. Look for cloudy or muddy
discoloration of the fluid. Discol-
ored fluid is a sign of recent deep
cycle discharge action. Add dis-
tilled water to the proper level, if
necessary. In general, the electro-
lyte should be /4 - 1/2-in. (6.35 -
12.70mm) above the plates.

Battery State-of-Charge

A hydrometer can be used to
check the specific gravity of the
battery’s electrolyte if the vent caps
are removable. The glass tube of
the hydrometer 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 specific gravity
points are added (for temperatures
above 80°F) or subtracted (for rem-

peratures 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 battery
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.

When checking specific gravity, hold
the hydrometer in a vertical position
and insert the draw tube into the bat-
tery. Draw just enough electrolyte into
the tube to permit the float to move
freely without touching the top, bot-
tom, or sides. Note that there are times
when electrolyte readings are inaccurate.
One is just after adding water to the
battery. After adding water, it is recom-
mended 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 reccommended to wait at

Checking electrolyte specific gravity
with a hydrometer.
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Darkened Indicator
With Green Dot
* Fully Charged

« |©

To
Jump | Darkened Indicator
Start | No Green Dot

» Needs Charging
Do Not Lightened Indicator
Jump * Replace Battery
Start

Charge indicator on a sealed
maintenance-free battery.

least 15 minutes prior to checking spe-
cific gravity. Still another time is just
after the battery has been subjected to a
high rate of discharge, such as after pro-
longed cranking.

The electrolyte cannot be checked
on sealed maintenance-free batter-
ies. Howeyer, some of these batter-
ies have a built-in hydrometer. Al-
though the readings can vary accord-
ing to manufacturer, 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 recharged. 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. Always refer
to the label on the battery or the bat-
tery manufacturer’s instructions to
interpret battery condition using the
built-in hydrometer. Also, be aware
that the built-in hydrometer indi-
cates the condition of only one cell.

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. Make 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 con-
trol 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 bartery.
Maintain 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 (21°C).

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.

Key Off Battery Drain

Excessive circuit drain when the
vehicle is not running can lead to
battery depletion, even if the bat-
tery is in good condition and the
charging system is in proper work-
ing order.

The main reason for a very slight
draw on the battery is the fact that
major computerized systems in the ve-
hicle need voltage at all times in order
to function properly. Components
such as computer memories and stored

diagnostic data must be kept whether
the vehicle is running or not. The dig-
ital clock and other such items also
draw a very small current while the
vehicle is off. This is not a problem for
today’s vehicles as long as the drain is
not excessive.

Sometimes, it’s hard to tell whether
there is a key off battery drain because
the drain won't be enough to com-
pletely discharge the battery while the
vehicle is off. The only way this type
of drain manifests itself is by excessive
battery water usage and the fact that
the battery doesn’t last as long as it
should with a known good charging
and starting system. Always use the
manufacturer’s suggested key off drain
specifications when trying to deter-
mine the proper amount of current
that computer systems and accessories
should draw when the vehicle’s engine
is not running.

Using a 12-volt test light in series
with a battery cable is not the most
accurate way to check for key off bat-
tery drain. The most effective way of
checking this condition is to use an
ammeter in series with the negative
battery cable and the negative battery
post. This enables full battery voltage
to the vehicle during the measurement.
Another method that can be used is to
measure voltage drop across a 1-ohm
resistor connected in series between the
negative battery cable and the negative
battery post, usinga DMM.

NOTE: Make sure the ignition
switch is in the OFF position at all
times during testing. In addition,
all courtesy and accessory lights

must be off.

If an excessive drain is displayed,
remove the fuses from the fuse
block one at a time. When the spe-
cific fuse powering the circuit with
the drain is removed, the high volt-
age reading will stabilize to a nor-
mal reading.

Using a wiring diagram, note the
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Positive Battery
Cable
(Connected)

...:}__

i

[
:;%hacﬂy m

Ammeter Negative
Battery Cable
(Connected)

Battery electrical drain check.
(Courtesy: GM Cormp.)

specific circuits that run to the par-
ticular fuse that was pulled. Rein-
stall the fuse and allow the DMM
to read the excessive draw. Now,
disconnect each circuit to further
isolate the current draw. When
the draw returns to normal, you've
found the circuit that’s causing the
problem.

If the drain is not found using
this procedure, use a wiring diagram
and locate all circuits connected to
the battery that use a fusible link.
Disconnect the circuits, one at a
time, to isolate the circuit with the
excessive draw. A fusible link is a
fused wire that protects a particular
circuit from high currents, and may
be either in a harness, or mounted

separately, and performs the same
function as the fuse in a fuse block.

STARTING SYSTEM

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
on gasoline engines or fuel system
on diesel engines. Connect the
ammeter’s inductive pickup to the
negative battery cable or

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-
sively lower scales until a reading

connect the ammeter in
series with the negative
battery cable. Also, con-
nect a voltmeter across
the battery terminals.
With the test connec-
tions made and all elec-
trical loads off, crank
the engine over with
the starter. Starter cur-
rent draw when cranking
the engine over should
be around 150 amps
for a 4-cylinder engine,
200 amps for a 6-cylin-
der and 250 amps for a
V8, however, some per-
manent magnet type and
gear reduction starters

R

3
N A NI

can draw more. Always

Performing a starter current draw test.

refer to the specifications (Courtesy: Honda Motor Co.)

in the vehicle service
manual. Battery volt-

age should remain above
9.6V, and the engine
should spin rapidly.

Higher than normal
current-draw readings
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-
ter black lead to the bat-
tery cable connection at
the starter. Make sure
the test point is posi-
tioned after the starter

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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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 connection or replace the
part causing the problem. Refer to
the proper service manual for the
manufacturer’s maximum accept-
able voltage drop specifications.

Starter Ground And Con-
nection

To check the starter ground cir-
cuit, first place the black lead of the
voltmeter jon the negative battery
post. Now, using the same tech-
nique you used on the supply volt-
age 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 presence of
engine-to-starter shims, or an en-
gine-to-battery ground cable that
produces more than the voltage
drop recommended by the manu-
facturer, 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 time. 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 volrage 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.
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 car body.

Starter Relay

Some starting systems use a relay
between the ignition switch and
starter solenoid. When the igni-
tion key is turned to start, current
flows to the relay, closing the relay
contacts. When the relay contacts
close, current from the bartery
flows to the starter solenoid.

To test the relay, measure the
voltage at the relay switch terminal
and starter terminal and compare
to specifications. If the voltage is
less than specified at the switch
terminal, there is a problem in the

ing a replacement relay, check all
cables and connections for corro-
sion and proper routing. Clean and
make repairs as necessary. To install
the relay, reverse the removal pro-
cedure.

Starter Solenoid

A starter solenoid is an electro-
magnetic switch. It may be re-
motely mounted away from the
starter, on the firewall or inner
fender, or it may be mounted
on the starter motor. Remote
mounted solenoids open or close
the battery-to-starter circuit.
Starter mounted solenoids do this
as well, but also push the starter
drive gear into mesh with the fly-
wheel/ flexplate ring gear.

When voltage is provided to a
starter mounted solenoid from the

\

J 1. Digital Muttimeter
TR 2. Battery
= 3. S-Terminal
4. M-Terminal
5. B-Terminal

6. Remote Starter Switch

Testing the starter ground circuit.

control circuit upstream of the
relay. If the voltage is as specified at
the switch terminal but not at the
starter terminal, the relay should
be replaced.

The starter relay can be mounted
in the engine compartment on the
firewall or inner fender, or plug
into an underhood fuse and relay
box. To replace the former type,
disconnect the negative bartery
cable and mark and remove the
wires from the relay. Loosen the
fasteners and remove the relay
from its mounting. Before install-

(Courtesy: Ford Motor Co.)

ignition switch or starter relay, the
starter solenoid is energized, creat-
ing a magnetic field in the sole-
noid coil and drawing in an iron
plunger core into the coil. A lever
connected to the starter drive en-
gages the drive gear with the fly-
wheel/flexplate ring gear. When
the iron plunger core is all the way
into the coil, its contact disc closes
the circuit between the battery and
the starter motor terminals. Cur-
rent flows to the motor and the
drive gear turns the flywheel/flex-
plate.
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As current flows to the motor,
the solenoid pull-in coil is by-
passed and the hold-in coil keeps
the drive gear engaged with the fly-
wheel/flexplate. The gear remains
engaged until the ignition switch is
released from the start position.

The starter solenoid can be
tested in the same manner as the
starter relay. The solenoid can
also be tested using a jumper wire
between the battery and sole-
noid ‘S’ terminals. If the engine
cranks, there is a problem in the
starter control circuit. If the sole-
noid makes a clicking sound, it is
operating properly and the prob-
lem may be with the starter. If no
sound is heard, the solenoid is de-
fective and should be replaced.

To replace a remote solenoid, dis-
connect the negative battery cable
and mark and remove the wires
from the solenoid. Loosen the fas-
teners and remove the solenoid
from its mounting. Before install-
ing a replacement solenoid, check

all cables and connections for cor-
rosion and proper routing. Clean
and make repairs as necessary. To
install the solenoid, reverse the re-
moval procedure.

To replace a starter mounted
solenoid, disconnect the negative
battery cable, then mark and re-
move the wires from the solenoid.
If necessary, remove the starter
from the vehicle. Remove the
mounting bolts for the solenoid.
You may have to rotate the sole-
noid to remove it from the starter,
as some solenoids have a tab that
fits in the starter housing. In ad-
dition, the plunger spring puts a
slight tension on the solenoid.

When installing the solenoid,
make sure the spring is in place
between the plunger and the sole-
noid body. Hold the solenoid and
compress the spring. If necessary,
locate the tab and rotate the sole-
noid into position. Install the sole-
noid mounting bolts. If removed,
install the starter motor. Reconnect

the starter wires and the negative
battery cable and check for proper
operation.

Neutral Start Switch

The neutral start switch prevents
vehicles with automatic transmis-
sions from starting in gear posi-
tions other than Neutral or Park.
The switch can be located on the
steering column, shift lever or
transmission.

To check the switch, apply the
brakes and move the gearshift lever
through each position while hold-
ing the ignition key in the Start
position. If the starter operates in
gear positions other than Neutral
or Park, the switch may only need
adjustment.

To adjust the switch, place the
transmission in Park and loosen
the switch mounting screws. Turn
the ignition key to the start posi-
tion and move the switch until the
starter operates. Hold the switch
in that position, release the igni-

Drive Gear Housing

Snap Ring

Plunger

Return Solenoid
Spring

Clutch And Drive
Assembly

Field Frame

Commutator End Frame

Leather Washer
(Spin Brake)

Exploded view of a typical starter and starter-mounted solenoid.

(Courtesy: GM Corp.)
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tion key and tighten the switch
mounting screws. Check switch
operation.

To electrically test the switch,
touch a 12-vole test light to the
switch output wire while moving
the gearshift lever through each
position. The test light should be
on only when the gearshift is in
Neutral or Park. If the light works
otherwise, check the device that
actuates the switch. If thart is OK,
replace the switch.

Clutch Switch

The start/clutch interlock switch
is a safety device that prevents
the engine from starting with the
transmission in gear. It prevents
the starter from operating unless
the clutch pedal is depressed.

The switch is open when the
clutch pedal is in the released posi-
tion, interrupting current flow in
the starter circuit. When the clutch
pedal is depressed, the switch
closes, allowing current flow in
the circuit. If the starter engages
with the clutch pedal released or if
it does not engage with the pedal
depressed, first check the switch
adjustment. Refer to the service
manual for specifications.

If adjustment is correct, check
for voltage to the input side of the
switch. If voltage is present at the
input side, there should be no volt-
age at the output side of the switch
when it is in the open position
(pedal released), but there should
be voltage at the output side when
the switch is closed (pedal de-
pressed). Replace the switch if it
does not perform as specified.

CHARGING SYSTEM

A charging system can malfunc-
tion in several ways: there can be
no charging, low charging or over-
charging conditions. A no-charg-
ing or low charging condition can
be caused by a broken or slipping
alternator drive belt, defective volt-

age regulator, defective diodes or
stator windings, an open alternator
field circuit, excessive resistance or
an open in the wiring between the
alternator and battery, and sulfated
battery plates.

Overcharging can be caused
by a defective voltage regulator, a
shorted field wire and a battery
that is internally shorted.

A system that is not charging or
undercharging is usually indicated
by a discharged battery that does
not have enough power to oper-
ate the starter or causes the starter
to crank slowly, dim headlights, a
dash warning light that illuminates
or flickers or an ammeter that in-
dicates low charging. Overcharg-
ing is indicated by short light bulb
life and a battery that continually
needs water.

Undercharging can cause the
battery plates to sulfate and can
cause a high water content in the
electrolyte, allowing the battery to
freeze in cold weather. Overcharg-
ing can cause severe corrosion and
warpage to the battery positive
plates, excessive heat in the battery
that can also damage plates, and
electrolyte depletion, which can
also cause premature deterioration
of the active material in the battery
plates.

Preliminary Inspection

Perform a visual inspection to
check for obvious problems. Check
the alternator drive belt for evi-
dence of cracking, fraying, glaz-
ing or other damage and replace as
necessary.

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 measure the
belt deflection. If you are using

a belt tension gauge, position the
gauge and measure the amount of
force necessary to deflect the belt.
Compare your reading with speci-
fication.

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 indica-
tor and minimum and maximum
acceptable marks, the theory being
that if the correct length belt is in-
stalled on the engine and the mark
is within range, belt tension is cor-
rect.

To adjust V-belt tension, loosen
the adjuster pulley, or alternator
pivot and adjuster bolts, then use a
suitable prybar to move the pulley
or alternator until the belt tension
is correct. Tighten all fasteners and
recheck belt tension. Make sure the
alternator is mounted securely in
its mounting brackets.

Inspect and test the battery ac-
cording to the procedures outlined
in the battery service section of this
study guide. Check the condition
of the battery cables and system
wiring, making sure all connec-
tions are clean and tight.

General Testing

Use an inductive probe to check
the alternator output at the alter-
nator output wire while the charg-
ing system analyzer places a cali-
brated load on the charging sys-
tem. If no analyzer is available,
place the voltmeter on the proper
scale for battery voltage and con-
nect the red lead to the positive
cable. Connect the black lead to
the negative cable.

Start the engine. The base volt-
age reading should increase by ap-
proximately 2 volts if the charging
system is working properly, but be
sure to consult the appropriate ser-
vice specification.

Now, place a load on the alterna-
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Checking alternator belt tension with
a belt tension gauge.
(Courtesy: Ford Motor Co.)

tor by turning on the headlights,
or substitute a carbon pile load
connected across the battery termi-
nals. Increase the engine speed to
about 2000-2500 rpm. The voltage
should now read between 13.8V
and 14.5V. Switch your meter to
the AC scale and be certain that
your AC ripple current is not ex-
cessive, indicating a failed rectifier
diode(s). Use available specifica-
tions for the vehicle you are test-

ing.

Isolation Testing

If the amp reading is low, test-
ing must be performed to isolate
the problem. Alternator output is
controlled by the strength of the
field current. By replacing the reg-
ulator with manual control of the
field, diagnosis of the alternator
and regulator circuits can be ac-
complished.

Checking alternator belt tension
using the deflection method.

How you substitute and full-
field voltage-check the alterna-
tor depends on the type of field
circuits in the unit. If the alter-
nator is an A-type, the field is
grounded AFTER the field (exter-
nally grounded). Key on, engine
off, you will have a voltage indica-
tion on both of the field termi-
nals. If it’s a B-unit, the field is
controlled BEFORE the field, (in-
ternally grounded) by controlling
current on the positive side, while
the ground on the other side of the
field is constant. Check a service
manual to determine the exact type
of alternator installed in the vehicle
on which you are working.

To test an externally-grounded
unit (After), make sure all lights

and accessories are off. Set the
engine rpm to 1500-2000 rpm.
Now ground the field according to
the manufacturer’s recommended
procedure. Full amperage output
should be indicated if the alterna-
tor is in good condition and being
driven properly. Listen for noises
while the alternator is under full
load.

Test an internally-grounded unit
(Before) by supplying full-field
voltage to the field terminal of the
alternator. Use a full fielding device
or a jumper wire to send battery
voltage to the field winding for a
moment, and watch for a rise in
system voltage.

If the alternator produces rated
amperage, the regulator circuit is

Belt Length Indi-

.

cator

Minimum
Accept-

Maximum Accept-

able Mark

able Mark

Belt length indicator on an automatic belt tensioner.

(Courtesy: Ford Motor Co.)

AC Generator

To test maximum charging system output, connect a load rheostat to the
battgry. Then, connect a jumper wire to the ‘FIELD’ terminal and the battery
terminal to provide a full field. Connect a voltmeter and ammeter to measure

total output.
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out of adjustment or defective. Per-
form voltage and continuity checks
at the regulator harness plug. Make
sure the regulator has an adequate
voltage supply from the vehicle
harness and that the wires connect-
ing the regulator and the alternator
are in good condition.

Charging Circuit Voltage Drop

Excessive resistance in the volt-
age and/or ground sides of the
charging circuit can cause a low
charging rate due to the difference
between alternator output and
electrical system voltage require-
ments. Charging system voltage
drop is usually caused by a defec-
tive, incorrect or corroded cable
from the alternator to the battery,
or a poor ground connection on
the negative side of the circuit.

To check for high resistance in
the voltage side of the system, con-
nect the voltmeter negative lead
to the positive battery cable end.
Next, connect the positive lead to
the opposing cable end at the alter-

Insert Screwdriver
Tab To Ground Tab To

This alternator may be tested for full
field strength by grounding a tab
showing through the rear window of
the housing. Many other vehicles,
however, require jumping
techniques. The hook-up varies, SO
always consult the service manual
for proper service procedures.

nator. Read the voltage drop and
compare with manufacturer’s spec-
ifications. Normally, the voltage
drop should not exceed 0.2 volts.

To check for high resistance in
the ground side of the system, con-
nect the voltmeter negative lead
to the negative battery cable end.
Next, connect the positive lead
to the alternator grounding point
(usually the alternator bracker).
Read the voltage drop and com-
pare with manufacturer’s specifica-
tions. Normally, the voltage drop
should not exceed 0.1 volt.

Drive Belts, Pulleys And Tensioners

Squealing noises from the engine
compartment that increase in fre-
quency as the engine rpm is raised,
can usually be attributed to a loose
belt. In addition, pulley misalign-
ment can cause the belt to enter
the alternator pulley on an angle,
also causing noise.

Check the alternator belt for
wear and proper adjustment as de-
scribed under preliminary inspec-
tion. If replacement is necessary,
loosen the adjuster pulley or al-
ternator pivot and adjuster bolts,
moving the pulley or alternaror to
eliminate belt tension, and remove
the belt. It may be necessary to
remove other accessory drive belts
to gain access to the alternator 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 pulley to determine if it wob-
bles or 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 become imbedded in the
bottom of the pulley grooves.

When replacing the belt, inspect
the alternator and its correspond-
ing pulley(s) for improper align-
ment. Aligned pulleys reduce both
pulley and belt wear, and vibra-
tion of engine components. If the
belt pulleys are severely misaligned,
look for improper positioning of
the alternator or its corresponding
pulley, improper fit of the pulley
or shaft, or incorrect components
installed.

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

WIRING REPAIRS

Soldering is a quick, efficient
method of joining metals perma-
nently. Everyone who has to make
wiring repairs should know how
to solder. Electrical connections
that are soldered are far less likely
to come apart and will conduct
electricity much better than con-
nections that are only crimped to-
gether.

The most popular — though
not the only — method of solder-
ing is with an electrical soldering
gun. Soldering irons are available
in many sizes and wattage ratings.
Irons with higher warttage ratings
deliver higher temperatures and re-
cover lost heat faster. A small sol-
dering iron rated for no more than
50 watts is recommended, espe-
cially on electrical systems where
excess heat can damage the compo-
nents being soldered. Replacement
of alternator pigtails requires a gun
that is intended for heavy use, due
to the high heat loss through the
large diameter wires.

Three ingredients are necessary
for successful soldering:

* proper flux

* good solder

* sufficient heat.

A soldering flux is necessary to
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clean the metal of tarnish, pre-
pare it for soldering and enable
the solder to spread into tiny crev-
ices. When soldering, always use
a rosin flux or rosin core solder
that is non-corrosive and will not
attract moisture once the job is
finished. Other types of flux (acid
core) will leave a residue that will
attract moisture and cause wires to
corrode.

Tin is a unique metal with a low
melting point. In a molten state,

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.)

it dissolves and easily forms al-
loys with many metals. Solder is
created by mixing tin with lead.
The most common proportions
are 40/60, 50/50 and 60/40, with
the percentage of tin listed first.
Low-priced solders usually contain
less tin, making them very difficult
for a beginner to use because more
heat is required to melt the solder.
A common solder is 40/60, which
is well suited for general use. But
60/40 melts more easily, has more
tin for a better joint, and is pre-
ferred for electrical work. It con-
tains the proper flux, and will say
‘rosin core’ on the package.

Successful soldering requires that
the metals to be joined be heated
to a temperature that will melt the
solder, usually between 360 and
460°F (182-238°C). Contrary to
popular belief, the purpose of the
soldering iron is not to melt the
solder itself, but to heat the parts
being soldered to a temperature
high enough to melt the solder
when it touches the work. Melting
flux-cored solder on the soldering
iron will usually destroy the effec-
tiveness of the flux.

Soldering Repairs And Tips

Soldering tips are made of cop-
per for good heat conductivity, but
must be ‘tinned’ regularly for quick
transfer of heat to the project and
to prevent the solder from sticking
to the iron. To tin the iron, simply
heat it and touch the flux-cored
solder to the tip; the solder will
flow over the hot tip. Wipe the
excess off with a clean rag, or use a
damp sponge, but be careful — the
iron will be hot.

After some use, the tip may be-

come pitted. If so, simply dress
the tip smooth with a smooth file
and tin the tip again. Flux-cored
solder will remove oxides. How-
ever, rust, bits of insulation, oil
and grease must be removed with
a wire brush or emery cloth. For
maximum strength in soldered
parts, the joint must start off clean
and tight. Weak joints will result if
there are gaps too wide for the sol-
der to bridge.

If a separate soldering flux
is used, it should be brushed or
swabbed only on areas that are to
be soldered. Most solders contain
a core of flux, therefore making
separate fluxing unnecessary. Hold
the work to be soldered firmly. It is
best to solder on a wooden board,
because a metal vise will only rob
the piece to be soldered of heat and
make it difficult to melt the solder.

Hold the soldering tip with the
broadest face against the work to
be soldered. Apply solder under
the tip close to the work, using
enough solder to give a heavy film
between the iron and the piece
being soldered, while moving
slowly and making sure the solder
melts properly. Keep the work level
or the solder will run to the lowest
part and favor the thicker parts,
because these require more heat to
melt the solder.

If the soldering tip overheats
(i.e., the solder coating on the face
of the top burns up), it should be
retinned. Once the soldering is
completed, let the soldered joint
stand until cool to the touch. Seal
all soldered wire splices with tape
or heat shrink tubing after the re-

pair has cooled.
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Ignition System Diagnosis And Repair

IGNITION SYSTEM
DESCRIPTION AND
OPERATION

There are two kinds of ignition
systems, Distributor Ignition (DI)
and distributorless Electronic Igni-
tion (EI).

All ignirion systems are divided
into two circuits, the primary and
secondary. The primary circuit, or
low voltage ignition circuit, is com-
mon to DI and EI systems and in-
cludes the battery, the ignition
switch, the primary windings of
the ignition coil(s), and a trigger-
ing mechanism (pick-up coil and
reluctor, magnet and shutter vanes
or slotted disc and photo optical sen-
sor) and switching device to turn the
circuit on and off.

With DI systems, the secondary
system consists of the secondary
windings of the ignition coil, the coll
wire, the distributor cap and rotor,
the spark plug wires, and the spark
plugs.

El systems have no distributor and
instead have a coil for each cylinder
or pair of cylinders. These coils are
cither directly connected to the spark
plugs or are connected to them with
conventional spark plug wires.

Current flows from the battery,
through the ignition switch, through
the coil primary, and through the
switching device to ground.

Functionally, the ignition coil is
a transformer and its primary side
is wound with about 200 turns of
relatively heavy wire. When the cir-
cuit is closed and current is flowing
through the primary circuit, a pow-
erful magnetic field builds up on the
coil’s primary windings.

The secondary windings, which
usually sit inside the primary wind-
ings, consist of about 22,000 turns
of very fine wire. When the circuit

Secondary
Tower

Primary

Primary
Windings

Primary
Input

14

b P

Secondary
Windings

Internal construction and schematic of a conventional oil-filled coil.

is opened by the switching device
(the ignition control module and/or
PCM/ECM), primary current stops
flowing. Then the energy stored
in the primary windings collapses
across the secondary windings, in-
ducing a voltage in them. Depend-
ing upon how the primary system
and the coil are designed, second-
ary voltage potential can range from
25,000 to 50,000 volts. Some mod-
ern systems produce 80,000 volts.
On DI systems, the secondary
voltage goes out through the coil’s
secondary terminal, through the coil
wire to the distributor cap center
terminal, from the center terminal to
the rotor spring arm, across the rotor
to one of the distributor cap termi-
nals, through the plug wire to the
spark plug, and the plug fires. As the
distributor turns, the rotor distrib-
utes the voltage from the coil to each
distributor terminal in the vehicle’s

firing order.

On EI systems the coils are sig-
naled to fire in the proper order by
the ignition control module and/or
PCM/ECM, which also controls the
spark timing and advance.

IGNITION SYSTEM
INSPECTION

Overall, ignition systems suffer
from the same problems that afflict
any electrical circuit. They are hurt by
high resistance connections, open cir-
cuits, wire-to-wire shorts, and shorts
to ground. In addition, they are often
damaged by the same things that hurt
electronic circuits: reversed polarities,
and static discharges. Such problems
cause weak spark or no spark at the
spark plugs. The result is symptoms
such as no-start, hard start, misfire or
stumble under acceleration. When
troubleshooting an ignition system,
always check for DTCs related to ig-
nition system operation.

Perform a visual inspection of the
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ignition wiring and components.
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 systems and make sure that
wires from consecutively firing cylin-
ders cross rather than run parallel, to
prevent crossfiring. Check the coil(s)
for cracks, carbon tracking, oil leak-
age or other damage.

Check the primary circuit wir-
ing for damage, corrosion and poor
connections, which can cause volt-
age drops. If there is an intermittent
problem, you may have to wiggle or
gently tug on the wiring, including
the connection at the ignition switch,
with the engine running to find the
cause.

Damaged or worn out distributor
caps and rotors can cause a variety of
problems, such as a no start condi-
tion, hard starting, missing, lack of
power, rough idle, high emissions,
and poor fuel economy. Inspect the
distributor cap for cracks, wear or
other damage. Check the spark plug
wire and coil wire terminals for cor-
rosion. Check the locating tab and
hold-downs to make sure the cap is
secured properly to the distributor.

Remove the distributor cap and
check the rotor contact terminals
for wear, corrosion or other damage.
Look for cracks or evidence of carbon
tracking. A carbon track is a small
line of carbon that conducts elec-
tricity. 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, carbon
tracks and erosion or other damage
to the rotor tip and spring arm con-
tact. Check the rotor locating tab and
hold-downs to make sure the rotor is
propetly positioned on the distribu-
tor shaft. Remove the rotor and look
for discoloration in the center at the

Carbon Button

Square Alignment Locator / i‘§

Crack Or Carbon Track

Typical location for crack or carbon track in a distributor cap.

(Courtesy: Ford Motor Co.)

top and bottom. 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.
Inspect the condition of the trig-
gering mechanism and wiring. These
components are inside the distribu-
tor on DI systems and mounted on
the engine near the crankshaft on El
systems. The triggering mechanism
components seldom require service,
although the pickup air gap can be
adjusted on some systems. A non-
magnetic feeler gauge must be used
when checking the gap 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 distributor bush-
ings before performing this adjust-
ment. Excessive play could change

the pickup gap and cause a misfire.

IGNITION SYSTEM
DIAGNOSIS

The following are common prob-
lems and possible ignition system re-
lated causes:

No Start or Hard Start
* low or no primary voltage at the
coil
¢ defecrive coil
* open coil wire

defective distributor cap and/or
rotor

defective triggering mechanism
defective ignition module

fouled spark plugs

Engine Misfire

* low primary voltage

* defective coil

* defective distributor cap and/or
rotor

* worn distributor

* high resistance in spark plug
wires

* incorrectly routed spark plug
WII'ES

* defective spark plugs

Power Loss
* defective coll
* late ignition timing
* not enough timing advance
* engine misfire

Spark Knock
* spark plug heat range too hot
* incorrectly routed spark plug
wires
* ignition timing too far advanced

Poor Mileage
* engine misfire
* late ignition timing
* not enough timing advance
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No-Start Diagnosis

If the vehicle will not start because
of a no-spark condition, then per-
form the following tests.

Connect a 12-volt test light to the
coil negative terminal and ground,
then turn the ignition key to the ON
position. The test light should be on.

If not there is an open in the coil pri-

mary windings or in the circuit from
the ignition switch to the coil battery
terminal.

Watch the test light while crank-
ing the engine. If the light flickers,
the signal from the pickup coil and
module are OK. If the light does not

flicker when the engine is cranked,
test the pickup coil with an ohmme-
ter. If the pickup coil tests OK, then

Engine
Ground

Typical sp&rk tester.

the module is defective.

If the test light flickered, discon-
nect the coil wire from the distributor
cap and aimect a spark tester to the

wire. Ground the tester and crank
the engmei If the spark tester fires,
the 1gmt10n coil is OK. If the spa.rk
tester dDE'.Sl not fire, then the coil is
defective.

The spark tester can be used at
each of the spark plug wires. If the
tester therrjiils to fire when the en-
gine is cranked, there is a problem
with the ;Fank plug wire, distributor

cap or ro

Performance Diagnosis
With A Scope

An oscilloscope converts the elec-
trical signals from the ignition system
into a visual image showing voltage
changes over a period of time. This
voltage line is called a pattern. The
technician can study these patterns
and compare with known good ones
to determine what is happening in
the ignition system.

The primary scope pattern shows
the low voltage changes in the pri-
mary circuit of the ignition system.
However, since the secondary ig-
nition circuit is dependent upon a
properly functioning primary circuit,
and any primary circuit problems are
reflected in the secondary circuit, it
is the secondary scope pattern that is
checked more often.

The secondary scope pattern has
three sections: firing, intermediate
and dwell. The firing section starts
on the left side of the screen. Prob-
lems with the spark plugs, plug wires,
distributor cap and rotor will be indi-

cated here.

The firing section begins with
the firing line. The firing line rep-
resents the amount of voltage re-
quired to jump the spark plug
gap. The firing line should be
7-13kV, with no more than 3kV vari-
ation between cylinders. Once the
spark has been initiated, a horizon-
tal line will be displayed about three
quarters of the way down on the fir-
ing line. This is called the spark line.
The burn voltage is the height on the
voltage scale of the spark line. The
burn voltage indicates the amount of
energy required to sustain the flow of
current across the plug electrodes.

The intermediate section shows
a series of diminishing oscillations
that represents residual coil energy.
This residual energy gradually dis-
sipates berween the switching device
and coil. Problems with the ignition
coil(s) will be indicated in this sec-
tion.

The dwell section begins when the

switching device turns on to allow

SECONDARY IGNITION WAVEFORM

_ Firing Intermediate

Section Section

Dwell Section

Typical secondary ignition scope pattern.
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current flow to the ignition coil.
There should be a short downward
drop followed by small oscillations.
The dwell section is where the mag-
netic field builds up in the ignition
coil. Problems with the triggering
mechanism and ignition module will
be indicated in this section.

An oscilloscope can display pat-
terns in different ways for diagnostic
purposes. The patterns for all cyl-
inders can be superimposed (placed
on top of one another) to check for
uniformity. Any pattern that does not
align with the others can indicate a
problem with that cylinder. For ex-
ample, if one cylinder has a firing line
and burn time that is different from
the other cylinders, there is most
likely a problem with the spark plug
or spark plug wire in that cylinder.

Patterns can also be lined up in a
parade display, where the partern for
each cylinder is shown side by side.
This display is useful for comparing
firing voltages. Tall firing lines indi-
cate high resistance while short firing
lines indicare low resistance.

The raster, or stacked display places
all cylinder patterns on top of one
another. This display is used to check
timing or dwell variations between
cylinders.

COMPONENT TESTING

Ignition Switch

A defective ignition switch or ig-
nition switch wiring may not allow
enough power to the ignition mod-
ule or ignition coil. The switch can
be tested with a Digital Multimeter
(DMM).

Ground the negative lead of the
DMM to the distributor base. With
the ignition switch in the OFF posi-
tion, connect the positive lead to the
power wire at the module. Turn the
ignition switch to the run or start po-
sition, as required, and measure the
voltage. The voltage reading should
be at least 90% of battery voltage.

Ignition Coils

Ignition coils have advanced be-
yond the conventional cylindrical
type of coil that was used for many
years. Today there are four types of
ignition coils: external, which cov-
ers the conventional coils as well,
internal, EI system (distributorless)
waste spark ignition coils and direct
ignition Coil On Plug (COP) coils.
The external coil is referred to as such
because, depending on the manufac-
turer, the coil will be located either
on the engine, firewall or strut tower
(anywhere outside the distributor).

The second type is the internal ig-
nition coil, which is located inside or
is a part of the distributor cap or dis-
tributor. The GM High Energy Igni-
tion (HEI) system ignition coil is an
internal type coil, because it is located

within the distributor cap.

The third type of coil is the
El system waste spark ignition
coil. These coils usually come as a
two- or three-pack depending on
the number of cylinders the en-
gine has. One coil provides spark
for two cylinders. For example, a
4-cylinder engine would have two
coils in a pack and a 6 cylinder would
have three coils in a pack. The coils
are grouped according to compan-
ion cylinders—cylinders whose pis-
tons are at TDC at the same time.
The spark plug fires in each cylin-
der simultaneously, but most of the
available energy goes to the cylinder
that is on the compression stroke, the
‘event’ cylinder, because there is little
resistance from the other cylinder,

which is on the exhaust stroke.

Typical distributorless waste spark El system coil pack on a 6-cylinder engine.

(Courtesy: Ford Motor Co.)
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tive terminal and high
tension wire terminal. A
basic primary coil resis-
tance for DI system coils
should be approximately
0.5 to 15 ohms; the sec-
ondary side will range
between 800 to 10,000
ohms. For EI system coils
resistance will be slightdy
lower: the primary resis-

An example of Coil On Plug (COP) ignition coils.

(Courtesy: Honda Motor Co., Ltd.)

The last type of coil, the COP coil,
is used in a distributorless system
where the coil is mounted directly to
the spark plugs. Secondary resistance
is minimized with this design because
the spark plug wires have been elimi-
nated.

In any event, each type of ignition
coil performs the same function: to
convert a low primary voltage (bat-
tery) into a high secondary voltage
and supply that voltage to the spark
plug.

Test ignition coil resistance using
an ohmmeter. To measure primary
resistance, connect the ohmmeter
leads to the positive and negative ter-
minals. Measure secondary resistance
by connecting the leads to the nega-

Ohmmeter

(=
(‘l

Measuring ignition coil primary
resistance with an ohmmeter.
(Courtesy: Ford Motor Co.)

tance will range between
0.2 to 2.0 ohms. The sec-
ondary side would typi-
cally fall between 4,000
to 7,000 ohms. Consult the vehicle
service manual for specifications.

Resistance tests may not always
determine if a coil is faulty. Careful
visual inspection of the coil and test-
ing of the ignition system under load
may be the only accurate way of as-
certaining if a coil is defective. Some
defects will only reveal themselves
during scope testing.

Coils usually used on distributor-
less systems are designed to fit me-
chanically one way. Sometimes, the
electrical leads in coil packs are color
coded, and must be replaced one
wire at a time to ensure that the leads
do not become misplaced. On older
systems and new, remember to re-
spect the intended polarity of the ig-
nition coil during replacement. Using
the ‘one wire at a time' method will
help to prevent problems.

Bad wires are the prime causes of
coil failure on modern engines. They
create either a low resistance short
or a high resistance open. A low re-
sistance wire insulation, which al-
lows spark voltage to flow to ground,
causes a miss and makes the coil
overheat, shortening its life. An open
wire (high resistance) forces the coil
to find an alternative path to ground,
often through the coil case, ruining
the integrity of the unit and bleeding
coil energy to ground. If the module
is mounted below the coils, it may be
damaged as the energy finds its way
to ground. Always check your wires

when replacing coils for this reason.

Primary Circuit Triggering
Various methods are used to turn
the primary circuit on and off:

Distributor Pick-Up Coils

The distributor pick-up coil is bet-
ter known as a magnetic pick-up coil
assembly, or stator. There are differ-
ent designs. On some designs, the
pick-up contains a permanent mag-
net, a pole piece with internal teeth
and a pick-up coil. A rotating timer
core is used with this type. On oth-
ers, it contains a permanent magnet
and a single tooth pick-up coil. A
reluctor or armature is used with this
type. Some use a photocell, Light
Emitting Diode (LED) and a wheel
with slits to provide an rpm signal to
a light sensitive photoreceptor.

The more common magnetic
pick-up coil design will be described.
When the teeth of the rotating timer
core and pole piece align, or the re-
luctor and the single tooth of the
pick-up, an induced voltage in the
pick-up coil signals the electronic
module to open the coil primary
circuit. As the primary current de-
creases, a high voltage is induced in
the secondary winding of the ignition
coil, directing a spark through the
rotor, which in turn fires the spark
plugs. The pick-up coil is located in-
side the ignition distributor.

Before testing, check to see if spark
is evident. If there is spark, the pick-
up assembly is not the problem.

To test the pick-up coil, first dis-
connect the pick-up coil electrical
leads from the module. Set the ohm-
meter on the high scale. Connect one
lead of the ohmmeter to ground and
probe each lead of the pick-up coil
connector. For this test, any resistance
measurement less than infinity re-
quires the replacement of the pick-up
coil.

Pick-up coil continuity is tested
using an ohmmeter (on low range)
between the pick-up coil connector
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leads. Normal resistance is 500 to
1500 ohms. Use the specifications for
the unit you are testing. If a vacuum
unit is used, move the vacuum ad-
vance arm while performing this test.
This will detect any break in coil con-
tinuity. Such a condition can cause
intermittent misfiring. Replace the
pick-up coil if the reading is outside
the specified limits.

If no defects have been found at
this time, and a problem still exists,
the module will need to be checked.

On some distributors, the pickup
coil gap requires adjustment, however
usually only when components are
replaced. The gap between the pick-
up coil and reluctor must be adjusted
using a non-magnetic feeler gauge.
Pick-up coil gap that is too small or
too large may cause engine misfire.
A larger than specified gap may also
keep the engine from starting,

Hall Effect Triggering

Hall Effect ignition triggering is
similar to the magnetic-impulse de-
sign. However, where the magnetic-
impulse voltage signal is a speed-sen-
sitive AC pulse, the Hall effect uses a
clean square-wave signal that remains
constant regardless of engine speed.
Only the width of the pulse changes
with rpm.

Placing metal or a magnet near the
system and then removing it, which
makes the system change from one
voltage to another, accomplishes sig-
nal switching, For example, one Hall
system produces a square wave pat-
tern that switches berween 12 volts
and 0 volts.

You can test a Hall effect system
with a DMM (Digital Multimeter)
and/or an oscilloscope. Procedures
vary, however, so always consult the
appropriate service manual before
you test a Hall effect triggering de-
vice.

Crankshaft Position Sensor (CKP)
EI systems also use permanent
magnet generator or Hall effect trig-

gering. However, the reluctor compo-  a gear-shaped wheel mounted on the
nent or Hall-triggering component is  crankshaft.

Ohmmeter

Ohmmeter

STEP 2. SHOULD READ ONE STEADY
VALUE BETWEEN 500-1500 OHMS
AS LEADS ARE FLEXED BY HAND. IF
NOT, PICK-UP COIL IS DEFECTIVE.

STEP 1. SHOULD READ INFINITE AT
ALL TIMES. IF NOT, PICK-UP COIL IS
DEFECTIVE.

Testing a distributor pick-up coil using an ohmmeter. (Courtesy: GM Corp.)

If current is flowing through a thin wafer of semiconductor material, and a
magnetic field crosses it at a right angle, a voltage known as a Hall effect
voltage will be generated at the edge of the material. Interrupting the magnetic
field turns off the voltage. This is the principle used by Hall effect sensors
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Air Gap

On this Hall effect ignition trigger, the
shutter vanes on the distributor’s
rotor pass between a permanent
magnet and the Hall sensor, causing
the sensor to change states
repeatedly. Regardless of rpm, Hall
sensors produce consistent square-
wave patterns of equal height
(voltage)

Some crankshaft triggering com-
ponents have one tooth per engine
cylinder; others have as many as 36
teeth. The| greater number of teeth
improves the frequency and accuracy
of the triggering signal.

Depending on engine design, the
pickup coil or Hall effect sensor may
be located in its own receptacle inside
the engine block. On other engines,
you may find the pickup coil or Hall
effect sensor mounted on an external
bracket near the crankshaft.

Both permanent magnet and
Hall effect sensors can be diagnosed
using a scope. The typical pattern
for a magnetic sensor is shown in
the accompanying illustration. The
pattern will vary according to the
position and number of slots ma-
chined into the trigger wheel. The
wheel shown has nine slots. Eight are
evenly spaced with the ninth right
next to one of the eight. This slot is
for the synch pulse. On some systems
a CMP (Camshaft Position Sensor)
is used instead of a synch pulse from
the CKP.

The triggering signal is the almost
instantaneous drop from maximum
positive voltage to maximum neg-

20V
15V
10V
5V
61 8/5 47 32

6 6 6 6
ov ‘,f

LY

\
SYNCH PU

L CH PULSE

Typical permanent magnet generator crankshaft sensor waveform.
(Courtesy: GM Corp.)

Computer
(ECM)

And Module

Magnetic Sensor

On this El (distributorless) system, the reluctor is a timing disc built into the
center of the crankshaft. As the disc’s notches pass by the tip of the PM
(permanent magnet) sensor, an AC voltage pulse is generated in the shape of
a sine-waveform. This system is polarity sensitive, so if you replace the
hamess connector be certain the wires don’t get reversed. In that case, the
engine will only crank and produce no spark
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WHEEL ROTATION
e~ :

REAR VIEW ENGINE

HARNESS

CONNECTOR

CRANKSHAFT
SENSOR

MOUNTING
BOLT

BLOCK

Typical permanent magnet generator crankshaft sensor. (Courtesy: GM Corp.)
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15V

v
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ov

Typical Hall effect crankshaft sensor waveform. (Courtesy: GM Corp.)

ative voltage. Low amplitude (low
voltage) from the CKP sensor, which
can cause a no-start condition, may
indicate a weak magnet or a spacing

problem with relation to the crank-
shaft.

A typical Hall effect sensor pattern
is shown in the accompanying illus-

tration. Each pulse should be identi-
cal in shape, amplitude and spacing.
The top of the trace represents the
feed voltage; a clean solid line here
indicates a good power source. When
the sensor turns on, the voltage drops
to zero. The downward and upward
lines should be straight. If the up-
ward line rises at an angle, the voltage
is rising too slowly, which could cause
a no-start condition.

The relationship between the CKP
sensor and the ignition module can
be seen on a dual trace scope. A fixed
amount of timing advance is used for
starting purposes. This is the result
of where the notches are physically
machined.

Electronic Ignition Module

The ignition module fires the ig-
nition coil after the magnetic pick-
up coil submits an electrical pulse
or signal to it. The ignition module
interrupts the ignition primary cir-
cuit, thus causing the ignition coil to
provide spark. The ignition module
turns the ignition coil on and off, like
mechanical ignition points did on
older vehicles. The ignition module
turns off the primary circuit to the
coil that begins the induction of the
magnetic lines of force from the pri-
mary side of the coil into the second-
ary side of the coil. This induction
provides spark to the spark plugs.

The advantages of this system are
that the transistors in the control unit
can make and break the primary ig-
nition circuit much faster than igni-
tion points can, and higher primary
voltage can be utilized, since this
system is designed to handle higher
voltage without adverse effects. On
earlier systems, the ignition module
governed the ignition dwell, whereas
on later systems the PCM/ECM
controls dwell.

Due to the many styles and con-
figurations of ignition modules, there
is no one easy test that will work uni-
versally. However, several steps can be
taken to determine whether the igni-
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tion module is defective.

First, check for spark at the spark
plug wire. This can be done using a
spark tester, which looks like a regu-
lar spark plug with a ground clip at-
tached to one side. It allows the igni-
tion system to be checked for spark
without damaging the electronics. If
the engine is getting spark, the igni-
tion module is most probably func-
tioning correctly. Testing the ignition
system for spark without the use of a
spark tester can damage the ignition
module.

If the engine is not getting spark,
check the ignition coll, ignition trig-
ger (usually a magnetic reluctance
or Hall effect switch) and all associ-
ated wiring. If all other components
are functioning properly, the ignition
module is probably defective. As a
final test, an ignition module tester
may be used to check the module cir-
cuitry. A handheld tester for the TFI
family of ignition is very valuable for
time saved and accuracy of diagnosis.

A simple test involves the use of a
test light or logic probe. Locate the
ignition coil in the engine compart-

ment. On some ignition systems,
the coil is located inside the distribu-
tor cap. Connect a test light or logic
probe between the negative side of
the coil and ground. Crank the en-
gine using the starter motor. As the
engine cranks the test light or logic
probe bulb should flicker. This indi-
cates the module is triggering the coil
to fire. If the light does nor flicker,
the module is most likely at fault.
Be certain you have eliminated the
power up circuit and the ground as a
cause of module failure.

Secondary Circuit
Components

Problems with spark plug wires
and spark plugs are most easily seen
on an engine analyzer or oscilloscope.
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.

Check spark plugs for appearance
and spark plug gap. The spark plug
electrodes should be squared off and
the insulator should be a light tan.

20V
1ST
CYLINDER REFERENGE
. .
15V L
10V
B 2nd
6 BTDC —— CYLINDER EST
[ i /
1 [ 4
5V |
|
|
t
}
|
o | I
I [
I [
I I
f <—— ADVANCE

EST and crankshaft sensor signals. (Courtesy: GM Corp.)

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 resulting in incomplete com-
bustion. If the gap is too wide, the
coil may not generate enough voltage
to bridge the gap for the required

tume.

Checking the resistance of a spark
plug wire using an ohmmeter.
(Courtesy: Ford Motor Co.)

Keep in mind that wider plug gaps
are just one of several factors that
can increase the level of required
firing (secondary) voltage; narrower
gaps reduce required voltage
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Identified by deposit build-up
closing gap between electrodes.
Caused by oil or carbon fouling.
Replace plug, or if deposits are
not excessive, the plug can be
cleaned.

Gap Bridged

0il Fouled

Identified by wet deposits on the
insulator shell bore electrodes.

Caused by excessive oil entering
combustion chamber through worn
rings and pistons. Excessive clearance
hetween valve guides or worn or loose
bearings. Correct oil problem. Replace

the plug.

Carbon Fouled

Identified by black, dry fluffy carbon deposits
on insulator tips, exposed shell surfaces and

Identified by light tan or gray deposits

Pre-Ignition

Identified by melted electrodes and possibly
blistered insulator. Metallic deposits on insulator

Identified by a white or light gray
insulator with small black or gray brown
spots and with bluish-burnt appearance
of electrodes.

Caused by engine overheating, wrong
type of fuel, loose spark plugs, too hot a
plug, low fuel pump pressure or incorrect
ignition timing. Replace the plug.

electrodes. on the firing tip. indicate engine damage.
Caused by too cold a plug, weak ignition, dirty Caused by wrong type of fuel, incorrect ignition
air cleaner, defective fuel pump, too rich a fuel timing or advance, too hot a plug, burnt valves or
mixture, improperly operating heat riser or engine overheating. Replace the plug.
excessive idling. Can be cleaned.

Overheating Fused Spot Deposit

Identified by melted or spotty deposits
resembling bubbles or blisters.

Caused by sudden acceleration. Can be
cleaned if not excessive, otherwise, replace
the plug.

Spark plug diagnosis chart
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Fuel, Air Induction And Exhaust Systems Diagnosis And Repair

FUEL DELIVERY SYSTEM
An insufficient amount of fuel de-
livered to the engine can cause a no-
start condition or a lean mixture.
Low fuel pressure can be caused by a
clogged fuel filter, a defective pressure
regulator or a restricted fuel line.
Excessive fuel pressure can cause a
rich mixture. High fuel pressure can
be caused by a restricted fuel return
line or a defective pressure regulator.

WARNING: Fuel injection sys-
tems remain under pressure, even
after the engine has been turned
OFF. The fuel system pressure
must be relieved before disconnect-
ing any fuel lines. Failure to do so
may result in fire and/or personal
injury.

System Inspection

Inspect the general condition of
the fuel system. Look for dented,
damaged or corroded lines, cracked
or swollen hoses and leaks. Make sure
all connections are secure and all lines
and hoses are securely mounted so
they can't rub against other compo-
nents.

Check the fuel tank for damage
and leaks, and make sure it is securely
mounted. Inspect the hoses, lines and
wiring at the tank, making sure they

Spring

A special tool for separating spring-
lock fittings. Always check the spring
in this type of fitting prior to
reassembly and replace if missing or
damaged.

(Courtesy: Ford Motor Co.)

are properly connected. Make sure
the fuel tank neck and cap are secure.

When replacing a fuel line, use
only steel tubing, never copper, and
make sure the line is properly at-
tached to the frame. When replacing
fuel hoses, make sure they are ap-
proved for fuel system use.

Fuel lines and components are
connected using various types of
fittings, many of which require spe-
cial tools to disconnect. If specified,
always use the special tool to pre-
vent damaging fittings and fuel sys-

Fuel Line Disconnect Tool

Using a special tool to disconnect a fuel line push-connect fitting.

(Courtesy: Ford Motor Co.)

tem components. Many fittings use
O-rings, which should never be re-
used. Always replace O-rings with
those specified for fuel system use.

When replacing an in-line fuel fil-
ter, first properly relieve the fuel sys-
tem pressure and then position a
drain pan under the filter to catch
any spilled fuel. Properly disconnect
the fuel lines from the filter and re-
move the filter from its mounting,
Make sure the new filter is installed
in the proper fuel flow direction.

Relieving Fuel System Pressure

Fuel system pressure can be re-
lieved in several ways. A special
gauge with a drain hose can be at-
tached to a Schrader valve on the
fuel rail, with another hose from
the gauge placed in a suitable con-
tainer. A button on the gauge is
then pressed to release the pressure
and allow the fuel to drain into the
container. Another way involves re-
moving the fuel pump fuse, starting
the engine and letting it run until it
stalls. When in doubt as to what
method to use, consult the vehicle
service manual for the manufactur-
er's recommended procedure.

Alcohol Contamination
Oxygenated fuel that contains up
to 10% alcohol (ethanol) is used in
many areas of the U.S. So called ‘flex
fuel’ vehicles have a sensor that de-
tects the percentage of ethanol in the
fuel and the system adjusts the air/
fuel mixture accordingly, which al-
lows them to use E85, which is 85%
ethanol. However, most other vehi-
cles cannot tolerate alcohol in fuel
that exceeds 10%. If an excessive
amount of alcohol is mixed with gas-
oline on these vehicles, it can degrade
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1.BAR
2. FUEL FEED PIPE

4, 0-RING SEAL
5. FUEL FILTER BRACKET
6. FUEL FILTER

8. FUEL PIPE ASSEMBLY

3. FITTING — BACK-UP WRENCH REQUIRED AT THIS ATTACHMENT

7. SCREW — FULLY DRIVEN, SEATED AND NOT STRIPPED

When replacing fuel system components like this fuel filter, always use new
O-rings designed for fuel system use. (Courtesy: GM Corp.)

rubber fuel system components, clog
the fuel filter and cause a lean air/fuel
mixture. These defects can cause a
no-start condition, stalling and other
driveability complaints.

If you suspect an excessive amount
of alcohol in gasoline, fill a graduated
100mL container to the 90mL mark
with the suspect gasoline. Add water
to bring the level of the liquid to the
100mL mark. Close the container
and shake vigorously for 10-15 sec-
onds, then allow the contents to set-
tle. Any alcohol that is in the gasoline
will be absorbed by the water and set-
tle to the bottom of the container.
For example, if there is now 20mL of
water, there was 10% alcohol in the
gasoline.

There are commercially available
test kits that perform this test. Be
aware that this test will not remove all
of the alcohol from the gasoline, so
the percentage of alcohol in the gas
may be higher than indicated.

Fuel Pump Volume and
Pressure Tests

An engine that misfires or surges
under heayy load or at higher speeds

may be starved for fuel. An engine
that will not start may have no fuel
pressure. The traditional test se-
quence for any fuel pump is to check
its volume first and pressure second.
First make sure there is an ade-
quate amount of fuel in the rank.
Just because the gauge reads a quan-
tity of fuel, doesn't mean that enough
fuel is present; the gauge or gauge

sending unit could be defective.

Listen for noise from the pump
when the key is turned on. If no
noise is heard, check for voltage at
the pump and check for excessive
ground resistance using a DMM. If
there is adequate voltage and the
ground is good but the pump does
not run, it is probably defective and
should be replaced.

If there is no voltage when the key
is on and the engine is cranking,
check the pump fuse, relay and wir-
ing. Sometimes an oil pressure switch
is incorporated in the fuel pump cir-
cuit. Bypass the switch with a jumper
wire; if there is now power to the
pump, replace the switch.

For a volume test, disconnect the
fuel pressure feed line and insert it
into a graduated container. On sys-
tems with electric fuel pumps, you
usually must operate the pump with
a jumper wire for a specified period.
It should flow at least a half-pint of
fuel in 30 seconds. If not, before con-
demning the pump, check the exter-
nal and in-tank fuel filters and the
fuel lines for restriction. Also, per-
form a voltage drop test on the power
and ground circuits to the pump.

If fuel delivery volume is OK, re-

connect the pressure feed line, con-

e — e
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Checking fuel delivery volume (Courtesy: Ford Motor Co.)
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nect a suitable pressure gauge and
turn the key to the ON position.
Compare the pressure reading with
specifications. Pressure thar is lower
than specifications could be caused
by a restricted filter, a faulty fuel
pump or a faulty pressure regulator.
Pressure that is higher than specifica-
tions could be caused by a faulty
pressure regulator or a restricted fuel
return line.

If the pressure is within specifica-
tions, wait five minutes while watch-
ing for a considerable pressure drop.
If a drop occurs, block off the return
line from the pressure regulator and
recycle the key. If the pressure now
holds, you have a defective regulator.
If the pressure still drops, block off
the feed line from the fuel pump and
recycle the key. If the pressure holds
steady; the fuel pump check valve is
leaking and the pump must be re-
placed. If there is still a pressure drop
and there are no external leaks, sus-
pect one or more injectors of leaking.

If fuel pressure was OK and there
was no pressure drop, start the engine
and let it idle. With the vacuum line
connected to the fuel pressure regula-
tor, fuel pressure should be lower
than with the line disconnected. If
not, disconnect the vacuum line from
the pressure regulator and apply vac-
uum to the regulator (consult the ve-
hicle service manual for the specified
amount). If the fuel pressure drops
slightly, then there is a problem with

Checking fuel pressure
(Courtesy: Ford Motor Co.)

the vacuum source to the regulator. If
the fuel pressure does not drop, the

fuel pressure regulator is faulty.

Fuel Pump Replacement
Most electric fuel pumps are in-
stalled in the fuel tank and are incor-
porated with the fuel gauge sending
unit, however there are some vehicles
that use external electric fuel pumps

mounted on the frame.

Tank-Mounted Pumps

Properly relieve the fuel system
pressure. If fuel tank removal is neces-
sary to gain access to the pump, drain
or siphon the fuel from the tank,
then support the tank and disconnect
all wiring, lines and hoses from the
tank. Remove the fuel tank fasteners
and lower the tank from the vehicle.

Clean the area around the pump

opening to prevent dirt from entering
the tank. Remove the bolts or retain-
ing ring and remove the pump from
the fuel tank. Install the new pump
using a new seal. Raise the tank into
position, as required, and secure the
tank with the fasteners. Connect all
lines, hoses and electrical connectors.
Fill the tank with fuel, turn the key to
the ON position to pressurize the

fuel system and check for leaks.

Frame-Mounted Pumps

Properly relieve the fuel system
pressure and then position a drain
pan under the fuel pump to catch
any spilled fuel. Remove any covers
or other components, as necessary, to
gain access to the fuel pump. Discon-
nect all lines, hoses and wiring from
the fuel pump, remove the fuel pump
fasteners and remove the fuel pump

1. TAPE

2. INSULATOR

3. FUEL TANK HARNESS
4. FUEL FEED PIPE

5. FUEL RETURN PIPE

6. FUEL VAPOR PIPE
7. FUEL TANK

8.CAM

9. SENDER ASSEMBLY
10. SEAL

Typical fuel tank and fuel pump installation. (Courtesy: GM Corp.)
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from the vehicle.

Place the new fuel pump in posi-
tion and secure it with the fasteners.
Connect the lines, hoses and wiring,
as required. Install any components
or covers that were removed. Turn
the ignition key to the ON position
to pressurize the fuel system and

check for leaks.
FUEL INJECTION

There ate two types of fuel injec-
tion: Throttle Body Injection (TBI)
and Multiport Fuel Injection (MFI).
On a TBI system, one or two injectors
are located in a throtte body assembly
that is mounted on a conventional in-
take manifold. The fuel is delivered
above the throttle plates, mixes with
air and is distributed to the intake
ports by the intake manifold.

On an MFI system, the fuel is de-
livered to each intake port by individ-
ual injectors. The intake manifold in
a multiport injection system is used
only for air induction.

All ' TBI systems and most MFI sys-
tems are electrically operated. Some-
times, systems that use electrically op-
erated injectors are generically called
EFI or electronic fuel injection sys-
tems. One multiport system, the
Bosch CI$ (Continuous Injection
System) uses hydraulically operated
injectors. CIS injectors open at a
pressure of about 35 to 45 psi. The
CIS system is also known as the
K-Jetronic system.

Electronic MFI systems can also be
categorized according to injector fir-
ing strategy. Some early MFI systems
fired their injectors in groups. Each
injector in a group fired simultane-
ously and each group fired alter-
nately. However, in a Sequential Fuel
Injection (SFI) system, each injector
is fired one at a time in the engines
spark plug firing order. All newer ve-
hicles use the SFI system.

Note that on any multiport injec-
tion system, air leaks around the injec-
tors can cause rough idle, hesitation,

backfiring and poor fuel economy.

Diagnosis

When troubleshooting the fuel in-
jection system, always check for
DTCs related to fuel system opera-
tion. Also, use a scan tool to check
the short term and long term fuel
trims under different conditions.

The Short Term Fuel Trim (SFT)
and Long Term Fuel Trim (LFT)
strategies monitor the oxygen sensor
signal on OBD II vehicles. The infor-
mation is used by the PCM/ECM to
change the amount of fuel delivered
to the cylinders during closed loop
operation according to operating
conditions.

During open loop, the PCM/
ECM operates the fuel injectors at a
preprogrammed pulse width. When
the engine goes into closed loop, the
injector pulse width is changed in re-
sponse to the oxygen sensor signal to
maintain the correct air/fuel mixture.
A rich mixture will increase the volt-
age signal from the oxygen sensor,
which will in turn decrease the SFT
and shorten the injector pulse width.
A lean mixture will decrease the volt-
age signal, increase the SFT and
lengthen the injector pulse width.

Increase and decrease to the SFT
are represented on the scan tool as
values above and below the number
one when the vehicle is in closed
loop. An SFT value of 1.10 means
the pulse width was lengthened by
10% and will be displayed as +10. An
SFT of 0.90 means the pulse width
was shortened by 10% and will be
shown on the scan tool as —10.

The SFT is used to modify the
LFT. The LFT is stored in the PCM/
ECM’s memory and is part of the
basic injection duration calculation.
The PCM/ECM will change the
LFT if the SFT remains higher or
lower for longer than expected.

If the SFT numbers go back and
forth between positive and negative,
above and below one, the fuel system
is operating properly. Correspond-
ingly, numbers that remain on either
side of one indicate a problem. A vac-

uum leak, which would cause a lean
condition, would result in a LFT
above one. Leaking injectors, which
would cause a rich condition, would
result in a LFT below one.

The fuel trims should be checked
under different conditions because
trims that are OK at idle but correct
for a lean condition at highway
speeds could indicate low fuel vol-
ume or a fuel restriction. Fuel trims
that correct for a rich condition at
idle, but are OK at higher rpms,
could indicate a leaking or sticking
injector(s).

Fuel Injectors

When the solenoid inside a fuel in-
jector is turned on, it lifts a valve off
its seat and the injector sprays fuel.
The solenoid coil inside an injector
has two terminals. When the ignition
is on, power is usually fed to one in-
jector terminal. When the control
computer wants the injector to spray,
it grounds the other terminal, com-
pleting the circuit to ground.

The longer the computer grounds
the injector, the longer the injector
sprays. The longer the injector sprays,
the richer the mixture becomes. The
less the injector sprays, the leaner the
mixture. Injector ‘on’ time, which is
also known as injector pulse width, is
usually measured in milliseconds
(ms). Mechanical problems include
stuck open, stuck closed and leaking
injectors.

Fuel Injector Testing

When an EFl-equipped engine
won't start, you can usually deter-
mine if the injectors or their circuits
are at fault without using a lot of so-
phisticated equipment. Connect a
high-impedance test light (a ‘noid’
light) across an injector’s terminals
and crank the engine. If the light
blinks consistently while you're
cranking the engine, you know that,
electrically at least, the injector and
its circuit are working properly.

If the test light doesnt light up,
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check the circuit between the injector
and its power source. If the light
comes on but won' blink, the injec-
tor driver circuit back ar the com-
puter has shorted, or the computer
isn’t telling the injectors to operate.
Check the resistance of the injector
solenoid. Injector resistances are gen-
erally in a very narrow range, and low
values draw too much current
through the injector driver transis-
tors, and can cause failure of these
drivers. If these parts are working
propetly, and the computer is sup-
posed to be operating the injectors,
then the computer is bad, as the driv-
ers are not repairable in the shop.
Check all of the injector resistance
values before installing the new com-
puter. Most computer rebuilders have
a checklist to follow to reduce the
possibility of ruining the new unit
with a defective output device, which
will draw too much current through
the drivers in the output section. Be
certain there is no condition, such as
a missing input pulse from cam or
crank sensors, which might be caus-
ing the computer to refuse to ground
the injectors in turn for operation.

Checking static resistance some-
times is not enough to prove that an
injector is operating properly. For ex-
ample, on multiport injectors that are
group fired, the PCM/ECM has a
driver for each bank or pair of injec-
tors. A V8 with multiport would have
one driver for cylinders 1,3,5,7 and
another for cylinders 2,4,6,8. A 4 cyl-
inder might have separate drivers for
cylinders 1,2 and 3,4. Fuel is deliv-
ered on both the compression and ex-
haust strokes of the affected cylinders.
It is easy to misdiagnose this type of
system when attempting to locate the
cause of a misfire condition.

Suppose we have a V6 with group
fired injectors and we find cylinders
No. 2 and No. 6 are misfiring. After
careful testing, we pin it down to the
injectors in those two cylinders not
spraying a sufficient amount of fuel.
This will create a lean condition in
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When the computer energizes the electromagnet inside a fuel injector, the
magnet pulls the pintle off its seat, allowing the high-pressure fuel to spray out

the end of the injector

cylinders No. 2 and No. 6. We reason
that the PCM/ECM driver is OK as
we have no problem with No. 4 cyl-
inder. The resistance has been
checked and is found to be in factory
specification. However, after install-

ing two new injectors the same prob-
lem remains.

What has happened here is that the
injector with the least resistance is
drawing most of the current when
the circuit is energized. In this case,

Injector Off

A

lnjecto[' On (Pu|st"ﬂidth)

20 VOLTS/DIV.
.5 mS/DIV.

Typical fuel injector voltage pattern on an oscilloscope.

(Courtesy: GM Corp.)
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Injector Con-
nector

Tester

1st F (Initial Pressure)
Reading

Battery

An example of an injector balance test. (Courtesy: GM Corp.)

No. 4 injector has low resistance,
causing No. 2 and No. 6 cylinders to
misfire by| robbing current from its
companion injectors.

But why did we not find this on
the resistance test? Static resistance
tests will generally pinpoint a shorted
or open injector. However, many in-
jectors will only short or draw exces-
sive current when they are under load
or stress. The problem in the V6 was
diagnosed quickly and efficiently
with a digital storage oscilloscope
(DSO). The scope pattern produced
a low voltage spike in the No. 4 injec-
tor.

Leaking injectors cause poor fuel
economy, high emission levels, and a
loss of rest pressure. In order to iso-
late the leaking injector, remove all
the spark plugs, disable the ignition
system and crank the engine until all
fuel in the cylinders is removed.
Allow the engine to sit for about 10
minutes. Turn the key ON and place
the probe tip from your exhaust ana-
lyzer to each spark plug hole. Bump
the starter to open the intake valve.
An HC reading in any cylinder
would indicate the presence of raw

fuel. Thars the cylinder with the leak-

ing injector.

Dirty or restricted fuel injectors
tend to lean the mixture and cause
rough idling, generally sluggish per-
formance, poor fuel economy, and
misfiring under load. To determine if
the injectors are restricted, perform an
injector balance test. Disconnect one
injector and connect an injector bal-
ance tester and a fuel pressure gauge.

Cycle the ignition key to the ON po-

sition. The gauge must hold pressure.
In some vehicles, you may have to
jumper the fuel pump relay (refer to
the service manual), activare the tester
and record the pressure drop. Repeat
this test on all injectors, making sure
that the starting pressure remains the
same. Total the differences in pressure
and divide by the number of injectors
tested. Each injector’s pressure drop
should be within 1.5 psi of the aver-
age. To prevent flooding, the engine
should be started between individual
injector tests.

A larger drop in pressure indicates
a leaking injector; less indicates a re-
stricted one. An attempt to clean the
injectors should be made and the test
repeated, before any injectors are
condemned.

Cold Start Injector

Fuel injection systems do not have
chokes. Instead, they lengthen the in-
jector pulse width for cold enrich-
ment. Some fuel injection systems
also improve cold start-up by using a
separate injector called a cold-start
injector. The cold-start injector
sprays only during cranking when
the engine is cold. Because the cold-
start injector sprays only when the
engine is cranking, it doesn’t affect

STARTING

INJECTOR PRESSURE
#1 44 psi
#2 44 psi
#3 44 psi
#4 44 psi
#5 44 psi
#6 44 psi

SAMPLE INJECTOR BALANCE TEST

ENDING
PRESSURE DIFFERENCE

36 psi 8 psi
37 psi 7 psi
34 psi 10 psi
35 psi 9 psi
38 psi 6 psi
37 psi 7 psi

Clean and retest.

» Total of pressure drops = 47
Average pressure drop = 7.8 psi

* Pressure drop acceptable range per injector = 6.3 to 9.3
* Injectors #3 and #5 fall outside of range.
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—~ Fuel Return
To Intake Manifold L;lnea
Fuel
Inlet

On most fuel injection systems, the fuel pressure regulator reacts to changes in
manifold pressure (vacuum), which helps the regulator tailor the fuel pressure to
engine load, and helps keep the fuel supplied to the injectors constant.

cold driveability.

Difficult cold starting often indi-
cates a problem with the cold-start
injector or with the circuit that con-
trols it. Loss of rest pressure, poor fuel
economy and high CO levels can in-
dicate a leaking cold-start injector. Be
certain that the switch that controls
the cold injector passes its diagnostic
tests before blaming the injector.

Fuel Pressure Regulator

Generally speaking, higher fuel
pressure tends to make any TBI or
port injection system run richer.
Lower fuel pressure tends to make
them run leaner.

A few fuel injection pressure regu-
lators are adjustable; most of them
are not. When fuel pressure is out-of-
specification and the regulator is non-
adjustable, you must replace the reg-
ularor.

Although they aren' externally ad-
justable, most fuel pressure regulators
are connected to manifold vacuum
and vary the fuel pressure according
to engine load. Consequently, prob-
lems such as air leaks or a restricted
vacuum sensing hose can upset the
operation of a good pressure regulator.

When fuel pressure is too high, dis-
connect the fuel return line from the

—* Excess Fuel

In-Tank

This is a typical EFI fuel circuit. Most systems use a fuel pump submerged in
fuel in the tank, and some have a second electric pump closer to the engine.
Note how the fuel pressure regulator routes unused fuel back to the tank. A
restriction in the return line can raise fuel pressure

pressure regulator outlet. If discon-
necting the return line brings the
pressure down within specifications,
you know there’s a restriction some-
where in the return line. Some regu-
lators can suffer from a ruptured dia-
phragm, allowing fuel to be sucked
into the intake manifold through the
vacuum line, which operates the reg-
ulator, causing a rich running condi-
tion. If you pull off the vacuum line
from the regulator and find liquid
fuel, replace the regulator.

Throttle Body

The throttle body on multiport
fuel injected engines is susceptible to
contamination that can restrict air
flow and in turn cause idle speed
problems. This contamination can be
caused by dirt from a faulty air filtra-
tion system and by sludge buildup
caused by the Positive Crankcase
Ventilation (PCV) system.

The PCM/ECM bases idle speed
calculations on a set amount of air
that bypasses the throttle plates. If this
air flow is reduced by accumulated
deposits, these calculations will be in-
correct and may result in stalling.

Sometimes these deposits can be
cleaned off with a spray cleaner or
wiped off with a cloth and solvent
after the air duct is removed. How-
ever, if these methods prove ineffec-
tive, it may be necessary to remove
the throttle body for more thorough
cleaning,

Clean the throttle body with a soft
brush and approved cleaning agent.
Blow out the air passages with com-
pressed air. Before submerging the
throttle body in any kind of cleaner,
components like the Throttle Posi-
tion (TP) sensor and Idle Air Control
(IAC) valve must be removed.

When reinstalling the throttle
body, make sure all of the mounting
surfaces are clean and use a new gas-
ket. Torque the mounting bolts to
specification. Adjust the TP sensor, as
necessary.

Training for Certification
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Idle Control Devices

On most electronic fuel injected
engines, engine idle speeds are con-
trolled by the PCM/ECM through
the Idle Air Control (IAC) valve. On
most engines, the IAC valve is
mounted on the throttle body; others
may be mounted on the engine near
the throttle body. IAC valves that are
located on| the throttle body operate
as follows:

The PCM/ECM sends voltage
pulses to the IAC motor windings
causing the IAC motor shaft and pin-
tle to move in or out a given distance
(number of steps) for each pulse
(called counts). The movement of the
pintle controls the air flow around
the throttle plate, which in turn con-
trols engine idle speed. IAC valve

pintle position counts can be ob-

served using a scan tool. Zero counts
correspond to a fully closed passage,
while 140 counts or more corre-
sponds to full flow.

IAC valves that are mounted sepa-
rately from the throttle body operate
this way: Based on information the
PCM/ECM receives from the cool-
ant temperature sensor, intake air
temperature sensor and throttle posi-
tion sensor, it adjusts the opening of
the IAC valve accordingly. When the
engine is first started, it opens the
IAC valve to its full amount. This
causes the engine to run at a fast idle.
As the engine temperature warms up
the PCM/ECM signals the IAC valve
to close and open, as increased air is
needed. This maintains the idle speed
at proper specification.

When suspecting an IAC valve

problem, first perform
a visual inspection.
Most problems can be
found in wiring har-
nesses and connectors.
An unstable idle or
stalling condition could
be caused by a vacuum
leak or faulty PCV
valve. In some cases,
just dirty electrical con-
nections at the IAC
valve can cause a prob-

Cleaning a typical throttle body assembly.

(Courtesy: Toyota Motor Corp.)

lem. Proper diagnosis
can only be accom-
plished by systematic
testing procedures.

@

To test the IAC valve,
begin with a cold en-
gine. Start the engine.
Using a voltmeter,
check the voltage read-
ing by probing the feed
circuit to the IAC
valve. Allow the engine
to warm up while ob-
serving the voltmeter
reading,

The initial reading

A Throttle body mounted IAC valve.
(Courtesy: Ford Mator Co.)

should be high, close to
battery volrage. As the
engine warms up the

voltage reading should gradually de-
crease to almost 0 volts.

Another test that can be made is by
checking the resistance between the
terminals of the IAC valve for an
open circuit, or checking the positive
feed terminal to ground to see if the
valve is shorted. These resistance val-
ues may vary, but should never be an
open circuit.

Cis

As mentioned earlier, CIS is a me-
chanical port injection system. The
CIS air flow sensing and mixture en-
richment process, which appears on
some older European vehicles, differs
from EFI systems.

The CIS system has an air flow
sensor plate mounted on a pivoted
lever. As the engine draws in air, the
sensor plate moves and the lever piv-
ots with it. A device called the fuel
distributor sits on the opposite end of
the pivoted lever from the air sensor
plate. As air flow moves the lever, the
lever moves a valve in the center of
the fuel distributor called the control
plunger. The greater the air flow, the
greater the control plunger travel and
the more fuel the plunger allows each
injector to have.

Fuel pressure, also called control
pressure, balances movement of the
control plunger. The air sensor lever
works on one end of the plunger, and
control pressure works on the other
end. Remember, the greater the con-
trol pressure, the less the control
plunger moves. And, the less the
plunger moves, the less fuel flows to
the injectors.

In short, high control pressure
equals lean mixture, and vice versa.

Warm-Up Compensator

The warm-up compensator is a
heated device that varies control pres-
sure according to temperature. If a
CIS-equipped engine runs poorly
when cold, check control pressure.
Control pressure should vary from a
relatively low pressure (about 8 psi)
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on a cold engine to a higher pressure
(about 50 psi) when the engine
warms up. When in doubt, refer to
the compensator pressure/tempera-
ture chart in the service manual.

Be sure the warm-up compensator
heater hasn’t open-circuited, and that
it has power going to it. Then, begin-
ning with a cold start-up, watch con-
trol pressure as the engine warms up.
Replace the warm-up compensator if
the pressure falls out of the range
shown on the pressure/temperature

chart.

AIR INDUCTION SYSTEM

A dirty or clogged air filter will re-
strict air flow into the throttle body,
possibly causing an overly rich air/
fuel mixture and resulting in reduced
engine performance, poor fuel econ-
omy and excessive HC and CO ex-
haust emissions. Remove the air filter
from its housing and gently tap it on
a hard surface to dislodge dirt. Visu-
ally inspect the filter for holes and
other damage. 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 ele-
ment will not allow light to pass
through; the filter is dirty and must
be replaced.

When replacing the filter element,
wipe any dirt from the housing 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 vehi-
cles 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/ECM uses this infor-
mation in calculating the proper air/
fuel mixture. Air entering the throttle
body other than through the MAF or
VAF sensor will not be accounted for
in these calculations, causing a lean
condition.

A lean condition can also be caused
by a vacuum leak. When inspecting
the air induction system, check vac-
uum lines, throttle body mounting
and intake manifold sealing areas for
vacuum leaks. Vacuum leaks can be
found using propane. The engine will
run smoother and there will be an
engine rpm change when propane is
discharged near a vacuum leak.

EXHAUST SYSTEM

Exhaust system components can
fail due to physical or chemical dam-
age. Since it is located under the vehi-
cle, the exhaust system is subject to
damage and wear from dirt, stones,
water and other road hazards. The
components in the system can also

Air Cleaner
Assembly

Throttle Body e | :

Mass Air Flow Sensor (MAF)

|
=

Clean Air

T

Flex Tube

Typical air intake system. Makes sure there are no air leaks downstream from
the MAF sensor or a lean condition could result.

(Courtesy: Ford Motor Co.)

rot out from the inside. When the
engine is started from cold, combus-
tion gases mix with condensation
that forms when the hot exhaust con-
tacts the colder exhaust parts, form-
ing 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 physical or
chemical damage, the result is cracks,
holes or other damage to the exhaust
system that cause excessive noise and
can allow harmful exhaust gases to
enter the passenger compartment.
Engine exhaust contains CO, which
can cause headache, nausea and
drowsiness, and if enough is ingested,
can even result in unconsciousness
and death. Any exhaust system dam-
age that results in exhaust leakage
must be repaired immediately.

Damage to the exhaust system can
also result in a restriction in the sys-
tem. 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 vehicles 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 in-
side the pipe. A restricted exhaust sys-
tem 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 damage, holes,
cracks, separated components, bulg-
ing muffler seams, and broken or
missing clamps and hangers. A cata-
lytic converter that appears bluish or
brownish indicates that it is over-
heating,
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Wiggle the exhaust system at vari-
ous points to check for excessive
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 metallic 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 an-
other component.

When tapping on the muffler, lis-
ten for the sound of loose rust parti-
cles. Mufflers usually rot out from the
inside, so even if the outside of the
muffler appears OK, it still may be
ready for replacement.

A telltale sign of exhaust leakage is
black streaks or soot on the outside of
a component. However, if the source
of exhaust |eakage is not evident, you
may have to start the engine and lis-
ten carefully for leaks at all joints. Do
not overlook welded connections, as
these can crack. A small exhaust leak
will make a whistling, hissing or pop-
ping 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 en-
gine. At idle, there should be approx-
imately 17-21 in. Hg. vacuum. Ac-
celerate the engine gradually to 2000
rpm. The vacuum should momen-
tarily drop to zero and then return to
normal without delay; if the exhaust
is restricted, as the engine rpm is in-
creased the vacuum will slowly drop
to zero and slowly rise to normal.
When closing the throttle, the vac-
uum should momentarily increase
and then resume the normal reading;
if the exhaust is restricted the vacuum

will not increase when the throttle is
closed. Accelerate the engine to 2500
rpm and hold. If the vacuum reading
drops 3 in. Hg below the original
reading after a few minutes, there is a
restriction in the exhaust system.

A backpressure test can also be
used to check for a restricted exhaust
system. Remove the front oxygen
sensor and install a suitable pressure
gauge in the sensor hole. Start the en-
gine and compare the pressure read-
ing with specifications for the vehicle
in question. A pressure reading that is
higher than specifications indicates
an exhaust restriction.

TURBOCHARGERS AND
SUPERCHARGERS

In a normally-aspirated engine,
when the piston moves down the cyl-
inder on the intake stroke, a vacuum
is created that draws the air into the
cylinder. The air moves into the cyl-
inder because the pressure in the cyl-
inder is lower than the atmospheric
pressure outside the engine. The
more air that can be packed 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
because 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 su-
percharger or turbocharger raises the
pressure inside the intake manifold,
so that when the intake valves open,
more air (along with fuel on a gaso-
line engine) flows into the cylinders,
resulting in an increase in power.

Superchargers are driven off the en-
gine’s crankshaft by a belt or gears, so
some of the increased power that the
supercharger generates is used to
drive the supercharger itself. Turbo-
chargers are driven by the engine’s ex-
haust, so the power increase is said to
be ‘free’ horsepower, since the turbo-
charger does not use any of the horse-
power it creates.

Turbochargers
A turbocharger is divided into two
sections, the turbine and the com-

Turbine

Exhaust Sys- .
tem To Atmo- ﬁ
sphere /
Wastegate
Valve

i

Compres-

l Turbocharger
<] Ambient Air

:. Air Cleaner

= okl

Actuator
(Spring-Loaded Closed)

-
)
'
'
]
|
1

sure
Turbine Inlet Pressure

Turbine Discharge Pressure &5
Ambient Air Pressure
Compressor Inlet Pressure =»
Compressor Discharge Pres-
=
=

Turbocharger operation. (Courtesy: GM Corp.)
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pressor. The turbine is attached to the
exhaust manifold, where a turbine
wheel inside the turbine housing is
driven by the exhaust gas pressure
and heat energy. The turbine wheel is
connected by a shaft to the compres-
sor wheel inside the compressor
housing. The spinning of the turbine
wheel causes the compressor wheel to
spin, drawing in air to the compres-
sor housing where it is compressed
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 con-
trolled by a wastegate or by shutting
off the fuel supply to the engine.

A wastegate is a valve activated ei-
ther by a diaphragm or a boost con-
trol solenoid. Wastegates are either
integral to the turbine housing or are
remotely mounted in the exhaust sys-
tem. If controlled by a diaphragm,
when a preset boost limit is reached,
the diaphragm moves a rod that
opens the wastegate. If controlled by
a boost control solenoid, which is op-
erated by the PCM/ECM, the wa-
stegate opens and closes in response
to sensor inputs to the PCM/ECM.
When the wastegate is opened, excess
exhaust pressure is released from the
turbine housing, directed to

limit, fuel delivery resumes. When
boost is controlled in response to en-
gine speed, the PCM/ECM will cut
the fuel supply when inputs are re-
ceived that a specific engine speed has
been reached. Fuel delivery resumes
when engine speed drops below the
limit.

Inspection

Turbocharger related engine per-
formance problems are caused by too
little boost pressure or by overboost.
These problems can usually be traced
to a malfunction in the boost control
system 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 intake ducting or
restricted exhaust system. Also check
for exhaust leaks; if exhaust can es-
cape before it reaches the turbine
wheel, less boost (and power) will be
produced. Listen for unusual noises
coming from the turbocharger that
could be an indication that the rotat-
ing 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. Over-
boost can cause detonation and pos-

sible engine damage. A wastegate can
stick or bind due to carbon buildup

or be inoperative due a leaking dia-
phragm 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 closure. Wastegate op-
eration can be checked using air pres-
sure and a pressure gauge. Consult
the appropriate service manual for
testing procedures and pressure speci-
fications.

WARNING: Turbochargers oper-
ate at extremely high temperatures.
Do not touch the turbocharger
while the engine is operating.
Allow the turbocharger to cool suf-
ficiently after the engine has been
turned off before performing test-
ing or servicing procedures.

If a wastegate problem is suspected,
always check the ignition timing,
knock sensor and vacuum lines be-
fore replacing the wastegate. If the
wastegate is controlled by a boost
control solenoid and the solenoid
fails, a DTC should set in the PCM/
ECM’s memory and the MIL may il-
luminate.

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

the exhaust system and ex-
pelled into the atmosphere.

The fuel supply to the
engine can be shut off by
the PCM/ECM in response
to inputs regarding intake
manifold pressure or engine
speed. The MAP (Manifold
Absolute Pressure) sensor
sends a signal to the PCM/
ECM when a specified in-
take manifold pressure is
reached. The PCM/ECM
then cuts the fuel supply to
the engine, causing boost
and engine speed to de-

Actuator

Connecting

high temperatures, which
creates a harsh operating
environment for the tur-
bocharger shaft bearings.
Some manufacturers con-
nect coolant lines to the
turbocharger to cool the
shaft bearings, but others
rely on engine oil to lubri-
cate 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

crease. When intake mani- Testing wastegate operation using air pressure.
fold pressure falls below the  (Courtesy: Ford Motor Co.)

turbocharger. If the engine
is shut off immediately,
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Nut

Air Bypass Valve
Inlet Hose

Intake Air Temperature
(IAT) Sensor

(CAC) To Intake
Manifold Adapter
Assembly

Hex Flange
Pilot Bolt

Charge Air Cooler (CAC)
Tube Assembly

Outlet Tube Assembly

”

Head Pilot Bolt

Supercharger
Inlet Plenum

Bolt

Charge Air Cooler (CAC)>

e ~ SUY
G 2
” 7" Hex Flange ) P
|| 7

Supercharger Inlet
Plenum And Outlet
Adapter Assembly

Engine Supercharger
® Assembly

Air Intake
Charge Throttle
Body Assembly

o

Typical supercharger installation.

the oil may burn causing hard carbon
particles to form, which in turn will
destroy the bearings.

When replacing a turbocharger, use
new gaskets and torque all fasteners
to specification. The unit should be
preoiled prior to installation and the
engine should not be revved before

proper oil pressure has been estab-
lished.

To prolong turbocharger service
life, the oil and filter should be
changed at regular intervals and the
air filter should be inspected regu-
larly. Inspect the routing and integ-
rity of the oil supply and oil drain

lines and check for oil leaks.

Superchargers

The amount of boost pressure a su-
percharger generates is determined by
the size of the pulleys or gears on the
crankshaft and supercharger, and by
engine speed. The size of the pulleys
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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 boost, it is over-
driven. If it’s set up to run slower
than the engine, it is under driven.

Otherwise, boost increases as engine
speed increases.

To prevent supercharger cavitation,
reduced performance and increased
temperatures, a bypass valve is in-
stalled at the supercharger outlet.
This bypass valve allows a controlled
amount of air flow from the super-
charger outlet back into the super-

charger.

Proper supercharger performance
depends on there being no vacuum
leaks, which could cause a lean oper-
ating condition. Vacuum leaks can
be detected using a propane cylinder
as described in the Air Induction
section.
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POSITIVE CRANKCASE
VENTILATION

Description And Operation

During engine operation, some
combustion gases leak past the piston
rings into the crankcase. These gases
are commonly known as ‘blowby’.
The PCV (Positive Crankcase Venti-
lation) system vents crankcase gases
into the engine air intake where they
are burned with the air/fuel mixture.

The PCV system keeps pollutants
from being released into the atmo-
sphere, and also helps to keep the
engine oil clean by ridding the crank-
case 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 crank-
case into the intake manifold. Fresh
air enters the crankcase through the
breather cap or the ventilation filter
inside the air cleaner. Atmospheric
pressure pushes crankcase blow-by
vapors toward the low-pressure point
offered by the PCV valve and the in-
take manifold.

Inspection, Diagnosis And
Testing

Inspect all PCV system hoses for
cracks or other damage. Check the
crankcase inlet air filter and replace as
necessary.

Inspect the engine air cleaner. If the
air cleaner is oil soaked and there is
oil in the air cleaner, it may because
the PCV valve or hoses are clogged.
If the PCV valve and hoses are OK
and these conditions are found, then
the engine may be worn to the point
it creates more blowby than the PCV

Surge tank

Throttle body

-
/

=
Varaer=s

PCV valve

Air intake hose

= Breather hose

PCV system functional diagram (Courtesy: Hyundai Motor Co.)

system can handle. the valve. It will make a hissing noise
Start the engine and let it idle.  if it is not clogged. Place your finger
Being careful not to damage the hose,  over the valve to check for vacuum. If

use a suitable tool to pinch the hose
between the intake manifold 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

there is little or no vacuum, check for
a clogged or restricted hose.

Turn off the engine, remove the
PCV valve from the engine and
shake it. Listen or feel for the rattle
of the valve plunger within the valve
body:. If it rattles the valve is not stuck

e [die

To Intake

« Cruise * Wide Open Throttle

* Acceleration

Manifold

/,

Bt

= §

From Crankcase From

To Intake
Manifold

/s

- =

* Engine Off

}

Crankcase

PCV valve operation.
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E EGR Valve
E] Exhaust Gas

Vacuum operated EGR valve

open or closed. If it doesn't rattle, the
valve must be replaced.

Make sure the PCV valve is re-
placed with the correct one for the
application. The spring inside the
valve is calibrated for a specific flow
rate. If the wrong valve is used, the
engine can draw in excessive air, pos-
sible causing a high idle speed on
vehicles with speed density fuel injec-
tion systems.

EXHAUST GAS
RECIRCULATION

Description And Operation

Most of the air around us is made
up of harmless nitrogen. Ordinar-
ily, nitrogen cannot combine with
oxygen. However, under very high
heat conditions, such as those that
occur inside an engine’s combus-
tion chamber, where temperatures
can exceed 2500°F (1371°C), nitro-
gen molecules can bond with oxy-
gen molecules and form oxides of
nitrogen (NOx). When NOx leaves
the tailpipe and is struck by sunlight,
photochemical smog is formed.

A simple way to reduce NOx

would be to lower the temperature
of combustion. This could be ac-
complished by running rich air/fuel
mixtures, which contain a high level
of cool liquid gasoline, or also by
lowering thermostat temperatures.
Unfortunately, both methods would
produce high levels of HC and CO
emissions and lower fuel economy,
and are contradictory to the objective
of using the minimum amount of
fuel necessary for combustion. Burn-
ing leaner mixtures produces high
temperatures.

The solution is to introduce a me-
tered amount of an inert gas into
the intake air stream. The gas takes
up space that would otherwise be
occupied by the regular incoming
air/fuel charge, which contains 21%
oxygen. Oxygen would contribute to
combustion, and subsequently raise
temperature. Replacing the oxygen
with inert gas slows and cools the
combustion burn.

Fortunately, a running engine pro-
duces large quantities of a suitable
inert gas for this purpose: exhaust.
Exhaust gas should theoretically con-
tain very little, if any, oxygen because

it should have all been consumed
during the combustion process.

The Exhaust Gas Recirculation
(EGR) valve is used to meter the ex-
haust into the intake air stream. Most
EGR valves consist of a vacuum op-
erated diaphragm that is connected
by a rod to a valve in its base, how-
ever on some EGR valves, control
of the valve is fully electronic. The
valve is located inside a connecting
passage between the exhaust system
and the intake manifold. When the
valve opens, exhaust gas mixes with
the incoming air that is to be used for
combustion.

EGR function must be controlled
because exhaust gas recirculation is
not constantly required. EGR is not
required when the engine is cold, at
idle (warm or cold) and at WOT
(Wide Open Throttle). Until the en-
gine is warm, there is no need for ex-
haust gas recirculation because com-
bustion is still sufficiently cool. Even
when the engine is warm, there is no
need for exhaust gas recirculation at
idle because combustion pressures
are relatively low and NOx is not
formed, and exhaust gas recirculation
would stall the engine because of too
much dilution. At WOT, the need
for power outweighs the need to con-
trol NOx emissions, and since WOT
needs richer, and therefore slightly
cooler mixtures, NOx formation is
minimal anyway.

There are several systems currently
used to control EGR function in-
cluding ported, positive backpressure,
negative backpressure, pulse-width
modulated and electronic.

On the positive backpressure EGR
valve, a control valve located in the
EGR valve acts as a vacuum regula-
tor valve. The control valve manages
the amount of vacuum to the EGR
diaphragm chamber by bleeding
vacuum to atmosphere during cer-
tain operating conditions. When the
control valve receives a backpressure
signal from the exhaust through the
hollow shaft of the EGR valve pintle,
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Typical Pressure Feedback EGR (PFE) system.

(Courtesy: Ford Motor Co.)

pressure on the bottom of the control
valve closes it. When the EGR valve
closes, the full vacuum signal is ap-
plied directly to the EGR valve dia-
phragm, which opens the valve and
allows exhaust gas recirculation.

On the negative backpressure EGR
valve, a vacuum signal is supplied
through a hose connected to the
upper part of the EGR valve. Mani-
fold vacuum is also applied to the
lower diaphragm through an intake
port at the base of the EGR valve.
When manifold vacuum in the lower
chamber isnt strong enough to over-
come the spring tension on the lower
diaphragm, a bleed valve closes allow-
ing vacuum in the upper chamber to
open the EGR valve. Exhaust flow
opens a check valve in the pinte so
that vacuum bleeds to atmosphere
and the valve rises, but tries to drop
again. This process controls EGR
flow.

The pulse-width modulated EGR
system is controlled entirely by the
PCM/ECM. The computer controls
the flow rate by sending electrical
signals to a solenoid vacuum valve

Differential Pressure Feedback EGR (DPFE) system.

(Courtesy: Ford Motor Co.)

between the PCM/ECM and EGR
valve. The solenoid pulses up to 32
times per second. To determine pulse
width, the PCM/ECM relies on a
ported vacuum signal.

On computer controlled EGR
systems, the PCM/ECM controls
the vacuum signal to the EGR valve
through a solenoid valve. The PCM/
ECM uses coolant temperature,
throttle position and MAP (Manifold
Absolute Pressure) signals and some-
times other inputs, to determine sole-
noid operation. Whenever the engine
is cold or idling, the solenoid valve
blocks vacuum to the EGR valve.
When the engine is warm and RPM
is higher than idle speed, the solenoid
ground is broken and vacuum opens
the EGR valve.

Some systems, such as Ford Pres-
sure Feedback EGR (PFE) and Dif-
ferential Pressure Feedback EGR
(DPFE) use a sensor in the exhaust
stream that tells the PCM/ECM how
much exhaust gas is actually flowing.
With PFE, the PCM/ECM uses in-
ternal formulas to estimate the EGR
flow. With DPFE, the PCM/ECM

actually gets a report on the flow by
measuring the pressure above and
below the EGR valve. The PCM/
ECM then adjusts the EGR Vacuum
Regulator (EVR) to optimize the
EGR flow under various conditions.

The digital EGR valve allows the
precise amount of EGR flow without
using manifold vacuum. The valve
controls EGR flow through three dif-
ferent size orifices for seven different
combinations of EGR flow. When
the PCM/ECM energizes a solenoid,
the swivel pintle is lifted to open the
orifice.

Some engines have an electroni-
cally controlled EGR valve. It has
a control solenoid and EGR Valve
Position (EVP) sensor. The return
voltage signal ranges from 0.3 volts
when it is closed up to 5 volts when
it is fully open. The PCM/ECM con-
wols EGR flow by pulsing the signal
to the EGR solenoid. This provides
better regulation of EGR flow than
with conventional vacuum controlled

EGR valves.
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Diagnosis And Testing

When EGR function is not con-
trolled properly, there is either not
enough EGR when it is required,
or there is too much EGR or EGR
at the wrong time. When there is
not enough EGR, driveability prob-
lems such as spark knock or surg-
ing at cruise can occur, as well as
an increase in NOx emissions that
could cause a failed emissions inspec-
tion. Symptoms of too much EGR
or EGR at the wrong time include
poor idle, stalling, hesitation, stumble
and rough running during warm up,
tip-in hesitation or stumble, surge
at cruise, poor acceleration, and low
engine vacuiim.

Before blaming EGR function for
any of these symptoms, be sure to
check the basics as other components
and systems could also be the cause.
For example, carbon buildup in the
combustion chamber could be the
cause for that spark knock, and vac-
uum leaks could be the cause of hard
starting and hesitation. Check EGR
related scan tool data and check for
DTCs that could narrow your trou-
bleshooting focus.

Basically, the EGR system can mal-
function in four ways: problems with
EGR passages, problems with the
EGR valve itself, problems with the
vacuum control system and problems
with the computer control system.

If you lift up on the EGR valve
diaphragm (after protecting your fin-
gers with a glove or shop towel) with
the engine idling and there is no ef-
fect on idle speed, the EGR passages
are probably clogged with carbon.
Check the NOx readings using a five-
gas exhaust analyzer. Run the engine
until it reaches normal operating
temperature and then increase en-
gine speed to 2000 rpm. If the EGR
system is functioning properly, the
NOx readings should generally be
below 1000 ppm (parts per million).
If the NOx reading is above 1000
ppm and the EGR valve is function-
ing, then the EGR passages are prob-
ably clogged.

Remove the valve and clean the
EGR passages until they are clear.
Carbon stuck between the pintle and
seat can also cause the EGR valve
to not fully close causing poor idle,
stalling or stumble after cold start.

EVP Input
PCM

Duty Cycle Output

EVR Vacuum Output

Y

Intake
Flow

\

Source
Vacuum

Exhaust Pressure

e

Exhaust
Flow <:

Electronically controlled EGR system. (Courtesy: Ford Motor Co.)

Also keep in mind that if the EGR
passages are only partially clogged,
enough exhaust gas can enter the
combustion chamber to make the
engine run rough or stall at idle, but
there still may not be enough EGR
flow to control NOx emissions.

Conventional ported EGR valves
can be tested simply using a hand op-
erated vacuum pump. When vacuum
is applied, the EGR valve should lifc
and maintain vacuum.

In order to test a positive backpres-
sure EGR valve, a restriction in the
exhaust system must be created to
simulate exhaust backpressure. Place
a suitable object in the tailpipe to
restrict exhaust flow, then connect a
hand operated vacuum pump to the
EGR valve and apply vacuum. The
vacuum should hold providing the
diaphragm is not leaking. Start the
engine and place the transmission in
gear. The engine should stall when
the restriction created exhaust back-
pressure builds up enough to open
the EGR valve at idle.

To test a negative backpressure
EGR valve, disconnect the vacuum
hose from the EGR valve and con-
nect a hand operated vacuum pump.
With the engine off, apply vacuum
and feel for diaphragm movement
with your finger. The diaphragm
should move up and hold vacuum.
Have an assistant operate the ignition
key. When the engine is cranked, you
should feel the diaphragm drop, clos-
ing the valve.

Note that damage to the exhaust

Testing an EGR valve with a vacuum
pump. (Courtesy: Ford Motor Co.)
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system that restricts exhaust flow
(dented or collapsed pipe, clogged
catalytic converter) or modifications
which improve exhaust flow (after-
market performance exhaust system)
will affect the operation of a back-
pressure EGR valve.

In order to function properly,
vacuum operated EGR valves must
receive the proper vacuum signal.
Check for vacuum leaks caused by
loose, broken, pinched or missing
vacuum hoses. Check the hose rout-
ing against the schematic shown on
the emissions label. Most systems use
a TVS (Thermal Vacuum Switch)
to prevent EGR when the engine is
cold. If the switch is operating prop-
erly, it should not allow vacuum flow
until the engine reaches a specific op-
erating temperature.

Computer controlled EGR systems
usually have a vacuum control sole-
noid controlled by the PCM/ECM.
To test operation, use a tee fitting
to connect a vacuum gauge into the
hose at the EGR valve. With the en-
gine warm, place the transmission in
gear, apply the brakes and accelerate
the engine. There should be a vac-
uum reading on the gauge. When the
electrical connector at the solenoid is
disconnected, vacuum should vent off
and the gauge reading should be zero.

Some GM systems use a solenoid

with a vent filter that can cause drive-
ability problems if the filter becomes
restricted, which could trap vacuum
and hold the EGR valve open. Test
these solenoids by covering the so-
lenoid vent with your finger. The
engine should stumble or stall. If it
doesn’, the vent solenoid is probably
defective.

Some Chrysler and import com-
puter controlled systems use a back-
pressure transducer. These systems
are also tested in the same way as
a positive backpressure EGR valve,
using an exhaust flow restriction. Re-
strict the exhaust flow at the tailpipe,
start the engine and unplug the sole-
noid. The engine should stall.

EGR System Service

One of the most common prob-
lems with EGR systems is the
buildup of combustion deposits on
the valve and in the manifold pas-
sages. Even when all components of
the EGR system are operating prop-
erly, the engine may exhibit faulty
EGR symptoms or in some cases
even set a DTC if the manifold pas-
sages are blocked or restricted. Any
time that the EGR valve is removed,
the manifold passages should be
inspected and cleaned with a wire
brush or scraper.

SECONDARY AIR
INJECTION (AIR)

Description And Operation

The Air Injection Reactor (AIR)
system forces fresh air into the ex-
haust system to reduce HC and
CO emissions. The oxygen in the
fresh air combines with the post-
combustion HC and CO to provide
secondary oxidation, converting the
residual HC and CO to water vapor
and CO2. The fresh air is fed into
the exhaust stream at the cylinder
head exhaust ports or in the exhaust
manifold just past the exhaust ports,
and on some vehicles, the catalytic
converter. There are two kinds of
systems: pump systems, that use an
engine driven or electric pump to
pump air into the exhaust system,
and pulse-air systems, that use the
natural pulses in the exhaust system
to pull air into the exhaust system.

A basic pump air injection system
consists of a belt driven air pump,
a diverter valve to vent pumped air
to atmosphere during engine accel-
eration to prevent backfire, a one-
way check valve to allow air flow
into the exhaust manifold or cylinder
head and keep exhaust out of the air
pump, and hoses and tubing to route
the air to the exhaust manifolds or
cylinder heads. Systems that include

Air Diverter
(AIRD) Valve

Check Valves

Air Bypass (AIRB) Valve

Air Pump

Check Valve

i

FRONT OF ENGINE

Check Valve

AIRB Valve

Typical air pump AIR system. (Courtesy: Ford Motor Co.)
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Check Valve
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Check
Vaive
Exhaust Manifold
Catalytic Converter

Diagram of|a typical AIR system. (Courtesy: Ford Motor Co.)

the catalytic converter use an Air By-
pass (AIRB) valve to direct pumped
air to atmosphere or to an Air Di-
verter (AIRD) valve that directs air to
the exhaust manifolds/cylinder heads
or catalytic converter.

Intake air enters the pump through
a centrifugal filter positioned behind
the drive pulley. The filter consists of
small fins that deflect airborne con-
taminants away from the pump as
it rotates. Under certain conditions,
pump air is delivered to the exhaust
manifold(s), and on some vehicles,
the catalytic converter. Check valves
are used tq prevent hot exhaust gases
from backing up into the pump.
When air is being supplied to the
exhaust manifold for example, the
check valve opens under pump pres-
sure. When pump air is directed
away from|that location, exhaust sys-
tem backpressure forces the check
valve closed.

The AIRB and AIRD valves con-
tain solenoids that are controlled by
the PCM/ECM. These solenoids are
used to direct air flow to a specific
location depending on engine op-

erating conditions. Typically, air is
directed to the exhaust manifolds/cyl-
inder heads during open loop, when
the engine is warming up. At this
time, the rich air/fuel mixture that
is used for engine start-up results in
high amounts of unburned HC and
CO in the exhaust. The oxygen in the
incoming air combines with the HC
and CO and oxidation continues.

The air is then switched to the
catalytic converter when the engine
has reached normal operating tem-
perature and gone into closed loop.
The air that is injected into the con-
verter helps with the oxidation of
HC and CO.

Under certain conditions, such as
heavy acceleration, the addition of
oxygen to the exhaust could cause a
backfire. To prevent this, pump air
is bypassed to the air cleaner or a re-
mote silencer by the AIRB valve dur-
ing this time.

Pulse-air systems use a reed valve,
which responds to pressure pulses in
the exhaust system. When an exhaust
valve opens, a low-pressure area is
created in the line extending from

the reed valve to the exhaust system.
This causes the valve to open. Under
this condition, air flows from the air
cleaner through the open reed valve
and into the exhaust, where it oxi-
dizes unburned fuel and CO. When
the exhaust valve closes, exhaust
backpressure forces the reed valve

closed.

Diagnosis And Testing

A faulty secondary air system can
cause several problems including
backfiring, excessive HC and CO
emissions, and improper fuel control.
The latter occurs when pump air is
delivered to the exhaust manifold(s)
during closed loop. This is because
the oxygen sensor interprets the ad-
ditional air as a lean condition. In
response, the computer commands a
rich mixture. Eventually, this condi-
tion will lead to poor fuel economy,
rotten egg odor, an overheated con-
verter, and/or an illuminated MIL.
Always check for secondary air sys-
tem related scan tool data and DTCs.

A functional check of the AIR sys-
tem can be performed using a four-
or five-gas analyzer. Run the engine
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emissions control
information label,
to make sure all
vacuum hoses are
routed correctly.
Carefully inspect
the wiring for
damage and cor-
rosion.

Check the

hoses, tubing and

Air Cleaner

Inlef Hose

- Silencer ; 5
connections in the

system for loose-
ness, cracks, cor-
rosion or other
damage. Make
sure the hoses and
tubing are prop-
erly routed and
connections are
secure. Inspect

Check Valves

Typical pulse-air AIR system. (Courtesy: Ford Motor Co.)

at idle and record the exhaust gas
readings. Then disable the AIR sys-
tem by removing the pump drive
belt or pinching off the hose to the
air distribution manifold. Run the
engine at idle and again record the
exhaust gas readings.

When the engine was run without
the AIR system, there should have
been 2-5% less oxygen in the exhaust
and the HC and CO readings should
have increased. This would mean
that the AIR system was injecting air
into the exhaust system and thereby
functioning properly. If there was
no change in the readings with and
without the AIR system, then the
AlR system is not functioning prop-
erly. Check the system for the cause
of the malfunction.

On pump driven systems, check
the vacuum hoses and wiring in the
system. Check the vacuum hoses
for cuts, cracks and kinks that could
cause a vacuum leak or a vacuum
restriction. Also check hoses for flex-
ibility; even though a hose appears
OK, it could be hardened and ready
to break. Use a vacuum diagram,
such as that found on the vehicle

the condition of
the air pump drive
belt and make sure
it is properly tensioned.

If any hoses in the system show
signs of burning, inspect the check
valves for leaks. Disconnect the
valve’s input hose and, with the en-
gine running at fast idle, hold your
hand near the valve inlet. Replace
the check valve if you feel exhaust
gas leaking out. The valve can also
be checked for leaks with an exhaust
gas analyzer. With the engine run-
ning, hold the analyzer probe near
the check valve opening. If any ex-

Rubber
Disc

Qut To
Exhaust
Manifold

And/Or ____lt"-’
Catalytic

Converter

Cutaway view of an air check valve.
(Courtesy: Ford Motor Co.)

haust gas is detected, then the valve
is leaking,

If the system passes a visual inspec-
tion, check the air pump output.
Start the engine and remove the out-
let hose from the pump. Air should
be coming from the pump outlet.
A low pressure gauge can be used
to measure the pump pressure. A
properly functioning pump should
typically produce 1-3 psi, but always
check the manufacturer’s specifica-
tions for the vehicle in question. If
pressure is low, check the air filter

for clogging before condemning the
P

Exhaust
Port

Inlet (Vent)

©Oam®

=

J-oue

Typical AIRB valve.
(Courtesy: Ford Motor Co.)

Start the engine and remove the
vacuum hose from the Air Bypass
(AIRB) valve. There should be a
vacuum signal with the engine run-
ning. Reinstall the vacuum line and
remove the outlet hose from the
AIRB valve. Air should be coming
from the hose. Reinstall the hose and
open and quickly release the throttle.
There should be a sudden release of
air from the AIRB valve vent if there
is air supply from the pump and the
valve is working properly.

While the engine is warming up
from a cold start, remove the hose
from the Air Diverter (AIRD) valve
that goes to the cylinder head or ex-
haust manifold. Air should be com-
ing from the hose. If not, check for
a vacuum signal at the vacuum hose
to the valve. If there is an adequate
vacuum signal (refer to the manu-
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Inlet

Outlet B

Typical AIRD valve
(Courtesy: Ford Motor Co.)

facturer’s specifications) replace the
AIRD valve. If there is no vacuum
signal, check the vacuum hoses and
the AIRD solenoid and wiring.

Once the engine reaches normal
operating temperature, remove the
hose from the AIRD valve that runs
to the catalytic converter. When the
engine is in closed loop, at normal
operating temperature, air should be
coming from the hose. If not, remove
the vacuum line from the AIRD
valve and check for a vacuum signal
at the line. If there is no vacuum sig-
nal, replace the AIRD valve. If there
is some vacuum (measured with a
vacuum gauge), check the AIRD so-
lenoid and wiring

On pulse-air systems, visually in-

spect the hoses, tubes and valves of
the system for damage and replace
parts as necessary. Disconnect the
hoses from the check valve inlet(s)
and check the inside of the hoses for
damage from hot exhaust gases. Re-
place the hoses and check valve(s), if
damage is found.

Leave the inlet hose(s) discon-
nected and start the engine. Listen
and feel for exhaust at the check
valve(s). Intake air pulses should
be found and the check valve(s)
will make a burbling sound as air is
drawn in. If exhaust is heard and/or
felt, replace the valve(s).

CATALYTIC CONVERTER

Description And Operation

The caralytic converter contains
a ceramic component coated with a
catalyst. A catalyst is something that
causes a chemical reaction without
being part of the reaction. The cat-
alyst agent is coated on a ceramic
honeycomb structure or on small ce-
ramic beads. A converter that uses
the honeycomb structure is called a
monolithic catalytic converter, while
the kind that uses ceramic beads
is known as a pellet catalytic con-
verter. As exhaust flows through the
converter, the catalyst agent causes
a chemical reaction to take place,
converting harmful exhaust gases to
harmless ones.

The elements platinum, palladium
and rhodium are used as catalysts in
the cartalytic converter. When HC
and CO gases are exposed to hot
surfaces inside the converter that are
coated with platinum and palladium,
the HC and CO combine with
oxygen to become Carbon Dioxide
(CO2) and water (H20). Because
platinum and palladium are called
oxidizing catalysts, a catalytic con-
verter that only reduces HC and CO
is known as an oxidation converter,
or two-way catalytic converter.

Three-way catalytic converters also
contain the catalyst rhodium, which
reduces NOx emissions. When NOx
is exposed to a hot surface coated
with rhodium, the oxygen is removed
and only Nitrogen (N) remains. Be-
cause rhodium is called a reducing
catalyst, a three-way catalytic con-
verter is also called a reduction type
converter. In a three-way converter,
the oxidizing catalysts and reduction
catalyst are separated in two compart-
ments.

Most vehicles that are manufac-
tured today also have a small catalytic
converter that is part of the exhaust
manifold or located just behind it.
These converters are used to clean the
exhaust during engine warm-up and
are known as warm-up converters.

Most catalytic converters have fresh
air injected into the converter by the

Shell Assembly

3-Way Catalyst

Mixing Chamber
(Midbed)

Conventional

Oxidation
Secondary Catalyst
Air Inlet Air From
Fitting Thermactor Pump

A three-way catalytic converter contains a reduction catalyst and an oxidizing catalyst. The reduction catalyst treats the
incoming exhaust by reducing NOx into oxygen and nitrogen. The oxidation catalyst, with additional air from the AIR
system, oxidizes HC and CO into CO: and water.
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AIR system. The extra air helps in
the oxidation of HC and CO. The
PCM/ECM controls when the air is
injected. If air is injected at the wrong
time the converter could overheat or
actually produce more NOx.

A catalytic converter can fail in sev-
eral ways. If the engine is run with
leaded gas, the catalysts in the con-
verter can become coated with lead,
making them useless. Leaded gas is
no longer generally available, so this
type of failure is rare.

The converter can become clogged
if exposed to an overly rich air/fuel
mixture, which can overheat the con-
verter and melt the ceramic substrate.

The catalytic converter can also fail
like any other exhaust system com-
ponent, due to rust or physical dam-
age. Over time, the ceramic substrate
can come loose in the converter and
slowly disintegrate, which is indicated
by a rattling noise when the converter
is struck with a mallet.

Diagnosis And Testing

A catalytic converter must be re-
placed if it leaks, if it is clogged or if
it does not function properly. Check
for catalytic converter related scan
tool data and DTCs.

If exhaust leakage is suspected, vi-
sually inspect the converter for holes,
cracks or other physical damage. A
telltale sign of exhaust leakage is black
streaks or soot on the outside of the
converter. However, if the source of
exhaust leakage is not evident, you
may have to start the engine and lis-
ten carefully for leaks. A small ex-
haust leak will make a hissing or pop-
ping noise.

While inspecting the converter, tap
on it with a mallet. If the converter
makes a rattling sound, it means that
the ceramic substrate has come loose
and is disintegrating, and the con-
verter must be replaced.

The catalytic converter can become
clogged from using leaded gas or if
exposed to an overly rich air/fuel
mixture, which can overheat the con-

verter and melt the ceramic substrate.
A clogged converter can cause a lack
of power, poor fuel economy, backfir-
ing, and if completely clogged, the
engine may not run at all.

To determine if the converter is
clogged, perform the vacuum test
or backpressure test described in the
exhaust system inspection section
of this study guide. To isolate the
source of the restriction, discon-
nect the exhaust system one part at
a time, until the vacuum or pressure
readings are normal.

If a converter is being replaced
because it is clogged, the cause of
the clog must be determined and re-
paired or the replacement converter
will also clog. A cylinder that is mis-
firing due to an ignition problem
(bad plug wire, etc.) or mechani-
cal problem (valve not seating, etc.)
will allow raw fuel to enter the ex-
haust system, and also may cause the
PCM/ECM to enrich the mixture
in the other cylinders because it de-
tects the unused oxygen from the
dead cylinder. This can cause serious
overheating in the catalytic converter,
which can melt the ceramic substrate,
clogging the converter.

A simple test for whether a cata-
lytic converter is functioning properly
is by measuring the inlet and out-
let temperatures. With the engine at
normal operating temperature, check
the temperature of the exhaust inlet
and outlet surface before and after
the converter using a temperature
probe and a DMM or an exhaust
pyrometer. The exhaust surface tem-
perature should be at least 100°F
(38°C) hotter than the intake surface
temperature. If not, the converter is
probably not operating at peak ef-
ficiency. Since the converter needs
oxygen to convert HC and CO into
CO; and water, this may be caused
by a problem in the AIR system.

WARNING: Be very careful when
performing this test as catalytic
conversters operate at extremely

high temperatures.

Another test can be performed
using a four- or five-gas exhaust ana-
lyzer. For proper results with this test,
there should be no defects in the ve-
hicle’s ignition, fuel or O2 feedback
systems, no leaks in the exhaust sys-
tem, and the analyzer must be cali-
brated and working 100% properly.

Disable the air injection system,
if equipped, since any extra air in
the exhaust will produce unreliable
results. Bring the engine to normal
operating temperature and make sure
it enters closed loop. Connect the
analyzer to the exhaust system.

Run the engine at 2000 rpm and
note the exhaust readings. If the con-
verter is cold, the readings should
continue to drop until the converter
reaches full operating temperature.

When the readings stabilize, check
the oxygen level; it should be close
to zero, indicating that the converter
is using all available oxygen. There
is one exception to this however. If
there is no CO left for the converter
to use, there may be a little oxygen in
the exhaust. If there is too much oxy-
gen and no CO in the exhaust, stop
the test and verify that the system is
in control. If not, perform the neces-
sary repairs and retest.

If the system was in control, use
a propane enrichment tool to bring
the CO level up to about 0.5%. The
oxygen level should drop to zero, be-
cause the converter now has enough
CO to convert.

Once a solid oxygen reading is
being obtained, snap the throttle
wide open and let it drop back to
idle. Check the rise in oxygen level; it
should nort rise past 1.5%.

If the converter passes the above
tests, it is working properly. If the
converter fails the tests, its efficiency
is probably compromised, if it is
functioning at all.

OBD II systems use an oxygen
sensor mounted downstream from
the catalytic converter to check con-
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verter efficiency. This sensor checks
the oxygen content of the exhaust
after it leaves the converter and is
known as a catalyst monitor. If the
signal from the catalyst monitor is
too similar to the signal from the pri-
mary oxygen sensor, it means that the
converter is not functioning properly.

EVAPORATIVE
EMISSIONS CONTROLS

Description And Operation
The purpose of the evaporative
emissions control system (EVAP) is
to prevent HC emissions from escap-
ing the fuel system to atmosphere.
Prior to the introduction of EVAP
systems, fuel vaporized and was emit-
ted to the atmosphere from vented
gas caps and carburetor float bowls,
polluting the environment. The
EVAP system is designed to capture
these vapors and route them to the

engine where they become part of the
air/fuel mixture and are burned dur-
ing combustion.

All EVAP systems contain a pres-
sure/vacuum relief fuel cap, vapor
valve, charcoal canister, canister purge
valve and the necessary plumbing
connecting the fuel tank and the can-
ister, and the canister and the engine
intake.

The fuel tank cap contains a pres-
sure and vacuum relief valve. The
vacuum valve acts to allow air into
the fuel tank to replace the fuel as it
is used, while preventing fuel vapors
from escaping the tank. The vapor
valve is located on or near the fuel
tank and allows fuel vapor but not
liquid fuel to flow from the tank to
the charcoal canister.

The charcoal canister contains ac-
tivated charcoal that adsorbs the fuel
vapors from the fuel tank. When

something is adsorbed, it is held
on the surface like a magnet, as op-
posed to being absorbed, which is
akin to being sucked up, like with a
sponge. The canister stores the fuel
vapors when the engine is not run-
ning. When the engine is running,
under certain operating conditions, a
valve between the canister and engine
opens, fresh air is drawn in through
the canister air filter and the air and
fuel vapors are drawn into the engine
and burned, ‘purging’ the canister.
Where EVAP systems differ is in
when and how canister purging takes
place. Early systems used ported
vacuum and a check valve to make
sure purging would not occur at idle
and thermovalves to make sure purg-
ing only occurred after the engine
reached a certain operating tempera-
ture. As emissions requirements be-
came more stringent, more sophis-
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1 Fuel Filler Cap

9 | Fuel Tank Pressure Sensor

3 Fuel Vapor Vent Valve

Evaporative Emission

1 4] canister Purge valve

5 Canister Vent Solenoid
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6 Evaporative Emission Dust
Separator

7 Evaporative Emission
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|

Typical evaporative emissions control system  (Courtesy: Ford Motor Co.)
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ticated purging controls were called
for. Today charcoal canister purging
is controlled by the PCM/ECM. The
PCM/ECM determines when the
canister should be purged based on
various sensor inputs. When purging
is needed, the PCM/ECM operates
a solenoid valve, which controls the
vacuum to purge the canister. Gener-
ally, the purge solenoid is activated
when the engine is running above
idle speed and at normal operating
temperature.

OBD 1I vehicles have enhanced
EVAP systems (leak detection). A
fuel tank pressure sensor and canister
vent solenoid are added to the EVAP
system for diagnostic purposes. The
solenoid is located in the fresh air
supply hose to the sealed charcoal
canister. On a non-enhanced EVAP
system, the canister is open to the at-
mosphere. The canister vent solenoid
is normally open, allowing fresh air
to be drawn into the canister. The
PCM/ECM activates the solenoid
during the EVAP leak test to block

the entrance of outside air.

Diagnosis And Testing

The EVAP system can malfunction
and allow fuel vapors to escape into
the atrmosphere or cause driveability
problems like rough idle and stall-
ing. Begin diagnostics by checking
for any EVAP related scan tool data
and DTGs.

Visually inspect the system, look-
ing for cracked, broken or missing
vapor hoses, which can cause vacuum
leaks and fuel odors. Make sure all
hoses are routed properly and con-
nections at the tank, canister and en-
gine are secure. Check the electrical
wiring and connections for looseness,
corrosion and chafing.

Inspect the fuel cap and gas tank
filler neck for damage and correct fit.
On OBD I vehicles, a cap that is not
installed securely may seta DTC.

Inspect the canister for cracks or
other damage. Be sure to inspect the
canister air filter to make sure it is not
clogged. If fresh air cannot be drawn
into the canister, the fuel vapors can-
not be purged. The filter is replace-
able on some canisters, but on others
the entire canister must be replaced.

To check EVAP system function,
connect a scan tool to the DLC. Start
the engine and let it idle. Using the
scan tool, determine whether the so-
lenoid is on or off. At idle the purge
solenoid should be off.

Leave the scan tool connected and
drive the vehicle. When the engine
operating conditions for purging are
met, again check the scan tool for
purge solenoid operation. The sole-
noid should be on. If the solenoid is
not on, check the power supply to
the solenoid and the solenoid itself.

Purge solenoid valves can be tested
to see if they will pass or block vac-

uum using a remote source of voltage
and a hand vacuum pump. However,
you must first determine whether
the solenoid is normally closed or
normally open. A normally open so-
lenoid permits vacuum flow when
de-energized. A normally closed so-
lenoid blocks vacuum until it is acti-
vated by the PCM/ECM.

Enhanced EVAP

To test system integrity, the PCM/
ECM can close the canister vent so-
lenoid and open the purge valve. This
will cause the fuel tank pressure sen-
sor to indicate a vacuum if the system
is properly sealed. If the vacuum fails
to reach a certain level during two
consecutive tests under the same con-
ditions, the MIL will be illuminated
and one or more DTCs will be set.
The cause could be a loose fuel cap,
a vapor hose loose or damaged, or a
stuck open canister vent solenoid.

The system can also test for small
leaks by closing the canister vent sole-
noid and purge solenoid and waiting
for a loss of vacuum. If the vacuum
drops too quickly during two consec-
utive tests under similar conditions, a
DTC will set.

Some vehicles with enhanced
EVAP systems may be able to per-
form additional tests and may have
additional components. Always con-
sult the vehicle service manual for
information.

Training for Certification
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ENGINE CONTROL
SYSTEM OPERATION

In order to provide a combination
of good overall performance, good
fuel economy, and low emissions,
computerized engine control systems
became necessary. Simpler mechani-
cal controls can no longer do the job
alone.

Earlier automotive computers con-
trolled only a single function, such
as ignition timing or air/fuel mix-
ture. Today’s computers, commonly
known as PCMs (Power-train Con-
trol Modules) or ECMs (Engine
Control Modules), control air/fuel
mixture, ignition timing and other
functions.

All engine control systems have
the same basic format of inputs, the
PCM/ECM and outputs, which
communicate using electronic cir-
cuits. Information is gathered by a
wide variety of sensors, using several
means. Some Sensors vary a resistance
to ground for temperature or pressure
sensing. Some sensors report move-
ment by a variable resistor. Other
sensors vary a frequency output as
pressure or air flow changes. All sen-
sors supply the PCM/ECM with in-
formation on engine conditions.

Once the PCM/ECM sees what
the operating conditions are, it com-
pares what it sees to pre-programmed
reference parameters in its ROM
(Read Only Memory) or PROM
(Programmable Read Only Mem-
ory), which it uses to adjust to chang-
ing engine conditions. Outputs are
voltage commands, such as providing
power or ground to circuits, or vary-
ing the pulse width of a square wave
to control timing or injection.

Typical inputs are sensors such as
the O2 (oxygen) sensor, ECT (En-

gine Coolant Temperature) sensor,
MAP (Manifold Absolute Pressure)
sensor, and TP (Throttle Position)
sensor. On the output side of the
computer, typical actuators include
fuel injectors, an ignition timing
module, an idle speed control motor,
a cooling fan relay or an EGR control
solenoid.

Most computerized engine control
systems have self-diagnostic capabili-
ties. When the ignition key is turned
ON, the PCM/ECM sends out a
5-volt reference signal to its sensors
and controlled devices, and examines
the return signals from them as indi-
cations of the particular conditions
to which they are being subjected.
At the same time, the PCM/ECM is
checking for problems within the sys-
tem. It does this by comparing these
inputs with its internal memory of
what probable signals should be.

Suppose, for example, after the en-
gine is running, the TP sensor in-
dicates a closed throttle, the CKP
(Crankshaft Position) sensor indicates
1000 RPM, but the MAP sensor reg-
isters atmospheric pressure instead
of idle intake manifold pressure. By
comparing these signals, the PCM/
ECM recognizes an incompatibility.
It knows that this is an impossible
combination of signals, so it stores
the information about this problem
in its memory.

Problems that are found by the
PCM/ECM during self-testing are
stored as either hard faults or inter-
mittent failures. Each type is assigned
a number that represents a DTC that
is stored in the PCM/ECM’s mem-
ory. A hard fault is a problem that is
found in the system at the time of
the self-test, while an intermittent
problem is a malfunction that oc-

curred in the past, but is not present
at the time of the self-test. Intermit-
tent faults are usually stored for a spe-
cific number of key ON/OFF cycles,
and are then erased from the PCM/
ECM'’s memory if they do not reap-
pear during that period.

Most of the time, when a DTC is
stored in memory, the PCM/ECM
will illuminate the MIL (Malfunc-
tion Indicator Light) (also known as
the CHECK ENGINE or SERVICE
ENGINE SOON light) to show
that service is needed. Under normal
conditions, the MIL will come on
for a few seconds when the ignition
key is turned ON and during engine
cranking, but should go off when the
engine starts. If the MIL comes back
on, it means that there is probably a
DTC stored in memory.

ENGINE CONTROL
SYSTEM DIAGNOSIS AND
TESTING

Diagnosis of electronic engine con-
trol systems should be performed in
a logical manner. This begins with
not automatically assuming that the
problem is with the engine control
system! Make sure the basic engine
and related conventional systems are
sound, using inspections and tests
like those described elsewhere in this
study guide, before getting involved
with testing sensors. A driveability
problem can be caused by something
as simple as a broken vacuum line.

Become familiar with the capabili-
ties of the engine control system on
the vehicle you are servicing, using
available service literature. Check
TSBs (Technical Service Bulletins)
for information about problems and
fixes discovered in the field and not
covered in the service manual.
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Inputs and outputs in a typical electronic engine control system. (Courtesy: GM Corp.)
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The DLC (Data Link Connector) on all
OBD |l vehicles is located under the
dash on the driver’s side of the
vehicle. (Courtesy: Snap-on Tools)

If the MIL is illuminated or you
suspect that there are DTCs stored in
the PCM/ECM memory, the codes
can be retrieved in several ways. On
some older vehicles, a jumper wire
can be connected between terminals
of the DLC, which causes the engine
control system to go into self-diag-
nostic mode. The MIL then flashes
and codes can be read by interpreting
the flashes with a service manual. On
other vehicles, the codes can be read
on a digital display on the instrument
panel.

A scan tool must be used to obtain
codes from OBD II systems, but it is
also a better choice for older vehicles
as well since a scan tool can perform

tests and read datastream values. The

scan tool may require an adapter to
connect to the DLC on older pre
OBD II vehicles, and it must be
loaded with the proper data cartridge
for the year, make and model of the
vehicle being serviced.

Once all codes are retrieved and
recorded, determine whether they
are hard faults or intermittent faults.
Clear the PCM/ECM memory fol-
lowing the manufacturer’s recom-
mended procedure. On OBD II
vehicles codes can be cleared using
a scan tool, while on some older ve-
hicles the battery may have to be
disconnected. Drive the vehicle and
watch for the MIL to illuminate. Any
codes that reappear are hard faults
and should be serviced first.

Df ¢ kevon

e NOTE DATA VALUE

e SELECT PCM DATA PD01 ‘THROTTLE POSITION'

— |
85TO 94 -1470 84
el i |

¢ NOTE DATA VALUE

@I e DISCONNECT TP SENSOR CONNECTOR

e FAULT NOT PRESENT

e REFER TO 'DIAGNOSING INTERMITTENTS' AND ‘CHECKING
TERMINAL CONTACT' AT THE BEGINNING OF THIS SECTION

-14T70 -7

@.

TERMINALS ‘A & B' (HARNESS SIDE)

MEASURE VOLTAGE BETWEEN TP SENSOR

e MEASURE VOLTAGE

e BACKPROBE PCM TERMINAL '1B15'

LESS THAN OR GREATER
EQUAL TO .5 VOLT THAN .5 VOLT
| |
e CHECK GONTACT OF PCM PIN ‘B15' e REPAIR SHORT TO
® IF CONTACT OK, REPLACE PCM VOLTAGE CKT 417
1 |
LESS THAN OR GREATER THAN OR 46TO5.4V
EQUAL TO 4.5 VOLTS EQUAL TO 5.4 VOLTS : s
1
® REPAIR OPEN IN CKT 476 BETWEEN e REPAIR SHORT TO e CHECK TP SENSOR TERMINALS
TP SENSOR AND SPLICE VOLTAGE ON CKT 474 o IF OK, REPLACE TP SENSOR

Typical diagnostic chart for a specific trouble code. (Courtesy: GM Corp.)
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Monitor supported by vehicle

Enabling criteria met?

Driving conditions met?

Monitors runs. Flags as
completed or “ready”.
Fault discovered?

One trip DTC: MIL on,
freeze frame recorded.

Two trip DTC: Recorded
as pending. Waits for
next consecutive monitor
before “maturing” to

Failure noted on second monitor run?

YES: MIL on for 2 trip
DTCs. Freeze frame
recorded.

Continuous monitor
repeats as conditions
are met.

Non continuous monitor
ends. Runs again next
drive cycle or if requested
by PCM to validate
pending DTC.

NO: DTC removed from
pending for 2 trip DTCs.
“Good trip” counter started

Monitor flags as
unsupported or NA

Monitor suspended
until conditions
are met.

Misfire and fuel
trim DTCs must be
tested under similar
conditions as first fault

for current DTCs. 3 good
trips = MIL off. DTC remains
in Mode $03 until specified

number of warm up cycles
is met.

OBD [l monitor flowchart.

Once you have the DTCs that re-
quire diagnosis, refer to the appropri-
ate service information to identify the
systems and circuits that the DTCs
represent. The diagnostic charts will
describe the circuit and the fault that
the code represents and contain trou-
bleshooting procedures and tests that
must be performed, to determine the
cause of the malfunction. These tests
usually describe various voltage and re-
sistance measurements using a DMM.

If the vehicle exhibits driveability
problems like rough idle, stalling,
surging or hesitation, but does not
set any codes, refer to the symptom-
driven diagnostic charts contained in
most manufacturer’s service manuals.

Scan tool datastream values can
also be invaluable when there are no
codes. Datastream values are the ac-
tual electrical values of the engine
control system sensors and actuators
measured while the engine is operat-

ing. These values can then be com-
pared with the manufacturer’s speci-
fications. Since a value that is not
within spec should in theory set a
DTC, a value that is almost out of
spec might not set a DTC but could
indicate a problem area.

Intermittent driveability problems
are usually more difficult to diagnose
and repair. You may have to try to
recreate conditions described by the
driver to get an intermittent code to
reset. Since intermittent problems
are often caused by damaged wiring
and connectors, tapping and wig-
gling wiring harnesses and connectors
can also get problems to reoccur and
reset codes.

A scan tool feature that is helpful
for finding intermittent problems is
the ability to take a ‘snapshot’ of the
engine control system operating pa-
rameters. A vehicle with an intermit-
tent problem can then be driven in
an attempt to recreate the conditions
for the problem. When the symp-
toms appear, the technician can then
record the system electrical values.
The technician can then analyze the
data to see what values changed at
the time of the malfunction.

OBD Il Monitors

The PCM/ECM on OBD II ve-
hicles performs continuous tests on
emissions-related systems and com-
ponents. These tests are known as
‘monitors. Some monitors run all
the time and are called ‘continuous’
monitors. Others are run once per
drive cycle and are referred to as ‘non-
COnti[‘ll[OUS, fn()njt()[s.

A drive cycle consists of a set of con-
ditions necessary to run the monitor
to completion. This usually involves
operating the vehicle while in closed
loop under specific operating condi-
tions. Always refer to the vehicle shop
manual, as each monitor has a specific
‘enable criterii—the conditions that
must be met for a monitor to be com-
pleted—and the criteria varies among
models and manufacturers.
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There are three kinds of tests that
can be performed during a monitor.
The first is where the PCM/ECM
tests a component’s electrical circuit
for opens and shorts to power or
ground. The second involves compar-
ing dara between sensors to see if the
information makes sense (as in our
earlier CKP/MAP sensor example).
In the last type of test, the PCM/
ECM can check the function of
output devices by commanding the
component and checking the result.

If the monitor results indicate a
failure, a fault will be recorded in the
PCM/ECM’s memory. For some
faults, the PCM/ECM will set a
DTC and turn on the MIL. How-
ever, for most DTCs the PCM/ECM
must see the same fault occur dur-
ing two ‘trips’. A trip is a completed
drive cycle. After the first trip, the
fault is recorded as ‘pending’. Once
the PCM/ECM sees the same fault
the next time the monitor runs, the
PCM will turn on the MIL. If the
same fault is not seen during the next
monitor, the pending code will be
cleared.

If the MIL is turned on because of
a particular DTC, and the monitor
responsible for that DTC runs three
times in a row without seeing the fail-
ure, the PCM/ECM will then turn
off the MIL. However, the DTC will
remain in the PCM/ECM’s memory
until a certain number of warm-up
cycles occur.

To check monitor status, connect a
scan tool to the DLC. On some scan
tools you may have to access Mode
$01. ‘Complete’ or ‘ready’ indicate
monitors that have run successfully.
‘NA’ or ‘not available’ indicates moni-
tors that are not used on this par-
ticular vehicle. Monitors shown as
‘not ready’ or ‘incomplete’ means that
either the drive cycle criteria have not
been met and the monitor isn' fin-
ished or a related monitor has re-
corded a fault.

Just because a monitor has not
completed does not mean that it

cannot be useful in achieving a di-
agnosis. Examine the vehicle service
information to see how the system
operates. Look for information on
conditions that are necessary for a
monitor to complete. Here you may
find that a fault derived from one
monitor is keeping others from com-
pleting. Also look for what various
incomplete monitors have in com-
mon. Access Mode $07 and look for
pending faults that may indicate an
impending failure. Being able to look
at the engine operating conditions at
the time a code was set can also as-
sist with diagnosis. This freeze frame
data’ can be accessed in Mode $02.

Once repairs are completed, use
Mode $04 on the scan tool to clear
codes and reset all monitors. Operate
the vehicle in a manner necessary to
satisfy the drive cycle requirements
for the monitor that set the DTC in
question. Recheck the monitor status
and check for pending codes to see if
the fault returned.

Service Precautions

The following precautions should
be observed when testing or servicing
components and circuits of an elec-
tronic engine controls system:

* Never disconnect any electri-
cal connector with the ignition
switch ON. This creates high
voltage spikes, known as short
duration transients, which can
permanently ruin delicate cir-
cuits

* Some electronic engine control
circuits are designed to carry
very small amounts of current.
For this reason, a high-imped-
ance (over 10 megohms) digi-
tal meter must always be used
when troubleshooting computer-
related circuits

* Always connect the negarive lead
of a voltmerter first.

* Never use a test light unless spe-
cifically instructed to do so in
the manufacturer’s diagnostic
procedure

* To prevent damage from electro-
static discharge, always touch a
known good ground before han-
dling an electronic component.
This is especially important after
sliding across a seat or walking a
distance

* Do not touch the terminals of an
electronic component unless it is
necessary, as oil from skin can
cause corrosion.

Electrical Testing

In order to perform diagnostic
tests, a technician must be able to
measure voltage, voltage drop, am-
perage and resistance using a DMM.

Voltage Measurements

If there is a DC/AC switch, make
sure it is switched to the DC posi-
tion. Set the function/ range con-
trol to the desired voles position. If
the magnitude of the voltage is not
known, set the switch to a range that
will read the most voltages seen on
the vehicle. (Normally, a 20V range
will be sufficient). Reduce the range
until you have a satisfactory reading,
Connect the test leads to the circuit
being measured and read the voltage
on the display.

Resistance Measurements

Set the function/range control to
the desired position. If the magnitude
of the resistance is not known, set
the switch to the highest range, then
reduce until a satisfactory reading is
obrained. If the resistance being mea-
sured is connected to a circuit, turn
off the power to the circuit being
tested. Turn off the ignition. Con-
nect the test leads to the circuit being
measured and read the resistance on

the display.

Voltage Drop

Each component in a circuit has
some resistance value, and the voltage
is reduced as it moves the circuit’s re-
sistive loads. The sum of all the volt-
age drops across a circuit will equal
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Connect Positive Lead

Read Multimeter. [4 }—

Voltage Shown Is
The Difference
Between The Two Points.

Connect Negative Lead

Multimeter

Fuse Block

HOT AT ALL TIMES

RED
Switch
Operate
-~_ Circuit
BLUI

Using a voltmeter to perform a voltage drop test.

the original amount of applied volt-
age. Voltage never disappears—it is
merely converted into another form
of energy by the resistance of the load
or wires.

The voltage available at any point
depends on the circuit resistance.
The higher the resistance, the more
voltage is needed to force current
through the circuit. Resistance of any
type will use some voltage potential,
so the use of voltage is lost across any
type of resistance.

To measure voltage drop, set the
voltmeter switch to the 20-volt posi-
tion. Connect the voltmeter nega-
tive lead to the ground side of the
resistance or load to be measured.
Connect the positive lead to the posi-
tive side of the resistance or load to
be measured. Read the voltage drop
directly on|the 20-volt scale.

A high voltage reading is a sign of
too much resistance. Converse-ly; if
the voltage drop is too low, then that
condition signifies too little resistance.

Amperage Measurements

An ammeter is connected in series
with the circuit, so all the current
passing through passes through the
ammerter. This means that the fuse
must be removed from the circuit, or
a connection broken. The ammeter
is then inserted into the circuit to
replace the fuse or join the two halves

of the circuit, observing proper polar-
ity with an analog meter.

Connect the ammeter as you
would a voltmeter, with the red or
positive probe connected on the bat-
tery positive side of the circuit, and
the negative lead toward the ground
side of the circuit or the battery nega-
tive terminal. When working on the
voltage side of the load, the negative
lead would then be on the load side
of the ammeter. If working on the
ground side, the positive lead would
be on the load side of the ammeter,
and the negative lead would then be
on the side away from the load.

The ammeter should always be set
to the highest range before starting
to take a measurement. Then, lower
the setting one notch at a time until
a usable reading is obtained. If the
reading is more than half the scale
on an analog ammeter or more than
half the digital range on a digital am-
meter, dont switch to a lower range.
This will protect an analog unit from
damage. A digital unit will not be
able to give a reading if the amperage
measured is out of range.

Engine Control System
Sensors

Oxygen Sensor
The oxygen sensor (O2S) is located

in the exhaust stream, ahead of the

catalytic converter, on the exhaust
manifold or exhaust pipe. It is used
to detect the concentration of oxygen
in the exhaust gas. Input from the
oxygen sensor is used by the PCM/
ECM to regulate the air/fuel mixture.
Using highly refined metals (zircon
and platinum), the sensor uses differ-
ences between the oxygen content of
the surrounding air and the oxygen
content of the exhaust to generate a
voltage, which is transmitted to the
PCM/ECM. The computer in turn
reacts to the changing voltage value
by adjusting the fuel metering at the
fuel injectors.

There is an opening in the
oxygen sensor that is exposed to at-
mosphere. The atmosphere contains
21% oxygen, so this percentage is
used as a reference with which to
compare the oxygen content of the
exhaust. The oxygen sensor’s voltage
signal ranges from zero to one volt.
Signals below 450 mV indicate a lean
condition (excessive oxygen), while
readings above 450 mV point to a
rich condition (little residual oxygen).

Most newer vehicles use a heated
oxygen sensor (HO2S), which con-
tains a heating element that brings
the sensor to operating temperature
faster. Since an oxygen sensor must
be hot (at least 500°F) in order to
work, the heating element allows the
PCM/ECM to use the sensor’s input
signals sooner. The heating element
also stabilizes the temperature of the
sensor during cold weather.

Several oxygen sensors may be in-
stalled on a vehicle. V6 and V8 en-
gines can have a sensor installed in
each manifold. The sensor(s) that is
located closest to the engine is used
to check the exhaust oxygen content
as the exhaust leaves the engine and is
known as a primary sensor. A second-
ary sensor may be installed closer to
the catalytic converter to monitor the
oxygen content of the exhaust before
it enters the converter.

OBD 1I systems use a sensor
mounted downstream from the cata-
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Sensor Body

Exhaust
Manifold

Cutaway view of a typical oxygen sensor.

lytic converter to check its efficiency.
This sensor checks the oxygen con-
tent of the exhaust after it leaves the
converter and is known as a catalyst
monitor.

Since the oxygen sensor signal is
used by the PCM/ECM to regulate
the air/fuel mixture, a faulty oxygen
sensor can cause the PCM/ECM to
meter the fuel delivery incorrectly,
causing overly rich or lean misfire
conditions.

Inspect the oxygen sensor wiring
for cuts and abrasion and contamina-
tion from oil or transmission fluid.
The cavity in the sensor that senses
the oxygen content in the atmo-
sphere must be clear for the sensor
to function properly. Disconnect the
electrical connector and inspect the
terminals for corrosion, distortion
and contamination.

Start the engine and allow it to
run until it reaches normal operating
temperature. The oxygen sensor must
be tested with the engine at normal
operating temperature and the engine
control system in closed loop.

Connect the positive lead of
a DMM to the sensor signal wire
and the negative lead to the engine
ground. The voltage reading should
fluctuate as the oxygen sensor detects
varying levels of oxygen in the ex-
haust stream.

If the sensor reads above 550 mV
constantly, the air/fuel mixture is
probably too rich or the sensor may
be contaminated from carbon caused

by rich air/fuel mixtures, the use of
leaded fuel, or from silicones found
in antifreeze or sealers. If the sensor
voltage reads below 350 mV con-
stantly, the air/fuel mixture may be
too lean, there may be an exhaust
leak near the sensor, diluting the
reading, there may be high resistance
in the wire between the sensor and
the PCM/ECM, or the sensor may
be defective.

Under normal conditions, the sen-
sor should fluctuate high and low. If
the sensor voltage does not fluctuate,
the sensor may be defective. How-
ever, before condemning the sensor,
try forcing the system rich by restrict-
ing the air intake or injecting pro-
pane into the air inlet. The voltage
reading should increase to 800-900
mV. Then, force the system lean by
pulling off a large vacuum hose. The
voltage reading should drop to 200-
300 mV.

If the voltage did not change ac-
cordingly when the system was
forced rich or lean, then the sensor
is defective and must be replaced.
Remove the sensor from the exhaust
system and examine its appearance.
Black sooty deposits on the sensor tip
may indicate a rich air/fuel mixture.
White gritty deposits could be an in-
ternal antifreeze leak. Brown deposits
indicate oil consumption. All of these
contaminants will destroy a sensor,
and if the problem is not repaired the
new sensor will also be destroyed.

If the catalytic converter is func-

tioning properly, the voltage signal
from the catalyst monitor will fluctu-
ate very little in comparison to the
signal from the primary oxygen sen-
sor. If the signal from the catalyst
monitor is too similar to the signal
from the primary oxygen sensor, it
means that the converter is not func-

tioning properly.

Camshaft Position Sensor

The Camshaft Position (CMP)
sensor determines when Top Dead
Center (TDC) compression of the
No. 1 cylinder occurs and then con-
verts it into a pulse signal that is sent
to the PCM/ECM. The PCM/ECM
uses the signal to determine correct
injection sequence. The sensor may
be located in the distributor housing;
it may obtain its signal from the cam-
shaft timing gear; or, on vehicles with
distributorless ignition systems, the
CMP sensor may be in an assembly
that replaces the distributor. Regard-
less of its location, in all cases this
sensor reacts to the camshaft position.

Essentially, there are two types of
camshaft sensors. One is a Hall effect
switch and the other is a magnetic
reluctance sensor, or PM generator
(permanent magnet generator). The
easiest way to distinguish the Hall
effect switch from magnetic sensors
is to remember that the Hall effect
switch will have a three-wire harness
and control an existing voltage and
the reluctance sensors usually have
two wires and create a voltage.

If there is spark at the coil or if the
fuel injectors are injecting fuel, the
problem is most likely not the cam
SEnsor.

When suspecting a camshaft sensor
problem, first perform a visual inspec-
tion; most problems can be found in
wiring harnesses and connectors.

To test a Hall effect switch, set a
DMM to the volts setting and check
the voltage between the power and
ground wires. This voltage may be 4,
6, 8 or 12 volts depending on the sys-
tem. Take note of this voltage reading,
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Connect the DMM between the
signal terminal and the ground wire.
Rortate the engine with the starter
motor by tapping the ignition key.
When the engine is rotated, the sig-
nal should fluctuate between 0 volts
and the system voltage noted in
the earlier|step. While rotating the
engine, check for damaged shut-
ter blades or any indicaton that the
shutter blades are hitting the mag-
net. You can use a scope to moni-
tor the half wave pulses, which you
should see on the output wire. If the
hall switch|is powered and grounded
properly, and the mechanical parts
move as intended when the engine is
cranked, you should see the pulses. If
not, the switch is bad.

To check a magnetic reluctance
sensor, disconnect the sensor con-
nector. Using a DMM set to the

ohms setting, check resistance across
the sensor terminals. The resistance
should be approximately 500 to
1200 ohms at 70°F (21°C). Resis-
tance will vary with temperature.
This test should be performed with
the ignition on and engine off. Using
a thin piece of steel, check the tip
of the sensor to be certain that it is
magnetized.

Crankshaft Position Sensor
The Crankshaft Position (CKP)
sensor generates a signal to the igni-
tion module, which results in a refer-
ence pulse being sent to the PCM/
ECM. The PCM/ECM uses this sig-
nal to calculate crankshaft position
and engine speed for injector opera-
tion.
As with camshaft sensors, there are
two types of crankshaft sensors. One
is a Hall effect switch

T e e T e oiae

{

1 | Crankshaft Reluctor

2 | Sensor Assembly Crankcase

3 | lgnition Coil And Module Assembly

and the other is a mag-
netic reluctance sensor.
There is also a dual
crankshaft or com-
bination sensor. This
% design combines two
\ sensors and is normally
mounted on a pedes-
J tal on the front of the
engine, near the har-
monic balancer. This
type of crankshaft sen-
sor is usually a Hall ef-
fect switch, and usually
requires adjustment
during replacements.
Failure to make this
adjustment will usually
allow the sensor to be
struck by the rotating
vanes behind the har-
monic balancer, dam-
aging both the vanes
and the new sensor.
Magnetic reluctance

type crankshaft sensors

are usually mounted

\

Magnetic reluctance type crankshaft sensor

(Courtesy: GM Corp.)

on the side of the en-
gine, protruding into
the block. You can test

the voltage output of these perma-
nent magnet sensors (PM generators)
by measuring their voltage output,
which varies by cranking rpm. Re-
cord some readings on known good
sensors in use in vehicles you service,
so you'll have benchmark values by
which to judge the output of these
sensors when a similar vehicle comes
in with a no-start condition.

Testing of each type of crankshaft
sensor is the same as testing of the
camshaft sensor types.

Knock Sensor

The Knock Sensor (KS) is
mounted in the engine block or
manifold. When spark knock or
pinging is present, the sensor pro-
duces a voltage signal that is sent to
the PCM/ECM. The PCM/ECM
will then retard the ignition timing
based on these signals.

When suspecting a knock sen-
sor problem, first perform a visual
inspection. Most problems can be
found in wiring harnesses and con-
nectors. The voltage and resistance
at the knock sensor can be checked
using a DMM. Refer to the vehicle
manufacturer’s test procedures and
specifications.

Typical knock sensor. It contains a
piezoelectric crystal that produces
an AC voltage under vibration

Intake Air Temperature Sensor
The Intake Air Temperature (IAT)

sensor advises the PCM/ ECM of

changes in intake air temperature

(and therefore air density). As intake
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air temperature varies, the PCM/
ECM, by monitoring the voltage
change, adjusts the amount of fuel
injection according to the air tem-
perature. These sensors, like the simi-
lar coolant temperature sensors, are
‘negative coefficient’ sensors, mean-
ing that the resistance varies inversely
by temperature. More voltage is
dropped across the sensor when it is
cold, and less when hot. This is why
you see a low voltage reading (0.5 to
0.6v) across a coolant sensor at oper-
ating temperature.

If you don't want to use live voltage
readings, unplug the electrical con-
nector from the IAT sensor. Using
an ochmmeter, measure the resistance
between both terminals. The resis-
tance should be approximately 3000
ohms at room temperature (70°F, or
21°C). The intake air temperature
sensor and coolant temperature sen-
sor resistance values are usually the
same. Because of this, an easy test on
a cold engine (sitting overnight) is to
compare the resistance values of the
two sensors. If the engine is cold, and
both sensors are the same tempera-
ture, the resistance values should be
about the same.

Start the engine, and as it warms
up check that the values change

ECT And IAT Sensors
Temperature vs. Resistance Values
(approximate)

gk °C ohms
210 100 185
160 70 450
100 38 1,800
70 20 3,400
40 4 7,500
20 -7 13,500
0 -18 25,000
=40 =40 100,700

Typical resistance values of a
Negative Temperature Coefficient
(NTC) sensor

smoothly, or heat the sensor up using
a hair dryer to see if the values change
smoothly.

If the resistance value doesn’t
change, the sensor is probably de-
fective. A thermometer and a table
of expected voltages are also an easy
way to test the sensor at a wide range
of temperatures. Some manufactur-
ers build the intake air temperature
sensor into the air flow sensor. In
this case, they are usually replaced
as a unit. Since this type of sensor is
expensive, careful testing should be
performed to make certain that it is

defective.

Engine Coolant Temperature Sensor
The PCM/ECM sends the Engine
Coolant Temperature (ECT) sensor
a voltage and the sensor varies the
voltage according to coolant tempera-
ture. When the sensor fails, it can
prevent the system from going into
closed loop. Depending upon its fail-
ure mode, it can also cause poor fuel
economy and hesitation or stalling
when the engine is cold. The ECT
sensor is also a Negative Tempera-
ture Coefficient (NTC) sensor and is
tested similar to the IAT sensor.

Manifold Absolute Pressure Sensor

The PCM/ECM sends the Mani-
fold Absolute Pressure (MAP) sen-
sor a voltage and the sensor varies
the voltage according to manifold
vacuum or engine load. A bad MAP
sensor can cause poor fuel economy,
poor driveability and detonation.
There are two types of MAP sen-
sors, the analog signal type, which

Manifold Absolute Pressure Sensor

is tested with a voltmeter, and the
frequency signal type, which is tested
with a hertz meter or digital tachom-
eter. If you are not certain with which
type the vehicle is equipped, check
the reference voltage (usually around
5 volts), and then check the signal
voltage. If the signal voltage never
changes from 2.5 volts, it is most
likely a frequency type. If still not
certain with which type the vehicle is
equipped, check the service manual.
Analog signal type sensors are usu-
ally located in the engine compart-
ment near the air cleaner, mounted
on the inner fender or firewall. They
can be checked using a DMM and
a hand vacuum pump. Disconnect
the MAP sensor electrical connector.
Connect one jumper wire from the
connector to the MAP sensor’s termi-
nal A. Connect the other wire from
the connector to terminal C.
Connect the positive lead of a
DMM to terminal B and the nega-
tive voltmeter lead to ground. Turn
the ignition key ON. If the reading
falls in the range of 4.6 to 5.0 vols,
the sensor is functioning properly,
at this point. Start the engine and
let it idle. An idling engine will pro-
duce a large amount of intake mani-
fold vacuum, which should pull the
MAP sensor’s voltage down to a low
reading of approximately 1 to 2 volts
(reading will vary with altitude). This
test indicates that the MAP sensor
is responding to vacuum. Check the
service manual for the specifications

for the vehicle you are testing.
Mass Air Flow Sensor Connector
Hot Wire
Sensor et Cold
: Wire
Sensor
——
Air
Flow

Cross section of a Mass Air Flow sensor
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1 VOLT/DIV,
10 mS/DIV.

Typical MAF sensor signal on an oscilloscope. (Courtesy: GM Corp.)

MAP sensor frequency can be
measured with a digital tachometer.
Never use an analog tachometer. A
tachometer is a frequency counter. It
measures pulses received per second
(Hz) and converts them to rpm. If
in doubrt, always refer to the vehicle
service manual for values and testing

procedures,

Mass Air Flow Sensor

In the Mass Air Flow (MAF) sen-
sor, incoming air flow cools a heated
wire inside the sensor. The tempera-
ture, and therefore the resistance, of
the heated wire varies according to
changes in air flow. The PCM/ECM
monitors the amount of power re-
quired to keep the heated wire at a

specified temperature. The PCM/
ECM uses this information to de-
termine the operating conditions of
the engine to control fuel delivery. A
large quantity of air indicates accel-
eration, while small quantities indi-
cate deceleration or idle. These values
must correspond to the actual con-
dition. In other words, if a large air
flow is indicated, the throttle should
be open and the rpm high.

You can test the MAF with a
DMM or an oscilloscope. The wave-
form on an oscilloscope should ap-
pear as a series of square waves. The
frequency should increase smoothly
and proportionately when engine
speed and intake air flow is increased.
If the frequency is erratic, the MAF

or circuit wiring is defective.

Another method of checking a
MAF sensor is to measure the pulse
width of the fuel injector. Pulse width
is a measurement of how long the
fuel injector is open, or how much
fuel the fuel injector is delivering.
Restrict the air intake and look for a
change in fuel control. If a change in
fuel delivery is noticed, the MAF sen-
sor is most likely working properly.

Some MAF sensors are sensitive to
vibration. Gently tap on the MAF;
if the engine idle changes, the MAF
sensor is defective.

The symptoms of a bad MAF sen-
sor include hesitation or stumbling
during acceleration, stalling or inter-
mittent stalling during acceleration,
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Various types of throttle position sensors

misfiring under load, and surging at
cruising speeds.

Always be sure that the air duct
from the air flow sensor to the throt-
tle body or intake manifold is con-
nected and in good condition. If the
duct falls off or engine backfiring
blows it off, the engine won't start.
Furthermore, air leaks in the duct
will lean out the fuel mixture and
may cause lean-related performance
problems. Remove the duct and in-
spect it closely to look for cracks in

the rubber.

Throttle Position Sensor

Throttle Position (TP) sensors are
usually located on the side of the fuel
injection throttle body. These are
most often variable resistors. TP sen-
sors can be checked using a DMM
set to the volts setting. TP sensor fail-
ure is common because it has parts
that move each time the accelerator
is depressed or released. This is one of
the more common parts that require
replacement or adjustment, due to
the amount of movement this sen-
sor endures every time a vehicle is
driven. However, it is one of the easi-
est components to test and replace.
Be certain the problem is the sensor,
and not its connector.

Before testing a TP sensor, perform
a visual inspection. To test most TP
sensors, disconnect the TP connec-
tor and install jumper wires from the
sensor connector to the wiring har-
ness. You can attach test leads to the
jumpers, or you can use ‘bed of nails
test clips on the harness. This per-
mits the sensor to operate properly
during testing. Most TP sensors use
three wires: a 5-volt reference wire, a
signal wire to the PCM/ECM and a
ground wire. Some may have addi-
tional wires, used for integral switches
in the sensor.

Connect a DMM set to the volts
setting between the signal wire (usu-
ally the center terminal) and the
ground wire (one of the outside ter-
minals) on the TP sensor. This test
should be performed with the igni-
tion ON and the engine OFE

Check the voltage reading with the
throttle in the idle position. Usual
voltage readings are approximately
0.45 volts.

Open the throttle slowly. The volt-
age should increase smoothly as the
throttle is moved to the WOT (Wide
Open Throttle) position. Usual volt-
age at the WOT position is approxi-
mately 4.5 volts.

Release the throttle slowly. The

0-Ring

Magnetic
Pickup
Rotor

Diagram of a typical Vehicle Speed
Sensor (VSS). (Courtesy: GM Corp.)

voltage should decrease smoothly as
the throttle is moved to the idle posi-
tion. Erratic readings or a momen-
tary infinite reading indicate a defec-
tive sensor. The voltage test of a TP
sensor is best accomplished using a
scope, as even the smallest dropouts
can be easily seen as the throtte is
moved.

Vehicle Speed Sensor

The vehicle speed sensor is a per-
manent magnet sensor. The VSS
consists of a permanent magnet sur-
rounded by a coil of wire. A toothed
ring, also called a reluctor, is located
on the transmission’s output shaft.
The VSS and the reluctor are posi-
tioned so that a slight air gap (gener-
ally 0.050 in.) is maintained between
the two. As the output shaft turns,
the reluctor causes the magnetic field
of the VSS to continually change
from strong to weak. This produces
an alternating current output, which
increases in both frequency and am-
plitude as vehicle speed increases.

The VSS produces its own voltage.
The resistance of the coil windings
in the VSS is typically around 1200
ohms. Always check the manufactur-
er’s specification when performing di-
agnosis. The computer uses the VSS
signal to control shift timing, TCC
(Torque Converter Clutch) applica-
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tion, cruise control and the electronic
speedometer.

To test |the VSS, disconnect the
wiring connector from the sensor and
connect the leads of a DMM, set
on the ohjrrm position, to the sensor
terminals, Compare the resistance
reading with the manufacturer’s spec-
ifications. |High or infinite resistance
readings are caused by excessive resis-
tance or possibly an open circuit. If
the resistance reading is low there is a
short circuit.

Next, change the DMM to the AC
volts position. Raise and safely sup-
port the vehicle so the drive wheels
are off the ground. Start the engine
and place the gear selector in Drive.
Observe the DMM as the engine
speed is increased. The voltage read-
ing should increase smoothly as en-
gine speed increases.

The VSS can also be checked using
a lab scope. In place of the DMM,
connect the lab scope leads to the
sensor terminals. When the speed is
constant, a sine wave pattern should
appear on the scope. As speed is in-
creased the AC signal should change
in amplitude and frequency.

PCM/ECM Reprogramming

Over the years, the OEMs (Origi-
nal Equipment Manufac-turers) have
found it necessary in many cases to
reprogram vehicless PCM/ECMs
with changes to correct various per-
formance |problems. These changes
are usually detailed in TSBs. On
pre-OBD II vehicles, it was com-
mon practice to replace a PROM
(Program-mable Read Only Mem-
ory) or chip to update the PCM/
ECM. However, OBD 1l vehicles do
not have replaceable PROMs. OBD
II PCM/ECMs have an EEPROM
(Electrically Erasable Program-mable
Read Only Memory) chip, which can
be reprogrammed without removing
the unit from the vehicle.

At first, updates could only be in-
stalled using a manufacturer-specific
tool, but because the U.S. EPA (En-
vironmental Protection Agency)
wants the aftermarket to be able to
perform emissions-related repairs and
they cannot require shops to pur-
chase specific brands of tools, the
SAE (Society of Automotive Engi-
neers) and the tool and equipment
industry developed communication
protocol J2534. This is a translator
that allows a PC (Personal Com-
puter) to communicate with the
PCM/ECM on all makes and mod-
els. The translation software is con-
tained in a pass-through device that
connects to the PC and the vehicle’s
DLC,

Before reprogramming a PCM/
ECM, the existing calibration must
be identified. This can be done using
Mode $09 on a scan tool and then
checking a calibration list at the
OEM web site.

The updates and installation pro-
grams are available through the
OEM web sites. To program a PCM/
ECM without using a factory scan
tool, you need the software, a PC or
laptop computer running the Win-
dows 2000 or later operating system,
a high-speed Internet connection
and the pass-through tool. A high-
speed Internet connection is essential
because the programs are large and
would take many hours to download
using a dial-up connection. It is also
recommended thar a stand-alone PC
or laptop be used, instead of one that
is also used for other jobs in the shop.
Other computer processes can inter-
rupt or stop the reprogramming pro-
cess, which can ruin the PCM/ECM.

Two software packages are needed
for programming, the updated
PCM/ECM software and the com-
puter program that installs the soft-
ware on the PCM/ECM. These can
usually be downloaded to the PC or

laptop before connecting the com-
puter to the pass-through tool, how-
ever some manufacturers require a
‘live’ link between the vehicle and the
OEM’s server while the PCM/ECM
is being updated.

As stated earlier, interrupting re-
programming can cause the process
to fail and possibly ruin the PCM/
ECM. To avoid this, pop-up block-
ers, virus protection and firewall soft-
ware must be turned off. E-mail pro-
grams, screensavers and all other au-
tomatic processes should be disabled.

Another way that reprogramming
can be interrupted is if the vehicle’s
battery voltage drops. During repro-
gramming, battery voltage to the
PCM/ECM and the pass-through
tool gets power from the OBD II
connector and must remain constant.
The ignition switch must be turned
on for part of the process, which
may automatically turn on lights or
other loads that could cause a signifi-
cant battery voltage drop. To avoid
this, connect a second fully charged
battery to the vehicle battery with
jumper cables. Do not use a battery
charger.

Reprogramming can also be inter-
rupted if something is accidentally
turned on, like the vehicle’s interior
lights. Before starting the job, make
sure the key is in the ignition and the
driver’s window is down. Make sure
the security system is turned off.

Once all safeguards against inter-
ruption are in place and the software
is downloaded into the PC, start the
reprogramming application and fol-
low the process step-by-step. Once
reprogramming is completed, the
PCM/ECM will have to undergo a
relearning procedure, which may be
as simple as completing a drive cycle,
but could also require more repro-
gramming. Information on relearn-
ing procedures is usually available at
the OEM web sites.
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Prepare yourself for ASE testing with these questions on
ENGINE PERFORMANCE

NOTE: The following questions are written in the
ASE style. They are similar to the kinds of questions
that you will see on the ASE test. However, none of
these questions will actually appear on the test.

Compression Specs
140 psi

140 5 135 140 _—
ONO

OOOO| | &
® @)

1. After the compression readings shown above were
taken, a wet compression test was made. The second
set of readings was almost the same as the first.
Technician A says that a burned valve could cause
these readings. Technician B says that a worn piston
ring could cause these readings. Who is right?

A. Technician A only

B. Technician B only

C. Both A and B

D. Neither A or B

2. Blue smoke is coming from the exhaust pipe of a
vehicle. Technician A says that worn piston rings
could be the cause. Technician B says that a bad
head gasket could be the cause. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither Aor B

3. 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 between readings of 10 and 22 inches of vac-
uum. These test results point to:

A. a leaking intake manifold gasket.

B. worn piston rings.

C. worn valve guides.

D. a weak or broken valve spring.

4. Engine detonation (knock) could be caused by any
of the following EXCEPT:

A. a lean air/fuel mixture

B. retarded ignition timing

C. excess carbon in the combustion chambers

D. a stuck-closed EGR valve

5. A vehicle with electronic ignition hesitates and
stumbles during acceleration. The problem goes
away when the vacuum advance hose is discon-
nected and plugged. Technician A says that a stuck
vacuum advance mechanism could be the cause.
Technician B says that an intermittent open in the
pickup coil leads could be the cause. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

6. Technician A says that spark advance on an engine
can be tested by listening to the way the engine sounds
at higher rpm. Technician B says that spark advance
on an engine can be tested with a timing light that in-
corporates an ignition advance meter. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

7. A regular customer presents his vehicle for service.
He describes symptoms of poor driveability and says
that the vehicle has been repaired for the same problem
in the past. Which, of the following, should you do first?

A. connect the vehicle to an engine analyzer

B. check for diagnostic trouble codes

C. check the vehicle service history and check for

TSBs, service campaigns and recalls
D. perform a cylinder balance test

8. Two technicians are listening to a tapping noise
coming from the top end of a V8 engine. Technician A
says the noise could be a valve needing adjustment.
Technician B says the noise could be an exhaust leak.
Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B
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break, their cars get stuck in “park.”
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Prepare yourself for ASE testing with these questions on
ENGINE PERFORMANCE

9. Technician A says a high spike line on an oscillo-
scope indicates a disconnected or open plug wire.
Technician B says a high spike line indicates a closed
gap on a spark plug. Who is right?

A. Technician A only

B. Technician B only

C.BothAand B

D. Neither A or B

10. A vehicle can be started with great difficulty, but lacks
power, and will not idle. Technician A says that there
could be a hole or tear in the duct between the mass air
flow sensor and the throttle body. Technician B says that
a restricted fuel filter is the problem. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

11. A vehicle is towed in with a ‘cranks but won't start’
condition. A ‘noid’ light test finds no injector pulses,
and Technician A says the vehicle needs a computer.
Technician B finds no spark, and says the vehicle
needs an ignition module. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

12. Technician A says that evidence of cylinder wear
can be found using a cylinder leakage tester. Techni-
cian B says that a blown head gasket can be found
using a cylinder leakage tester. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

13. A poor running vehicle has low fuel volume. Tech-
nician A tests the electrical connector at the tank, and
finding system voltage available, says the vehicle
needs a new pump. Technician B says high circuit re-
sistance may prevent the pump from operating prop-
erly. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

14. An engine with an electronic fuel injection system has
high fuel pressure at idle. This could be caused by a:

A. low manifold vacuum.

B. leaking fuel pump check valve.

C. plugged fuel injection valve.

D. high manifold vacuum.

15. With the engine off, vacuum is applied to a posi-
tive backpressure EGR valve using a hand held vac-
uum pump. Technician A says that the EGR valve
should open. Technician B says that the valve will not
open unless a restriction is created in the exhaust and
the engine is started. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

16. Technician A says that valves should be adjusted
when the piston is at TDC on the compression stroke
and both valves are closed. Technician B says that
hydraulic lifters should be adjusted to zero lash. Who
is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

17. While the engine is running, a technician pulls the
PCV valve out of the valve opening and places his fin-
ger over the valve. No vacuum is felt. Technician A
says that the PCV valve could be stuck closed. Techni-
cian 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

—J N p—

18. The wiring diagram symbol shown above is for a:
A. resistor
B. variable resistor
C. transistor
D. thermistor
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19. A vehicle gets poor fuel mileage and has poor heater
performance. Which of the following could be the cause?
A. a bad ECT sensor
B. a defective fan clutch
C. a clogged cooling system
D. a stuck open thermostat

20. A vehicle with electronic fuel injection gets poor
gas mileage. Engine tests show a rich mixture. Tech-
nician A says that a bad Oz sensor could be the
cause. Technician B says that a bad |IAT sensor could
be the cause. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

21. With a DMM connected, the O2 sensor reads
above 550 millivolts constantly, Technician A says that
the fuel mixture is probably too rich. Technician B
says the fuel mixture may be too lean or there may be
an exhaust leak near the sensor. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither Aor B

22. There are two types of MAP sensors: the analog
signal type, which is tested with a voltmeter, and the
frequency signal type, which is tested with a Hertz
meter or digital tachometer. To determine which type
the technician has, he performs a reference voltage
and signal voltage check. The signal voltage doesn’t
changes from 2.5 volts. It is most likely:

A. a frequency type

B. an analog type

C. could be either type

D. none of the above

23. A vehicle has sluggish performance and high fuel
consumption. Testing reveals that the vehicle fails to
enter closed loop operation. Technician A says the
ECT sensor may be defective. Technician B says the
TP sensor may be set incorrectly. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

24. A vehicle is towed in for a no start condition.
Spark tests good, and an examination of the throttle
body shows fuel pouring from the TBI injector when
the engine is cranked. Technician A says the fuel in-
jector is stuck open. Technician B says the PCM
driver for the injector is shorted out. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

25, A turbocharged vehicle performs poorly and lacks
power. All of the following could be the cause EX-
CEPT:

A. restricted intake duct

B. a wastegate that is stuck open

C. failed turbocharger shaft bearings

D. a wastegate that is stuck closed

26. An oxygen sensor voltage is being monitored on a
scope type analyzer. A pattern is observed to change
from 0.25 volts to 0.8 volts in a regular, series of flat-
topped ‘hills’. Technician A says that this is normal,
closed loop operation. Technician B says that this in-
dicates intermittent operation, and the sensor needs
replacement. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

27. When troubleshooting a slow drain on the battery,
which diagnostic tool should be used?

A. ohmmeter

B. ammeter

C. voltmeter

D. test light

28, While testing a starting circuit on a V8 engine, the
technician finds that the engine cranks slowly, the
starter current draw is 90 amps, and the battery volt-
age while cranking is 11 volts. What should the tech-
nician do next?

A. check the voltage drop of the starter motor cir-

cuit

B. test the battery capacity

C. replace the starter motor, as a short is indicated

D. determine the condition of the engine

A8 - Engine Performance



BRI BIIIAIIAIIRIIATNIIIIIATRINIINIIIIINIINNA

Prepare yourself for ASE testing with these questions on
ENGINE PERFORMANCE

29. A V6 engine with distributorless ignition breaks up
on acceleration, but gets smoother when reaching
cruise. Technician A says a bad coil pack is the prob-
lem. Technician B says the cam sensor must be re-
placed. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

30. Blue-gray smoke comes from the tailpipe of a ve-
hicle during deceleration. Technician A says that this
is most likely due to bad valve seals. Technician B
says that the cause could be clogged oil return pas-
sages. Who is right?

A. Technician A only

B. Technician B only

C.Both Aand B

D. Neither Aor B

31. Technician A says that an incorrect ignition pick-
up coil gap can cause a misfire. Technician B says
that when testing the pick-up coil with an ohmmeter,
the meter should read infinity when the ohmmeter is
connected to both pick-up coil leads. Who is right?

A. Technician A only

B. Technician B only

C.BothAand B

D. Neither Aor B

32. Hall effect sensors normally produce a:
A. sine waveform
B. triangle waveform
C. sawtooth waveform
D. square waveform

33. Technician A says that excessive resistance in the
voltage side of the charging circuit can cause a low
charging rate. Technician B says that too much resis-
tance in the circuit will cause higher than normal volt-
age drop. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

34. The initial timing and spark advance are being
checked on an older vehicle with distributor ignition.
Technician A says that the engine must be accelerated
when checking how much the timing is being advanced
by the distributor vacuum advance unit. Technician B
says that the vacuum line to the vacuum advance should
be disconnected and plugged before checking the igni-
tion timing. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

35. Which of the following would cause a spark miss?
A. high engine temperature
B. low fuel pressure
C. dirty throttle body and IAC
D. distributor cap carbon track

36. All of the following are symptoms of insufficient
exhaust gas recirculation EXCEPT:

A. spark knock

B. stalling

C. surging at cruise

D. increased NOx emissions

37. When testing a catalytic converter with an exhaust
pyrometer, the difference between the surface tempera-
tures of the converter inlet and outlet should be
with the engine at normal operating temperature,

A. 50°F (10°C)

B. 100°F (38°C)

C. 150°F (66°C)

D. 200°F (93°C)

38. The EVAP system is designed to:

A. keep fuel vapors from escaping the fuel tank

B. capture fuel vapors and route them to the cata-
lytic converter, where they are burned

C. purge fuel vapors from the charcoal canister to
atmosphere

D. capture fuel vapors and route them to the engine
where they become part of the air/fuel mixture
and are burned during combustion
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39. Which of the following sensors can be checked by
measuring the pulse width of the fuel injector?

A. TP (Throttle Position) sensor

B. VSS (Vehicle Speed Sensor)

C. MAF (Mass Air Flow) sensor

D. CKP (Crankshaft Position) sensor

40. An IAT sensor is being tested. Technician A says
that the resistance should be checked on an NTC
(Negative Temperature Coefficient) sensor. Technician
B says that the voltage drop across the sensor should
be checked on this type of sensor. Who is right?

A. Technician A only

B. Technician B only

C.Both Aand B

D. Neither A or B

41. The MAP sensor voltage on a vehicle is measured
with the engine running at idle and found to be almost
5 volts. Technician A says that this voltage is too high
for idle speed. Technician B says that this voltage will
cause the engine to run extremely rich. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

42. The engine in a vehicle running at normal operat-
ing temperature has a rough idle and black smoke
coming from the exhaust. All of the following could be
the cause EXCEPT:

A. EGR|valve stuck closed

B. EVAP canister purge solenoid stuck open

C. fuel pressure too high

D. fuel injector(s) stuck open

43. A vehicle is towed in with a ‘no start’ condition.
The technician disconnects the coil wire from the dis-
tributor cap, connects a suitable spark tester and
checks for a good spark while cranking the engine. If
there is no spark, all of the following could be the
cause EXCEPT:

A. a problem in the ignition primary circuit

B. a prablem in the ignition secondary circuit

C. a bad coll

D. a bad distributor pick-up coil

44. A technician suspects that a faulty CMP (Cam-
shaft Position) sensor is the cause of a driveability
complaint. In order to test the sensor, he must first
know what type it is. Since the sensor is equipped
with a 3-wire connector, the sensor:

A. is a Hall effect type

B. is a magnetic reluctance type

C. creates a voltage

D. is a permanent magnet generator

45. An alternator output harness (pigtail) needs to be
replaced. Technician A says that a pencil soldering
iron should be used to ensure a good connection.
Technician B says that a butt splice sleeve connector
will be sufficient. Who is right?

A. Technician A only

B. Technician B only

C.Both Aand B

D. Neither A or B

46. Which of the following diagnostic methods can be
used to determine which cylinder is leaking combus-
tion chamber gas into the cooling system?
A. observing the radiator coolant for bubbles while
the engine is running
B. placing a vial of a chemical that is sensitive to
combustion gases over the radiator filler neck
while the engine is running
C. holding an exhaust analyzer probe over the radi-
ator filler neck while checking for a reading on
the exhaust analyzer
D. observing the radiator coolant for bubbles while
performing a cylinder leakage test

47. A vehicle’s tailpipe emissions are being checked
with a four-gas exhaust analyzer. The level of COz in
the exhaust gas is lower than normal and the level of
Oz is high. Technician A says that the engine has a
lean condition. Technician B says that, if the analyzer
had five-gas capabilities, the NOx level would be low.
Who is right?

A. Technician A only

B. Technician B only

C.BothAand B

D. Neither A or B
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48. A vehicle running at normal operating temperature
is idling at too high an idle speed. When checking the
IAC (Idle Air Control) valve pintle counts with a scan
tool, the reading is zero. Technician A says that the
IAC valve is defective. Technician B says that there is
a vacuum leak at the intake manifold. Who is right?

A. Technician A only

B. Technician B only

C.BothAand B

D. Neither A or B

49. A vehicle’s exhaust system is being tested for a
restriction, using a vacuum gauge connected to the
intake manifold. All of the following are indications of
a restricted exhaust EXCEPT:

A. When the engine is gradually accelerated to
2000 RPM, the vacuum reading slowly drops to
zero and slowly returns to normal.

B. When the throttle is closed, the vacuum does
not increase.

C. When the throttle is closed, the vacuum momen-
tarily increases and then resumes the normal
reading.

D. When the engine is accelerated to 2500 RPM,
the vacuum reading drops 3 in. Hg below the
original reading after a few minutes.

50. Under which of the following conditions is exhaust
gas recirculation required?

A. cold engine at part throttle

B. warm engine at idle

C. warm engine at part throttle

D. warm engine at wide open throttle

51. An electrical circuit is being tested using a DMM
(Digital Multimeter). When measuring voltage in the
circuit, Technician A says that the meter should be
connected in parallel. When measuring amperage,
Technician B says that the meter should be con-
nected in series. Who is right?

A. Technician A only

B. Technician B only

C.Both Aand B

D. Neither A or B

52. When retrieving stored codes from a computer-
ized engine control system, a hard fault is found re-
garding a fuel injector circuit. Technician A says that
fuel pressure and volume tests should be performed.
Technician B says that the injectors should be re-
placed on that circuit. Who is right?

A. Technician A only

B. Technician B only

C.BothAand B

D. Neither A or B

53. A sweep test is being made on a TP sensor using
the data from a scan tool. Technician A says this is the
preferred method for greatest accuracy. Technician B
says that a scope will give the best results. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

54, A PCM/ECM is being replaced with a rebuilt unit.
Technician A says to disconnect the negative battery
cable prior to replacement. Technician B says to test the
vehicle driver circuits for low resistance. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

55. A technician is testing the ignition on a vehicle with
a ‘no start’ condition. He connects a test light be-
tween the negative side of the coil and ground and
has an assistant crank the engine. A test light that flut-
ters on and off indicates all of the following EXCEPT:

A. The pickup coil signal is OK.

B. The ignition module is OK.

C. The module is triggering the ignition coil to fire.

D. The coil is OK.

56. Which of the following is used to prevent EGR op-
eration when the engine is cold?

A. EGR valve position sensor

B. EGR vacuum solenoid valve

C. EGR vacuum regulator

D. Thermal vacuum switch
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57. Technician A says that a secondary air injection
system forces air into the intake ports. Technician B
says that the secondary air injection system reduces
spark knock. Who is right?

A. Techhician A only

B. Technician B only

C. Both|A and B

D. Neither Aor B

58. All of the following are true statements regarding
fuel pressure regulators EXCEPT:

A. With the vacuum line connected to the fuel pres-
sure regulator, fuel pressure should be higher
than with the line disconnected.

B. Most fuel pressure regulators are not adjustable.

C. Most fuel pressure regulators are connected to
manifold vacuum and vary the fuel pressure ac-
cording to engine load.

D. Some regulators can suffer from a ruptured dia-
phragm, allowing fuel to be sucked into the in-
take manifold through the vacuum line, which
operates the regulator, causing a rich running
condition.

59. When testing computer-controlled systems, a
DMM (Digital Multimeter) should be used with an
input impedance of at least:

A. 10k ohms

B. 100k ohms

C. 1 megohm

D. 10 megohms

60. Technician A says an oscilloscope can be used to
read spark plug firing voltage. Technician B says an
oscilloscope can be used to check the ignition coil.
Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

61. 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.

62. All of the following are indications of a charging
system that is undercharging EXCEPT:

A. slow cranking

B. dim headlights

C. short light bulb life

D. low ammeter indication

63. An engine has a light metallic knocking noise dur-
ing light engine loads, however, when the cylinder
with the noise is disabled during a cylinder balance
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

64. All of the following are true statements regarding
intermittent faults EXCEPT:

A. An intermittent problem is a malfunction that oc-
curred in the past, but is not present at the time
of the self-test.

B. You may have to try to recreate conditions de-
scribed by the driver to get an intermittent code
to reset.

C. Intermittent problems are often caused by dam-
aged wiring and connectors, so tapping and
wiggling wiring harnesses and connectors can
sometimes get problems to reoccur and reset
codes.

D. Intermittent faults should be serviced before
hard faults.
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65. When an EGR valve diaphragm is raised with the
engine idling, there is no effect on idle speed. Techni-
cian A says that the EGR valve is bad and should be
replaced. Technician B says that the EGR passages
are clogged with carbon. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither Aor B

66. The MIL is illuminated on a late-model vehicle that
is brought in for service. A scan tool is connected to
the DLC and the DTC P0107 is obtained. Technician A
says that this code indicates a failure in the vehicle’s
powertrain. Technician B says that this code is manu-
facturer specific. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

67. A vehicle with an AIR system backfires during ac-
celeration. Which of the following should the techni-
cian check?

A. operation of exhaust manifold check valve(s)

B. output pressure of the air pump

C. operation of the air bypass valve

D. the AIR manifolds for restriction

68. A vehicle with a normally closed canister purge
solenoid is not purging the EVAP canister when en-
gine operating conditions for purging are met. When
the purge solenoid is removed from the vehicle for
testing, it allows vacuum flow when voltage is applied.
Technician A says the purge solenoid is defective.
Technician B says the purge solenoid power circuit is
at fault. Who is right?

A. Technician A only

B. Technician B only

C.BothAand B

D. Neither A or B

69. 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 he hears noise coming
from inside the catalytic converter when he taps on it
with a mallet and says that the converter is rotting out
from the inside. Who is right?

A. Technician A only

B. Technician B only

C.Both Aand B

D. Neither A or B

70. A technician wants to quickly compare the sec-
ondary ignition patterns of each cylinder of a V8 en-
gine. Which of the following scope patterns should he
use?

A. primary superimposed

B. secondary superimposed

C. parade

D. raster

71. When manifold vacuum is checked on a vehicle
brought in for service it is found to be low but steady.
Technician A says that an air/fuel mixture that is too rich
can cause this condition. Technician B says that an air/
fuel mixture that is too lean can be the cause. Who is
right?

A. Technician A only

B. Technician B only

C. BothAand B

D. Neither Aor B

72. A vehicle with multiport fuel injection has a stalling
problem. When the throttle body is inspected it is
found to be contaminated with sludge buildup. Tech-
nician A says that this could be caused by worn rings.
Technician B says that this could be caused by a
clogged or restricted PCV system. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B
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73. All of the following are indications of a catalytic

converter problem EXCEPT:

A. The converter shell appears bluish.

B. The converter makes a rattling noise when
struck with a mallet.

C. There is little difference between the inlet and
outlet temperatures.

D. The catalyst monitor signal is stable.

74. All of the following are true of the EVAP canister

vent solenpid EXCEPT:

A. It is activated by the PCM/ECM to allow the flow
of fuel vapor from the EVAP canister to the en-
gine.

B. It is activated by the PCM/ECM to block the en-
trance of outside air into the canister during the
EVAR leak test.

C. It is used only on vehicles with enhanced EVAP
systems.

D. It is located in the fresh air supply hose to the
canister.

77. A customer brings his car in because the MIL is
on. However, when the vehicle is started in the ser-
vice bay, the light is off. Technician A says this is be-
cause the DTC that turned on the light is no longer in
the PCM/ECM’s memory. Technician B says this is
because the monitor responsible for the DTC has run
three times in a row without seeing the same failure.
Who is right?

A. Technician A only

B. Technician B only

C.Both Aand B

D. Neither A or B

78. A quick way to determine if valve timing has
jumped is to:
A. look at the timing mark alignment on the cam
and crank sprockets
B. check timing chain or belt slack
C. check valve movement with the piston at TDC
on the exhaust stroke
D. check valve movement with the engine at TDC
on the compression stroke

75. A vehicle has been towed in with a no-crank con-
dition. The starter solenoid is being tested using a
jumper wire between the battery and the solenoid ‘S’
terminal. Technician A says that if the engine cranks,
the problem is in the starter control circuit. Technician
B says that if the solenoid makes a clicking sound, it
is operating properly and the starter may be defec-
tive. Who is right?

A. Technician A only

B. Technician B only

C. Both A and B

D. Neither A or B

79. The SFT value on a scan tool is shown with a neg-
ative number. Which of the following will also be true?

A. There is less oxygen in the exhaust

B. The voltage signal from the oxygen sensor de-
creased.

C. The injector pulse width was lengthened.

D. The SFT value is greater than 1.

76. All of the following can cause air flow problems
through a radiator core EXCEPT:

A. broken shroud

B. debris buildup

C. bent fins

D. excessive mineral deposits

80. All of the following could cause a vehicle with en-
hanced EVAP to fail the PCM/ECM’s large leak test
EXCEPT:

A. loose fuel cap

B. cracked vapor line

C. stuck open canister vent solenoid

D. open canister purge valve
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81. Two technicians are discussing alcohol in fuel.
Technician A says that if any alcohol is mixed with
gasoline it will cause driveability problems. Technician
B says that excessive amounts of alcohol in fuel can
degrade the fuel system. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

82. An alcohol in fuel test is being conducted using a
100mL container. If there is 15mL of water in the con-
tainer at the end of the test, what is the alcohol con-
tent of the fuel?

A. 5 percent

B. 10 percent

C. 15 percent

D. 20 percent

883. Technician A says that a ‘pending’ code is re-
corded if monitor results indicate a failure after one
drive cycle. Technician B says pending codes should
be checked to verify a repair. Who is right?

A. Technician A only

B. Technician B only

C. Both Aand B

D. Neither A or B

84. A voltage generating Vehicle Speed Sensor (VSS)
is being tested. Technician A says that the transmis-
sion shaft should be rotated and the DC voltage out-
put checked. Technician B says that the sensor resis-
tance should be checked. Who is right?

A. Technician A only

B. Technician B only

C. Both A and B

D. Neither A or B

85. All of the following can interrupt an OBD Il PCM/
ECM reprogramming procedure EXCEPT:
A. getting an automatic virus protection update
B. opening a door on the vehicle
C. carrying the vehicle's key fob in your pocket
D. turning on the ignition key
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Answers to Study-Guide Test Questions

1. The correct answer is A. If a piston ring is leaking,
usually a wet compression test will indicate some com-
pression. If a valve is burned, a wer compression test
will make no difference and indicate the same com-
pression readings.

2. The correct answer is A. Blue smoke means the en-
gine is burning oil, which could be caused by worn pis-
ton rings. Technician B is wrong because a bad head
gasket would cause coolant to leak into one or more
cylinders, resulting in white exhaust smoke.

3. The correct answer is D. A leaking intake manifold
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
steady when engine speed is increased. A weak or bro-
ken valve spring will cause a vacuum gauge to fluctuare
or jump from low to high readings.

4, The correct answer is B. Advanced ignition timing
will cause knock, but retarded timing will not.

5. The correct answer is B. If a vacuum advance mech-
anism were stuck, the problem would not change if the
vacuum hose is connected or disconnected. When the
vacuum changes to the vacuum advance mechanism
and the distributor plate moves, this may move the
wires to the pick-up causing a short or open which
would cause the pick-up signal to be lost momentarily.

6. The correct answer is B. To accurately measure
spark advance, use a timing light that incorporates an
ignition advance meter. The spark advance cannot be
determined by listening to the way the engine sounds.

7. The correct answer is C. Checking the vehicle ser-
vice history may get you pointed in the right direction
before you even raise the hood. What repairs have been
performed and what parts were installed? Whar fixed
the car before? If it is a recurring problem, maybe a dif-
ferent course of action is in order. If the vehicle really
has failed in the same way, checking TSBs may provide
information on updated parts that weren't available pre-
viously and may solve the problem now. When check-
ing for service campaigns and recalls, you may find that
the problem is a defect that the manufacturer will repair.

8. The correct answer is C, both technicians are
right. A tapping noise that does not dissipate after the
engine warms up could be caused by worn valvetrain
components or excessive valvetrain clearance. A similar
type noise can sometimes be caused by an exhaust leak
at the exhaust manifold/cylinder head juncture.

9. The correct answer is A. A higher-by-comparison
spike line on an oscilloscope could indicate a discon-
nected or open spark plug wire. If a spark plug gap
were closed, the oscilloscope would indicate a very low
spike line.

10. The correct answer is A. The fuel filer may be in
need of service, but it is not the cause of the problem.
Unmetered air entering the engine means that there is
more air than the amount for which the engine is de-
livering fuel. A careful examination of the duct be-
tween the air flow sensor and the throttle body should
reveal where the unmetered air is entering.

11. The correct answer is D, neither technician is
right. Although the vehicle may need one of these items
before being returned to service, both technicians are
jumping to conclusions. A defective crank sensor can
cause both of these symptoms, and that is far more
likely than either of the other possibilities. The correct
action is to test until the defective component is located.

12. The correct answer is C, both technicians are
right. Air blowing into the crankcase during a cylinder
leakage test indicates a piston, rings and/or cylinder that
are worn. When performing a cylinder leakage test, air
that causes bubbles in the radiator coolant indicates a

cracked head, cracked block, and/or a blown head gasket.

13. The correct answer is B, Before the energy reaches
the fuel pump, it must pass through the pump harness,
pass-through connector, and the pump wiring. A high
resistance in any of these places can keep the pump
from running properly. When testing for available
pump voltage, remember that there is virtually no load
placed on the pump circuit by a multimeter. A test
light can load the circuit in place of the pump to deter-
mine if there is a resistance, which will cause a signifi-
cant drop in the voltage available to the pump. A typi-
cal resistance in this instance could be relay contacts,
which are burned or have insufficient pressure.
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14. The correct answer is A. If the manifold vacuum
is low, the fuel pressure regulator will restrict the fuel
return and increase the fuel pressure.

15. The correct answer is B. A ported or negative back-
pressure EGR valve will open when the engine is off and
vacuum is applied with a hand operated vacuum pump. A
positive backpressure EGR valve needs exhaust backpres-
sure to open. This can be simulated for testing purposes
by placing a restriction in the exhaust pipe, starting the
engine and placing the transmission in gear. The engine
should stall when the restriction created exhaust backpres-
sure builds up enough to open the EGR valve at idle.

16. The correct answer is A. To adjust valve lash for
one cylinder’s cam lobes, rotate the crankshaft so that
its piston iis at TDC on the compression stroke. This
will position the intake and exhaust valve lifters or cam
followers jon the base circle of their respective cam
lobes. With the engine in this position, the valve lash
can be adjusted. Technician B is wrong because hy-
draulic lifrers must be adjusted to position the lifter
plunger within the lifter body, therefore the adjuster
must be turned further than zero lash.

17. The correct answer is C, both technicians are
right. The valve should be removed from the hose and
shaken. If lthe 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.

18. The correct answer is D. A thermistor is a type of
variable resistor that changes resistance according to
the change in temperature.

19. The correct answer is D. A thermostat that is
stuck open will not allow the engine to come to the
correct operating temperature. Heater performance
will be poor because the engine coolant will not be hot
enough. The ECT will report the lower temperature to
the PCM, which will make the air/fuel mixture richer,

causing poor fuel economy.

20. The correct answer is C, both technicians are
right. Both the oxygen sensor and the intake air rem-
perature sénsor relay signals to the PCM/ECM thar di-
rectly affects the control of fuel.

21. The correct answer is A. The computer reacts to the
oxygen sensor signal by adjusting the fuel metering at
the injectors. Too high a voltage indicates a rich mixture.

22. The correct answer is A. The sensor measures
pulses received per second (Hz) and converts them to
revolutions per minute. A constant signal voltage is
necessary.

23. The correct answer is A. Although there may be a
slight discrepancy in the setting of the TP sensor, it is
not relevant to the question. If the coolant temperature
sensor tells the PCM/ECM that the engine has not yet
warmed up, even though it has, the system will not go
into closed loop operation and will run rich.

24. The correct answer is B. The injector would pour
fuel even when the cranking had stopped, until the
pressure ran out, if the injector was stuck open. In this
case, the injector only pours fuel when it is powered
up, indicating a shorted driver in the PCM. You can
disconnect the injector to double check this, proving
that the injector will hold back fuel pressure.

25. The correct answer is D. A wastegate that is stuck
closed would cause overboost. A restricted intake duct,
a stuck open wastegate, or failed shaft bearings, which
would cause the rotating assembly to bind or drag,
would all reduce boost pressure and vehicle perfor-
mance.

26. The correct answer is A. The distinctive pattern
described is a normal closed loop, adaptive fuel man-
agement pattern. A defective pattern would be a steady
high or low voltage when conditions do not dictate
that reaction.

27. The correct answer is B. Always use an ammeter
to troubleshoot a slow drain in an automotive electrical
circuit.

28. The correct answer is A. If an engine cranks
slowly and the starter current draw is 90 amps and the
voltage is 11 volts, the technician should next check
the voltage drop of the starter motor circuit.
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29, The correct answer is A. A cam sensor will have
no effect on acceleration. A defective coil pack will
break down under the stresses of hard acceleration, and
run more smoothly when those stresses are eliminated.
However, a roughness in the idle will still be detectable.

30. The correct answer is C, both technicians are
right. When a vehicle suffers from worn valve guides
and/or bad valve stem seals, you'll see exhaust smoke
during deceleration because the high intake vacuum
that occurs during deceleration draws the oil through
the worn guides or seals. However, before you blame
either the valve guides or the valve seals, 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, causing exhaust smoke.

31. The correct answer is A. Pick-up coil gap that is
too small or too large may cause engine misfire. Tech-
nician B is wrong because the normal resistance read-
ing is 500 to 1500 ohms when an ohmmeter is con-
nected to the pick-up coil leads. The ohmmeter should
read infinity when the ohmmeter leads are connected
to ground and either pick-up coil connector lead.

32. The correct answer is D, Hall effect sensors produce
a square wave pattern. Sine waveforms are produced by
two-wire, reluctor (permanent magnet) sensors.

33. The correct answer is C, both technicians are right.
Excessive resistance in the voltage and/or ground sides of
the charging circuit can cause a low charging rate due to the
difference between alternator output and electrical system
voltage requirements. The voltage available at any point in
the circuit depends on the circuit resistance. The higher the
resistance, the more voltage is needed to force current
through the circuit. A high voltage reading when perform-
ing a voltage drop test is a sign of too much resistance.

34, The correct answer is B. Initial timing can be ad-
justed on these systems after the vacuum hose is dis-
connected from the advance unit and plugged. Techni-
cian A is wrong because the engine must be accelerated
only to check mechanical advance. The vacuum ad-
vance unit can be checked using a timing light and a
vacuum pump. Check the timing advance while apply-
ing vacuum to the advance unit with the pump.

35. The correct answer is D. If the power is diverted
to ground before reaching the spark plug, a spark miss
will result.

36. The correct answer is B. Stalling is a symptom of
too much EGR or EGR at the wrong time.

37. The correct answer is B. A simple test for whether
a catalytic converter is functioning properly is by mea-
suring the inlet and outlet temperatures. With the en-
gine at normal operating temperature, check the tem-
perature of the exhaust inlet and outlet surface before
and after the converter using a temperature probe and
a DMM or an exhaust pyrometer. The exhaust surface
temperature should be at least 100°F (38°C) hotter
than the intake surface temperature. If not, the con-
verter is probably not operating at peak efficiency.

38. The correct answer is D. The purpose of the evapo-
rative emissions control system (EVAP) is to prevent HC
emissions from escaping the fuel system to atmosphere.
Prior to the introduction of EVAP systems, fuel vaporized
and was emitted to the atmosphere from vented gas caps
and carburetor float bowls, polluting the environment.
The EVAP system is designed to capture these vapors and
route them to the engine where they become part of the
air/fuel mixture and are burned during combustion.

39. The correct answer is C. Pulse width is a measure-
ment of how long the fuel injector is open, or how
much fuel the fuel injector is delivering. The longer the
PCM/ECM grounds the injector, the longer the injec-
tor sprays. The longer the injector sprays, the richer the
mixture becomes. The less the injector sprays, the
leaner the mixture. Restrict the air intake and look for a
change in fuel control. If a change in fuel delivery is no-
ticed, the MAF sensor is most likely working properly.

40, The correct answer is C, both technicians are
right. Resistance varies inversely with temperature on
an NTC sensor. The sensor’s function is usually
checked by measuring the resistance between the sen-
sor terminals. Most manufacturers publish resistance/
temperature tables, but in general the resistance should
be approximately 3000 ohms at room temperature
(70°E or 21°C). Start the engine, and as it warms up
check that the values change smoothly, or heat the sen-
sor using a hair dryer to see if the values change
smoothly. If the resistance value doesnt change, the
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sensor is probably defective. The sensor can also be
checked by measuring voltage drop. More voltage is
dropped across the sensor when it is cold, and less
when hot., The PCM/ECM, by monitoring the voltage
change, adjusts the amount of fuel injection according
to the air temperature. With the sensor installed, back-
probe the sensor terminals with a voltmeter connected
across the sensor terminals. Compare the voltage read-
ings at various temperatures with the manufacturer’s
voltage/temperature table. The voltage drop can also be
seen using a scan tool.

41. The correct answer is C, both technicians are
right. A high voltage reading at the MAP sensor
should indicate atmospheric pressure inside the intake
manifold, which should only happen when the engine
is off or at WOT (Wide Open Throttle). Since the en-
gine is running, the PCM/ECM will think the engine
is at WOT and richen the fuel mixture accordingly.

42, The correct answer is A. An EGR valve that is
stuck closed could cause spark knock or other drive-
ability problems, but would not cause rough idle and
black smoke. An EVAP canister purge solenoid that
was stuck open could be the cause because it would
cause the canister to improperly purge at idle. High
fuel pressure could be the problem because it would
cause more fuel to be injected per injector opening.
Fuel injectors that were stuck open would allow fuel
flow when they were not energized and could also be
the cause of the problem.

43. The correct answer is B. There would only be a
problem in the ignition secondary circuit if there were
a good spark. If there is no spark, the problem is in the
primary circuit. Since the primary windings of the coil
and the distributor pick-up coil are part of the primary
circuit, they are possible causes of a no-spark condition.

44, The correct answer is A. Hall Effect switches are
equipped with a 3-wire connector. Magnetic reluctance
types are equipped with a 2-wire connector. They cre-
ate a voltage and are also known as PM (Permanent
Magnet) generators.

45, The correct answer is D, neither technician is
right. A pencil iron will not produce sufficient heat to
maintain the necessary temperature to melt and flow

the solder to properly join the wires. Technician B is
incorrect because the sleeves, even when crimped, will
develop resistance and cause overheating of the wires,
leading to failure at the alternator connection.

46. The correct answer is D. While each of these meth-
ods can be used to determine whether there is a combus-
tion chamber leak into the cooling system, only a cylin-
der leakage test will identify which cylinder is leaking.

47. The correct answer is A. Any deviation, rich or
lean, from the optimum air/fuel ratio will cause the
CO2 level in the exhaust to drop. Higher O2 levels in-
dicate a lean mixture, while lower levels mean a richer
mixture. Technician B is wrong because lean air/fuel
mixtures can cause high levels of NOx in the exhaust.

48. The correct answer is B. Zero counts corresponds
to a closed IAC valve passage, which the PCM/ECM
would signal to try to close off the air flow, so Techni-
cian A is wrong. Since the IAC valve is closed, the high
idle speed is most likely caused by air entering from
another location, such as a vacuum leak.

49, The correct answer is C. When the throttle is
closed on a properly operating vehicle with a good ex-
haust system, the vacuum should momentarily increase
and then resume the normal reading. All of the other an-
swers describe indications of a restricted exhaust system.

50. The correct answer is C. When the engine is
warm and above idle speed, EGR is required to prevent
spark knock and reduce NOx emissions. Until the en-
gine is warm, there is no need for exhaust gas recircula-
tion because combustion is still sufficiently cool. Even
when the engine is warm, there is no need for exhaust
gas recirculation at idle because combustion pressures
are relatively low and NOx is not formed, and exhaust
gas recirculation would stall the engine because of too
much dilution. At WOT, the need for power out-
weighs the need to control NOx emissions, and since
WOT needs richer, and therefore slightly cooler mix-
tures, NOx formation is minimal anyway.

51. The correct answer is C, both technicians are
right. A voltmeter is always connected in parallel when
making a voltage check of a circuit. An ammeter is
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connected in series with the circuit, so all the current
passing through passes through the ammeter.

52. The correct answer is D, neither technician is
right. Technician A is wrong because a problem with
fuel pressure and volume would not set a fuel injector
circuit code. Technician B is wrong because the code
indicated a malfunction in the fuel injector circuit, and
replacing the injectors would be jumping to the con-
clusion that the injectors are bad. The circuit should be
tested in the order specified by the manufacturer’s diag-
nostic procedures before any components are replaced.

53. The correct answer is B, Erratic readings or a mo-
mentary infinite reading indicates a defective sensor.
Since the processed data of a scan tool can ‘skip’ several
moments during the sweep, allowing dropouts to be
‘hidden’ during the time between updates of screen
data, the voltage test of a TP sensor is best accom-
plished using a scope, as even the smallest dropouts can
be easily seen as the throttle is moved.

54, The correct answer is C, both technicians are
right. Use the checklist provided with the rebuilt unit
to test the circuits that will connect to drivers in the
new PCM/ECM, to be certain that no circuits will
draw excessive current.

55. The correct answer is D. The test light fluttering
on and off means that the coil is being triggered to fire,
it is not a test of the coil itself.

56. The correct answer is D, A TVS (Thermal Vac-
uum Switch) is used to prevent EGR when the engine
is cold. If the switch is operating properly, it should
not allow vacuum flow until the engine reaches a spe-
cific operating temperature.

57. The correct answer is D, neither technician is
right. The secondary air injection system injects air
into the exhaust system. Since the secondary air injec-
tion system is used after the combustion event, it can-
not reduce spark knock.

58. The correct answer is A, With the vacuum line
connected to the fuel pressure regulator, fuel pressure
should be lower than with the line disconnected.

59. The correct answer is D. For maximum protec-
tion to the computer-controlled system or any elec-
tronic circuit, it is best to use at least a 10-megohm im-

pedance DMM.

60. The correct answer is C, both technicians are
right. The spark plug firing voltage can be determined
as well as the condition of the ignition coil by using an
oscilloscope.

61. The correct answer is D. A properly operating fan
clutch will change the speed of the fan according to en-
gine temperature. When the engine is cold, the fan
clutch does not turn the fan very fast, even when en-
gine 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.

62. The correct answer is C. Overcharging is indi-
cated by short light bulb life and a battery thar contin-
ually needs water.

63. 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.

64. The correct answer is D, Hard faults should be
serviced before intermittent faults.

65. The correct answer is B. Manually raising the EGR
diaphragm when the engine is idling should allow ex-
haust gas into the intake air stream, which should stall
an engine at idle. Since this had no effect on the idle
speed, we know that there is no exhaust gas flow, so re-
placing the EGR valve would have no effect. Technician
B is correct because the lack of exhaust gas flow is most
likely caused by carbon buildup in the EGR passages.

66. The correct answer is A. Technician A is right be-
cause the alpha character indicates the area of the vehicle
where the failure occurred: B for Body, C for Chassis, P
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for Powertrain, and U for Network. Technician B is
wrong because Manufacturer specific codes have the num-
ber 1 as the first digit. DTC P0107 has a zero as the first
digit, so it is a generic code, common to all manufacturers.

67. The correct answer is C. The air bypass valve mo-
mentarily exhausts the air pump’s output by diverting
it to the atmosphere during engine acceleration. Dur-
ing acceleration, the fuel injectors inject more fuel,
providing a richer mixture. If oxygen is pumped into
the exhaust manifold during this time, a backfire re-
sults when the excess hydrocarbons are burned.

68. The correct answer is B. A normally closed purge
solenoid should allow vacuum flow when activated by
the PCM/ECM, so the purge solenoid is functioning
properly. If the purge solenoid is being commanded by
the PCM/ECM, then the problem is in the power sup-
ply to the purge solenoid.

69. The correct answer is A. When inspecting an ex-
haust system, tap on the muffler with a mallet and lis-
ten for the sound of loose rust particles. Mufflers usu-
ally rot out from the inside, so even if the outside of
the muffler appears OK, it still may be ready for re-
placement. Technician B is incorrect because if a rat-
tling sound is heard coming from a catalytic converter
when it is struck with a mallet, it means that the ce-
ramic substrate has come loose and is disintegrating.

70. The correct answer is B. Answer A is wrong be-
cause the technician wants to see the secondary igni-
tion pattern. The secondary superimposed pattern
places all patterns on top of one another to check for
uniformity. Any pattern that does not align with the
others can indicate a problem with that cylinder. Once
a problem cylinder has been identified, the other pat-
terns can then be used to determine which component
is causing the problem.

71. The correct answer is C, both technicians are
right. When the idle vacuum is low but steady, suspect
an air/fuel mixture 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 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. 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 cause, try using a propane kit with a length of hose
attached to find the leak. Pass the hose end around the
suspected areas and listen for a change in idle.

72. The correct answer is C, both technicians are
right. The PCM/ECM bases idle speed calculations on
a set amount of air that bypasses the throttle plates. If
this air flow is reduced by accumulated sludge deposits,
these calculations will be incorrect and may result in
stalling. Worn rings can cause excessive blowby into
the crankcase. Excessive blowby can be more than the
PCV system can handle, so instead of going into the
intake manifold, these gases force their way through
the fresh air intake and into the air cleaner. Oil depos-
its that are part of the crankcase gases can then accu-
mulate on the throttle body when these gases mix with
the air entering the engine, eventually causing the
sludge buildup. A clogged or restricted PCV valve can

cause the same results.

73. The correct answer is D. If the signal from the
catalyst monitor fluctuates high and low like the signal
from the primary oxygen sensor, it means that the con-
verter is not functioning properly. All of the other an-
swers are indicators of catalytic converter problems. If
the converter shell appears bluish, it means that the
converter has overheated. If the converter rattles inside
when struck with a mallet, it means that the ceramic
substrate has come loose and is disintegrating. The ex-
haust surface temperature should be hotter than the in-
take surface temperature. If not, the converter is proba-
bly not operating at peak efficiency.

74. The correct answer is A. The canister purge sole-
noid, not the vent solenoid, is activated by the PCM to
allow the flow of fuel vapor from the EVAP canister to
the engine.

75. The correct answer is C, both technicians are
right. The solenoid would be defective in this test if it
made no noise and did not click or activate the starter.

76. The correct answer is D. Excessive mineral depos-
its can restrict coolant flow through the radiator, but
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would have no effect on air flow. A broken fan shroud
would cause less than optimal air flow through the ra-
diator core. Debris and bent fins would block air flow
through the core.

77. The correct answer is B, Technician A is wrong
because the DTC will remain the PCM/ECM’s mem-
ory until a specific number of warmup cycles have
been completed.

78. The correct answer is C. With the piston at TDC
on the exhaust stroke, both valves should be open
slightly because of valve overlap. The exhaust valve
should close a few degrees after TDC and the intake
valve should open a few degrees before. If the valves do
not operate this way with the crankshaft at this posi-
tion, the valve timing is incorrect. Answer A is wrong
because, while this way will achieve a determination, it
will most likely take longer to disassemble the front of
the engine. Answer B is wrong because looseness in the
belt or chain can indicate a strong possibility that the
valve timing has jumped, but is not confirmation of
the condition.

79. The correct answer is A. An SFT with a negative
number means the injector pulse width was shortened,
so answer C is wrong. A shortened injector pulse width
means that the SFT value was decreased below 1, so
answer D is wrong. The SFT will decrease in response
to an increased voltage signal from the oxygen sensor,
so answer B is wrong. A rich mixture, one with less ox-
ygen, will increase the voltage signal from the oxygen
sensor.

80. The correct answer is D. The PCM/ECM opens
the canister purge valve to cause a vacuum in the
EVAP system. All of the other answers are leaks that
would prevent a vacuum from being created.

81. The correct answer is B. If an excessive amount of
alcohol is mixed with gasoline in vehicles not designed
for it, it can degrade rubber fuel system components,
clog the fuel filter and cause a lean air/fuel mixture.
Technician A is wrong because gasoline mixed with up
to 10% alcohol (ethanol) is used in many parts of the
U.S. The small percentage of alcohol is generally used
to increase the octane rating and decrease carbon mon-
oxide emissions.

82. The correct answer is A. To test the alcohol con-
tent of fuel, fill 2 100mL container to the 90mL mark
with fuel, then fill to the 100mL mark with water.
Close the container and shake vigorously for 10-15
seconds, then allow the contents to settle. Any alcohol
that is in the gasoline will be absorbed by the water
and settle to the bottom of the container. If there is
now 15mL of water in the container, there was 5% al-
cohol in the fuel.

83. The correct answer is C, both technicians are
right. A ‘trip’ is a completed drive cycle. Although
some monitors will set a DTC and turn on the MIL if
a fault is found after one trip, for most DTCs the
PCM/ECM must see the same fault occur during two
trips. After the first trip, the fault is recorded as ‘pend-
ing’. Once the PCM/ECM sees the same fault the next
time the monitor runs, the PCM will turn on the MIL.
If the same fault is not seen during the next monitor,
the pending code will be cleared. Once repairs are
completed, operate the vehicle in a manner necessary
to satisfy the drive cycle requirements for the monitor
that set the DTC. Recheck the monitor status and
check for pending codes to see if the fault returned.

84. The correct answer is B. Technician B is correct be-
cause the amount of resistance in a VSS can be checked
with an ohmmeter. Technician A is incorrect because
when VSS voltage is checked, the meter should be on
the AC setting. The VSS is a permanent magnet genera-
tor that produces an AC signal. When checked with a

lab scope, this signal will appear as a sine wave pattern.

85. The correct answer is D. Interrupting a PCM/
ECM reprogramming procedure can cause the process
to fail and possibly ruin the PCM/ECM. Getting an
automatic update for virus protection software on the
PC could interrupt the process, as could opening a door
on the vehicle and turning on the interior lights. Many
vehicles have security systems that automatically acti-
vate when you walk a certain distance from the vehicle.
The proximity device is usually incorporated in the key-
fob, so carrying it in your pocket could activate the se-
curity system and interrupt the reprogramming process.
Turning on the ignition key would not interrupt repro-
gramming and is usually required at some point.
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AC - see alternating current.

actuator - a control device that delivers mechanical
action in response to a vacuum or electrical signal; any-
thing that the engine control computer uses to do some-
thing, such as trigger fuel injection or fire a spark plug.
Most actuators on a computer-controlled engine system
are activated by grounding their circuits rather than by
actively powering them, since that protects the computer
from short circuits.

air duct - a tube, channel or other tubular structure used
to carry air to a specific location.

air gap - a specified space between two components.
Space or gap between spark plug electrodes, motor and
generator armatures and field shoes. The space or gap
between the compressor drive hub and pulley assembly.

air injection reaction (AIR) system - a system that pro-
vides fresh air to the exhaust system under controlled
conditions to reduce emissions. The air source can be a
pulse-air pump or an electrically or belt driven pump.
Upstream air injection goes into the exhaust manifold to
assist in after-burning HC laden exhaust gases. Down-
stream air injection goes into the oxidation bed of the
catalytic converter to help oxidize HC and CO emis-
sions.

air/fuel ratio - the proportion of air to fuel by weight in
the fuel mixture drawn into the engine.

air pump - device to produce a flow of air at higher-
than-atmospheric pressure. Normally referred to as a
thermactor air supply pump.

alloy - a mixture of different metals (e.g., solder, an alloy
consisting of lead and tin).

alternating current (AC) - electric current that flows
in one direction, from positive to negative, and then re-
verses direction, from negative to positive.

alternator - a belt driven device that provides electrical
current for the vehicle’s charging system; a device that
converts mechanical energy into electrical energy; a gen-
erating device that uses diode rectifiers to convert AC to
DC.

ambient temperature - the temperature of the air sur-
rounding an object.

ammeter - an instrument for measuring the strength of
electrical current flow in a circuit in terms of amperes.

amp - see ampere.
amperage - the amount of electrical current flowing in a circuit.

ampere (amp) - a unit for measuring the strength (rate
of flow) of an electrical current.

amplifier - a circuit or device used to increase the volt-
age or current of a signal.

amplify - to enlarge or strengthen original characteris-
tics; usually used in reference to electronics.

analog - in automotive terms, a device, such as a gauge,
that uses a needle and printed references, rather than an
electronic readout.

analog computer - a microprocessor that uses similar
electrical signals to make its calculations.

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.

arcing - electrical energy jumping across a gap.

armature - a laminated, soft iron core wrapped by wire
that converts electrical energy to mechanical energy.

atmospheric pressure - the pressure exerted on an object
by the weight of the earth’s atmosphere. At sea level,
14.7 psi (101 kPa), less at higher altitudes.

atomization - the breaking down of a fluid into a fine
mist that can be suspended in air.

=

backfire - the sudden combustion of gasses in the intake
or exhaust manifold, resulting in a loud explosion.

backlash - the clearance or play between two parts, as in
gear mesh.

backpressure - pressure created by a blockage or restric-
tion in an exhaust system.

ballast resistor - resistor in the primary side of the igni-
tion system that is used to reduce voltage by approxi-
mately 4-5 volts.
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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 battery.

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 clearance - the amount of space left between a
shaft and the bearing surface for lubricating oil to enter.

before top dead center (BTDC) - the degrees of crank-
shaft rotation just before the piston in a specific cylinder
reaches TDC, 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.

bendix drive - the starter drive gear that is attached to
the starter motor armature and engages the gear teeth on

the flywheel.

bimetallic - two kinds of metal, with different thermal
expansion rates, that when attached to one another, the
resulting assembly will bend in the direction of the metal
that expands the least.

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.

boost pressure - term used when a turbocharger in-
creases the air pressure entering an engine above atmo-
spheric pressure.

brush - a|bar of conductive material that rides on the
commutator of a generator or motor.

BTDC - sce before top dead center.

- -“-

calculated load value - the percentage of engine capac-
ity being used, calculated by the ECM or PCM based on
current air flow divided by known maximum air con-
sumption of the particular engine under test. Displayed
as a percentage on scan tools, labeled ENG LOAD.

calibrate - to adjust a tool to achieve accuracy of mea-
surement.

camshaft - a shaft with eccentric lobes that control the
opening of the intake and exhaust valves.

camshaft follower - on OHC engines the equivalent of a
rocker arm.

camshaft lobe - the eccentric on a camshaft that 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 position sensor (CMP) - a magnetic reluc-
tance or Hall effect sensor, usually mounted internally in
the engine to inform the ECM or PCM of piston posi-
tion on the intake stroke for timing and synchronization
of sequential fuel injection.

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.

capacitor - a device, made up of two or more conduct-
ing plates, separated by an insulator, used to store an
electric surge or charge of current.

carbon - a hard or soft nonmetallic element that forms
in an engine’s combustion chamber when oil is burned.

carbon dioxide (CO2) - 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 incomplete
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.
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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 catalytic 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.
CCA - see cold cranking amps.

Celsius - the basis of the metric system of temperature
measurement in which water’s boiling point is 100°C
and its freezing point is 0°C.,

charge - the electrical current that passes through the
battery to restore it to full power; to fill, or bring up to
the specific level, an A/C system with refrigerant; the re-
quired amount of refrigerant for an A/C system.

charging system - the system that supplies electrical
power for vehicle operation and recharges the battery.

check valve - a gate or valve that allows passage of gas or
fluid in one direction only.

choke - a device used on carbureted vehicles to reduce
the amount of air entering the intake manifold while
leaving the amount of fuel unchanged. The purpose of a
choke is to richen the mixture enough that a cold engine
can still get enough vaporized fuel to start.

circuit - a path through which electricity flows before
returning to its source.

circuit breaker - a device used in an electrical circuit to
interrupt current flow in the event of an overload or short.

CKP sensor - see crankshaft position sensor.

clear flood mode - a situation in which, under certain circum-
stances, the computer will shut off all fuel injection or greatly
reduce it. If the throttle position (TP) sensor reports wide-
open throttle (80 percent open, 3.7 volts or more) and if the
engine speed is below 400 rpm, this combination of sensor
inputs will be interpreted as an attempt by the driver to ‘clear
flood, that is to blow puddled gasoline off the spark plugs to
enable the vehicle to start. This can cause a no-start problem
if someone tries to start the engine with the pedal fully de-
pressed, or if the throttle position (TP) sensor loses its ground.

clearance - the specified distance between two components.

closed loop - electronic feedback system in which sensors
provide constant information on what is taking place
in the engine; the state of the engine control computer
system when it is working normally, at full operating
temperature and normal speeds with the oxygen sensor
switching. The fuel injection quantity is determined by
the set of inputs from the engine control computer’s sen-
sors, most specifically the oxygen sensor in the exhaust
stream. A closed loop system samples its output and uses
that sampling to modify the next inputs.

CMP sensor - see camshaft position sensor.

CO - see carbon monoxide.
CO2 - see carbon dioxide.

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 pocker 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.

commutator - a slotted ring located at the end of the
armature of a generator or motor. The commutator pro-
vides the electrical connection between the armature and
brushes.

compound - a mixture of two or more ingredients.

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 stroke - the second stroke of the
4-stroke engine cycle, in which the piston moves from bot-
tom dead center and the intake valve is closed, trapping and
compressing the air/fuel mixture in the cylinder.
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computer - an electrical device that receives information
from sensors and makes decisions based on these inputs
along with programmed 1nf0rmat19n and sends out the
decisions to actuartors.

concentric - two or more circles that have a common
center.

conductor - a material that provides a path for the flow
of electrical current or heat. !

. ., . . . .
continuity - the condition that exists in a working elec-
trical circuit. A circuit that is unbroken, not open.

continuous injection system - a system that uses fuel
under pressure to modulate or change the fuel injection
area. ‘
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 engme 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 radiaror, evaporator or heater.
Usually made of tubes, surrounded by cooling fins, used
to transfer heat from the coolant to the air.

crankshaft position sensor (CKP) - a magnetic reluc-
tance or Hall effect sensor, usually mounted internally
in the engine, externally to the engine or in the distribu-
tor to inform the ECM or PCM of crankshaft position,
location of No. 1 piston, and crankshaft speed for igni-
tion timing and other calculations needed by the system
where rpm is an input.

crossflow radiator - a radiator in which coolant enters
on one side, travels through tubes, and collects on the
opposite side.

current - the flow or rate of flow of an electric charge
through a conductor or medium between two points
having a different potential, expressed in amperes.

cylinder balance test - an engine diagnostic test used to
compare the power output of all the engine’s cylinders.
Also known as a power contribution test.

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.

ey 8
dampen - to slow or reduce oscillations or movement.

data link connector (DLC) - a means through which in-
formation about the state of the vehicle control system can
be extracted with a scan tool. This information includes
actual readouts on each sensor’s input circuit and some
actuator signals. It also includes any trouble codes stored.
The data link connector is also used to disable the comput-
er’s ignition timing adjustments on some engines so base or
reference timing can be measured with a timing light. Be-
fore OBD II, each OEM had a unique data link connector
and called it by a different name. With the advent of OBD
II, the DLC became standardized as a 16-pin connector to
which the scan tool could be connected to read data and
sometimes control outputs of the PCM/ECM.

DC - see direct current.

dead center - the extreme upper or lower position of the
crankshaft throw at which the piston is not moving in
either direction.

deck - top of the engine block where the cylinder head is
mounted.

deflection - bending or movement away from the nor-
mal position due to loading.

density - the ratio of the mass of an object to its volume.

detonation - abnormal combustion of an air fuel mixture.
When pressure in the cylinder becomes excessive and the
mixture explodes violently, instead of burning in a con-
trolled manner. The sound of detonation can be heard as
the cylinder walls vibrate. Detonation is sometimes con-
fused with preignition or ping.

diagnostic trouble code (DTC) - a code that represents
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and can be used to identify a malfunction in a computer
control system.

dial caliper - versatile instrument capable of taking in-
side, outside, depth and step measurements.

dial indicator - a measuring device equipped with a
readout dial used most often to determine end motion
or irregularities.

diaphragm - flexible, impermeable membrane on which
pressure acts to produce mechanical movement; in au-
tomotive terminology, any disc-shaped device; can be as
diverse as thin membranes that separate two chambers in
a component, and large metal discs that activate clutch
pressure plates.

dieseling - a condition by which hot spots in the com-
bustion chamber(s) cause the engine to run on after the
key is turned off.

digital - a voltage signal that uses on and off pulses.

digital multimeter (DMM) - an instrument that mea-
sures volts, ohms and amps and displays the results nu-
merically.

dilution - to make thinner or weaker. Oil is diluted by
the addition of fuel and water droplets.

diode - a simple semiconductor device that permits flow
of electricity in one direction but not the other.

direct current (DC) - electric current that flows in one
direction.

direct ignition - a distributorless ignition system in
which spark distribution is controlled by the vehicle’s
computer.

direct injection - a fuel injection system wherein fuel is
sprayed directly into the combustion chamber, that is,
no precombustion chambers or manifold injection.

disable - a microcomputer decision that results in an au-
tomotive system being deactivated.

discharge - the flow of current from a battery; to remove
the refrigerant from an air conditioning system.

displacement - the volume of a cylinder displaced by the
piston as it moves from TDC to BDC (a complete stroke).

distributor - part of the distributor ignition system that
triggers the spark and directs it through the wires to the
spark plugs.

distributor ignition - an ignition system that uses a dis-
tributor, electronically controlled or not.

distributorless ignition - see electronic ignition.
DLC - see data link connector.

DMM - see digital multimeter.

downflow radiator - a radiator in which coolant enters the
top of the radiator and is drawn downward by gravity.

driveability - the degree to which a vehicle operates
propetly, including starting, running smoothly, accelerat-
ing and delivering reasonable fuel mileage.

dropping resistor - battery voltage reduction device.
DTC - see diagnostic trouble code.

duration - the length of time that a valve remains open,
measured in crankshaft degrees.

duty cycle - a signal that varies the ratio of on time to off
time, resulting in a square wave that can range between
zero and 100 percent or may be high or low, and off may
be high or low; in a process, the ratio of on time to total
cycle time; in fuel injectors, the percentage of on-time
to total cycle time; in solenoids, the percentage of on-
time to total cycle time.

dwell time - degree of crankshaft rotation during which

the primary circuit is on.
By

eccentric - a rotating part of a shaft thar is set off-center
of the axis; the part of a camshaft that operates the me-
chanical fuel pump.

ECM - see engine control module.

ECT sensor - see engine coolant temperature sensor.

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; the ratio of effective work to the amount of en-
ergy expended in producing it; output divided by input
equals efficiency.
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EGR - see exhaust gas recirculation system.
EGR valve - see exhaust gas recirculation (EGR) valve.

EGR valve position sensor - a sensor mounted on the
EGR valve that signals the engine control computer re-
garding EGR valve pintle position and EGR flow.

electrode - a terminal that conducts an electric current
into or away from the conducting part of a circuit, such
as the terminal of a battery; firing terminals found in a
spark plug.

electrolysis - chemical and electrical decomposition pro-
cess that can damage metals such as brass, copper and
aluminum in the cooling system; the decomposition of
an electrolyte by the action of an electric current passing
through it}

electrolyte - a material whose atoms become ionized
(electrically charged) in solution. In automobiles, the
battery electrolyte is a mixture of sulfuric acid and water.

electromagnet - an iron core surrounded by a coil of
wire that temporarily becomes a magnet when an electric
current flows through the wire.

electromagnetic induction - moving a wire through a
magnetic field to create current flow in the wire.

electromechanical - refers to a device that incorporates
both electtical and mechanical principles together in its
operation. |

electronic - pertaining to the control of systems or de-
vices by the use of small electrical signals and various
semiconductor devices and circuits.

electronic control unit (ECU) - the computer in an
electronic control system.

electronic ignition (EI) - an ignition system that does
not use a distributor, but instead has coils dedicated to
individual spark plugs or pairs of spark plugs. Referred
to as distributorless ignition, direct ignition, coil near
plug ignition or coil over plug ignition. A system in
which the| timing and firing of the spark plugs is con-
trolled by an electronic control unit.

emitter - in a transistor, the region or layer of semicon-
ductor material from which electrons are injected into
the base region.

energy - the capacity for doing work and overcoming
resistance.

engine control module (ECM) - the electronic computer
that controls engine operation. ECM is synonymous
with ECA, ECU, SBEC or SMEC. It is less powerful
than the PCM (Powertrain Control Module) or VCM
(Vehicle Control Module) in that it controls only engine
operation.

engine coolant temperature (ECT) sensor - a sensor
that works by a negarive coefficient thermistor, which
loses resistance as its temperature goes up (just like the
intake air temperature sensor). When the computer ap-
plies its 5-volt reference signal to the sensor, this voltage
is reduced through a ground circuit by an amount corre-
sponding to the remperature of the engine coolant.

ethanol - a widely-used gasoline additive known for its
abilities as an octane enhancer.

EVAP - see evaporative emission system.

evaporation - the process through which a liquid is
turned into vapor.

evaporative emission (EVAP) canister - a charcoal-
filled container with lines to the top of the fuel tank, to
the intake manifold and to the air cleaner. The charcoal
element adsorbs fuel vapors from the gas tank and stores
them until the engine is running at normal operating
temperatures and speeds. Then, a valve between the can-
ister and engine opens, fresh air is drawn in through the
canister air filter, and the air and fuel vapors are drawn
into the engine and burned, purging the canister.

evaporative emission (EVAP) canister purge solenoid
- EVAP canister purging is controlled by the engine
control computer, which determines when the canister
should be purged based on various sensor inputs. When
purging is needed the computer operates the purge sole-
noid, which controls the vacuum to purge the canister.
Generally, the purge solenoid is activated when the en-
gine is running above idle speed and at normal operating
temperature.

evaporative emission (EVAP) canister purge valve - a
valve on the line between the EVAP canister and the
intake manifold. When the engine is running, under
certain operating conditions, the valve opens, fresh air is
drawn in through the canister air filter, and the air and
fuel vapors are drawn into the engine and burned, purg-
ing the canister.
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evaporative emission (EVAP) system - an emission con-
trol system that prevents HC emissions from escaping
the fuel system to atmosphere.

excessive wear - in mechanical terms, wear of a com-
ponent that exceeds designed limits; wear caused by
overloading a part that is in an out-of-balance condition,
resulting in lower-than-normal life expectancy of the
part being subjected to the adverse operating condition.

exhaust gas recirculation (EGR) system - helps prevent
the formation of oxides of nitrogen (NOx) by recirculac-
ing a certain amount of exhaust as an inert gas through the
intake manifold to keep the peak combustion tempera-
tures below what would form those chemical compounds.
The computer determines when and how much exhaust to
recirculate based on information 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) signal 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 four stroke
cylinder head for the exhaust valve.

exhaust stroke - the final stroke in a 4-stroke cycle en-
gine during which the exhaust valve is open and the in-
take valve is closed, exhausting the combusted gases.

exhaust valves - poppet valves in the cylinder head that
control the flow of exhaust from the engine.

expansion - to make greater in size; in mechanical terms,
the expanding in volume of gas in a cylinder of an inter-
nal combustion engine after explosion.

-.f:-

Fabrenbeit - a scale of temperature measurement with
the boiling point of water at 212°F and the freezing
point at 32°F

fan - a mechanically or electrically driven propeller that
draws or pushes air through the radiator, condenser,
heater core or evaporator core.

fan clutch - 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.

fan shroud - an enclosure that routes air through the
radiator cooling fins.

feedback - a basic concept in the way the engine con-
trol system works. ‘Feedback’ refers to the mechanism
whereby the computer is able to measure the oxygen in
the exhaust stream and then modify the amount of fuel
injected into the intake manifold, to optimize exhaust
emissions by keeping the air/fuel ratio at stoichiometry.

feeler gauge - thin metal strip manufactured in precise
thickness and used to measure clearance between parts;
usually part of a set.

field coil - a wire coil on an alternaror rotor or starter
motor frame; a field coil produces a magnetic field when
energized.

filter - a screen or filter element that can be made o fil-
ter specified sizes of particles from air or liquid.

flooding - a condition in which unvaporized fuel in the
intake manifold and/or combustion area prevents the
engine from starting,

flutter - as applied to engine valves, refers to a condition
wherein the valve is not held tightly on its seat due to a
weak valve spring, during the time the cam is not lifting it.

flux density - the degree of concentration of the mag-
netic lines of force that emanate from a magnetic sensor;
when the tooth of a reluctor aligns with the sensor tip,
the magnetic lines of force are squeezed together, which
increases flux density.

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-in. long; a
unit of energy required to raise a weight of one pound, a
distance of one foor.

force - a pushing effort measured in pounds; the form of
energy that puts an object at rest into motion or changes
the motion of a moving object.
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four 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.

[freeze frame - parameters of engine/powertrain operat-
ing conditions stored in PCM memory the instant a
DTC is set in an OBD 11 system.

Jfrequency - the number of cycles of a periodic wave-
form typically measured in one second intervals or hertz
(cycles per second).

friction - resistance to motion that occurs when two ob-
jects rub against each other.

fuel injection - a system that sprays fuel directly into the
intake air stream.

fuel injector - an electrically-opened nozzle that sprays
finely atomized fuel through its aperture into the intake
manifold during a cylinder’s intake stroke. On some
vehicles, these injections are sequential, on others, the
injectors are fired all at once or in banks.

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.

Jfuel pump - a mechanical or electronic device that draws
fuel from the fuel tank and sends it to the carburetor or
fuel injection system.

fuel pump (FP) relay - the computer controls the elec-
tric fuel pump by energizing the fuel pump relay. It does
so by grounding the fuel pump relay coil circuit. The
relay then directly supplies power to the fuel pump.

fuel rail - a manifold used to connect fuel injectors to
the fuel pump.

fuel shutoff - works by de-energizing the fuel pump
relay. This occurs if the engine speed sensor indicates
excessive engine speed or if the vehicle speed sensor indi-
cates a certain mph.

Suel trim (STFT/LTFT) - fuel delivery (volume) adjust-
ments based on closed loop feedback. Values above the
nominal value (0%) indicate increased injector pulse width
(IPW); values below 0% indicate decreased injector pulse
width. Positive percentages indicate richening air/fuel
ratio; negative percentages indicate a leaning air/fuel ratio.
Short Term Fuel Trim (STFT) is based on current oxygen
sensor switching values. Long Term Fuel Trim (LTFT) is a
learned value used to compensate for continual deviation
of STFT from the nominal value. For example, if STFT
continually signals richening the air/fuel ratio, it will reach
a value sufficient to increment the LTFT to a richer value.

Juel, ignition or spark map - a multi-dimensional ‘map’
that correlates engine speed, temperature, load and other
factors into a specific spark advance and fuel injection
pulse width for that set of conditions. There are several
such ‘maps’ in the computer’s hard-wired memory. The
fine-tuning of the fuel mixture is completed by the signal
from the oxygen sensor. On some vehicles, a knock sensor
is included to fine-tune the ignition advance to accom-
modate differences in fuel octane rating and engine wear.

fuse - a metal circuit protection device that melts when
there is a circuit overload or short.

fusible link - a smaller gauge wire that is included in
an electrical circuit to provide circuit protection. The
smaller gauge wire will melt when the circuit is over-

loaded.

- —g——

gassing - hydrogen gas bubbles that rise from the battery
electrolyte during charging.

generator - a device that converts mechanical energy
into electrical energy; SAE J1930 nomenclature for an
alternator; a generating device that uses diode rectifiers
to convert AC to DC.

ground - a connecting body whose electrical potential is
zero, to which an electrical circuir can be connected.

ground circuit - that part of the circuit that is connected
electrically to the negative terminal of the battery. Every
electric circuit has a power and ground side. Most computer
actuations consist of completing the ground side of an ac-
tuator’s circuit; this protects the computer from short circuits.
Resistance in a ground circuit will reduce the current through
it and cause deterioration in the function of the circuit.
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Hall effect - when current flows through a thin wafer of
semiconductor material, and a magnetic field crosses it
at a right angle, a voltage known as a Hall effect voltage
will be generated at the edge of the material. Interrupt-
ing the magnetic field turns off the voltage. This is the
principle used by Hall effect sensors.

HC - see hydrocarbons.

heated oxygen sensor (HO2S) - an oxygen sensor with a
resistance element built into it to shorten the time needed
to bring the sensor to operating temperature. Heated oxy-
gen sensors will keep the sensor at operating temperature
during idle, low speeds, and in very cold weather.

beat range - the measure of a spark plug’s ability to dis-
sipate heat from its firing end.

beat sink - part of a system designed to be at a lower
temperature than its surroundings, used to dissipate heat
from that system; device to dissipate heat and protect
parts.

heel - the outside or larger part of a gear tooth; the bot-
tom of the cam lobe’s base circle.

Hg - the chemical symbol for the element mercury. En-
gine vacuum is measured in inches of mercury or in/Hg.

bigh tension - that part of a system that operates under
or carries high voltage; in an ignition system, voltages
in the secondary circuit of the system as opposed to the
low, primary circuit voltage.

HO2S - see heated oxygen sensor.

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 present
in the exhaust and in crankcase vapors that have not

been fully burned.

hydrometer - an instrument used to measure the specific
gravity of a solution.

N
IAC valve - see idle air control valve.
IAT sensor - see intake air temperature sensor.

I/M 240 - loaded mode transient test that measures HC,
CO, CO2, NOx, and O2 second-by-second. The gas
parameters are in grams per mile (gpm). The vehicle is
driven on a dynamometer at various speeds and loads,
accelerating and decelerating, for 240 seconds. This test
is taken in part from the Federal Test Procedure (FTP)
required of OEM:s for federal emissions certification.

I/M Tests - Inspection and Maintenance tests. Vehicle
exhaust gas emissions test required by state governments.
The different types are: (no-load - tests thar measure
HC emissions in parts per million (PPM) and CO emis-
sions in percentage while the vehicle is in neutral with
the engine running at idle and/or 2500 rpm. Sometimes
CO2 is measured in percentage as a verification gas; ac-
celeration simulation mode (ASM) - loaded mode tests
that measure HC, CO, and NOx emissions while the
vehicle is driven on a dynamometer at a fixed speed and
load. ASM 5015 is done at 15 mph with a load of 50%
of the power needed to accelerate the vehicle from 15 to
65 mph in 15 seconds. ASM 2525 is a test at 25 mph
with a load of 25% of the same power.

ICM - see ignition control module.

idle air control (IAC) valve - controls the amount of air
allowed to bypass the closed throttle to keep the engine
at the proper idle speed. The computer also controls
the idle speed of the engine, depending on engine cool-
ant temperature and the number of accessories such as
headlights, air conditioning, etc. that are engaged. The
idle air control (IAC) valve controls air flow through a
throttle bypass passage by means of a stepper motor, an
electric motor that can move to a specific location in its
travel. Based on the information from its sensors and the
parameters in its memory, the computer sends a duty-
cycle (percentage of on-time) signal to the IAC valve
motor to open or close the bypass to increase or slow
the idle speed. This signal can range from zero to 100
percent, and corresponds to the amount of air flow the
computer determines is needed. Displayed on the scan
tool as counts or percentage.

ignition coil - transforms the low 12-volt battery igni-
tion primary current into the high voltage secondary
current that fires the spark in the plugs. The current
through the primary coil windings builds up an electro-
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magnetic field around the ferrous core of the coil. When
the current is suddenly shut off, the electromagnetic
field collapses and generates the high voltage in the sec-

ondary windings.

ignition control module (ICM) - the computer does not
directly operate the ignition coil, because of the compara-
tively high voltages and currents involved. Instead, it signals
the ignition control module when to fire the spark. The
(ICM) has a power transistor that turns on the ignition pri-
mary circuit to charge the coil by building an electromag-
netic field around the ferrous core, and fires the spark by
shutting off the current to the primary circuit, allowing the
field to collapse and generate a high voltage spark current in
the coil secondary circuit. The ignition control module typ-
ically includes additional internal circuits to perform other
functions such as calculating dwell. Some modern systems
have dwell and timing control in the PCM/ECM regulat-
ing the ICM to the duties of an on-off switch for the coil.

ignition switch - a key operated switch located on the
steering column, which connects and disconnects power
to the ignition and electrical systems.

ignition system - the components that produce the spark

to ignite the air/fuel mixture in the combustion chamber.
|

ignition timing - refers in crankshaft degrees to the posi-

tion of the piston in the cylinder when the spark occurs.

impedance - the total resistance of an electrical device
measured in ohms.

induction - the process by which an electric or magnetic effect
is produced in an electrical conductor or magnetic body, when
it is exposed to variation of a field of force. Induction is the
principle used in an ignition coil to increase voltage.

inertia - the constant moving force applied to carry the
crankshaft from one firing stroke to the next; the ten-
dency of a body at rest to remain at rest, or of a body
in motion to remain in motion, unless acted on by an
outside force.

inertia switch - a device used to shut off a system when
disturbed, such as by jarring, tipping or inversion; a
switch that automatically shuts off the fuel pump if the

vehicle rolls over or is involved in a collision.

injector - a device that receives metered fuel under rela-
tively low pressure and is activated either electrically or
mechanically to spray the fuel under relatively high pres-
sure into the engine.

insulated circuit - a circuit that includes all of the high-
current cables and connections from the battery to the
starter motor.

insulator - a non-conductive material used to insulate
wires in an electrical circuit.

intake air temperature (IAT) sensor - works by a nega-
tive coefficient thermistor that loses resistance as its tem-
perature goes up (like the engine coolant temperature
sensor). When the computer applies its 5-volt reference
signal to the sensor, this voltage is reduced through a
ground circuit by an amount corresponding to the tem-
perature of the intake air.

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.

intake stroke - the first stroke of a 4-stroke cycle engine
in which the intake valve is open and the exhaust valve is
closed, during which the downward motion of the pis-
ton draws the fuel/air mixture into the cylinder.

intake valve - also called inlet valve, it closes off the in-
take port and opens it at the correct time in response to
movement from the cam lobe.

integral - made of one piece.

integrated circuit - an electrical circuit containing many
interconnected amplifying devices and circuit elements
formed on a single body or chip of semiconductor mate-
rial; diodes, transistors and other electronic components
mounted on semiconductor material and able to per-
form numerous functions.

intercooler - a component on some turbocharged en-
gines used to cool the compressed intake air.

——T

Jjet - a precisely sized, calibrated hole in a hollow passage
through which fuel or air can pass.

aills

keep-alive memory - a series of vehicle battery-powered
memory locations in the microcomputer that store infor-
mation on input failure, identified in normal operations
for use in diagnostic routines; adapts some calibration pa-
rameters to compensate for changes in the vehicle system.
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knock sensor (KS) - a sensor used in the engine control
system that detects preignition, detonation and knock-
ing. It contains a piezoelectric crystal that produces an
AC voltage under vibration.

il

lamination - thin layers of soft metal used as the core
for a magnetic circuit.

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 designed discharge within a pressurized
body from fully pressurized to non-pressurized, such as
within a hydraulic lifter.

lifter - the valvetrain part that rides on the camshaft lobe.

light-emitting diode (LED) - a type of digital electronic
display used as either single indicator lights or grouped
to show a set of letters or numbers.

liquid crystal diode (LCD) - a type of digital electronic
display made of special glass and liquid; requires a sepa-
rate light source.

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.
e {
MAF sensor - see mass air flow sensor.

magnet - any substance that attracts iron, steel or any
ferrous metal alloy.

magnetic field - the areas surrounding the poles of a
magnet that are affected by its forces of attraction or
repulsion; the region of space in which there is a measur-
able magnetic force.

magnetic pulse generator - sensor used to monitor the po-
sition of a rotating part such as a crankshaft or input shaft.

malfunction indicator light (MIL) - also known as the
CHECK ENGINE or SERVICE ENGINE SOON light
on many vehicles. The MIL comes on when the ignition
is first turned on (to check the bulb) and then goes out
once the engine is started, unless a trouble code is stored
in the computer. If the MIL is on when the vehicle is
running, there has been a malfunction on one of the sen-
sor or actuator circuits monitored by the computer, and
a diagnosis will have to be made by retrieving the code.

manifold absolute pressure - measure of the degree of
vacuum or pressure within an intake manifold.

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 engine’s
intake manifold just below the throttle plate(s). Mani-
fold vacuum is highest at idle and drops during accelera-
tion.

MAP sensor - see manifold absolute pressure sensor.

mass air flow (MAF) sensor - a sensor in a fuel injection
system that measures the mass (weight/density) of the
incoming air flowing through a meter. The measure-

ment transmitted to the PCM/ECM is usually either a
frequency or a voltage.

mechanical efficiency - ratio between the indicated horse-

power and the brake horsepower of any given engine.

memory - part of a computer that stores or holds pro-
grams and other dara.

meter - an instrument used for measuring, especially the
flow of a gas, liquid or electrical charge; to regulate the
flow of a gas, liquid or electrical charge; to control the
amount of fuel passing into an injector or carburetor.
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methanol - a colorless, flammable, highly volatile liquid
obtained by the distillation of wood, and synthesized
chiefly from carbon monoxide and hydrogen. It is used
chiefly as a fuel and a solvent; also known as methyl al-
cohol; the lightest and simplest of alcohols.

microprocessor - the portion of a microcomputer that
receives sensor input and handles calculations.

misfire - failure of an explosion to occur in one or more
cylinders while the engine is running; can be continuous
or intermittent failure.

miss - a lack of power observed in one or more cylinders,
either regularly or intermittently.

module - an electronic control unit.

monolithic substrate - the ceramic honeycomb structure
in a catalyric converter that is coated with the catalysts.

multimeter - a tool that combines the functions of a
voltmeter, ohmmeter and ammeter into one diagnostic
instrument.

multi-port fuel injection (MFI) - a fuel injection system
in which there is one fuel injector for each cylinder.

--n..a

negative temperature coefficient thermistor - a therm-
istor that loses electrical resistance as it gets warmer. The
temperature sensors for the computer control system are
negative temperature coefficient thermistors. The effect
is to systematically lower the 5-volt reference voltage sent
them by the computer, yielding a signal that corresponds
to the temperature of the measured source. Typically the
ECT and [AT sensors use this principle.

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 4 vacuum that draws air into the combustion

chamber through the intake manifold.

normal wear - the average expected wear when operat-
ing under normal conditions.

NOx - see oxides of nitrogen.
o)

028 - see pxygen sensor.

octane - rating indicarting a fuel’s tendency to resist deto-
nation.

ohm - a unit of electrical resistance of a circuit in which
an electromotive force of one volt maintains a current of
one ampere, named after German physicist Georg Ohm.

ohmmeter - an instrument that measures electrical resis-
tance in ohms.

Obm’s Law - expresses the relationship between current,
resistance and voltage in any electrical circuit. Ohm’s law
states that the voltage in a circuit is equal to the current
multiplied by the resistance.

on-board diagnostics (OBD) - a diagnostic soft-
ware system in the ECM or PCM that moni-
tors computer inputs, outputs, and resultant en-
gine/transmission operations for failure. OBD 1
is thought of as any of the systems in use before OBD II,
typically 1979 to 1995 systems, although some OEMs
started transitioning to OBD Il in 1994 and 1995.
OBD 1I has been a federally mandated system since
1996, it monirors emission control systems for degrada-
tion as well as for failures.

open circuit - an electrical circuit that has a break, an
intentional (switch) or unintentional (bad connection)
break in the wire, preventing the flow of electrons.

open loop - the state of the engine control system before
it has reached a point when the feedback mechanism
from the oxygen sensor is in operation. The fuel mixture
is determined by a fixed memory in the computer that
correlates specific loads, temperatures, and speeds with
specific quantities of fuel to inject.

orifice - a precisely-sized hole that controls the flow of

fluid.

oscilloscope - an instrument that displays electrical activ-
ity in the form of line patterns on a screen.

oxides of nitrogen (NOx) - various compounds of oxy-
gen and nitrogen that are formed in the cylinders during
combustion, and are part of the exhaust gas.

oxygen sensor (0O2§) - a sensor that consists of a ceramic
zirconium thimble, coated on each side with a very thin
film of platinum. Once it reaches operating temperature
of 600°F (316°C), the oxygen sensor begins to function as
a very low current battery, producing between 0 and 1.0
volt with the output corresponding to the difference in
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oxygen between the exhaust and the ambient air. The sig-
nal from the oxygen sensor enables the computer to keep
the air/fuel mixrure as close as possible to the stoichiomet-
ric mixture. Under normal conditions, the oxygen sensor
signal should fluctuate above and below 450 millivolts
several times a second while the system is in closed loop.

--P..

parallel circuit - a circuit with more than one path for
the current to follow.

PCM - see powertrain control module.
PCYV system - see positive crankcase ventilation system.

PCV valve - a part of the positive crankcase ventilation
system. Meters crankcase vapors into the intake manifold.

period - in an electrical signal the period is the amount
of time it rakes for one cycle of an electrical signal to
repeat itself; the number of periods that occur in one
second is the frequency of the signal.

pickup coil - a weak, permanent magnet-and-wire as-
sembly that forms a position sensor.

piezoelectric sensor - a sensor that generates voltage
from physical shock or motion, a knock sensor.

pintle - the center pin used to control fluid passing
through a hole; a small pin or point shaft used to open
or close a passageway.

polarity - the particular state (positive or negative) with
reference to the two magnetic poles.

port fuel injection - a fuel injection system that uses one
injector at each cylinder, making fuel distribution exactly
equal among all the cylinders.

ports - valve openings in a cylinder head.

positive crankcase ventilation (PCV) system - a system
that controls crankcase emissions by using a valve to
meter crankcase vapors into the intake manifold.

potentiometer - a device that changes voltage by varying
its internal resistance.

power - the capacity to exert physical force or energy,
measured in terms of the rate at which it can be exerted,
e.g. - horsepower or watts.

power circuit - the part of the circuit that is connected
electrically to the positive terminal of the battery. Every
electric circuit has a power and a ground side. On com-
puter controlled systems, ordinarily power is routed to
actuators directly through the ignition switch; the circuit
is completed when the computer grounds it. Most man-
ual switches directly connect the power side of the cir-
cuit to the load. Fuses are ordinarily positioned as close
as possible to the battery on the power side of a circuit.

power stroke - the third stroke of a four-stroke cycle
engine, 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 combustion
of the air/fuel mixture before it is time to do so. A hot sur-
face or carbon deposit in the combustion chamber ignites
the air/fuel mixture before the spark plug is fired. The
sound of preignition can be heard as the cylinder walls vi-
brate. Detonation is sometimes confused with preignition.

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.

printed circuit - an electrical circuit formed by electri-
cally conductive paths printed on a board.

program - a set of instructions or procedures that a com-
puter must follow when controlling a system.

pulse width - the length of time during which a circuit
is energized.

pulse width modulated - electronic control of a solenoid
that rapidly cycles it on and off many times per second
in order to achieve a specific output.

purge - 1o cleanse or rid of impurities or foreign matter, as in
the carrying off of gasoline fumes from the carbon canister.

pushrod - a rod between the lifter and rocker arm. They
are sometimes hollow to allow oil distribution to the valves.

Training for Certification

117



Glossary of Terms

———

radiator - the part of the cooling system that acts as a
hear 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.

random access memory (RAM) - a type of memory used
in a computer to store information temporarily.

ratio - the fixed relation in degrees, number, etc. of two
similar things.

read-only memory (ROM) - a type of memory used in
microcomputers to store information permanently, as
opposed to the temporary storage provided by random-
access memory (RAM).

rectifier - a device that changes alternating current (AC)
into direct current (DC).

rectify - to change one type of voltage to another.

reference pulse - a voltage signal generated by the crank-
shaft position sensor (or distributor, or camshaft position
sensor - all equivalent components for this purpose). The
voltage signal is sent to the computer as a fixed number of
degrees BTDC for each cylinder, with the signal for cylin-
der No. 1 distinguishable from the signal for the others.

reference woltage - the voltage supplied by the system
computer o certain sensors. The sensors reduce the volt-
age by a specific amount, according to their function,
and send the signal back to the computer. The computer
then uses the reduced voltage signal to interpret the in-
formation sent.

relay - an electromagnetic switch that uses low amperage
current to control a circuit with high amperage.

reluctor - in an electronic ignition, the trigger wheel
mounted on the distributor shaft that triggers the pickup
coil, which|in turn signals the control module to fire the coil.

residual pressure - remaining or leftover pressure.

resistance - the opposition offered by a substance or
body to the passage of electric current through it.

resistor - an electrical device installed in a circuit to
lower voltage and current flow.

rheostat - a variable resistor used to control current flow
in a circuit.

rocker arm - a pivot lever mounted on a round shaft
or a stud. One end of the rocker arm is applied by the
pushrod and the other end acts upon the valve stem.

roller lifter - lifters that are equipped with rollers at the
bottom that ride on the camshaft lobe, in order to re-
duce friction.

root causes of failure - a component or system failure,
which if not corrected, can cause recurring failures. If the
secondary (observed) failure is corrected, but the root
cause is not, the secondary failure (the symptom) will
recur. For example, if a plugged PCV passage is causing
high crankcase pressure and consequent leaks at seals or
gaskets, and the seals or gaskets are replaced, the leaks
will stop for a while, but unless the root cause (clogged
passage) is corrected, the oil leaks will return.

rotor - a component mounted on the shaft of the distrib-
utor that transfers voltage from the distributor cap center
terminal (coil wire) to the spark plug wire terminals; a cast
iron disc mounted on the wheel hub, which is clamped by
the caliper and disc brake pads to stop its rotation.

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.
——

saturation - point at which current flowing through a
coil or wire has built up the maximum magnetic field.

scan tool - microprocessor designed to communicate
with a vehicle’s on-board computer system to perform
diagnostic and troubleshooting functions.

scan tool data - information from the ECM, PCM, or
VCM that is displayed on the scan tool. This data in-
cludes component and system values on the data stream,
DTCs, and on some systems, freeze frame data, system
monitors and readiness monitors.

secondary air injection - see air injection reaction (AIR) system.
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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.

self-diagnostics - refers to the way in which the com-
puter in the engine or powertrain control system con-
stantly monitors the state of each of its sensors and
actuators. If one of them produces an implausible signal,
or no signal at all, the system registers a fault code.

semiconductor - a material that is neither a good con-
ductor of electricity nor a good insulator.

sending unit - a mechanical, electrical, hydraulic or
electro-mechanical device that transmits information to
a gauge or other receiving unit,

sensor - any mechanism by which the engine control
computer can measute some variable on the engine, such
as coolant temperature or engine speed. Each sensor
works by sending the computer a signal of some sort, a
coded electronic message that corresponds to some point
on the range of the variable measured by that sensor.

sequential fuel injection (SFI) - a fuel injection sys-
tem that uses one electronically pulsed fuel injector for
each cylinder. The injectors are pulsed in firing-order
sequence, ordinarily during the engine’s intake stroke for
that cylinder.

series circuit - a circuit that has only one path for cur-
rent to follow.

series-parallel circuit - a circuit that combines series and
parallel circuits.

serpentine belt - a flat, ribbed drive belt that makes
multiple angles, driving several components.

servo - a device, such as an electric motor or hydraulic
piston, which is controlled by an amplified signal from a
low power command device.

servomotor - sec Servo.

shim - thin sheets of material, usually metal, used as
spacers to control the distance between parts.

short circuit - a condition that occurs in an electrical
circuit when the current bypasses the intended load and
takes a path with little or no resistance, such as another
circuit or ground.

shunt - an alternate path through which electrical cur-
rent or fluids may flow.

slip - condition caused when a driving part rotates faster
than a driven part.

smaog - air pollution created by the reaction of nitrogen
oxides to sunlight.

solenoid - a coil of wire that becomes an electromagnet
when current flows through it. It then loses its magne-
tism when the current flow is turned off. The solenoid
contains an iron plunger inside the wire coil that is
spring loaded to one position. When the solenoid is en-
ergized, the plunger moves to the other position.

solid state - an electrical device with no moving parts.

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.

speed-density system - a fuel injection system that calcu-
lates the amount of air entering the engine by using the
MAP sensor signal, engine rpm signal, air temperature,
throttle position sensor signal, and volumetric efficiency
table (stored in PCM/ECM memory). This system uses
no direct measurement of air mass entering the engine,
as a MAF sensor would.

splice - 1o join or unite by weaving, binding, soldering,
cementing, etc., usually at the ends of two objects.

square wave/sine wave - voltage fluctuations of differ-
ent shapes in an electric circuit. The square wave goes
immediately from one voltage to the other; the sine wave
gradually changes, going through the intervening values.
An electromagnetic pulse generator like a wheel speed
sensor or a reluctor-type distributor pickup produces a
sine wave. Hall Effect sensors, photoelectric switches,
and other on-off signal generators produce square waves.
For many purposes, square waves are easier for comput-
ers to work with, so on many vehicles there are elec-
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tronic devices to modify sine waves into square waves.
starter - the electric motor that is used to start an engine.

stepper motor - an electric motor that can move to a
specific position on its range of travel.

stoichiometric - chemically correct. An air/fuel mixture
is considered stoichiometric when it is neither too rich
nor too lean; an ideal mixture is composed of 14.7 parts
air to one part fuel.

substrate - a part, substance or element that lies beneath
and supports another; a ceramic honeycomb grid struc-
ture that is coated with caralyst materials.

supercharger - a compressor, mechanically driven by
the engines crankshaft, which pumps air into the intake
manifold.

surging - a condition in which the engine speeds up and
slows down even when the throttle is held steady.

switch - a device used to open, close or direct the current
in an electrical circuit.

gl
TDC - see top dead center.

technical service bulletin (TSB) - information pub-
lished by wvehicle manufacturers that describe updated
service pracedures and service procedures that should be
used to handle vehicle defects.

thermal efficiency - ratio of work accomplished com-
pared to total quantity of heat contained in fuel. Fuel
contains potential energy in the form of heat when
burned in the combustion chamber.

thermistor - a temperature sensitive variable resistor in
which the resistance decreases as its temperature increases.

thermostat - a device installed in the cooling system that
allows the engine to come to operating temperature quickly
and then maintain a minimum operating temperatutre.

three-way catalytic converter (TWC) - a catalytic con-
verter system that reduces exhaust gas emission levels.
Usually consists of two beds of catalyst, the upstream
bed (reduction bed) reducing NOx emissions to nitrogen
and oxygen and the downstream bed (oxidation bed) re-

ducing HC and CO emissions to CO2, 02, and H20.

throttle body injection (TBI) - also called central fuel
injection, it has an intake manifold like that used with
a carburetor. One or more fuel injectors are mounted in
the throttle body, which resembles a carburetor in physi-
cal appearance.

throttle position (TP) sensor - a potentiometer that
is mechanically connected to the throttle shaft of the
throttle body assembly. It provides an input to the ve-
hicle computer control system regarding throttle posi-
tion. The TP sensor reduces the 5-volt reference voltage
supplied by the computer to an amount corresponding
to the degree to which the driver is holding the throttle
open.

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.

tolerance - a permissible variation between the two ex-
tremes of a specification or dimension.

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 bolt.
TP sensor - see throttle position sensor.

transducer - a device that changes a force into an electri-

cal signal.

transistor - an electronic device produced by join-
ing three sections of semiconductor materials; used as
switching or amplifying device.

transmission control module (TCM) - the computer
that controls the transmission.

trip - a driving cycle in an OBD II vehicle that allows a
diagnostic test (monitor) to run.

TSB - see technical service bulletin.

turbocharger - an exhaust driven pump that compresses

intake air and forces it into the combustion chambers
at higher than atmospheric pressure. The increased air
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pressure allows more fuel to be burned and results in in-
creased horsepower being produced.

==
vacuum - a pressure lower than atmospheric.

vacuum advance - a distributor mounted mechanism
that controls spark advance in response to engine vac-
uum.

valve lash - the amount of clearance in the valvetrain
when the lifter is on the base circle of the camshaft lobe.

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.

variable reluctance sensor - a magnetic sensor that gen-
erates its own alternating current voltage based on the
interference of a moving object across its tip.

variable resistor - a resistor that can be adjusted so the
amount of resistance produced in the circuit changes.

vehicle control module (VCM) - same as a PCM with
added control circuits for some chassis systems such as
traction control, cruise control, etc.

vehicle speed sensor (VSS) - a permanent magnet sen-
sor, usually located on the transmission, which provides
an input to the vehicle computer control system regard-
ing vehicle speed.

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.

voltage regulator - a device used to control the output
of an alternator or generator.

voltmeter - a ool used to measure the voltage available
at any point in an electrical system.

VSS - see vehicle speed sensor.

st

wastegate - a bypass valve that limits boost produced by
a turbocharger.

water pump - device used to circulate coolant through
the engine.

watt - a unit of measurement of electrical power. One
volt multiplied by one amp equals one watt.

-

zirconium - the ceramic material from which the middle
section of the oxygen sensor is made. It functions as a
solid electrolyte once the oxygen sensor is working (as a
battery) to send the exhaust sampling signal back to the
computer.
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