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A Study on the Characteristics for Power Capacitor under the Voltage Unbalance
Operation

e —dT -5 &
(I-Jung Kim * Jong-Gyeum Kim)

Abstract - Most of the low-voltage feeder are designed with approximately balanced and connected at the three
phase four wire systems. However, Most of the power distribution systems’ load which is composed of single or three
phase are unbalanced by generating load unbalance. Unbalanced current will draw a highly unbalanced voltage.

The power factor of an induction motor at rated operation is between 25 and 909, depending on the size and speed
of the motor. However, many induction motors operate below the nominal rating, resulting in poor power factor. This
condition needs power factor improvement. Addition of power capacitor at the motor terminal may draw to stress due to

voltage unbalance.

This paper presents operation characteristics on steady states of a three-phase induction motor under unbalanced
voltages with power capacitor. The existence of voltage unbalance have an effect on stress of power capacitor

Key Words : Voltage unbalance, Power capacitor, Reactive power, p-q theory, Induction motor

AT gk o] WE/IY PR FEHENZ ve
AE7) vls GelHd e FAMEE A@sn o
1% B M 2ol sbsdtel 9 A8HT Ao,
2Eo fERE7] 3FAPHL 22T W 45 4
719 §%3 £m wet AR BA 900%lelstelth

=
25
wx AL ot

£ 7
g
2

o i

of

)

2L

)

2

olN

o o 2 3L
(RO
2oy e N

¢
ro
B
2 o
ng
S
yo —

o,
i)
=
-

ol
o
2
ol
)l
i

is i
2 e
2
do, rlo
flo lfg
O:
ml or
»g,
2
=
AE

3

Q
rl

~N

—_

ox

o

o

>

AR, EEE O WEARK WA AR BT - T
E-mail : jjkim@hoseo.edu
E & 8 @ iLBEASK ERWHHMNE AT g - T
¥ HE 20084 1] 18H
BEESET 20087 15 294

29 19 2ol AdA Ras A9 58S AP
A BEBBOIE(p—q theory) & AHEETH p=q o]
& 34 APA =Y FAEHE olssted e W
[2,3].

a8 1pgol2 M ME

Fig. 1 p—-q theory power components
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Fig. 3 Operation characteristics under the balanced

voltage(PF)
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Table 3 Comparison of VUF

V., V. Ve, VUFI%]
310.0 310.0 310.0 0
310.26 313.0 315.69 1
310.28 315.42 321.2 2
310.2 318.46 326.74 3
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Fig. 4 Operation characteristics under 1% unbalanced

voltage(PF)
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Fig. 6 Operation characteristics under 3% unbalanced
voltage(PF)
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Fig. 7 Characteristics comparison by VUF
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Table 4 Power, pf, capacitor energy of VUF

|
VUF1%]| PIW] | Q[Var] PS[VA]r pf  Qcl[Var]
0 | 2585 | 507.94 | 26338 ' 0981 | 815
| 25026~ 457.83~ 25546~ | 0.975~ | 3
| 26702 | 59163 27265 . 0984 |
, oy 2407~ 40421~ | 2469~ | 0.968~ | 830
2756.5 | 677.55 | 2820 i 0.987
3 23284~ 34949~ | 23831~ = 0.959~ 238
2846 | 766.83 | 2917.2 | 0.991

£ 4T 28 A9 2ol SYEAYel TAHE 7
! u

o -1

_QL

H
430 12 2 o

o
Y
ne
r _‘Il
32
ric

ko

[
N
W o
N
30
n

4.2 =

UYE FHoE Wol ASHI AL FERAFIY B4
A3E 98 TEHAS Yoz P o PRAHL ¥
zut 2330 Ate TAA T A 48 was
ARNGE wol ASHL Ak olst Ze VA 2o
FRYE Aol FPol ohd Ao FIFAL F99)
wh

AG LYol EAY A% A8 ANNHY BAo G
A% 9 ARANEHY U4 WHFe BAAT 4R
Yo ¥olu4E Ao WA FASD AN A )
A AL % ARY FHA2 AUAL FARL BAY
F Ak FAE WAL AAAHY sEdaz FEY
S 0ee UFsQt B e Aol g3 A
NEe F¥e w37 fENE dGBEYe) Hasge
% gle MAS ede] Basn,

ol RE OTAE FATistIe) Aoz shaelT)
(

(AW E 20070101

o2

b2 o2 oo

{1] Ramasamy Natarajan, "Power Syvatem Capacitor”,
Tavior & Francis. 2005

[2] Akagi, H et al,
compensators comprising switching devices without

“Instantaneous reactive power

energy storage components”, IEEE Trans on IA,
Vo0l.20. no.3, pp.625-630, 1984

[3] #Z%# 9 39, “EHY MG A F=HFVY ¥
AEA YT, dA7ES =73, 33(B), Nob, pp.

372-379, 2004.06

{41 P. Pillav and M. Manyange, "Definitions of voltage
unbalance”. IEEE Power Eng, Rev. Mag., volbd,
pp.20721, May 2001.

[5] HW. Dommel, "Electromagnetic Transients Program.
Reference Manual (EMTP Theory Book)”, BPA 1986.

2 E (2 — )

Zﬁpolg}z} d‘ﬁ 198:)Lj t3
o3k 24D, 19959 4
71EEm G0, 19924 2005

Al

okt o
g_:
(o,

Tel © 041-540-9633
E-mail : ilkim@hoseo.edu

Véi%/}lé—ﬁl‘i— g, A
s3] BRE A Fol4

Tel : 033-760-8785
E-mail : jgkim@Xkangnung.ac kr

N0 m‘i rL
J?‘J
11
)
Do
>
—_
O

Jn E%
JL
BL
2
M
it
ol
ol e



