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Safety!

« Do not use this productto mea-
sure voltagesthatare over 1000
VDC or 750 VAC between any
terminai and ground.

s [nternal combustion engines
produce carbon monoxide
which can slow reaction time
and can lead to serious injury.
Keep the service area wellven-
titated or attach an exhaust ex-
traction system.

« Setthe parking brake and block
the wheeis when doing testing.

« Do not operate the vehicle while
taking measurements with the
multimeter. Use two peopie for
testing that requires vehicle op-
eration.

« Use eye protection when work-
ing on vehicles. Always check
the condition of belts and
hoses that can cause injury to
technicians working near ro-
tating or hot components.

« Donot use damaged or frayed
test leads that have poor in-
sulation.

* Automotive service areas
have safety hazards thattech-
nicians must understand and
observe while using this
product. This list of safety
items cannot be complete be-
cause of the number of pos-
sibilities and should not be
considered as a completeiist.

introduction

The meter is an advanced electyonic tester that
has all the functions of an advanced multimeter
and automotive tester in one compact unit. The
automotive features inciude frequency, tem-
perature, RPM and dwell measurement.

The meter has a 3-3/4 digil display with a range

of 0 to 3260 for standard measurements. It also
has a 32 segment graphic bargraph which
updates 12 times per second for & faster re-
sponse than the digital display. This manuat
will help technicians understand the uses and
capabilities of the meter.

How to use this manual

The layout is by meter functions. included in
each chapter are specifications, ranges, spe-
cial measurement options, and typical applica-
tions for sach function on the rotary switch. Use
the chapter for the function you are using in

order to learn the complete capabiiity of this
product. Meter controls and the display fayout
are in the first section with meter functions
following.

' cate that a mode or oplion was selected.

(1) MANUAL RANGING

Getting Started

The meter is an advanced design incorporating a wide range of automotive and multimeter
functions. This section will help you get started butis not intended to explain every function in detail.
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Special Measurement Features

These butlons are used to select operating
modes. When the button is pushed the beeper
sounds. An annunclator is displayed to indi-

(2) HoLD
Press HOLD button to toggle in and out of
the hold mode. In the hold mode, the "DH"
annungiator is displayed.

(3)perac

Press RANGE button to select the manual BUZZER/ P}

range mode. In the manuai range mode, Press push button to select between DC/AC
each time you press the RANGE button, the when measuring current. Aiso for measur-
range changes, and a new vaiue is dis- ing audible continuity or diode test.
piayed. To exit the manual range made and

(a) RPM 4/2(D1S)

turn to autoranging, press and hold down
RANGE button for 2 seconds. Press the button to toggle between RPM for
: 2.cycle/distributorless ignition systems or
RPM for 4-cycle engines.



1 - Voltage Measurements

1. Set up the meter as shown in the diagram.
2. Plug the meter leads in as shown,

3. Connect the meter to the circuit to be mea-
sured.

4, Observe voltage readings.

Special measurement options are included in
this section. Examples of automotive applica~
tions are shown in section 11,
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Voltage Range Selection

Voltage ranges are provided on the rotary se-
lector.

* OV to 1000V auto/manuat range

The 0 to 1000V range starts with a 320mV
range on DCV.

The 0 to 750V range starts with a 3.2V range on
ACV.

Two types of voltage measurements are pos-
sible.

1. DC voltage always has the same polarity.
Batteries, solar ceils, and computer power
supplies are examples of DC voltage
sources.

2. AC voltage continuously changes polarity
at reguiar intervals. Rotating generators,
alternators, and signai generators such as
magnetic pick ups and speed sensors are
examples.

Selector Switch Position
Set the rotary selector switch to the DCV, or

ACV position on the rotary dial. The meter will
automatically select the best range.

Range Selection:

There are two modes of range selection when
measuring voitage.

1. Autoranging is the default mode when the
voltage function is selected or when the
meter is powered on. Auto ranging aulo-
matically selects the best measurement
range.

2. Manual ranginig Is selected when the BANGE
button is pressed. Each time the RANGE
button is pressed, the next higher range is
seiected, Manual ranging allows the operator
1o choose the desired measurement range.

Note: Pressing the RANGE button for 2 sec-
onds or jonger will release the manual range
mode and restore the autorange mode.

Manual Range:

The voltage ranges that can be selected with
the front panel buttons in manual range are:

0.000V to 3.200V
D0.00V to 32.00V
000.0V to 320.0V
0o00V to 1000VDC or 750VAC

2 — Ohms Measurements

1. Set up the meter as shown in the diagram.
2. Plug the meter leads in as shown.

3, Connect the meter 1o the circuit to be mea-
sured,

4. Observe resistance readings.

The example shown here is for testing a resis-
tive type temperature sensor.

Sb'eciat measurement options are included in
this section. Examples of automotive applica-
tions are shown in section 11,
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Test Lead Connection

The red lead plugs into the V ohms receptacle
on the lower right of the front panel. The black
tead plugs into the COM receptacle on the
jower right of the front panel.

Selector Switch Position

Set the seiector switch to the ohms position on
the rotary switch. The meter will automatically
select the best range for the circuit being mea-
sured.

Range Selection

There are two modes of range selection when
measuring resistance.

1. Autoranging is the default mode when the
ohms function is selected or when the meter
is powered on. Autoranging automaticalty
selects the best measurement range.

2. Manual rangingis selected wheh the RANGE
button is pressed, Each time the RANGE
button is pressed, the next higher range is
selected. Manual ranging aliows the opera-
tor to choose the appropriate measurement
range.

Manual Ranges

The resisiance ranges that may be setected
with the range button are:

000.0G to 32000

0.000K & to 3.200KQ
00.00K Q to B2.00KQ
000.0KQ to 320.0KQ
0.000MQ to 3.200M Q
00.00M O to 32.00M Q



3 — Audible Continuity Test

itis difficult to watch the meter when testing for
an open or a short in a complex wiring harness
especially whenitis in atight place or underthe
dash, The audible continuity feaiure produces
an audible tone when the resistance being
measured is under 20 ohms. [f the resistance is
greater than 20 ohms, the tone will not be
produced. Finding opens and shorts is made
easy by listening for the tone instead of fooking
at the meter.
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Typical Uses For Audible Continuity
Test for open circuit
1. Disconnect both ends of the circuit,

2. Connect a jumper wire to ground at one end
of the circuit. This allows testing with the
meter connected to ground and one end at
the circult, since it may not be easy to
connect the meter to both ends of the cir-
out,

3. CGonnect the red lead to the circuil to be
tested and the black lead to ground.

if the tone does not sound, the circuit is open.
Remove the jumper wire from the circuit (do not
disconnect it from ground) and connect ittoan
easy access point closer to the meter, The tone
will sound when the jumper wire compietes the
circuit, The open will be between the point
when the tone sounds and the last point tested.

Short Circuit Testing
1.Disconnect both ends of the circuit,

2.The meter should show an open circuit when
connected o ground and one end of the circuit.
If not, disconnect the connectors until the short
disappears. The short is in wirlng that was
disconnected when the tone stopped sound-
ing.

4 — Diode Test

The diode test applies a 3 volt sigr}al to the
diode under test and tests the ability of the
dicde to pass and block the signat.

Note : Be sure that no power is applied to the
diode under test. Preferably remove the diode
from the cireuit.

1. Set up the meter as shown in the diagram,

2. Plug the meter leads In as shown in the
diagram.

3. Gonnect the meter to the diode for condug-
tion and biocking action.
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Conduction test- The red lead connects to the
anode and the biack lead connects to the cath-
ode for forward conduction, which results in a
low voltage reading.

Blocking test- Reversing the leads wili cause
a good diede to block current flow, which re-
sults in a higher voltage reading.

Normal test results:

Connect red lead 1o anode, biack lead to cath-
ode, when measuring the forward voltage across
diode. A good diode will indicate 0.4 to 0.7V.

Shorted diodes wilt have a low voltage reading
tor conduction and blecking tests.

Open diodes wiil read "OL” for the blecking and
conduction test.

Test L.ead Connection

The red lead plugs into the V ohms receptacle
on the lower right of the front panetl. The black
lead plugs into the COM receptacle on the
iower right of the front panel.

Selector Switch Position

Setthe selector switch to the /e position.
Press the BUZZER/-»} mode button and the
&~ mark is indicated on the left side of the
display.



5 — Frequency
Measurements

1. Set up meter as shown in the diagram.
2. Plug the meter leads in as shown.

3. Connect the meter to the circuit to be mea-
sured.

4. Observe frequency readings.

Examples of automotive applications are shown
in section 11.

Frequency measurement of the output signal
from a hall effect pick up in a distributor,

Test Lead Connection

The red lead piugs into the V ochms receptacle
on the lower right of the front panel. The black
lead plugs into the COM receptacle on the
lower front panel.

Selector Switch Position

Set the selsctor switch to the 320, 3200 or
32KHz position on the rotary dial.
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6 — Temperature
Measurements

1. Set selector switch to femperaiure {°C or
“F}.

2. Insert the special temperature probe into
yellow receptacie.

3. Place the probe tip on the surface where
temperature is being measured.

4. Allow temperature readings to stabilize and
read temperature,

Exampies of automotive applications are shown
in section 11.

Sclector Switch Position:

Set the selector switch to the °C or °F position
on the rotary dial and connect the special
temperature probe.

RANGE Centigrade: -20° 1o 1370°

Fahrenheit: 07 to 2000°
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7 — Amps Measurements

1. Set up the meter as shown in the diagram.

2. Open the circuit so that the meter can be
ptaced in series with the clrcuitbeing tested.

3. Plugthe leads into the 15A or mA/iA recep-
tacle.

Note : Always start with the 15A scale if there
is any doubt about the expecied current. The
cirouits are protected by fuses to prevent dam-
age to the meter If the meter does not appear
to work even when testing a good circult, it is
likely the fuse is blown,
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4. Select AC or DC amps. DC is the default
value and Is the most commonly used set-
ting.

5. Observe amp reading.

Examples of automotive applications are shown
in section 11,

Test Lead Connection

Piug the red lead into the 15A or mAJA recep-
tacle on the lower left of the front panel. Plug
the black lead into the COM receplacle on ihe
jower front panel.

Note : An amp meter is a short circuit to other
cireufts. Never connect it across a power source
even if the selector switch is set to a different
function. The function switch does not discon-
nect the internal amp cireuits.

Range Selection
Set the selector switch to the 15A, mA of A
position of the rotary dial.

Note : To select AC current, press the DC/AC
front panel button and use the same procedure
as used for DC current.



8 — Dwell 9 — Duty Cycle

Measurements Measurements
. Set selector switch to dwelt (4CYL, 5CYL, / y 1. Setselectorswiich
6CYL, 8CYL). SB.G to duty cycle.
. Plug the leads into the panet receptacles. ple » » 2. Plugthe leads o
o the panel recep-
3. Connect the leads to the c¢ircuit to be mea- P Fp e ¥ i
Dome WO RANGE  mema: tacies.
sured, botiiidn] iy

3. Connecttheleadsto
the circuitto be mea-
sured.

4. Take duty cycle
readings.

Examples of automo-
tive applications are
shown in section 11.

. Take dwell readings.
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Selector Switch Position
Set the selector switch to the duty cycle posi-
tion on the rotary dial.

Buty Cycle Defined
Duty ¢ycle is the ratio of the amount of time a

- signal Is doing work o the total time period
expressed as a percentage.
RED
g
i [er)

A\ 18R MAX FUSED GO0V MAX
-

Example: Total time of one cycle is 100mS.

(\3LACK
3 The solenoid is activated for 20mS.

y t-————Total Time 190 MmS i
! (Period) |

Trigger Level
IGNITION S ] it e 5
MODULE [ T2 i}
. Solenold
iaTioN T2mS peactivated

Activated

Duty Cycle = 20ms divided by 100 ms X 100%
= 20% in this example

% Duty Cycle = Activated time
divided by Total eycle time x 100%.
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10 - Engine RPM Measurements

1. Set up the meter as shown in the diagram.
. Connect the inductive pick up, being sure to

have the arrow on the pick up pointing to-
ward the spark plug.

. Use button 1o select 2 or 4 cycle mode.

—————\
150
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RPM

SPARK PLUG
WIRE FROM
COR.
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Note: Most distributor-equipped systems are
of a 4 stroke cycle type (4 eycle for shori). A few
car engines, some motorcycle engines and
small industrial motors are of a 2 stroke cycle
type (2 cycle for short). DIS equipped vehicles
use 4 stroke eycle engines, however, since the
DIS ignition system fires spark plugs at twice
the rate, the ignition pattern looks like a pattern
for a 2 stroke cycle engine. Follow this simple
rule when selecting the RPM mode: for dis-
tributor-equipped 4 cycle engines: set the
mode to RPM4, for 2 cycle and DIS engines
set the mode to RPM2. ’

4, Observe engine RPM readings.

Examptes of automotive applications are shown
in section 11.

Test Lead Connectlion

Connect the inductive pick up., The red lead
plugs into the V ohms receptacie on the lower
fight of the front panel. The black lead plugs
into the COM receptacle on the tower front
panel.

Selector Switch Position

Set the selector switch to the RPM or RPM{x10)
position on the rotary dial.

RPM range: 0 1o 3000 RPM
REM (x10) range: 0 to 2000 RPM

ARROW ON TOPF OF
PICKUP SHOULD POINT
TOWARD SPARK PLUG



11 — Component Testing

This section deals with the use of the meter on
component cirouits inciuding distributorless igni-
tion systems and computer control systems.

The test procedures will show the best use of
the advanced functions provided by the meter.
If more information is needed about a test
function, see the details in the function section.

Computer Ground Noise Testing
Test Set Up
1. Set meter rotary seiector switch to the DCV
position.
2. Connect black meter tead to chassis or
battery ground.
3. Connect the

/7 =~ red lead to
= 1w the ground
(LrLs Ly circuit of the
bty computer
conirol
C o G system {there
QOAC  HOLD  RANGE  nesms
DU+ i are usually
several
grounds}.

4. Start the
engine and
observe
meter
readings. The
meter shoukd
read no
greater than

= 0.1 VDC.
wa.nc f
Amm\stnn soa\;m;m OC&
¥ S/
BLACK
RED
16 i IGNITION GROUND
Computer 20 = CASE GROUND
Control 40 TO BATTERY
System 60 [—a ™ NEGATIVE
49 (= OXYGEN SENSOR

46 GROUND
GROUND FOR MOST
SENSORS AND SWITCHES

-
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Computer Battery Power Testing

To check for voltage drop and noise on the
computer input power line the foliowing proce-
dure is given.

Test Set Up

1. Setmeter rotary selector switch to the DCV
position.

2. Connect black meter lead to chassis or
hattery ground.

3. Connectthered [} 17 N
lead to the + ter- === v
minal of the bat- ,,”.:' 3 E'
tery, note the ————
reading.

T Oy )

4, Move the red || a5, 00 Pse may,
lead to the

power input line
of the computer
moduie. The
reading shouid
not be more
{han 0.1V below
the reading ob-
tained in Step 3.
Lower readings
indicate exces-
sive voltage
drop in the wir-
ing to the com-
puter power cir-
cuits.

BLACK

2. Connect the N
meter as shown -
in the drawing. I NAN
3. Tum the igni- Iy w
tion switch to
t:‘:)en ON pDSP sugzcé'a(;‘r HOLD  RANGE nm:;m

4, Compare the

5. Start and idle

;
BaTTERYL | ECA Power

KEEP ALIVE Connections
MEMORY POWER ——#»] 1
26 5 Volt
-~

MAP Sensor Testing

Some MAP sensors produce a frequency that
is proportional to manifoid vacuum. The ex-
ample shown is for a Ford MAP sensor, but the
procedure will also work for all sensors that
have a frequency output signal.

Test Procedure
1. Set meter to one of the frequency ranges.

frequency to
engine-off
specification.

SCYL €

BCYL °F
the engine and | [Ee Aal
compare the Py e 3
frequency to
the engine-run-
ning specifica-
tion.

BLACK

Duty Cycle Testing

MAP sensor signals have duty cycle as well as
frequency characteristics that should be mea-
sured.

Diagnostic Note: Erratic signals may show a
greater change in duty cycle thah in the fre-
quency reading. Both tests should be run on
frequency generating sensors to do a com-
plete test of the sensor.

Oxygen Sensor Testing

The oxygen sensor moniters the oxygen con-
tent in the exhaust stream and generates a
voltage proportional to the amount of oxygen in
the exhaust stream. The foliowing test will
check the oxygen sensor output voltage level,
This test is performed with the oxygen sensor
in the car and the sensor harness connected.
Use a back-probe adapter or other means fo

_obtain the signal.

Test Set Up = \\
t. Roiate the = O
function se- M:.IJ.EUQ
tector switch " w
tothe DCV po-
sition. O

2. Connect the

3. The normal

DOAL
BUZZER/

HOLD  RANGE  reumt

red lead to the
output termi-
nal of the 02
sensor and
the black lead
to the oxygen
sensor
ground.

lean condition
reading
should be be-
tween 0.1V
and 0.3V. The
normal rich
condition
reading
should be
between
0.7V and 0.8V,

g
Ay A RR TURED BODY MAK
-

BLACK
Oxygen

Sensor

Dynamic Oxygen Sensor Testing

The oxygen sensor must respond quickly and
coverihe voltage range from 6.1 V10 0.8V. The
chart below shows the resuits of a typical wide
open throttle test drive.

LOW
CUTPUT

NOBMAL
QUTPUT
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Note: The oxygen sensor signal may not reach
the full 0.9V level bacause of a fuel delivery
problem such as dirty injectors or fow fuel
pressure. The oxygen sensor is working If it
can reach the full enrichment point of 0.9V.
Check the fuel delivery system on the vehicle



that failed the test drive but has an oxygen
sensor that can cover the complete range.

Oxygen sensor response time should also be
tested. Slow oxygen sensors can cover the
entire operating range but have a delayed
response to changes. Test this by measuring
how guickly the sensor responds to a sudden
enrichment. Use the bargraph {o wateh for an
instant (0.1 sec) rich response to a quick burst
of progpane into the intake.

12 — General
Specifications

Display
3-3/4 digit (3260 count). 32 Segment analog
bargraph and units sign annunciators.

Low battery indication
Battery symbol on display blinks when battery
voliage is 6.5 {0 7.0 volts

Display test
All symbels are displayed at power up.
Display update rate

Digital dispiay: 2 times per second
Bar graph: 12 times per second

Operating Environment
0°C to 40°C {32°F to 104°F) at <75% R.H

Storage Environment
-10°C to 500°C (14°F to 122°F) at <75% R.H
with battery removed.

Temperature Coefficient

0.1 x {Specified accuracy)/°C (<18°C or 28°C
to 50°C)

Auto power off

10 minutes after rotary switch or mode change
{Meter turns back on if HOLD or RANGE but-
ton is pushed.)

Power
Single 9V baitery. (NEDA 1604A, JISO06P,
EES &F22)

Battery Life
500 hours typicat with aikaline battery

Fuse
15A/250V, 5.0 x 20mm ceramic type
0.5A/250V, 5.0 x 20mm fast acting type

Size (H x W x L} 33mm x 84mm X 184mm
Weight: Approx. 350y

13 — Electrical
Specifications

Accuracy is listed as £% of reading and the
number of least significant digits the measure-
ment is allowed {o vary from the calibration
standard.
AC Voitage
Range: 3V, 30V, 300V, 750V
Resolution: 1 mV to 1V
Accuraey: +(1.5% + 10 dgt) 50 to 500Hz.

(3V Range: 50 to 200Hz}
Input Impedance: Greater than 10MQ
Overioad Protection: 750V rms

bC Voltage

Ranges: 300mV, 3V, 30V, 300V, 1000V
Resolution: 0.1mV to 1V

Accuracy : &{1.0% + 5 dgt)

Input Impedance: Greater than 10MQ
Overload Protection: 1000V DC

DC Current
Ranges: 300uA, 3000pA, 30mA, 300mA, 15A
Resolution: 0.1pA to 0.01A
Accuracy: £(1.5% + 5 dgt) 300pA to 300mA
{2.0% + 5 dgt} 15A range
Overioad Protection:
300uA o 300mA range — 0.5A 250V fuse
15A range — 15A 250V fuse

AC Current
Ranges: 300pA, 3000pA, 30mA, 300mA, 15A
Resolution. G.JuA to 0.01A
Accuracy: +(2.0% + 5 dgt) 300uA to 300mA
%(2.5% + 5 dgt) 15A range
Overtoad Proiection:
300uA to 800mA range ~ 0.5A 250V fuse
15A range — 15A 250V fuse

Resistance
Ranges: 300, 3K, 30K, 300KQ, 3MQ, 30MQ
Accuracy:
+{1.5% + 5 digt) 300, 3KQ, 30K, 300K 2 ranges
+{2.0% + 5 dgt) 3M2, 30MQ ranges
Overload Protection: 250V DC/AC Peak

Frequency

Ranges: 320Hz, 3200Hz, 32KHz
Resolution: 0.1Hz to 10Hz

Accuracy: £{1.0% + b5 dgt)

Qverload Protection: 250V DC/AC Peak
Sensitivity: 2.5Vrms

Diode Test

Resolution: 0.1V

Accuracy: £(10% + 2 dgt)

Open Circuit Voltage: 3.0V typical
Overload Protection: 250V DC/AC Peak

RPM

Ranges: RPM, RPM{x10)

Resolution: 1 RPM to 10 RPM
Accuracy: £(2% + 10 dgt}

Overload Protection: 250V DC/AC Peak

Audible Continuity
Buzzer sounds at approximately less than 20
Ohms

Duty Cycle

Resolution: 0.1%

Accuracy: £(2% + 5 dgt)

Overload Protection; 250V DG/AC Peak

Dwelt Angle

Ranges: 4CYL, 5CYL, 6CYL, 8CYL
Resoiution: 0.1°

Accuracy: £{2% + 5 dgt}

Overload Protection: 250V DC/AC Peak

Temperature

Ranges: Centigrade: -20°C to 1370°C
Fahrenheit: 0°F to 2000°F

Resolution: 1°F, 1°C

Accuracy: £(3° + 1 dgt) up to 150°C
+3% rdg over 1560°C
£(5° + 2 dgt} up to 225°F
+3% rdg over 225°F

14 — Maintenance

To avoid electrical shock:

+ Hemove the test leads before opening
the meter case.

+ Do not operate the meter while the back
cover is removed.

Battery Replacement

Replace the battery according to the foilowing

steps:

1. Turn off the power fo the meter.

2. Loposen the four screws located on the back
of the meter.

3. Gently lift the bottom case half up and away

- from the top case hall.

. Remove the old battery.

5. Gently unsnap the battery connector from
the battery.

6. Snap the new battery into the battery con-
nector.

7. Reinsert the battery into the battery com-
partment. Position the battery wires 5o they
will not be pinched between the bottom and
top case halves.

8. Reinstall the boltom case half by snapping
it into the fop case half,

9. Tighten the four screws located on the back
of the meter,

o

Fuse Reptacement

1. Turn off the power to the meler.

2. Loosen the four screws located on the back
of the meter.

3. Gently liit the bottom case half up and away
from the top case half,

4. Remove the open fuse by genily prying
loose ore end and sliding the fuse from the
fuse holder.

5. Install a new fuse with the same size and
rating.

6. Reinstall the bottom case half by snapping
it into the top case haif.

7. Tighten the four screws located on the back
of the meter.

Fuses

1. uA/mARange: 0.5A 250V Fuse -5,0X20mm
Fast Acting Type

2. 15A Range: 1BA 250V Fuse — 5.0X20mm
Ceramic Type
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IGNITION/ENGINE

AFS

Coits

Computer Temp Sensors

Condensers {capacitors)

Connectors

Distributor Cap

LRE BL BRI BT J

Engine Speed

Feedback Carburetors

Fuel Injectors (Electronic)

Hall-Type Sensors

idie Air Motors

ignition Modutes

Magnetic Pickups

MAP & BP Sensors

»

0: Sensors

[ BL BE BE BRI BE BE J

Pgints

*

Throttle Position Sensors

*

[ EE R RE BT BE BE BE L BY J

STARTING SYSTEM

Battery

Conneclors

Interlocks(neutral safety switch)

L

Solenoids

Starters

L 3L BE B J

[ B RE BL BE ]

COOLING SYSTEM

Connectors

Fan Motor

Relays

Temgperature Sensors

Temperature Switchas

L L BEL NE BY )

LEL BE BE B J

CHARGING SYSTEM

Alternators

Computerized Regulators

Connectors

Diodes, (AC Rippie)

Diode Rectifier

Regulators

si0i0ieie e

BODY ELECTRIC

Compressor Clutch

Lighting Circuits

Retay and Motor Diodes

16



