AUTOMOTIVE
OSCILLOSCOPE
The beginner’s guide

Y-axis

Zero line
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All oscilloscopes have screens on which the waveform is shown.
The typical oscilloscope screen is divided into equal spaces
(divisions) which allow visual interpretation of the signal parameters.

OSCILLOSCOPE SCREEN

The graphics shown on the monitor are
called waveforms. This form of visualization
shows the change of voltage through time.
The divisions marked on the horizontal x-axis
allow for the time parameters to be
measured, and the vertical y-axis allow for
the voltage (or other parameters such as
current or pressure) values to be measured.
Oscilloscope can show the changes in one
or more input signal over time, allowing for
amplitude and shape of the voltage to be
accounted, as well as making phase and
frequency measurements. If no electrical
current source is plugged into to the
oscilloscope, the waveform is represented by
a straight line. This line is called “zero” line
because it represents a level corresponding
to a 0V voltage at the input of the
oscilloscope.
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Signal parameters control panel

Vertical: This is the attenuation or
amplification of the signal. You can control
the voltage range for each channel
separately.
Horizontal: This is the time base. Use the
time control to set the time base
represented horizontally across the
screen.
Trigger: This is the triggering of the
oscilloscope. Use the trigger level to
stabilize a repeating signal, or to trigger on
a single event.

An oscilloscope consists of three different systems – vertical system,
horizontal system, and trigger system. The control panel of an oscilloscope
is divided into these three sections. When using an oscilloscope, you adjust
settings in these areas to accommodate an incoming signal.

THE THREE SYSTEMS
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Common vertical controls are:
DC coupling
Zero volts

AC coupling
Zero volts

Invert off (signal is not inverted)

Position: Allows you to move the waveform up and
down so it’s exactly where you want it on the screen.
Range: This setting is a scaling factor that varies the
size of the waveform on the screen. Sets the maximum
voltage you can display on the screen.
AC/DC Coupling: If the DC coupling is used, the
waveform contains both AC and DC. When you need
to see certain signals more closely, use the AC
coupling which removes the DC component of the
signal and allows you to zoom in tighter on the
waveform and measure small AC disturbances.
Invert: This feature is directly related to how the signal
will display on the screen. It allows you to display the
measured signal inverted on the screen.
Bipolar/Unipolar control: When set to Bipolar, both
positive and negative values of the signal are shown.
Unipolar - only the positive values are shown.

Invert on (signal is inverted)

Vertical controls are used to position and scale the
waveform vertically, set the input coupling and adjust
other signal parameters.

VERTICAL SYSTEM AND CONTROLS
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Zoom panel

Common horizontal controls are:
Time base: Lets you select the rate at which the
waveform is drawn across the screen. This
setting is a scale factor. Changing the time base
enables you to look at longer and shorter time
intervals of the input signal.
Zoom: Some oscilloscopes may have special
horizontal magnification settings that let you
display a magnified section of the waveform on
the screen.
Position: The horizontal position control moves
the waveform left and right to exactly where you
want it on the screen. In some oscilloscopes the
Pre-trigger setting acts like position control.

Time base

An oscilloscope’s horizontal system is most closely associated with its
acquisition of an input signal. Horizontal controls are used to position
and scale the waveform horizontally. Time base is the most important
setting here.

HORIZONTAL SYSTEM AND CONTROLS
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Trigger source is Channel A and we have signal only on it.
Trigger type is Automatic!
Pre-trigger
Triggering on the “rising” edge

Trigger level

Triggering is one of the key functions within the oscilloscope. The trigger
event defines the point in time at which a repeating “window” of waveform
information is stabilized for viewing. The moment, when the plotting of the
new screen starts, is called a “triggering” moment.

TRIGGER SYSTEM AND CONTROLS

Trigger level: The trigger level and slope controls provide
the basic trigger point definition and determine how a
waveform is displayed. The trigger level line in the main
signal screen designates the trigger level’s position.
Trigger edge: For edge triggering, you select the slope
(positive or negative) and level, and the oscilloscope
triggers when your signal meets these conditions.
Pre-trigger: This program option gives the opportunity to
observe the measured signal shifted to the right on the
horizontal axis. Varying the horizontal position allows you
to capture what a signal did before a trigger event, known
as pre-trigger viewing. Thus, it determines the length of
viewable signal before and after the trigger event.
Trigger type: When setting the trigger level, you should
take into consideration the constant input signal offset.
Automatic triggering is an appropriate choice for
measuring periodically repeated signals. Single is used
most often when the input signal is variable, but it’s not
repeating periodically in time. It’s applicable for a single
pulse on input signal that can appear randomly at the
input.
Trigger source: Allows you to choose from which input
channel the triggering is being done.
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Input probes

You can choose from various input probes for each
input channel separately. Common input probes
are:
•
•

Coil-on-Plug pick-up clamps;
Inductive pick-up clamps;

•

Voltage input attenuators;

•
•

AC/DC current clamps;
Pressure sensors and transducers
(Boost pressure sensor, Common rail pressure sensors).

With the Probe editor can edit or add your own
custom input probes to suit the measurement task.
It’s very important that the input probes should at
least match, if not exceed the bandwidth of the
oscilloscope.

To perform high voltage or current signals measurements such as:
injectors, primary and secondary ignition and etc., you have to
extend the input range of the oscilloscope with a suitable input
probe.

INPUT PROBES
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Pre-sets are divided into different categories:

Pre-sets

Sensors: Contains a rich set of engine sensors
such as: MAF, lambda, CMP, CKP, ABS, MAP,
TPS etc.
Injectors: Includes various petrol, diesel and
LPG/CNG injectors.
Ignition: Covers all primary and secondary
ignition types: coil-on-plug, direct, DIS,
distributor etc.
Diesel: Includes common rail pressure sensor
and injectors, turbo boost pressure sensor, fuel
pressure and quantity valves etc.
Electrical system: Allows for battery and
charging tests as well as potentiometer and
solenoid measurements.
Communication: CAN bus measurements

Pre-sets automatically adjust the vertical scales, time base, the
trigger position and etc. for easy setup and operation. With the help
of the pre-sets you can make various sensor, ignition and injector
measurements very easy. Preset editor allows you to add new and
edit existing presets.

AUTOMOTIVE PRESETS
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Cursors follow the mouse pointer and display the X
and Y values at that point

Cursors are very useful when you to determine the exact value of
the parameter on the Y axis, and the Time on the X axis. You can
also measure the difference in the X and Y values between two
points.

MEASUREMENT MARKERS - CURSORS

With the help of the Cursors, you can easy
measure the difference in the X and Y
values between two points. Just click on the
locations of the graph that you want to
measure and this places a temporary static
marker on the selected point. When two
markers are placed the absolute difference
values are displayed in the measurement
marker label. ΔT is the absolute time
difference, ΔV is the absolute difference in
the quantity being measured by the active
channel. This functionality is not available
while running a measurement.
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Atmospheric pressure

Pressing the 720 degree button enables a
draggable, expandable 720 degrees scale which
can be expanded by left-clicking and dragging its
arrows. You can add any number of markers on
the screen and these markers can be dragged
over the scale by clicking and dragging the
markers or their text. While the zoom is enabled,
720-degree line position, its size, or the position
of the already added markers, cannot be
changed. This functionality is not available while
running a measurement.
In the example on the left, the in-cylinder
compression waveform is shown. You can clearly
see the 720 degree markers as well as the
pressure and vacuum values. See the In-cylinder
pressure testing example waveform at slide 16.

720 degree cursors make the diagnosis easier allowing you to
make a measurement corresponding to an operating cycle of the
four-stroke cycle engine that requires two revolutions (720°) of the
crankshaft.

MEASUREMENT MARKERS – 720 DEGREE SCALE
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Negative voltage
around 1V

Zero volts

Positive voltage
around 7V

Positive voltage

Negative voltage

Crankshaft Position Sensor (CKP) sends
signal for the speed and the position of the
crankshaft to the onboard controller (ECU).
This signal is a series of repetitive electrical
voltage impulses, generated by the sensor
when the crankshaft is rotating. Based on
these impulses, the ECU controls the fuel
injectors and the ignition system.
On the left a typical waveform from a
Crankshaft Position Sensor - inductive type is
shown. Notice the AC bipolar voltage (both
positive and negative). In this case the voltage
range is set to ±5V and the time base is set to
200mS.

Crankshaft Position Sensor (CKP) is an electromagnetic sensor by
the help of which the fuel injection system makes synchronization of
the fuel injectors operation and the ignition system.

EXAMPLE WAVEFORM – CRANKSHAFT POSITION SENSOR
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Positive voltage around 140V

Positive current up to 12A

Zero volts and
amps

Negative current up to -12A

Piezo injectors make diesel engines even more
clean, more economic, more powerful and more
quiet. Some advanced common rail fuel
systems perform as many as five injections per
stroke. These injectors work by passing
electrical current through a stack of Piezo
crystals, causing them to expand. The
expansion and contraction of the crystals
displaces the fuel within the injector, causing
the needle valve to open and close extremely
quickly.
This a typical waveform from a Common Rail
piezo injector. During the opening of the piezo
injector, a positive current up to 12 amperes is
generated. Injector must be closed manually
and this causes the negative current values!
Notice the high positive voltage (up to 140V)
and note that in this case a 10:1 or 20:1
attenuator must be connected to the voltage
input due to the high input voltage!

Common Rail injectors make possible fine electronic control over the fuel injection
time and quantity, and the higher pressure provides better fuel atomization.
Injectors can be fired in rapidly several times during the injection cycle. With this
precise control over injector firings, smaller, staggered quantities of fuel delivery
can be timed over the course of the power stroke to promote complete and
accurate combustion.

EXAMPLE WAVEFORM – COMMON RAIL PIEZO INJECTOR
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Firing line

Burn time

The coil is the heart of the ignition system. There are
actually two coils (primary and secondary) of wire wound
about an iron core. These coils are insulated from each
other and the whole assembly is enclosed in an oil-filled
case.
Ignition systems can be divided into the following types:
• Distributor Ignition System;
• Direct Ignition System - individual coil for each cylinder;
• Coil-on-Plug (COP) type;
• DIS-Wasted Spark Ignition.

Coil oscillations
Pre-trigger

Ignition system is a system for igniting a air-fuel mixture. Ignition system
is divided into two electrical circuits - the primary and secondary circuits.
The primary circuit carries low voltage. This circuit operates only on
battery current and is controlled by the breaker points and the ignition
switch.

EXAMPLE WAVEFORM – PRIMARY IGNITION

Primary voltage can rise up to 300-400V so a 20:1 input
attenuator must be connected to the input to collect the
primary ignition waveform. Ignition waveform contains
specific points and sections each of them talking about
the ignition system individual components condition:
spark plugs, high tension wires, ignition coil(s) etc.
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Elements of the secondary ignition pattern:
Dwell angle (dwell period): This is the angle on which
the crankshaft rotates from the beginning of accumulation
of energy in the primary winding of the ignition coil until
occurring of the spark in the spark plug.

Firing line

Advance angle: This is angle on which the crankshaft is
rotating at the moment when the spark arises until
reaching the relevant cylinder at the top dead center.

Spark Kv point
Burn time

Dwell period

Drilling voltage (firing line): This is the value of voltage
in the secondary circuit at the time of appearance of the
spark and it’s the maximum voltage in the secondary
circuit. It directly depends on the distance between the
electrodes of spark plugs and the mixture in the cylinders.
Typical value of this tension is between 7 kV and 12 kV.

Coil oscillations

Voltage combustion of the mixture (spark kV): The
point when the actual spark across the gap starts to take
place. This illustrates the energy required to actually
initiate the spark and keep it going.

Cylinder 1

Cylinder 2

Cylinder 3

Cylinder 4

Burn Time (spark duration): Spark combustion length is
normally 1.5mS to 2mS. The "spark line" is the actual time
the spark is moving across the plug gap.

Three basic components make up the secondary circuit of the ignition
system - the ignition coil, the distributor, and the spark plug. Secondary
Coil-on-Plug (COP) systems use one individual coil for each spark plug.
Each coil is located directly on top of its spark plug and does not use
any external spark plug wires. Each coil pack also has an independent
primary circuit which must be tested individually.

EXAMPLE WAVEFORM – SECONDARY COIL-ON-PLUG IGNITION

14/17

http://www.autoditex.com

ACKNOWLEDGE BIT
CAN high

The CAN controller is connected to all the
components on the network via these two wires.
Each network node has a unique identifier. All
ECUs on the bus are effectively in parallel and
that’s why all the nodes see all of the data, all of
the time. A node only responds when it detects
its own identifier.
CAN bus is a message-based protocol, designed
specifically for automotive applications but now
also used in other areas such as aerospace,
industrial automation and medical equipment.

CAN low
ACKNOWLEDGE BIT

The CAN bus (Controller Area Network) is an automotive bus
developed by Bosch, allowing microcontrollers and devices to
communicate with each other within a vehicle without a host
computer. CAN bus uses two dedicated wires for communication.
The wires are called CAN high and CAN low.

EXAMPLE WAVEFORM – CAN BUS

It was specially developed for fast serial data
exchange between electronic controllers in motor
vehicles. It connects the individual systems and
sensors as an alternative to conventional multiwire looms. It allows automotive components to
communicate on a single or dual-wire networked
data bus up to 1Mbps. CAN bus is one of five
protocols used in the OBD-II vehicle diagnostics
standard.
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Highest pressure value
(indicates compression)

Pressure is around
the atmospheric
This is the
atmospheric
pressure

To perform a cylinder compression test a pressure transducer
should be screwed up in place of the spark plug of any
cylinder. You can view the cylinder pressure waveform in real
time on your oscilloscope. You can also measure AC, turbo
and fuel pressures. Cylinder pressure waveform allows you to
determine:
• The real ignition advance angle by the ratio of TDC to the
high voltage pulse.
• The condition of the engine mechanics by observing the
pressure difference before and after the compression
(approx.).
• The correct position of the exhaust camshaft by observing
the opening angle of the exhaust valve.
• The correct position of the intake camshaft by observing the
valve overlap position and the opening of the intake valve.
• The condition of the exhaust valve guide sleeve by the
shape of the waveform.

In these zones we have a vacuum

By the position of the characteristic points and sections of the
cylinder pressure waveform of a gasoline engine, you can
determine the proper synchronization between the crankshaft and
the gas-distributor shafts. Measurement and comparison of the
absolute cylinder pressure values at certain characteristic points,
allows determining the condition of the cylinder seals. You can
detect serious mechanical defects in the tested cylinder with the
help of the cylinder pressure waveform.

• The permeability of the exhaust system by the pressure
value at the exhaust phase in the area of the waveform
between 180ᴼ and 360ᴼ.
• The presence and the vacuum value in the intake manifold.
• The presence of a gap in the timing belt by the difference in
the angles of overlapping of the valves from one frame of
the waveform to the next frame.

EXAMPLE WAVEFORM – IN-CYLINDER PRESSURE TESTING
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CarScope family oscilloscopes are used for all measurements and instructions in this guide!
CarScope program has a pre-defined sensor-specific measuring settings and you just have to
select the sensor, actuator or ignition circuit that’s going to be tested and the software
automatically loads the required settings and gives you full details of how to connect
the device, a pattern waveform and general technical information for the component or the
system under test. Plus, LAN are 4 channels and Viso is 2 channels. All have engine analyzer
and ignition capabilities for use with any vehicle. You can choose from many automotive
accessories to suit your measurement task. All CarScope devices are free from USB
connectivity problems, common for most automotive oscilloscopes.
CarScope Plus is a high quality four channel automotive digital storage oscilloscope with
enhanced speeds especially built for the automotive industry. When you want speed, accuracy
and reliability then this is the smart choice. CarScope Plus uses LAN Ethernet connection and
has a high stability trigger system made of four independent hardware-based circuits. This is
an affordable way to diagnose today’s high-tech vehicles. CarScope Plus is an enhanced
version of CarScope LAN!
CarScope LAN is а system specially designed as a reliable and easy to use tool primarily for
automobile service professionals. It consists of a PC program and a hardware device.
CarScope LAN uses LAN Ethernet connection to connect to the PC.
CarScope Viso is a professional automotive component tester with touch screen color display
and it’s the single solution to all your engine analysis needs. The Viso automotive digital
storage oscilloscope provides you with affordable performance in a compact design. It’s
packed with useful features such as: USB connectivity, component tester with built-in preset
configurations, primary and secondary ignition capabilities with presets, dual graphing
voltmeter, frequency counter and context sensitive help menu. The Viso oscilloscope helps you
get more done, in less time.

CARSCOPE FAMILY OSCILLOSCOPES
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