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Analysis of Unbalanced Currents of Induction Motor under
Same Voltage Unbalance Factor Condition.

Tae-Han Kim" - Chong-Keun Jwa™

ABSTRACT

The unbalanced currents of an induction motor which is applied by various unbalanced voltages are
analyzed under same unbalance voltage factor condition. The current unbalance factors of full load, a half
load, and no load of the motor are computed with the unbalanced currents of transient and steady state.
For these computation, the dvnamic equations of the motor operation are derived by the dq coordinate
system and simulated using MATLAB/SIMULINK. It is found that the unbalance rate and condition of
currents are different between the transient and steady state.

Key Word : Unbalanced current, Induction motor, Dynamic equation, Same voltage unbalance

factor.
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Table 1. Comparison of voltage unbalance factors

in the eight voltage unbalance cases

cases VUF| Va Vb Ve \/"1 \2
%) (V] [v] [V} (V] | V)
balanced| 0 [1270.0° 1270,240° | 1270-,120°[ 1270 | ©
-UV ] 4 [110120° 1126.240° } 1251 £120° | 115933 4639
20UV | 4 [111820% 1142,240° ] 127.02120° [1176689] 4718
leUV| 4 N123.0°12702240° | 127.02120° | 122.100| 4900
2-A | 4 (1270.0°127022319°]127.02116.° | 126.789| 5073
le A | 4 1127020°12702240° |12702113.1°]126.796 5.0%
te-OV | 4 1429.0° 127.0,240° | 127.0£120° [132.300] 5300
2e-0V | 4 [1459.,0° 1383.2240° | 12701207 }137.067| 5.491
30OV | 4 [1486.0° 1389,240° | 1293 ,120° | 138933} 5571
3 UV| 6 [103120° 10732240° | 125021207 [111.800] 6710
20 UV | 6 [1050:0° 1086.,240° | 127.02120° 113533 6813
loe UV | 6 [106:420° 127022407 | 127.02120° | 119.800] 7.200
2-A | 6 [127020°127.022277°|1270 £ 11397126513} 7612
A | 6 [127020° 12702240 [1270 2109.7°[ 126544 | 7.600
1e-OV | 6 [1513.0° 1270.2240° | 127.0,120° | 135.100| 8100
20-0V | 6 [156520° 1447.2240° | 1270.2120° [142733| 8573
3 OV | 6 [1590-20° 1462.,240° [ 120021207 |144.733| 8691
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Table 2. Comparison of transient unbalanced max/min currents of 8different unbalanced voltages under
various loads

VUF
[%6)

cases

full

load

half load no load

i,[Al

i,[A]

i [A]

CUF
(%]

N

Al | A O] i || oagar (OF

*»-UV

-22.0378

235075

-24.4670

6.0

-21.9853

23480 | 244642 | 6.2 § 21.9386 |23.4627| -24.4614 | 63

29-UV

-22.3681

2384957

-24.834

6.0

- 22.3148

238270 | -248316 | 6.2 | 22.2791 |23.8043 | -24.8287 | 6.2

19-UV

-22.8572

256190

-25.3943

71

- 2.8024

25545 | -25.3010 | 7.2 § 227728 [ 255701 | - 253877 | 7.2

2-A

-25.1976

26.4628

-248711

38

-25.1446

2643581 -24.8660 | 3.8 § 251667 | 264089 | -24.8628 | 3.7

1¢-A

-23.8317

26.9479

-25.9080

71

23742

269228 259061 | 7.2 § 238243 1268978 259021 | 70

19 -0V

28168

266245

-26.1858

14

-26.7620

2650731 -26.1823 | 1.3 § 267226 | 265702| 261788 | 1.2

2$-OV

21.5784

28.2559

-6.7481

32

-21.5368

282287 | -26.7448 | 40 ] 274804 | 282016 | -26.7410 | 40

3 OV

28.0123

285097

27147

28

-27.9691

284820 | -27.1508 | 2.8 | 279198 [ 284543} -27.1470 | 2.7

3 UV

20.9596

226110

-24.0458

79

-20.9076

225801 | 240433 | 81 ] 208755 [ 225672 240407 | 81

2 UV

21.3100

229223

-24.4182

79

-21.2572

229001 | -244159 | 80 § 21.2265 [ 228778 244131} 81

1¢-UV

21.9643

25.3980

25.2157

9.0

-21.909%6

2653%2 ] -252125 | 92 | 21.8723 | 26343 252093 | 9.2

2-A

5337

26.6085

24,3887

51

253453

265779 | -24.3832 | 50 | 253887 | 656151 -243778 | 5.0

1$-A

28.3867

213139

259915

9.0

23.3412

272871 | -25.9876 | 9.0 § 233937 ] 27.2603 | -25.9836 | 88

19-OV

27.9038

26.9006

26418

32

-21.8489

268727 | -264154 | 31 | 278082 | 268449 [ - 264110 | 3.1

2% OV

-29.1879

204498

-27.2990

4.7

-29.1308

2042231 272549 ] 46 | - 200735 | 293947 | - 27.2908 | 45

3OV

-296175

29.8094

-27.6974

46

-29.5596

297814 | -27.6033 | 45 || -290.3015 | 207534 | 276892 | 4.4

Table 3.

Comparion of steady unbalanced max/min currents of 8 different unbalanced voltages under various

loads

VUF

[%)]

full

load

half load no load

i,A]

i,[A]

i Al

CUF
[%]

i,(A]

aal | agan | GF LA | agar | e | GF

»-UV

3.5729

4.2703

52171

228

2.5858

27150 | 39815 | 327 [ 26839 ] 1.7929 | 34439 | 386

2-UV

34%

4226

5.2106

234

26194

27082 | 40153 | 331 |} 27380 [ 18119 | 34941 | 387

1$-UV

31916

49424

46548

247

2.0459

35803 | 37903 | 338 [ 1.9468 | 27581 | 36547 | 388

2 A

49074

46537

31044

25.8

36468

38015 | 20716 | 344 || 28708 | 3.78% | 20167 | 386

1¢9-A

3.4004

51850

41177

259

21575

40276 | 34493 | 346 J 17120 | 33748 | 35194 | 387

v OV

5.2440

3.5805

38172

212

43065

3033 [ 25969 | 351 J 38613 | 32301 | 1.9%62 | 386

2-0V

51380

43161

31360

283

41230

38124 | 21409 | 355 (135244 | 38350 | 1.8946 | 386

-0V

5.1901

42032

3.2019

287

4.2347

37520 £ 21966 | 357 J 36806 | 38673 | 1.BROB | 386

k. 2%%

33201

44947

5.7003

323

2.3912

2741 | 43818 | 478 § 27478 [ 14993 | 37802 | 580

2 UV

33148

44073

57021

3.1

2.45%6

27071 | 44219 | 484 | 28265 | 14853 | 38%1 | 580

1¢-UV

27652

5.3746

49391

3HI9

1.54%

39062 | 41306 | 499 J 16671 | 28834 | 40717 | 582

2%-A

5.3336

49767

2.5907

386

39979

43219 | 15575 [ 514 §306527 [ 42033 | 1.7519 | 580

10-A

31234

5.7103

41863

386

1.7499

45050 | 369653 | 514 § 11819 | 37539 | 39229 | 579

1¢-OV

5.8346

34341

3.7464

416

49336

31673 | 24460 | 530 J44594 135871 | 15494 | 579

2-0V

57161

46258

2.6081

41

4703

43580 | 15992 § 539 40473 | 45673 | 14231 | 580

-0V

57502

46111

26143

46

4.7934

43779 | 16207 | 541 §41449 | 46024 | 14176 | 580
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