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WORKSHEETS
Worksheet 1 - Simple Analogue Signals

Multimeters and clamp meters are great for showing us static
values of voltage and current in a vehicle. But when we are trying to
diagnose problems in systems that have signals that are changing
quickly then an oscilloscope is needed to capture those signals and
display them.

The difficulty here is that to capture the signals you need to
understand how to ‘trigger’ the oscilloscope. This is not always
straightforward.

The photograph shows a Fluke handheld oscilloscope.

Peak to peak amplitude
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Sine wave Square wave Triangle wave

Over to you:

Power up the Oscilloscope trainer. Read the section on ‘Using the oscilloscope
trainer’ in the Reference section to familiarise yourself with how the trainer works
and its outputs.

Use the Trace Up and trace down buttons (on the left of the display) to select the
Generic Sine wave.

Read the manual on your oscilloscope. Understand how to adjust the time base,
the trigger level, and the trigger settings. Put it on Auto trigger for now.

Use the secondary up down buttons to set the unit to the highest output frequency.
Set up the oscilloscope so that it shows a nice stable trace.

Sketch the waveform on the space in the student handout and mark the OV line in
bold

Fill in the square boxes against the vertical and horizontal graticules

In the student handout fill in the tables for oscilloscope settings and waveform
information.

Use the Trace Up and trace down buttons (on the left of the display) to select
the Generic Triangle wave and use the secondary buttons to choose the lowest
frequency. Sketch the waveform again and fill in the table.
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WORKSHEETS
Worksheet 1 - Simple Analogue Signals

So What?

« On nicely regular repeating waveforms the Oscilloscope is easy to trigger. Setting
the trigger on Auto is probably going to give you the information you need.
« This is harder on irregular waveforms.

Our (very) rough guide on triggering an oscilloscope for automotive is:

1. Don't use auto trigger

2. Don't use auto ranging

3. Set to continuous run and get Ov traces on screen before applying signal inputs
4. Set vertical voltage range to the maximum expected from the input signals

5. Connect the input signals

6. Adjust the vertical resolution if necessary (if the peak goes off screen, or to expand
the view)

7. Setthetrigger level to just below the signal trace voltage peak (assuming a positive
input signal)

8. Set trigger mode, if no trigger occurs, adjust the trigger level slightly until it does

9. Adjust the timebase to bring the signal feature into view
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WORKSHEETS
Worksheet 2 - Manual Trigger

Thetriggerlevel on an oscilloscope sets the voltage at which the
scan of the oscilloscope trace starts. Triggering an oscilloscope
can be a multistage process: put it on Auto trigger, find out the
peak to peak values of the oscilloscope, determine which part
of the waveform you want to see, put the trigger on manual
and fine tune.

Photograph shows a Pico oscilloscope connected to a laptop.

> Time

Peak to peak amplitude

<

Waveform period

Over to you:

Use the Trace Up and trace down buttons to select the triangle wave output.

 Switch the trigger to Manual.

« Alterthe trigger level so that the left hand of the waveform starts at different points
in the triangle waveform cycle. Referring to the diagram above get the trigger to
activate at the small blue triangle and the small red dot.

« Answer the questions in the student handbook
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WORKSHEETS
Worksheet 3 - Irregular Waveforms

- Most of the signals in a petrol or diesel car are periodic -
B they are repetitive and driven by the engine cycle. But some
® modern automotive signals are repetitive but irregular and
are harder to capture. Some signals are not repetitive with
the engine cycle but are driven by events in the vehicle - like
a CAN bus signal.

The photograph shows an oscilloscope showing a SENT bus
signal.

The waveforms you have looked at so far have been regular - they repeat over a
certain period. Some waveforms - particularly digital signals - are irregular and harder
to see using an oscilloscope.

Over to you:

« Usethe Trace Up and trace down buttons to select the Exhaust pressure waveform

« Switch your oscilloscope trigger to ‘auto’. What happens? Could you take
measurements from this?

+ Adjust the trigger voltage so that it is in the middle of the trace

« Switch your oscilloscope trigger to ‘Single’. Capture a single trace. It should look
something like the above.

So What?

« Atafirstglanceitlooks like the Exhaust pressure sensor waveform is not repetitive.
But it does repeat although the pattern is a strange one.

y
Il,ﬂlﬂlx Copyright © 2023 - 2026 Matrix Technology Solutions Limited



WORKSHEETS
Worksheet 4 - Two Channel Waveforms

Nearlyalloscilloscopesallowyoutomeasuretwowaveforms
at once. This is really useful where the timing of two signals
— in relation to each other is critical or where it is difficult to
& 4 trigger on a waveform of interest: you can trigger on one
waveform and look at the information in another.

The photograph shows a current clamp in a vehicle.

Voltage
A

N
N Out 2

» Time

Out 1

Over to you:

« Use the Trace Up and trace down buttons to select the Dual trace waveform.
« Put channel A of your oscilloscope onto Out 2.
« Try to trigger the waveform using the Auto trigger and the Single trigger modes.

So What?

When waveforms are not repeating regularly at the timebase you are interested in
they can be very hard to see with an oscilloscope.

Over to you:

+ Put channel A of your oscilloscope onto Out 2.

* Put channel B of your oscilloscope onto Out 1.

« Trigger your oscilloscope to Channel A to Auto trigger.
* Now trigger on Channel B.

« Answer the questions in the handout.

y
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WORKSHEETS
Worksheet 5 - PWM Waveforms

¥ Pulse Width Modulation is used in all motor control circuits
' as a way of controlling the power to a motor. The ratio of
. power on to power off is pulsed many times a second to
S allow us to control the average power supplied to a motor.
Blass TR | Thic o
i This give us speed control of the motor.
P Photograph shows a handheld oscilloscope showing a
! ' secondary ignition signal.

The photograph shows a handheld oscilloscope being used
*¥ to diagnose motor faults.

Over to you:

Use the Trace Up and trace down buttons to select the PWM signal.
« Put channel A of your oscilloscope onto Out 1
« Select an appropriate trigger mode

« Use the sub selection up and down buttons to vary the PWM percentage output
between 30 % and 70 %.

« Use the oscilloscope to measure the time the pulse is high and the time the pulse
is low.

«  Prove mathematically that the percentage of power is 30% and 70% for the two
settings using the timings from the oscilloscope trace.

* Follow the instructions in the Student handout.

y
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WORKSHEETS
Worksheet 6 - Camshaft Sensor

The camshaft sensorsisusually athree wire Hall effect sensor
that measures the presence of steel under the sensor head.
2 It allows the ECU to understand the angle the camshaft is at

Mm This image shows the camshaft

waveform for a VW Passat.

Over to you:
* Use the Trace Up and trace down buttons to select the Camshaft waveform
« Put channel A of your oscilloscope onto Out 1

« Set up the oscilloscope so that the waveform is stable on the screen

« Follow the instructions in the Student handout.

y
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WORKSHEETS
Worksheet 7 - Crankshaft Sensor

YW ' Like the camshaft sensor the crankshaft sensors is usually a
. three wire Hall effect sensor that measures the presence of

steel under the sensor head. It allows the ECU to understand
the angle the camshaft is at and is vital for the timing of fuel
injection and ignition.

The photograph shows a crankshaft sensor. (in red plastic
connector removed)

This image shows the
crankshaft waveform
for a VW Passat.

Over to you:

« Use the Trace Up and trace down buttons to select the Crankshaft waveform
« Put channel A of your oscilloscope onto Out 1
« Set up the oscilloscope so that the waveform is stable on the screen

* Follow the instructions in the Student handout.
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WORKSHEETS
Worksheet 8 - Exhaust Pressure Sensor

The exhaust pressure sensor measures the difference in pressure
across the particulate filter in diesel cars. This allows the ECU to
estimate the amount of soot in the filter.

Image shows exhaust pressure sensor for Nissan /Vauxhall / Renault
cars.

This image shows an exhaust

T v P pressure waveform.

Courtesy Pico Technology Limited
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Fico Technology VW picoauto. com PicoScope 7 Automotive Version 7.0.93.10998 FT788/0900 PS4425

Over to you:

« Usethe Trace Up and trace down buttons to select the Exhaust pressure waveform
« Put channel A of your oscilloscope onto Out 1

« Set up the oscilloscope so that the waveform is stable on the screen

* Follow the instructions in the Student handout.
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WORKSHEETS
Worksheet 9 - Fuel Pressure Sensor

# The fuel pressure sensor is used to monitor the pressure

» of the fuel in the fuel rail after the fuel pump. Regulating

f pressure is important in ensuring that the right amount of
fuel is delivered to the cylinders by the ECU.

The photograph shows a fuel pressure sensor on the top of
the crank case.

| This image shows an exhaust
i / i ‘u 1l pressure waveform.

Courtesy Pico Technology Limited

Over to you:

* Use the Trace Up and trace down buttons to select Fuel pressure waveform
« Put channel A of your oscilloscope onto Out 1
« Set up the oscilloscope so that the waveform is stable on the screen

+ Follow the instructions in the Student handout.

y
ll’ﬂlﬂlx Copyright © 2023 - 2026 Matrix Technology Solutions Limited

13



14

WORKSHEETS
Worksheet 10 - Fuel Pressure Regulator Drive

| that the pressure in the fuel rail is correct. The ECU takes in the
readingfromthe fuel pressure sensorand controlsthe aperture
of the valve with the regulator waveform. In conjunction with
the fuel pressure sensor and the fuel pump the ECU controls
the rate of fuel flow into the engine.

The photograph shows a fuel pressure regulator on an engine.

This image shows the fuel pressure
regulator waveform for a VW Passat.

Over to you:

* Use the Trace Up and trace down buttons to select the Fuel pressure waveform
« Put channel A of your oscilloscope onto Out 1
« Set up the oscilloscope so that the waveform is stable on the screen

+ Follow the instructions in the Student handout.
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WORKSHEETS
Worksheet 11 - Injector Current

Injectors control the amount of fuel pumped into the cylinder.
If the waveform is too short, too long, or weak then the
incorrect amount of fuel will be delivered to the cylinder. An
oscilloscope with a current clamp is a great way to monitor
the fuel delivered to each cylinder.

The photograph shows fuel injectors on an engine.
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This image shows an
injector voltage waveform
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Over to you:

« Use the Up and Down buttons to select the injector waveform

« Put channel A of your oscilloscope onto Out 1

« Connect a current clamp to the oscilloscope

« Set up the oscilloscope so that the waveform is stable on the screen

« Follow the instructions in the Student handout.

y
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WORKSHEETS
Worksheet 12 - Mass AirFlow (MAF) Sensor

The Mass Air Flow sensor is used to measure the rate of
air entering the engine. The ECU needs this information so
that it can deliver the correct fuel mass to the cylinder.

The photograph shows a MAF sensor on an engine.

Over to you

« Use the Up and Down buttons to select the MAF waveform.
« Put channel A of your oscilloscope onto Out 1
« Set up the oscilloscope so that the waveform is stable on the screen

* Follow the instructions in the Student handout.
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WORKSHEETS
Worksheet 13 - Turbo Actuator Drive

The turbo actuator acts as a pressure relief valve that
controls the boost output of your turbo, diverting excess
exhaust gases away from the turbine wheel. This controls
the speed of the turbine, preventing it from over-speeding,
and regulating the speed of the compressor.

The photograph shows a turbo actuator on an engine.

Thisimage shows an turbo
actuator drive waveform
for a VW Passat.
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Over to you

« Use the Up and Down buttons to select the turbo waveform.
« Put channel A of your oscilloscope onto Out 1
« Set up the oscilloscope so that the waveform is stable on the screen

* Follow the instructions in the Student handout.
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WORKSHEETS
Worksheet 14 - CAN Bus Signals

The CAN bus is the standard communication system used
in virtually all vehicles. It is probably the hardest bus to
understand. All you can do is capture the signal, ensure
that the voltages are correct and if you have a smart
& automotive oscilloscope you can decide the CAN bus
& signal to get a raw message - although the oscilloscope

19)) Wi will not tell you what that message means.
D) /
g £ o/

The photograph shows an ECU in a car.
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Over to you

« The 250kbaud CAN bus signals are on CAN H and CAN L for all settings of the
Oscilloscope trainer.

* Put channel A of your oscilloscope onto CAN H, and put channel B of your
oscilloscope onto CAN L.

* You will see a CAN bus message repeated at set intervals
« Set up the oscilloscope so that the waveform is captured on the screen

* Follow the instructions in the Student handout.

y
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Student Handbook

Worksheet 1 - Simple Analogue Signals
Voltage

Peak to peak amplitude

Setting Measurement Setting Measurement

Time per divison S Period S
Voltage per person V Peak to peak voltage V
Trigger mode Auto

Voltage

Voltage
A ;

I s S S I N S A B T

to peak amplitude

Setting Measurement Setting Measurement

Time per divison S Period S
Voltage per person V Peak to peak voltage V
Trigger mode Auto
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Student Handbook

Worksheet 2 - Manual Trigger

What happens when the trigger level is higher than the peak voltage of the waveform?

What happens when the trigger level is lower than the peak voltage of the waveform?

The inputs to the oscilloscope can be AC coupled or DC coupled. What difference
does this make to how you see the trace?

(You may need to refer to the oscilloscope handbook to understand how to change
the settings.)

y
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|Student Handbook

Worksheet 3 - Non Repeating Waveforms

Voltage

Over to you

Set the timebase to 500us.

« Capture a complete cycle of the waveform. The signal is repetitive.
Zoom in in time until you have just one complete cycle on your display
Sketch the waveform on the oscillogram above.

Using your oscilloscope measure the width of each of the pulses (the time from when
the waveform goes high to when it goes high again) in the waveform and enter the
information below:

Pulse 1
Pulse 2
Pulse 3
Pulse 4
Pulse 5
Pulse 6
Pulse 7
Pulse 8
Pulse 9
Pulse 10
Pulse 11

y
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Student Handbook

Worksheet 4 - Two Channel Waveforms

Over to you

Why will the oscilloscope show a static waveform when triggered on channel A and
not on Channel B?

Worksheet 5 - Pulse Width Modulation

Fill in the table to show how the settings you used to trigger the oscilloscope:

Setting Measurement

On time at 30% S
Off time at 30% S
Ratio of On to Off %
On time at 70% S
Off time at 70% S
Ratio of On to Off %

Worksheet 6 - Camshaft Sensor

Fill in the table to show how the settings you used to trigger the oscilloscope:

Setting Measurement

Time per division S
Voltage per division
Trigger mode

Trigger channel

Trigger direction
Trigger threshold V

y
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Student Handbook

Worksheet 7 - Crankshaft Sensor

Fill in the table to show how the settings you used to trigger the oscilloscope:

Setting Measurement

Time per division S
Voltage per division
Trigger mode

Trigger channel

Trigger direction
Trigger threshold V

Over to you

« Now select the waveform Camshaft and Crankshaft.

« Connect Out 1 to Channel A and Out 2 to Channel B.

* You can now see the camshaft and the crankshaft sensors together. Experiment
with triggering the pair of waveforms on each channel. Which channel presents
the easiest way to view the waveform?

Worksheet 8 - Exhaust Pressure Sensor

Fill in the table to show how the settings you used to trigger the oscilloscope:

Setting Measurement

Time per division S
Voltage per division
Trigger mode

Trigger channel

Trigger direction
Trigger threshold V

y
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Student Handbook

Worksheet 9 - Fuel Pressure Sensor

Fill in the table to show how the settings you used to trigger the oscilloscope:

Setting Measurement

Time per division S
Voltage per division
Trigger mode
Trigger channel

Trigger direction
Trigger threshold V

Worksheet 10 - Fuel Pressure Regulator Drive

Fill in the table to show how the settings you used to trigger the oscilloscope:

Setting Measurement

Time per division S
Voltage per division
Trigger mode

Trigger channel

Trigger direction

Trigger threshold V

Worksheet 11 - Injector Current

Fill in the table to show how the settings you used to trigger the oscilloscope:

Setting Measurement

Time per division S
Voltage per division
Trigger mode
Trigger channel

Trigger direction
Trigger threshold V

y
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Student Handbook

Worksheet 12 - MAF Sensor

Fill in the table to show how the settings you used to trigger the oscilloscope:

Setting Measurement

Time per division S
Voltage per division
Trigger mode
Trigger channel

Trigger direction
Trigger threshold V

Worksheet 13 - Turbo Actuator Drive

Fill in the table to show how the settings you used to trigger the oscilloscope:

Setting Measurement

Time per division S
Voltage per division
Trigger mode

Trigger channel

Trigger direction

Trigger threshold V

Worksheet 14 - CAN Bus Waveforms

What is the data transmitted in the CAN bus waveform?

y
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Using the Oscilloscope Trainer

Oscilloscope trainer
171MmIX

Connections

Referring to the above photograph the numbered items are:

9

XNV~ WN =

Power jack - 12V

Trace up button

Trace down button

Display

USB socket for reprogramming
Out 1 terminal

Out 2 terminal

Ground terminal

CAN Low terminal

10.CAN high terminal
11.Sub selection up
12.Sub selection down

Using the oscilloscope trainer

1.
2.

o) SR

Insert the power connector

Use the up and down buttons to change the waveform that is emitted from the
connectors at the bottom of the waveform generator.

Put the Ground of the oscilloscope on the centre connector

Put the oscilloscope probe on the terminal you are interested in

Trigger oscilloscope to see the waveform.

y
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Reprogramming the Oscilloscope
Trainer

Prerequisites

« PC installed with Programmer software “STMFlashLoader Demo.exe” and USB
driver. These will be supplied by Matrix

«  Firmware hex file: CP5050 Osc Trainer Firmware.hex or new .hex file with your
images on supplied by Matrix

*  Micro USB lead

+ Digital Volt Meter

Programming the LK9155 (PCB4566-2) with firmware
Connect the Oscilloscope trainer to the PC via a Micro USB cable (nb. Do not connect
the 12v PSU)

Run the PC Device Manager and check that the USB port is detected.

B Portable Devices
v & Ports (COM & LPT)
ﬁ CDmmUﬂiCEtiDﬂi F'DrI:I:CUf'-.-"l'l:I i Flash Loader Demaonstrator = >

& Printer Port (LPT1) 57 -

& USB Serial Port (COM11)
- P ri nt q UELIES EgLencéclE:néommunication port and set settings, then click next to open

Caornrman for all farilies

Itis listed here as “USB Serial Port (COM11)”

@ UART

. Port Name w| Paity Even >
In your case the COM number will likely be BaudRate  [57600 = [ s [Oisatled v

different, make a note of it. DatsBits [ <] Timeouts) |10 -]

Run the “STMFlashLoader Demo.exe” (nb.
It might be identified as “Demonstrator
GUI")

You will see the following screen:

Mest Cloze

y
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Reprogramming the Oscilloscope

Trainer

The following screen should appear (some
details may differ):

Click the “Next” button and the following
screen should appear:

i Flash Loader Demonstrator

Kys ..o

g Target iz readable. Please chick "Mext” to proceed,

Back ‘ Hesxt Cloze
i@ Flash Loader Demonstrator — X
‘, augmented
Please, select your device in the target st
Target [STM32F3_?::_B:(_2SGK El
PID (h) |0432
BID (h) |41
Version |31
Flazh mapping
Namme | Start address | End address | Size | A
% Pagel O 9000000  Ox 20007FF 0800 (2K)
B Page 0% 8000800  Ox SODDFFF  Ow800 [2K]
& FPage2 Ox 8001000 Ox8OO17FF (w800 [2K)
% Page3 0x 8001800 OxSODTFFF  0wB00 [2K)
B Paged 0x 9002000 Ox 80027FF  (0xBOO (2K)
8 Pages 0x 9002800 Ox 8002FFF (0800 (2K)
8 Pageb 0x 8003000  Ox8OO37FF 080D (2K)
8 Page? 0% 8003300  Ox S003FFF 0800 (2K)
’» Pages 0x 8004000  Ox S8O047FF (w800 [2K)
’5 Paged 0x 5004800  Ox SO04FFF (w800 (2K)
’» Page10 0x 9005000  Ox S0057FF (w800 (2K)
B Pace11 0x 9005800  Ox SOOSFFF (w800 [2K) u
Back | Hext | SNCE | Cloze |

y _/
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Reprogramming the Oscilloscope
Trainer

i Flash Loader Demonstrator - X

The following screen should appear (some
details may differ): ‘7] ugmented

" Erase
& Al G Sel J
" Download to device
]E:\Users\Leigh\Desktop\WDHK\Automotive ProjectiLk91 55.

' Eraze necessary pages " WNoEraze " Global Eraze
@ [h] | 8000000 - " rogranm
I~ Optimize [Remove some FFs) v erify after download
[~ &pply option bytes | J
. { Lli:uload from device -
Select “Download to device” [ Upload o e -
| =
~
Click the file select button and locate the ;
] . |EM&BLE ~| [wrRITEPROTECTION -] =]
firmware Hex file. -
. " Back Mext | Cancel LCloze
Enable “Verify after download | | |
Click the “Next” button
<@ Flash Loader Demonstrator - X i Flash Loader Demonstrator - X

Lys. o | &y ....

Target STM32F3_7x_8x_ 256K Target STM32F3_7x_8x_25EK

Mapfile  STM32F3_Tx_8x_256K.5Tmap Mapfile  STM32F3_7x_Bx_25E6K.5Tmap

Operation DOWNLOAD Operation  DOWHLOAD

File name  C:\Users\Leigh\Desktopiw/0 RE Automotive ProjectiLK3155 Filz hame  C:\UszerstLeightDesktopyWWORENAUbomotive Projects K155
Dzcillozcope Trainer\CPA050 Wavegen Osciloscope TrainersCPA0S0 W avegen
Flowcode'w/avegen2. bin Flowcodehw'avegenZ bin

File size  174.38 KB (178564 bytes) File size  174.38 KB [178564 bytes)

Status 20,92 KB [21420 bytes) of 174.38 KB (178564 bytes] Statug 174.38 KB (178564 bytes) of 174.38 KB [175564 bytes)

Time 013 Timne 0132

- Downloading data 12% Download operation finished successfully

[ ] w0 | o | oo || [ ] w | oo | ow |

The “Downloading” screen will appear, when successfully completed, click the “Close”
button.

Disconnect the USB lead from the Oscilloscope trainer.

y
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| List of Waveforms

ID Source Out 1 Out 2 Egv': ﬁg:

1 Generic Sine wave (adjustable) Y

2 Generic Triangle wave (adjustable) Y Y
3 Generic PWM (adjustable) Y Y
4 Generic Dual wave A (sine) Dual wave B Y Y
5 VW Passat Diesel 2018 Camshaft Y Y
6 VW Passat Diesel 2018 Exhaust pressure Y Y
7 VW Passat Diesel 2018 Fuel pressure Y Y
8 VW Passat Diesel 2018 Fuel pressure regulator Y Y
9 VW Passat Diesel 2018 Injector current Y Y
10 VW Passat Diesel 2018 MAF Y Y
11 VW Passat Diesel 2018 Turbo actuator Y Y
12 VW Passat Diesel 2018 Crankshaft Y Y
13 VW Passat Diesel 2018 ABS analogue Y Y
14 VW Passat Diesel 2018 Camshaft Crankshaft Y Y

y
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