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Analysis of Current Unbalance on Three Phase
Induction Motors Applied by Unbalanced Voltage

Jea—Hoon Jung

DEPARTMENT OF ELECTRONIC AND ELECTRICAL ENGINEERING
GRADUATE SCHOOL OF INDUSTRY
CHEJU NATIONAL UNIVERSITY

Supervised by professor Chong-Keun Jwa

SUMMARY

The unbalanced currents and the input powers on three phase induction
motors applied by the unbalanced voltages are analyzed. For this
analysis, a real load test on the motor is performed under the specified
unbalanced voltage, and the applicability of the T type equivalent circuit
which is used to analyze them is proved by comparing the tested results
with computed results. With various unbalanced voltage patterns,
including 1) cases with the same unbalance voltage factor but different
unbalanced voltages, 2) cases with only one unbalanced voltages but
different degree of unbalance, and 3) cases with the same positive
sequence voltage but different negative sequence voltages, the currents
and the input powers are computed and analyzed by using this

equivalent circuit.

_iv_



A 2

bavtd 7

7
7 glow =, AE 2

3z O
=

hpe)

S

708 ANAEH <

{r

—_
fiie)

|

o]
, 7 e

A}

o
T

J_AO

ol

SRk

Y5e A

7]

1
T

olo] wz} Williams(1954)

_
fite)

il

1
T

9t Rao2t Rao(1968)

A&

3

+o]

5]

Zo 9]

NEMA 114

}9 o}k Linders(1972)+

S

Gl

‘(H

=3l

ted Askel 2717 b

S

e A&

[€]

3

b

=
y Sl

< NEMA?¥]

Woll(1975)

2

3t

=]
5

-
.

FaAth. Lee(1999)

tol RS

5]

o

—_
fite)

o
J_AO

)

oI
3
i)

A

fife)

w417}

-
T

JH Y Williams(1954)

w417}

-
T

3L Lee(1999)

—_
o



.mo

To

o A1) g7}

49

tod Lee(1999) 9

3|

7he 2l 9

A=1
o

T4

o]

ﬁo

ﬁo

I[N

I[N



2. Aol &

B

1) NEMA (National Electrical Manufactures Association)2] A<

(Line Voltage Unbalance Rate)

o

e

x100

LVUR(%) =

2) IEEE(Institute of Electrical and Electronic Engineers)?] % <]

(Phase Voltage Unbalance Rate)

o
S
—
X

X
e
oI
%!
=y
|3
—_
B |
7A
= iy
o | B
oI
%!
Nro
=
ﬁo
[
X
o't
)
>
[al

3) IEC(International Electrotechnical Commission)2] % <]

4 (Voltage Unbalance Factor)




el A7vto g

= O
= -

ol4ke] Al

s
a-

4 (Complex Voltage Unbalance Factor)

y

XTI
o

=
val

—IA
‘_ﬁo

o

)

Ty

Fig. 13 2t} ojuf <l

714 STt R =

s

Fea

741 €]

)

} o

oH

e

A

v

fiase)

)

T

B
w

il
il
.ZO

o

B

(1)

g

ol

.

2

N, O+«

43 P,

SR

o]

N
X2

Y'Y
5
>
-
£ =
o
=
A=
o + Vm 1o
£lon
o~
s =
Y YN
£
>

mm
X1

Vip

0

b) negative sequence

a) positive sequence

Fig.1 Equivalent circuits of model machine



(2)

(3)

2N
g ] ‘—/\ 2P, N

(4)
R .
Xy

Zop= S +7

- (5)
S HiX,
2

(6)
Z wptZop

(7)
W Z ot Z oy

(8)
=

9)



Seue A4E)Y @=FH ERE
s et ok

o B A F
I,=I1pt1y

Ib:a2]1p+a[1N
Ic:dllp+d211N

S:3V1p]1p*+3V1N]1N*
= P+jQ

o714 PIQE FEAHI Fadeoen

=l

=] O
o A FEHH &

|1 1
CUF(%) =—7"4 %100

717l

(10)

(11)

(12)



3. 23 2 B4
FEAE7]Y EHYEAF S fste] (1) AgEHI &S 2A T g
RGN A (2) 1 EFYE G| AGEHYE o] U2 HT (3)
AFEAGS A GgEHAgo] g2 Sl sty 43k
Ao ALg3 AE7|= AAAG 208(V), dF 1.3(A), =3 178(W), T3}
T 60(Hz), 3d4 1500(pm), 183 =34 459 34 A48 FE=d57]9]
t}, o] ATV 73 EASE Ri=125(2), Re=3.9xn%(Q), X;=8.8(Q),

Xo=8.8(Q), Xm=180(Q), 18] 31 HH|n=n1/n=516/264 ©]t}.

Table 1 Unbalanced current and input power at VUF(%6)=4.3

a) Test results

Characteristics
IaA(A) |"'B(A) |'lc(A) | (A 2(A) | CUR(% | PI(W)
Speed(mm)
1517 1.0611.27(1.40 |11.236 1 0.196 [ 15.9 353
1493 1.1111.32(1.45 |11.286 | 0.196 [ 15.3 378
1470 1.16 11.36 {1.50 | 1.333 | 0.196 [ 14.7 392
1443 1.2211.41(1.55 11.38710.191 [ 13.7 417
1414 1.2611.46 {1.60 |1.433)0.196 [ 13.7 434
b) Computed results
Characteristics
A(A) | BA) | lc(® | (A 2(A) | CUF(%) | PI(W)
Speed(rpm)
1517 1.06 1.31 [1.36 |1.251]10.194 | 15.5 388
1493 1.13 1.39 [1.46 |1.321]10.194 | 14.7 410
1470 1.20 1.46 |1.53 |11.388[0.194 | 14.0 435
1443 1.28 1.54 11.60 |1.4660.193 | 13.2 463
1414 1.36 1.62 11.68 11.548|0.193 | 12.5 492
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Fig. 2 Comparison between test and computed results at VUF(96)=4.3
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37bA AS-ol dgk M-S Qe WA EFPMAY Va=201.6(V),
Viec=216.9(V), Vca=2080(V)7} <7k A% = AAEHAE Vie=
102.771-j62.954(V) 2 G424 %  Vin=-5.097+j0.667(V)= AJEHH &
VUF=4.3(%)% wf A53t Adg Axet 5713z o3k A4HA3E Table
1 ¥} Fig. 20 H At}

o) Aol A mRol ¥5r} FHEel wheh AFEFYL(CURS HobA

Table 2. Unbalanced currents and input powers of 8 different unbalanced
voltages under rated speed

el Vo Ve il v e e e | k|Gl
Balanced| 0 12000 1200240 1200 129 120 0 1205| 1295|126 126 0| 0|3%98
3 | 4 | 18870 1064880240 1181100120 100512 4322 1082 1.163] 1.38| 1.182] 0.165] 139]| 32177
204V | 4| 166310 1080240 1200120 111213 4446 | 1080 | 1.170|1.30| 1.200]| 0.163| 14| 34250
1oV | 4| 1066205000 1200240 1200120115402 | 458 1076 | 1363|1316 | 1.246| 0174 | 13.9| 368.871
20A | 4 12000 1200139 1200116119800 | 473 | 1416 | 1.365| 1.115| 1.293]| 0.181| 14| 397.58
DA | 4 12000 1200240 12001131 119.807 | 4814 | 1162 | 1.466| 1.271| 1.298| 0182 14.1| 397.602
0oV | 4 | 1350400 1200240 12001712508 | 5008| 1536 | 1237|1296 | 1.39]| 0189 144289
20-0v | 4 | 137.88800| 13067710240 1200120[ 120512 | 5183 15/ | 1400 1.239| 1.398| 019%| 14| 464612
3oV | 4| 1400100 1N0240) 1218000120 131307 | 5248| 1600| 1410( 1262 | 1417| 0198| 14| 477.50
W | 6| 9751200| 1002010240 118110120 106.638| 6.331| 0971 | 1122 | 1.367| 1.140| 0.238| 20.9| 310972
2040V | 6 | 921310| 126140240 1200120 107.276 | 6437 | 0989 | 1153]|1.30| 1158| 0.243| 21|30.721
1oV | 6| 9500 1200240 1200129113197 | 6.803| 0970 | 1400|1333 | 122|057 21|357.114
A | 6 12000 1200277 1200139 11950| 749 1479| 1406|1004 | 1.20| 0272 21|398.%67
DA | 6 12000 1200240 1200109.7( 119560 | 7181 1102 | 1550 1.265| 1.290| 0.271| 21| 38445
0oV | 6| 14296100 1200248 1200120 127.654 | 7.654| 1663 | 1214 | 1.306| 1.378| 0.209| 21|45413%
200V | 6 | 147.87400| 136.7240240 1200120134856 | 8100 | 1734 | 1471|1211 | 1456)| 0.306| 21|506.916
300V | 6 [ 15023600 | 137.963]240| 12180010 13668 | 8207 | 1.762| 1479|1236 | 1475]| 0310| 21|5X0.739
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Table 3 Unbalanced currents and input powers of different VUF cases
under rated speed

\(’ﬁ/f \& \b e vi | v | k| b | & %/f P
0 12000°| 12000240°| 1200120° 120 0]11295] 1.295[1.295 0] 396.908
1 | 116.40000°| 12000240°| 12000120°( 118.803| 1.197|1.238| 1.312|1.282( 3.5 389.151
2 | 112.91300°| 12000240°| 1200120°| 117633 | 2.362|1.182| 1.328(1.270| 7.0|381.911
3 | 100.51200°| 1200240°| 12000120°] 116504 | 3.496| 1.128 | 1.346| 1.257 | 105 | 375.157
4 | 106.205000°] 12000240°[ 12000120°) 115402 | 4.598| 1.021 | 1.380] 1.233| 17.5| 368.871
5 | 102.89800°| 12000240°| 12000120°] 114.209| 5.701| 1.021 | 1.380| 1.223| 17.5 | 362.286
6 | 99.501000°| 12000240°| 12000120°| 113.197| 6.803| 0.988 | 1.386 | 1.222 | 19.5 | 356.563
7 | 9647200°| 12000240°| 1200120°| 112.157 | 7.843| 0.920 | 1.418[1.210|24.5| 351.949

Table 4. Unbalanced currents and input powers of same positive sequence

voltage but different negative sequence voltages under rated

speed
ar
\&a \b \& \i \b k b k h b R
\(“’/J;‘ ()
0 12000 | 1200240 1200120] 120 01205 [ 12565 | 1.26] 1296 0| 0[3%98
1] 1220000 | 1200240 | 117.9210120] 120 | 1200] 1.338 [ 1288 | 1.261] 1.296| 0045| 35| 397.00
2| 12415700 | 1200240 | 115.8430120] 120 | 2400] 1380 | 1283 | 1.227| 1.295| 0.001| 7.0| 397.307
3| 12623600 | 1200240 | 1137640120] 120 | 3600[ 1423 | 1270 | 1194 1.295| 0136 105 398000
4| 12831500 | 1200240 [ 1116850120] 120 | 4801|1467 | 1.277 | 1162] 1205 0481 [ 14.0| 38867
5| 1303900 | 1200240 | 1096060120 120 | 6.001| 1510 | 1277 | 1.130| 1.295| 0277 175| 30968
6| 1247200 | 1200240 | 1075280120] 120 | 7.201| 1563 | 1.278 | 1.100| 1.295| 0272 21.0| 40L.315
7| 135100 | 1200240 | 105.4490120] 120 | 8401 ] 1506 | 1280 | 1.071] 1.295] 0317 245] 402906
Table 32 A&7 GAFHATNA 147 EFF G0l 2 AGEH
&S 2 Aot o774 1%4e] Agto] HoldrE APEHFES
AL ole] mEt AFEHIEE vl ste] AR Jdoy HAHAFE S
stu dEdge gasty o
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