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Abstract
Thanks to technological development, and the more and more strict environmental regulations, electric and 
hybrid vehicles are playing an increasingly important role in road transport. An important part of these ve-
hicles is the electric motor, which has several different types that are applied in modern vehicles. To perform 
the simulation of the motors, it is important to measure their basic electromagnetic and dynamic parameters, 
since they are usually not provided by the manufacturers. For the above measurements a complex measur-
ing system is needed. This motor test bench is also suitable for the static and dynamic testing of different 
types of electric motors. In this publication the layout of our own developed test bench is presented.
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1. Introduction 
Nowadays, various alternative propulsion ve-

hicles are becoming increasingly widespread 
in road transport. Among these vehicles, those 
with electric and hybrid drives are the most 
widespread, thanks to the rapid development of 
batteries and electrical and hybrid systems. [1] 
The electric motor is an important part of these 
systems, thus its study plays an important role in 
industrial and academic research. 

Several research groups at the Faculty of Engi-
neering of the University of Debrecen deal with 
the study, modelling and simulation of different 
types of modern vehicle drives. The gained expe-
rience during the last few years can be utilized 
in university competitions for alternative propul-
sion vehicles. For more conscious design and rac-

ing, a vehicle dynamics simulation program was 
developed in Matlab/Simulink [2, 3] previously, 
which generates the dynamic functions of a vehi-
cle from its technical characteristics and data. Us-
ing the above program, we can optimize the tech-
nical parameters of a vehicle, or its power-train, 
to a given competition task. 

An important part of the simulation program is 
the simulation of the drive system of the vehicle, 
including the electric motor. [4–7] In order to run 
the simulation, it is necessary to know the basic 
electromagnetic and dynamic characteristics of 
the electric motor. In most cases these data are 
not provided by the manufacturers, so they need 
to be measured. For this purpose, we have devel-
oped a measuring system, which is suitable for 
determining the electromagnetic and dynamic 
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characteristics of various types of electric motors, 
and additionally testing them.

In this publication we present the layout, the dif-
ferent components and operation of the measur-
ing system we have developed. 

2. Schematic diagram of the measuring 
system 

A simplified schematic diagram of the planned 
measuring system is illustrated in Figure 1. The 
components that have been already installed and 
tested are briefly described in section 3. 

3. Description of the existing compo-
nents of the measuring system

The measuring system has several components 
that are essential for performing measurements 
on different types of electric motors at the re-
quired quality and accuracy level. In addition, 
each component must meet several well-defined 
technical requirements. In the following, we de-
scribe the existing and tested components of the 
system and give a brief technical description. Ad-
ditionally, we present some of the technical solu-
tions we have applied 

3.1. Rigid, adjustable bench for mounting 
different types of electric motors

To be able to build the measuring system, first 
of all, we need a rigid bench on which the load 
and tested motor can be mounted (Figure 2). The 
radial adjustment of the tested motor is ensured 
by mounting adapters made for each motor in-
dividually. Axial (as well as a small horizontal 
and vertical) adjustment of the load motor is also 
possible. Uniaxial precision is set applying a dial 
gauge as well as a laser axis adjuster . 

Figure 1. Schematic diagram of the measuring system.

Figure 2. The motor bench with the load and tested 
motor on it.
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For mounting a flanged motor, a custom-made 
adapter is applied, that can be attached to the 
bench securely. Thus, both foot and flange mount-
ed motors can be tested with our measuring sys-
tem. 

3.2. Data acquisition card
The data acquisition card is a NI 9239 high-

speed analog-digital (AD) module manufactured 
by National Instruments (Figure 3), which is con-
nected to the data recording laptop through an 
NI USB-9162 USB adapter. It measures an analog 
voltage signal in the 0-10 [V] range on 4 earth-in-
dependent channels. The card is capable of sam-
pling at 24-bit resolution at a sampling frequency 
of 50 kHz. This provides us a sufficient amount of 
data for any measurement tasks we are planning. 

For the measurements we have created a self-de-
veloped data recording program in NI LabVIEW. 
The main parameters of data recording can be 
specified in the program, and the value of volt-
age signal in each channel can be monitored in 
real time. Thus, the measurement of each physi-
cal quantity is realised as the measurement of a 
voltage signal.

3.3. Optical speed meter
To measure the motor speed, a reflection opti-

cal LED sensor (type: ROS-P, Monarch Instrument, 
Figure 4) is used. It operates from a 6 V DC power 
supply and provides a 6 or 0 V output voltage sig-
nal depending on whether light is reflected from 
the rotating object to the sensor, or not. To be able 
to do this, reflective strips are fixed to the circum-
ference of the rotating object (e.g. to the shaft of 
the motor). The speed can be calculated from the 
number of these strips, and the number of voltage 
signals.

3.4. Torque measurement
For torque measurement a HBM T22/200 rota-

ry shaft torque meter (Figure 5) is applied. We 
can connect it to the load and tested motor with 
clutches of different size, depending on the possi-
ble maximum value of applied torque. The torque 
meter has a measuring range of 0-200 Nm, and an 
output voltage signal in the 0-10 V range, which is 
proportional to the measured torque.

3.5. Current intensity and voltage measure-
ment

The intensity of electric current flowing through 
the motor is measured as a voltage drop across a 
shunt resistor with a resistance of 0.0006 Ω. The 
terminal voltage of the battery, since it is bigger 
than the maximum allowed input voltage of the 
NI 9239 device (10V), is measured applying a volt-
age divider with a ratio of 1:11.

4. Summary
In this publication the layout and main elements 

of our measuring system for the experimental 
study of electric motors is presented. Applying 
the system, the electromagnetic and dynamic 
characteristics of different types of electric mo-
tors can be measured. Additionally, static and 
dynamic test measurements can be performed on 

Figure 3. NI 9239 analog-digital module with NI 
USB-9162 USB adapter.

Figure 4. The optical LED sensor. Figure 5. The rotary shaft torque meter with clutches.
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the motors. When the system is built on, we in-
tend to calibrate its different units. Subsequently 
we intend to perform measurements on the BLDC 
motor, which is shown in Figure 2, to determine 
its electromagnetic and dynamic characteristics, 
which serve as input parameters of our simula-
tion program. Finally, we are planning to perform 
test measurements on the same motor.
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