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Analysis on the Operation Characteristics of Induction Motor Operated by
Asymmetric Unbalanced Voltage
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Abstract -

Most of the loads in industrial power distribution systems are balanced and connected to three power

systems. However, in the user power distribution systems, most of the loads are single & three phase and unbalanced,
generating voltage unbalance. Voltage unbalance is a condition in a polyphase system in which the rms values of the
line-to-line voltages or the phase angles between consecutive line-to-line voltages, are not all equal. Slight voltage
unbalance generates a disproportionately high current unbalance at the motor stator winding.

This paper presents a scheme on operation states of a three-phase induction motor under unbalanced voltages. The
three-phase voltages applied to the stator winding of the studied induction motor are controlled by respectively adjusting
the magnitude and phase angle of each phase. The voltage unbalanced factor(VUF) of the three-phase source voltages
can then be varied to examine the different values of VUF on machine’s operation characteristics.
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Fig. 1 Voltage - current vector diagram
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Table 1 Comparison of voltage unbalance ratio

T v, v, v VUF[%]

balanced 127.0.0° | 127.02240° | 127.02120° 0
ophauvl(1) | 127.020° | 1267.,239° | 127542121° 1
oph—auvl(I) | 1213,0° | 126.1,239° | 1293/ 121°
2ph-auv2(1) | 127.020° 1232239 130.0£121° 9
oph-auv2(l) | 11849.0° | 1260,239° | 13L0.121°
oph-auv3(1) | 127.020° | 120182239° | 13202121° 3
2ph-auv3(I) | 1160,0° | 123.0,239° | 13218.121°
oph-auvd(T) | 127020° | 117652239° | 13402121° 1
2ph-auvA(l) | 112.07,0° | 1235.239° | 1330, 121°
oph-auys(T) | 127.020° | 115612239° | 13662121° 5
2ph-auvb() | 1100,0° | 12285,239° | 1350, 121°

AGEHG gk =45+ 2 (EN-50160 or IEC 1000-3-x
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Fig. 2 Equivalent circuit of Induction motor
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