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EMC OF UNIVERSAL DC MOTOR 
 

Abstract:  This document deals with electromagnetic compatibility (EMC) of universal motor operating at AC 
and DC power supply. Universal motors are used in a variety of applications and can be operated either at AC 
or DC supply current. The advantages of universal motors are especially high starting torque, very compact 
design and high running speeds. The drawback consists in the fact that the commutator and arcing brushes 
create electromagnetic interference (EMI), ozone and noise. 
This paper presents the results of oscilloscopic measurement of disturbing magnetic field in proximity of a 
universal motor at various speeds at AC and DC operation mode. The time derivation of the magnetic flux 
density is converted by an inductive coil to a voltage to be observed by oscilloscope. 
 

1. Introduction 
The universal motor (Fig. 1) is a DC series 
motor designed for operation either at single-
phase AC or DC power, hence it is called 

Universal Motor. It is also known as an AC 
Series Motor or an AC Commutator Motor. 
These motors consist of a stator with two 
concentrated field windings, a wound rotor, a 
commutator, and two carbon brushes. The stator 
and rotor windings of the motor are connected 
in series to the power source. The serial 
connection is created by the rubbing contact of 
the rotor commutator and brushes. 
Unlike a DC motor with separate excitation,  a 
universal motor fed by stable voltage have no 
stable speed. At constant voltage (AC or DC) 
the motor runs as fast as the load permits and its 
torque decreases with speed. 
Universal motors have the highest torque-to-
weight ratio of all the types of electric motors. 
Main characteristics of universal motors are the 
following: 

• High speed, high efficiency, relatively low 
lifetime. Continuous long time operation is 
not recommended. 

• The commutator and brushes create sparks 
and ozone and generate EMI. 

• Operation either at DC or AC voltage. The 
typical motor power is 50 - 1000 W, the 
typical speed is 10,000 - 20,000 rpm. 

The universal motor is usually found in the 
applications requiring a large starting 
torque and a moderate running torque, high 
speed and short running time with long idle 
period. Some of the typical applications are 
the following: 
• home and office use: washing machine, 

blender, mixer, juicer, chopper, grinder, 
food processor, vacuum cleaner 

• power tools: garage door opener, water 
pump, air pump 

• personal care: foot massager, hair dryer 
• office automation: vending machine, pencil 

sharpener 

2. EMC European standards 
European standards impose restrictions on 
EMC to reduce electromagnetic pollution of the 
environment. The proliferation of non-linear 
loads and the consequential increase in 
harmonics pollution in power distribution lines 
have induced various technical committees to 
establish limits on the maximum harmonic 
content produced by all industrial and domestic 
devices. Manufacturers of these devices are 
required to conform to this new standards and 
develop products which function with new 
operational characteristics. 

 
Fig.1. Universal motor 



Zeszyty Problemowe – Maszyny Elektryczne Nr 88/2010 
 
210

For these purposes were introduced two EMC 
standards for motor speed control (EN55014-1 
and EN61000-3-2 class A): 

� EN55014-1 describes EMC requirements for 
household appliances, electric tools, and 
similar devices (part 1, emission) 

� EN61000-3-2 describes the limits for 
harmonic current emissions (equipment input 
current up to and including 16 A per phase), 
and includes four categories (Class A, B, C, 
and D) divided by the equipment used (see 
Table 1). 

Table 1.  The classification of EN61000-3-2 

Class Version of 
 EN61000-3-2 

Amendment prA14 

Class A 
Balanced three-
phase equipment 
and all other 
equipment, except 
that stated in 
either Class B or 
Class C. 

– Balanced three-phase 
equipment 

– Household 
appliances excluding 
equipment identified 
as Class D 

– Tools excluding 
portable tools 

– Dimmers for 
incandescent lamps 

Class B Portable tools Portable tools 

Class C 
Lighting 
equipment, 
including 
dimming devices 

Lighting equipment 

Class D 
Equipment having 
an input 
current with a 
“special wave 
shape” and an 
active input power 
up to 600 W 

Equipment having a 
specified input power 
less than 600W, of the 
following types: 
– Personal computers 

and personal 
computer monitors 

– Television receivers 
and video cassette 
recorders 

– Multimedia devices 
which are not 
professional 
equipment 

– Printers which are 
not professional 
equipment 

– Fax machines which 
are not professional 
equipment 

Equipment not specified in one of the above classes shall 
be considered as class A equipment. 

3.  EMC measurement 
While a product is in development, the EMC 
effects of alternative design decisions and of 
remedial measures will need to be checked. 

Different layouts, different filters and different 
screening regimes need to be compared and this 
should be done as development progresses 
rather than at its conclusion, as otherwise a 
design which is ineffective in EMC terms may 
have excessive development resources spent on 
it. Therefore there is a need for a diagnostic test 
facility - which need not be truly equivalent to 
the compliance test set-up - to be available 
throughout the development phase. A hidden 
advantage of this facility is that it enables a 
database of knowledge of the effects of 
alternative design choices to be built up. This 
will prove invaluable later when the possible 
EMC effects of post-design changes need to be 
assessed. Correct EMC measurement requires 
equipment of high sensitivity, high resolution, 
high accuracy, low noise, low distortion, 
extensive use of expensive instrumentation. 
Definition of EMC measurement standards 
enable to compare EMC performances of 
different products and improve interactions 
between providers and customers. 

3.1. EMC measurement in AC mode 

For practical experiments was used the common 
universal motor produced by BSH company 
(Fig. 2).  

 

Fig.2. Series universal motor 

It is designed for supplying by a triac from a 
single phase power line at maximum RMS 
current 5 A. The motor speed is controlled by 
means of changing the firing angle of the triac 
(Fig. 3). The speed control consists of changing 
the RMS voltage applied to the motor, that 
depends on the firing angle of the triac. 
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Fig.3. Triac supplied universal motor 

Figure 4 shows a view of the measuring 
workplace in the laboratory. 

 

Fig. 4. Measuring workplace  in the laboratory 

The oscilloscopic scanning of the disturbing 
magnetic field was performed by a measuring 
inductive coil near of the motor (Fig. 5). 

 

Fig. 5. Scanning of the disturbing magnetic 
field 

The following  figures (Fig. 6 and Fig. 7) show 
the motor terminal voltage (red) and induced 
voltage (blue) of the measuring coil near of 
motor at various speeds and at the motor load 
torque 1 N.m (Fig. 6 and Fig. 7) and 0,75 N.m 
(Fig. 8). 

 

 

Fig. 6.  Motor voltage and induced voltage at 
speed 1000 rpm and torque 1 N.m 
 

 
Fig. 7.  Motor voltage and induced voltage at 
speed 3000 rpm and torque 1 N.m 
 

 
Fig. 8. Motor voltage and induced voltage at 
speed 5000 rpm and torque 0,75 N.m 
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3.2. EMC measurement in DC mode - 
Rectifier supplied motor 

For practical experiments was used the same 
universal motor (Fig. 5). The motor was fed by 
a half-controlled thyristor rectifier (Fig. 9) from 
a single phase power line. 

Fig.9. Rectifier supplied universal motor 

The following figures (Fig. 10 and Fig. 11) 
show the motor terminal voltage (red) and 
induced voltage (blue) at various speeds and at 
the motor load torque 1 N.m. 

 
Fig. 10.  Motor voltage and induced voltage at 
speed 1000 rpm 

 
Fig. 11.  Motor voltage and induced voltage at 
speed 3000 rpm 
 

3.3. EMC measurement in DC mode - IGBT 
chopper supplied motor 

Fig. 12 shows a universal motor with an IGBT 
chopper consisting of an IGBT transistor 
(BUP314) and a switchning diode (BY399). 
The measurement was performed using direct 
Pulse Width Modulation (PWM) without 
feedback 

Fig. 12. Universal motor supplied by IGBT 
chopper 

The following figures show the motor voltage, 
induced voltage and current at various speeds 
and at the motor load torque 0.45 Nm. The 
chosen switching frequency is 500 Hz. The 
supply voltage scale (blue) is 100 V/div, 
induced voltage (green) is 5 mV/div and the 
current scale (red) is 2 A/div. 

Fig. 13 shows the motor terminal voltage, 
induced voltage and the current of universal 
motor at speed 3000 rpm and switching 
frequency 500 Hz. 

 
Fig. 13. Motor voltage, current and induced 
voltage  at speed 3000 rpm 

Fig. 14 shows the same situation at changed 
time base. 
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Fig. 14. Motor voltage and induced voltage at 
speed 3000 rpm 

Fig. 15 and Fig. 16 show the motor terminal 
voltage and induced voltage at speed 1000 rpm 
and switching frequency 500 Hz at different 
time bases. 
 

 
Fig. 15. Motor voltage and induced voltage at 
speed 1000 rpm 

 

 
Fig. 16. Motor voltage and induced voltage at 
speed 1000 rpm 

 

The next figures show the motor terminal 
voltage and induced voltage at various speeds 
and at switching frequency is 1 kHz. 

 
Fig. 17. Motor voltage and induced voltage at 
speed 3000 rpm 

 

 

Fig. 18. Motor voltage and induced voltage at 
speed 3000 

 

 
Fig. 19. Motor voltage, current and induced 
voltage  at speed 1000 rpm 
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Fig. 17 and Fig. 18 show the motor terminal 
voltage and induced voltage at speed 3000 rpm 
and switching frequency 1 kHz at different time 
bases. Fig. 19 shows the motor terminal 
voltage, induced voltage and current at speed 
1000 rpm. The supply voltage scale (blue) is 
100 V/div, induced voltage (green) is 5 mV/div 
and the current scale (red) is 2 A/div. 
Fig. 20 and Fig. 21 show the motor terminal 
voltage and induced voltage at speed 1000 rpm 
at different time bases. The motor was 
mechanically loaded by a torque 0.45 N.m for 
the speed 3000 rpm and 0.37 N.m for the speed 
1000 rpm. 

 
Fig. 20. Motor voltage and induced voltage at 
speed 1000 rpm 

 
Fig. 21. Motor voltage and induced voltage at 
speed 1000 rpm 

4.  Conclusions 
This paper presents the results of measuring the 
disturbing magnetic field near a universal motor 
operated at various contitions. It is evident that 
the disturbing magnetic field near the motor at 
operation is caused by two independent effects: 

� the effect of the commutator 

� the effect of the power converter 

Using the described way of measurement the 
both effects are visible. At triac or thyristor 
control the effect of the commutator is more 
expressive. On the other hand, at PWM control 
the effect of the chopper is more expressive and 
increases with the switching frequency. As the 
result, the observed induced voltage has an 
expressive component having the same 
frequency as the PWM modulation. At 
switching frequency 1 kHz the disturbance 
caused by the PWM chopper seems to be 
dominant. In fact, more correct EMC 
measurements would require to measure not 
only the magnetic field but also the electric 
field near the motor. In addition, it would be 
interesting to make a spectral analysis of the 
disturbing singnals and to observe how the 
resulting spectrum depends on the load current 
(or torque), on the switching frequency of 
PWM and on the motor speed. 

Acknowledgement 
This work was supported by Slovak Research 
and Development Agency under project APVV-
0510-06 and APVV-0095-07 and by Slovak 
grant projects VEGA No. 1/0660/08 and KEGA 
3/6388/08, KEGA 3/6386/08. 

Bibliography  
[1] Hrabovcová V., Rafajdus P., Franko M.: 
Measuring and modeling of the electrical machines; 
University of Žilina press, 2004, Slovakia. (in 
Slovak) 
[2] Kaňuch, J.: EMC of universal motor for AC 
and DC power supply. XVII. International 
Symposium on Electric Machinery in Prague ISEM 
2009, 9.-10. září 2009, Praha, Česká republika, 
Czech Technical University in Prague, p.p.117-
123.ISBN 978-80-01-04417-9. 
[3] Kaňuch, J., Vinyi, P.: DC drive for universal 
motor. In: Maszyny elektryczne : Zeszyty 
problemowe. no. 84 (2009), p. 7-11. ISSN 0239-
3646. 
[4] Kaňuch, J., Záskalický, P.: Comparison of the 
behaviour of the series universal motor supplied by 
triac and half-control led rectifier. International 
Conference on Low Voltage Electrical Machines, 
Czech Republic, Brno, November 2008. ISBN 978-
80-214-3795-1. 
[5] Klug, Ľ., Duč-Anci, M., Bachratý, B.: 
Contribution to the design of an ac. universal motor. 
XII. International Symposium on Electric Machinery 
in Prague, ISEM 2004. 
[6] Kováčová, I., Kaňuch, J. Kováč, D.: 
Elektromagnetická kompatibilita výkonových 



Zeszyty Problemowe – Maszyny Elektryczne Nr 88/2010 
 

215 

elektrotechnických systémov. Vydavateľstvo 
Eqilibria s.r.o., Košice, 2005, poč. str. 182, ISBN 
80-969224-5-9. 
[7] Niwa Yuta, Akiyama Yuji, Uneyama Dai: 
EMC measure examination of an ultra high-speed 
powerd universal motor. Papers of Technical 
Meeting on Rotating Machinery, IEE Japan, 
Vol.RM-06;No. 124-144;Page 7-10, 2006. 
[8] Slovak Institute of Technical Normalization: 
STN EN 61000-4-1, Electromagnetic Compatibility. 
Part 4-1. Testing and Measurement Techniques. 
Overview of Immunity Tests, Bratislava 2002. 
[9] Williams, T.: Measurement techniques and test 
methods: developments, costs and options. Elmac 
Services, March 2000. 
[10] Židek, K. - Maxim,V. - Lupták. M.: Simple 
Semiconductor Switch in Zero of AC Voltage with 
Minimum Electromarnetic Influence (EMC) on 
Power Suply Network, MTM – Machines, 

Technologies, Materials, No. 1/2008, Publ. by 
Scientific-Technical Union of Mechanical 
Engineering, Bulgaria, pp.6-9, ISSN 1313-0226 

Authors 
Ján Kaňuch, Ing./PhD., Department of Electrical, 
Mechatronic and Industrial Engineering, Faculty of 
Electrical Engineering and Informatics, Technical 
University of Košice, Letná 9, 042 00 Košice, 
Slovak Republic, e-mail:  jan.kanuch@tuke.sk 

Peter Višnyi, Ing./PhD., Department of Electrical, 
Mechatronic and Industrial Engineering, Faculty of 
Electrical Engineering and Informatics, Technical 
University of Košice, Letná 9, 042 00 Košice, 
Slovak Republic, e-mail:  peter.visnyi@tuke.sk 

Rewiever 

Doc. Ing. Čestmír Ondrůšek

 


