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Analysis of Harmonic Phase Angle Effect on Three
Phase Induction Motor Operation

Sung-Pil Kho

Department Of Electronic and Electrical Engineering
Graduate School of Industry

Cheju National University

Supervised by professor Chong-Keun Jwa

Summary

This paper describes an analysis of the effect of low
harmonic orders and phase angles on the operation performance
of a three-phase induction motor. In the analysis, the voltage
harmonic orders from 2 to 7, with the three different voltage
distortion factors were chosen except the triple harmonics, and
each harmonic order was designed into four kinds of waveforms
whose phase angles are divided one cycle into four parts. The
analyzed data includes current distortion factor, voltage form

factor, current form factor, input voltage, input current, and



efficiency. From the analyzed result, it is found that the
operation performance of a three-phase induction motor does
not vary by phase angle of each individual harmonic order. But
both voltage and current form factors related to the waveforms

are affected by the harmonic phase angle in odd harmonics.
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I[EEE-5199] 23t AA¢ nzZ3 38 E(total voltage harmonic distortion factor,

THDv)&

V.
THDv - Ey%xloo 1)

o]x1, Akal mZu}ol| o)t A3 E(voltage distortion factor, VDF)<

vDF = VX« 100 @)

Vi
olny, ole} FAISHAl Ak} 23}l o3t AF N E(current distortion factor, CDF) =

I
olty, o71M, V), I, Vi, ke Zt7 7)1Est Mk AF{e Akat nxat At [
A7]o|},
A<t 343 E(voltage form factor, VFF)$} AF33 E(current form factor, CFF)2 7}
Z &3} 2}



(4)

vEF = Vms
Va
CFF = IIW )

A71A, Virs, s} Vo, lv® 22 A& A8 AFo} JFA] A, AFolth
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o2 BUF HARNZ A% efRizeln, Xmdt st 242t A5} denst £YS
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(a) fundamental

1k Rsk XSk Xrk f2k

Vk Xmk llmk Rrk/sk

(b) the kth order harmonic

Fig. 1 Equivalent circuit of three phase induction motor per phase
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Table 1 Comparison of current distortion factor[%6] of the induction motor with the

voltage harmonic orders from 2 to 7

Harmonic

orter 2th 4th 5th 7th
V | Harmonic Speedlrom) Speedirpm] Speedlrpml Speedirpml
D phase
F angle _
(%] [rad) 140 | 1500 | 1360 | 1450 | 1500 | 1360 | 1450 | 1500 | 130 | 140 1500 | 1530
0 1013 | 11281 | 12741 | 5543 | 6157 | 698 | 4660 | 3181 | 5865 33 | 376 | 424
/2 1013 | 11281 | 12741 | 5583 | 6157 | 6938 | 4600 | 5181 | 586 3 | 375 | 424
5
g 1013 | 11281 112741 | 358 | 6157 | 698 | 4660 | 5181 | 586 ¥ | 376 | 424
3n/2 1003 | 11281 112741 | 5583 | 6157 | 698 | 4680 | 5181 | 586 13 | 376 | 424
0 067 | 2562 | B5481 | 1106 | 12313 | 1387 | 9319 | 10363 | 1160 678 | 740 | 847
/2 0267 | 2562 | 25481 | 11065 | 12313 | 138% | 9319 | 10363 | 11630 678 | 740 | 8447
10
b1 0967 | 2562 | 25481 | 1106 | 12313 | 138% | 9319 | 10363 | 1160 678 | 740 | 847
3n/2 | 0267 | 2562 | 5481 | 11086 | 12313 | 138% | 9319 10363 | 11690 | 6738 | 740 | 8447
0 040 | BB | B22 | 1668 | 1840 | D84 | 1398 | 1554 | 175D 10107 | 11235 | 12671
/2 30400 | 3843 | 3B22 | 16628 | 18470 | 20814 | 1398 | 1554 175% | 10107 | 1125 | 12671
15
b 0400 | B3 | B2 | 1668 | 1840 | D84 | 1398 | 1554 175% | 10107 | 11235 | 12671
3n/2 | 30400 | 8843 | R22 | 1668 | 1840 | 814 | 13978 | B 175% | 10107 | 1125 | 12671

- 10 -




Fig. 2 Comparison of current distortion factor with the voltage harmonic orders

from 2 to 7
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Table 2 Comparison of voltage form factor{pu] of the induction motor with the

voltage harmonic orders from 2 to 7

Harmonic
ortler 2th 4th 5th Tth
V | Harmonic Speed(rprm] Speec(rpm] Speed{rpm] Speedirpm]
D phase
F angle _ _ _ _ . _ _
%] (rad] 1450 | 1300 | 1960 | 1450 | 1500 | 1580 | 1430 | 1300 | 1330 | 1450 | 1300 | 130
0 112 1112 | 12 o1me | oLn2 | 12 | oren | nion | onien | 104 | 1104 | LI
/2 2 |tz |2 |tz |one o2 | L2 | ot | o2 | 12 | 1nz ol
5
n 2 e |tz | w2 | tne | 2 | B | B | LB | 110 | 1120 | 11D
3n/2 L2 | tn2 |tz otz e | L2 o2 L2 o tn2 o2 | 1z | o1
0 L6 | L1116 | 1116 | 1116 | 1116 | 1116 | 1094 | 1094 | 1054 | 1100 | 1100 | 1100
/2 L6 | 1116 | 1116 | 1116 | 116 | 116 | 1116 | 1116 | L6 | 1116 | 1116 | 1116
10
n 116 | 1116 | 1116 | 116 | 1116 § 1116 | 1138 | 113 | 1139 | 11 | L1 | 11X
3n/2 116 | 116 | 116 | 116 | 116 | 1116 | 1116 { 1116 | 1116 | 116 | 1116 | 1116
0 BB B 1B | LB | 118 ] 1090 | 100 | 1090 | 109 | 1009 | 108
/2 LB | 1B | s us | U8 | U8 ] UB | LB | B LB | 118 | 1123
15
n LB B | B | LB | LB | LB | 118 | 118 | 118 | 1148 | 1148 ) 1148
3n/2 BB 1IB | LB | U8 | 1B | LB | 1B | 113 | 1183 | 118 | 113

- 13 -




Fig. 3 Comparison of voltage form factor with the voltage harmonic orders

from 2 to 7
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Fig. 4 Nonsinusoidal voltage waveforms in VDF = 10% which include

fundamental with 2nd order harmonic and current waveforms at

1500rpm
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Table 3 Comparison of current form factor{pu] of the induction motor with the
voltage harmonic orders from 2 to 7

Harmonic
order 2th 4th 5th Tth
V' | Harmonic Speed(rpm] Speed{rpm) Speed[rpm] Speed{rpm]
D phase
F angle
(¢ | [rad | 140 | 1500 | 1530 | 1450 | 1500 | 1560 | 1450 | 1500 | 1560 | 1450 | 150 | 1580
0 1286 | 1313 | 1357 | 122 | 1307 | 139 | 128 | 132 | 138 | 120 | 134 | 135
n/2 126 | 1313 | 1367 | 122 | 1307 | 139 | 128 | 1291 | 130 | 124 | 128 | 138
5
b.s 1286 [ 1313 | 1357 | 122 | 137 | 139 | 125 | 1311 | 134 | 123 | 1307 | 130
3n/2 1286 | 1313 | 137 | 122 | 1307 | 139 | 125 | 132|137 | 128 | 134 | 137
0 136 | 1337 | 1339 | 128 | 1314 | 13D | 128 [ 138 | 135 1 120 | 135 | 1397
/2 1306 | 1337 | 13| 128 | 134 | 130 | 12| 121139 199 | 122 | 130
10
T 136 | 1337 { 139 | 128 | 1314 | 130 ] 128 [ 130 | 136 | 12%6 | 1312 | 136
3n/2 1306 | 1337 1 139 | 128 | 1314 | 130 | 1313 | 1383 | 138 | 127 | 1324 | 131
0 1338 137 (1441 | 128 | 1327 | 135 | 1280 | 1307 | 131 | 12 | 137 | 130
/2 138 | 1377 | 1441 | 128 | 1327 | 135 | 14 | 125 | 1313 | 126 | 129 | 139
15
T 138137 | 141 | 128 | 1327 | 135 0 1 | 133 ) 133 | 122 | 138 | 1%
3n/2 133 | 1377 | 141 | 128 | 1327 | 135 | 133 | 138 | 145 | 138 | 1337 | 1387

_21_




Fig. 8 Comparison of current form factor with the voltage harmonic orders

from 2 to 7
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Table 4 Comparison of input voltage[V] of the induction motor with the voltage
harmonic orders from 2 to 7

Harmonic -
v order 2th 4th 5th Tth
D .
F Harmonic Speed([rpm] Speed{rprm] Speed{rpm) Speedrpm]
(%] agle
[rad] 140 | 1200 | 1560 | 1490 | 1900 | 100 | 1400 | 1300 | 130 | 1430 | 1300 | 1330
0 1201 | 1201 § 1201 | 1201 | 1201 | 1201 | 1201 | 1201 | 1201 | 1201 | 1201 | 1201
/2 1201 | 1200 {12001 | 1201 | 1201 | 1201 ¢ 1201 | 1201 | 1201 | 1201 | 1201 | 1201
)
n 1201 | 1201 | 1201 | 1201 | 12200 | 201 | 1201 | 1201 | 12201 | 1201 | 1201 | 1201
3n/2 1201 {1201 | 1201 | 1201 [ 1201 | 1201 | 1201 | 1201 | 1201 | 1201 | 1201 | 1201
0 106 | 1206 | 106 1206 | 1206 | 1206 | 1206 | 1206 | 1206 | 1206 | 1206 | 1206
/2 1206 | 1206 | 1206 ] 1206 { 12206 | 1206 | 1206 | 12206 | 106 | 1206 | 1206 | 106
10
n 106 | 1206 | 12206 | 106 | 1206 | 1206 | 1206 | 106 | 106 | 1206 | 106 | 106
3n/2 1206 | 1206 11206 | 106 | 1206 | 1206 | 1206 | 1206 | 1206 | 106 | 1206 | 1206
0 1213 | 1213 } 1213 | 1213 | 1213 | 1213 | 1203 | 1213 | 1213 | 1213 | 1213 | 1213
/2 1213 | 1213 | 1213 | 1213 | 1213 | 1213 | 1213 ) 1213 | 1213 | 213 | 1213 | 1213
15
T 1213 | 1213 | 1213 ) 1213 | 1213 | 1213 | 1213 § 1213 | 1213 | 1213 | 1213 | 1213
3n/2 1213 | 1213 1 1213 | 1213 1 1213 | 1213 | 1213 | 1213 | 1213 | 1213 | 1213 ] 1213
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Fig. 9 Comparison of input voltage with the voltage harmonic orders from

2to7
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Table 5 Comparison of input current[A] of the induction motor with the voltage
harmonic orders from 2 to 7

Harmomic _
v order 2th 4th 5th 7th
D .
F Harmonic Speed(rpm) Speed(rpml Speed{rpml Speed(rpm]
99 | mgl
(rad] 140 | 1500 | 15650 | 1450 | 1300 | 1280 | 1430 | 1500 | 1500 | 1450 | 1500 | 10
0 1447 | 138 | 1157 | 142 | 1297 | LI51 | 1441 | 1297 | 1130 | 140 | 126 | 119
/2 | 1447 | 138 | 1157 | 142 | 1297 | 1151 | 1441 | 1297 | 1130 | 140 | 126 | 1149
3
1 1447 | 138 | LI57 | 1402 | 1297 | LI50 | 1441 | 1297 | 1150 | 140 | 126 | L0
3n/2 | 1447 | 138 | 1157 | 142 | 1297 | 1151 | 1441 | 1297 | 1150 | 140 | 126 | 1149
0 140 | 1327 | 116 | 148 | 134 | 11D { 146 | 132 | 1156 | 143 | 129 | 112
/2 140 | 1327 1 11| 148 | 1M | 11D | 146 | 132 | 116 | 1443 | 1200 | 1.1
10
T 140 | 1327 | 118 | 1448 | 1304 | 11B | 1496 | 132 | 116 | 148 | 129 | 112
3n/2 140 | 1327 | 118 | 1448 | 13 | 119 | 146 | 132 | 1136 | 1443 | 126 | 11X
0 156 | 1367 | 129 | 140 | 1317 | LI73 | 144 | 1310 | 1166 | 1447 | 138 | 1157
n/2 136|137 {129 140 | 1317 | 113 | 144 | 1310 | 1166 | 147 | 138 | 1157
15
T 1506 | 1367 | 129 | 149 | 1317 | LI | 1454 | 1310 | 1166 | 1447 | 138 | 1157
3n/2 156 | 137 | 129 | 148 | 1317 | 1173 | 144 | 1310 | 1166 | 1447 | 138 | 1157

- 27 -



Fig. 10 Comparison of input current with the voltage harmonic orders from

2 to 7
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Table 6 Comparison of efficiency[%)] of the induction motor with the voltage
harmonic orders from 2 to 7

Harmoruce -
v order 2th 4th oth Tth
D .
F Harmonic Speed(rpm] Speed[rpml Speedrpm] Speed(rpml
(%] angle
[rad) 1450 | 1500 | 100 | 1490 | 1500 | 1560 | 1490 | 1300 | 130 | 1490 | 1500 | 150
0 6364 | 0815 73246 | 630 | VOH | 7354 | 66574 | W03 | 73548 | 6660 | 006 | BT
/2 6361 BRI15] 73246 | 630 | VOH | B4 | 66574 | W63 | 7358 | 6660 | D% | BRT
5
n 6364 | 0815 | 73246 | B0 | MWOH | B4 | 6574 | V03 | BB | AL | DB | BT
3n/2 66364 | 0815 | 73246 | 670 | VOO | B4 | 6574 | 003 | BB | 666L | VOB | BT
0 652 | 6880 | MIXB | 6634 | BTP | B22 | 6413 | 0872 | 13315 | 633 | V0L | B4R
/2 652 | 68830 | 0126 | 634 | BB | 322 | 6413 | 0B8R2 | B35 | 6633 | VOO0 | B4R
10
n 6582 | 68830 | 0126 | 6.4 | 870 | TB22 | 66413 | 0812 | B35 | 6638 | V01 | B4R
3n/2 652 | 68890 | V1D | 6.4 | B7P | B2Z2 | 6413 | 0982 | 3315 | 638 | D | B2
0 64311 | 67301 | 70319 | 6015 | BIB | 275 | 616 | BB | 290 | 632 | 085 | B2
/2 64.311 | 67301 | 70319 | 6015 | BIB | 275 | 6146 | BH | 299 | 6302 | B85 | B2
15
n 64311 | 67.301 | 20319 | 6015 | BB | 275 | 616 | B4 | 299 | 632 | B85 | B
3n/2 64311 | 67.301 | 70319 | 6015 | BB | 275 | 6146 | 604 | 7299 | 632 | BES | B
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Fig. 11 Comparison of efficiency with the voltage harmonic orders from
2to7
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