


Menu Overview

 MAIN MENU                              
CHANGE VEHICLE
COMPONENT TESTS
SCOPE
GRAPHING MULTIMETER
VEHICLE DATA
INSTRUMENT SETUP

 VEHICLE DATA MENU       
CYLINDERS : 4
CYCLES : 4
BATTERY : 12 V
IGNITION : CONV

 IGNITION MENU       
CONV (default)
DIS
DIESEL

 SENSOR TESTS MENU         
ABS Sensor (Mag)
O2S Sensor (Zirc)
Dual O2 Sensor
ECT Sensor
Fuel Temp Sensor
IAT Sensor
Knock Sensor
TPS Sensor
CKP Magnetic
CKP Hall
CKP Optical
CMP Magnetic
CMP Hall
CMP Optical
VSS Magnetic
VSS Optical
MAP Analog
MAP Digital
MAF Analog
MAF Digi Slow
MAF Digi Fast
MAF Karman-Vrtx
EGR (DPFE)

 ACTUATOR TESTS MENU      
Injector PFI/MFI
Injector TBI
Injector PNP
Injector Bosch
Mixture Cntl Sol
EGR Cntl Sol
IAC Motor
IAC Solenoid
Trans Shift Sol
Turbo Boost Sol
Diesel Glow Plug

 ELECTRICAL TESTS MENU      
Power Circuit
V Ref Circuit
Ground Circuit
Alternator Output
Alternator Field VR
Alternator Diode
Audio System
DC Switch Circuits

 IGNITION TESTS MENU          
PIP/ SPOUT
DI Primary
DI Secondary
DIS Primary
DIS Secondary

 DIESEL MENU             
DIESEL INJECTOR
ADVANCE

 COMPONENT TESTS MENU   
SENSORS
ACTUATORS
ELECTRICAL
IGNITION
(or DIESEL)

GRAPHING MULTIMETER MENU
VOLT DC, AC
OHM/DIODE/CONTINUITY
RPM
FREQUENCY
DUTY CYCLE
PULSE WIDTH
DWELL
IGNITION PEAK VOLTS
IGNITION BURN VOLTS
IGNITION BURN TIME
INJECTOR PEAK VOLTS
INJECTOR ON TIME
AMP DC, AC
TEMPERATURE  C  F
LIVE

MENU (            )

 DISPLAY OPTIONS MENU              
USER LAST SETUP : OFF
CONTRAST : 4
GRATICULE : ON
HORIZ TRIG  POS : 10 %
ACQUIRE MODE : PEAK DETECT

 AUTO POWER OFF MENU                  
AUTO POWER OFF : ON
AUTO POWER OFF TIME : 30 min

INSTRUMENT SETUP MENU
DISPLAY OPTIONS
FILTER
AUTO POWER OFF
LANGUAGE
SCOPE CALIBRATION

 FILTER MENU        
INPUT A : OFF
INPUT B : OFF

 LANGUAGE MENU             
LANGUAGE : ENGLISH

W hen handling any signals higher
than 150 V peak, don t electrically
a c t i vate BOTH CH A an d/o r CH B
terminal(s) AND USB terminal together
at a  time. I f they are electri cally
activated simultaneously, a death or a
serious perso nal injury cou ld be
resulted in.

DANGER







• Disconnect the live test lead before disconnecting the common test lead.

• Do not perform internal service or adjustment of this instrument unless you are qualified to do so.

Avoid Burns:

• Do not touch hot exhaust systems, manifolds, engines, radiators, sample probe, etc.

• Do not remove radiator cap unless engine is cold. Pressurized engine coolant may be hot.

• Wear gloves when handling hot engine components.

• Use a suitable battery carrier when transporting batteries.

CAUTION

• Disconnect circuit power and discharge all high voltage capacitors before connecting the instrument to make
resistance, continuity, or diodes measurements.

• Do not rely on questionable, erratic,  or obviously erroneous test informations or results.  Make sure that all
connections and data entry information are correct and that the test procedure was taken correctly. Do not use
suspicious test information or results for diagnostics.
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Avoid Fires:

• Do not position head directly over carburetor or throttle body. Do not pour gasoline down carburetor or throttle
body when cranking or running engine. Engine backfire can occur when air cleaner is out of normal position.

• Do not use fuel injector cleaning solvents or carburetor sprays when performing diagnostic testing.

• The instrument has internal arcing or sparking parts. Do not expose the instrument to flammable vapors.

• Do not smoke, strike a match, place metal tools on battery, or cause a spark in the vicinity of the battery. Battery
gases can ignite.

• Keep a fire extinguisher rated for gasoline, chemical, and electrical fires in work area. Fires can lead to serious
injury or death.

WARNING

Avoid Electrical Shock:

• Make sure that the vehicle to be tested is at a safe potential before making any measurement connections.

• Connect the COM input of the instrument to vehicle ground before clamping the standard SECONDARY PICKUP
(supplied) on the ignition wires. This ground connection is required IN ADDITION TO the normal measurement
ground connections.

• Do not touch ignition coils, coil terminals, and spark plugs while operating. They emit high voltages.

• Do not puncture an ignition wire to connect the instrument, unless specifically instructed by vehicle manufacturer.

• Be sure the ignition is in the OFF position, headlights and other accessories are off, and doors are closed before
disconnecting the battery cables. This also prevents damage to on-board computer systems.

IF the ground of the instrument is connected to a voltage higher than 42 V peak (30 V rms);

• Use only the standard test leads set supplied with the instrument.

• Do not use conventional exposed metal BNC or BANANA PLUG connectors.

• Use only one ground connection to the instrument (GROUND LEAD of the CH A’s shielded test lead).

• Remove all probes and test leads that are not in use.

• Connect the power adapter to the AC outlet before connecting it to the instrument.

Follow the general safety guidelines below;

• Avoid working alone.

• Inspect the test leads for damaged insulation or exposed metal.  Check test lead continuity. Replace damaged
leads before use.

• Do not use the instrument if it looks damaged.

• Select the proper function and range for your measurement.

• When using the probes, keep your fingers away from probe contacts.
Keep your fingers behind the finger guards on the probes.
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3.1 PRIMARY SIGNAL TYPES FOUND IN MODERN VEHICLES

Once you become familiar with basic vehicle waveforms it will not matter how new or old the vehicle is, or even who
manufactured the vehicle. You will be able to recognize signals that do not look right.

Direct Current (DC) Signals

The types of sensors or devices in a vehicle that produce DC signals are:
• Power Supplies - Battery voltage or sensor reference voltages created by the PCM.
• Analog sensor signals - engine coolant temperature, fuel temperature, intake air temperature, throt tle position,

EGR pressure and valve position, oxygen, vane and hot wire mass airflow sensors, vacuum and throttle switches
and GM, Chrysler and Asian manifold absolute pressure (MAP) sensors.

Alternating Current (AC) Signals

The types of sensors or devices in a vehicle that produce AC signals are:
• Vehicle speed sensors (VSS)
• Antilock brake system wheel speed sensors (ABS wheel speed sensors)
• Magnetic camshaft (CMP) and crankshaft (CKP) position sensors
• Engine vacuum balance viewed from an analog MAP sensor signal
• Knock sensors (KS)

Frequency Modulated Signals

The types of sensors or devices in a vehicle that produce Frequency Modulated signals are:
• Digital mass airflow (MAF) sensors
• Ford’s digital MAP sensors
• Optical vehicle speed sensors (VSS)
• Hall Effect vehicle speed sensors (VSS)
• Optical camshaft (CMP) and crankshaft (CKP) position sensors
• Hall Effect camshaft (CMP) and crankshaft (CKP) position sensors

Pulse Width Modulated Signals

The types of circuits of devices in a vehicle that produce Pulse Width Modulated signals are:
• Ignition coil primary
• Electronic spark timing circuits
• EGR, purge, turbo boost, and other control solenoids
• Fuel injectors
• Idle air control motors and solenoids

Serial Data (Multiplexed) Signals

The types of circuits or devices in a vehicle that produce Serial Data signals are:
• Powertrain control modules (PCM)
• Body control modules (BCM)
• ABS control modules
• Other control modules with self diagnostics or other serial data / communications capability 3-1
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4.1 PRODUCT DESCRIPTION

This instrument is a battery-operated 2-channel lab scope, advanced true rms graphing multimeter (GMM) designed
expressly for use in the automotive service market. The main purpose of this instrument is to provide advanced
troubleshooting capabilities for automotive service technicians in an easy-to-operate format.

This instrument offers the following features:

• A 25 Mega-sample/Second (one channel minimum) sample rate for rapid data updates.
• Lab scope signal patterns.
• True RMS Graphing Multimeter (GMM) measurements and graphs.
• A unique “Glitch Snare” mode which captures, displays and optionally saves abnormal signal patterns in the

Scope mode of the COMPONENT TESTS only when they occur.
• Preset tests that enable the user to check the majority of automotive sensors, actuators and systems easily and

quickly.
• Powerful built-in reference information for each preset  test  which includes a test  procedure showing how to

connect to the circuit, a normal reference signal pattern, theory of operation and troubleshooting tips.
• Menu-driven interface has automatic conf igurations for most of non-preset tes ts, s o you will find that the

instrument is easy-to-use.
• The Secondary Ignition Single function displays the waveform along with the spark voltage, RPM, burn time and

burn voltage.
• The Diesel function allows you to set injection pump timing and RPM using the optional Diesel accessories.
• USB interface supports updates for code and data.

Even though this instrument is designed to configure itself to almost any test, it is very important that you continue
through this manual and carefully read and understand the capabilities of this instrument before attempting actual
measurements.
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4. GETTING STARTED















4.7 SCOPE MODE

SCOPE mode provides a display of  signal patterns from
either CH A or CH B over times ranging from 1 µs to 50
seconds per division, and for voltage ranges from 50 mV
to 300 V full scale.

The display may be triggered at all time sett ings, and
trigger slope and level may be adjusted as needed. The
scope display is defaulted in Glitch Detect mode to display
even the narrowest glitches.

The SINGLE INPUT SCOPE mode (Component  Tests
onl y) provi des  for the di splay  of  up to four meter
measurements above the waveform viewing area.

Indicate meter measurement function.
Indicate HOLD function enabled.
Backlit indicator.
Low battery indicator.
Indicate SCOPE mode.
Indicate AUTORANGING mode.
Indicate FILTER function enabled.
Indicate time base per division.
Indicate trigger level voltage.
Blank if DC, ~ if AC.
Indicate trigger slope (rising or falling).
Indicate AUTO triggered.
Indicate voltage per division and coupling.
Blank if DC, ~ if AC,       if GND.
Indicate signal source channel.
Indicate INPUT A zero level.
Indicate trigger location.
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The        KEYS icon indicates that you can use the Four Way arrow keys to change Volt  & Time
ranges, to move the waveform position, and to adjust the trigger level for either INPUT A or INPUT B.
And also you can use the Four Way arrow keys to adjust the sensitivity level in the COMPONENT
TEST (IGNITION mode).
Press          to toggle among   RANGE A , MOVE A , TRIG LVL , and  SENS LVL for INPUT A,
or among   RANGE B ,    MOVE B  , and   TRIG LVL for INPUT B.

The          icon indicates that you can use the Four Way arrow keys to move CURSOR 1 (if  CURSOR 1
is highlighted) or move CURSOR 2 (if  CURSOR 2 is highlighted). Press the function key to toggle
between CURSOR 1 and CURSOR 2.

This Label is displayed for SINGLE DISPLAY tests, for example the knock sensor test. To repeat the
test, press the function key, then perform the required action. The knock sensor test is a single shot
measurement, which means that the signal from the knock sensor is displayed only once. To get a new
test result, you have to press the         key and then tap the engine block or the sensor again. You may
have to readjust the vertical RANGE to get an optimal waveform.

To change to the opposite polarity. Puts the waveform display upside down.

This Label is displayed in the Scope test mode of the COMPONENT TESTS only.
To change from Scope test mode to GMM test mode, press the function key.

This Label is displayed in the GMM test mode of the COMPONENT TESTS only.
To change from GMM test mode to Scope test mode, press the function key.

This Label is displayed in the Scope test of the COMPONENT TESTS only.
To capture, display, and optionally save abnormal signal patterns when they occur, press the function
key.
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• Troubleshooting Tips

If the amplitude is low, look for an excessive air gap between the trigger wheel and the pickup.

If the amplitude wavers, look for a bent axle.

If one of the oscillations looks distorted, look for a bent or damaged tooth on the trigger wheel.

O2S Normal - Zirconia

• Theory of Operation

An O2 sensor provides an output voltage that represents the amount of oxygen in the exhaust stream. The output
voltage is used by the PCM to adjust the air/fuel ratio of the fuel mixture between a slightly Rich condition and a
slightly Lean condition.

A zirconia-type O2 sensor provides high output voltage (a Rich condition) and low output voltage (a Lean condition).

A titania-type O2 sensor changes resistance as the oxygen content of the fuel mixture changes. This results in a low
output voltage (from a Rich condition) and a high output voltage (from a Lean condition). Most Titania O2 sensors
are found on MFI (Multiport Fuel Injection) systems.

A voltage swing between 100 mV and 900 mV indicates that the O2 sensor is properly signalling PCM to control the
fuel mixture.

• Symptoms [OBD II DTC’s : P0130 ~ P0147, P0150 ~ P0167]

Feedback Fuel Control System’s (FFCS’s) no entering Closed Loop operation, high emissions, poor fuel economy.

• Test Procedure

1. Connect the shielded test lead to the CH A input and connect the ground lead of the test lead to the sensor
output LO or GND and the test lead probe to the sensor output or HI. (Get the color of the O2 signal wire or PCM
pin number from a wiring diagram.)

2. Warm the engine and O2 sensor for 2-3 minutes at 2500 RPM, and let the engine idle for 20 seconds.

3. Rev the engine rapidly five or six times in 2 second intervals from idle to Wide Open Throttle (WOT). Be careful
not to overrev the engine. Engine RPM over about 4000 is not necessary. Just get good snap throttle accels and
full decels.

4. Use the HOLD key to freeze the waveform on the display to check the maximum O2 voltage, minimum O2 voltage
and response time from Rich to Lean.
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ABS Sensor-Magnetic

• Theory of Operation

ABS (Anti-lock Brake System) wheel speed sensors generate AC signals with frequency proport ional to wheel
speed. The amplitude (peak to peak voltage) increases as the wheel speed increases and is greatly affected by air
gap between the magnetic tip and the reluctor wheel. The ABS computer compares the frequencies and uses this
information to maintain wheel speeds while braking.

This test shows the sensor’s raw output signal or the frequency proportional to wheel speed. The sensor’s output
signal should be continuous as long as the wheel rotates. Spikes or distortion of  individual output pulses may
indicate occasional contact between the sensor and the reluctor wheel.

• Symptoms

ABS light on, no ABS signal generation

• Test Procedure

1. Connect  the shielded test  lead to the CH A input and connect the ground lead of the test lead to the sensor
output LO or GND and the test lead probe to the sensor output or HI. (Use a wiring diagram for the vehicle being
serviced to get the ABS control unit pin number, or color of the wire for this circuit.)

2. Drive vehicle or spin the wheel by hand to generate signal.
When driving vehicle, back probe the connector leading to the sensor. Place the transmission in drive, and slowly
accelerate the drive wheels.
If the sensor to be tested is on a drive wheel, raise the wheels off the ground to simulate driving conditions. Key
OFF, Engine OFF (KOEO).

3. Use the Glitch Snare mode to detect spikes and dropouts.

4. Compare ABS sensors on all wheels for similarities.

• Reference Waveform

  VEHICLE INFORMATION                             
YEAR : 1989
MAKE : Acura
MODEL : Legend
ENGINE : 2.7 L
FUELSYS : Multiport Fuel Injection
PCM_PIN : Pos Grn Blu pin 13

Neg Brn pin 18
STATUS : KOBD (Key On Driven)
RPM : 1200
ENG_TMP : Operating Temperature
VACUUM : 18 In. Hg
MILEAGE : 69050
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Amplitude and Frequency increase with wheel speed. Output signal should be stable
and repeatable without distorted pulses.

ABS wheel speed sensor
logged while driving 20 MPH

FREQ = 416 Hz
P-P = 3.00 V



• Symptoms [OBD II DTC’s : P0420 ~ P0424, P0430 ~ P0434]

Emissions test failure, poor fuel economy.

• Test Procedure

1. Connect one shielded test lead to the CH A and the other test lead to the CH B. Connect the ground leads of
both test leads to the engine GND’s and one lead probe to the sensor 1 (upstream sensor) output or HI and the
other lead probe to the sensor 2 (downstream sensor) output or HI.

2. Run the engine until the O2 sensors are warmed to at least 600 ˚F (315 ˚C) in closed loop operation.

3. Run the engine at idle while increasing engine speed.

4. Use this test to check the efficiency of the catalytic converter.

• Reference Waveform

  VEHICLE INFORMATION                                     
YEAR : 1990
MAKE : Lexus
MODEL : LS400
ENGINE : 4.0 L
FUELSYS : Multiport Fuel Injection
PCM_PIN : 6 OXL1 BIK wire OXL2 24 Grn wire
STATUS : KOER (Key On Running)
RPM : 2500
ENG_TMP : Warming UP
VACUUM : 21 In. Hg
MILEAGE : 79369
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Downstream O 2 sensor voltage
rises as converter heats up and
begins to use excess oxygen to

burn HC and CO.

Waveform logged about
40 seconds after startup.

G ood O2 sensor’s output swing between 100 mV and 900 mV indicates that the O
sensor is properly signalling PCM to control the fuel mixture.
The fluctuations in the downstream sensor’s signal are much smaller than that of the
the upstream sensor. As the catalytic converter “lights off ” (or reaches operating
temperature) the signal goes higher due to less and less oxygen being present in the
exhaust stream as the catalyst begins to store and use oxygen for catalytic conversion.

• Reference Waveform

  VEHICLE INFORMATION                                
YEAR : 1995
MAKE : Plymouth
MODEL : Acclaim
ENGINE : 2.5 L
FUELSYS : Throttle Body Fuel Injection
PCM_PIN : 41 BkGrn Wire
STATUS : KOER (Key On Running)
RPM : Idle
ENG_TMP : Operating Temperature
VACUUM : 20 In. Hg
MILEAGE : 4350

NOTE
For  a Titania-type O2 sensor, change the vertical range to 1 V/div.

• Troubleshooting Tips

The response time increases by aging and poisoning of the O2 sensor.

Peak to peak voltages should be at least 600 mV or greater with an average of 450 mV.

If the waveform is severely hashy, look for a misfire caused by Rich mixture, Lean mixture, ignition problem, vacuum
leak to an individual cylinder, injector imbalance, or carboned intake valves.

IMPORTANT: Don’t use a scan tool at the same time you are analyzing the O2 waveform on the instrument. The
PCM may go into a different operating strategy when diagnostics are activated by the scan tool.

Dual O2 Sensor

• Theory of Operation

Many vehicles utilize dual O2 sensors within the Feedback Fuel Control System. Both O2 sensors provide an output
voltage that  present  the amount of oxygen in the exhaust  stream respectively before and after the catalyt ic
converter. The leading sensor signal is used as feedback for controlling the fuel mixture. The trailing sensor signal is
used by PCM to test efficiency of the catalytic converter. The signal amplitude from the trailing sensor will increase
when the efficiency of the catalytic converter declines over years. A good O2 sensor located downstream from the
catalyst should see much less fluctuations than its upstream counterpart during steady state operation. This is due to
the properly operating catalyst’s ability to consume oxygen when it is converting HC and CO, thus dampening the
fluctuations in the downstream sensor’s signal. That is, the difference in voltage amplitude from the sensors is a
measure for the ability of the catalyst to store oxygen for the conversion of harmful exhaust constituents.
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The maximum voltage when forced Rich should be greater than 800 mV. The minimum
voltage when forced Lean should be less than 200 mV. The maximum allowable
response time from Rich to Lean should be less than 100 ms.

Example of good O2 waveform from property
operating TBI system at idle. Hash is normal.

Avg. O2 voltage = 526 mV

“Moderate Hash”
This is normal



4. Press the HOLD key to freeze the waveform on the display for closer inspection.

5. To measure resistance, disconnect the sensor before changing to the GMM mode and then connect the Ground
and CH A leads to the terminals on the sensor.

• Reference Waveform

  VEHICLE INFORMATION                          
YEAR : 1986
MAKE : Oldsmobile
MODEL : Toronado
ENGINE : 3.8 L
FUELSYS : Multiport Fuel Injection
PCM_PIN : C10 Yel wire
STATUS : KOER (Key On Running)
RPM : 1500
ENG_TMP : Warming Up
VACUUM : 18 In. Hg
MILEAGE : 123686

• Troubleshooting Tips

Check the manufacturer’s specifications for exact voltage range specifications, but generally the sensor’s voltage
should range from 3 V to just under 5 V when stone cold, dropping to around 1 V at operating temperature. The
good sensor must generate a signal with a certain amplitude at any given temperature.

Opens in the ECT sensor circuit will appear as upward spikes to V Ref.

Shorts to ground in the ECT sensor circuit will appear as downward spikes to ground level.

Fuel Temp Sensor

• Theory of Operation

Most  Fuel Temperature (FT) sensors are Negative Temperature Coeff icient (NTC) type thermistors. They are
primarily two wire analog sensors whose resistance decreases when their temperature increases. Some sensors
use their own case as a ground, so they have only one wire, the signal wire. They are supplied with a 5 V  V Ref
power signal and return a voltage signal proportional to the temperature to the PCM. FT sensors usually sense the
engine’s fuel temperature in the fuel rail. When this instrument is connected to the signal from a FT sensor, what is
being read is the voltage drop across the sensor’s NTC resistor.

Typically, FT sensor’s resistance ranges from about 100,000 ohms at -40 °F (-40 °C) to about 50 ohms at +266 °F
(+130 °C).

• Symptoms [OBD II DTC’s: P0180 ~ P0184, P0185 ~ P0189]

Hard start, poor fuel economy, driveability problems
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cold
here

63.5 Dg.F

Thermostat opens
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ECT Test from stone
cold to operating temp.

MAX = 3.26 V
MIN = 1.86 V

PCM resistor
switched in

here

Engine at
operating

temp. here

• Troubleshooting Tips

When a catalytic converter is totally deteriorated, the catalytic conversion efficiency as well as the oxygen storage
capability of the catalytic converter are essentially lost. Therefore, the upstream and downstream O2 sensor signals
closely resemble one another on an inactive converter.

ECT (Engine Coolant Temperature) Sensor

• Theory of Operation

Most ECT sensors are Negative Temperature Coefficient (NTC) type thermistors. This means they are primarily two
wire analog sensors whose resistance decreases when their temperature increases. They are supplied with a 5 V  V
Ref power signal and return a voltage signal proportional to the engine coolant temperature to the PCM. When this
instrument is connected to the signal from an ECT sensor, what is being read is the voltage drop across the sensor’s
NTC resistor.

Typically, ETC sensor’s resistance ranges from about 100,000 ohms at -40 °F (-40 °C) to about 50 ohms at +266 °F
(+130 °C).

The ETC sensor signal is used by the PCM to control closed-loop operation, shift points, torque converter clutch
operation, and cooling fan operation.

• Symptoms [OBD II DTC’s: P0115 ~ P0116, P0117 ~ P0119]

No or hard start, high fuel consumption, emissions failure, driveability problems.

• Test Procedure

1. Backprobe the terminals on the ECT sensor with the CH A lead and its ground lead.

2. Run the engine at idle and monitor the sensor voltage decrease as the engine warms. (Start the engine and hold
the throttle at 2500 RPM until the trace goes across the screen.)

3. Set the time base to 50 sec/div to see the sensor’s entire operat ing range, from stone cold to operating
temperature.
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• Symptoms [OBD II DTC’s: P0110 ~ P0114]

Poor fuel economy, hard start, high emissions, tip-in hesitation

• Test Procedure

1. Backprobe the terminals on the IAT sensor with the CH A lead and its ground lead.

2. When the IAT sensors are at engine operat ing temperature, spray the sensors with a cooling spray, a water
spray, or evaporative solvent spray and monitor the sensor voltage. Perform this test with the Key ON, Engine
Off. The waveform should increase in amplitude as the sensor tip cools.

3. Press the HOLD key to freeze the waveform on the display for closer inspection.

4. To measure resistance, disconnect the sensor before changing to the GMM mode and then connect the Ground
and CH A leads to the terminals on the sensor.

• Reference Waveform

  VEHICLE INFORMATION                             
YEAR : 1986
MAKE : Oldsmobile
MODEL : Toronado
ENGINE : 3.8 L
FUELSYS : Multiport Fuel Injection
PCM_PIN : C11 Tan wire
STATUS : KOEO (Key On Engine Off)
RPM : 0
ENG_TMP : Ambient Temp.
VACUUM : 0 In. Hg
MILEAGE : 123686

• Troubleshooting Tips

Check the manufacturer’s specifications for exact voltage range specifications, but generally the sensor’s voltage
should range from 3 V to just under 5 V when stone cold, dropping to around 1 to 2 V at operating temperature. The
good sensor must generate a signal with a certain amplitude at any given temperature.

Opens in the IAT sensor circuit will appear as upward spikes to V Ref.

Shorts in the IAT sensor circuit will appear as downward spikes to ground level.

Knock Sensor

• Theory of Operation

AC signal generating Knock Sensors are piezoelectric devices that sense vibration or mechanical st ress (knock)
from engine detonation. They are quite different  from most other AC signal generating automotive sensors that
sense the speed or position of a rotating shaft.

Engine detonation resulting from overadvanced ignit ion timing can cause severe engine damage. Knock sensors
supply the PCM (sometimes via a spark control module) with Knock detection so the PCM can retard ignition timing
to prevent further Knocking. 6-9

Intake Air Temp sensor sprayed
with brake cleaner here. As

sensor tip cools, voltage
increases.

Key On Engine Off
“Spray” test Intake
Air Temp. Sensor

MAX = 3.26
MIN = 1.86

Key On
Engine Off

here

• Test Procedure

1. Backprobe the terminals on the FT sensor with the CH A lead and its ground lead.

2. Start the engine and hold the throttle at 2500 RPM until the trace goes across the screen.

3. Set the time base to 50 sec/div to see the sensor’s entire operat ing range, from stone cold to operating
temperature.

4. Press the HOLD key to freeze the waveform on the display for closer inspection.

5. To measure resistance, disconnect the sensor before changing to the GMM mode and then connect the Ground
and CH A leads to the terminals on the sensor.

• Reference Waveform

  VEHICLE INFORMATION                             
YEAR : 1988
MAKE : Nissan/Datsun
MODEL : 300 ZX non-turbo
ENGINE : 3.0 L
FUELSYS : Multiport Fuel Injection
PCM_PIN : 15 Yel wire
STATUS : KOER (Key On Running)
RPM : 2000
ENG_TMP : Warming Up
VACUUM : 21 In. Hg
MILEAGE : 57782

• Troubleshooting Tips

Check the manufacturer’s specifications for exact voltage range specifications, but generally the sensor’s voltage
should range from 3 V to just under 5 V when stone cold, dropping to around 1 to 2 V at operating temperature. The
good sensor must generate a signal with a certain amplitude at any given temperature.

Opens in the FT sensor circuit will appear as upward spikes to V Ref.

Shorts to ground in the FT sensor circuit will appear as downward spikes to ground level.

INTAKE AIR TEMP (IAT) Sensor

• Theory of Operation

Most Intake Air Temperature (IAT) sensors are Negative Temperature Coefficient (NTC) type thermistors. They are
primarily two wire analog sensors whose resistance decreases when their temperature increases. They are supplied
with a 5 V  V Ref power signal and return a voltage signal proportional to the intake air temperature to the PCM.
Some sensors use their own case as a ground, so they have only one wire, the signal wire. When this instrument is
connected to the signal from an IAT sensor, what is being read is the voltage drop across the sensor’s NTC resistor.

Typically, IAT sensor’s resistance ranges from about 100,000 ohms at -40 ˚F (-40 ˚C) to about 50 ohms at +266 ˚F
(+130 ˚C).
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here
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MIN = 2.66 V
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IMPORTANT :Before diagnosing IAC motor, several things must be checked and verified; the throttle plate should
be free of carbon buildup and should open and close freely, the minimum air rate (minimum throttle
opening) should be set according to manufacturer’s specifications, and check for vacuum leaks or
false air leaks.

• Troubleshooting Tips

If the engine idle speed doesn’t change corresponding with the change of the PCM’s command signal, suspect a
bad IAC motor or clogged bypass passage.

IAC (Idle Air Control) Solenoid

• Theory of Operation

Idle air control solenoids keep the engine idling as low as possible, without stalling, and as smoothly as possible
when accessories such as air conditioning compressors, alternators, and power steering load the engine.

Ford’s IAC solenoids are driven by a DC signal with some AC superimposed on top. The solenoid opens the throttle
plate in proportion to the DC drive it receives from the PCM. The DC drive is applied by holding one end of the
solenoid coil at battery positive while pulling the other end toward GND. The DC voltage at the driven pin decreases
as the solenoid drive current is increased.

• Symptoms

Erratic high or low idle, stalling, high activity but no change in idle

• Test Procedure

1. Connect the CH A lead to the IAC control signal from the PCM and its ground lead to the chassis GND.

2. Run the engine at idle while turning accessories (A/C, blowers, wipers, etc.) on and off. If the vehicle has an
automatic transmission, put it in and out of drive and park. This will change the load on the engine and cause the
PCM to change the output command signal to the IAC solenoid.

3. Make sure that the amplitude, frequency, and shape are all correct, repeatable, and consistent for the various idle
compensation modes.

4. Make sure that idle speed responds to the changes in the IAC drive.

6-43

The idle control output command from the PCM should change when accessories are
switched on and off or the transmission is switched in and out of gear.
The pulse width modulated signals f rom the PCM should control the speed of the
motor, and in turn the amount of air bypassing the throttle plate.
The turn off spikes may not be present in all IAC drive circuits.

• Troubleshooting Tips

If the waveform has runted (shortened) spike heights, it indicates a shorted EGR vacuum solenoid.

If the waveform has a flat line (no signal at all), it indicates a PCM failure, PCM’s EGR conditions not met, or wiring
or connector problem.
Too much EGR flow can make the vehicle hesitate, loose power, or even stall. Not enough EGR flow can result in
emissions with excessive NOx and engine detonation (pinging).

IAC (Idle Air Control) Motor

• Theory of Operation

Idle air control valves keep the engine idling as low as possible, without stalling, and as smoothly as possible when
accessories such as air conditioning compressors, alternators, and power steering load the engine.

Some IAC valves are solenoids (most Fords), some are rotating motors (European Bosch), and some are gear
reduction DC stepper motors (most GM, Chrysler). In all cases, however, the PCM varies the amplitude or pulse
width of the signal to control its operation and ultimately, idle speed.

Rotating IAC motors receive a continuous pulse train. The duty cycle of the signal controls the speed of the motor,
and in turn the amount of air bypassing the throttle plate.

• Symptoms

Erratic high or low idle, stalling, high activity but no change in idle

• Test Procedure

1. Connect the CH A lead to the IAC control signal from the PCM and its ground lead to GND.

2. Run the engine at idle while turning accessories (A/C, blowers, wipers, etc.) on and off. If the vehicle has an
automatic transmission, put it in and out of drive and park. This will change the load on the engine and cause the
PCM to change the output command signal to the IAC motor.

3. Make sure that idle speed responds to the changes in duty cycle.

4. Use the Glitch Snare mode to check for signal dropouts.

• Reference Waveform

  VEHICLE INFORMATIONS                             
YEAR : 1989
MAKE : BMW
MODEL : 525 I
ENGINE : 2.5 L
FUELSYS : Multiport Fuel Injection
PCM_PIN : 22 WhtGrn wire
STATUS : KOER (Key On Running)
RPM : Idle
ENG_TMP : Operating Temperature
VACUUM : 15 In. Hg
MILEAGE : 72822
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FREQ = 100 Hz
DUTY = 52.5 %

PCM turns
circuit on

PCM turns
circuit off





























Diesel Advance

Diesel pump testers are used to calibrate pumps exactly to the engine’s requirements. The testers monitor the
signals from the reference on the engine’s flywheel. The start of the delivery is monitored and timing adjustments
can be made at different speeds.

We can reveal problems in the timing of the start of fuel delivery compared to the TDC signal of the flywheel sensor
through this advance measurement, which cannot be an absolute and accurate diesel pump adjustment test.

• Test Procedure

1. Clamp the piezo pickup and its ground clip on the fuel line of the first cylinder close to the injector and connect
the adapter to the CH A.

2. Connect the CH B to the TDC sensor signal output or HI. Don’t use the ground lead of the CH B test lead, since
the instrument is already grounded through the pickup adapter to the fuel line (double grounding).

3. Use the cursors to read the advance in degrees of the flywheel rotation.

• Reference Waveform

(Advance at idle) (Advance at 1689 RPM)

WARNING

Avoid Electrical Shock or Fire:

• Use only insulated probes, test lead, and connectors specified in this manual when making measurements > 42 V
Peak (30 Vrms) above earth ground or on circuits > 4800 VA.

• Use probes and test leads within ratings and inspect  them before use. Remove probes and test leads before
opening case or battery cover.

• The inst rument must  be disconnected f rom all voltage sources before it  is opened for any adjus tment,
replacement, maintenance, or repair.

• Capacitors inside may still be charged even if the instrument has been disconnected from all voltage sources.
Discharge all high voltage capacitors before making resistance, continuity, or diodes measurements.

Cleaning

Clean the instrument with a damp cloth and a mild detergent.
Do not use abrasives, solvents, or alcohol.
Do not use any type of paper to clean the display screen. This will cause scratches and diminish the transparency of
the screen. Use only a soft cloth with a mild detergent.

Keeping Batteries in Optimal Condition

Always operate the instrument on batteries until a battery symbol            appears in the top right of the display. This
indicates that the battery level is too low and the batteries need to be recharged.

CAUTION

Frequent charging of the batteries when they are not completely empty can cause a “memory effect”. This means
that the capacity of the Ni-MH batteries decreases, which can reduce the operating time of the instrument.

Replacing and Disposing of Batteries

WARNING

To avoid electrical shock, remove the test leads, probes, and battery charger before replacing the batteries.

1. Disconnect the test leads, probes, and battery charger from both the source and the instrument.

2. Remove the battery cover by using a screwdriver.

3. Replace the Ni-MH battery pack with a new Ni-MH battery pack ONLY specified in this manual.

4. Reinstall the battery cover by using a screwdriver.

NOTE

Do not  dispose of the replaced bat tery with other solid waste. Used batteries
should be disposed of by a qualified recycler or hazardous materials handler.

Fuses Not Required

Since the instrument uses electronically protected inputs, no fuses are required.
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7. Maintenance

RPM = 898
ADV = 15 ˚

RPM = 1689
ADV = 12.9 ˚
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General Specifications

Operation temperature : 32 ˚F to 104 ˚F (0 ˚C to 40 ˚C)

Storage temperature : -4 ˚F to 140 ˚F (-20 ˚C to 60 ˚C)

Relative Humidity : 0 % to 80 % at 32 ˚F to 95 ˚F (0 ˚C to 35 ˚C),
0 % to 70 % at 32 ˚F to 131 ˚F (0 ˚C to 55 ˚C)

Temperature Coefficient : Nominal 0.1 x (Specified Accuracy) / ˚C (< 18 ˚C or > 28 ˚C ; < 64 ˚F or > 82 ˚F)

Max Voltage between 
any input and Ground : 300 V

Max Input Voltage : 300 V

GMM Basic DC Accuracy : 0.3 %

Bandwidth : DC to 5 MHz (-3dB)

Max Sample rate : 25 Mega sample/second

Graphing Multimeter
Display Counter : 5,000 count

Display : 280 x 240 pixels (active area) with backlit (EL)

Reference Waveform : 51 Waveform

PC interface : USB version 1.1

Power requirements : Rechargeable Battery
(External AC to DC Power Adaptor)

Battery Life : 4 Hours with backlit off

Size (H x W x D) : 9.06 x 4.72 x 1.97” (230 x 120 x 50 mm)

Safety & design : CAT II 300 V per IEC 1010-1, UL 3111-1 and C22.2 No. 1010-1

Accessory

User Manual : 1 ea

AC to DC Power Adaptor
/Battery Charger : 1 ea

Shielded Test Leads : 2 ea (red and yellow)

Ground Leads
for Shielded Test Leads : 2 ea (black)

Alligator Clips : 3 ea (red, yellow and black)
8-1

8. Specifications



Trigger

Trigger Source : CH A, CH B, TRIGGER (External trigger)

Sensitivity (CH A) : < 1.0 div to 5 MHz

Sensitivity (Trigger) : 0.2 V p-p

Modes : Single shot, Normal, Auto

Coupling : AC, DC

Slope : Rising and falling edge

Others

Glitch Snare : SCOPE Mode (Component test only)

Acquire Mode : SCOPE Mode

Setup memory : 8 Waveform & Setup

Reference waveform : 51 Waveform and Setup

Cursor : Time and Volt

Instrument Setup : Language, Contrast, Graticule

Graphing Multimeter (GMM) Specifications

DC Voltage Measurement

> Input Impedance : 10 M

AC Voltage Measurement

> Input Impedance : 10 M
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Back Probe Pins : 3 ea (red, yellow and black)

2 mm Adaptor : 3 ea (red, yellow and black)

Secondary Pick-up : 1 ea

Ground Lead
for Capacitive Secondary Probe : 1 ea (black)

Inductive Pick-up : 1 ea

Soft Carrying Case : 1 ea

USB Interface
Cable and Software (Optional) : 1 ea

Current Probe - CA113 OS/AT (Optional) : 1 ea

Diesel Probe Set (Optional) : 1 ea

Temperature Probe (Optional) : 1 ea

Isolated 12V Charging Adaptor  (Optional) : 1 ea

Isolated 24V Charging Adaptor  (Optional) : 1 ea

Scope Specifications

Horizontal

Sample rate : 25 Mega sample/second

Record length : 1000 Points

Update rate : Real time, Roll

Accuracy : ± (0.1 % + 1 pixel)

Sweep rate : 1 µs to 50 sec in a 1, 2, 5 sequence (Scope mode)
5 s to 24 Hours in a 1, 2, 5 sequence (GMM mode)

Vertical

Band width : DC to 5 MHz ; -3 dB

Resolution : 8 bit

Channel : 2 Channel

Coupling : AC, DC, GND

Input Impedance : 1 Mohm / 70 pF

Maximum Input Voltage : 300 V

Volt/Division : 50 mV to 100 V in a 1, 2, 5 sequence

Accuracy : ± 3 %
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Range

500 mV

5 V

50 V

500 V

600 V

Resolution

0.1 mV

0.001 V

0.01 V

0.1 V

1 V

Accuracy

± (0.3 % + 5 d)

Range

500 mV

5 V

50 V

500 V

600 V

Resolution

0.1 mV

0.001 V

0.01 V

0.1 V

1 V

40 Hz ~ 400 Hz

± (0.5 % + 5 d)

400 Hz ~ 20 kHz

± (2.5 % + 5 d)

Accuracy












