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Method of Predicting Copper Loss on Induction Motor

Applied by Unbalance Voltage

Do-Jin Kim® - Chong-Keun Jwa™

ABSTRACT

This paper describes the method of predicting copper loss of an induction motor which is
operated by unbalanced voltage, with minimun operation data. The unbalanced current and speed
of motor are needed for these data. The current unbalance factor(CUF), symmetrical components

of current, and CUF angle are computed by using the definition of symmetrical coordinate

method. The equivalent circuit parameters under operating condition are determined using the
ratio of symmetrical component of voltage and current, and symmetrical impedances. The copper

loss is reasonably predicted by these parameters.

Key Words: Unbalanced voltage, Induction motor, Current unbalanced factor, Copper loss

I.4 &

HY BHYL 3 FEAFA B9, WAF
o] By AA9 P4 EeA9 WF I
EgY BEF 5 A2 9Y¥L o 3W #
570 AP MG EFY 49 A7 AFY
o] AA, BE, 4, £, 22u F£HH7s A

« Aot &Y
Graduate school, Cheju Nat’l Univ.

o AFotin A7|AARFEE, YIredTFAL
Faculty of Electrical & Electronic Eng., Cheju
Nat'l Univ., Res. Inst. of Adv. Tech.

717 dige] He A BHYY AT 4F
& @A A7) g gustA Hx AoH1l
olol wa} Williams[2]&= 71ZHgol] didt §hol
U 2z dEsE 2709 £3Y A+§ AHesyo
teid AYgHe) g AFs £4E TY 57
2o oste] 4 H7HE &1 Utk Rao &
Raol3]= A A A A4 (rerating factor)8 &1
AEIeA 719 EHY FHETY ARE A
4 EHYERG HF EHYEC o FA EER
2 & 21&¢% ®olu Ut Lindersl4]= #%3
5719 EHY AY 1A EHFY 4U9F% o
TS 2AM3n gtk Wolll5le fEd%7d &

37



FY Hekol A7td W £E-E03 54L& B8
T4 4S5l dstd AESHT A Leel6]
woAR dYes dyd E4Y dAY AW
AMel £&, HE, &4, 29D 2ENT §¢
A Ao

2y oles ﬁ%oﬂ/ﬂc- 42 €93 e

0

el ASgel ANk 2
99 2R0l od3el @ AFE Ho) A
o E@, AEVY WA FEe LEASH 4
ol YA GE vARZ olo] tE A
8% ool Wasio

g ERoME REAE/ 29Y WY e
A A2HE EHY AR Aol £5F o&
sl A N2 P52 AHHD 2R

< dFEstuz g@d

Mol g3 glot

x°

& Jn o

O. 3y o

1 54 At E9¥87% 54 AF ¥4y &

dtHom ALgE1 AkEEy e IEC
(Inernational Electrotechnical Commission)® #
A Aol hiE AR At W2 Ao A
% AHgstn Ak ey 3R AU 94
Hekel zzhe) giaboly spole] ¢l 4babol
e Aol Bad Aol AR WY o)
ol g A48 MY Holxe vz o 5=
BaAY 2WYEL ALY & Ao

389 dHgE %% v, v, 28z veE

Q) 1=
MM T

)%

W oolEel dAAEE AT FAE v, B4
B oy, 283 948 v,= oe4s g
v, 11 11V,
vii==%|1 a &V, (1
Vs, 1 @& al|V. :

38

9714 a=exp(j-231)°|‘4.

[ECH & A3t BFYE2( yype

7

x100 )

olx, B4 A} EHIE (CVUR k.t TS
2ol Ao}

k,= _1‘;11 =|k,exp(s8,) (3)
21 k| £ AR HY} FYR HAYy =2
719 wiolx, g = olEe fAatelth

348 A7Hgel AT 2L WYPoz A
3ty B Ay EHYEL p, 22 HY p,
o}e} Atolef = &3 e #AIZE ok

k,=|kJexp(6,)

=kvexp(—jJ3t)

= |kJexp[#(8, — 431 )] (4)
3¢ FERE7 A3 WBE [, [, 2183
13 33 o5 WAYES A% [, 1, L

o 22y 3% FrE dAEIdAE FHAEE 9
432 gorz IR FFE 28 & yid. 2
Hoz 4 AHFed dYRE AF Aol A=
g8 g

I,=L+1, (5)
Ib=a211+a12 (6)
I.=al,+ad%l, (7



T4 A% BUYB(CUPE A% EWYED
FA A

CUF= ALl x100
)

oz A¥
(CCUR=

A,

k= —ff — |k Jexp(i6,) )

o ol Yehd 4 Atk ANA |k E FBE
AF% ALE AR 2719 wolm, g, & ol
59 g4,

2. &9 45

23y dgog AT e N FEAFY
o AREY ¢ 4F 5732 = Fig. 1%
2o s R oo x, £ 1A AY
7 yded2g, R #* X, & AR Fo
Z AN A Ay FHAAUELE, R,
e A&7 7NALL UEdE= AL, aYn
X, 3 st AfAYR20 £-L 0@

Ri/s

O—
a) Positive sequence circuit

Ri/2-¢

o . . .
b) Negative sequence circuit

Fig. 1. Equivalent circuit of induction motor
under the unbalanced voltage operation.
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Table 1. Evaluating X. and X. from blocked
-rotor reactance at rated frequency

Rotor X, and X, as fractions of Xgg
Wound Xs=X=0.5Xpr
Design A X=X,=0.5Xpr
Design B X=0.4Xpr, X;=0.6Xgr
Design C X=X;=0.3Xgr, X;=0.7Xgr
Design D X=X;=0.5Xgr
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Table 2. Measured input power and unbalanced current at VUF(%)=4.3

Power &
ent Pin L[A] I[A] Ic[A] L[A] L[A] CUFI[%]
Speed[rpm
1517 353 1.06 1.27 1.40 1.236 0.196 159
1493 378 1.11 1.32 1.45 1.286 0.196 147
1470 392 1.16 1.36 1.50 1.333 0.196 147
1443 417 1.22 141 1.55 1.387 0.191 13.7
1414 434 1.26 146 1.60 1.433 0.196 13.7
o] Azek 2(15), (16), DA F& ¢ & A}
23t A(18)~ (1o st AU FrHE
Aol AAHAAS AFF F4E Table 39
B2
Table 3. Manufacturer's and computed equivalent circuit parameters tested moter
Parameters Rs[Q] R.[Q]} X,[Q] X.[9] Rn{2] XmlQ] Remarks
Manufacturer’'s 125 3.9xn’ 88 88 none 180 n=516/264
14.569 15.439 6.776 6.776 5.023 168913 | 1517[rpm]
14.272 16.030 6.696 5.009 162.570 162570 | 1493[rpm]
Computed 13.556 16.402 7.421 7421 4990 160.847 | 1470[rpm]
13.741 16.729 8.041 8.041 4979 155.202 | 1443[rpm]
12.843 17.712 7.257 7.257 4,950 151.263 | 1414[rpm]
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Table 4. Computed input power and current by manufacturer’'s circuit parameters (at

VUF(%)=4.3)

Power &
ent Pin L[A] L[A] Ic[A] L[A] L[A] CUF[%)]
Speedlrpm
1517 383.767 1.251 1.314 1.395 1.251 0.194 155
1493 410.218 1.134 1.387 1.463 1.321 0.194 14.7
1470 434.882 1.201 1.456 1.527 1.388 0.194 14.0
1443 462,989 1.278 1.535 1.603 1.466 0.193 13.2
1414 492.171 1.360 1619 1.683 1.548 0.193 125
E3 Table 391 THAFHANM AN H+E
ALg3te A YdFH 3 AFE Table 59 B
}.
Table 5 Computed input power and current by computed circuit parameters (at
VUF(%)=4.3)
Power &
wrent Pi, LIA] I{A] Ic[A] LA} I[A] CUFI[%]
Speed[rpm
1517 383.724 1.058 1.271 1.399 1.235 0.197 159
1493 399.190 1.108 1.319 1.449 1.285 0.197 153
1470 413.239 1.155 1.378 1.492 1.335 0.195 14.6
1443 429.271 1.216 1.436 1.540 1.391 0.188 135
1414 444.141 1.255 1.475 1.592 1.434 0.19 136

Table 29 Table 49 ZA=E vlws7] Hsd
ZH o @ A JHeAE ALESHE Y
2 837} F7hghol aet 8716[%]1 A 13.403{%]

2 ANz AFE 15170pmlodlAd ad AF
(18019[%D & Asti FaHdF F7to met
-0.357[%]o A4 10.890[%6)7+#1 o] HeE ARz
Fig=3

Table 29 Table 59 A& Hinad Y2

42




237} F7te] et 8704[%]AN 2337[%]2 2
oA HHE FEAZel BHE FHA] YU
-0.071[%]oN 4 1844[%)17tA e A2 2(%]olW
o st

oldel AFHA HRo] Rl Adw ¥
o] A&Astel ex7t ol F&E AFo A
e ¢ 5 At

o] Wlel oj3te] 2t REAFH FELE dF
3t® Table 63 Zon R3F7te wat F&ol
AXNR AFE & F ATk

Table 6. Predicted copper loss at VUF[%]=4.3

Speed

1517 1493 1470 1443 1414
[rpm]
Copper

118.613}128.653{136.650] 150.509 | 158.889
loss{w]
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