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SUMMARY

This paper presents the performance analysis of the Steinmetz connection

induction motor when the nonsinusoidal voltages of the various voltage

distortion factors(VDFs) are supplied. The nonsinusoidal voltages of the

fundamental combined with the second to nineth order hamonic are applied,

and the T-type equivalent circuit taken into account the no load losses is

used to analyze. The analysis is based on the symmetrical component theory

and the principle of superposition

The analyzed results are as follows;

1)

2)

3)

4)

5)

When the VDFs has same values at different resultant voltages, the
CDFs also have same values.

When the CDFs at one VDF is known, the CDFs at the other VDF
can be obtained using the ratio of two VDFs.

The higher the harmonic order of the resultant voltage is, the lower
the CDF, and the more the load, the lower the CDF.

The higher the harmonic order of the resultant voltage is, slightly the
higher the efficiency, and the more the load, the lower the efficiency.
The higher the voltage distortion factor is, slightly the lower the
efficiency.

The higher the resultant voltage is, the higher the torque, and the
higher the harmonic order of the resultant voltage, the higher the

torque.
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Fig. 1 Steinmatz connection induction motor supplied by single—phase

nonsinusoidal voltage
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b) negative sequence

Fig. 2 The kth order harmonic equivalent circuit of three—phase

induction motor per phase
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Table 1 CDF under the same resultant voltage of 5%VDF

Voltage Speed (rpm)
waveform (V) 1450 1500 1550
01+0; 6.6133 7.1406 7.8570
01+03 6.3851 6.8730 7.5493
01+0y 4.6339 4.9956 04877
01+05 3.6348 3.9192 4.3062
01+0g 3.0000 3.2349 3.0546
01+07 2.5579 2.1583 3.0309
01+0g 2.2318 2.4058 2.6436
01+0g 1.9789 2.1340 2.3450
_ 9 -
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Table 2 CDF under the same resultant voltage of 10%6VDF

Voltage Speed (rpm)

waveform (V) 1450 1500 1550
01+02 13.2265 14.2812 15.7140
01+03 12.7701 13.7559 15.0986
01+0y 9.2677 9.9911 10.9754
01+ 05 7.2695 7.8384 8.6124
U1+ Vs B.9999 6.4699 7.1091
01+07 0.1157 2.5165 6.0617
01+ 44.4619 4.8116 D.2872
U1+ 3.9579 4.2680 4.6899

Table 3 CDF under the same resultant voltage of 15%6VDF

Voltage Speed (rpm)

waveform (V) 1450 1500 1550
01+ 02 19.8399 21.4220 23.5711
01+03 19.1552 20.6380 22.6480
01+0, 13.9016 14.9867 16.4632
01+ U5 10.9044 11.7577 12.9186
01+ 9.0000 9.7049 10.6637
01+07 1.6736 8.2748 9.0926
U1+Ug 6.6929 7.2174 71.9308
01+ 9.9368 6.4021 7.0349

@ jeju




x(3L 29} at)

CDF

Fig. 3 CDF under the same resultant voltage of 109 VDF
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Table 4 Efficiency under the same resultant voltage of 5% VDF

Voltage Speed (rpm)
waveform (V) 1450 1500 1550
01+0; 0.5872 0.6263 0.6627
01+03 0.5873 0.6265 0.6629
01+0y 0.5877 0.6270 0.6635
01+05 0.5879 0.6272 0.6637
01+0g 0.5830 0.6273 0.6638
01+07 0.0831 0.6274 0.6639
0;+Ug 0.5831 0.6274 0.6639
01+09 0.0831 0.6274 0.6640

Table 5 Efficiency under the same resultant voltage of 10% VDF

Voltage Speed (rpm)
waveform (V) 1450 1500 1550
U1+ 0.5841 0.6228 0.6585
U1+U3 0.5846 0.6234 0.6594
U1+, 0.5863 0.6254 0.6616
U1+U5 0.5871 0.6262 0.6626
U1+Ug 0.5874 0.6266 0.6630
U1+Uy 0.5876 0.6269 0.6633
U+Ug 0.5878 0.6270 0.6635
U1+ 0.5879 0.6271 0.6636
19 —
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Table 6 Efficiency under the same resultant voltage of 15% VDF

Voltage Speed (rpm)
waveform (V) 1450 1500 1550
01+02 0.5791 0.6170 0.6518
01+03 0.5802 0.6184 0.6536
01+0y 0.5840 0.6228 0.6586
01+ 05 0.5856 0.6246 0.6607
U1+ Vs 0.5864 0.6255 0.6618
01+07 0.5869 0.6261 0.6624
01+ 0.5872 0.6264 0.6628
U1+ 0.5874 0.6266 0.6631
viE")

nhx(3LFTAF)

Fig. 4 Efficiency under the same resultant voltage of 1096 VDF
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Table 7, 8, 99 Fig. 5, ZL2]aL Table 10, 11, 129} Fig. 6 717t A A A A
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Table 7 Torquelsync.W] under the same resultant voltage of 5% VDF

o
)
i
o
o

o
i
Hu
i
o,
ed
i

Voltage Speed (rpm)
waveform (V) 1450 1500 1550
01+ 02 282.4384 212.9706 257.0633
01+03 281.9401 2024710 296.5624
0140, 281.7886 2123184 256.4087
01+ U5 281.7584 202.28177 296.3774
01+ 281.7484 2022774 2956.3669
01+07 281.7440 202.2729 256.3623
V1+Ug 281.7418 212.2706 256.3599
01+ 281.7405 2172.2693 256.3586

Table 8 Torquelsync.W] under the same resultant voltage of 1096 VDF

Voltage Speed (rpm)
waveform (V) 1450 1500 1550
0+02 282.42776 2773.0408 257.2619
01+03 280.4494 271.0572 250.27733
01+04 2779.8479 270.4512 254.6628
01+0s 279.7280 2770.3292 254.5386
01+ 0g 2/79.6882 270.2884 254.4970
0+07 279.6708 270.27706 2544784
0 +Ug 279.6618 270.2614 254.4692
0;+0g 2179.6567 270.2561 254.4638
_ 14 -
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Table 9 Torquelsync. W] under the same resultant voltage of 15%6 VDF

Voltage Speed (rpm)
waveform (V) 1450 1500 1550
01+02 282.4098 213.1553 2517.5864
01+03 278.0134 268.7468 253.1666
01+0y 2176.6766 267.3999 251.8098
01+ 05 276.4100 267.1287 251.5339
U1+ Vs 216.3216 267.0382 251.4413
01+07 2176.2829 266.9985 251.4006
01+ 276.2630 266.9780 251.3796
U1+ 2176.2516 266.9664 251.3675

z(E 1)
a004" .;rf!ffi'z{{t‘:}i ;
(T s

PRI ETHF)

Fig. 5 Torquelsync.W] under the same resultant voltage of 10% VDF
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Table 10 Torquelsync.W] under the same fundamental voltage of 5% VDF

Voltage Speed (rpm)
waveform (V) 1450 1500 1550
01+02 283.1444 2173.6530 2517.7059
01+03 282.6449 273.1521 251.2038
01+0y 282.4930 272.9991 257.0496
01+ 05 282.4627 212.9683 257.0183
U1+ Vs 282.4527 21129580 251.0077
01+07 282.4483 21729535 257.0031
01+ 282.4460 2729512 257.0007
U1+ 282.4447 2772.9499 256.9994

Table 11 Torquelsync.W] under the same fundamental voltage of 109 VDEF

Voltage Speed (rpm)
waveform (V) 1450 1500 1550
01+0 280.2517 275.7710 259.8344
01+03 283.2537 273.71676 257.8259
01+0y 282.6463 2773.1555 257.2092
01+05 282.5261 2773.0323 257.0839
01+0g 282.4849 272.9912 257.0418
01+07 282.4673 272.9731 257.0233
U1+Ug 282.4583 272.9638 257.0138
01+0g 282.4531 272.9585 257.0083
— 16 —
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Table 12 Torquelsync.W] under the same fundamental voltage of 15% VDEF

Voltage Speed (rpm)
waveform (V) 1450 1500 1550
01+0; 288.7639 279.3011 263.3819
01+03 284.2685 274.71934 258.8627
01+0y 282.9016 273.4162 257.4753
01+05 282.6291 273.1389 257.1932
01+0g 282.5386 2773.0464 257.0986
01+07 282.4990 2773.0058 257.0569
0;+0g 282.47871 272.9849 257.0355
01+09 282.4671 272.9729 257.0231

Fig. 6 Torquelsync.W] under the same fundamental voltage of 10% VDF
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