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SUMMARY

In this paper, the dynamic characteristics of a three phase induction
motor which 1s applied by various unbalanced voltages are simulated
and analyzed. The voltage equations and torque equation in the gg
stationary reference frame for the three phase star connected
induction motor are used in this analysis. MATLAB and SIMULINK
are employed as a simulation tool. The dynamic characteristics of
speed and torque are simulated for various unbalanced voltages, that
is, (1) cases with the same voltage unbalance factor(VUF) but
different unbalanced voltages, (2) cases with only one unbalnced
voltages but different degree of unbalance, and (3) cases with the
same positive sequence voltage but different negative sequence
voltages. The simulated results are compared and analyzed with

each other, and also with the results of balanced voltage.
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Table 1 Comparison of starting time and min/max torque

unvalanced voltage cases

of 8 different

Tm =0 Tm=Tb/2
VUF Va Vb Ve Vi1 V2 Tem(N ) Tem(N )
em m em! - m
)| (V) V) V) V) | (V)| tsts) - ts(s) :
min max min max
balanced| 0 |127.020°]127.02240° | 127.02120° | 127.0 0 0.3957 |-1.7108|20.3437 | 0.4741 | -1.7474| 20.3572
30-UV 4 1110.020°| 112.7 2240° | 125.0 2 120° | 115.877 |4.635| 0.4739 [-1.5292]16.9091 | 0.5935 | -1.5706 | 16.9169
20-UV 4 1111.820°]114.32240° | 127.02120° |117.699 |4.708| 0.4601 |-1.5937|17.4609|0.5713 | -1.6238|17.4766
190-UV 4 |112.420°|127.0 £240° | 127.0 2120° [ 122.115]4.885| 0.4280 |-1.6292|18.7135|0.5223 | -1.6538| 18.7412
20-A 4 1127.020°(127.0 2232.2°(127.0 2 116.1°|126.789 |5.092| 0.3970 |-1.6610|20.2568 | 0.4766 | -1.7357|20.2747
10-A 4 |127.020° | 127.0 £240° {127.0 £ 113.1°]126.797 |5.072| 0.3975 |-1.7269|20.2200 | 0.4772 | -1.7791| 20.2478
10-0OV 4 11429209 127.02240° | 127.0 2 120° |132.292 |5.292| 0.3649 |-1.7755|22.0652 | 0.4311 | -1.8560|22.0753
20-0V 4 11459209 138.32240° | 127.0 2120° |137.062 |5.482| 0.3406 |-1.8271|23.5960 | 0.3975 | -1.9230|23.6184
30-0V 4 114822091 139.72240° | 129.0 2 120° | 138.981 |5.559| 0.3315 [-1.9019|24.3018 | 0.3845 | -1.9805|24.3164
30-UV 6 |103.220°|107.2.2240° | 125.0 2120° |111.783 |6.707| 0.5104 |-1.6414|15.6868 | 0.6506 | -1.4871|15.6917
20-UV 6 |105.020°|108.6 £240° | 127.0 2120° [ 113.541 |6.813| 0.4945 |-1.6977|16.2179|0.6562 | -1.5226| 16.2271
10-UV 6 [105.4.,0°]127.0,240° | 127.0 2 120° | 119.811 |7.189| 0.4450 |-1.8945]18.0292 | 0.5482 | -1.6121|18.0507
20-A 6 [127.020°(127.02227.7°/127.0 2 113.9°| 126.51517.591| 0.3995 [-2.1171|20.1058 | 0.4800 | -1.6828|20.1193
10-A 6 [127.020°]127.02240° |127.0 2 109.8°|126.545 |7.593| 0.3997 |-2.0947|20.0985 | 0.4803 | -1.7422|20.1267
10-0OV 6 [151.320°]127.02240° | 127.0 2120° |135.106 |8.106| 0.3509 |-2.4081{22.9519|0.4107 | -1.8965|22.9558
20-0OV 6 | 15652001447 2 240° | 127.0 2 120° | 142.716 |8.563| 0.3148 |-2.6943|25.5471 | 0.3622 | -1.9799| 25.5603
30-0OV 6 |159.020°|146.2.2240° | 129.0 2120° |144.718 |8.683| 0.3063 |-2.7593|26.3085 | 0.3507 | -2.0430| 26.3250
Table 1914 87149 71z Z47z+
30-UV : 3% B4 5943
20-UV : 24 B4 593
. H ] =
10-UV : 17 544 553
20-A 24 79 E3Y
10-A 14 Z4¥9 233
10-0V : 14 FHAY 533
20-0V : 27 HAY &5
. =IvE s [e) =
30-0V : 3% JHY EHY o A& on|si)
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Table 2 Comparison of starting time and min/max torque of different

VUF and 1&-UV unvalance cases

Tm =0 Tm = Tbh/2
VUF| Va Vb Ve V1 | V2
Tem(N - m) Tem(N - m)
(%) (V) V) (V) V) | (V)] ts(s) - ts(s) -
min max min max
0 [127.020° [127.0£240°|127.02120°| 127.0| 0 |0.3957|-1.7108|20.3437| 0.4741 | -1.7474 | 20.3572
1 |1232,0°|127.02240°|127.0 2 120° |125.73| 1.27| 0.4037 | -1.7237|19.9095 | 0.4862 | -1.7697 | 19.9317
2 | 119520° [127.0 2240° | 127.0 £120° | 1245 | 2.5 |0.4118 |-1.6804|19.5436| 0.4978 | ~1.7408 | 19.5642
3 | 1159.20° [127.0 2240° | 127.0£120°| 123.3 | 3.7 |0.4196 |-1.6733|19.1511 0.5096 | ~1.7275 | 19.1683
4 [ 1124.20° [ 1270 £240° | 127.0 £120° |122.13| 4.87 | 0.4208 | -1.6292|18.7135 | 0.5223 | ~1.6538 | 18.7412
5 | 1089.,0° [127.0.2240° | 127.0.2120° |120.97| 6.03 | 0.4367 | ~1.6441|18.4002| 0.5349 | ~1.6868 | 18.4251
6 | 105.4.,0° [127.02240°|127.0.2120°| 119.8 | 7.2 |0.4450 | -1.8945|18.0292| 0.5482 | ~1.6121 | 18.0507
7 1102.1.20° [127.0 2240° | 127.0 £120° | 1187 | 8.3 |0.4540 | -2.1645|17.6235| 0.5616 | ~1.6343 | 17.6408
Table 3 Comparison of starting time and min/max torque of different

VUF and same positive sequence voltage cases

Tm =0 Tm = Th/2
VUF Va Vb Vb V1| V2 -
Tem(N - m) Tem(N - m)
(%) (V) (V) (V) V)| (V) | ts(s) ts(s)

min max min max
0 | 127.020° | 127.0£240° | 127.02120° | 127 | 0 |0.3957 | -1.7108 | 20.3437 | 0.4741 |-1.747420.3572
1 129.2 209 | 127.0 2240° | 124.8 2120° | 127 | 1.27 | 0.3951 | -1.7269 | 20.3534 | 0.4743 | -1.7787 | 20.3683
2 | 131.4.20° | 127.0£240° | 122.6 £120° | 127 | 254 | 0.3954 | -1.7056 | 20.3475| 0.4744 |-1.7718|20.3635
3 | 1336207 | 127.0£240° | 120.4 2120° | 127 | 3.81 | 0.3954 | -1.6858 | 20.2966 | 0.4748 |-1.7396 | 20.3058
4 | 1358207 | 127.0£240° | 1182 2120° | 127 | 5.08 | 0.3958 | -1.6774 | 20.2912 | 0.4749 |-1.7471 | 20.3086
5 | 1380207 | 127.0£240° | 116.0£120° | 127 | 6.35 | 0.3959 | -1.7732 | 20.3117 | 0.4753 | -1.7231 | 20.3248
6 | 140.220° | 127.0£240° | 113.82120° | 127 | 7.62 | 0.3958 | -2.1275 | 20.2469 | 0.4755 | -1.6965 | 20.2628
7 | 1424.,0° | 127.02240° | 111.6 £120° | 127 | 89 |0.3966 | -2.4828 | 20.2652 | 0.4756 |-1.7033|20.2772
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