FULL ONE (1) YEAR WARRANTY

Actron Manufacturing Company, 8998 Walford
Avenue, Cleveland, Chio 44102, warrants to the
user that this unit will be free from defecis in
materials and workmanship for a period of one
{1} year from the date of original purchase, Any
unit that fails within this period will be repaired
without charge when returned {o the Factory.
Actron requests thal a copy of the original,
dated sales receipt be returned with the unit to
determine if the warranty period is still in effect.
This warranty does not appiy lo damages caused
by accident, allerations, or improper or unrea-
| sonable use, Expendable items, such as batter-
ies, fuses, lamp bulbs, flash tubes also are
excluded from the scope of this warranty.
ACTRON MANUFAGCTURING COMPANY DIS-
CLAIMS ANY LIABILITY FOR INCIDENTAL OR
CONSEQUENTIAL DAMAGES FOR BREACH
OF ANY WRITTEN WARRANTY ON THE UNIT.
Some states do not allow thé disclaimer of
liability for incidemal or consequential dam-
ages, 50 the above disclaimer may not apply to
you. This warranty gives specific legal rights,
and you may also havé rights which vary from
state fo state.

GARANTIA COMPLETA DE UN ANO

Actron Manufacturing Company, 9998 Walford Av-
enue, Cleveland, Ohio 44102, EE. UU,, garantiza &
usuario que esta unidad estard libre de defectos de
materiales y mano de obra por un (1) afic a partir de
la fecha de compra del comprador otiginal. Cualguier
unidad que falie dentro de este periodo serd reparada
opcién de Actron sin cargo cuande se regrese a fa
{abrica. Actron requiers que un comprobante de
compra (recibe de venta) fechado acompafie la
unidad para determinar st estd en garaniia. Esta
garantia no es aplicable a dafios causados por
accidente, alteraciones, usos impropios ¢ no
razonables. Articuios consumibles, tales como
baterfas, fusibies, lamparas y tubos de destello
quedan excluidos de esta garantia. Actron Manufac-
turing Company rechaza cualiquier responsabilidad
dedafios incidentales o indirectos porincumniimiento
de cuaiquier garantia escrita de fa unidad. Alguncs
estados de los EE.UU. y cierios paises no permiten
¢l rechazo de cualguier responsabilidad de dafios
incidentales o indirectos, por lo que el rechazo
anterior puade no ser aplicable en su caso. Esla
garantia concede derechos legales espacificos y es
posible que 1/d. tenga ofros derechos que varian de
estado a estado de los EE.UU. y de pals a pals.

©1999, Actron Manufacluring Company

0002-000-2276
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SAFETY GUIDELINES

TO PREVENT ACCIDENTS THAT COULD RESULT IN SERIOUS INJURY
AND/OR DAMAGE TO YOUR VEHICLE OR TEST EQUIPMENT, CAREFULLY
FOLLOW THESE SAFETY RULES AND TEST PROCEDURES

= Always wear approved eye protection. .

= Always operate the vehicle in a well ventilated area. Do not inhale exhaust gases ~ they are
very poisonausl

* Always keep yourseli, tools and test equipment away from all moving or hot engine parts,

* 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
yourself, the tools or the battery.

* Never smoke or have open flames near vehicle, Vapors-from gasoline and charging battery
are highly flammable and explosive.

* Never leave vehicle unattended while running tests.
* Always keep a fire extinguisher suitable for gasoline/electrical/chemical fires handy.

. Al_ways use extreme caution when warking around the ignitien coil, distributor cap, ignition
wires, and spark plugs. These components contain High Voltage when the engine is
running. -

* Always turn ignition key OFF when cennecting or disconnecting eiectﬁcaf componenis,
unless otherwise instructed.

¢ Always follow vehicle manufacturer’s warnings, cautions and service procedures,

CAUTION:

Some vehicles are equipped with safety air bags. You mustfollow vehicle service manual cautions
when working around the air bag components or wiring. If the cautions are not followed, the air bag
may open up unexpectedly, resulting in personal injury, Note that the air bag can stiff open up
several minutes after the Ignition key is off (or even if the vehicle battery is disconnected) bacause
of a special energy reserve module.

Al information, Hiustrations and specifications contained in this manual are based on the iafest
information available from industry sources at the time of publication, No warranty {expressed or impliad)
can be made for its accuracy or completeness, noris any responsibility assumed by Actron Manufacturing
Co. or anyone connected with it for loss or damages suffered through reliance on any information
contained in this manual or misuse of accompanying product. Actron Manufacturing Co. reserves the right
o make changes at any time 10 this manual or accompanying product without obligation to notify any
person or organization of such changes.

2

Vehicle Service Manual — Sources For Service information

The following is a st of sources to obtain vehicle service information for your specific vehicle.
*  Contact your iocal Automotive Dealership Parts Department.

= Contact local retaif auto parts stores for aftermarket vehicle service information,

. Coﬁtact yout focal ibrary. Libraries often allow you to eheck-out automotive service manuals.

Do a Thorough Visual Inspection

Do a thorough visual and “hands-on” underhood inspection before starting any diagnostic
procedure! You can find the cause of many problems by just lookirl_g, thereby saving yourseif a
lot of time.

* Inspect all vacuum hoses for:

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

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

+ Don't take shotteuts. Inspect hoses and
wiring which may be difficult to see due
te location. - Pinches and kinks.

+ inspect the air cleaner and ductwork for - Splits, cuts or breaks.

defects. * |nspectwiring for:
~ Contact with sharp edges.

- Contact with hot surfaces, such as
exhaust manifolds.

- Piached, burned or chafed insulation.

+ Check sensors and actuators for
damage.

* ingpect ignition wires for:
- Damaged terminals.
- Split or cracked spark plug boots - Proper routing and connectiqns.

- Splits, cuts or breaks in the ignition
wires and insulation.

+ Check electrical connectors for:
- Corrosion on pins.
« Bent or damaged pins.
- Contacts not properly seated in housing.
- Bad wire crimps to terminals. .



Section 1. Multimeter Basic Functions

Digital muitémeterg or DiiMs have.many special features and functions. This section defines these
features and functions, and explains how to use these functions to make various measurements.
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Alligator Ciip Adapters

Some multimeter tests and measurements are more easily done
using aliigator clips instead of test prods. For these tests, push
the erimp end of the alligator clip onto the test prod. i the crimp
ohthe alligator clip becomes loose, then remove the alligator clip
from the test prod and re-crimp using a pair of pliers,

Functions and Display Definitions

1. ROTARY SWITCH

Switch is rotated fo turn multimeter ON/
OFF and select a function,

2. DC VOLTS ‘
This function is used for measuring DC
(Direct Gurrent) Voltages in the range of 0
to 200V,

3. OHMS
This function is used for measuring the
resistance of a component In an electrical
circuit in the range of 0.1Q to 20MQ. (Q s
the electrical symbol for Ohms)

4. DIODE CHECK
This function is used to check whether a
diode is good or bad.

5. CONTINUITY TESTS
1t is also used for fast continuity checks of
wires and terminals. An audible tone will
sound i & wire and terminal are good.

6. DC AMPS
This function is used for measuring DC
{Direct Current) Amps in the range of O to
15A.

7. TEST LEAD JACKS
BLACK Test Lead is aiways
inserted in the COM jack.

RED Test Load is inserted in COM
the jack corresponding to the
multimeter rotary switch setting.

158A O VIO o+
DC ANPS TACH DC VOLTS
DWELL OHMS

DUTY CYCLE  DIODES

CONTINUITY

Always connect TEST LEADS to the multi-

meter before connecting them to the cir-
cuit under test!!

8. TACH
This function is used for measuring engine
speed (RPM).

9. DWELL
This function is used for measuring DWELL -
on distributor ignition systems, and sole-
noids.

10.DUTY CYCLE
This function is used for measuring DUTY
CYCLE on relays, solencids, and other
ON/OFF types of devices.

11.DISPLAY
Used to display all measurements and
muitimeter information.

Low Battery — If this symbol .
LO BAT appears in the lower left corner
of the display, then replace the
internal 8Y battery. (See Fuse
and Battery replacement on

page 7.}

L e Qverrange Indication — If "1"

or "-1" appears on the left side

sy 0f the display, then the muitim-

eter is set to & range that is too
‘small for the present measure-
ment being taken. Increase the

range uniil this disappears. if it
does not disappear after all the ranges for
a particular function have been tried, then
the value being measured is too large for
the muitimeter to measure. (See Setling
the Range on page 8.)

Automatic Power Off

The multimeter wilt auiomatically turn itself off
after approximately thirty (30} minutes if the
rotary switch has not been rotated. Momen-
tarily change the rotary switch position to
restore normal operation,

Zero Adjustment
The multimeter will automatically zero on the
Volts, Amps and RPM functions.

Automatic Polarity Sensing

The multimeter display wiil show a minus (-)
sign on the DC Volts and DG Amps functions
when test lead hook-up is reversed.



Setting the Range

Two of the most commoniy asked questions
about digitai muitimeters are What does Range
mean? and How do | know what Range the
muitimeter should be sgt to?

What Does Range mean?

Range refers to the largest value the multim-
eter can measure with the rotary switch in that
position. if the multimeteris selto the 20V DC
range, then the highest voliage the muitim-
eter can measure is 20V in that range.

EXAMPILE: Measuring Vehicle Battery Volt-
- age {See Fig. 1)

Fig. 1

Let's assume the muitimeler is connected fo
the battery and set to the 20V range.

The display reads 12.56. This means there is
12.56V across the battery terminals.

Fig. 2

P

Now assume we set the multimeter to the 2V
range. (See Fig. 2)

The multimeter display now shows a “4” and
nothing eise. This means the mullimeter is
being overranged or in other words the value
being measured is larger than the current
range. The range should be increased until a
valug fs shown on the display.  you are in the
highest range and the multimeter is still show-
ing that it is overranging, then the value baing

measured is too large for the multimeter to
measura,

How do | know what Range the multimeter
should be set to?

The multimeter should be set in the lowest
possible range without overranging.

EXAMPLE: Measuring an unknown resfs-
tance

Let's assume the multimeter is connected to
an engine coelant sensor with unknown resig-
iance. {See Fig. 3}

Fig. 3

Stari by setting the multimeter fo the targest..

OHM range. The display reads 0.00 or ashort
circuit.

This sensor can't be shorted so reduce the

range setling untif you get a value of resis-
tance.

At the 200K range the multimeter measured
a value of 4.0, This means there is 4KQ of
resistance acress the engine coolant sensor
terminals. (See Fig. 4)

Fig. 4
|t_ O ;,
If we change the mul-

timater to the 20K&
range (See Fig. 5)
the dispiay shows a
vaiue of 3.87KQ. The
actual value of resis-
tance is 3.87KQ and
not 4KQ that was
measured in the
200K range. Thisis
very important be-
cause if the manufac-
turer specifications
say that the sensor
shouid read 3.8-
3.9KQ at 70°F then
on the 200KQ range
the sensor wouid be defective, but at the
20KQ range it wouid iest good.

Now set the multimeter to the 2K range.
{5ee Fig. 8) The dis-
play will indicate an
overrange condition
because 3.87KLQ is
larger than 2KQ.

This example shows
that by decreasing
the range you in-
crease the accuracy
of your measure-
ment. When you
change the range,
you change the loca-
tion of the decimal
point. This changes

the accuracy of the

measurement by either increaging or decregs-
ing the number of digits after the decimal point.

Battery and Fuse
Replacement

Important: A 8 Volt battery must be installed
petora using the digital multimeter. (see pro-
cedure below for instailation)

Battery Replacement

1. Turn multimeter rotary switeh to OFF
position.

2. Bemove test leads from multimeter.

3. Remove four screws from back of
multimeter.

4, Remove back cover.
5. Instali a new @ Volit battery.
8. Re-assemble multimeter.

Fuse Replacement

Turn multimeter rotary switch to OFF
position.

—

2. Remove test leads from multimeter.

3. Remove four screws from back of
multimeter,

4, Remove back cover.
5. Aemove batlery.

6. Remove fuse locaied on top of
hattery clip.

7. Replace fuse with same size and type
as originally installed.
Use a 1-1/4", 15A, 250V, fast blow fuse.

8. Re-assemble multimeter.



Measuring DC Voltage

This multimeter can be used o measure DG
voltages in the range from 0 to 200V. You can
use this multimeter to do any DC voltage
measurement called out in the vehicle service
manual. The most common applications are
measuring voltage drops, and checking if the
correct voltage arrived at a sensor or a par-
ticular circuit,

Fig. 7

To measure DC Voltages (see Fig. 7):

i. Insert BLACK test lead into COM test
lead jack. . .

2. Insert RED test lead into \/ () -} test
lead jack, ‘

3. Connect RED test lead to positive (+)
side of voltage source.

4. Connect BLACK test lead to negative (-)
side of voltage source.

NOTE: i you don't know which side is
positive (+} and which side is negative (-),
then arbitrarily connect the RED test lead
to one side and the BLACK 1o the other,
The multimeter automatically senses po-
farity and will display a minus {-) sign when
negative polarity is measured. f you switch
the RED and BLACK test ieads, positive
polarity will now be indicated on the dis-
play. Measuring negative voltages causes
no harm to the multimeter,

§. Turn multimeter rotary switch to de-
sired voltage range.

'If the approximate voitage is unknown,
‘start ai the largest voltage range and de-

cr'gase to the appropriate range as re-
quired. (See Setting the Range on page 6)

6. View reading on display - Note range
setting for correct units,

NOTE: 200mV = 0.2v

Measuring Resistance

Resistance is measured in electrical units
called ohms (2). The digital multimeter can
measure resistance from 0.1} o 20M or
(20,000,000 ohris). Infinite resistance is
shown with a “1” on the left side of dispiay
(See Setting the Range on page 6). You can
ise this multimeter to do any resistance mea-
surement called out in the vehicle service
manial. Testing ignition coils, spark plug wires,
and some engine sensors are common uses
for the OHMS (Q) function.

Fig. 8

Unknown
Resistance

To measure Resistance (see Fig, 8):
1. Turn circuit power OFF,

To get an accurate resistance measure-
ment and avoid possibie damage to the
digital multimeter and electrical circuit un-
der test, turn off all electrical power in the
circuit where the resistance measurement
is belng taken.

2, ‘Insert BLACK test lead into COM test
lead jack.

3. Insert RED test lead into \/ () -»} test
lead jack.

4. Turn multimeter rotary switch to 200Q
range. :

Touch RED and BLACK multimeter leads
together and view reading on display.

Display shouid read typicaily 0.2Q to 1.50.

1f display reading was greater than 1.60,
check both ends of test leads for bad
connections. If bad connections are found,
repiace test leads.

Connect RED and BLACK test leads
across component where you want to
measure resistance.

When making resistance measuremenis,
polarity is not important. The test leads
just have to be connected across the com-
ponent.

6. Turn multimeter rotary switch to de-
sired OHM range.

H the approximate resistance is unknown,
start at the largest OHM range and de-
crease to the appropriate range as re-
quired. {See Seiting the Range on page 6)

7. View reading on display - Note range
setting for correct units.

NOTE: 2K =2,000Q; 2MQ = 2,000,0000

If you want to make precise resistance
measurements, then subtract the testlead
resistance found in Step 4 above from the
display reading in Step 7. ltis a good idea
to do this for resistance measurements
less than 10€Q.
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Measuring DC Current

This muitimeter can be used to measure DC
current in the range from 0 to 15A, If the
current you are measuring exceeds 15A, the
internal fuse will blow {see Fuse Replace-
ment on page 7). Unlike voltage and resis-
tance measurements where the multimeter is
connected across the component you are

Flg .9 Electrical
Device

BC
Voltage
Source

testing, current measurements must be made
with the myltimeter in serles with the compo-
nent. Isolating current drains and short cir-
cuits are some DC Current applications.

To measure DC Current {see Fig. 9}

1. Insert BLACK test lead into COM test
lead jack.

2. Insert RED test lead into "15A" test lead
jack.

3. Disconnect or electricatly open circuit
where you want to measure current.

This is done by:
= Pisconnecting wiring harness.

» Disconnecting wire from screw-on type
terminal.

+ Unsolder iead from component if work-
ing on printed circuit boards.

* Cut wire i there is no other possible way
1o open electricat circuit.

4, Connect RED test lead to one side of
disconnected circuit.

5. Connect BLACK test lead to remaining
side of disconnected circuit.

6. Turn multimeter rotary switch to 15A
DC position,

7. View reading on display.

i minus {-) sign appears on dispiay, then
reverse RED and BLACK test leads.



Testing for Continuity

Conlinuity is a quick way to do a resistance
test to determine i a cirouit is open or closed.
The multimeter will beep when the circuit is
closed or shotted, so you don't have tolook at
the display. Continuity checks are usually
done when checking for blown fuses, swilch
operation, and open or shorted wires.

1Tﬂ_ ()%
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To measure Continuity (see Fig. 10):

1. Insert BLACK test fead into COM test
lead jack.

2, Insert RED test lead into \/ () #} test
tead jack.

3. Turn multimeter rotary switch to 200,))
function.

4; Touch RED and BLACK test leads to-
gether to test continuity.

Listen for tone to verify proper operation,

5. Connect RED and BLACK test ieads
across component where you want to
check for continuity.

Listen for tone:

= if you hear tone — Circuit is closed or
shorted.

* If you don’t hear tone - Circuit is opén‘
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Testing Diodes

A diode is an electrical component that allows
current to only flow in one direction. When a
positive voltage, generally greater than 0.7V,
is applied to the anode of a diode, the diode
will turn on and allow current to flow. If this
same voltage is applied to the cathode, the
diode would remain off and no current would
flow. Therefore, in order to test a diode, you
must check itin both directions (i.e. anode-to-
cathode, and cathode-to-anode). Diodes are
typlcatly found in alternators on automobiles,

Perforrﬁing Diode Test (see Fig. 11):

1. Insert BLACK test lead into COM test
lead jack.

2. Insert RED test lead into V {2} test
lead jack,

3. Turn multimeter rotary switch to 2K
diode function.

4. Touch RED and BLACK test leads to-
gether to test continuity.

Check disptay — should reset to 0.00.

5. Disconnect one end of diode from cir-
chit.

Diode must be totally isolated from circuit
in order to test its functionality.

6. Connect RED and BLACK test leads
across diode and view display.

Display will show one of three things:
+ A typical voltage drop of around 0.7V.
+ A voltage drop of 0 volts.

* A "1" will appear indicating the multim-
eter is overranged.

7. Switch RED and BLACK test leads and
repeat Step 6.

8. Test Results
if the dispiay showed:

» A voltage drop of 0 volts in both direc-
tions, then the diode is shorted and needs
to be replaced.

« A“1" appears in both directions, then the
diode is an open circuit and needs to be
replaced.

*» The dicde is good if the display reads
around 0.5V-0.7V in one directionand a
“1” appears in the other direction indicat-
ing the muitimeter is overranged.
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Measuring Engine RPM (TACH)

RPM refers to revolutions per minute. When
using this function you must multiply the dis-
play reading by 10 1o gel actual RPM. If
display reads 200 and the multimeter is setto
6 cylinder RPM, the actual engine RPM is 10
times 200 or 2000 RPM.

To measure Engine RPM {see Fig. 12):

Typical
ignitien
Coil

1. Insert BLACK test lead into COM test
jead jack.

2. Insert RED test lead into {)/o test
lead jack.

Connect RED test tead to TACH (RPM)
signal wire. ’

w
h

* If vehicle is DIS (Distributorless Ignition
System), then connect RED test lead to
the TACH signal wire going from the DIS
module to the vehicle engine computer.
(refer to vehicie service manual for loca-
tion of this wire)

= For all vehicles with distributors, connect
RED test lead to negative side of primary
ignition coif. (refer to vehicle setvice
manual for location of ignition coif}

4. Connect BLACK test lead to a good
vehicle ground.

5. Turn multimeter rotary switch to cor-
rect CYLINDER selection.

6. Measure engine RPM while engine is
cranking or running.

7. View reading on display.

« Remember to multiply display reading by
10 to get actual RPM.

if dispiay reads 200, then actual engine
RPM is 10 times 200 or 2000 RPM.



Measuring Dwell

Dwell measuring was extremely important on
breaker point ignition systems of the past. It
referred to the length of time, in degrees, that
the breaker points remained closed, while the
camshaft was rotating. Today's vehicles use
electronic ignition and dwell is no loenger ad-
justable. Ancther application for dwell is in
testing the mixture controf solenoid on GM
feedback carburetors.

Fig. 13

Typical
tgnition
Coil

To measure Dwell {(see Fig. 13):

1. Insert BLACK test lead into COM test
lead jack.

2. Insert RED test lead into )/<[0 test
lead jack.

Connect RED test lead to DWELL signal
wire.

3
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 If measuring DWELL on breaker point
ignition systems, connect RED test lead
to negative side of primary ignition coil.
{refer to vehicle service manual for loca-
tion of ignition coil)

 |fmeasuring DWELL on GM mixture con-
{rol solenocids, connect RED test lead to
ground side or computer driven side of
solenoid. {refer to vehicie service manual
for solenoid location)

« if measuring DWELL on any arbitrary
ON/OFF device, connect RED test lead
to side of device that is being switched
ON/OFF,

4. Connect BLACK test lead to a good
vehicle ground.
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5, Turn multimeter rotary switch {o cor-
rect DWELL CYLINDER position.

6. View reading on display.

Measuring Duty Cycle

Duty Cycle refers to the percentage of time a
signal is "ON” verses "OFF”, A signal that is
"ON" half the time has a 50% Duty Cycle. Duty
Cycle is usetul for checking solenoids, refays,
switches, fuel injectors and any other compo-
nent that is switched “ON” and “OFF”,

Ground

To measure Duty Cycle (see Fig. 14):

1. Insert BLACK test lead into COM test
lead jack.

2. Insert RED test lead into ()/¢[* test
fead jack.

3. Connect RED test lead to ON/OFF
switching side of device.

4, Conneet BLACK test lead to a good
vehicle ground.

5. Turn multimeter rotary switch to DUTY
CYCLE position.

6. View reading on dispiay.

Section 2. Automotive Testing

The digital multimeter is a very useful tool for
trouble-shooting automotive electrical sys-
tems. This section describes how to use the
digitat multimster to test the starting and charg-
ing system, ignition system, fuef system, and
engine sensors. The digital multimeter can
also be used for general testing of fuses,
switches, solenoids, and relays.

General Testing

The digital multimeter can be used to test
fuses, swiiches, solenoids, and relays.

Testing Fuses

This test checks to see if a fuse is biown. You
can use this test to check the internal 15A
fuse inside the digital multimeter.

Fig. 15

0,‘{
i_“.;:::i
FUTED

To test Fuses (see Fig. 15):

1. Insert BLACK test tead into COM test
iead jack.

2. Insert RED test lead into V () # test
lead jack.

3. Turn multimeter rotary switch to 200;)))
function.

4. Touch RED and BLACK test leads to-
gether to test continuity.

Listen for tone to verify proper operation.

5. Connect RED and BLACK test leads to
opposite ends of fuse.

Listen for tone:
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» if you hear tone - Fuse is good,

o If you don’t hear tone - Fuse is blown
and needs to be replaced.

NOTE: Always replace blown fuses with
same type and rating.

Testing Switches .

Thistest checks to see if a switch "Opens” and
“Closes” properly.

Fig. 16 Typical "Push”

Button Switch

To test Switches (see Fig. 16):

1. Insert BLACK test lead into COM test
{ead jack.

Insert RED test lead into V )} test
lead jack.

3. Turn multimeter rotary switch to 2005}
function.

Touch RED and BLACK test leads to-
gether to test continuity.

Listen for tone to verify proper operation.

5, Connect BLACK test lead to one side of
switch.

6. Connect RED lest lead to other side of
switch,

»

&

Listen for tone:
* If you hear tone - The switch is closed.

« If you don't hear tone - The switch is
open.

7. Operate switch.
Listen for tone:



« If you hear tone - The swilch s closed. ~ Starting/Charging System Testing

« If you don’t hear tone - The switch is

~ open. J The starting system “turns over” the engine. It consists of the battery, starter motor, starter
8. Repeat Step T . . . . sotenoid and/of relay, and associat'ed wirmg and ponnections. Tr_me charging system keeps the
P ) p7to verify switch operation, : battery charged when the engine is running. This system consists of the alternator, voltage
Good Switch: Tone turns ON and OFF as : regulator, battery, and associated wiring and connections. The digitat multimeter is a useful tool
you operate switch. : for checking the cperation of these systems.

Bad Switch: Tone always ON or tone al-
ways OFF as you operate switch.

' No Load Battery Test

Before you do any starting/charging system 5. Disconnect positive {+) battery ¢cable.
- checks, yot.:ému;tﬂrst{;est the battery to make 6. Connect RED test lead to positive (+)
sure it is fully charged. terminal of battery.
Fig. 18 7. Connect BLACK test lead to negative ()

terminal of battery.

8. Turn multimeter rotary switch to 20V

Testing Solenoids and Relays DC range

This test checks to see if a solenoid or relay 4. Touch RED and BLACK test leads to- H i i
halwe a broken coil. If the coil tests good, itis gether and listen for tone. 9. View reading on display.
still possible that the relay or solenoid are 5. Connect BLACK test lead to one side of 10.Test Results.

defective. The relay can have cantacts that Compare display reading in Step 9 with

© coil.
are welded or worn down, and the solenoid chart below
may stick when the coil is energized, This test 6. Gonnect RED test lead to other side of '
does not check for those patential problems. coil. _ :
7. View reading on display. Voltage Percent Batiery is Charged
Fig. 17 = Typical solencid / relay coil resistances
Belay at are 20082 or less. 12.60V
. Heferlto vehicle service manual for your Test Procedure (see Fig. 18): or greater 100%
vehicles resist i : ki
8 Test i l:’;s ance range. : 1. Turn ignition Key OFF, 12,45V 75%
. Test Results 50%
: 2. Turn ON headlights for 10 seconds to 12.30V 50%
£)S gtood Solencid / Relay Coil: Display in dissipate battery surface charge. 12,18V 25%
4 on 7 is withi Ay
L piep 7 is within manufacturers specifica 3. Insert BLACK test lead into COM test
) lead jack. . o .
Bad Soilenoid / Re it . if battery Is hot 100% charged, then charge It
. ' id / "f"’y Coil . 4. Insert RED fest lead into V {)-»} test before doing anymore starting/charging sys-
. . . « Pisplay in Step 7 is not within manufac- lead jack. tem iests.
To test Solencids and Relays (see Fig. 17} turers specifications,
1. Inserjt BLACK test lead into COM test « Display reads overrange on every chms
lead jack. range indicating an open circuit.
2. inser} RED test lead into V ()Pt test " NOTE: Some relays and solenoids have
lead jack. a dicde placed across the coil, To test this -
3. Turn multimeter rotary switch to 2003 diode see Testing Diodes on page 10.
range.
Most solenoids and refay coll resistances
are less than 200Q. # meter overranges,
turn muitimeter rotary switch to next higher
range. (see Setting the Range on page 6)
15
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Engine Off Battery Current Draw

This test measures the amount of current
being drawn from the battery when the igni-
tion key and ehgine are both off. This test
helps to identify possible sources of exces-
sive baltery current drain, which couid even-
{ually lead to a "dead” battery.

1. Turn ignition Key and all accessories
OFF.

Make sure trunk, hood, and dome fights
are ali OFF.

{See Fig. 19)

Fig. 19

2. Insert BLACK test lead into COM test
lead jack.

3. Insert RED test lead into "15A" test lead
jack.
4. Disconnect positive (4) battery cable.

5. Connect RED test lead to positive (+)
hattery terminal.
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. Connect BLACK testleadto posmve (+)

battery cable.

NOTE: Do not start vehicle during this fest,
because multimeter damage may result,

. Turn multimeter rotary switch to 15A

DC position.

. View reading on display.

* Typical current draw is 100mA. (!mA =
G.001A)

= Referto vehicle service manual for manp-
facturers specific Engine Off Battery Cur-
rent Draw,

NOTE: Radio station presets and clocks
are accounted for in the 100mA typxcal
current draw. :

. Test Resuits,

Normal Current Draw: Display reading in
Step 8 is within manufacturers specifica-
Hons.,

Excessive Current Draw:

- Display reading in Step 8 is well outside
manufacturers specifications.

-~ Remove Fuses from fuse box one at a
time untif source of excessive current
draw is located.

- Non-Fused circuits such as headlights,
refays, and solenoids shouid also be
checked as possibie current drains on
battery.

- When source of excessive current drain
is found, service as necessary.

Cranking Voltage - Battery Load Test

This test checks the battery to see if it is

delivering enough vollage to the starter motor
under cranking conditions,

Fig. 20

Test Procedure {see Fig. 20):

1. Disableignition system so vehicle won't
start.
Discennact the primary of the ignition coil
or the distributor pick-up coil or the cany
crank sensor to disable the ignition sys-
tem. Refer to vehicle service manual for
disabling procedure.

2. Insert BLACK test lead into COM test
lead jack.

3. Insert RED test Jead into V ()-PF test
fead jack.

4. Connect RED test lead to positive (+)
terminal of battery.
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5. Connect BLACK test lead to negative {-)
terminal of battery.

6. Turn multimeter rotary switch te 20V
DC range.

7. Crank engine for 15 seconds continu-
ously while observing display.

8. Test Results,

Compare dispiay reading in Step 7 with
chart beiow.

Voltage Temperature
9.6V or greater 70 °F and Above
9.5V 60 °F

9.4V 50 °F

9.3V 40 °F

9.1V 30 °F

8.9V 20 °F

8.7V 10 °F

8.5V _ 0°F

It voltage on display corresponds to above
voiage vs. temperature chart, then cranking
system is normal.

if voltage on display does not correspond to
chart, then it is possible that the baltery,
hattery cables, starting sysiem cabies, starter
solenoid, or starter motor are defective.



Voltage Drops 5. Turn multimeter rotary switch to 200mVy
) DC range.
This test measures the voltage drop across
wires, switches, cables, solenoids, and con-
hections. With this test you can find excessive
resistance in the starter system. This resis-
tance restrictsthe amount of current that reaches 6.
the starter motor resulting in low battery load
voltage and a slow cranking engine at starting,

Test Procedure (see Fig. 21):

If multimeter overranges, turn multimeter
fotary switch to the 2V DC range. {See
Setling the Range on page 6)

Crank engine untif steady reading is on

display.

* Record results al each point as displayed
on multimeter,

* Repeat Step 4 & 5 untit all points are
checked.

1. Disableignition system sovehicle won’t
start.

Disconnect the primary of the ignition coil 7. Test Resulls -

or the distributor pick-up coll or the camy/ i
crank sensor to disable the ignition sys- fjfr'"éit,f,ﬂo‘gfﬂge Drop of Starter Cir-

tem, Refer to vehicle service manual for

disabling procedure. Component Voitage
2. Insert BLACK test lead into COM test Switches 300mv
lead jack. Wire or Cable 200my
3. Insert RED test lead into V () #} test Ground 100mv
lead jack. Battery Cable Connectors 50mv
Connections .oV

=

Connect test leads.
Refer to Typical Cranking Voltage Loss
Circuit (Fig. 21).

¢ CGonnect RED and BLACK test leads al-
ternately between 1 &2, 2& 3,4 & 5,5
&6, 647,786,889, and 8 & 10.

» Compare voltage readings in Slep 8 with
above chart.

* If any voltages read high, inspect com-
ponent and connection for defects,

« |f defects are found, service as necessary.

Sofenold

Fig. 21 Typical Cranking Volta
Loss Circuit

ge

This is a representative sample of one
type of cranking circuit, Your vehicle
may use a different circuit with
diiferent components or locations.
Consult your vehicle service manual,

Starter
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Charging System Voitage Test

This test checks the charging system to see if
it charges the batlery and provides power to
the rest of the vehicles electrical systems
{lights, fan, radio etc).

! h
T,q o

Test Procedure {see Fig. 22):

1.

Insert BLACK test lead into COM test
lead jack.
Insert RED test lead into V ()T test
lead jack.

. Connect RED test lead to positive {+)

terminal of battery.

. Connect BLACK test lead fo negative (-}

terminal of battery.

. Turn multimeter rotary switch to 20V

BC range.

6. Start engine - Let idie.

7. Turn off all accessories and view read-
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ing on display.
+ Charging systemis notmal i display reads
13.2 to 15.2 voits.

= if display voltage is not between 13.2 to
15.2 volts, then proceed to Step 13.

. Open throttle and Hold engine speed

(RPM) between 1800 and 2800 RPM.

Hold this speed through Step 11 - Have an
assistance help hoid speed.

. View reading on display.

Voltage reading should not change from
Step 7 by more than 0.5V,

10.Load the electrical system by turning

on the lights, windshield wipers, and
selting the blower fan on high.

11.View reading on display.

Voltage should not drop down below about
13.0V.

12.8hut off all acceséories, return engine

to curb idie and shut off.

13.Test Results.

. * If voltage readings in Steps 7, 9, and 11
were as expected, then charging system
is normal.

* |§ any voltage readings in Steps 7, 9, and
11 were different then shown here or in
vehicle service manual, then check for a
loose alternator belt, defective regulator
ot alternator, poor connections, ar open
altemnator field current.

+ Refer to vehicle service fmanual for fur-
ther diagnosis.



Ignition System Testing

The ignition system is responstble for providing the spark that ignites the fuel in the cylinder.
ignition system components that the digital multimeter can test are the primary and secondary
ignition coil resistance, spark plug wire resistance, hall effect switches/sensors, reluctance pick-
up coil sensors, and the switching action of the primary ignition coit.

Ignition Coil Testing

This test measures the resistance of the pri-
mary and secondary of an ignition coil. This
test can be used for distributorless ignition
systems (DIS) provided the primary and sec-
ondary ignition coit terminals are easily ac-
cessible,

Test Procedure:

1. If engine is HOT let it COOL down be-
fore proceeding.

2. Disconnect ignition coil from ignition
system.

8. Connect test leads,

* Connect RED test lead to primary igni-
tion coil positive (+) terminal.

+ Connect BLACK test lead to primary ig-
nition coil negative (-) terminal.

« Refer to vehicle service manual for loca-
tion of primary ignition coif terminals.

7. View reading on display.

" Subtract testlead resistance found in Step
5 from above reading.

8. Hfvehicle is DIS, repeat Steps 6

Fig. 23
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Typical Cylindrical
N fgnition Coli_J

and 7 for remaining ignition
coils.

9. Test Results - Primary Coli

+ Typical resistance range of pri-
mary ignition coils is 6.3 - 2.082.

* Refer 1o vehicle service manual
for your vehicles resistance

\Primary range
Coit ge.

3. insert BLACK test lead into

COM test lead jack (see Fig.
23).

4. Insert RED test lead into
V Q +f“ test lead jack.

5, Turn multimeter rotary switch
to 2000 range.

B Primary
Coit

Typical Cylindricat
ignition Col
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10. Turn multimeter rotary switch to 200K
range (see Fig. 24).

11.Move RED test lead to secondary igni-
tion coil terminal.

» Refer to vehicle service manual for loca-
tion of secondary ignition coil terminail.

» Verify BLACK test fead is connected 10
primary ignition coil negative () termi-
nal,

12.View reading on display.

13.1 vehicle is DIS, repeat Steps 11 and 12
for remaining ignition coiils.

14.Test Results - Secondary Coil

» Typical resistance range of secondary
ignition coils is 6.0 - 30.0K..

+ Refer to vehicie service manuatl for your
vehicles resistance range.

15.Repeat test procedure for a HOT igni-
tion coil.

NOTE: It is a good idea to test ignition
coils when they are both hot and cold,
because the resistance of the coil could
change with temperature. This will also
help in diagnosing intermittent ignition sys-
tem problems.

16.Test Results - Overall

Good lgnition Coil: Resistance readings
in Steps 9, 14 and 15 were within manufac-
turers specification.

Bad ignition Coil: Resistance readings in
Steps 9, 14 and 15 are not within manufac-
turers specification.
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Ignition System Wires

This test measures the resistance of spark
plug and coil tower wires while they are being
flexed. This test can be used for distributorless
ignition systems (DIS) provided the system
does not mount the ignition coil directly onthe
spark plug.

Test Procedure:

1. Remove ignition system wires one ata
time from engine.

« Always grasp Ignitlon system wires on
the boot when removing,

* Twist the boots about a half turn while
pulling gently to remove them.

« Refer to vehicte service manual for igni-
tion wire removal procedure,

« inspect ighition wires for cracks, chaffed
insulation, and corroded ends.

NOTE: Some Chrysler products use a
mositive-locking” terminal electrode spark
plug wire. These wires can only be re-
moved from inside the distributor cap.
Damage may resuil if other means of re-
moval are attempted. Refer to vehicle ser-
vice manuatl for procedtre.

NOTE: Some spark plug wires have sheet
metal jackets with the foliowing sym-
bolw»-=-, This type of plug wire contains
an "air gap" resistor and can only be
checked with an oscilloscope.

2. Insert BLACK test lead into COM test
lead jack (see Fig. 25).

. 3. Insert RED test lead into V (J¥ test
{ead jack.

4. Connect RED test lead fo one end of
ignition wire and BLACK test lead to
other end.

5. Tarn multimeter rotary switch to 200KQ
range.

6. View reading on display while flexing
ignition wire and boot in several places.

* Typical resistance range is 3K to 50KQ
or approximately 10KQ per foot of wire,

« Refer to vehicle service manual for your
vehicles resistance rangs,

* As you flex ignition wire, the display
should remain steady.

7. Test Results

Good Ignition Wire: Display reading is
within manufacturers specification and re-
mains steady white wire is flexed.

Bad Ignition Wire: Display reading errati-
cally changes as Ignition wire is flexed or

display reading is not within manufactur-
ers specification,
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Hall Effect Senscrs/Swiiches

Halt Effect sensors are used whenever the
vehicle computer needs to know speed and
position of a rotating object. Hall Effect sen-
sors are commonly used in ignition systems
to determine camshaft and crankshaft posi-
tion so the vehicle computer knows the opti-
mum time to fire the ignition coil{s) and turn on
the fuel infectors. This test checks for proper
operation of the Hall Effect sensor / switch.

Test Procedure {see Fig. 26):

1. Remove Hall Effect Sensor from ve-
hicie.
Refer to vehicle service manual for proce-
duse.

2. Connect 8V battery o sensor POWER
and GROUND pins.
» Connect positive(+) terminal of 9V bat-

tery to sensor POWER pin.

« Connect negative{-) terminal of 9V kai-
tery lo sensor GROUND pin.

« Refer to illustrations for POWER and
GROUND pin jocations.

* For sensors not iliustrated refer to ve-
hicle service manual for pin locations.

3. Insert BLACK test lead into COM test
iead jack.

4, Insert RED test lead into \f (}-»} test
lead jack.

5. Connect RED test lead to sensor SIG-
NAL pin.

6. Connect BLACK test lead to 8V battery
negative(-) pin.

7. Turn multimeter rotary switch to 200%)
function,
Multimeter shouid sound a tone.

8. Slide a flat blade of jron or magnetic
steel between sensor and magnet. (Use
a scrap of sheet metal, knife blade, steel
ruter, etc.)

« Multimeter tone should stop and dispiay
should overrange.

* Remove steel blade and multimeter
shouid again sound a tone.

« it is O.K. if display changes erratically
after metal biade is removed.

» Repeat several times to verify results.
9. Test Results

Good Sensor; Multimeter toggles from
tone to overrange as steel blade is in-
serted and removed.

Bad Sensor: No change In mullimeter as
steet blade is inserted and removed,

Chrysier Ristributor

Halt Effect
POWER
Jumper
Wires
GROUND SIGNAL
#on or Ford Distributor
Sleci Blade

Hall Effect i

Typieal Hall SIGNAL POWER  GROUND

Effect Sensor
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Magnetic Pick-Up Coils — Reluctance Sensors

Reluctance sensors are used whenever the
vehicle computer needs to know speed and
position of a rotating object. Reluctance sen-
sors are commonty used in ignition systems to
determine camshaft and crankshaft position
so the vehicle computer knows the optimum
time 10 fire the ignition coil(s) and turn on the
fuel injectors. This test checks the reluctance
sensor for an open or shorted ¢coil. This test
does not check the air gap or voltage output of
the sensor.

3.

Connect RED test lead to either sensor
pin.

. Connect BLACK test lead to remaining

sensor pin.

. Turn multimeter rotary switch to 2KQ

range.

- View reading on display while flexing

sensor wires in several places.
* Typical resistance range is 150 - 10000,

Fig. 27
’ Reluctance
Sensor
Relucior
Ring
Magnet

« Refer to vehicle service manuai
foryourvehicles resistance range.

* As you flex sensor wires, the dis-
play should remain steady.

7. Test Resuits

Good Sensor: Display reading is
within manufacturers specification
and remains steady while sensor
wires are flexed.

Bad Sensor: Display reading errati-
cally changes as sensor wifes are
flexed or display reading is not within
manufacturers specification.

Test Procedure {see Fig. 27)

1. Insert BLACK test lead into COM test
lead jack,

2. Insert RED test lead into V () ®} test
lead jack.
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Ignition Coil Switching Action

This test checks 1o see if the negative termi-
nal of the primary ignition coil is geiling
switched ON and OFF via the Ignition module
and camshaft / crankshaft position sensors.
This swilching action is where the RPM or
tach signal originates. This test is primarily
used for a no start condition.

Ground

Typlcal
Ignition
Coit

Test Procedure {see Fig. 28):
1. Insert BLACK test lead into COM test
lead jack.

2. Insert RED test lead into ()/<[° test
lead jack.
3. Cennect RED test lead to TACH signal
wire,
« if vehicle is DiS (Distributorless ignition
System), then connect RED test lead to
the TACH signal wire going from the DIS

module to the vehicle engine computer.
(refer to vehicle service manuat for loca-
tion of this wire}

+ For all vehicles with distributors, connect
RED test lead to negative side of primary
ignition coil. (refer to vehicle setvige
manual for tocation of ignition caoil}

. Connect BLACK test {ead to a good

vehicie ground.

. Turn multimeter rotary switch to cor-

rect CYLINDER selection in RPN

. View reading on display while engine is

cranking.

« Typical cranking RPM range is 50-275
RPM depending on temperature, size of
engine, and battery condition.

= Refer to vehicle service manual for spe-~
cific vehicle cranking RPM range.

. Test Results.

Good Coll Switching Action: Display read-
ing indicated a value consistent with manu-
fatturers spegcifications.

Bad Coil Switching Action:

s Disptay read zero RPM, meaning the
ignition coil is not being switched ON
and OFF.

= Check ignition system for wiring defects,
and test the camshaft and crankshaft
SENS0IS.



pical Mixiure Contral

FU@B Syg%@m Testﬁﬂg Tgt:vlem::icl Connectlon

The requirements for jower vehicle emissions has in-
creased the need for more precise englne fuel control. Auto
manufacturers began using electronically controlled car-
buretors in 1980 {o meet emission reguirements, Today's
modsrn vehicles use electronic fuel injection fo precisely
control fuetl and further lower emissions. The digital multi-
meter can be used {o test the fJuel mixture controi s o l e -
noid on General Motors vehicles and 1o measura
fuel injector resistance.

Mixture Control

Solenoid
Testing GM C-3 Mixture Control Solenoid Dwell
This solencid is located in the carburetor. Its 2. Refer to vehicle service manual for
purpose is to maintain an air/fuel ratio of 14.7 multimeter hook-up instructions.
to 1 in order to reduce emissions. This test 3. Turn multimeter rotary switch to 6 Cyl-

checks to see if the solenoid dwell is varying. inder Dwell position for all GM vehicles

Run engine at 3000 RPM.
Make engine run both RICH and LEAN.
Watch multimeter display.

Test Description:

This test is rather long and detailed. Refer to
vehicle service manual for the complete test
procedure. Some important test procedure
highlights you need to pay close attention to
are Hsted below.

Newe s

Muttimeter display should vary from
10° to 50° as vehicle changes from lean
1. Make sure engine is at operating tem- o rich.

perature and running during test.
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Measuring Fuel Injector Resistance

Fuel injectors are similar to solenoids. They
contain a coil that is switched ON and OFF by
the vehicle computer. This test measures the
resistance of this coil to make sure itis not an
open cirguit. Sherted coils can alse be de-
tected if the specific manufacturer resistance
of the fuel injector is known.

Typical Fuel
injector

Test Procedure (see Fig. 29):

1. Insert BLACK test fead into COM test
lead jack.

2. Insert RED test lead into V {)-#} test
lead jack.

3. Turn multimeter rotary switch to 200£2
range.

Touch BED and BLACK multimeter leads
together and view reading on display.

Dispiay should read typically 0.2 ~ 1.5Q.

1§ display reading was greater than 1.5,
checl both ends of test leads for bad
connections. If bad connections are found,
replace test leads.
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4.

Disconnect wiring harness from fuel
injector - Refer to vehicle service manual
for procedure.

. Connect RED and BLACK tes! leads

across fuel injector pins,

Make sure you connect test leads across
fuel injector and not the wiring harness.

. Turn muitimeter rotary switch to de-

sired OHM range.

i the approximate resistance is unknown,
start at the largest OHM range and de-
crease to the appropriate range as re-
quired, (see Sefling the Range on page 6)
View reading on display - Note range
setting for correct units.

= If display reading is 1082 or less, subtract

test lead resistance found in Step 3 from
abovea reading.

» Compare reading fo manufacturers speci-
fications for fuel injector coil resistance.

» This information is found in vehicle ser-
vice manual.

. Test Resulis

Good Fuelinjector resistance: Resistance
of fuel injector coll is within manufacturers
spegifications,

Bad Fuel Injector resistance: Resistance
of fuel injecter coll is not within manufac-
turers specifications.

NOTE: if resistance of fuel injector coll is
within manufacturers specifications, the
fuel injector could still be defective. it is
possible that the fue! injecior is clogged or
dirty and that is causthg your driveability
problem.



Testing Engine Sensors

In the early 1880's, compuier conirols were installed in vehicles 1o meet Federal Government
reguiations for lower emissions and betier fuel economy. To do its job, a computer-controlled
engine uses electronic sensors to find out what is happening in the engine. The job of the sensor
is to take something the computer needs to know, such as engine temperature, and convert it to
an electrical signal which the computer can undersiand. The digitat multimeler is a usetul tool for

checklng senseor operation.

Oxygen (O,) Type Sensors

The Oxygen Sensor produces a voltage or
resistance based on the amount of oxygen in
the exhaust stream. A low voltage (high resis-
fance) indicates a lean exhaust (teo much
oxygen), whife a high voltage (low resistance)
indicates a rich exhaust {not encugh oxygen).
The computer uses this voltage te adjust the
air/fuel ratio. The two types of O, Sensors
commonty in use are Zirconia and THania.
Refer to ilustration for appearance differ-
ences of the two sensor types.

Tast Procedure {(see Fig. 30}

1. if engine is HOT, let it COOL down be-
fore proceeding.

2. Remove Oxygen Sensor from vehicle.

3. Insert BLACK test lead into COM test
fead jack.

4. Insert RED test lead into Y () -} test
lead jack.

Titania-Type
Oxygen Sensor

Exposed
fiat element

Zirconia-Type
Oxygen Sensor

Flutes

5. Test heater circuit,

+ if sensor contains 3 or more Wires,_thén
your vehicle uses a heated O, sensor,

+ Refer to vehicle service manual for loca-
tiorn: of heater pins,

« Connect RED test lead to either heater
pin,

L 1-Wire or 3-wire; Ground is sensor housing

2-wire or d-wire: Ground is in sensor wiring harness

» Connect BLACK iest lead to remaining
heater pin.

« Turn muilimeter rotary switch to 2000
range.

» View reading on display.

« Compare reading to manufacturer's
specification in vehicle service manual.

+ Remove both test leads from sensor.

. Connect BLACK test iead to sensor

GROUND pin.

¢ |f sensor is 1-wire or 3-wire, then
GROUND is sensor housing.

s i sensor is 2-wire or 4-wire, then
GROUND is in sensor wiring harness.

= Refer to vehicle service manual for Oxy-
gen Sensor wiring diagram,

. Connect RED test lead to sensor SIG-

NAL pin.

. Test Oxygen Sensor.

« Turn multimeter rotary switch to...
-2V range for Zirconia Type Sensors.
- 200KQ range for Titania Type Sensors.
* Light propane torch.

« Firmiy grasp sensor with a pait of locking
pliers. ‘

= Thoroughly heat sensof tp as hot as
possible, but not “glowing.” Sensor tip
must be at 660°F 10 operate.

» Completely surround sensor tip with
flame to depleie sensor of oxygen (Rich
Condition).
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» Multimeter display should read...

- 0.6V or greater for Zirconia Type Sen-
50r8,

—an Ohmic(Resistance) vaiue for Titania
Type Sensors. Reading will vary with
flame temperature.

» While stili appiying heat to sensor, move
flame such that oxygen can reach sensor
tip (Lean Condition).

» Muitimeter display should read...
—-0.4V orless for Zirconia Type Sensors.

—an overrange condition for Titania Type
Sensors. (See Setting the Range on
page 8.)
9. Repeat Step B a few times to verify
results.

10.Extinguish Flame, let sensor cool, and
remove test leads.

11.Test Results.
Good Sensor:

« Heater Circuit resistance is within
manufacturer's specification.

« Oxygen Sensor ouiput signal changed
when exposed to a rich and lean condi-
tion.

Bad Sensor:

« Heater Circuit resistance is not within
manutacturer's specification.

« Oxygen Sensor outpui signal did not
change when exposed 1o a rich and lean
condition,

» Oxygen sensor output voltage takes
jonger than 3 secends to switch from a
rich to a lean gondition.



Temperature Type Sensors

A temperature sensor is a thermistor or a
resistor whose resistance changes with tem-
perature, Tha hotier the sensor gels, the lower
the resistance becomes. Typical thermistor
applications are engine coofant sensors, in-
take air temperature sensors, transmission
fluid temperature sensors, and oil tempera-
fure sensors.

Fig. 31

Halr Dryer A

Typical
intake Air
Temperature

*«w Sensor

TUA AT
TUEE

Test Procedure (see Fig. 31):

1. if engine is HOT let it COOL down be-
fore proceeding.

Make sure all engine and transmission
fluids are at outside air temperature befora
proceeding with this test]

2. Insert BLACK test lead into COM test
jead jack.

3. Insert RED test lead into Y ()% test
iead jack.

4, Disconnect wiring harness from sen-
sor.

5. If testing Intake Air Temperature Sen-
sor - Remove it from vehicle,

All gther temperature sensors can remain
on vehicie for testing.

8. Connect RED test lead 0 either sensor
pin.

7. Connect BLACK test lead to remaining
sensor pin.
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. Turn multimeter rotary switch to de-

sired OHM range.

If the approximate resistance is unknown,
starl at the largest OHM range and de-
crease to the appropriate range as re-
guired. (See Setting the Range on page 6)

9, View and record reading on display.
10.Bisconnect multimeter test leads from

sensor and reconnect sensor wiring.
This step does not apply to intake air
temperature sensors. For intake air tem-
perature sensors, leave multimeter test
leads stili connected to sensor.

11.Heat up sensor.

If testing Intake Air Temperature Sensor:

» To heat up sensor dip sensor tip into
boiling water, or...

* Heattip with alighter if sensor tip is metal
or a hair dryer if sensor tip is plastic.

. V_iew and record smallest reading on
dispiay as sensor is heated.

* Yol may need to decrease the rangs to

get a more accurate reading.

For all other temperature sensors:

» Start engine and let idle unti! upper ra-
diator hose Is warm,

» Turn ignition key OFF.

« Disconnect sensor wiring harness and
reconnect mutiimeter test leads.

* View and record reading on display.

12.Test Results.

Good Sensor:

* Temperature sensors HOT resistance is
at least 300Q 'less than its COLD resis-
tance.

* The key point is that the COLD resistance
decreases with increasing temperature.

Bad Sensor;

* There is no change between the tem-
perature sensors HOT resistance from
the COLD resistance.

* The temperature sensor is an open or a
short circuit.

Position Type Sensors

Position sensors are polentiometers or & type of
variable resigtor, They are used by the computer o
determine position and direction of movement of a
mechanical device. Typical position sensor applica-
tions are throttie positior sensors, EGR valve posi-
tion sensors, and vane air flow sensors,

Typical Toyota Throttle
Position Sensor

Fig. 32

Black

SiGNAL  IDLE SWITCH

Test Procedure (see Fig. 32):
i. tnsert BLACK test lead into COM test
tead jack.
2. Insert BED test lead into V ()t test
fead jack.
3. Disconnect wiring harness from sen-
sSO7T,
4. Connect Test Leads.
« Connect RED test lead to sensor POWER
pin.
» Connect BLACK test lead to sensor
GRCUND pin.

» Refer to vehicle service manual for loca-
ficn of sensor POWER and GROUND

pins.
5. Turn multimeter rotary switch to 20K0Q
range.
6. View and record reading on display.

« Display shouid read some resistance
value.

s if multimeter is overranging, adjust the
range accordingly. (See Setting the
Range on page 6.)
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o [f multimeter overranges on largest
range, then sensor is an open circuit
and is defective.

7. Move RED test lead to sensor SI1G-

NAL pin.

« Refer to vehicle service manual for
location of sensor SIGNAL pin.

B. Operate Sensor.

Throttle Position Sensor!

« Slowly move thiottie linkage from
closed to wide open position.

« Depending on hook-up, the display
reading witl either increase of de-
grease in resistance.

» The display reading shoutd either glart
at or end at the approximate resis-

tance value measured in Step 6.

« Some throttle position sensors have
an Idle or Wide Open Throttle {(WOT)
switch in addition fo a potentiometer.

« 7o test these switches, follow the Test-
ing Switches test procedure on page 13.

« When you are told to operate switch,
then move throttie linkage.

Vane Air Flow Sensor:

» Siowly open vane “door” from closed to
open by pushing on it with a pencil or
similar oject. This will not harm sensor.

+ Depending on hook-up, the display read-
ing wilt either increase or decrease in
resistance.

« The display reading should either gtart
at or end at the approximate rasistance
value measured in Step 6.

+ Some vane air flow sensors have an idle
switch and an intake air temperature
sensor in addition to a potentiometer.

s To est idie switch see Testing Switches
on page 13. )

= When you are told to operate switch,
then open vane “door”.

« To test intake air temperature sensor see
Temperature Type Sensors on page 30.




EGR Vaive Position
* Remove vacuum hose from EGR valve.

¢ Connect hand vacuum pump o EGR
vaive,

+ Graduaily apply vacuum to slowly open
valve. {Typically, 5 to 10 in. of vacuum
fully opens vaive.)

» Depending on hook-up, the display read-

Ing will either increase ot decrease in
resistance.

° The display reading should either gtart
at or end at the approximate resistance
value measured in Step 6.

. Test Results,

Good Sensor:  Display reading gradually
increases or decreases in resistance as
sensor is opened and closed.

Bad Sensor: There is no change in resis-
tance as senser is opened or closed.
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Manifold Absolute Pressure
(MAP) and Barometric

- Pressure (BARO) Sensors

This sensor sends a signal to the computer
indicaling atmospheric pressure and/or en-
gine vacuum. Depending on the type of MAP
sensor, the sighal may be a dc voliage or a
frequency. GM, Chrysler, Honda and Toyota
use a de voliage MAP sensor, while Ford
uses afrequency type. For other manufactur-
ers refer to vehicle service manual for type of
MAP sensor used,

Fig. 33
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Test Procedure (see Fig. 33):

1.

insert BLACK test lead into COM test
lead jack.

Insert RED test lead into..

» V(- test tead jack for DC type
MAP sensors.

* (/400 test lead jack for frequency
type sensors.

3. Disconnect wiring harness and vacuum
line from MAP sensor.

4. Connect jumper wire between Pin A on
wiring harness and sensat.

5. Connect another jumper wire between
Pin C on wiring harness and sensor.

6. Connect RED test iead 1o sensor Pin B.

7. Connect BLACK test lead to good ve-
hicle ground.

8. Make sure test leads and jumper wires
are not touching each other.

9. Connect a hand held vacuum pump to
vacuum port on MAP sensor.

10.Turn kgnition Key ON, but do not start
engine!
11.Turn multimeter rotary switch to...
» 20V range for BC type MAP sensors.
* 4 Cylinder RPM position for Freguency
type MAP sensors.
12.View reading on display.
DC Volis Type Sensor:

= Verify hand held vacuum pump is at 0 in.
of vacuum.

» Display reading should be approximately
3V or 5V depending on MAF sensor
manufacturer,

Frequency Type Sensor:

* Yerify hand held vacuum pump is at O in.
of vacuum.

« Disptay reading should be approximately
4770RPM + 5% for Ford MAP sensors
only.

" » For other frequency‘ type MAP sensors
refer to vehicle service manual for MAP
sensor specifications.

» itis O.K. if iast two display digits change
slightly while vacuum is held constant.
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* Remember to multiply display reading by
10 10 get actual RPM.

« To convert RPM to Frequency or vice
versa, use equation below.

PM

30

(Equation Only Valid for Muitimeter in 4
Cylinder RPM Position)}

Frequency =

13.0perate Sensor,

* Slowly apply vacuum to MAP sensor -
Never exceed 20 in. of vacuum because
damage to MAP sensor may resuit.

+ Display reading should decrease in yoli-
age or BPM as vacuum o MAP sensor
is increased.

» Referto vehicle service manualfor charis
relating voltage and frequency drop to
increasing engine vacuum,

* Use equation above for Frequency and
RPM conversions.

14.Test Results.

Good Sensor!

« Sensor outputvoltage or frequency(RPM)
are within manufacturers specifications
at 0 in. of vacuum.

» Sensor output voitage or frequency
{RPM) decrease with Ingreasing vacuurm.

Bad Sensor:

* Sensor output voltage or freguency
(RPM} are not within manufacturers
specifications at 0 in. of vacuum.

+ Sensor cutput voltage or frequency
(RPM) do not change with increasing
vacuum.



Mass Air Flow (MAF) Sensors

This sensor sends a signat to the computer
indicating the amount of air entering the en-
gine. Depending on the sensor design, the
signal may be a de voltage, low frequency, or
high frequency type, The CP7678 can only
testthe de voltage and low frequency type
‘of MAF sensors. The high frequency type
sensors output a frequency that is too high for
the CP7678 to measure. The high frequency
type MAF is & 3-pin sensor used on 1989 and
" newer GM vehicles. Refer to vehicle service
manual for the type of MAF sensor your ve-
hicle uses.

Test Procedure (see Fig. 84):

1. Insert BLACK test lead into COM test
lead jack.

2. Insert RED test lead into...

« VV (}»F test lead jack for DC type
MAP sensors.

. C)/{" test lead jack for frequency
type sensors.

Fig. 34
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3. Connect BLACK test lead to good ve-
hicle ground.

4, Connect RED test lead to MAF signal
wire. ‘

« Referto vehicle service manual for joca-
tion of MAF signal wire.

* You may have o backprobe or plerce
MAF signal wire in order to make con-
nection.

+ Refer to vehicle service manual for best
way to connect to MAF signal wire.

5. Turn lgnition Key ON, but do not start
engine!

6. Turn multimeter rotary switch to...
+ 20V range for DC type MAF sensors.

+ 4 Cylinder BPM position for Low Fre-
quency type MAF sensors.

7. View reading on display.

DC Volts Typa Sensor:

» Display reading should be approximately
1V or less depending on MAF sensor
manufacturer,

Low Frequency Type Sensor:

+ Display reading should be approximately
330RPM + 5% for GM Low Frequency
MAF sensors.

= For other Low Frequency type MAF sen-
sors refer to vehicie service manual for
MAF sensor specifications.

+ His O.K. if iast two display digits change
slighfly while Key is ON.

* Remember to muitiply display reading by
10 to get actual RPM.

* To convert RPM to Frequency or vice
versa, use equation below,

RPM
30

{Equation Only Valid for Mullimeter in
4 Cylinder RPM Pasition}

Frequency =

8. Operate Sensor.

* Siart engine and let idle.

» Digplay reading should...
- increase in voltage from Key On En-
gine OFF for DC type MAF sensors.

- increase in RPM from Key On Engine
OFF for Low Freguency type MAF sen-
SOrS.

» Rev Engine.
= Display reading should...

- increase in voltage from ldie for DC
type MAF sensors.

. increase in BPM from ldie for Low Fre-
quency type MAF sensors.
« Referto vehicle service manuat for charts

relating MAF sensor voltage or frequency
(8]PM) to increasing air flow,

« Use equation above for Frequency and
REM conversions.

. Test Results.

Good Sensot:

« Sensor ouiput voltage or freq&enpy
(RPM) are within manufacturers specifi-
cations at Key ON Engine OFF,

» Sensor ouiput voliage or frequency

(RPM) increase with increasing air flow, .

Bad Sensor:

» Bensor output voltage or fregquency
(RPM) are not within manufacturers
specifications at Key ON Engine GFF.

« Sensor output voltage or frquenc_y
{RPM) do not change with increasing air
fiow.

Electrical Specifications

DC Volts
Range: 200mV, 2V, 20V, 200V
Accuracy @ £(0.75% rdg + 2 dgts)

pC Current
Range: 1BA -
Accuracy: £(1.5% rdg -+ 2 dgts)

Resistance

Range: 2000, 2K, 20K0Q, 200KQ
Accuracy: £(1,0% rdg + 5 dgts)
‘Range: 2Z0MQ

Accuracy: £(2.0% rdg + 5 dgts)

puty Cycle
Accuracy: #(1.5% rdg + 2 dgis)

bwell
Range: 4CYL, 5CYL, 6CYL, 8CYL
Accuracy: £(1.5% rdg + 2 dgts)

RPM - .
Range: 4CYL, 5CYL, 8CYL, 8CYL
Accuracy: (3% rdg + b dgts)

Audible Continuity
Buzzer sounds at approximately less than 7¢
Ohms. :
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