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Control of Static VAR Compensator for Distribution System
using PWM Power Converter

Ji-Ho Ko*, Yong-Hyun Kim®, Jai-Hong Kim* and Eel-Hwan, Kim**

ABSTRACT

This paper presents the control method of reactive power in distribution system using PWM power converter.
The PWM power converter controlled by space vector PWM method is voltage source type using IGBT
switching device. Using the Park's transformation, three phase load current can be written in terms of
component @ and B current in a synchronously rotating reference frame. Two axis. the direct axis, @ , and the
quadrature axis. 8 . mean the active and reactive component in load current. Also. two components appear as
dc quantities in that frame. So it is easy to control the reactive power by controlling the d axis currents. And
in accordance with the change of reactive power in load side. PWM power converter compensate the reactive
power by generating the reactive current to the load side using PI control. To verify the theoretical analysis.

results of computer simulation and experiment are presented to support the discussion

Key words : PWM power converter, reactive power, PI control, Park’s transformation

M2 ¥g mA oY FAE APy A T

WY& ARAE. L-C £EEES Rolg2H 29
NE AHES FAY FadE 2YFA Fol AH8H
Ak SR o) 71&e BYYAHES AT
9 WHo) AgHo2 FFHAA Fan Ao Id
&£571 =en B3 FUEst ¥4 Retde £A
Fol AFHAAY?. A2 AY L VEAL W
3 AHPFFAE Aojste MRE 7IEEY ME=

ol f=4 Fae] AHEF7I b2} ALA T
FaAYo] gol THT Ut HEA T 24
FEAFL A4 §Fojut &49 FUE

zfstn, FEAY dF @E AFTAYLY WEE

deA FAZAE st 9 ASHA ¥ 9

) rlr

*AFdYZ 48y
Graduate School, Cheju Nat'l Univ.

* AR A7AAZRE, e dTLE
Faculty of Electrical & Electronic Eng., Res. Insti. Ind Tech.,
Cheju Nat'l Univ.

et AY Fu4 L Faie] WS AL
2 RAE 4 Yoe 2 oFE AN FAY TEA
Y RgALde] e Bol AFeR AH.

oY AN2ge Pxol H AGYH ARYoz

129



"

DX E-4

HE-AYH

YA, o5 ZA vgdzy 538 AY
3 ley, AAde] dstn Aojsrlzt A A
Yol dg o]8HI Yok FEAY B A
¥ dBHE RF A4S ARV FoR 7eA¥ e
>FA5E st ALY AFAS PWM B4 @
o] Agated. o] B 7|ERY L FAFAN FE
e APe A Ao HFer

a2 2% R4¥Y FEEF AFAYS FYAYH
49 ¥ & FRAETY ¥z @ o)
@ A2gE FEEY) AdMe ARAAl 3 dq
E7hAE o2& olgyrh R s2E FHH 3
3 AFE SVIFEEZYY dq S7HHEE 9. dF

e PEAR g3 SEYEOE A 27 Ao
pao) 52 dé HEeE Bl YAges
FFY ANzl B2t FAYS ARE Sl

wely B aFolAdes IGBTE ol8% PWM
power converter® W 47|2 ALgstd A4Hst &4
A REAFE HAEY AYE9 H4ES Y 1=
Aojsts e AMAPh S AojAAHY §F
E48 EAE7 9t RedEAdE B4AF
54g nadc A9y dnFy BHIHE IS
&7 S1sto] PFE Al EHol AR H4EERE Fod
o] & 4FsnA e}

Il =AlFEdY

21, £A2EHH Fe|

e At AFAY HFA A 4@ FEA
g3t RFEAYA A 71E Fde Foih Aol
3 AEEQl 238N dY@ metA AFAA)
719 2ol WY, AlHEYE THe FadA g 7
2d#e Ad 9 1z9d 7Y% & FEIY
& F49 Adoz Fospride FHASH, ol
FaAYS AP H2 ¢ MFYHe] YRR 0]
e BEAA gnrt eSOl AT AR
239} SAFEAYE OEH 2ol Yt

130

SAFEAY

(Instantaneous active power). P;

PN

- 1 (" -
p,—[p,(t)l T f, p,(t)dt—o}
PI' 2 0
4t= tHh— b

FAZERY

(Instantaneous reactive power). @;

i
n

Q,‘ - P,‘ (2)

2. S= &4 #0449

(Instantaneous Apparent Power)

A (D3 Zol LAY F7] (dt=t,— )X £4]
FaHY P ¢ FFAA FEIY PR
FolAe AFF FF AEEEE MAe HIHYE
p.9 oz gt o) d P Po H{FHYEE
Uehlie] de&oA Rt oz FFsHe 93¢ A
g dguigdn p,2 P9 AFHAELEAN HFA7
g3 00 H& Qoo FFolh EF P20 ojBE
ARG FAM ARZAN ¥t

oz 33 54% ?}%}‘Z"é APHEe drjed. @
H SAFEAY Qv 4 (9% Zo] £ANZAH
3 #AFaAEY A=A FAs e YAt ¥
0ol HE22 FAFY 7ted A9} Fate FAst
€ ¥ A9YEE e

Az, 4 Fux9 FEd AY 9 AFY
Aol £ARRE Bed 4oz FolAch
b= v
=V, sinwt - I,sin(wi+¢)

= —é— Vol mwcos (1 — cos2wt)



PWM X2 ZH{E{E O|REH HIXE SEXY 247| Mol

¥ % V. Isin $sin 2wt

= P (1 —cos2w?) + Qsin2wt (3

4 (39 AL cARELAFY p FYstd P,
L AFHE P UEHE p,=— Peos2etE FO}
AW P, 2 0€ BEP E=2F 4 (39 FES £
AFaAY @t Hul, AdAst Qola ALY
2ul4o FH4E JlRE AREELE HIEAE ¥
A0 o gtk 38 £AFEAY P SAFEA
4 QE 47 YA vE UrE,

N
="

= [, cos ¢sinwt (4)

_ 9

i
‘ v

= J,.sin ¢cos wt (5)
4 ()% 4 (5% Fo] FEAFEE 4,9 FR
AEHE i, 2 Yehd £ ok 28 4,9 4=
1,7+ i,= I,cos ¢sinwt+ I,sin cos w!

=J.sin(wt+ ¢)
=i (6)

Fig. 1 Instantaneous reactive power
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Fig. 3 Block diagram of compensating instantaneous reactive power.
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Table 1. Parameters of induction motor

Hs7 A7
ae | % g | *
33&4 3[hp] Rs 2.0700[ 2]
23239 | 20300V] | Ls | 00085[H]
AHAR 8.8/5.1(A] R: 2.0100[ 2]
3 F 4 Lr 0.0085[ H]
Lo | 023320H]

Fig. 62 QulEe] 294 JFAY WFE B7)
fsto] Aol AHE dehiR Uk FB27
oAt EUHF ALE AY AEo JFgol NPT

500 00

L R B e B
,
30000 |- -rccrerm s e npra b b e Fammeeens
J , ; : .
20000 f----F-- LRl SETTTTREY PEFTPPRLY PETTEEEN
: ; . : H

10000 |- f------ . ceeeeeen . |
H r v ;

000

Fig. 6 Simulation results of V.

17-May-88
20:42:38

2s
sovsav | [ LK

Fig. 7 Experimental results of V.

Fig. 8 Simulation results of v , 7o road

18-May-68

11:16:16
Al A ooy
5 as / N \ \
400V / av N Tval /1 \ /1 N
\ I 13 /
] \ \ / \
/ / \
/ NS A\

2 — - ] -
?oT/av AN ieew 17 ] A
/ \
/ \l2

N/
N

\.\\

Fiz. 9 Experimental results of v, fo 1o

oz gssitizt 020s]9 PI Aojo] <3 390V
FAEE ¢ & Uk Fig. 72 AFAYL b B¢
A¥2% B¥e ReFan U Fig 82 LAY
v FEAF i, L AEHID AHE BAE
o PsAfe AQALY A3 Ha APde <&
# Atk Fig. 9= 4¥2F A¥E HAF2 U
Fig. 10& 24719 B3AF i, YA/ i, 4
FAAR oL AEHY FHE BAFI Q)
o BZAFE A9ARY ASEE Bys] A
Agoz AFE FIUE ¢ & Ak Fig. 102 4
FAANPE ALAYF vy RAFD Qo
Fig. 125 24 & F43¢3 394F9 #¥e o
Bl Aoz AgH AFE AY §3& 7HH A&l
19 7tAE€ ¢ & Atk Fig. 13& 484 $A43%
AFY B¥e ek or dPAESEl |

135



il

>

I5-4 8

oA 7I7Agg & + QUdh Fig. 4= RshizA
434 Jepa glen odoz 43¢} A
gl A9 ARE & F Ut )RS BE
g A A5 ggol 3 H2 Sl RHojoh,

A
#9
A9

6000
4000
000

0.00

YA FAWEE RUSE AVEE "L UES L VER L

-4000
030

Time (s)

Fig. 10 Simulation results of 7., 7o, s 1oss

17-May-88

28:54:31

! S a5 Ve I/Ar‘\\\ ///.\\\ 1
wos || 7 NS 1

5 ms
1.66 A L

5 ms J,——-\‘E» N
10 A/av N

LB

S ms
10 A/owv VaasnoN

]
{
<

{

20000

10000 Hf- - N4

10000 +----

-200 60 . : .
030 033 035 038 0.40

Fig. 12 Simulation results of v, 2,

136

17-May-00
21:00:43

1
S ns Var
400 vV / dv I
al A,
4 N
S ms / X/"m /
10A7av

o

i

Fig. 13 Experimental results of v, 74

17-May-88
21:56:58

e ANAALNAAANAN
v (T VYV VVRYVVVVY

229 ns AANA A A A A
SECANARA VAANAS

S N AAT AR AAAAAS
Rl I TAVAVATATR'RVATATAVATR!

am INAAAAAAAAADD
A RA A ATATRIATAY
T

RN EAY

T~

Y

r

Fig. 14 Experimental results of v, fos fo roads fac
in transient situation of load change

V71§

. =

AN 2E oA Falo) w2} S s FaAE S
IGBT £9F4AE o8& ARAY PWM AY
o Aoz diste g2 2 P AAE
don. FFH AEHHNY APERE Fdd o
-°--"'+ 2 d2d =gsidd,

) ot 52 FEH 33 AFHE EVHER
*c}——] FEETS FEPECE FEdd RAR UF
PWM W HAAN FZgstozs Age Jaddk 4



PWM H3 Z{4{e{E 0|28 HINE REMY B47] Mo

HFe fgel YAEe APF HEo] 10 HES
o7t 7HEsth

(2) BsdEd] WE FaAY WA E J1EY
Gakol & FZFsa o] 4A% Aojrt steEe ¢
& Atk

o4y e FREL FUH 2y AFH A8
o) B APAFAE) M2 F IASI o AAR
2EAY 2320 2 EAHR LS & F U
o}, melA o) RHEAY] BAse Y ALHd
HEaPe W AQAFo) g Adste=d IA
716 Aoz Al g

il

b

fuiiy

Ho

1) S.B.Dewan. 1985, Design an input filter for the
six-pulse bridge rectifier, IEEE Trans. Ind. Appl..
Vol.1. IA-21. Nob5. pp.1168-1175

2) E.Epstein. 1979, Analysis of a reactive current
source used to improve current drawn by static
inverters. IEEE. Trans. Ind. Electr. Contr.
Instrm.. Vol. IECI-26, No.4. pp.172-177

3) A.Alexandrovitz. 1984, Analysis of a static var
compensator optimal energy storage element.
IEEE Trans. Ind. Electr. Vol IE-31. No.l
pp.28-33

4) J.H.Choi. 1989, Instantaneous Reactive Power
Compensator using Current Controlled PWM
Converter. Trans. KIEE, Vol. 38. No.7, JUL.

5) H.Akagi. 1986. Control strategy of active power
filter wusing multiple voltage source PWM
converter, [EEE Tans. Ind. Appl. Vol IA-22
No.3, pp.460-465

6) G.H.Choe. 1986, Analysis an control of active
power filter with optimized injection. in Conf. Rec.
IEEE PESC. pp.401-409

137



	Abstract
	I. 서론
	II. 순시무효전력
	2.1 순시무효전력의 정의
	2.2 3상 순시 무효전력의 보상원리

	III. 제어시스템 구성
	3.1 보상기준전류 계산부
	3.2 직류전압 제어부
	3.3 전류제어형 PWM 제어부

	IV. 시뮬레이션 및 실험결과 고찰
	V. 결론
	<참고문헌>



