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Safety
/\ DANGER

@ Engines produce carbon monoxide which is odorless,
causes slower reaction time, and can lead to serious
injury. When the engine is operating, keep service areas
WELL VENTILATED or attach the vehicle exhaust system

to the shop exhaust removal system.

@ Set the parking brake and block the wheels before testing
or repairing the vehicle. It is especially important to block
the wheels on front-wheel drive vehicles: The parking
brake does not hold the drive wheels.

¢ Wear an eye shield when testing or repairing vehicles.
Exceeding the limits of this meter is dangerous. It will
expose you to serious or possibly fatal injury. Carefully
read and understand the cautions and the specification

limits of this meter.

@ \oltage between any terminal and ground must not exceed
1000V DC or 750V AC.

Vie Y #

@ Use caution when measuring voltage above 25VAC or DC.
@ Circuit tested must be protected by a 20A fuse or circuit breaker.

# Do not use the meter if it has been damaged.

@ Do not use the test leas if the insulation is damaged or metal is exposed.
@ Use current clamps to measure circuits exceeding 10A.

A\ Danger

@ Avoid electrical shock: Do not touch the test leads, tips or
The circuit being tested.

¢ Do not try a voltage measurement with the test leads in the
20A or the mA terminal.

€ When testing for the presence of voltage or current, make sure the meter
Is function correctly. Take a reading of a known voltage or current before
accepting a zero reading.

@ Choose the proper range and function for the measurement. Do not try

voltage or current measurements that may exceed the ratings marked
on the function/range switch or terminal. ‘

4 When measuring current, connect the meter in series with the load.
@ Never connect more than one set of test leads to the meter.
@ Disconnect the live test lead before disconnecting the common test lead.

& The mA and the 20A terminals are protected by fuses. To avoid possible
Injury or damage, use only in circuits limited to 400mA or 10A
continuous/20A for 15 seconds.

See also
& Fuse Replacement

IMPORTANT
¢ To maintain accuracy of the meter, replace the discharged battery
immediately when the battery symbol appears on the meter display.

€ Avoid measuring error form outside interference: keep the meter away form
spark plug or coil wires.

@ Avoid damaging the meter when testing voltage: Disconnect the test leads
form the test points before changing functions.

@ Do not exceed the limits shown in the table below:

Function Terninal Input Limit
AC Volts V/Q/REM 750V AC rms
DC Volts 1000V DC
Frequency
Ohm(resistance) V/ Q@ /RPM 500V AC/DC
Diode
AC/DC 400mA mA 400mA AC/DC
AC/DC 20A 20A *20A AC/DC
RPM
Duty Cycle(%) V/Q/RPM 500V AC/DC
Dwell angle
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* 10 Amp measurement continuous or 20 Amp measurement for 15
seconds maximum. )
[1] Ohm can not be measured if voitage is present, ohms can be
measured only in a non-powered circuit. However, the meter is
protected to 500 volts.

SPECIFICATION

GENERAL SPECIFICATION

¢ Display:3 34 digit (4000 counts), 9999 counts (Frequency mode), 40
segments analog bar graph and function units sign annunciators.

& Polarity: Automatic, (-) negative polarity indication.
€ Overrange Indication: 4000 Most Significant Digit blinks.

¢ Low Battery Indication: The is displayed when the battery voltage
drops below the operating level.

¢ Measurement Rate: 2/sec,nominal. 1/sec, Capacitance and frequency mode.

20/sec, Analog display.
@ Operating Environment: 0°Cto 50°C(32° F to 122° F)at <70% R.H.
& Storage Environment: -20°Cto 60°C(-4° F to 140° F) at < 80% R.H.
& Temperature Coefficient: 0.1 x (specified accuracy) / ‘C(<18°Cor > 28°C).
& Auto Power off: 30 minutes after rotary switch or mode changes.
@ Power: Single 9V Battery (NEDA 1604 or IEC 6F22)
4 Battery Life: 200 hours typical with alkaline battery.

@ Fuse: 20A/500V, 10.3x38mm fast acting ceramic type (100kA rupture).
0.5A/500V, 6.3x25mm fast acting type.

& Size (HxWxL): 1.5in x 3.4in x 7.5in (37mm x 87mm x 189mm).

¢ Weight: Approx. 385g (Meter Only), 520g (With Holster).

Electrical Specifications
“Accuracy is given as=([% of reading] + [number of leads significant digits]) at
18°C to 28°C(65° F to 83° F), with relative humidity up to 70%.

RPM (Tach)

Ranges:600-4000, 6000-12000 (x10 RPM)
Resolution : 1 RPM

Effect Reading: >600 RPM

Accuracy: +(2%rdg + 1dgt)

Overload protection: 500 VDC or RMS AC

PULSE WIDTH

Rangees:0.1ms - 10.0ms

Accuracy: +(2%rdg + 0.2ms)

Overload protection: 500 VDC or RMS AC

% DUTY CYCLE

Rangees:0.0 -90.0%

Resolution : 0.1%

Pulse width: >100us, < 100ms

Accuracy: +(2.0%rdg + 5dgts)

Overload protection: 500 VDC or RMS AC

DWELL ANGLE

No. Of cylinder: 4,5,6,8

Range: 0 - 890.0° (4 CYL), 0 - 72.0° (5 CYL), 0 - 60.0° (6 CYL), 0-45.0° (8
CYL)

Resolution: 0.1°

Accuracy: +(2.0%rdg + 5dgts)

Overload protection: 500 VDC or RMS AC

TEMPERATURE

Ranges: -50 to 1100°C, -50 to 2000° F

Resolution: 1°C/1°F

Accuracy: +(1.0%rdg +2°C )
+(1.0%rdg + 4°F )

Sensor: Type K Thermocouple

Input protection: 60VDC or 24VAC rms

DC VOLTAGE (Autoranging)

Ranges: 400mV, 4V, 40V, 400V, 1000V
Resolution: 100uV

Accuracy: +(0.5%rdg + 1dgt)

Input impedance: >10M Q@

Overload protection: 1000 VDC or 750 VAC rms.
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AC VOLTAGE (Autoranging)

Ranges: 400mV, 4V, 40V, 400V, 750V, (400mV only in manudl)

Resolution: 100uV
Accuracy: (1.2%rdg + 3dgt) at 50Hz to 500Hz
(2%rdg + 5dgt) at 500Hz to 1KHz

*The Frequency Respohse for 400mV range are 50Hz to 100Hz only Input

impedance: >10M Q
Overload protection: 1000 VDC or 750 VAC rms.

DC CURRENT
Ranges: 400mA, 20A.
Resolution: 0.1mA
Accuracy: (1.0%rdg + 1dgt) on 400mA range
(1.5%rdg + 1dgt) on 20A range
Input protection: 0.5A/500V fuse on 400mA range
20A/500V high energy fuse on 20A range

AC CURRENT

Ranges: 400mA, 20A.

Resolution: 0.1mA

Frequency response: 50Hz to 500Hz

Accuracy: £(1.5%rdg + 3dgts) on 400mA range
+(2.0%rdg + 3dgts) on 20A range

Input protection: 0.5A/250V fuse on 400mA range

20A/500V high energy fuse on 20A range

RESISTANCE (Autoranging)

Ranges: 400Q , 4KQ , 40K @, 400KQ ,4MQ ,40MQ

Accuracy: =£(1.2%rdg + 4dgts) on 400Q range
=+(1.0%rdg + 2dgts) on 4k Q to 400k Q ranges
+(2.0%rdg + 4dgts) on 4MQ to 40MQ ranges

Open circuit voltage: 0.4VDC

Overload protection: 500 VDC or RMS AC.

FERQUENCY (Autoranging)

Ranges: 100Hz, 1KHz, 10KHz, 100KHz, 400KHz
Resolution: 0.01Hz

Accuracy: +(0.1%rdg + 4dgts) on 1KHz to 100KHz ranges

+(0.1%rdg + 15dgts) on 100Hz or 400KHz ranges

Sensitivity: 400mV
Overload protection: 500VDC or RMS AC

CAPACITANCE (Autoranging)

Ranges: 4nf, 40nf, 400nf, 4uf, 40uf.

Resolution: 1pf

Accuracy: +(2.0%rdg + 20dgts) on 4nf range
+(2.0%rdg + 4dgts) on 40nf to 20uf ranges
+(5.0%rdg + 4dgts) on 20uf to 40uf ranges

Overload protection: 500VDC or RMS AC

DIODE TEST

Test current: 0.6mA typical

Resolution: 1mV

Accuracy: =(2.0%rdg + 2dgts)

Open circuit voltage: 3.0Vdc typical
Overload protection: 500 VDC or RMS AC.

AUDIBLE CONTINUITY

Open circuit voltage: 0.4Vdc

Audible threshold: Less than 40 Q
Overload protection: 500 VDC or RMS AC.

ACCESSORIE
Accessory (standard)
1. Test lead set.

2. Operators manual.
3. Battery 9V.

Accessory optional

1. Protective holster.

2. RPM Pick-up probe
3. Thermocouple type k

Getting Started
This chapter will help you get started.
It describes the basic functions of the meter.
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Meter Basics
Meter Boot

The meter boot is designed to protect
the meter during accidental falls. Add-
Itionally, it provides a convenient met-
hod of storage for the meter probes.

It also serves as a probe holder that
allows the operator to hold the meter
and probe in on hand and have the
other hand free for operating the rem-
aining test probe.

Meter Stand

The meter stand swings out and po-
sitions the meter at a convenient
viewing angle.

1. Digital and Analog display
Display features:
a. Four character digital display
b. Symbols to identify function
c. Analog bar graph
The digital display is test for stable
input. The bar graph is best for ra-
pidly changing input.

2. Function Buttons
Press the button to select a function.
A symbol will display to verify your
choice.

3. Rotary Selector Switch
Turn this switch to select a function
or turn the meter OFF.

4. Temperature Terminal
Insert the temperature probe in this
terminal.

Test lead terminals

The Black test lead is used in the COM
terminal for all tests. The Red test lead
is used to measure Amps or Volts.

o

Probe Storage

e ' / Meter Boot
\/ r\%
f N .‘\‘“;
LR
1
Meter Stand =~ ‘)

De-activation Feature

@ Automatic Power Off after 30 minutes of no activity.

¢ Automatic Power Off Disable must be set when the meter is to record data
over a period of time longer than 30 minutes. To disable the "power off" mode,
hold the yellow "PWR RST" button down while switching the meter ON.

Digital and Analog display

Press HOLD to hold data

display or resume testing. Press MAX/MIN to read each

recording. Minimum or Maxi -
mum reading recorded.
Press ZERO stores
the reading and dis -
plays the difference Press CYLINDER to select # of Diode or Conti -
betwean stored and cylinders when DWELL is se- nuity test
present reading. lected with the rotay switch,

\ [
A H DWELL #568CYLWAX WIN]4 o5 , \

Bead St
i n
*CFaufF
' RANG o o o X
0

RPM
g2
= uuunﬂuuuunnuuuﬂnnnnﬂnayuﬂuuu%nnnﬂnnu

0 L) 20 ODJ

Meter aut: tically Analong bar Graph dis- Press C/* F to
selects best Range play with polarity. alternate De -
grees Celsius
('C) or degress
Fahrenheit (° F)

N g 45 Pblarity' dicator

Units of measure:
dwell degress (° )
mill (m = 1/1,000)

Press Alt Function to select
Alternatiing Current (AC) Direct

Current (AC) seconds (s)
percent (%)
volts (V)

Press TRIG*to select Positive amps (A)

(+) or Negative (—) Trigger Slope mega (M = 1,000,000)
kilo (k = 1,000)

\ Low Battery ::g: égz))

Replace the meter battery when nano (n)

this symbol displays. micro (1)
farads (F)

muitiplied by 10 (x10)
Revolutions per minute (RPM)
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_display will indicate-11.50V. If the new

Function and Range Select
Turn the rotary switch in either direction to
select a function.

The Range is automatically selected by the
meter. But, you can also select a range within
a function by pressing the range button.

Always select a range higher than you expect
the current or voltage to be. Then select a
lower range if better accuracy is needed.
@ |f the range is too high, the readings are
less accurate.
@ If the range is too low, the meter shows
OL (over limit)

Push-button Functions

Alternate Function

The Alternate Function button is Blue in
color. Press it to toggle to the alternate

function (AC, audible and capacitance)

shown in Blue on the meter face.

ZeroAFunction dre
Press the ZeroAFunction button to zero

the display and store the reading as a

reference value. Press and hold the bu-

tton for two (2) seconds to exit this mode.

In the zeroA mode the value displayed is
always the difference between the stor
-ed value and the present reading. For
example, if the reference value is 24.00V
and the present reading is 12.50V, the

reading is the same as the reference
value, the display will be zero.

1

Date Record (MAX/MIN)
The Date Record feature stores the highest
or lowest reading in memory.

@ First, connect the meter probes to the test
points. Then press the MAX/MIN button
once to start MIN recording. the minimum
reading will be displayed.

@ Press the MAX/MIN button twice to start
the MAX recording. the terminal reading
will be displayed.

@ Press the HOLD button to stop the recor-
ding, press again to restart the recording.

Range Select

The range is automatically selected by the
meter. But, you can also manually select a
range within a function by pressing the
RANGE button.

Range Exit

To exit the RANGE mode and return to au-
toranging, press and hold the RANGE but-
ton for 2 seconds.

NOTE:

@ If the range is too high, the readings are
less aceurate

@|f the range is too low, the meter shows
OL (over limit).

Date Hold

The Date Hold Feature stores the last
reading in memory.

@ Press the DATA HOLD button once
to hold the present reading.

@ Press the DATA HOLD button again
to exit and resume readings.

12




Power Reset (PWR RST)

The PWR RST button turns the meter
back on when meter automatically
powers off.

Power Off Disable

To disable the automatic power off fun-
ction, hold down the PWR RST button
while turning the meter switch from OFF
to ON.

Temperature (C/°F)

The temperature feature will display the
data in degrees Celsius ('C) or Fahren-
heit (°F).

@ Press the "C/°F button to toggle back
or forward to display degrees Celsius
('C) or Fahrenheit (°F).

CYL Cylinder

Select the Dwell function, press the
Cylinder button to toggle between the 4,
5,6,0r 8 cylinder scale.

Trigger
select the Duty Cycle and Pulse Width fu-

nction, press the * Trigger button to
toggle between the negative (-) or positive
(+) slope.

See Also:

Meter Functions

@ Duty Cycle

& ms Pulse

Duty Cycle, What is it?

RPM / Dis

In the RPM function the meter defauits to
RPM (2) for conventional 4-cycle engines.
press the RPM button to toggle to RPM

(1) for 2-cycle engines or waste spark (DIS)
4-cycle engines.
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Meter Functions
Meter Functions- Voitage (V)

—~The meter will automatically select the
best voltage (V) range.

—Press the Blue toggle button to select
AC or DC.

Insert:
@ Black lead in COM terminal.
#Red lead in V/ Q/RPM terminal.

Touch the Black probe to the circuit com-
ing from the power source.

Touch the Red probe to the circuit com-
ing from the power source.

IMPORTANT: voltage must be measured
in parallel (Red probe measuring circuit
from power source).

—Accuracy
Selection of a lower range will move the
decimal point one place and increase the
accuracy of the reading. An OL (Over limit)
display means the range is too low, select
the next higher range.

—Analog Bar Graph
The Bar Graph is easier to read when
the date causes the digital display to
rapidly change. It is also useful foe
trend setting or directional data.

Meter Functions-Resistance (Q)

MPORTANT: If you are testing an application
that has capacitors in the circuit, be sure to

turn the power OFF on the test circuit and disch-
arge all capacitors. Accurate measurement is
not possible if external or residual voltage is
present.

14

A WARNING

When measuring voltage,
be sure the Red test lead is
in the terminal marked “ V .
If the test lead is in an Amp
(A) or Milliam pere (mA)
terminal, you may be injured
or the meter damaged.



—Select the resistance () setting with the
rotary switch.

—Select the resistance (Q) range with the
button labeled "RANGE if a more accurate
measurement is desired.

Insert:
@ Black lead in COM terminal.

@ Red lead in V/Q/RPM terminal.

NOTE:

The resistance in the test leads can effect
accuracy at the 400 range. Short the leads
together and press the ZERO A\ button to
automatically subtract the lead resistance form
the resistance measurements.

Touch the test lead probes across the resistor
to be tested.

Meter Function - Audible Continuity 3))

IMPORTANT: Turn the power OFF on the
test circuit.

—Select the Audible Continuity 9)) range
with the rotary switch.

—Press the Blue Alternate Function button
to select Audible Continuity.

Insert:
& Black lead in COM terminal.

@ Red lead in V/ Q/RPM terminal.

Connect one test probe to each end of the
circuit to be tested.

@ Circuit complete, the meter will "beep".
@ Circuit open, there is no "beep" and the
display shows 400 Q.

15

Circult open-
no beep

Clrcult complete - beep sounds

Meter Functions-Diode Check —»+

IMPORTANT: Turn the power off to the
test circuit

— Select the Diode Check (-t ) setting
with the rotary switch.

Insert:
@ Black lead in COM terminal.

@ Red lead in V/Q/RPM terminal.
Touch the Black test probe to the negative
(-) side of the diode.

Touch the Red test probe to the positive
(+) side of the diode.

Reverse the probes: Black to the positive
(+) side and Red to the negative (-) side.

NOTE:
A "good" Diode will read low in one direction

and high in the other direction when the probes

are reversed (or vice versa).

A defective diode will have the same reading
in both directions or read between 1.0 to 3.6V
in both directions.

Diode o + Reve-rf: frobe
Good |0:4100.9V 3.0t0 3.6V
3.010 3.6V 0.4 t0 0.9V
3.0t0 3.6V 1.0 to 3.0V
1.0 to 3.0V 3.0t0 3.6V
Bad | 0.4t00.9v 0.4 t0 0.9V
3.0t0 3.6V 3.0 10 3.6V

.000V .000V
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Meter Functions-Capacitance -t

IMPORTANT: Turn the power OFF to the
vehicle circuit to be tested. Discharge
the capacitor leads together. Use the DC
volts function to confirm that the capa-
citor is discharge.

—Select the 1l range with the rotary switch.

—~Press the Alternate Function button to
select Capacitance Measurement (4} ).

Insert:
@ Black lead in COM terminal.

4 Red lead in V/ Q /RPM terminal.

Attach the test probes to the capacitor as
illustrated.

NOTE:

@ Holding the probes witch your hands
may charge the capacitance in circuit
and generate a false reading.

& Residual voltage charges on the capacitor,
poor insulation resistance or poor dielectric
absorption may cause measurement errors.

Meter Functions-Temperature (Temp)

IMPORTANT: To avoid heat damage to the
meter, keep it away from sources of very
high temperature. The life of the temper-
ature probe is also reduced when subje-
cted to very high temperature (operating
range is -50° to 2,000°F).
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— Select the TEMP setting with the rotary
switch.

— Press the button on select C or ° F.

— Insert the temperature probe connector
into the K-type thermocouple socket.

Touch the end of the temperature sensor
to the area or surface of the object to be
measured.

Meter Functions- Frequency (Hz)

— Select the Frequency (Hz) setting with the
rotary switch.

Insert:
@ Black lead in COM terminal.

@ Red lead in V/ Q/RPM terminal.
Connect the Black test probe to ground.

Connect the Red test probe to "signal out"
Wire of the sensor to be tested.

NOTE:

For frequencies below 1 Hz, the display will
Show 00.00 Hz.

18
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Meter Functions-RPM/X10RPM

— Select the RPM range with the
rotary switch.
OR
— Select the XIORPM range with rotary
switch (1,000 to 12,000RPM). Multiply
the displayed reading times ten to get
actual RPM.

Insert the inductive pick-up connecting te-
rminal into the meter.

@ Ground lead in COM terminal.
4 Output lead in V/ Q/RPM terminal.

Connect the inductive pickup to a spark
plug wire. If no reading is received, unhook
the clamp, turn it over and connect again.

— Press the RPM button to toggle between
RPM 1 for 2-Cycle/ Distributorless Ignition
system (DIS) or RPM 2 for 4-Cycle
engines.

NOTE:

@ Position the inductive pick-up as far away
from the distributor and the exhaust mani-
fold as possible.

@ Position the inductive pick-up to within six
inches of the spark plug or move it to a-
nother plug wire if no reading or an erratic
reading is received.

Meter Functions- Duty Cycle (%)

— Select the % Duty Cycle range with the
rotary switch.

Insert:
@ Black lead in COM terminal.

@ Red lead in V/ Q /RPM terminal.
19

Mixture
Control
Shown

ToECM

Connect the Black test probe to ground.

Connect the Red test probe to the signal
wire circuit.

— Press the = TRIGGER button to toggle
between the negative (-) or positive (+)
slope.

The illustration for a mixture control solenoid
is shown with the metering rod in the closed
position.

In most applications, the negative (-) slope is
assigned to display the percentage of time
the plunger is in the closed position (low duty
cycle) during one duty cycle. The positive (+)
slope is assigned to display the percentage
of time the plunger is in the open position.
Refer to the manufacture's specifications to
verify slope assigned to position for each
component.

Meter Functions-ms Puise

— Select the ms Puise range with the
rotary switch.

Insert:
€ Biack lead in COM terminal.

@ Red lead in V/ Q/RPM terminal.
Connect the Black test probe to ground.

Connect the Red test probe to the signal
wire that connects to the component to
be measured. (see iflustration).

— Press the TRIGGER button to toggle
between the negative (-) or positive (+)
slope.

20




NOTE:
The applied time for most fuel injectors is
displayed on the negative (-) slope.

Meter Functions- Dwell

— Select the Dwell range with the
rotary switch.

Insert:

@ Black lead in COM terminal.

@ Red lead in V/Q/RPM terminal.

Connect the Black test probe to ground.

Connect the Red test probe to the signal

wire that connects to the breaker points.

(see illustration).

— Press the CYLINDER CYL button to toggle
between 4,5,6,0r,8 cylinder engines.

21

Meter Functions-AC or DC Current (A)

IMPORTANT: All current measured flows
through the meter. It is important that you
do not:

€ Measure current greater than 500 volts
AC or DC, with respect to ground.

@ Exceed 15 seconds when measuring
continuous current between 10A - 20A.
Allow five minutes for cool-down befor
continuing.

— Select the 20A or mA range with the
rotary switch.

— Press the blue Alternate function button
to select AC or DC.

Insert:
@ Black lead in COM terminal.

€ Red lead in the 20A or mA terminal

(select 20A if you are unsure of the current

draw).

IMPORTANT:

Turn OFF all power to the circuit or dis-
Connect the circuit from the power
Source.

Connect:
@ The Red probe to the side of the circuit
closest to the power source.

@ The Black probe to the side of the circuit
to ground.

@ Turn the power ON and test.

22

Black - Red +
Power Ground
Source * Side
Side
NOTE:

Current must always be measured
with the meter test probes connec-
ted in series, as described.



Basic Diagnostic Testing

This chapter leads you through a systematic series of tests that check the
vehicle electrical system. These tests should be performed before testing
individual components.

Electrical System Diagnostics

It is important to diagnose a vehicle electrical problem thoroughly and efficiently.
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The series of tests that follow check primary areas that are responsible for the
majority of the electrical problems found in an automobile. Perform these basic
tests, even if a vehicle has a troubie code set in the computer. A component
malfunction detected by the computer can be caused by a basic ground
problem in the electrical system. Simply replacing a failed component will not fix
the problem if a poor ground caused the component failure.

The tests begin by checking the main source of power and the chassis ground
circuit connections. Ground circuits are one of the least understood but
potentially most troublesome areas of automotive electronics. An excessive
voltage ground in a circuit effects the entire electrical circuit. This is why it is
important to make sure the basic circuit are in good shape before checking
trouble codes and components.

Battery Testing

[1] Battery Test (Surface Discharge)

NOTE: .

@ Remove the positive and negative battery cables and thoroughly clean the
cable terminals and the battery posts. Reassemble and begin testing.

@ The ignition switch must be OFF to prevent damaging the vehicle computer
when connecting or disconnecting battery cables.

This test checks for a low current discharge across
the battery case.

@ Set the rotary switch to voltage.

@ Connect the negative (-) lead to the negative
battery post.

4 Set the Min/Max feature on the meter.

4 Touch the positive (+) lead to the battery
case around the positive (+) battery post:
Do not touch the post.

A reading of more than 0.5V indicates exc-
essive surface discharge.

Dirt, moisture and corrosion are a cause of
surface discharge. Clean the battery with

a baking soda and water solution. Do not
allow the solution to get into the battery.
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[2] Static Battery Test (No Load)
This test checks for battery charge state.

@ Turn the headlights on for 15 seconds to
dissipate battery surface charge.

IMPORTANT: The ignition switch must
be OFF when connecting or disconne-
cting battery cables to prevent dama-
ging the vehicle computer.

@ Disconnect the negative (-) battery
terminal.

@ Set the rotary switch to voltage.

@ Connect the positive (+) lead to the
negative (-) battery post:

@ Connect the negative (-) lead to the
negative (-) battery post:

A reading of less than 12.4V indicates an
undercharged battery. Recharge before

testing.
NO LOAD TEST
Meter
Reading Battery Charge
12.6V 100%
12.4V 75%
12.2v 50%
12.0V 25%
NOTE:
Leave the battery cable unhooked and
proceed to the test on the following page.

[3] Battery Test (Parasitic Load)

This is for excessive parasitic drain on the
battery.

@ Turn the ignition switch and all accessor-
ies OFF.
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IMPORTANT: Do not start the vehicle =\
during this test; meter damage may B @@g@ .
result. , .
CRRAR =K
® Set the rotary switch to 20 A o e

@ Insert the positive (+) lead into the 20A :@
meter terminal. ﬂ; €
F 2.

@ Disconnect the battery positive (+) cable.

@ Connect the positive (+) lead to the positive

(+) battery terminal. Black (-)

Red (+)
@ Connect the negative (-) lead to the Disconnect
positive (+) battery terminal.

@ Set the Min/Max feature on the meter.
Parasitic draw should not exceed 100mA. a

If there excessive draw, remove the circuit fuse, one at a time, until the
excessive draw is located. Also check the non-fused applications such as head
lights, computer relays and capacitors in the instrument panel.

Reconnect the battery cable for the next test.

[4] Battery Test (Load)

This tests the battery's capacity to deliver
sufficient cranking voltage.

® Setthe rotary switch to voltage.

# Connect the positive (+) lead to the positive
(+) battery terminal.

@ Connect the negative (-) lead to negative (-)
battery terminal.

@ Set the Min/Max feature on the meter.

# Disable the ignition; crank the engine
for 15 seconds.
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Check the Min. display. A reading of less than
8.60V@ 70° indicates a weak battery. Recharge/

replace before testing.
Voltage ioad test

Meter :
lﬁa ding Battery/air temperatu:l

10.0V 90 F/33°C
9.8V 80 F/27°C

9.6V 70 F/21C
9.4v 60 F/16°C
9.2v 50 F/101C
‘iov 40 Fl4C
8.8V 30F/-1TC
8.6V 20F/-7C

Voltage Drop Testing

Resistance, What is it?
Resistance is an opposing force,
Created by a circuit or component,
to the flow of electrical current.

There is a small amount of natural

resistance when voltage flows though
wires, switches, grounds or connecti-
ons. The resistance increases beyond
acceptable limits if corrosion develops,
fittings become loose or wire fray. Re-
sistance increases each time something,

such as wire, a switch, connections,

or the ground are added in the circuit.

Voltage Drop, What is it?

Voltage drop is the difference in voltage

potential when measured across a

circuit or component creating resistance.

The resistance decreases the amount
of voltage available. The bulb will not

light or the motor will not turn if the
voltage is too low.

NOTE:

#®For each 10 °F above or below 70 °F, add

or subtract 0.2 volt,
®Battery temperature can be checked
with the meter temperature probe.

Maximum Voltage Drop

or solenoid.

Maximum voltage drop should
not be more than 0.1 volt per
wire,ground,connection,switch
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What shouid be tested?

Each wire, ground, connection, switch
solenoid and the complete circuit should
be tested. Each connection point is a
potential source of increased resistance.

Voltage Drop Testing

[1] Negative (-) Engine Ground

This test checks for engine ground efficiency.
@ Set the rotary switch to Voltage.

@ Touch the positive (+) lead to the positive
(+) battery post and the negative (-) lead
to the negative (-) battery post. Note the
reading...this will be the base voltage to
compare your test voltage reading against.

@ Connect the positive (+) lead to a clean
spot on the engine block.

# Connect the negative (-) lead to the negative
battery post.

@ Set the Min/Max feature on the meter.

@ Disable the ignition so the engine doesn't
start; crank the engine for 2-3 seconds.

The example shown has 2 connectors, 1 wire,

1 ground and 1 terminal to battery post. A vo-
itage drop of more than 0.5 volts would indicate
a poor ground circuit.

Clean and inspect the battery cable connections
test and the ground; test again.
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Ground,
0.1V Max.

Connection.
0.1V Max.

Wire, 0.1V
Max.

/

Connection,
0.1V Max.

Total resistance should be no more
than 0.4V Max. for the exaple
shown.

Important: Repeat this test
when the engine is thoro -
ughly warmed up. Heat ex -
pansion of metal may cause
resistance to increase.



[2] Negative (-) Chassis Ground

This test checks for chassis ground efficiency.

®Set the rotary switch to Volitage.

@ Establish the base voltage that you will com-
Pare test voltage against (see base voltage,

Volt Drop Test [11).

# Connect the positive (+) lead to the point on
the fender, fire wall or vehicle frame where
the accessory ground is fastened.

¢ Connect the negative (-) lead to the negative
battery terminal.

@ Set the Min/Max on the meter.

& Turn all of the accessories ON (bright lights,
A/C fan - high, rear window defroster, wind-
shield wipers, etc.).

# Disable the ignition so the engine doesn't
start; crank the engine for 2-3 seconds.

The example shown has 2 connectors, 1 wire,
1 ground and 1 terminal to battery post. A vol-
tage drop of more than 0.5 volts would indica-
te a poor ground circuit.

Clean and inspect the battery cable connections
and the ground:; test again.

[3] Battery Power to Starter Solenoid (+)

This test checks battery source efficiency
to the starter solenoid.

@ Set the rotary switch to Voltage.

# Establish the base voltage that you will com-

pare test voltage against (see base voltage,
Volt Drop Test [1]).
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Important: Repeat this test
when the engine is thoro -
ughly warmed up. Heat ex -
pansion of metal may cause
resistance to increase.

Starter
Solenold

& Connect the positive (+) lead to the positive
(+) battery terminal.

@ Connect the negative (-) lead to the positive
(+) terminal on the starter solenoid.

& Set the Min/Max feature on the meter.

@ Disable the ignition so the engine doesn't
start; crank the engine for 2-3 seconds.

The example shown has 2 connectors and 1.“:;!'6’
A voltage drop of more than 0.3 volts would indic-
ate a poor ground circuit.

Clean and inspect the battery cgbles
and cable connections; test again.

[4] Battery Power to Complete Starter Circuit (+)

i fficiency
This test checks battery power e .
to the starter through the starter solenoid.

@ Set the rotary switch to Voltage.

@ Establish the base voltage that you will com-

pare test voltage against (see base voltage,
Volt Drop Test [1]).

& Connect the positive (+) lead to the positive
(+) battery terminal.

@ Connect the negative (-) lead to the positive
(+) terminal on the starter motor.

& Set the Min/Max on the meter.

@ Disable the ignition so the engine doesn't
start; crank the engine for 2-3 seconds.

The example shown has 4 connectors and 2 wire,
and 2 solenoid connections. A ngtage drop

of more than 0.8 volts would indicate a poor
ground circuit.
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Clean and inspect the battery and starter
cables, solenoid and cable connections;
test again,

Note: A defective starter solenoig may cause
an excessive voltage drop; check the cables
and connections before replacing the
solenoid,

Starter Motor Testing

[1] Starter - Current

The battery tests and the voltage drop tests
have verified that there is adequate battery
voltage at the starter, Next, check for exces-
sive starter motor current draw,

@ Connect a current clamp around the negative
(-) or positive (+) battery cable.

@ Set the rotary switch to the 400 mv setting.
NOTE: 1mv = 1Amp.

@ Set the Min/Max feature on the meter. the
Min reading will be the negative current draw.

# Disable the ignition so the engine doesn't
start; crank the engine for 2-3 seconds.

NOTE:
The current clamp measures amps in the direc-
tion of electrical flow. Make sure the arrow

Quick Test,
Turn the ignition and all accessories OFF.
Place the clamp on the battery cable, then
turn the headlights on, If the reading is not
negative, disconnect the clamp, turn it over
and reconnect.

Approximate Aperage Draw

6-8 Cyl., Under 300cCiD

6-8 Cyl., over 300 cCID

Important: Repeat this test
when the engine is thoro-
ughly warmed up. Heat ex-
Pansion of meta| may cause
resistance to increase.

Charging System Tests

[1]Battery (+)
This test checks for alternator output
voltage at the battery.

@ Set the rotary switch to Voltage.

@ Connect the positive (+) lead to the positive
(+) battery terminal.

@ Connect the negative (-) lead to the positive
(+) battery terminal.

& Set the Min/Max feature on the meter.

€ Mark sure all vehicle accessories are turned
OFF

@ Start the engine and hold at 1500 RPM.

A reading of 13.1 - 15.5 voits is an acceptable
charging rate. If the voltage is low check for:

@ Loose, cracked, or glazed drive belt
@ Loose or faulty wires or connectors

@ Defective alternator or regulator. Seed[ZJ
Alternator Voltage Output (+), Loaded.

[2]Alternator Voltage Output (+), loaded

This test checks for alternator outpu.t
voltage. This test is necessary only |:
the vehicle failed [1] Battery (+) test.

@ Set the rotary switch to the Voltage setting.
@ Connect the positive (+) lead to the battery

(B+) output post on the back of the alternator.

@ Connect the negative (-) lead to the negative
(-) battery terminal.
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Red (+)

Red (+)
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@ Set the Min/Max feature on the meter.
& Start the engine and hold a 1500 RPM.

A reading of 13.1-15.5 volts i
- -5 volts is an acce|
Charging rate. plable

[3]Alternator Amperage (A) Output, Battery

This. test checks for alternator charging rate
efficiency at the battery.

#® Connect cureent Clamp (RPM-149,option)

leads to the meter.

¢ Connect the Current Clamp around the
negative (-) or positive (+) battery cable.

@ Set the rotary switch to the Voltage setting
NOTE: 1mv =1 Amp .

* (!)VI:;k sure all vehicie accessories are turned

@ Start the engine and hold at 1500 RPM.

The Amperage readin
g should be 5 a
or better. mps

NOTE:
The Current clamp measures amps in the direc-
tion of electrical flow. Make sure the arrow

on the clamp is pointed in the direction of the
current flow in the cable.

Quick Test,
Place the clamp on the battery cable, then
turn the headlights on. If the reading is not

hegative, disconnect the clamp, turn it over
and reconnect,
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Ignition System Tests
[1] Ignition Coil, Primary Resistance Test( Q)
This test checks primary winding resistance.

IMPORTANT: Test the ignition coil cold and hot.
& Set the rotary switch to the Resistance

() setting.

INSERT:
& Black lead in COM terminal.

& Red lead in V/ Q /RPM terminal.

@ Disconnect the coil from the vehicle wiring
harness.

& NOTE: The resistance in the meter leads must
be subtracted to get an accurate measurement
at the 0.50-2.0 range. Short the leads together
and press the ZERO A Button. The meter will
automatically subtract the resistance in the

leads.

& Connect the negative (-) lead to the negative
(-) terminal on the coil.

@ Connect the positive (+) lead to the positive
(B+) terminal on the coil.

Typical measurements are between 0.50-2.0 Q's
consuit the manufacturer's specifications
for required resistance measurements.
[2] Ignition Coil, Secondary Resistance Test(Q)
This test checks secondary winding resistance.
IMPORTANT: Test the ignition coil cold
And hot.
@ Set the rotary switch to the Resistance

() setting.

INSERT:
@ Black lead in COM terminal.

@ Red lead in V/Q /RPM terminal.

@ Disconnect the coil from the vehicle wiring
harness.
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Black (-)Re¢ (+)

Black(-) Red (+)

GM DIS Coil,

Type |l - Both
primaries

located on back of coil.

1)

Red (+)

Red (+)

Black (-)
Black (-)

GMDIS Coit,
TYPE Il

5)




* Conrfect the negative (-) lead to the high
tension terminal on the coil.

@ Connect the Positive (+) lead to the positive
(B+) terminal on the coil.

Typical measurements are between 6,000-
30,000 'S Consult the manufacturer's

Specifications for required resistance
measurements.

[3] Secondary Ignition Wire Resistance Test(Q)

This test checks for open circuits or high

resistance in the seconda
wires. i (sparkplug)

IMPORTANT: Twist and bend the
sparkplug wire while Mmeasuring
the resistance for this test.

@ Set the rotary swit
ch to the Resista
() setting. nee

INSERT:
® Black lead in COM terminal,
® Redlead in V/0 /RPM terminal,

¢ Connect the test probes to opposite
ends of the sparkplug wire,

@ Set the Min/Max feature o the meter.

Typical measurements are approximately
1 ,OF)O Q s per inch of wire. For example
10 inch cable = 10.000 0. '
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[4] Distributor Cap/Rotor Resistance Test(Q)

This test checks for open circuits or high
Resistance in the distributor cap and rotor

@ Set the rotary switch to the Resistance (Q).

INSERT:
@ Black lead in COM terminal.

@®Red lead in VI @ /RPM terminal.

Dist. Cap Center connector Test:
Connect the test probes to opposite ends
of the distributor cap terminal (see illustration).

In general, resistance (Q ) should be 5K-10K.
Refer to the manufacturer's specifications.

Rotor Test:

Connect the test probes to opposite ends of
the rotor contacts (see illustration).

In general, resistance should be 0.1 (Q) or
less. Refer to the Manufacture's specifications.

[5] Pick-up Coil Resistance (Q)/ Voltage Test (V)

@ The Resistance test checks for open circuits
or high resistance.

@ The Voltage test compares voltage output to
resistance.

Test procedure
@ Set the rotary switch to the Resistance (Q).

INSERT:
& Black lead in COM terminal.

@ Red lead in V/ Q/RPM terminal.

@ Connect the test probes to the pick-up coil
lead (see illus)

Resistance Specifications
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The maijority of the Pick-up coils will test

between 500'1 00 'S sta“ce. See ’“a”u'actule S peCl"C on f r
5 Q resi
S ati N 1O

# Set rotary switch to
by volts. Press the Blue, Alternate Function button to select

Py .
Crank engine 10-15 seconds at normal Speed; measure voltg
Resistance Testholtage output >

Resustance( Q) on a "good" pickup coil wiil match AC

output volta 's =
ge (Ex., 9500 'g = 950mv output). Resistance can be good but

VOltage IOW'H tt e “lagl et has lost ll'agl IetlSlll or if tlle I 'uC T tOO f /§ 'I m
( e to| IS al (o] the

[6]Hall Effect Sensor Voltage Test v)

This test checks for switching action in any

hall Effect iti
o) sensor (Ignition, RPM, Crankshatt,

¢ Set the rotary switch t
0 the Vi
(v) position. otage

INSERT:
® Black lead in COM terminal.

® Red lead in v/ Q/RPM terminal.
@ Set the Min/Max feature on the meter,

* Connt.ect the Black test probe to the
nhegative (-) post on the battery.
@ Turn the ignition key ON, Touch the Red

(+) test probe to the thr i
s, ee test point

ELECTRONIC
MODULE

® Ground readin,
g should be the same vol
as the ground (Computer or battery). olage

* Supply line reading should be the same
voltage as the input source (Computer

= O

SWITCHING
TRANSISTOR  DISTRIBUTOR

or battery).
 J Si?nal line rea.ding should be 0 or the same Black()
;o tage as the input source (Computer or
attery). The reading will toggle high and
low as the shutter rotates.
')
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Basic Diagnostic Testing

This chapter describes a computer controlled sensor and actuator system
typically Found on today's automobile.

Test procedures are also provided for the basic ground of electrical input and
output components commonly found in a computer controlled automotive

system. The test procedures are, due to the complexity of components, general
theory tests. Be sure to consult the vehicle service manual for component

schematics and test specifications.

Computer Controlled Systems

A need for better fuel economy and lower emissions resulted in today's
automobiles Utilizing computer controlled functions that were previously
activated by mechanical, Electrical and vacuum devices.

' Computerized vehicle control systems are made up of three basic component
groups. These groups are:

1. Sensors: they are input devices that supply information about engine
operating conditions and the surrounding environment to the vehicle

computer.

2. Engine Control Module: a vehicle computer that processes
theinformation supplied by the sensors, then sends an electronic
command to the appropriate components actuators.

3. Actuators: these are output devices that may be electrical, mechanical
or vacuum components controlled by the vehicle computer.

Typical Sensors

Coolant. Vacuum Throttle RPM Barometric| | Oxygen
Sensor Sensor %%Sr:gg;\ Sensor Sensor

Eleatro-

Canister
Exhaust Gas Purge Ttorgue

Carburelor Ignition
e Spark Recirculeting Converter
Fuel Injoction | | Advance Valva Clutch

Typical Actuators
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Basic Diagnostics for the Computer
Controlled Engine

There are two important steps that must always be followed when diagnosing
and repairing vehicles with computer controls.

@ Do basic engine diagnostics fi
routine maintenance on comp
plugs. Also check for vacuum |
engine diagnosis should prec

rst. Many problems can be traced to lack of
onents such as plug wires, filters and spark
eaks on any vehicle, new or old, A completes
ede any electrical system diagnostics.

@ Follow the published diagnostic C

harts EXACTLY through every step to mark
a repair on computer component

Self-Diagnostic Computer Systems
One of the functions of the vehicle computer s t
when a sensor or actuator fails. These failure
"Current Code" or as an "History Code". Curre
"Hard Failures" ang “Intermittent Failures".
vehicle manufacturers use different terminolog
all of the ground of codes described.

0 record fault codes produced
S are usually displayed as a
nt codes are further grouped into
Be aware, however, that some
Y and older vehicles do not have

Current Codes are faults that are active.

@ Hard Failure causes the dash "Check
Engine" light to remain ON.

@ Intermittent Failure causes the dash "Check Engine"

go OFF after a short period of time. Generally the tr
computer memory.

History Codes are stored codes for faults that have occu

Failure Codes
When a failure is detected
of "Fault Codes" (also kno
Codes are usually a two o

rred in the past.

b the computer, it stores the information in the form
wn as Trouble Codes or Service Codes). These Fault

and specifications.

Component Testing
Component testing with a meter
Specifications that are provided

The primary input devices (sensors) are:
& Temperature sensors
#®2-wire devices
@ 3-wire devices
# Oxygen sensor
@ Pressure sensors

Pr mary Outp actuators) are a form of an electron agllet that is eit“el
. 1t devices ( ) ) | . igul tions:
Iil OFF.The ON/OF F Signal in genelal,will be in one of three onf T on
ON or FF. ’

N of OFF only (switch) . N
:gulse width in a specified length of tlm'e (fuel |nJec'tor) or dwell degrees
@ Duty cycle measured in percent of high or low time

(mixture control solenoid)

Duty Cycle, What is it?

Duty Cycle is the percentage (%) of tir.ne.
a voltage is positive campared to Fe%attlve.

e; duty
ON compared to OFF. For examp ' ~
cycle measurements are used for Mlxtyre | el
control solenoids. The amount of ON time

is measured as a percent of the total ON/
OFF cycle. The meter can read tr}e nega-
tive (-) or positive (+) slope and display

it as a percent (%) of the total cycle.

Frequency (Hz), What is it?

+ Voits —
Frequency is the number of times a voltage .m.‘l;

pattern repeats positive compared to negatl\ée: , mMJ
ON compared to OFF, during one (1) secon A

of time. For example; frequency (Hz) measdu-
rements are specified for digitally controlie
manifold Absolute Pressure sensors. The

frequency of the ON/OFF signals per second I

folts —
are measured and displayed. oV L J
1 Second

Digital Signat

Frequency (Hz) is shown as'Analog:.A
continuous positive to negative cycle;

or Digital: A positive to negative/ON
to OFF cycle.
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Pulse Width. What is it? , Some of the components that can be tested

Pulse width is the length of time an actuator &’\ E Tempet:atUI'e variation are:
is energized. Foe example; fuel injectors are : ¢ Radlato.rs .

activated by an electronic pulse from the § @ Transmission

engine control module. This pulse generates R - 5 @ Heaters

a magnetic field that pulls the injector nozzle ;......./ \.,,,,,, y @ A/CCondensers

valve open. The pulse ends and the injector w:ﬁ_“::""" ¢ A/C Evaporators

nozzle is closed. This "open to close” time is # Engine Coolant Sensors
the pulse width and is measured in millisec- @ Air Temperature Sensors
onds (mS), L‘:"\ lecter

i e, 2-wire) Tests
Typical Port fuel injectors (PF 1) operate with [2] Thermistor (Variable Resistanc

" re level changes.
a single ON to OFF electrical puise. Thermistor are variable resistors that are sensitive to temperatu

ges.
S,
( ) AS [“e telllpel ature cf 1ange tlle th ermistor's resistance value change

Operate with an ON to HOLD to OFF elec-
trical pulse. This method creates a double
electrical "spike". An oscilloscope is requi-
red to measure this type of pulse.

Component Tests (input)
[1] Temperature Tests

@ Select the Ohms ( Q) range the rotary
switch.

@ Connect the test probes to the sensor
terminals.

The Ohms reading should match the tem:
perature of the sensor (see manufacturer's

specifications).

Many components that regulate temperature
can be tested be measuring the surface
temperature of the area surrounding the
component.

@ Connect the temperature probe to the
meter.

®Set the rétary switch to the Temperature
position,

¢ Set the Min/Max feature on the meter.

® Touch the end of the temperature probe
directly to the surface of the component

Typical thermistor applications are:
to be tested.

& Engine Coolant Temp. (ECT)
@ Air Charge Temp. (ACT)

@ Manifold Air Temp. (MAT)

& Vane Air Temp. (VAT)

& Throttle Body Temp. (TBT)

Compare your readings with the Mmanufactures
Specifications. The temperature should be
Within +10° F (£5°C) of the data stream
Values.
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Voltage Presence

# Disconnect the vehicle wiring harness
at the sensor,

® Select the Voltage range with the rotary
switch.

Insert:
® Black lead in COM terminal.

® Red lead in V/ @ /IRPM terminal.

@ Connect the test probes in paraliel:
positive (+) to the circuit coming from
the power source, negative (-) to the
negative circuit from the sensor.

@ Turn the ignition switch ON; do not start
10the engine.

Measurement should be 5 - 9 volts (check
the manufacture's specifications).

Voltage Change

Connect jumper wires between the
connector and the sensor.

® Connect the test probes in paraliel:
Positive (+) to the circuit coming from
The power source, neg‘ative (-) to the
Negative circuit from the sensor.

# Start the engine.

@ Set the Min/Max feature on the meter.
The voltage should change as the temp-
erature changes. This is the signal that

is sent to the computer for processing.
Refer to the manufacturer's specifications.
If the voltage change is not within specifi-
cations, look for sources of resistance
due to poor connectors, connections or
breaks in the wiring.
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[3] Potentionneter (Variable Resistance, 3-wire) Tests

The potelltIOIIIetel Vi ||ab e re: . g | g \ | Y
IS a val I sistor. The signa it generates is used b Vﬂ e
‘ vehicle COlllpulBI to dete"""le pOSItIOIl and d| ection OI movement O‘ a device

within the component.

Resistance

® Set the rotary switch to the Resistance
(Q) setting.

@ Disconnect the sensor.

ignal line
onnect the test probes to the signa
¢ (a:nd to the ground (refer to manufacturer's

schematic). ,
i the meter.

Set the Min/Max feature on ‘
V.Vatch the bar graph display; the Ohms rea:!mg
Should change as the signal arm on the poten-
tiometer is moved (signal sweep).

Typical potentiometer applications are:

& Throttle position Sensor (TPS)

@ Exhaust Gas Recirculation valve position Sensor(EVP)

@ Vane Air Flow Meter (VAF)
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Potentiometers (Variable Resistance, 3-wire) Tests

Reference Voltage Test

# Disconnect the vehicle wiring harness
at the sensor.,

@ Select the Voltage range with the rotary
switch.

Insert:
® Black lead in COM terminal.

@ Red lead in V/ Q /RPM terminal.

* Coqqect the test probes in parallel:
positive (+) to the computer reference
voltage circuit, negative (-) to the
negative system ground circuit from
the sensor.

@ Turn the ignition switch ON; do not start
the engine.

Watch the bar graph displa i

y. Readin,
Should be 5 - 9 volts (check the man%-
Acturer's specifications).
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. Potentiometers (Variable Resistance, 3-wire) Tests

Voitage Change

TR

€ Connect jumper wires between the
connector and the sensor.

@ Connect the test probe in parallel:
positive (+) to the signal line, negative
(-) to the ground circuit.

@ Turn the ignition key ON, do not start the
engine.

& Set the Min/Max feature on the meter.
Observe the bar graph display. The voltage
Drop should change as the position of the
Signal arm on the potentiometer- moves

(signal sweep).

Refer to the manufacturer's specifications.
If the voltage change is not within specific-
ations, look for sources of resistance due

to poor connectors, connections or breaks

in the wiring.
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[4]0xygen Sensor (02) Test
The Oxygen sensor samples the amount of Oxygen in the exhaust stream. The
voltage produced by the 02 sensor is a direct ratio to the oxygen level in the
exhaust stream this voltage is used by the computer to change the airffuel
mixture.
The test will check oxygen sensor signal output levels.
@ Disconnect the vehicle wiring harness at
the sensor. Install a jumper wire.
@ Select the voltage range with the rotary
switch.
Insert:
® Black lead in COM terminal.
#® Red lead in V/Q/RPM terminal.
¢ Connect the test probes in parallel:
positive (+) to the jumper wire,
negative (-) to the engine ground.
# Set the Min/Max feature on the meter.
@ Vehicle engine must be running at oper-
ating temperature (fast idle at 2,000 RPM
for two minutes).
Voltage readings should move between 0.2
(tean) and 0.8 (rich). The average DC
voltage should be around 0.50.

[5]Pressure sensor Test

The electrical tests for pressure sensor such as the Manifold Absolute Pressure
(MAP) and Barometric Pressure (BARO) vary greatly, depending upon type and
manufacturer, consult the vehicle service manual for the schematic,
specifications and test procedures.
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General Testing Procedures
Note: You cannot do a resistance ( Q) test for pressure sensors.

Analog Sensor ‘
An analog sensor can be tested with the same series of voltage (V) tests

suggested for 3-wire potentiometers. In place of "sweeping" the sensor, use a
vacuum pump to vary the pressure on the sensor.

g':'::'.::;fm switch to the Hz setting and perform the sam"e serie? o:
tests suggested for 3-wire potentiometer voitage tests. In place of "sweeping
the sensor, & vacuum pump s generally used to vary the pressure on the
sensor. In all cases, refer to a vehicle service manual for the correct procedure.

Component Test (Output)
Output Devices

The electrical tests for output devices vary greatly, depending upon type armd
manufacturer. Consult the vehicle service manual for the schematic,

specifications and test procedures.

Primary output devices (actuators) are a from of an electromagnet that is either
ON/OFF. The ON/OFF signal, in general, will be in one of three configuration:

S

Switch

4 ON/OFF only (switch) Check for
continuity with the switch in the ON
and OFF position.

4 Pulse Width (fuel injector)
measure the ON time (pulse).

—! l— ON Time

Port Fuel Inector

4 Duty Cycle (Mixture Control Solenoid)
measure the percent of high (+) or low
(-) ime in a duty cycle. In most cases
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the low (-) time is the on time.

Maintenance

Fuse and Battery Replacement

__.L_ Low Time
One Duty J

Cycle

Mixture Control Solenoid
/A WARNING:

€ Avoid electrical shock; remove test leads before opening case.
@ Do not operate the meter or rotate the meter switch when the case is open.

1. To replace a battery or fuse, loose the three screws in the case back and
remove the case by lifting up and forward.

@ Replace the battery with an 9 volt alkaline battery.

2. To replace fuse, firmly grasp the printed circuit board (PC boards by the
edges and lift up and out of the case.

IMPORTANT:
€ To prevent contamination of the circuits, your hands must be clean and the
printed circuit board must be help by the edges.

@ Replace the fuse with the same type of fuse.
© 20A is a F20A, 500V high energy, fast acting fuse.
© mA is a F500mA ,250V high energy, fast acting fuse.
€ Make sure the replacement fuse is centered in the fuse holder.
3. Carefully re-insert the PC boards into the case. Re-assemble the case, then
fasten the three screws.

Screws Shown
Lossened

F20A, 500V
Tab Indent

F500mA, 250V

Battery
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Trouble Sheeting
1. Muter will not turn ON. o
 Check the battery contacts for a tight fit

& Check for a minimum battery voltage of 8.0 voits
& Mark sure the battery wire, are not pinched in the cafe.

2. Ampere reading is erratic of there I8 no reading at all.
@ Disassemble the meter back cover and test the fuses for continuity.

3. Meter reading ie erratio.
@ Printed ciroult board contaminated from handling with hands.

&1 ow battery.
@ Opnn ciroult in @ test lead (frayed or broken wire).
& Wrong range eeleoted.
& For finquencies below 1 Hz, the display will show 00.00Hz.
¢ 'Blown™ fuse

4. Meter roading do not change.
#"Hold" leature e still toggled ON.
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