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

EFE - AE-BEE-E R E
(Jong-Gyeum Klrn Youn-Jin Park - Jong-Ho - Eun-Woong Lee)

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. Rotating machines operating on an unbalanced voltage will draw a highly unbalanced
current. As a result, the three-phase currents may differ considerably, thus resulting in an increased temperature rise in

the machine.

This paper presents a scheme on steady 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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Table 1 Comparison of voltage unbalance ratio
. v v v Unbalance ratio[%]
T a b c VUF | LVUR |LVURmc
balanced | 127.020° | 127.02240° | 127.02120° | O 0 0

Ipkuv | 117.020° | 127.02240° | 127.02120° ) 2.69 | 267 | 2.69

2ph-uv | 117.020° | 122.02240° | 127.02120° | 237 | 2.04 | 2.37

3ph-uv | 11720° | 1212240° | 125.120° | 191 | 165 | 191
Iph-asym| 12720° | 1272240° | 127.115° | 291 | 255 | 291
2ph-asym | 12720° | 127.238° | 127.118° | 1.16 1.0 1.16
3ph-asym| 12722° | 1272112° | 127.245° | 6.73 | 627 | 6.73
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Fig 1. Equivalent circuit representation of an induction machine
in the arbitrary reference frame
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Table 2 Specification of sample induction motor

parameter 220[V1, 4p, 3HP 60Hz
stator resistance, s 0.435[R1
rotor resistance, rr 0.816[2]
stator leakage inductance, L 0.002[H]
rotor leakage inductance, Li 0.002[H]
mutual inductance, L 0.0603[H]
Inertia moment, J 0.089[kg + m’]
Friction coefficient, B 0.0089[Nm - %]
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Table 3 Comparison of unbalance ratio due to voltage

amplitude
2 v, Vs V. Unbalance ratio[%]
Balanced(IMS1) | 127.0.20° | 127.0£240° | 127.02120° 0
1ph-uv(IMUB1) | 122.020° | 1256.02240° | 126.22120° 1
2ph-uv(IMUB3} [ 117.020° | 11952240° | 1295 £120° 3
3ph~-uv(IMUB3S) | 110.020° | 120.02240° | 130.9£120° 5
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