
ELECTRICAL MACHINES  
QUICK START GUIDE 

CP8561

I n s p i r i n g  T h e  N e x t 
G e n e r a t i o n  O f  E n g i n e e r s

www.matrixtsl.com
Copyright © 2026 Matrix Technology Solutions Limited



Copyright © 2026 Matrix Technology Solutions Limited2

Contents

Health and safety 
The Modules 
Digital Drive Control Box 
Block Diagram 
Description 
Dynamometer 
Modes of use
Touchscreen
Windows PC Software
Web Software
Command API
Trouble shooting

3
4
6
8
9
10
12
13
18
19
20
23



Copyright © 2026 Matrix Technology Solutions Limited 3

Health and Safety

Caution:
Do not use a PC-based oscilloscope
with the equipment.
Earth loop currents may flow between 
its earth connection and the control 
box’s earth connection.

During the design of this product we have paid considerable attention to the potential 
risks of studying electric motors. We believe that we have come up with the safest 
possible design. However there are still some risks that you need to be aware of. This 
page shows how we have considered each danger. You need to read this and make 
sure that your students are protected whilst using the equipment.

The equipment is heavy. As with other heavy lab. equipment, if a student drops a 
device on his foot, it could cause considerable damage. You need to decide on the 
level of responsibility that students take here.

You can reduce risk by having a technician lay the equipment out on benches and 
ensuring that students are seated at desks whilst using the equipment.

Exposed rotating parts create hazards as hair and clothing can get caught in them. 
The use of relatively low-power motors reduces the risk. The plastic guard between 
dynamometer, sub-modules and motor under test means that no rotating parts are 
exposed.

This is minimal: the output from the control box is limited to 36V AC or DC

The dynamometer is capable of generating DC voltages. At maximum speed, around 
3,000 RPM, the generated voltage is less than 30VDC.

The control unit will not generate power until a motor is plugged into the dynamometer. 
This prevents the use of third party motors with the system.

Safety

Physical Shock

Electric Shock

Test Standards

UL 61010-1, 3rd Edition, 2012-
05-11
CSA C22.2 No. 61010-1:2018
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 The Modules

Most systems require the dyno module to be connected to the control box via the 
25-way D-Type cable. This allows the auto ID system to function which detects which 
modules are present as well as allowing sensor readings such as motor speed and 
torque. The dyno module should be slid onto the shorter side of the main base plate.

Other modules e.g. motors and mechanical accessories then slide onto the longer side 
of the main base plate. Care should be taken to align the couplings on the modules to 
allow them to be correctly coupled together. The thumb wheels on the modules can 
be used to lock the module in place on the base plate.

Here are some example motor modules that can be coupled with the dyno.
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 The Modules

Each module features a in built temperature sensor to keep track of the module. If 
the box detects that the module is getting warm then it will display a temperature 
symbol on the graphical display by the module icon. If the module continues being 
used and gets hot then the box will stop operations until the module temperature 
reduces to a safe level. This feature ensures that the modules do not overheat and 
that the modules do not pose a risk of burning. Care should still be taken when using 
the motors to check that they are running at a safe temperature.
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Digital Drive Control Box

1.	 The graphical display and touchscreen. Used to manually control the digital drive 
box.

2.	 The dynamometer connections.
3.	 The DC1 connections.
4.	 The DC2 connections.
5.	 The three-phase (U/V/W) and stepper motor (U/V/W/X) supply connections.
6.	 The single phase (A/B) supply connections.
7.	 Brushless motor feedback connection.
8.	 Variable capacitance terminals.
9.	 Battery power supply input, to be used with the Battery Simulator module. (Range: 

15 — 36V DC)

1
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Digital Drive Control Box

1.	 The Mains input plug - the unit takes 240V or 110V
2.	 Mains fuse
3.	 On/Off Switch
4.	 RJ45 LAN/Ethernet connection socket.
5.	 USB socket
6.	 25 way D-type connector which is used to connect the Control unit to the 

Dynamometer
7.	 Fan—air outlet
8.	 Extendable legs

123
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Block Diagram 
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Description
Please refer to the block diagram on the 
previous page.

The digital drive box shipped with the 
Matrix Modern Electrical Machines system 
is one of the most up to date in the World. 
Inside the unit there are two separate 
processors: a main processor handling all 
the motor drives, dealing with all waveform 
and timing systems, and a secondary 
processor dealing with the user interface 
and communi-cation tasks. These two 
processors use buses to communicate 
between themselves and between the 
different electronic circuits in the unit. 
Additional processors are included on 
each of the modules to perform the auto 
ID function and collect sensor readings.

A key feature of the control unit is that 
almost every quantity in the unit can be 
measured. On the schematic you can see 
that there are 7 separate ammeters and 
3 separate voltmeters in the system. This 
gives the instrumentation software and 
the user lots of options when displaying 
what is happening in the electrical 
machine system. The measurement of 
each quantity takes place thousands of 
times per second and can be processed by 
software applications to display a quantity 
or a waveform.

The motor drive chips are all low voltage 
drop FET based units. As you can see from 
the schematic all the outputs are digital 36V 
outputs. Simple pulse width modulation 
algorithms are used to vary the effective 
output power on the DC outputs. On the 
AC outputs Pulse width modulation is again 
used but with a more advanced pseudo-
sine with additional third harmonic wave 
algorithm for 3 phase which varies the 
output power sinusoidally over the period 
of the output waveform. This technique

is used by the more advanced motor 
controllers in industry. Older, and 
perhaps cheaper, motor driver systems 
sometimes use a simple digital output 
waveform for driving induction motors 
where the outputs are simply digital 
outputs phase shifted by 180 or 120 
degrees depending on the number 
of phases. This digital output is also 
available in some software applications 
shipped with the system so that students 
can investigate the efficiency of each 
method.

The motor driver chip outputs can be 
placed in one of three states: 36V, 0V 
and open circuit. This allows for different 
drive strategies when generating 
waveforms for driving motors. As 
part of the learning package students 
investigate PWM for driving DC motors, 
and Pseudo-sine waves for driving single 
phase AC motors. The unit also performs 
more complex six step pseudo-sine wave 
generation for driving the brushless 
motor and this can be examined with 
the internal multi channel oscilloscope 
as well as an external oscilloscope.

Note that most of the internal ammeters 
and voltmeters are on the Driver board 
in the unit. The topmost ammeter and 
voltmeter in the block diagram monitor 
power to the Driver board and this is 
displayed in the applications.

The unit includes six values of capacitor 
(0-500uF in steps of 100uF) for thorough 
investigation of single phase induction 
motors.

The unit also includes a FET based 
electrical load for the dynamometer 
whose effective resistance is controlled 
by software.
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Dynamometer 

Machine Under              
test

Dynamometer

En
co

de
r

DC Generator

Auto ID Bus

A dynamometer is an instrument that directly measures the force produced and 
speed of a rotating machine (the motive force). Torque and power can be calculated 
from the measured force and speed. In our case the mechanical rotation is produced 
by one of the DC or AC electrical motors. This Dynamometer is an absorption type 
swing arm where the motive force is used to drive a DC generator with a variable 
resistance load attached. The resulting force can be measured via the use of a load 
cell (underneath the dynamometer and not shown in the image above) connected to 
the digital drive box via the module ID system.

The encoder on the shaft of the dynamometer allows the digital drive box to detect 
the rotational speed. This is displayed in revolutions per minute (RPM) on the digital 
drive box graphical display and also on the software application.

Machines under test are coupled to the dynamometer using a coupling which is 
housed in a plastic tube to prevent clothes and hair getting caught in the mechanism. 
Below the motor shaft coupling there is a five way connector which is used to couple 
the Auto ID bus which detects the connected modules and automatically configures 
the digital drive box. Unless a machine under test is in place the digital drive box will 
not activate the various motor outputs.
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Dynamometer 

The dynamometer rotates in the same direction as the machine under test. It provides 
a mechanical resistance for the machine under test. It also generates a voltage and - if 
a resistance is placed across the Dynamometer terminals - it produces a current.

If voltage and current flow then power is being generated - work is being done. The 
more power generated by the Dynamometer, the more mechanical power has to be 
generated by the machine under test.

We test electrical machines to understand their properties so we know when to use 
the various types of machine. The way we test them is to vary their speed and the 
mechanical power they need to generate. The dynamometer and the digital drive box 
allow us to do this.

The Dynamometer is made up of a DC motor and a mechanism to connect the motor 
to a load cell. The DC motor also acts as a DC generator. The mechanism suspends the 
DC machine in two bearings that allow the body of the machine to rotate. The force 
on the load cell creates a weight on the load cell or scale (which represents mass). 
The force produced on the load cell is equal to mass x 9.81m/s2. The torque can be 
calculated from the formula Torque = Force x Distance. In this case, the distance is 
from the centre of rotation of the generator to the centre line of action of the swing 
arm. For the Matrix dynamometer, r = 45mm

More discussion on calculations is given on page 4 of the CP7479—Modern Electrical 
Machines Curriculum..

R=45mm

F
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Modes of use 

Manual Mode - Touchscreen

Software Mode - USB

Software Mode - Network

The Modern Electrical Machines equipment can be used in two ways:

This mode allows users control of the DC and AC power supply outputs using the 
touchscreen display on the front of the unit. The touchscreen allows the speed and 
torque to be measured as well as things like the variable capacitor value to be altered. 
Manual mode is useful when teaching students the basics of electrical machine 
control and will be useful when used with true RMS multimeters to measure voltages 
and currents.

When the USB lead is plugged in to the Digital Drive Box the electrical machines can 
be driven from a local Windows PC using the Electrical Machines software.

When the Ethernet cable is plugged into the Digital Drive Box the electrical machines 
can be driven from a local or remote user using the web software. The web software 
will work with anything that has a web browser for example a computer, smart phone 
or tablet. We recommend using the Chrome browser to run the application. The QR 
code and URL on the Setup screen of the graphical display provide a link to the web 
software complete with a unique ID used to connect to your specific box. The Network 
Screen of the graphical display can be used to determine if the digital drive box is 
correctly connected to the internet.
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Touchscreen

The touchscreen can be used to control and monitor the electrical machines hardware.

The control screen allows you to control the motor and dyno modules. The various 
settings can be adjusted using the sliders or using the +/- buttons for fine control.
Run—Toggles the motor output on and off
Back—Return to main screen.

Main Screen

Control Screen 

The main screen has the following options.
Control—Controls the motor outputs
Stats—Various statistics from the current operation
Wiring—Shows the required wiring for the detected modules
Setup—Control remote access, capacitor outputs.
Run—Toggles the motor output on and off
Zero—Zeros the load cell reading
Three boxes—Indicate the dyno, mechanical module, motor detected by the auto ID 
system. Some stats may be presented such as RPM or drive voltage and frequency.
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Touchscreen

Stats Screen

Wiring Screen

Grams / NM—Toggles the load cell readings between Newton Meter Torque and 
Grams.
AC/DC—Toggles the motor drive mode between AC and DC.
Back—Return to main screen.

This screen will show buttons for each module detected by the auto ID system.
Back—Return to main screen.
Dyno—Wiring for the Dyno module.
Module—Wiring for the mechanical module.
Motor — Wiring for the motor module.
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Touchscreen

Example Wiring Screen 

Setup Screen 

The wiring screen shows the module and its 4mm connections as well as the required 
links to the digital drive control box. Here the red and black 4mm terminals of the 
dyno module are linked to the purple DYNO A and DYNO B terminals of the digital 
drive box.
Back—Return to Wiring screen.

Back—Return to main screen.
Capacitor—Set the value of capacitance across the Yellow Capacitor terminals.
Network—Check network connections for remote access.
QR Code and URL—Provides a link to the online control software with a unique ID that 
links directly to your digital drive box. Using a phone or tablet camera with the QR 
code will allow the phone or tablet to go directly to the software. The URL is specific to 
the control box and will not change allowing the URL to be shared with remote users.
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Touchscreen

Capacitor Screen 

Network Screen 

Back—Return to Setup Screen
0-500uF—Select the capacitance value you want across the capacitor terminals.

When the ethernet cable is disconnected or the box is unable to collect a dynamin 
IP address then this will be displayed. The Retry button will re-attempt to collect a 
dynamic IP address.
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Touchscreen

If a dynamic IP address is collected then other details will be shown for example the 
connection to the Matrix MQTT server and the specific topic IDs.

The network communication works with the online version of the application only. 
For this to work the box must be allowed to connect to the internet via outbound port 
1883.

If dynamic IP is not available then a static IP address can be assigned using the PC 
configure application and the USB data connection.
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Windows PC Software

1

2

3 4

5 6 7

9

8

10

11

The Windows PC Software can be ran by downloading the software from the MatrixTSL 
website. One you have downloaded the software extract the contents of the zip file 
into a folder and then use the ElectricalMachines.exe to start the software.

1.	 Auto ID modules
2.	 Controls for things like load, voltage and frequency
3.	 Motor Start/Stop switch
4.	 AC/DC waveform select switch
5.	 Power and statistics
6.	 Speed gauge
7.	 Torque gauge
8.	 Feature buttons

A - Capture—Collect the voltage and current for a single output cycle according
to the Waveform Capture properties.

B - Sweep—Perform a load sweep and draw the associated graph according to the             
Dyno Load Sweep properties.

 X - Range—Perform a range test according to the range testing properties.

9.	 Graphs showing Voltage/Current when using the capture button or showing Dyno 
sweep results when using the Sweep button or showing Range results when using 
the Range button.

10.	Properties to configure the various aspects of the software
11.	Application control buttons, to start, pause and stop the software
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Web Software

The Web Software can be ran by visiting the URL provided on the Setup Screen of the 
digital drive box. We recommend running the software in the Chrome web browser.
1.	 Auto ID modules
2.	 Controls for things like load, voltage and frequency
3.	 Motor Start/Stop switch
4.	 AC/DC waveform select switch
5.	 Speed and Torque measurements
6.	 Capture—Collect the voltage and current for a single output cycle according to the 

Waveform Capture properties.
7.	 Sweep—Perform a load sweep and draw the associated graph according to the 

Dyno Load Sweep properties.
8.	 Clear—Removes the previous sweeps from the chart.
9.	 Saves the data from previous sweeps to a file on the users device.
10.	Graphs showing Voltage/Current when using the capture button or showing Dyno 

sweep results when using the Sweep button.
11.	Properties to configure the various aspects of the software

12
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Command API

The electrical machine digital drive box communicates via USB using a JSON based 
serial data protocol. There are commands that are sent from the computer which 
controls what the box does and how it responds.

The status command allows for the collection of the detected module IDs as well as a 
few other stats of the box including power supply voltage and firmware version. The 
response also contains the control type used for the detected motor type as well as 
the max voltage that can be used with the motor.

Sent: {“status”:0}

Received: {“ver”:0, “id0”:0, “id1”:0, “id2”:0, “ct”:0, “vs”:0.0, “vl”:0.0}

Sender Key Value Type Description 

PC status N/A Get information about the system

DDBox ver Int Firmware version

DDBox id0 Int Dyno ID

DDBox id1 Int Sub Module ID

DDBox id2 Int Motor ID

DDBox ct Int Control Type

DDBox vs Float Supply Voltage

DDBox vl Float Limited Voltage - Max voltage available for the detected 
motor type 

0x00 = Empty 0x24 
0x20 = Dyno 
0x21 = DC Motor 
0x22 = Brushless Motor 
0x23 = 1PH Motor

0x00 = Disabled
0x01 = DC
0x02 = Brushless

0x03 = AC1PH
0x04 = AC3PH
0x05 = Stepper

0x06 = AC/DC
0xFF = Uninitialized

0x24 = 3PH Motor 
0x25 = Shunt Motor
0x26 = Series Motor
0x27 = Stepper Motor 
0x28 = Locked Rotor

0x29 = 5:1 Gearbox 
0x2A = 1:5 Gearbox
0x2B = Backlash 
0x2C = Clutch
0x3F = Unassigned

Module IDs:

Control Types
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Command API

Sender Key Value Type Description Description 

PC load Float 0-1 Load Percentage - 0=0%, 1=100%

PC v1 Float 0-1 Voltage for DC1 or AC - Percentage of limited 
voltage 

PC v2 Float 0-1 Voltage for DC2 - Percentage of limited 
voltage

PC va Float 0-1 Voltage for Mech Module - Percentage of 
supply voltage

PC freq Int 20-100 AC wave Frequency

PC cap Int 0-500 Capacitor Value

PC en Int 0-1 Motor Enable Control

PC mo INT 0-1 Motor drive mode 0-DC, 1-AC

Sender Key Value Type Description 

PC poll N/A Get information about the motor and dyno status

DDBox spe Int Speed in RPM

DDBox tor Float Torque in Nm

DDBox pin Float Power in coming from the dyno in A 

DDBox pout Float Power out going to the motor in A

DDBox pha Int Phase angle between current and voltage in degrees 

The poll command allows for the collection of the sensed data from the modules 
including speed, torque, power and phase angle.

Sent: {“poll”:0}

Received: {“spe”:0, “tor”:0, “pin”:0, “pout”:0, “pha”:0}

The various motor drive controls including voltage, frequency, dyno load, capacitance 
and drive mode are included below. They can be sent one at a time and not all may be 
needed for certain motors. For example a DC motor would only require v1, load and 
en, An induction motor would require v1, freq, mo and en.

DC Motor: {“load”:0, “v1”:0.5, “en”:1}

3PH Motor: {“load”:0, “v1”:0.5, “freq”:50, “mo”:1, “en”:1}
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Command API

Sender Key Value Type Description 

PC poll N/A Get information about the motor and dyno status

DDBox spe Int Speed in RPM

DDBox tor Float Torque in Nm

The load cell on the dyno and locked rotor module can be zeroed and can be adjusted 
to return a weight in grams instead of the default torque value in NM.

Zero Load Cell: {“zero”:0}

Load Cell In Grams: {“lctype”:1}
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Troubleshooting 

Remedy: Check the connections from the digital drive box to the motor module by 
referencing the wiring guides. Check that the Auto ID system can see the motor 
module. Check that the output voltage and frequency are suitable for the connected 
motor module.

Remedy: Check that the 25-way D-type cable is connected correct between the digital 
drive box and dyno module.

Remedy: Check that all the modules are correctly housed on the base board and 
locked down, check that the five way auto ID system on each module is making good 
contact. Check that the 25-way D-type cable is connected correct be-tween the digital 
drive box and dyno module.

Solution: Check to ensure that the USB cable is connected between the digital drive 
box and the Windows PC. Some lap tops seem to reduce the USB data rate speed as 
a battery saving measure. In Task manager set the SCADA app as a higher priority or 
switch to running the laptop from a power supply.

Solution: Check you are running the web software in Chrome or other Chromium 
based web browser. Using the graphical display double check the Setup -> Network 
Screen and check that the digital drive box can both see the internet and connected 
to the MQTT server. Check the UID specified in the URL is correct for the specific 
digital drive box as specified on the Setup Screen. A good indication things are ok is if 
the Auto ID system is correctly reporting the modules in the web software.

Problem: Motor not spinning

Problem: Nothing appearing on the Auto ID

Problem: Motor occasionally stops spinning

Problem: Windows PC Comms errors.

Problem: Web Software Not Responding
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Notes
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Notes
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Notes
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