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Analysis and Design of a Three-Phase Synchronous Solid-state Var Compensator
using Neutral-Point-Clamped Inverter
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Abstract - A synchmous solid-state var
compensator(SSVC) system which employs a
three-phase  neutral-point-clamed  (NPC)
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inverter is presented and analyzed for high
voltage and high power applications. The ) e pors-Caroed -
proposed SSVC system can compensate for -4 3 - = |
leading and lagging displacement factor. An . 25 B e 35 B B 25 N O b
optimal pulse-width-modulation (PWM) is = ‘
. . e
used as a means of reducing the size of ol a3 ] el
reactive components. A equivalent model is T - -~ ’ é‘f"v
obtained using DQ-transform, and the i {promes
characteristic ~ of open-loop system are ﬁ@_ e 1 now sz wey ]
achived from DC and AC analyzes. A @ LZo ] e b Y gmesed
phase-shift control is suggested using a 2] 1. NPC OIHE{E AR SSVC
self-controlled dc bus. VoV
S= —4}?—-@- sin(a) ~
1.4 & ! 2 . (D
. . Van Vﬂa] V an
AgAe s fsAY Ay of Wx, cs(@——x,

2, A71717), AARFE Holg2g =goln
T3 2e dEF AL TIE FAE EAT qrM, 9=z aldy Xl v &5 AY Ry
1AM, ALY FEAY 247 = o zydn RS

877 32 A ks Yok (11 AxEH e
284 dulelxel &3 Agor nAY W&

3 okl 7@ AYY AWEHE Yes= S, —¢ & 1
Ae oYt [2) oW wye IR A, Somy & 1™
NPC QIMEE o] &% SSVC A2dg =la . _ q
e, ol NPC UBEZl e A 2Eq S A Ly~
29 ye nz} 4R 27 gEeg [3). S.—y % T “
a8z, dAER Axe] Alo]2g Fo)7) Hst

o, A4 PWM 294 A9L AE5H 01, @)



Vo Vo 0 Vi
S1 On Off Off
s2 On On Off
S3 Off On On
54 Off Off On
(b)
g 2. NpC M E
(a) 139 = (b) 292 =Hojg

a9 29 NPCOWEHYE 293 Ax9 B2
7 Aol DC "z AN Yolm, NE9 ¢
wEle] dl8 &8 Age nxAARES 49 g
RiRa

v
{a)
‘ll
Py Ven Ven
Kl 1@‘! / Kol
vldl " V:av
b) {c)
% 3, ssveel chab E0islz
(a) 2[2Fal0olA S BIIBIZ2 (b)
é—! AE (o) XUHE
Y 39 SSVCe Wabgrrs e 4 (NEY
H, o={(" é BAE s V,— Vol AA

vlgstn wetA Ao’ AE AoE FI
HES] 2HAYG Viad dFE =dgemy
FEREE AR AHFANRYE BF AR
(FEDAA Ay £ Aok &£ &, Fd 2
2% E4E 41 =HAHE L9 AolzE
Z0l7] #8l, e n=oAASHE) 71¥E A
&3t 29 49 29 PWMAY S Uk

Lt v e oy,
0 % altalNa, e 90 ) 180

(a)

{a=1.0, a=3.1, as*13,8, aF17.5 as25.2, @630,
34,8, a4=42.5, @s~46.2, @157.9, an=60 )

100
2
ssa

on

- PR ] LI l VI

3 s 1 3N B WU B AN BB I BB
Hex

(b)
T2 4. 2/ P AA TH
{a) 292 D& (b) ZIxTt AHEZ

m. 34
29 19 293 A% AW Axdg 92
DQu ol o8| 1Y 5% ol Skl AW A
29 ANagez MBY & Yot Bl

Id

b Py

(@

L R .‘_‘, .z_‘ﬁ
wliy ? ” < ==- Yao
o i
v, o

()

-

2] 5, ssveol DHE S0l

3)5" ;ﬂ%‘l;\q(g Vs.abcg}' DQ@@' Gy%,. K& é]
)2 4 3y Zrh

Ve sin{ w?)
Vs abe ™ tvsb} = \/g Va,,{ sin (wt— 27r/3)}2)
Vse

sin (wt+ 27/3)

5 cos{w, cos(wy) cos(wy
K=Gl sin{wy  sin(w,) sin(mc)‘ 3
Sz Nz Ve
o} 7] A,

w, =wl+a
Wy =(I)t_27{/3+a
w, =wt+2x/3+a



AWEle] 29 g nzs} YEE FA
d, 294 ¥4 S 2 @) 2ok

S. sin{wt+ a)
S=18S,| = Ml sin(wt—2x/3+a)] (4
S. sin(wt+ 273+ @)

abeE el WF xact DQEE HE Kol o
da% 9l xae2 A (5)9) o] W)
Sote= Kitase ®)
DQUAE AYAY veseE A (6)F 21l
Usuo= Vo[ —sine cosa 017 (6)

a9 54 JddEE dEstn AAAEHE
MEgeesn, DCHYE AE APdH Y= &
2 F o

an

— _wl .
Va 379 Ml(cosa R sina) (7

I,,=—-z—"£ sing , I;=0 8

L2
Ao oo oztel T UAFozH
7HE& Fn ACH4 g ¥t
D Z2@e §& FAg
2) ARG o W A,
SSVC Alz"9 AegA4e 4 (9), Q0%
Eio

'%’-t‘- = Ax+ Ba ©
o 71 A,
=i, iz va 7 1)
R V3 Ml
== ——— AL
A w \/_'L 5 T (12)
y3 MI
0 S O
. T
B=[ -2 00 . c=t-v, 0 0013)
SSVC A% Agd4E 4 (149 Bk
Q) Ns) (14)

als) - M(s)

471A,

Vi,
L

Ms)=

R 3mP
2, Re 15
{S’L st 4LC} 19

_ a, 2Ry [ﬁﬂr
M(s)-—s+“zﬁs+{ 2 )

2
IMP 2 3MIR,,

V. A4

ga dd9g L3 AF Agae CE Ay
o] M7 fako] BAglol BAFES HAdHo]
e vhge) viEAd d gyes 7
o},

Viase = Van © FHYL) M7hAte] AKX
Ibase = Ia @ AWHEAAFeo 71 Rue] AR
VAvase = V3Vala © SSVCA2le] A AL

2914 sjde] yol i), THDI 2¥& w&
3= ¢lgdae oS3 2

THD,= 7{”%] an
o714,
- 5_32(1;_»)2}"2 a8)

2R me MIZ ARshs k3 nzste]
Zojt}, :

294 Heel g3 AF AvAly A
W5 E RF7F FoiAw, AsAdaste 34
= 4 187 Zrh

Xary
= 19
RF,= 83 19
o 7] A,
fe !ﬂ& 2, 172 -
’9_{ ?;1( k )} @
5kVA SSVC prototype®] A dHiolHEL

4 (19)¢h ot

Van = 220V, Req = 0.5, L=10.5mH,

C=833uF, MI=1.03, £=0.0295, 7r=0.0145
a9 6& 4 (19)8] 4A wlojel g 7R A

o] AFZ S el Ao,

(21

VI. 432 a Ao] ,
a¥y 7¢ P72 FAHE HFEX Axd

s g&oioloj1de viehdl ol Pldel]



o AgPrE A (20001

K;

Gc(s) =K’+T 22)

BIY FRVNLLING RS BT

[E (05

o 16 10' 10 1w0* 10*
WS pradssec)

T
I

B & (degl

1 10! 10
A padisact

1 ) 1

1% 6. ssveel HEE FoieSg
aelx, SSVC Az HEZ g 4
(21)o}c},

01d+ ann-nd @ . o.u.
KrKis NG TRits)
-
b MG (9 BUE : G

% 7. ssVC HRZ AlAHO EEClo|ojaY
Qeen(s) __ Gs)G(s)
Q rej( 3) 1+ GC(S) Gp(s)
PIAlol719] HEA5Ke} vl dAAFKE ot
o} e},

(23)

Ki=9.1363 , K,=0.235  (24)
a9 8 RaeEs Aqusel gy dFx
SSVC Al2del Hegws e Aoz 3
Avel Egate 8 1-240120) AYe 2

sk,

¥

vi.d&
£ =84, NPCUMEE 43 SSVCE
iat ek e PWM H€ln Axz o
Al 71g ARt BlAElR axbe] Atz
& ZAHNeRE FY 4 YA SSVC Aj2Hd

2

o omeE EHE 4 5 Uk

w107 ENU LT LANA U X KoY SURTEY
12 T T r T i T

™

: 3 ' : . . H h '

o - i

4 001 g 003 004 005 006 OQ7 008 003 Of
A Utsec)

0B 9. SSVC AJAEIO) CiRiAE] St

FaEd
[1] Luis T. Moran, Phivos D. Ziogas, Geza
Joos, ” Analysis and Design of a

Three~-Phase Synchronous Solid-State Var
Compensator”, IEEE Trans on Ind. Appl,
vol.25, nod, pp. H98-608, Jul/Aug. 1989

[2] Chun T. Rim, Nam S. Choi, Guk C. Cho,
Gyu H. Cho, " A Complete DC and AC
Analysis of Three-Phase  Controlled
Current PWM Rectifier Using Circuit D-Q
Transformation”, IEEE Trans. on PE,
vol9, nod, pp. 390-396, July 1994,

{3] Akira Nabel, Isac Takahashi, Hirofumi
Akagi, ” A New Neutral-Pointed-Clamped
PWM Inverter”, IEEE
Appl, vollA-17, nob5, pp.
Sept./Oct. 1981.

{4] Luis T. Moran, Phoivos D. Ziogas, Geza

”

Trans. on Ind.

518-523,

Joos, Analysis and Design of a
Three-Phase Current Source Solid-State
Var Compensator”, IEEE Trans on Ind.
Appl., vol.25 no.2, pp. 356-365, Mar/Apl
1989

5] L Gyugyi, "Reactive Power generation
and control by thyristor circuits”, IEEE
Trans, Ind, Appl, vol. IA-15

pp.521-532, Sept./Oct. 1979.

no.5,



