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The following publishers have manuals containing diagnostic information for
electronic engine centrol and ignition systems. Contact the publishers for
avaiiability and pricing, specifying the make, model and year of your vehicle,
Some manuals may be availabie at auto parts stores or your local public library.
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Metors Corporation
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Post Office Box 07130
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Adistra Corporation
cfo Saturn Publications
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Vehicle Service Manuals

Chilton Book Company
Chilton Way
Radnor, PA 12089

Cordura Publications
Mitchell Manuals, Inc.
Post Office Box 26260
San Diego, CA 92126

Haynes Publications
861 Lawrence Drive
MNewbury Park, CA 91320

Motor's Auto Repair Manual
Hearst Company

2506 W. 55th Street

New York, NY 10019

Suitable manuats have titles such as:
“Electronic Engine Controls”

“Fuel Injection and Feedback Carburetors”
“Fuel Injection and Electronic Engine Controls”
“Emisstons Control Manual”

.. or simiiar titles.

Vehicle Service
Manuals from Ford
Moter Company (Ford,
Lincoln, Mercury)
Ford Publication Dept.
Helm Incorporated

Post Office Box 07150
Detroit, MI 48207

Vehicle Service
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Chrysler Corporation
Dyment Distribution Service
Post Office Box 360450
Strongsville, OH 44136

Vehicle Service
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Honda, Nissan

Toyota Motior Corporation
Toyota Service Publications
750 W. Victoria Street
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General Safety Guidelines to Follow When
Working on Vehicles

» Always wear approved eye protection

- Always operate the vehicle in a well-ventiiated area. Do not inhale exhaust
gases — they are very poisonous!

. Always keep yourself, tools, and test equipment away from all moving or hot
engine paris.

» Always make sure the vehicle is in Park (automatic transmission} or Neutral
(manual transmission) and that the parking brake is firmly set. Block the drive
wheels.

« Never lay tools on vehicle battery. You may short the terminals together,
causing harm to yourseif, the tcols, or the battery.

« Never smoke or have open flames near vehicle. Vapors from fuel or charging
batieries are highly flammable and explosive.

- Never leave vehicle unattended while running tests.
+ Aiways keep a fire exiinguisher suitable for all types of fires handy.

« Always turn ignition key OFF when connecting or disconnecting electrical
components, unless otherwise instructed.

+ Use shop rags to cover fuel line fittings when connecting or disconnecting fuel
fines. Avold contact with fuel. Dispose of all rags properly.

+ Clean up all fuel spills immediately.

« Keep away from engine cooling fan. On some vehicles, the fan may start up
unexpectedly.

» You must follow vehicle service manual cautions when working around the air
bag system. I the cautions are not followed, the air bag may open unexpect-
adly, resulting in personal injury. Note that the-air bag can stili open up several
minutes after the ignition key is turned OFF (or even if the battery is discon-
nected) because of a special energy reserve module.

+ Always follow vehicle manufacturer's warnings, cautions, and service procedures,

-~ Description of Controls and Accessories
-- Installing and Checking the 9 Volit Battery

Note: Detailed procedures for testing sensors and ignition modules are
focated in Section 2 (sensors} and Section 3 (ignition modules).

@ Controls power 1o the Tester and selects measure-
ment range sensitivity (as reguired by various

RANGE sensor tests).

Switch . power orF-No power supplied to either the
tester or RED test lead.

« LOW - Tester powered up for use. Voltage from
9 volt battery supplied to RED test lead. Selects
range for measuring low levels of voltage,
resistance or frequency.

+ HIGH - Tester powered up for use. Voltage from
9 volt battery supplied to RED test lead. Selects
range for measuring higher levels of voliage,
resistance or frequency.

@ Selects the type of signal being measured (for
conducting sensor and ignition module tests). Different

FUNCT!ON kinds of signals are used by various sensors.

Switch + VOLTS - Measures voltages. This function is used
to test most sensors.

+ OHMS - Measures resistance. Also used for
checking continuily and testing dicdes (see section
4). Mostly used for testing temperature sensors.

» FREQUENCY - Measures freqguency sighals.
(Peak signal voltage must be at least 3 volts
to register.) Some MAP and MAF sensors
send a frequency signal. This function is
also used to test ignition modules,




TEST
Lights

PULSE
Light

RICH/
LEAN
Lights

Test
iL.eads

A single TEST light tumns on to show the level of a measured signal
(voltage, resistance of frequency). When signal values are low, the
TEST light is off or near the bottom of the column, The TEST Hght
moves higher up the column as the signal level increases.

Sensor tests involve working the sensor and watching the TEST
light move up, down or flash. Note that the motion of the light is
mare important than is actual position.

Used when testing Ignition modules. The PULSE light wili flash
if the module is good.

Note that the PULSE light will also be on (or flash) whenever
frequency signals are being measured - this is normal.

These lights are active when the tester switches are set to LOW
YOLTS only.
. LEAN (green}: ON for voltages between 0.1 and 0.59 volis.

. RICH (red): ON for voltages above 0.6 volts.

The RICH/LEAN lights work along with the TEST lights and are
helpful when testing oxygen sensors. The RICH/LEAN lights may be
ignored when testing other sensors using the LOW VOLTS range.

Two or more of these are used for the various tests and checks.

Yellow - The SIGNAL lead. Signais probed by this lead cause
the TEST lights to react. Usually connected 1o a sensor or
ignition module output circuit during testing.

Black - The COMMON lead. Used as a circuit ground or signal
reference point for all tests and checks. This lead is always
used.

Green - The TRIGGER lead. Used when testing ignition
modules. Sends a signat to “fire” the module. Usually connected
to the module crankshaft/camshaft input circuit.

Red - The 9V power lead. This lead is connected to the & volt
battery inside the tester whenever the RANGE switch is in the
LOW or HIGH positions. Ignition modules and some sensots
require this power for testing.

BaCkaObe » Slide the "scooped” end of adapter next to circuit wire

' i

Allows test lead to probe sensor circuits when the sensor is
connected fo vehicle wiring harness.

Adapter entering rear of connector.

= Continue pushing adapter untit it touch inal ins
T . ches terminal inside
o Sensor connector. (Slightly twisting adapter while pushing may
ease entry)

. Grasp open end of adapter with test lead clip, Keep
pushing on adapter to maintain circuit contact,

Caution: The “scooped” end of the
adapter will break if you bend iL.
To Computer




Jumper Lead

©,

Connector
Pin Adapters

Sensor
Tester
Power

HiGH

Low
FOWES OFF)
RANGE

VOLTS
GHMS
FREQUENCY

FUNCTION

Used when checking some ignition modules. Makes
extra connections as required for testing.

Used for easier attachment of test leads to certain
sensor or wiring connector pins.

+ Push one end of the adapter onto the desired
connector pin.
» Grasp the other end with the test lead ¢lip.

A 9-volt transistor radio baitery must be instalted to
power the unit. Use an alkaline battery (conventional
batteries are too weak for ignition module testing).

Installing the Battery
1. Hold the tester face down with both hands.

2. Using both thumbs, firmly press downwards and
outwards on the battery compartment door at the
bottom of the tester.

. Slide the batiery compartment door away from the
tester to remove.

. Attach battery to connector and install inside
compartment,

. Replace battery door. Slide door inwards until it
snaps closed.

Checking the Battery
1. Make sure none of the test leads are connected
together or touching anything.
. Set BANGE. switch to HIGH.
3. Set FUNCTION switch to CHMS.
. Battery is good if the top TEST light is ON. If any light

below the top TEST light is ON, the battery is too
weak for reliable testing and shouid be replaced.

TIP: To extend battery life, always switch to POWER
OFF when not making a measurement. This is safe to
do even if the tester is connected to a circuit,

8

Testing Sensors

Save yourself time! Always begin with a thorough
visuat and "hands-on” inspection. You can often
find the cause of many problems by just locking.

+ Has the vehicle been serviced recently?
Sometimes things get reconnected in the wrong
place, or not at all.

Don't take shortcuts. Inspect hoses and wiring
which may he difficult to see due to location.

Inspect the air cleaner and ductwork for defects.
Check sensors and actuators for damage.

Inspect ali vacuum hoses for;

- Correct routing. Refer to vehicle service
manual, or Vehicle Emission Contro! Information
{VECI) decal located in the engine compartment.

-~ Pinches and kinks.
- Splits, cuts or breaks.

Inspect wiring for:
~ Contact with sharp edges (this happens often).

- Contact with hot surfaces, such as exhaust
manifolds.

~ Pinghed, burned or chafed insulation.

— Proper routing and connections.

Check electrical connectors for:

- Corrosioh on pins.

— Bent or damaged pins.

- Contacts not properly seated in housing.
- Bad wire crimps to terminals.




Typical Engine Cooiant
Temperature Sensor

What is K?

How is It
Used?

Location

When to Test

What to
inspect

SENSOR
RESISTANCE

LOW

Cold Het
TEMPERATURE

The engine temperature sensor is & thermistor - a
resister whose resistance changes with tempera-
ture. The hotter the sensor gets, the lower the
resistance becomes. The thermistor is mounted
inside the tip of a threaded metal housing. Thisis a
2.wire sensor. (Exception: some Chrysler engines
have & dual sensor with three wires.}

The computer needs to know engine temperature
so it can modify air/fuel ratios, spark advance, idle
speed, and emission device operation {such as an
EGR valve).

The sensor is usually threaded into the engine
nlock, lower Intake manifold, or cylinder head to
provide direct contact with coolant.

. Related trouble codes sent by computer.

« Driveability problems such as hard starting,
rough idle, stalling, hesitation, stumble, surging,
knocking (pinging}, poor fuel economy, of black
exhaust smoke.

Sensor operation {see test on page 2-4). Poor
connections at sensor of computer. Faulty sensor
wiring (open or short circuits). Heavy deposits on
sensor Hip which can cause poor response.
Leakage into senser housing. Engine running too
not (problems with antifreeze, thermostat, water
pump, fan, beits, low engine oil).

————

-

Typical Air Temperature Sensor

What is It?

How is It
Used?

Location

When fo Tést

What to
inspect

SENSOR
@ RESISTANCE

LOwW

Cold Het
TEMPERATURE

The air temperature sensor is a thermistor - a
resister whose resistance changes with temperature,
The hotter the sensor gets, the lower the resistance
becomes. The thermistor is mounted inside the tip of
a threaded metal housing. This is a 2-wire sensof,

The computer needs to Know air temperature to
calculate the amount of air entering the engine.
Then, the computer can provide the proper air/fuel
mixiure for the desired operating cendition.

The sensor is threaded into the intake manifold,
throttle body, rear of air cleaner assembiy or
elsewhere aiong the path of air entering the
engine. Sometimes this sensor is built inte a vane
airflow meter or mass airflow sensor assembly.
One connector handies both the air flow and
temperature sensor circuiis.

« Related trouble codes sent by computer.

+ Driveability problems such as hard starting,
rough idle, stalling, hesitation, stumble, surging,
poor fuel economy, or black exhaust smoke.

Sensor operation (see test on page 2-4). Poor
connections at sensor or computer. Faulty sensor
wiring (open or short circuits). Heavy deposits on
sensor tip which can cause poor response.
Restricted or blocked air passageways.

Engine running too hot {problems with
antifreeze, thermostat, water pump, fan, belts,
fow engine oil).




Temperature Sensor Test Procedure

ow

Use this procedure for testing all engine coolant or iniet air temperature sensors. ﬁ .

Exceptions:

+ Gertain Toyota, Nissan and Ford engines using vane airflow sensors have the
air temperatisre sensor built into the vane airflow assembly. Refer to page 2-40
for testing.

GM 1988 2.8L Mass Airflow Sensor (5 pin only) also has a built-in air tempera-
ture sensor. Use same test procedure as for vane airflow temperature sensor.
Refer to page 2-34 for testing.

RANGE

FUNCTION

Sensor may be tested on or off vehicle.
Warning: On-car testing involves running engine. Observe all safety precautions
(see page ii). Work in well ventilated area.
1) Verify ignition key is OFF.
Ailow engine to cool to outside temperature before testing.

2) Check Tester battery
Refer to page 1-4. Set RANGE switch 10 POWER OFF
when-done.

3) Disconnect wiring harness from sensor - Inspect for

damage.

Some vehicles use a metal snap ring fo secure witing
harness to sensor. Remove this snap ring before discon-

necting wiring harness.
4) Off-Car testing only: Remove sensor.
Be careful of coolant spillage from mounting hoie if
removing engine temperature sensor.
5) Connect test leads.
« YELLOW to either sensor pin,
« BLACK to remaining sensof pin.

Yellow

FOWER OFF.

YOLTS
OHMS
FREQUENCY

6) Verify test clips make good contact and do not touch each
other.

Make sure red and green test clips are not touching anything.
7) Set RANGE switch to HIGH.
8) Set FUNCTION switch to OHMS.
9) Note TEST light position on tester.

i the sensor is good, the light will move downwards as the
sensor heats up.

10) On-Car test only: Disconnect test leads and reconnect
sensor to vehicle wiring harness.

11) Heat sensor tip thoroughly,

On-Car test; Start engine and idle at 2000 RPM until upper
radiator hose is hot.

Oft-Car test:

~ Dip sensor tip into boiling water, OR...

— (metal sensor housing) Heat tip with flame from candle or
cigarette lighter OR...

~ {plastic sensor housing) Heat tip with hair dryer.
12) On-Car test only: Turn ignition key OFF. Disconnect

vehicle wiring harness from sensor and reconnect test
leads as before.

13) Observe TEST light position for test resulls.

= Good Sensor - TEST Hght moved downwards below original
position. (TEST light may go off if sensor is very hot - this is
OK.) The TEST light will move upwards as the sensor cools
off. Range of TEST light movement varies with sensor type
and temperature change.

» Bad Sensor - TEST light position did not change during test.
14) Testing is complete.

Set RANGE switch to POWER OFF and remove all test
leads.




TYPICAL THROTTLE POSITION SENSORS

HIGH
Throttie Position Sensor
The throttie position sensor 1$ a VOLTAGE
potentiometer - a type of variable
resistor (similar to a dashboard
dimmer control}. These sensors come
in a wide variety of styles - some with Low

sonnectors at the end of a short wire M. ROTATION WA
“pigtail”. The computer supplies power

and ground to the sensor. The sensor has an element which is
turned {rotary type) or pushed (linear type). When the sensor is
mounted on the engine, the element is linked to the throttle so
they move together. The sensor sends a voltage signal back to
the computer indicating element {and thus throttle) position. The
voltage signal increases when the throttle opens and operates
the sensor element, Throttle position sensors on Asian vehicles
may also include one or two throttle position switches.

Throttle Position Switch

This is one or two switches usually built into a single housing
(often resembling a throttie position sensor), Movement of the
throttle linkage operates the throttle switches. The swilches are
wired to the computer. The computer usually supplies an
ground connection to one side of each switch.

+ The idle position switch is closed (or open - depends upon
vehicle) when the throttie is resting. The switch operates
when the throttie is opened {by any amount) and ne longer in
the idie position.

How it is

used?

Location

When to
Test

What to
inspect

« Sometimes a second switch is used to signal a wide
open throttle condition. This switch is normaily open {or
closed - depends upon vehicle) when the throttle is at
idle or just partially open. The switch operates when the
throttle is opened beyond a certain point. (The amount of
throttle opening required to operate the switch varies
with vehicle.)

The compuier uses throttle position to determine engine
operating condition: idle (closed throttle), cruise (part
throttle), or hard acceleration {wide open throttle). The
computer can then properly control ajr/ffuel mixtures, spark
advance, idle speed, and lock-up torque converters,

Fuel injected engines: Rotary type sehsor - usually
mounted to outside of throttle body and linked to throttle
shaft.

Computer controlled carburetor engines: Linear (sliding}
type - usually mounted Inside carburetor (GM) or outside
carburetor (Ford).

+ Related trouble codes sent by computer.

s Driveability problems such as hard starting, rough idle,
stalling, hesitation, stumble, surging, knocking (pinging},
poor fuel economy, backfiring, no torque converter lock-up.

Sensor operation (see test on page 2-10) or switch
operation (see test on page 2-12}, Poor connections at
sensor or computer. Sensor position adjustment. Faulty
sensor wiring {open or short circuits). Binding throttle shaft
or linkage. If used: "Cruise Control” linkage problems, idle
speed controf motor, vacuum hose connected to throttie
positioner, choke, or cam systems affecting throttle
position.




Throttle Position Sensor Connectors

= Test A, page 2-1C
Some sensors require more than one test.

= Test B, page 2-12 . 4

Note: If the Red and Black test lead hook-ups are reversed,
the TEST light will move in the opposite direction during Test A,
This does not affect the accuracy of the test or harm the sensor.

GM
Red Black
Yeliow@ @ Yellow |
Red Yellow Black Yeliow Black

Black Red

- Not used on some
GM, FORD, CHRYSLER, HONDA EE @ vehicles. Perform this
test only if vehicle

TOYOTA TOYOTA/NISSAN

Red

Black . Yellow Black Black Yellow mating connector has
3 wires.
Yeliow B Q
=

HONDA HONDA
Yeliow

@® ) B

Black Red Biack Red
Yellow Yellow Yellow
Biack

. i Not used on some
Refer to vehicle service manual for connectors vehicles. Perform
this test only if

not shown. Hook up as follows: :
* Red test lead to sensor power pin - gﬁﬁféigf g
Some sensors have hag & wires.

« Yellow test lead to sensor signal pin cable attached here
« Black test lead to sensor ground pin Testing Is identical,

[

iy




TEST A - Throttle Position =S‘»ensr.c:w

important: If more than one hook-up is shown, it means more than one test is
required to check all paris of the sensor. Do all tests shown for your sensor.
The letter next o the hook-up refers to the test procedure.

Sensor may be tested on or off vehicie. {Exception: On-car test only for most
Honda - sensor permanently aftached to throltle body.)}

Warning: Observe all safety precautions (see page ii) if testing sensor on
vehicle.

1) Verify ignition key is OFF,

2) Check Tester battery
Refer to page 1-4. Set RANGE switch to POWER OFF when
done,

3) Disconnect wiring harness from sensor - Inspect for
damage.

Some vehicles use a metal snap ring to secure wiring harness
to sensor. Remove this snap ring before disconnecting wiring
harness.

4) Oft-Car testing oniy: Remove sensor.

IMPORTANT: Many throttle position sensors require special
adjustment when reinstalled. Refer to vehicle service manual
for adjustment procedure. A good sensor wili not perform
properly if incorrectly adjusted.

5) Connect test leads.
Connect TEST leads according to diagram A in the compo-
nent drawing.

6) Verify test clips make good contact and do not touch
each other.

Make sure unused clips are not touching anything.

HIGH
HOW

POVER OFF
RANGE

VOLTS
OHMS
FREQUENCY

FUNCTION

7} Honda only: 1988-92 Civic and CRX
- Remove vacuum hose from dashpot diaphragm.

~ Apply 20 in. Hg to the dashpot diaphragm using a hand
vacuum pump.

— The dashpot diaphragm is part of the throttle body
assembly. It is used to control cold engine fast idle and
throttle closure speed so engine will not stall.

8) Set RANGE switch to HIGH.
9) Set FUNCTION switch to VOLTS.

10) Operate sensor - Watch TEST light for results.

(Note: TEST light may be on or off before sensor is
operated.)

Oq-Car test: Slowly move throttle linkage back and forth from
idie to wide open position.

Off-Car test: Slowly rotate sensor element back and forth
from end o end.

Good Sensor - TEST light smoothly moves up or down as
sensor is operated. (The TEST light may go off if it moves
to the bottom of the column - this Is O.K.} Range of TEST
light movement varies with sensor type and vehicle
mounting.

Bad Sengor - TEST light position does not change during
test.OF% light movement is erratic, showing a sudden jump
or dip during smooth sensor operation,

11} Testing is complete.

Set RANGE switch to POWER OFF and remove all test
leads.




HIGH

TEST B - Throttle Position Switch row
EBEEpEE)  7) Set RANGE switch to HIGH.

Important: If more than one hook-up is shown, it means more than one test is RANGE
required to check all parts of the switch. Do all tests shown for your switch. The voure 8) Set FUNCTION switch to OHMS.
letter next to the hook-up refers to the test procedure. H oHME
FREQUENDY 9) Operate sensor - Watch TEST light for resulls.
FUNCTION

On-Car test: Slowly move throttie linkage back and forth
from idle to wide open position.

Switch may be tested on or off vehicle.
Off-Car test; Siowly rotate sensor element back and forth

Warning: Observe all safety precautions (see page ii) if testing sensor on
from end to end.

vehicle.
« Good Switch - TEST light switches between
being ON at top of column and OFF

1) Verify ignition key is OFF. G2
2) Gheck Tester battery @ @ « Bad Switch - TEST light always ON at top of
. @ & colummn or always OFF,
Refer to page 1-4. Set AANGE switch to POWER OFF when
done. & @ 10) Testing is complete.
3) Bisconnect wiring harness from switch - Inspect for Set RANGE switch to POWER OFF and
remove ali test leads.

damage.

Some vehicles use a metal snap ring to secure wiring
harness to switch. Remove this snap ring betore disconnect-

ing wiring harness.

4) Off-Car testing only: Remove switch.

IMPORTANT: Many throttle position switches require special
adjustment when reinstalled. Hefer to vehicle service manual
for adjustment procedure. A good switch wili not perform
properly it incorrectty adjusted.

5) Connect test leads.
Connect TEST leads according 1o diagram B in the compo-
nent drawing.

6) Verify test clips make good contact and do net touch
each other.
Make sure unused clips are not touching anything.




What is it?

HIGH

SENSOR
VOLTAGE

M. MAX.
VALVE OPENING

How it is
used?

Location

When to Test

What to
Inspect

!

EGR Valve

EGR Valve HONDA

This sensor is a potentiometer - a type of variable
resistor (similar fo a dashboard light dimmer
control). The computer suppties power and ground
10 the sensor. the sensor has a shaft which s
oushed, When the sensor is mounted on the EGR
valve, the shaft gets pushed as the valve opens.
The sensor sends out a voltage signal indicating
the amount of valve opening (“ift"}. The voltage
sighal gets larger the more the valve is opened.

The computer is programmed to provide optimum
EGR flow during idle, cruise, and hard acceleration
operating conditions. The compuler uses the
sensor signal 1o calculate actual EGR flow. Then
the computer can modify the EGR valve opening
as required.

Attached to the top of the EGR valve.

Related trouble codes sent by computer.

Driveability problems such as hesitation,
stumble, surging, poor fuel economy, erratic
acceleration, knocking (pinging), no torque
converter lock-up.

Sensor operation {see page 2-15). Foor connec-
tions at the sensor or computer. Damaged or
sticking EGR valve, Worn or broken vacuum
hoses, vacuum connectors, Damaged vacuum
reservoir, canister. Problems with control solenoids
supplying operating vacuum to open EGH valve.

EGR Valve Position Sensor Test Procedure

Sensor may be tested on or off vehicle,

Warning: Observe all safety precautions {see page ii) if testing sensor on

vefiicle.

HIGH
Low

RANGE

VOLTS
OHMS
FREQUENGY

FUNCTION

1) Verify ignition key is OFF.
2) Check Tester battery

Refer to page 1-4. Set RANGE switch to POWER
OFF when done.

3) Disconnect wiring harness from sensor - Ingpect
for damage.

Some vehicles use a metal snap ring to secure
wiring harness to sensor. Remove this shap ring
before disconnecting wiring harness.

4) Off-Car testing only: Remove sensor.

Note: Some sensors are permanently attached to
the EGR valve and cannot be removed,

§) Connect test leads according to diagram.

6) Verify test clips make good contact and do not
touch each other.

Make sure unused clips are not touching anything.

7) Set RANGE switch to HIGH.
8) Set FUNCTION switch fo VOLTS.

9) Operate sensor - Watch TEST light for results.

(Note: TEST light may be on or off before sensor is
operated.)

On-Car test:

— Remove vacuum control hose from EGR valve.
— Connect hand vacuum pump to EGR valve.

- Gradually apply vacuum to siowly open valve.




Off-Car test: Slowly push sensor element back and forth en

from end to end. Sensor Connectors
+ Good Sensor - TEST light smoothly moves up or down as
sensor is operated. (The TEST light may go oft if it moves
to the bottom of the column - this is O.K.) Range of TEST
light movement varies with sensar type and vehicle
mounting.

« Bad Sensor - TEST light position does not change during
test OR light movement is erratic, showing a sudden jump i FORD
or dip during smooth sensor operation.

Note: If the Red and Black test lead hook-ups are reversed,
the TEST light will move in the opposite direction during the
test, This does not affect the accuracy of the test or harm
the sensor.

10} Testing is complete. ‘ Yellow
Set RANGE switch to POWER OFF and remove all test ;
ieads.

HQNDA - 1 HONDA - #2 Honda uses fwo

1 ] Tl sensor typas. Try
hook-up #1 first,
if good test
results are not

\ / obtained, retest
Black Yellow Red using hpok-yp #2

before judging

sensor.

Refer to vehicle service manual for connectors
not shown. Hook up as follows:

» Red test lead to sensor power pin
* Yellow test lead o sensor signal pin
* Black test lead to sensar ground pin




What is it?

How it is
used?

Location

Typical Oxygen Sensor

The oxygen sensor is & zirconium dioxide ceramic
mounted in the tip of a threaded metal housing.
The tip is perforated to protect the sensing element
put still atlow exhaust gases to pass through.

The sensor produces a veltage signal based on the
amount of oxygen it contacts. A low voltage
indlcates a lean exhaust (too much oxygen). A
higher voltage signals a rich exhaust (not gnough
oxygeny).

The sensor must be very hot to operate: 349(C
{660(F). Many have 2-wire heating elements built-
in to quicken the warm-up time.

The computer uses this sensor to calculate
optimum airffuel mixture for low emissions and
good fuel economy. if the sensor indicates a tich
exhaust (not enough oxygen because of too much
fusl), the computer will compensate by reducing
fuel delivery. If the computer receives a fean signal
(too much oxygen because of too little fuel), it will
increase fue! delivery. NOTE: Some vehicles use
more than one oxygen sensor.

The sensor is threaded into the exhaust manifoid to
give it direct contact with the exhaust gases.

HiGM

SENSOR
VOLTAGE

LOwW

Lean OPTE‘MUM Rich
AlR FUEL MIXTURE

When to Test

Inspection

MPORTANT:

+ Related trouble codes sent by computer.

+ Driveability problems such as rough running,
hesitation, stumble, poor fuel economy, poor
performance, black exhaust smoke.

Senscr operation (see page 2-21). Poor connec-
tions at the sensor or computer.

This sensor ofien {ails because of contamination
from fuel, oil additives, gasket sealer or an overly
rich running engine. Factors which can make a rich
running engine include: ignition system problems
{coil, distributor cap, rotor, spark plugs, wires), fuel
contaminated by engine oil, emission devices
{carbon canister, EGR valve, PCV valve, alr
injection system), manifold leaks, air filter, fuel
pressure and engine not at normal operating
temperature.

Some engines (usually off-road applications)
use a titania-type oxygen sensor. This sensor
resembles the common zirconium type, but has
an open-ended tip. The titania sensor changes
resistance when it operates. This tester is

not designed to test the titania type

sensor.




Sensor Types

1-Wire: Single wire goes to sensor SIGNAL.
Sensor housing is connected fo sensor GROUND.

2-Wire: One wire goes to sensor SIGNAL. Second
wire goes to sensor GROUND. Refer to vehicle
service manual for wire identification. {Sensor wire
is often black.}

3-Wire: Two wires (often the same color) go 1o the
sensor heating element. Third wire (different color
from the others) goes to sensor SIGNAL. Sensor
housing is connectad to sensor GROUND,

4-Wire: Two wires {often the same color) go to the
sensor heating element. Third wire goes to sensor
SIGNAL. Fourth wire goes to sensor GROUND.
Refer to vehicle service manual for wire identifica-
tior:. {Signal wire is often black.}

Heating Element Test

« Do this test if sensor has a heating element (3 or 4 wire connector}.

» 1t sensor has 1 or 2 wire connector, do not do this test. Go directly to On-Car
Test {page 2-22}.

Warning: Observe all safety precautions (see page ii} if testing sensor on vehicle.

HIGH
LOW
AANGE

VOLTS
OHMS
FREQUENCY

FUNCTION

1) Verify ignition key is OFF.

2) Check Tester battery
Refer to page t-4. Set RANGE switch to POWER OFF when done.

3) Disconnect wiring harness from sensor - Inspect for damage.
Some vehicles use a metal shap ring to secure wiring harness to
sensor. Remove this snap ring before disconnecting wiring
harness.

4) Connect test leads.

« YELLOW to either sensor HEATER pin.
» BLACK to remaining sensor HEATER pin.

5) Verify test clips make good contact and do not touch each
other.

Make sure unused ciips are not touching anything.

6) Set RANGE switch to HIGH.
7) Set FUNCTION switch to OHMS.

B) Observe TEST light for test resulls.
« Good Heater: TEST light OFF (low resistance).
» Bad Heater: TEST light ON in any position (resistance too
high, or open circuit).

@) Heating Element test is complete,
» Set RANGE switch to POWER OFF and remove all test leads.
+ Go to On-Car Test.




On-Car Test

Important: Reliable testing of the oxygen sensor while on-vehicle is very
difficult because test conditions cannot be well controlled. If the sensor
responds during on-car testing, then it is probably geod and no other
testing is necessary. If the sensor does not seem to respond when tested
on-car, remove it and perform the off-car test before deciding whether or
not the sensor is bad.

Warning: This test involves running the engine. Observe all safety precautions
(see page ii). Work in well-ventilated area.

1) Verify ignition key is OFF,

2} Check Tester battery

Refer to page 1-4. Set RANGE switch to POWER OFF
when done.

3) Connect test leads.
» YELLOW to sensor SIGNAL circuit.
» BLACK to good vehicle GROUND,

- Keep sensor connected to vehicle wiring and use
backprobe adapter to contact sensor SIGNAL circuit if
possible.

— |f you cannot use backprobe, disconnect sensor
connector and connect YELLOW test lead directly to
sensor SIGNAL pin. Note: Most computer systems wiil
store a trouble code in memory (and turn on the “Check
Engine” light} if engine is run with sensor disconnected.
tgnore or erase the code after testing. Refer to Vehicle
Service Manual:

4) Verify test clips make good contact.
HIGH

Low Make sure unused clips are not touching anything.
(FEHERTEE)
RANGE 5) Set RANGE switch to LOW,

E‘]ﬁ: 6) Set FUNCTION switch to VOLTS.

SHEQUENCY
FUNCTION 7) Start engine - idle untii hot.

Run engine until upper radiator hose is hot and
pressurized.

8) Observe RICH/LEAN lights during fast idle.

« The TEST light column also indicates sensor voltage,
but it is easier to check operation by watching the RICH/
LEAN lights.)

» Maintain throttle partially open (2000 RPM idle).

- IF the RICH/LEAN lights flash back and forth gvery 3
seconds or less...

THEN the sensor is good and no further testing is
necessary. Go to step 10.

— IF it takes longer than 3 seconds for the RICH/LEAN
lights to switch back and forth...

THEN the sensor may be degraded. Go to step 10,
then do the Off-Car test on page 2-24

— IF the RICH/LEAN lights do not flash back and forth...
THEN go to step 9.

9) Observe RICH / LEAN lights during throttle changes.
*» Quickly move throttle from idle to partialiy open {2000

FPM) position then back to idie. (This attempts to create
a momentaty rich or lean engine operating condition.)
Repeat this throttle action several times while observing
the RICH/LEAN lights.

- |F the RICH/LEAN lights switeh within 3 seconds of the
throttle action...

THEN the sensot Is good and no further testing is
necessary. Go to step 10.

— iF it takes longer than 3 seconds for the RICH/LEAN
lights to switch...

THEN the sensor may be degraded. Go to step 10. Do
the Off-Car test on page 2-24

- IE the RICH/LEAN lights do not flash back and forth,.,
THEN go to step 10. Do the Off-Car test on page 2-24.

10) On-Car test is complete - Turn ignition key OFF.

« Set RANGE switch to POWER OFF and remove aif test
leads.

« It the RICH / LEAN lights did not flash, or flashed
too slowly, in steps 8 or 9, then do the O-Car test
oh page 2-24.




Off-Car Test

Warning: This test involves use of an open flame frorn a propane forch.
Observe all safety precautions for torch opetration. Do not use near flammable

material or gases.

HiGH
LOW

RANGE

VOLTS
OHME
FREQUENGY

FUNCTION

1) Verify ignition key is OFF.

2) Check Tester battery
Refer to page 1-4, Set RANGE switch to POWER
OFF when done,

3) Disconnect witing harness from sensor - inspect
for damage.

Some vehicles use a metal snap ring to secure wiring
hamess to sensor. Remove this snap ring before
disconnecting wiring harness.

4} Remove Sensor.
5) Firmly grasp sensor with a pair of locking piiers.

6) Connect test leads
» YELLOW to sensor SIGNAL pin.
« BLACK to sensor GROUND.
7) Verify test clips make good contact and do not
touch each other.
Make sure unused clips are not touching anything.

8) Set RANGE switch to LOW.

9) Set FUNCTION switch to VOLTS.

10) Light torch - Heat sensor tip - Observe RICH/
LEAN lights.

« Thoroughly heat sensor tip untii tip js as hot as
possibie, but not “glowing”. See Fig. 1.

« The sensor tip must be very hot to operate! {349(C,
660(F)

« The LEAN or RICH light should be ON. If both lights
are off, the sensor is defective,

11) Cbserve RICH/LEAN lights whiie operating
sensor.

« After sensor tip is hot, move the flame until the
sensor ip is completely surrounded by the flame.
This keeps oxygen away from the tip. See Fig. 2.
- Good Sensor: BICH light turns ON within 3
seconds indicating a "rich” (low oxygen) condition.
~ Bad Sensor: RICH light takes longer than 3
seconds to turn on, of does not turn on at all.

+ Move flame so oxygen can reach sensor 1ip.
(Keep sensor tip hot with flame.) See Fig. 1.

~ Good Sensor: LEAN light turns ON within 3
seconds indicating a “jean” {high oxygen) condition.
~ Bad Sensor: LEAN fight takes longer than 3
seconds to turn on, or does not turn on at ail.

12) Repeat step 11 a few times to verify results.

13) Testing is complete.
Extinguish fiame, set RANGE swiich to POWER
OFE, let sensor cool and remove test leads.

HAPORTANT: Special anti-selze compound must be
applied to sensor housing threads before reinstaliation.
Refer to vehicle service manual for proper type.

PROPANE PROPANE
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What is It?

Howitis
used?

Location

When to Test

What to
Inspect

The knock sensor is a piece of piezoelectric
material mounted in a metal housing. The sensor
acts like a microphone - It changes vibrations into a
small AC voltage signal. The sensor usually has a
ohe wire or two wire connector.

The computer (or other spark timing cantroller) is
designed to recognize sensor signals caused by
engine knock vibrations. Then, spark timing is
retarded fo eliminate the damaging knock condition

Usually threaded into (or bolted on) the engine
block, intake manifold or exhaust manifold. Often
near the cylinder heads.

+ Related trouble codes sent by computer.

* Knocking during cruise or hard acceleration {not
enough spark retard), hesitation, poor perfor-
mance and fuel economy (excess spark retard).

Sensor operation (see test on page 2-27). Poor
connections at sensor or computer. Faully sensor
wiring (open or shott circuits). Spark timing. Bad
fuel quality.

Knock Sensor Test Procedure

Sensor may be tested on or off vehicle,

Warning: Observe all safety precautions {see page ii} if tesling sensor on vehicle,

1} Verify ignition key is OFF,
2) Check Tester battery (refer to page 1-4).

3) Disconnect wiring harness from sensor - inspect for
damage.

4} Connect test leads 1o sensor.

One-wire connector:
* YELLOW test lead to signal pin {top of 8ensor).

. BLACK' test lead to body of sensor {off-car) or nearby
ground (on-car).

Two-wire connector:

ES;GV:' * YELLOW test lead to either sensor pin.
* BLACK test lead to remaining sensor pin.

AANGE
vours 5) Set RANGE switch to LOW,
A OHMS
eecusncy  6) Set FUNCTION switeh to VOLTS.

FUNCTION
7) Operate sensor - Watch TEST light for results,

(Note: Ignore any RICH/LEAN light flashes.)

On-car test: Lightly tap surface near sensor using a
socket extension (or similar tool) and a light hammer,
Do not tap directly on sensorl

Off-car test: Grasp sensor firmly. Gently tap sensor tip
with & light hammer.

~ Good sensor: TEST lights flash upward from the
bottom of the TEST light column during a tap. (Oniy a
few lights may flash. This Is 0.K.} Range of TEST light
movement varies with sensor type and tapping force.

- Bad sensor: TEST lights do not flash during a tap.

8) Testing is complete.
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Manifold Absolute Pressure (MAP) Sensor
Barometric Pressure (BARO) Sens

What is It?

How it is
used?

This sensor is an electronic module which sends a
signal 1o the computer indicating atmospheric
pressure and/or engine vacuum. Depending upon
sensor type, the signal may be a dc voltage or a
frequency. More pressure (less vacuum) makes the
sensor signal increase {higher voltage or fre-
quency}. The computer supplies power and ground
to the sensor,

The computer needs to know air pressure both
outside and inside the manifold to properly adjust
the air/fuel mixture and ignition timing for varying
engine load and altitude conditions. On turbo-
charged engines, the computer also uses the
sensor to monitor boost pressure and operate the
wastegate accordingly.

Location

When to Test

The sensor is mounted either on the bulkhead, air
cleaner, throttie body or elsewhers in the engine
compartment. A vacuum hose connects the sensor
to a strong scurce of manifold vacuum. {Some new
MAP sensor types may be directly mounted to the
manifold, eliminating the vacuum hose connection.}
The BARO sensors are vented to the atmosphere -
there is no vacuum hose attached.

Some Honda engines locate the MAP sensor inside
a control box containing several vacuum hoses and
solenoids.

* Related trouble codes sent by computer.

* No start, hard starting, stalling, rough idle,
hesitation, stumbie, surging, poor fuel ecohomy,
black exhaust smoke, knocking, backfiring,
catalytic converter overheating or no torque
converter lock-up.

Vehicie GM/CHRYSLER
Harness Power
Connectors

for MAP MAP Signal
Sensor

{Mating side of Ground

connector shown.)

HONDA

?

Ground

Power
Signal

Ground Signa

TOYOTA
=[=[=]
ower Ground
I Signal

Refer to vehicle service manual for connectors not shown.




Manifold Absolute Pressure (MAP) Sensor
Test Procedure

Testing is done on-vehicle.

Warning: This test involves running the engine. Observe alf safety
precautions (see page ii). Work in well-ventilated area.

1) Verify ignition key is OFF.

2) Check Tester battery
Refer o page 1-4. Set RANGE switch to POWER
OFF when done.

3) Connect test leads.
Keep sensor connected to vehicle wiring.

« YELL.OW to sensor SIGNAL circuit. Use
backprobe adapter.

« BLACK to good vehicle GROUND.

4} Verify test clips make good contact.

Make sure unused clips are not touching any-
thing.

Backprobe

5) Set switches:
« RANGE on HIGH.
» FUNCTION on VOLTS.
Exception:
Ford vehicles with frequency type sensor {see
diagram).
— RANGE on LOW.
— FUNCTION on FREQUENCY.

&) Turn ignition key ON but DO NOT START
ENGINE.
7) Note TEST light position on tester,

« If the sensor is good, the light will move
downwards when vacuum is applied.

8) Operate sensor - Watch TEST light for

YL

G GAP

USA,

M

« Note: If the TEST light is OFF a problem
exists. Go io step 9 and continue testing to find
cause.

resuits.

{Note: Ignore any PULSE fight action.)
Non-Turbo Engines only: Start engine and let
idle.

Turbo Engines only: Attach hand vacuum

pump to sensor vacuum port. Apply 1B in.
vacuum. (More than 25 in. vacuum may damage

sensor.)

Good Sensor

- TEST tight moves downward during engine idle
or when vacuum applied. (The TEST light may
go off if it moves to the bottom of the column -
this is O.K.)

~ Range of TEST light movement varies with
sensor type and applied vacuum.

— Mote: if test resuits are O.K. but a computer
trouble code Indicates a bad sensor signal, the
wire between the sensor signal pin and the
computer may be open.

- Testing is complete.
Problem exists {(Bad sensor or wiring)
— TEST light position does not change during test.

— Goto step 9 and continue testing to find cause,
Do all steps to avoid replacing a good sensor!

9) Ignition key OFF.

10) Check MAP sensor vacuum hose for...
* Correct hook-up.
» Pinches, kinks or collapsed sides.
» Splits, cuts, breaks or clogs

Repair as necessary, then retest. if no
trouble found, go fo next step.




11) Check MAP sensor power circuit. 14) Check MAP signal wire for short to ground.

Keep sensor connected ta vehigle wirin «Verify ignition key OFF and MAP sensor wiring
. 201G Velliclg wirng. !
FeH harness disconnected.

* YELLOW test lead to sensor POWER circuit. Low
M Use backprobe adapter. * RANGE on LOW.

oW

RANGE
+ BLACK test fead to good vehicle GROUND., » FUNCTION or: OHMS.

RANGE « RANGE on HIGH BZZ;T: « YELLOW test lead to MAP signai pin on
) FREQUENGY vehicle harness conmector,

VOLTS
OHus . Tl TS. :
B m;quswcv :ZU‘R:.C f N ;nNVOL FuNGTION « BLACK test lead to good vehicle GROUND.
FUNCTION gnition ey TR Good circuit (no short): TEST light ON in any
Good power circuit: Top {or next to top) TEST osition
light ON. P '
Go to next ste Gio to next step.
'p. : ; ; Bad circuit (shorted): TEST light OFF.
Bad power circuif: TEST light OFF or not in top . i sianal cirouit wiring, then retest
{or next to iop) position. Repair short in signal circuit wiring, .
Repair open or short in power circult wiring, then 15) Testing is compiete.
retest. Verify ignition key OFF. Set RANGE switch to
12) Check MAP sensor ground circuit. FOWER OFF and remove all test leads.
* Same set-up as previous step, but move If steps 10 through 14 are all good (but step 8
YELLOW test lsad to sensor GROUND circuit. showed a problem) then the sensor is bad and
{Use backprobe adapter.) 4 needs to be replaced.
Good ground circuit: TEST light OFF,
Go to next step.
Bad ground circuit: Any TEST light ON.

Repair open in ground circuit wiring, then retest.

@&
&
@
&
@
&
@
&
@

13) Check for connector problems.
* Ignition key OFF.

« Disconnect wiring harness from MAP sensor.
{Some vehicles use a metal snap ring to secure
wiring harness to sensor. Remove this shap ring
before disconnecting wiring harness,)

* Check terminals for damage, corrosion, bad
wire crimps or improper seating in connector,

Repair as necessary, then retest, If no trouble
found, go to next step.




Typical
MAF
Sensot

Mass Air Flow (MAF) Sensors

What is It?

How it is
used?

Location

When to Test

This sensor is an electronic moduie which sends a

signat to the computer indicating the amount of air

entering the engine. Depending upon sensor type,

the sighal may be a dc voltage or a frequency. The
signal level increases (higher voltage or frequency)
as the air flow increases.

Within the sensor is a heated wire located In the
path of incoming air. The module determinegs air
flow by measuring the temperature drop of the
heated wire as air passes around it

The computer needs to know incoming alr flow 1o
properly adjust air/fuel mixture and ignition timing
for varying engine toad and operating conditions.

The sensor is mounted in the engire incoming air
ducts—itypically just behind the air cleaner assem-
bly or nedr the throttle body.

» Related trouble codes sent by computer.

+ Driveability problems such as hard starting,
rough idle, stalling, hesitation, stumble, surging,
knocking (pinging), poor fuel economy, black
exhaust smoke, backfiring, catalytic converter
overheating or no torque converter lock-up.

GM

Vehicle Harness Connectors for MAF Sensor
{Mating side of connector shown.)

POWER
MAF SIGNAL
GROUND

1988 and Qlder
RANGE on LOW
FUNCTION on FREQUENCY

i
J
. In
L]
4

POWER

-~ GROUND

MAF SIGNAL

1989 and Newer
RANGE on HIGH
FUNCTION on FREQUENCY

MAT SIGNAL
MAT RTN
POWER
GROUND
MAF SIGNAL

1988 2.8L only
RANGE on LOW
FUNCTION on FREQUENCY

GROUND

MAF RETURN

MAF SIGNAL
BUBN-OFF SIGNAL
POWER

All 5-Pin except 1988 2.8L
RANGE on HIGH
FUNCTION on VOLTS

Ford

NOTE:

MAF BETURN is
not connected to
vehicle GROUND.

MAF SIGNAL

GROUND
POWER

MAF RETURN

RANGE on HIGH
FUNCTION on VOLTS

Refer to vehicle service manual for connectors not shown.




Vehicle Harness Connectors for MAF Sensor

Nissan

{Mating side of connecior shown.)

TITIS B B
- -

MAFE ;J—l \ WMAF ”;J LW‘

Signal Groynd  Power Power Ground Signal Signal Ground  Power

Pulsar NX SE

Al except 1987-88 1987-88 Puisar NX SE only
|

frai
bad i By ZITITIR
I | | MMAMAN i)
MAE /o T " wae war
Signal Ground  Fower Ground Power feturn  Signal

1987 Puisar NX
1985-86 Maxima 1987 Sentra (E161)
1985-86 300ZX 1988 Pulsar NX XE
1985-86 300ZX Turbo 1988 S?n_hl'a

k1 ki —

=717 T i el il VR

T i
= — wAF MAF
Power Ground Signal Signal  Ground

1987-86 Maxima
1957-88 2008X SE
1987-89 300ZX

{ o |

1989-90 Sentra
1990 Pulsar NX
| v |

lzlzlsI==l  delzlel=iX
7 [ Y ted e

MAF
MAF MAFE . Fower Ground \
Signal Ground Reiwm Power : Signal

1989 and Up Maxima All Nissan:
1890 and Up 300ZX BRANGE on HIGH
i |

FUNCTION on VOLTS
Xzlzlzl=IX

i v T i
i’ M{*F Gn}und MAFR = May not be used
Power  petum Signal

*May not be uset

Refer to vehicle service mantal for conhectors not shown.

Mass Air Flow (MAF) Sensor Test Procedure

Testing is done on-vehicle.

Warning: This test Involves running the engine, QObserve all safety
precautions (see page ii). Work in well-ventilated area.

1) Verify ignition key is OFF.
2) Check Tester battery
Refer to page 1-4. Set RANGE switch to POWER

OFF when done.

3) Connect test leads - refer to hook-up diagram.

Keep sensor connected 1o vehicle wiring.

* YELLOW to sensor SIGNAL circuit. Use
backprobe adapter.

* BLACK to good vehicle GROUND,

4) Verity test clips make good contact.

Make sure unused ciips are not touching any-
thing.

5) Set switches - refer to hook-up diagram.

6) Turn ignition key ON but DO NOT START
ENGINE.

7) Note TEST light position on tester.

* Typically, the TEST light will be off, at the
bottom of the column or blinking.

* lgnore any PULSE light action.

= if the 'sensor is good, the light wilf move upwards
during engine run,

8) Start engine and let idle - Watch TEST light for
results.

Good Sensor:

—~ TEST fight moves upward after engine starts.
TEST light moves up even further ¥ engine RPM
is momentarily increased. {(Move throttle to
check.) Range of TEST light movement
varies with sensor type and engine speed.




HIGH
Low

RANGE

VOLTS
OHMS
FREQUENCY

FUNCTION

— Note: If test resulis are O.K. but a computer
trouble code indicates a bad sensor signat, the
wire between the sensor signal pin and the
computer may be open.

— Testing is complete,
Problem exists (Bad sensor or wiring):

— TEST light position does not change during test,

- Go lo step 9 and continue testing to find cause.

Do all steps to avoid replacing a good sensor!

~ Note: Sensor Is defective if TEST light jumps
erratically when sensor GENTLY tapped with
lightweight tool,

9} lgnition key OFF,

10) Check for air intake problems.

* Air leaks - around MAF sensor, ductwork or
throttie body.

* Obstructions in air duct.

+ Ciogged air filter.
Repair as necessary, then retest. If no trouble
found, go to next step.

11) Check MAF sensor power circuit.

Keep sensor connected fo vehicle wiring,
* YELLOW test lead to sensor POWER circuit.
Use backprobe adapter.

* BLACK test lead to good vehicie GROUND.
» RANGE on HIGH.
* FUNCTION on VOLTS.
* ignition key ON.

Good power'circuit: Top (or next to top) TEST
light ON.

Go {0 hext step.

Bad power circuit: TEST light OFF or not in top
(or next to top) position.

Repair open or short in power circuit wiring, then
retest.

HIGH
= LOW
EOWER DFF}
RANGE

YOLTS
OHMS
FREQUENCY

FUNCTION

!

12) Check MAF sensor ground circuit.

» Same set-up as previous step, but move YELLOW
test lead to sensor GROUND circuit. Do not probe
MAF RETURN pin. Use backprobe adapter.

Good ground cirewit: TEST light OFF.

Go to next step.

Bad ground circuit: Any TEST light ON.
Repair open in ground cireuit wiring, then retest.

13) Check for connector problems.
* lgnition key OFF.
+» Disconnect wiring harness from MAF sensor, (Some
vehicles use a metal snap ring to secure wiring

harness to sensor. Remove this snap ring before
disconnacting wiring harness.)

* Check terminals for damage, corrosion, bad wire
crimps or Improper seating in connector,

Repair as necessary, then retest. If no trouble found, go
to next step.
14} Check MAF signal wire for short to ground.

= Verify ignition key OFF and MAF sensor wiring
harness disconnected.

* RANGE on LOW,
+ FUNCTION on OHMS.

« YELLOW test lead to MAF signal pin on vehicle
harness connector.

* BLACK test lead to good vehicle GROUND.
Good cireuit (no short): TEST light ON in any position.
Go fo next stép.
Bad circuif (shorfed): TEST light OFF.
Aepair short in signal circuit wiring, then retest.

15) Testing is complete,

Verify ignition key OFF. Set RANGE switch to POWER
OFF and remove ali test leads.

If steps 10 through 14 are all good (but step 8
showed a problem) then the sensor is bad and
needs to be replaced.




Typical VAF Sensot

arpLow  Referred to as Vane Air Flow
- {VAF) sensor ofr Alr Flow Meter

Vane Air Flow Sensors

How it is
used?

Location

When o
Test

What to
inspect

This sensor sends a do voltage signal to the computer
indicating the amount of air entering the engine. The
voltage signal increases as the air flow increases. The
sensor assembly has a piveting door {"vane"} which is
opened by incoming air. The vane is connected to a
potentiometer (a variable resistor - fike 2 dashboard
dimmaer control) which generates the voliage signal. Some
sensor assemblies also contain an air temperature sensor
or a vane position switch {or both).

The computer needs to kKnow incoming air flow to properly
adjust air/fuel mixture and ignition timing for varying
engine load and operating conditions,

The sensor is mounted in the engine incoming air duct -
between the air cleaner and the throttie hody.

melated troubie codes sent by computer.

Driveability problems such as hard starting, rough idle,
stalling, hesitation, stumble, surging, knocking {ping-
ing}, poor fuet economy, black exhaust smoke, backfir-
ing, catalytic converter overheating or no torgue
converter lock-up.

Sensor operation (see tests on pages 2-43 through 2-44).
Poor connections at sensor or computer. Faulty sensor
wiring (open or short gircuits). Airflow obstructions in
dusctwork or clogged alr fitter. Binding pivot on vane
wdoor”. Air leaks around sensor or theottle body.

Sensor Connectors

Toyota

*‘Toyota uses
two sensor
types. Try
hook-up #1
tirst, if good
test results are
not obtained,
retest using
hook-up #2
before judging
Sensor.

*Nissan uses two sensor types. Try hook-up
#1 first. Ig good test results are not obtained,
retest using hook-up #2 before judging sensor.

ﬁX]®

Red

=

) —

3
U Yeilov;\ Black

_poc=r

1a
Black / Yeltow

Refer to vehicle service manual
for connectors not shown.

Hook up as follows: Red lead to sensor power pin.
Yellow lead to sensor signal pin,
Black lead to sensor ground pin,




TEST PREPARATION:

All Air Flow Meter Sensor Tests

IMPORTANT:

« Test all hook-ups shown for the sensor.

« The letter next 1o the hook-up refers to the test procedure for that hook-up.

« Each hook-up should test O.K. Exception: If two hook-ups are marked with
an asterisk {*) only one of the two hook-ups has to test Q.K. This Is neces-
sary because some sensors look alike, but have different internal connec-
tions,

Sensor may be tested on or off vehicle.

;i Warning: Observe all safety precautions (see page lj) if testing sensor on
vehicle.

1) Verify ignition key is OFF.

2} Check Tester battery
Reter to page 1-4. Set RANGE switch to POWER OFF when
done.

3) Pisconnect wiring harness from sensor - Inspect for
damage.

Some vehicles use a metal snap ring to secure wiring harness
1o sensor. Remove this snap ring before disconnecting wiring
harness.

4) Disconnect ductwork from sensor air intake.

This is s0 you can operate the sensor efement for testing,
Refer to vehicle service manual for disassembly procedure.

5) Off-Car testing only: Remove sensor.

6) Test Preparation is complete. Do tests referenced in

hook-up diagrams.

* Test A - Air Flow Meter Sensor (page 2-43)

» Test B - Air Temperature Sensor (page 2-44})

» Test C - Air Flow Meter Position Switeh (page 2-45)

TEST A - Air Flow Meter Sensor

Warning: Observe all safety precautions (see page ii) if testing sensor on
vehicle.

1) Do all Test Preparation steps.
Refer to page 2-42.

2y Connect test leads.

+ Connect TEST leads according to diagram A in the
component drawing.

« Important: If two hook-ups are marked with an asterisk
(*) only one of the two hook-ups has to test O.K, This is
necessary because some sensors look alike, but have
different internal connections.

3} Verify test clips make good contact and do not touch

each other.
ﬁ o Make sure unused clips are not touching anything.
LT g Set RANGE switch to HIGH.
ﬁ voLTs §) Set FUNCTION switch to VOLTS.
i OHIAS

FREGUENGY B} Operate sensor - Watch TEST light for resulis.

FUNGTIoN Stowly move the sensor element (pivoting “door” or sliding
cone) back and forth from fully closed to fully open
position. Use a pencil, or similar object, to push on the
“door”. This will not harm the sensor.

Good Sensor - TEST light smoothly moves up or down as
sensor is operated. (The TEST light may go off if it moves
to the bottom of the column - this is O.K.) Range of TEST
light movement varies with sensor type.

Bad Sensor - TEST iight position does not change during
test OR light movement is erratic, showing a sudden jump
or dip during smooth sensor operation.

7) Test A is complete.

Set RANGE switch to POWER OFF and remove all test
leads. Reconnect sensor to vehicle if all testing is done.




TEST B - Air Temperature Sensor

Warning: Observe all safety precautions (see page ii} if festing sensor on
vehicle,
1) Do all Test Preparation steps.l
Refer to page 2-42.
2) Connect test leads.

GConnact TEST leads according to diagram B in the component
drawing.

3) Verify test clips make good contact and do not touch each other.
HIGH

Low Make sure unused clips are not touching anything.
RANGE 4) Set RANGE switch to HIGH.
E‘ S 5) Set FUNCTION switch to OHMS.
PREQUENCY
FUNCTION 6) Note TEST light position on tester.
If the sensor is good, the light will move downwards as the sensor
heats up.

7) Heat temperature sensor thoroughly.
+ The air temperature sensor is located either...
—1n a small tube extending into the air intake passage in front of
the closed vane “door” OR
— in its own housing threaded into the side of the air flow meter
assembly.
« Heat sensor using a hair dryer or similar device. DO NCT use a
match or open flame.

8) Observe TEST light position for test results.

(TEST kight may go off if sensor is very hot - this is OK.) The TEST
light will move upwards as the sensor cools off. Range of TEST
light movement varies with sensor type and temperature change.

Bad Sensor - TEST light position did not change during test.

9} Test B is complete.

Sot RANGE switch to POWER OFF and remove all test leads.
Reconnect sensor to vehicle if alf testing is done.

Good Sensor - TEST tht' moved downwards below original position.

Test C - Air Flow Meter Position Switch

Wa;,rning: Observe all safety precautions (see page ii) if testing sensor on
vehicle.

1) Do ali Test Preparation steps.
Refer to page 2-42.

2} Connect test leads.

Connect TEST leads according to diagram C in the compo-
nent drawing.

3) Verify test clips make good contact and do not touch

each other.
i :(‘,T Make sure unused clips are not touching anything.
RANGE 4) Set RANGE switch to HIGH.
(Vm: 5} Set FUNCTION switch 1o OHMS.
it FAEQUENCY
FUNGTION 6) Operate sensor - Watch TEST light for results.

Slowly move the sensor element (pivoting "door” or sliding
cone} back and forth from fully closed to fully open position,
Use a pencil, or similar object, to push on the “door”. This wiil
not harm the sensor.

Good Switch - TEST light switches between being
ON at top of column and OFF

Bad Switch - TEST light always ON at top of
column or always OFF.

7} Test C is complete,

Set RANGE switch to POWER OFF and remove all
test leads. Reconnect sensor to vehicle if all testing
is done.
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Reluctance Sensor Operation

Positve

SENSOR
VOLTAGE Zero

Fotation Hegalive | ROTATION ————

Alr Gap
Typical Sensor Signal Voltage

Crankshaft/Camshaft Position sensors

What is It
and

How is It
Used?

+ Magnetic
Reluctance

— The computer needs {0 know rotational speed (or
position) of the engine crankshaft/icamshaft for controlling
ignition and fuel injecicr systems. i the computer is
handling a Distributorless (or Direct) ignition system or
controlting the operation of individual fuel injectors, it also
needs to know when cytinder #1 is active. The sensors have
various names such as: Crankshaft Position, Crank Angle,
Flywheel, Distributor Pick-Up, Camshaft Position, Cylinder,
TDC and RPM.

- Sirnilar sensors are used in anti-lock brake and electroni-
cally shifted transmission systems. These sensors have
names such as: Whesl Speed, Vehicle Speed and
Driveshatt. :

— The sensors come many styles using different connectors.
Sometimes an assembly contains more than one sensor.
Other versions combine fwo functions into a single sensor
{usually camshaft position and cylinder #1 identification}.

__ The most common sensor types are Magnetic Reluc-
tance and Hall Effect. These are described helow along with
Optical types which are in Emited use.

The basic reluctance sensor consists of a permanent
magnet with a coll of wire wrapped around it. Nearby the
sensor is a toothed ring made of iron or steel (sometimes
called a “reluctor”). The ring is attached to a rotating
component such as the crankshaft or camshaft, Whenever
a tooth from the ring passes by the sensor, It attracts the
magnetic field lines surrounding the magnet. As the field
lines move, they pass thraugh the wire ¢oil and generate a
small voltage pulse {magnetic induction principle). Thus a
voltage pulse is generated every time a tooth passes by
the sensor coil. -

Typical Hall Effect Sensor

« Hall Effect

* Opticai

HIGH

SIGNAL
VOLTAGE

Low

ROTATION
Typical Sensor Signal Voltage

The computer determines rotational speed (or position) by
measuring how fast (or when) pulses appear. Note: The
voltage pulses get larger when the teeth pass by more
guickly. Values can range from a fraction of a volt (crank
RPM) to over a hundred volts (high RPM}).

The basic Hall effect sensor consists of a permanent
magnet and a small module containing a transistorized Hall
effect switch, (Power and ground connections are required
for operation.) A smalf air gap separates the sensor and the
magnet. The magnetic field causes the Hall switch to turn
on and send out a jow voltage signal. 1f a metal strip (iron or
steel) Is placed in the gap, it blocks the magnetic field from
reaching the Hall device. This causes the Hall switch to turn
off and send a high voltage signal out on the sighal wire.

The metal strips {blades) are part of a disk or cup attached
to a rotating component such as the crankshaft or camshaft,
As the blades pass through the sensor gap, the voltage
signal switches high and low creating a series of pulses.

The computer determines rotational speed (or position) by
measuring how fast (or when} puises appear.

The optical crank angle sensor consists of a fight
source, a light detector (photo-electric cell) and a rotor
plate, which is a slotted disk. Since the distributor shaft
and/or camshaft are linked to the rotor plate, they
move together. As the rotor plate rotates, the slits on
the disk interrupt a beam or light sent by the light
source to the light detector. This interrupting action
creates two puise waveforms that are monitored by the
engine computer, The engine computer uses these
waveforms and other engine sensors to optimally
control ignition timing.




Where is
n?

When to
Test

What to
Inspect

~— Crankshaft Position, Crank Angle, Flywheel, Distributor
Pick-Up, Camshaft Position, Cylinder, TDC and RPM. The
sensor is usually located inside the distributor (if the
engine has one). Vehicles without a distributor have the
sensor located in various places around the engine where

it can be mechanically inked to the crankshaft or camshaft.

— Diriveshaft: Sensor located In transmission housing of
near driveshaft,

~- Whee! Speed, Vehicle Speed: Sensors on individual
wheels, drive shaft, or transmission shaft.

* Related trouble codes sent by computer.

* Problems with...
— Ignition: No start, stalling, rough running.

— Electronic Transmission: No torque canverter lock-up,
taulty shifting or siipping.

- ABS system: Faulty or not working.

All Sensor Types: Sensor operation {see tests on page 2-
49 through 2-52}. Poor connections at sensor or computer.
Faulty sensor wiring (open or short circuits}).

~ Magnetic Reluctance: Too much gap between sensor
coil and reluctor ring. Cracked, broken, or missing teeth on
reluctar ring. Note: Some rings may normally have a gap
or irregular tooth space. This gives the computer cylinder
identification information.

— Hall Effect: Forgign objects in gap between Hall sensor
and shutter assembly. Cracked, broken, or missing blades
on shutter. Note: Some shutler assemblies may normally
have irregular blade spacing. This gives the computer
cylinder identification information.

— Optical: Dirt in the rotor blade slots or light source/
detector assembly. Broken or worn teeth on the distributor
shaft (i used) or sensor shaft.

Test A - Magnetic Reluctance Type Sensor

Testing is done on-vehicle.

DO NOT test vehicle speed or driveshalt type sensors since they require
vehicie motion.

Warning: Observe aif safely precautions (see page i} when testing sensor on
vehicle.

1) Verify ignition key is OFF,

2) Check Tester battery

Refer to page 1-4. Set RANGE switch to POWER
OFF when done.

3) Disconnect wiring harness from sensor - inspect
for damage.

Some vehicles use a metal snap ring 1o secure
wiring harness to sengor. Remove this snap ring
before disconnecting wiring harness,

4} Connect test leads,

Refer to vehicle setvice manual for sensor pin
identification. Some connegctors handle more than
one sensor. Test all sensors.

« YELLOW to one end of sensor cuil pin.
* BLACK to other end of sensor coil pin.

5) Verify test clips make good contact and do not
touch each other.

:‘m Make sure unused clips are not touching anything.
I EIEED  g) Set RANGE switch to LOW.

VOLTS 7) Set FUNCTION switch to VOLTS.
FUQEES:UEW 8) Operate sensor - Watch TEST light for results.

{Note: Ignore any RICH / LEAN light flashes.)

— Crankshaft/Camshaft sensor: Crank engine.
STAY AWAY from moving engine parts,
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Observe all safety precautions (see page #) - engine
may start or backfire.

Note: Some computer systems will store a trouble
code in memory (and turn on the “Check Engine”
fight} if engine is cranked with sensor disconnected.
lgnore or erase the code aiter testing. Refer to
vehicle service manual,
- Wheel Speed sensor; Raise wheel off ground. Use
jack stands and observe ali safety precautions (see
page ii). Give the wheel a quick spin in either
direction to test.

Good sensor - TEST lights flicker or stay ON during
testing. Position and range of TEST light activity
varies with sensor type.

Bad sensor - TEST lights OFF during testing.
9} Testing is complete.

Set RANGE switch to POWER OFF and remove all test
leads.

Test B - Hall Effect Type or Optical Type Sensor

Sensor may be tested on or off vehicle.

Warning: Observe all safety precautions (see page if} if testing sensor on

vehicle.

HIGH
n LOW
{FOWER.DEE)
RANGE

VOLTS
OHME
FREQUENGY

FUNCTION

1) Verify ignition key is OFF.

2) Check Tester battery

Refer to page 1-4. Set RANGE switch to POWER
OFF when done.

3} Disconnect wiring harness from sensor - Inspect
for damage.

Some vehicles use a metal snap ting to secure
wliing harness to sensor. Remove this snap ring
before disconnecting wiring harness.

4) Off-Car testing only: Remove sensor.

5) Connect test leads.

Refer to vehicie service manual for sensor pin
identification. Some connectors handle more than
one sensor. Test all sensors.

+ RED to sensor power pin,
* YELLOW to sensor signal pin.
* BLACK to sensor ground pin.
8) Verify test clips make good contact and do not
touch each other.
Make sure unused clips are not touching anything.

7) Set RANGE switch to LOW,
8) Set FUNCTION switch to FREQUENCY.

9) Operate sensor - Watch PULSE light for
results.

{Note: ignore any TEST light action.)




On-Car test: Crank engine. STAY AWAY from moving
engine parts. Observe all safety precautions (see
page i) - engine may start or backfire,

_ Good sensor - PULSE light flashes or stays ON
during cranking (varies with sensor type).
Bad sensor - PULSE light OFF during cranking.

Note: Some computer systems will store a trouble code
in memory (and turn on the “Check Engine” light) if
: engine is cranked with sensor disconnected. ignore or
erase the code after testing. Refer to vehicle service
i manual.

Off-Car test: Slide a flat piece of iron or steel in and
out of the sensor slot. Use a scrap piece of sheet
metal, knife blade, steel ruler or similar.

Good sensor - Single flash on PULSE light whenever
L metal is moved in and out of slot, (The flash wili
oceur either when the metal enters the slot or when
it is removed - depends upon sensor.)

L Bad sensor - PULSE light OFF during testing.
10) Testing is complete.

Set RANGE switch to POWER OFF and remove all test
leads.

Chrysier Distributor
Hali Effect

oy
Yeliow

\'\ Black

Ford Bistributor Hall Effect
(PiP Sensor, TFI-IV Ignition

Ignition Modules

Save yourself time! Always begin with a thorough
visual and “hands-on” inspection. You can often
find the cause of many problems by just looking.

Has the vehicle been serviced recently? Some-
times things get reconnected to the wrong place,
of not at ail.

Poor grounding can cause no-starts! Some
modules make ground comnections to vehicie
chassis. Check mounting hardware, module

: flanges and chassis for clean contact surfaces and
,,’m»,,,[rf( r}\a o] - shug attachment.

* |nspect wiring for:
-~ Contact with sharp edges.

— Contact with hot surfaces, such as exhaust
manifolds. L

— Pinched, burned or chafed insuiation.

— Proper routing and connections.

* Check electrical ¢connectors for:
- Gorrosion on pins,
~ Bent or damaged pins.

- Contacts not properly seated in housing.
— Bad wire crimps to terminals.

* Check crankshaft/camshaft sensors connected
to ignition module. (Refer to page 2-48.)

+ Many ignition moduies require heat transfer
grease applied between module and mounting
surface. Modules can overheat and fall if
grease is missing or incorrectly applied,




Ignition Module Test Procedure

GM « Ford * Chrysler *» Toyota * Honda * Nissan

important:

This test checks for “dead” madules causing a no-start. This test will not
detect intermittent failures due to heat or engine vibration.

Refer 1o vehicle service manual for module iocation, removal and installa-

tion procedures.

~ Module access may require distributor removal. Follow service manual

procedures

~ Check ignition timing with a timing light when the distributor is reinstalled,

Always check the 9 volt battery in the tester {refer to page 1-4).

HIGH
LOW
FOWER OFF
HANGE

VOLTS
OHME
FREQUENGY

FUNCTION

1) Locate module diagram on proceding pages.

2) Connect test leads as shown.

Begin with the Test 1 hook-up i more than one
test is shown.

Always make sure metal glins make good contact
and do not touch each other.

3) Set RANGE switch to LOW,
4) Set FUNCTION switch to FREQUENCY.

5) Observe PULSE light for test results.
* Flashing light means good module. (There may
ke a short defay before flashing starts.)
* No flashing means bad module.
Note; The bottom TEST lights may also flash.
This is normal and may be ignored,
Exception: When testing “ring” type modules
{fower half, page 3-11}, spin the distributor shaft

to activate the PULSE iight. (Light on or flashing
during spin means good module.)

GM 7 & 8 pin modules only:

- Reconnect test leads as shown in Test 2
diagram,.

~ Observe PULSE light. It should NOT be
flashing. If PULSE light fiashes, module is bad.

— Short pins E and R together using paper clip (or
other metal jumper).

- Observe PULSE light for test resulits.

* Flashing light means good modute, {There may
be a short delay before flashing starts.)

+ No flashing means bad modute.

Ford modules with two test hook-ups:

- Reconnect test leads as shown for Test 2. (Only
the Green fest lead is moved.)

~ Observe PULSE light for test results.

* Flashing light means good module. (There may
be a short delay before flashing staris.}

+ No flashing means bad module.

6) Testing is complete.

Set RANGE switch to POWER OFF and remove all
test leads.
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% Test clip must
touch both base
plate and bushing

¢ Test clip must
touch both base
plate and bushing
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SUSHING
~.

BAGE
PLATE

Black
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Blue Jumper




Test 1

Dura-Spark

+C gpre|  VIEW

Yellow

_ Biue Jumper

: Black Black
ac (or Black/Green)
\ESE?N M-MM MODULE

Note: Dura-Spark
ignitions modules
come in several
versions with different
connector types.
Make connections
based on ignition
module wire golors.
Other module wires
not used for testing.

Blue Jumper

Yeliow

Blue Jumper




Ford
TFI-1V
Test 1: Connect leads as shown,
Test 2: in 5,
Black e Move Green lead to pin 5

Other leads remain In original position

Green

Yellow

SIDE
VIEW

Ford
TFI-1V

Test 1: Connect leads as shown.

Test 2: Move Green lead to pin 5.
Other leads remain in original position

Green

Yeilow

SIDE END
ViEW VIEW

S £ !
chrvsler 5-pin type shown.
4 and 5 pin 4-pin uses same hook-up.
Black
Red

Hall Effect Pick-up




Honda

Red Red

Yaliow

Connect BLACK test lead
to igniter mounting holes
or a metal ground ingide
distributor,

Honda/Nissan

Yeilow

Bushing

Base plate

Black

Test clip must touch both
base plate and bushing

Mot present on
some modules.

IMPORTANT

1) Remove distributor from
engine before testing.

2) Module remains inside
distributor during test.

Yelow

Red

Black

R e

Connect BLACK test lead
1o & good ground inside
distributor,

Yellow

Black

s VS

Connect BLACK test lead
10 @ good ground inside
distributor,

Red Yellow

Black

Connect BLACK test lead
o a good ground inside
distributor,




N‘ssa“ Test clip must touch both
base plate and bushing

Bushing
Hase piate

Yellow

Nissan
One-Coil System
(Photo pick-up)

1987-1989 300ZX only

ok Nissan uses two types
of connector wiring.
Module is good if either Yellow Green Black
hook-up tests O.K.

* %*
@ -
Green Black Yellow Yellow Black Green

Nissan
Two-Coil System
(Photo pick-up)

Yellow Green Biack

~ Nissan uses two types
of connector wiring.
Module is good if gither |
hook-up tests O.K, i

Black Ale

Green

Yellow

Not present on
some modules.




Yellow

Use a paper clip to
connect test lead.

Biack

Connect BLACK test
lead to igniter mounting
hole or good vehicle
ground.

IMPORTANT

For Toyota modutes not pictured, refer to
vehicle service manual and connect as follows:

* Red lead to battery pin

* Yeliow lead to coll pin

* Black fead to module ground
+ Green lead to IGT pin

Yellow

Iack

Connect
BLACK test
lead to igniter
mounting hole
or good vehicle
ground.




Use a paper clip to
connect test fead.

Use a paper clip to
connect test lead.




Black

Connect BLACK
test lead to igniter
mounting hole or
good vehicle
ground,

Yellow

Yelow

Use a paper clip to
connect test leads.




Connect
BLACK test
lead to igniter
mounting hote
or good vehicle
ground.

Yellow

Yellow

Connect BLACK test lead
te igniter mounting holes.




A

More Uses for the
Ignition Module &
Engine Sensor Tester

Circuit Voltage Checks

This function is useful for checking the presence (or absence) of voltages
throughout the vehicle electrical system (such as wiring, switches, relays, and
connectars). It is safe for probing computer and sensor circuits.

Warning: Observe alf safety precautions when working on vehicles (see page ii}.

HIGH
Low

FOWER OFF.
RANGE

VOLTS
OHMS
FAREQUENCY

FUNCTION

1) Set FUNCTION switch to VOLTS.

2) Set RANGE switch to HIGH.

3) Connect BLACK test lead to circuit ground.
4) Probe with YELLOW test lead.

Warning: Do not connect to secondary ignition
circuits - dangerous voltages present!

5) TEST light position indicates measured voltage.

Each light represents a 0.5 voit step along a
span of 0.5 to 5 volis.

« Top TEST light ON - voliage is 5 volts, or
higher,

« Other TEST lights ON - see illustration for
voltage level.

+ Ali TEST lights OFF - voltage is less than 0.5
volts, not present or negative polarity.

important:

= Always make sure all connections are good at
the contact points.

« Negative voliages, no matter how large, will
NOT turn on TEST lights.

= More than one TEST light on, or jumping
around, means the measured voltage is
erratic or rapidly changing.




Continuity Checks

Test wiring, ground connections, switch operafion, relay contacts, or simiiar.

Important:
* Do continuity tests on unpowered cireuits only.

» Always make sure all connections are good. if necessary, scrape away
corrosion, paint, etc, at the contact points.

Warning: If working on-car, turn ignition key OFF and observe all safety
precautions {see page ii}.

HIGH
O
H 1) Set RANGE switch to HIGH.
RANGE 2) Set FUNCTION switch to OHMS.

B o 3) Connect YELLOW test lead to one end of circuit (such as

FREQUENCY wire, switch or relay contact).
Fi 4
uncTion 4) Connect BLACK test lead to other end of wire, switch or

reiay.
5) TEST light position indicates
amount of continuity.

» All TEST lights OFF - Short Circuit
(measured resistance is 200 ochms,
or less}.

« Top TEST light ON - Open Circuit
(measured resistance is 7 Kohms,
or higher).

Other TEST lights ON mean circuit has
resistance between 200 chms and 7 K
ohms.

Yeilow Black Yeliow Black

Short s Gpen
cireuit : circuit

ERe RS RO SR C SR

HIGH Low Resistance Checks

Low

« RANGE switch on LOW.
RANGE « FUNCTION switch on OHMS.
E?;’S;? - Use YELLOW and BLACK test leads.

FREQUENGY All TEST lights OFF - resistance is 30 ohms, or iess.
FUNGTION N .
Top TEST light ON - resistance is 300 ohms, or higher.

Other TEST lights ON mean resistance is between 30 ohms and
300 ohms,

Yetlow

4
?

Switch
Closed

Switch
Open

5H006E8ee .
HEOHOOBE

Yellow

3 =t
12V

WEPITTILCY TTT T W T T

TR RN £ IR LA AT LS ELEE

Ground No-
Connection Ground
Connection

Ce0aedPow




RANGE

FUNCTION

HIGH
LOW

{EOWEROFF

VOLTS
OHME
FREQUENCY

Yellow

Diode Checks

Tests diodes and rectifiers for proper operation.

1) Set RANGE switch to HIGH.
2) Set FUNCTION switch to OHMS.

3) Connect TEST leads as shown in Figure 1.
{ YELLOW to anode — BLACK to cathode)

4} The bottom TEST light shoukd be ON. If a
different TEST light is on or all lights are off, the
diode is defective,

5) Reverse test fead connections as shown in
Figure 2.
{ YELLOW to cathode — BLACK to anode)

6) The top TEST light should be ON. If a different

TEST light is on or all lights are off, the diode is
defective.

Note: Always make sure all connections are good, If
necessary, scrape away corrosion, paint, etc. at the
contact points.

Black

Yeliow




