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1 . INTRODUCT ION

The use of power electronic devices for variable speed electrical drives has

increased rapidly in recent years. One major problem associated with the use

of power electronics is the acoustics noise emission from electric motors due

to the voltage/current harmonics introduced by power electronic devices such

as thyristors', HOSFETs and IGB'i's (isolated gate bipolar transistors).

A number of papers [1.2.3] investigated electric motor noise and vibration

problems related to current harmonics which are even and odd multiples of the

fundamental frequency. Giessler and Sattler [‘0] described the effects of

switching frequencyof the power electronic device on induction motor noise

emission. However, little information is available about the effects of

switching frequency on electromagnetic forces causing noise and vibration.

This paper describes the effects of switching frequencyof the power

electronic device oncurrent harmonics and electromagnetic forces in an

electric motor fed by a PM (pulse width modulation) inverter.

2. CURRENT HARMONICS AND FLUX WAVES

The non-sinusoidal current waveform in an electric motor fed by an inverter

with PWM could contain the following frequency components:

(a) The fundamental frequency, f1;

(b) The odd and even harmonics of the fundamental frequency i.e. ii‘1, where

i is an integer;
(c) The switching frequency of the power electronic device. f8 and its

harmonics, kfs; and g

(d) The sum and difference of (b) and (c), kfstifr

Fig. 1 gives an example of the current spectrum for a 3-phase induction motor

fed by a PM“! inverter using IGBTS. The switching frequency of'the IGBTs was

10 kHz.
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Taking into account the mmt Haves due to the current harmonics of the
fundamental frequency and the.current components related to'the switching
frequency. the air gap radial flux density waves can be expressed as [5L

amt) - 2 Bm'mcosmld-mtt—fin )
iml

= A[F1cos(p¢-u1t) + F2c05(p¢'2mlt'}%)

*F3cos(p¢-3u1t-73) + Fucos(p¢-“m1t—9$)

oFScos(p¢-5u1t-fg) +l=6Fxcos(p¢-imlt-fl)]

vilFscos(p¢-kust-}:)

+ X Z Flkccs[p¢'(kust im1)t'}ik]’
i=1 k=1

(1)

where m1 is the coefficient of ¢, u1 is the coefficient of t. 0 is the

mechanical angle with respect to a reference position, F1 is the amplitude of

the mm! wave, i is the permeance,f is the phase angle, p is the pole pair
number of the motor. m1 is the fundamental angular frequency. and us is the

switching angular frequency of the power electronic device.

3. ELECTROMAGNETIC FORCES

The radial electromagnetic forces acting on the inner surface of the stator
are given by

2a (¢‘t) _ B ( t)
ra 2n

0

(2)

where no is the permeability of free space.

Substituting Eqn(1) into Eqn(2). it can be shown that the radial
electromagnetic forces are

45 Froc.l.O.A. Vol 12 Fans (1990)

 



  

Proceedings of the institute of Acoustics

ELECT ROMAGN ETIC N 015 E SOURCES

ara(¢.t) ni um cosflmhami'bM-(whamilbw-fljfllml.ml

(3)

where :111 a and mi b are any two coefficient of o in Eqn(1) and oil a and
. . .

m are the two corresponding coefficients of t in Eqn(1).
i,b

Thus, the frequency values of these for‘ce waves related to the switching
frequency are given by:

f = kfst(laflb)f1

(‘4)

where k. 13 and 1b are independent integers.

‘i. NOISE

Taking kui or 2, 13- 1 or 2 and 1b = 1 or 2 in Eqni‘i), the forces related to

the switching frequency contain the following frequency components: f5,

f52f1. £322“, f313f1, 21‘s, 2f51f1. 2f5221‘1 and 2f513f1. Fig. 2 shows an

example of the noise spectrum at m for a 3-phase induction motor fed by a PWM
inverter with 1631's at a switching frequency of 10008 Hz.

It is seen that all components derived from Ean) with k,ia and ib values of

1 or 2 are important discrete frequency components. Table 1 gives the sources
of these discrete frequency components.

Eani) suggests that by using a high switching frequency, certain important
noise components can be shifted to frequencies higher than 20 kHz. the limit
of human audible range. Therefore, the use of high switching frequency is
beneficial for noise reduction [6].

However. the use of high switching frequency could cause considerable
electromagnetic interference problems. The electromagnetic interference
could affect the accuracy of noise measurement and analysis. Furthermore, the
high switching frequency of the power electronic device could contaminate the
mains, which in turn could affect the operation of all instrumentation
connected to the mains.

5. CONCLUSIONS

(1) For PWM variable speed drives with power electronic devices operating
at a switching frequency of fs, the electromagnetic forces causing motor noise

Froc.l.O.A. Vol 12 Pan 6 (1990) 49



 

Proceedings of the Institute of Acoustics

ELECTROMAGNETIC NOISE SOURCES

emission contain discrete frequency components at kf51(iatib)f1, where k, 1a

and 1b are independent integers, and f1 is the fundamental frequency.

(2) The use of high switching frequency can shift certain important noise
components to frequencies higher than 20 kHz, resulting in low noise emission.
However. care should be taken to ensure that the accuracy of the noise
measurement and analysis instrumention is not affected by high frequency
electromagnetic interference.
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TABLE 1

Sources of Important Noise Components for a 3—phase Induction Motor Fed

by a PWM Inverter:

      

Frequency Sources Remarks
(Hz) 1 f1 2r1 3t“1 111‘1 r5 zrs 1

50 V \/ 21‘1-1‘1

100 \/ \/ 3r1-r1. 1-12
150 .v \/ 2r1or1
zoo \/ V 3r1+r1
250 \/ \/ ur1+r1

9808 / \/ rS—ur1
9858 V/ V/ {‘5'31’1 I
9908 ./ \/ 1’3—21‘1

9958 \/ v rs-r1

i i10008 \/ ~/ / \/ V rS-r5:(1a—ib)r1 l
10058 ‘/ \/ £541
10108 v \/ rim“!
10158 v \/ fsv3f1
19916 \/ \/ era—21'1
19966 / V ass—r1

D20016 \/ J J \/ \/ 2fs=2tst(ia-lb)f1
20066 -\/ \/ ersvr1
2011s \/ V 21‘5121‘1

+ Operating at a fundamental frequency of SDHz and a switching frequency of
10008Hz.

xaflib
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