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Abstract

This paper proposes equivalent circuits

comparison for performance prediction of three-
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phase induction motor under various types of
balanced and unbalanced voltage supplies.
Unbalance voltage calculation is based on IEEE
Standard 1459-2010. Four equivalent circuits are
in consideration. To find out an appropriate
equivalent circuit, the motors are authentically
tested from no load to full load current. The
given slips are put into the equivalent circuits for
motor performance calculation. The computed
results are compared with the tested ones. This

is advantage for the equivalent circuit selection.
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e 1 o o v a o dﬁl
gagnatnasiAaziNad niuldnaaau luaudanil
Wussuanalumisean 1 annnis9lugauneniily

o

Arasusssulinangananalinunainaiusay

1 1
| o

Voltage Balance), w3aau il ANAA NI ATA
(Under Voltage Balance) uazusasuslwilnndiAngs
N9/ (Over Voltage Balance) was ludauias

v 1

Wuarraausas w1 liauna d9sznaudiae

q
'

wsasulnilnliannanindndnd (Under Voltage
Unbalance) wazussaulnilliaunagandins
(Over Voltage Unbalance) Iagfiansmnmaannly
anparesusiuiluennindezinnagnls
auparaussilin mad i iaueluiaded 2
1515lu 3 szinn Ae

o anuliannaasussiulWin wuy 1-phase

o pouldannaasusesfulniln uun 2-phase
Usznaudaaunund Arusesdulninmndguy
(2(A=B)) wazuUUAT A wsad WA e
(2(A#B))

o ponldannavaussAulnilnuuy 3-phase

wUUAL AR IANAN R A Tuaeana (3(A=B))
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v
[ o o

dl o v 09; a 1 1 o X 1
WAZLUUN WA U AR g @l AN T win ummnuumm@wM@uummmlugﬂuuuma °]
(3(A%£B)) ANNIRTRN 3 INBAIUIIUI AN NLARS M49AT
mmﬂ@ﬁq 4 gﬂu:u*u 1uanimmaaau No load test

A1919%7 1 wsasu il lunnmegey ) y
L‘]Jumm?%‘m 2 LAYNANITNAZRL Blocked rotor

Voltage balance ,
[~ [ % =
Type Va Wb v test LIUAIAI919N 3
Rated Voltage Balance 220 220 220
5% Under Voltage Balance 209 209 209 a
AT NN 2 NAN1TNAKAL No load test
7% Under Voltage Balance 204.6 204.6 204.6
9% Under Voltage Balance 200.2 200.2 200.2 Nawmas 2 HP 4 Pole
5% Over Voltage Balance 231 231 231
Phase vV, V) I, (A P, (W)
7% Over Voltage Balance 2354 2354 2354 n n n
9% Over Voltage Balance 239.8 239.8 239.8 a 220.3700 2.2100 50.00
Voltage Unbalance
T b 220.1000 2.1800 75.40
ype Phase Va Vb Ve
1 203.7 220 220 c 220.3800 2.3100 49.50
5% Under Voltage 2(8) 204 204 220
> 4B) 199 10 220 avg 220.2833 2.2333 58.30
Unbalance -
3 (A=B) 202.3 202.3 218 waALAAas 5 HP 4 Pole
3 (A£B) 1885 179 198
1 197.5 220 220 Phase an V) Inl (A) Pn, W)
7% Under Voltage 2(A=B) 1983 1983 220 a 220.3600 3.4807 95.20
2 (A#B) 191.7 205 220
Unbalance 3 (A-B) 1893 1893 510 b 220.3600 3.3132 93.70
3 (A#B) 184 200 210 c 220.5000 3.4815 53.90
1 191.5 220 220
_ avg 220.4067 3.4251 80.93
9% Under Voltage 2 (A=B) 192.7 192.7 220
2 (A#B) 198 187 220
Unbalance ~
3(A=B) 184.7 184.7 211 19NN 3 NANNINAADL Blocked rotor test
3 (A#B) 1795 190 211 -
1 37 520 220 NaLmas 2 HP 4 Pole
5% Over Voltage 2(+8) 2375 2375 220 Phase Vi (V) lor (A) Ry (W)
2 (A£B) 235 240 220
Unbalance 3 (AB) 232 232 250 a 46.94 3.6340 112.40
3(a#B) | 240 221 250 b 46.73 3.6370 11257
1 244 220 220
_ c 47.12 3.6043 112.77
7% Over Voltage 2 (A=B) 245 245 220
2(A#8) | 250 2305 220 avg 46.93 3.6251 112.58
Unbalance
3 (A=B) 250 250 2245 =
3 (A#B) 223 275 250 uaLRas 5 HP 4 Pole
1 2513 220 220 Phase Vbl (V) Ibl (A) Pbl (W)
9% Over Voltage 2 (A=B) 253 253 220
° ¢ 2 (A%B) 260 235 220 a 43.56 7.9540 209.33
Unbalance
SWS | 2278 | 7S | 260 b 43.27 7.9647 208.13
3 (A#B) 225 230 260
c 43.28 7.9367 215.20
avg 43.37 7.9518 210.89
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#@n19z Over Voltage Unbalance 5% WUy 2(A=B)
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PINUANININITAIBIRUIA BT UR AN

Nanannrasnsads wazdsc@nsnnnaiuanls

FoeIaNN19N 34 AaTiAa

Actual data —Calculated data 5
Actual data

%Error = 100

(34)
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aaantuntsiuTvan nafiansuiudiieds
ANNHANANA (%Average Error) 109U3N1A LAY
m'ma?immuﬁmwmm (% Average Error) 284
ﬂ@xam%mwﬁlvﬁﬁmmmmwmmﬂ@‘ﬁq 4 sluuy
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Unf uwazgqendn Geidszinnusasulaiinldauna
wunmieanuugaunaus il wagll
windu wuuauwausssulninmiadu wazly
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%

MauNA 4 giluuy

;19797 4 ATWIINHRRTIUNRTANYATI 4 JUWLL eNamafiutiantiniia 2 HP 4 Pole

ANNINHLADTUBINATANYAITILL LN
wa R(Q) R(€2) X, (Q) X, (Q) R (Q) X (Q)
a 6.0312 2.4799 4.8583 4.8583 895.8239 92.4589
b 6.2357 2.2733 4.8127 4.8127 592.3675 94.2574
c 5.9760 2.7029 4.8891 4.8891 901.7509 88.0989
cﬁhwmﬁLm%ﬂmqwmmﬂaﬁ\umum?ﬂlﬂ
R(Q) R(€2) X, (Q) X, (Q) R (Q) X (Q)
vl 6.081 2.4853 4.8534 4.8534 766.6738 91.4987
ANNNIHIARTUBINATANYAITIANNIATFIU [EEE 112-2017
R(Q) R,(Q) X, () X, () R.(Q) X, (Q)
vl 6.0810 2.2787 5.6958 5.6958 1632.6786 93.8284
ANNNIIALAL TUBINATANYATTIFINBIALTENBUANNIAT

Positive R(Q) R,(Q) X, (Q) X, (Q) R.(Q) X (Q)
Sequence 6.0810 2.2787 5.6958 5.6958 1632.6786 93.8284
Negative R(Q) R,(Q) X, (Q) X, (Q) R.(Q) X (Q)
Sequence 6.0810 2.2787 5.5958 5.5958 1632.6786 93.8284

Zero R, (Q) X, (€Y)
Sequence 0.0001V,’ + 0.0044V,” - 0.0806V, + 7.4407 0.0156V," - 0.3171V,” + 1.2225V, + 16.817
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v
o

;197997 5 ATW1aHmaTluneasaNg AT 4 UuL 1ednamafiiiantiniia 5 HP 4 Pole

ANNIHLAD TUBNNATANY A TILL LN

wa R(Q) R(€Y) X, (Q) X, (Q) R.(Q) X (Q)

a 1.9326 1.3761 2.1822 2.1822 486.5836 60.8648

b 1.9697 1.3111 2.1656 2.1656 495.4243 64.1125

c 1.9551 1.4616 2.1251 2.1251 860.918 60.5967

ﬂ'ﬁ‘W’ﬁ"]ﬁLm@§ﬂﬂde®3ﬂNHﬂ@?ﬂLLUUL’aa‘ﬂ
R(Q) R(€2) X, (Q) X, (Q) R.(Q) X, (Q)
v 1.9525 1.3829 2.1576 2.1576 573.0934 61.7961
AR TTBINATANYATNANNNIATIIW IEEE 112-2017
R(Q) R,(€2) X, (Q) X, (Q) R.(Q) X (Q)
v 1.9525 11741 2.5244 2.5244 771.0021 62.0785
ANNNIIHLABTUBINATANY AT NNEIALTENAUANNIAT

Positive R(Q) R,(Q) X, (€2) X, () R.(Q) X, (Q)

Sequence 1.9525 11741 2.5244 2.5244 771.0021 62.0785

Negative R(Q) R,(€2) X, (Q) X, (Q) R.(Q) X (Q)

Sequence 1.9525 14741 2.5244 2.5244 771.0021 62.0785
Zero R,(Q) X, (€Y)

Sequence -0.0005V,’ + 0.0147V,” + 0.1383V,+ 2.8486 0.0037V,” +0.0418V,” + 0.4126V,+ 9.3577
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;13797 6 %Average Error 283usedinfiAuaniaInatasanyaiFaLisuiuaAilfainniamaaeuas

\oltage Balance 2 HP 4 Pole 5 HP 4Pole
Type Phase Avg |IEEE Sym Phase Avg |IEEE Sym
Rated Voltage Balance 3.8990 3.6283 2.9624 9.3854 10.8195 11.2139 0.4464 2.4506
5% Under Voltage Balance 3.1151 2.8698 5.0510 0.8323 5.2333 5.6045 54932 9.7981
7% Under Voltage Balance 3.3195 3.0843 52814 10.5927 45087 48727 6.2192 10.8754
9% Under Voltage Balance 57311 5.5032 7.7381 13.6900 4.1641 45137 6.4558 11.5951
5% Over Voltage Balance 54751 51775 6.9962 9.5556 1.5360 1.9630 9.8552 11.7460
7% Over Voltage Balance 12.0736 11.7527 13.5931 15.9932 4.4529 2.8417 2.8417 18.7014
9% Over Voltage Balance 13.6510 13.3164 14.9763 16.8839 1.4505 2.7251 2.7251 11.6237
Under Voltage Unbalance 2 HP 4 Pole 5 HP 4Pole
Type e Phase Avg |IEEE Sym Phase Avg |IEEE Sym
1 10.9622 10.4428 12.2864 14.8193 3.0011 3.5448 8.4011 10.8153
5% Under Voltage | 2 (A=B) | 15.5207 155155 16.4988 18.4418 6.8777 7.2349 4.4847 51226
2 (A#B) | 13.5909 13.3090 14,5488 16.7882 56419 56825 5.7482 6.9055
Unbalance 3(A=B) | 145074 | 145001 15.5807 | 17.7006 3.0769 3.4190 8.7544 | 10.1239
3 (A#B) 8.8993 9.0246 11.0456 14.3380 56186 5.8582 58750 8.9021
1 6.9903 6.3144 7.7600 10.1943 3.1399 3.8259 8.2130 10.0763
7% Under Voltage | 2(A=B) | 11.0017 11.0778 9.8114 10.1676 4.3953 4.8010 71791 6.8792
2 (A#B) | 18.3864 18.0537 17.6599 18.7057 46616 5.2250 6.6968 6.4096
Unbalance 3(A=B) | 11.7340 11.7912 12.2337 14.2997 7.9242 8.2705 3.3658 3.9602
3 (A#B) 7.5793 7.1687 8.3868 11.0874 6.2117 6.7496 5.0620 6.4536
1 12.4949 115328 12.4477 14.3813 0.1036 0.7457 117218 | 13.5204
9% Under Voltage | 2(A=B) | 19.7204 19.9438 16.2048 15.7788 3.8066 3.2546 15.8882 | 14.1180
2 (A#B) | 22.1492 225679 18.4919 18.0114 1.2924 1.5959 13.1870 | 11.5531
Unbalance 3(A=B) | 13.1877 13.2916 12.2168 13.5744 1.1663 0.6899 13.3201 12.9396
3 (A£B) 7.9046 7.6968 6.4482 7.6488 41270 4.7206 7.1683 6.5715
Over Voltage Unbalance 2 HP 4 Pole 5 HP 4Pole
Type k] Phase Avg |IEEE Sym Phase Avg |IEEE Sym
1 24.3885 23.9373 20.9463 19.1271 7.0655 8.1260 2.0883 0.3237
5% Over Voltage | 2(A=B) | 16.8040 15.7886 16.7332 17.8323 2.5954 36434 8.4503 8.9578
2 (A#B) | 24.3652 23.0633 21.0760 19.6152 6.1219 7.2819 4.3263 3.6445
Unbalance 3(A=B) | 265.8150 | 266.9930 | 161.0345 | 110.1139 4.4996 5.1487 5.9379 1.7935
3 (AFB) | 226.2532 | 228.7531 | 193.2570 | 92.4891 1.3093 1.8790 9.9639 6.8726
1 223.2349 | 223.3314 | 138.0231 | 101.1796 3.1539 1.3354 122163 5.8766
7% OverVoltage | 2(A=B) | 353195 33.5950 29.4085 16.1969 1.2427 0.2626 12.1858 2.2056
2 (AFB) | 323.9284 | 3216773 | 212.9961 | 155.1356 | 19.1491 17.8840 | 25.6936 9.2535
Unbalance 3(A=B) | 392.5005 | 385.3395 | 275.4518 | 192.6103 | 55977 39398 | 167828 | 2.1924
3 (A#B) | 284.8911 | 285.8530 | 180.7798 | 96.0835 18.3744 17.3314 | 29.5664 1.8182
1 301.5099 | 301.5003 | 198.3808 | 153.8303 | 461.1956 | 430.7409 | 419.6577 | 278.5782
9% Over Voltage | 2(A=B) | 3815308 | 3724037 | 260.7084 | 2059297 2.8534 0.5344 12.2066 7.8484
2 (A#B) | 348.1411 | 344.6385 | 231.6368 | 179.2953 - - - -
Unbalance 3(A=B) | 296.8913 | 298.8942 | 201.2997 | 155.2563 - - - -
3 (A#B) | 280.0383 | 273.2218 | 182.0925 | 135.8529 - - - -
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;13797 7 %Average Error Usz@nsn1maiAuamainasasangaifieuiiauiuaAnliainnimaaeuass

\oltage Balance 2 HP 4 Pole 5 HP 4Pole
Type Phase Avg |EEE Sym Phase Avg |IEEE Sym
Rated Voltage Balance 1.2233 1.3059 1.4750 4.6711 7.1395 7.1683 6.6407 9.7439
5% Under Voltage Balance 0.7462 0.6528 0.9473 3.5611 6.8703 6.9042 6.1877 10.5209
7% Under Voltage Balance 1.7293 1.6310 1.9906 2.9538 7.1602 7.1951 6.4368 11.1025
9% Under Voltage Balance 0.4709 0.5768 0.1423 5.6746 7.0336 7.0702 6.2431 11.3719
5% Over Voltage Balance 3.7085 3.7791 3.7594 6.2414 7.5947 7.6254 7.0429 10.0065
7% Over Voltage Balance 5.4214 5.4902 5.4986 7.7277 7.4823 6.3035 6.3035 8.8086
9% Over Voltage Balance 6.6269 6.6903 6.7536 8.5248 7.6089 6.7376 6.7376 8.3899
Under Voltage Unbalance 2 HP 4 Pole 5 HP 4Pole
Type W& Phase Avg |EEE Sym Phase Avg |IEEE Sym
1 41316 42074 42206 6.6520 8.1894 8.2087 7.8711 9.9104
5% Under Voltage | 2 (A=B) 5.4369 5.5095 5.7029 6.6805 8.2970 8.3110 8.3823 8.1113
2 (A#B) 54576 5.5262 5.6835 71124 8.7476 8.7616 8.7214 9.2135
Unbalance 3 (A=B) 5.4400 55126 5.6942 6.8765 8.6292 8.6463 8.5836 9.1105
3 (A£B) 3.0007 3.0689 3.0319 6.2751 7.9637 7.9821 7.7211 9.7576
1 5.2518 5.3162 54191 6.9427 9.2252 9.2363 9.0392 10.0496
7% Under Voltage | 2 (A=B) 8.4168 8.5125 8.7757 7.0840 11.2633 11.2734 11.6149 9.1292
2 (A£B) 9.0931 9.1615 9.4391 8.7771 11.4012 11.4000 11.7503 9.6669
Unbalance 3(A=B) | 7.0858 71711 74165 7.7351 10.0111 10.0226 10.2667 8.9301
3 (A£B) 45728 4.6398 4.7951 6.3791 9.5207 9.5260 9.5644 9.9447
1 7.1207 7.1652 7.3651 7.5043 11.5955 11.5987 11.4597 11.6132
9% Under Voltage | 2 (A=B) 9.5544 9.6953 9.7727 5.3120 17.2139 17.2175 17.9651 11.4923
2 (A£B) 12.2896 124725 12.5208 6.8209 17.3381 17.3970 18.0919 10.4296
Unbalance 3 (A=B) 6.5478 6.6602 6.9182 4.9489 15.3977 15.4052 15.9786 11.4947
3 (A#B) 16.4316 5.9269 0.5811 44213 14.9301 14.9235 15.5628 11.3031
Over Voltage Unbalance 2 HP 4 Pole 5 HP 4Pole
Type e Phase Avg |IEEE Sym Phase Avg |IEEE Sym
1 15.9410 15.9248 16.1348 13.6431 11.1126 11.0662 11.6555 8.0811
5% Over Voltage | 2 (A=B) 7.9609 7.9699 8.1649 8.3964 9.2791 9.2779 9.2109 8.8380
2 (A£B) 17.4417 17.3528 17.6334 14.8878 9.6952 9.6708 9.8359 7.9343
Unbalance 3 (A=B) 253.5588 254.3546 214.6250 144.5547 14.1566 14.1406 14.8607 8.7875
3 (A£B) 213.6222 2147710 217.9917 119.0237 13.6824 13.6843 14.2177 9.1399
1 189.4519 189.5213 161.4904 112.2170 22.4487 22.2864 23.4348 14.1090
7% Over Voltage | 2 (A=B) | 27.9462 27.7684 27.9289 25.8110 13.7121 13.6756 13.8734 12.7356
2 (A¢B) 292.3221 291.5727 255.7106 190.9137 40.6636 40.4895 41.8351 23.6001
Unbalance 3 (A=B) 349.8344 347.6267 316.0724 252.3754 16.6967 16.6437 16.9671 16.4421
3 (A¥B) 263.1640 264.0933 2271472 153.1358 29.6663 29.6114 30.8614 13.7573
1 274.1596 274.3011 240.0164 169.4851 520.8582 511.8068 509.7011 298.4143
9% Over Voltage |2 (A=B) 367.3455 364.3839 328.8742 229.7621 23.5021 23.3382 241241 13.6613
2 (A#B) | 357.1780 356.0273 315.7576 223.6784 - - - -
Unbalance 3(A=B) | 2987561 | 300.3297 | 267.4191 | 1816859 - - - -
3 (A#B) | 293.0832 291.7472 258.0583 171.3996 - - - -
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