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Robust SVC controller designed by probabilistic method
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Abstract: An apporach for robust Static Var Compensator (SVC) controller design is presented in this paper, in which
multi-operating conditions of a power system is considered by probabilistic technique. Conventional eigenvalue analysis is extended
to the probabilistic environment in which the statistical nature of eigenvalues corresponding to different operating conditions is
described by their expectations and variances. Probabilistic sensitivity indices to facilitate robust SVC controller site, feedback signal
selection and parameters adjusting are then proposed. The effectiveness of the presented approach is demonstrated on a two-area

four-machine system.

Key words: eigenvalue; sensitivity; probability; static var compensator (SVC)

FESES: TM71 SCERRRIRES: A

0 3l

YR RERAOREEEL T EXBEERN |
B, RAUIR G AR R ) B ) O R
200, RIR B A NA BN RRBITH KRB LR
#l, HEWERANZEMSEIME, &L LW
BEBETEEHTEHARD, WORSER TS
(PSS) 72 M fift Yeix — a8 i — P RO07

B EAR P HRE KBS R A R
R FACTS W& 15 LLdiE H AN B 5, iIXE2 FACTS
WA T B EE, HFBAMEDL, W EIEARIR %
BAF IR ERE B ATk, BT fM
2 (SVC) &L @EM—F FACTS W, il

BLWA. L E A %] (08PJ14060); LisFiF
AARE (sd108010); L&D #HEE L FHAELAE (51301

XERE:

1674-3415(2009)20-0018-05

#: Basin Electric Power Cooperative FK7E western
Nebraska ] 115 kV W% E324t 050 HEFEE B E
wEHl. s, SVC D& i HERNREH,
SVC My 1 BAE A & H BEE o R (R FFAE TSR W E
MME. ZA R TT35H SVC BB iR (LR H4E,
HIAHE IR AL R 4540, 24225 T 4 Bl A BEL B 55 4
2%, SVC T LUK B 1 RGIREFSMGBESE . B9
TER, SVC R 4LHITHJE X i 3 IX 8] 3= 3% U H A 2.

Har, BSOS SVC RIBR e il 2k kit
VETARZ BT TAE, 140 pole placement 777EM, B
JE J15E ARV AN AEAR R g A Hr ik HE L
PR X IR RS T R — BT ST S AR
B RGHAT T . HIBAT s S e B AR T B
A, iRIEHE—AMEAT s i ) SVC SEUE A
ER . BILHIRE SR T X SVC #7888 & . B
U Heo ALY H T BT SVC Rt {HXT Heo
AR BIAE BREHE LUIE SR, HH T Hoo FRER



H TR B LTI AMERS Bt -19-

HRESHRIEHZRNED, RER3ED
REATREN S0, Bl Ho T BN AR B RE
PR oM i vt 7 iR X 1 Rl 48 SR I FE 2R 11T
it B@EREE, MEmail, R, Bmhanlk
SHEL R 500, (ha B0 B e S E T
SHEKIFR e RS, B, FHFERa N TR
BT H A E S A E S H SVC BRERIFEE
.

1978 FWETEH RN A TR A RSEDHR
EFF. BHLRGRFEAR AR R M AT LU 40
- RESHGT B GE, FIINEE T I A S
FHJE, P RmANeE R —Fra 40 I
B, ST R, TR E AR I T %
RERMS, MU RYRERZSREEITH)
R XBR[14] P EXEE T RGBT & HFRIZ.
A EAE R FEAR I BEHL A B g B R ST B K
%, FREARASR B YE T Y S R R R R LR
%, BBREMEINEENESDA, BIFERERTR
HERMEETEZ. X—HEDRMNATEE
ITHM TR RETRED .

AR CHR[14]F IR T ERATY R, AT
B9 SVC Wt BRI & Bt i, —Br 2
FAEAR R BRI EONERTES 2 WirE. &
TRERBERVHH, BRAFIERSRHERBE
SIITER RIS 3 55 4 TP E, KEgR
RISFIERR R UK AT SVC FHB I HI2R 207 B
MESEFRESHMAT. €5 597, FriRtndy
FEEE B REHETRAE,

1 FHERRYE

KA, RGETH (Flm SVC) SHKHEH]
WHEEA UIRIEMERAEA LR (5%
B HREAEE DO BT IR8 A SRR T
RERETTETLERR N

(K,+p)X =(K,+pK, )(LX+LM) (la)

LX-LM=0 (1b)

Hep: X I M 3 —RESEREERE, K, K, M

K, REH—MMERRSE AR, L M L, 2

100 MR RBR T4ERE, T Ly F0 Lo RIAT X
MM ZAPBFRR

AL T RIS HFEAI = YAV B Y HEFEL
PIAFHMER R BN L B, I 544
LN SRR AMERE. HZEA (D PR
BEEM, A FEEATRRA

A=S(K,F-K,) 2)

Ht: S=(I-KF)', F=L +LHL, M H =L} -
W' M U SRREASERE, FHEHBER

WilU=1, K fl 5 RESHEE, WRFEE (L)
—Br 5 W REUE R LA SR

O _ 194 (3a)
oK, W oK, Us
9’4, r 9’4 oW, o4 oW, a4
=W; — U, +————=U,
0K JK; dK0k, oK, Ok ok, 0K
‘ (3b)

R AL R W B S R FT A RHE & 1
MM, W—NH n MFERKRE, %WF AT
LAZRIR g -

] 1 r 0A T

= w u w (4)

ok, ;(zk—zm Yok, "
m#zk

2 BERFHEMSH

ALK EHRAABNRENZETRES, R
T AN S M T A R B R SR A, T AT AR 7R
FHBESTE. FIARTREE®), TRE
A (S FRFERR (D) BN A R R, T E
HRHEREFIERNBEETE. £E—PVNTR
MRSLE, DR LHESEHITE, F NEERE,
FHEAN ST DL X AR B ) — P R HOR
S=G(V1V17""ViVj""’VZNVzN) (5)

HT G & _Brek¥,
§=G(?1I71 +CV1,]’ "-,171'[—/; +Cm’j,'~-,l721v;21v +CV2N,2N) (6)

Hep. G, =AVAV,, REERFIHITZE. B,
HERIMES U5 Z05RAKR 5. R, IEANATE BT
&, B N AR KT AR FE R GE Tt B AR R RIIE R,
BRI P DAHE 3 Sk i MR B A (6D, W3R
B SBENHESH T Z. RERNTEWT, ¥
V B—HMEIHARAAR (6), FiBMER s 5451
MZEMEXHAS, TUBRMTAR:

AS=J, &V (72)

C, =AVAVT =J;' ASAST () = ¢, (J;)" (P

(7a) ATFUHE Ay WEER, (Tb) ATFitHE
RV 7 Z RS (W EARITR T & Cs T LU £
TR LR, Ty RIE V AERBIHTHAER).



220 - L YR LR T L

XEEHFREIAR (6), MMHEMEBHRER
BATEBMN, RERGHIBRIRE R

PUAE AT LAVH SR EAR B3 5 U0 5 25 R Cae
R A4 BERAMRGSSTEARESERE, e
mﬂﬁZTuﬁﬁuTAfiﬁ:

_ 1 2N, 2N )
C 8

; (aVaV . i)
q=4qﬁ 9)

Hep 4, B7E VALRBE, W A REEARER
A F AL V) — B i SRR

3 RTEHIFEMMSEZ TR R R
[E8¥R PSIs

X FRHAFER N = oitj B M FIHAEFFRHE
HERNER O, Mo, (o, BAKX (9 KX
REEIFITR) o M TER I {0, @ +40, } FIBERAE
EEIETF 1——IF 0.99996M . ixX AN 4> #i X 12,04 L FR,
B of (AR (10) iR, WTBLAK+2I1ETT
ZBTHRERAGEERENFAERRE, &
SCAY B RE:

a,'=a,+40, (10)

X TFSEMREE R RB\IZSEFT
o RTHRIARREE, WREERKATER, MM
B’EARSGHEE. ElaAX (11 & XHFRHER R
R $547 PSIs F BRI S Rt

LA (11)

%K Jdx 0K oK

G e Edlas Wit ik (R EREAIE
TEMBERT B, HEERSRNEMNTESEE
AT LA TR R T (0 B B AR kg, Bk e
—N RN, LB B IR S TR B R AR
WL TENREBIIFMERREEREY. £2E
TEBT, JhaAaR (10) ke /MR E R,
RH SR #2838 25 5 T I X B M SRR 1 AR R B
PSI W] LLE R ARAR G 1) B SR AR TE R G L R Y
B, [RIE AT DA P SR f 5 4% I 2R A 3R A E AT
F5

_do,’
¢=0 oG om0

AR D, (12) Fiya, RBEFLLEE A

(3a) IR, XWRERNFLRRBE T ER
B8, B o, MRBEFEELAR Gb) M

(12)

G

B RBUERR -
ATHH o, FIBRRBUE R A BP7

%C ’ Cﬂ’ksﬁk > CﬁAsaA %u Cﬂpﬂ —I[QL@L' _t

(7b) B Cy K7, KEHFEWMAX (13) Fimrw,
HAF (g, m) RE o B HINANHEE.

N.N a}, 877
C = £k Ik o 13
i oMk ;[BV, an V,._/] ( )
j=1

WIEAX (13D, HITEMN TEHESH «

B R A T L
a 7k i Nz 82}/&: a”k +a}/k aznk
i, j=1 8V,81c an aV, anaK'
(14)

%2585 o, =C, ., M n=1=o0p WWETE
o, MRBETLELAR (15) KA.
oo, 1 oC

oK =2a oK (15)

AR (13). (14) F (15) F, HFIEHxT
FHRBEEN—MREETUHARX (32) KB, &
i (3a) BERIx¥mk VB V. IR SRE
1 SVC #EHIBRSH © M REE(14) 7T LR
AR Gb) WE, HbgBH v Sy, « B8

K o

4 BHlaHh

AR HABFEG R AP, SNEREN
MRS, WK 1 Fm. KL 15 2 RF RIERW,
RN 35 4 B ERIEL . KB M2 HE
SR (1] AEAT T, S IR g an® 3 fi,
RN SRR HE 4 Frosdis. 7ER
WERSMHERT, TADRYE PV B EEN
EEBATEBURIKEIME, W

S.6=9.8+1pu, S, =1648+1 pu
P,=66pu, P, =6.1pu,F; =6 pu
Vs, =1.02(pu), V;, =1.01(pu)
Ve =1.03(pu), ¥, =1.01£0°(pu)

BARLRXLIBTREN AT BB =
BT BEIBRFFER KA. R 151 T BRIEARK
MERSER CYTHN, BHRSRENENSHRIR
BHEFIHD. SHERPEEHER SR HE




URAEE, % ETHREENRIEEMER R -21-

REE AV, BUEER 3 2] 5, HAPHIE
B354 9FRAMEENXAIRY, TRFIER
5 RXARS . ZXERGHEEE o MTFEH
¥R RE 0.359, ALl 2. FiE#FE %3 SVC
SR E X RS RILE AT S SVC &34
BERBNESH%E, SVC HEBEHIRSHK%
i, AT SEILE R R JE 5 .

8 1 2
|

G

4 3 10

6 5 7
| | | KD C}
r‘_‘LIC6]C7‘E+1

I
e T o7

S
11
@

1 HHIRSE
Fig.1 Test system

4.1 SVC REMNEBERMNESHIERE

FHFF P RAR SVC &t 2 iR, sve
ST eSS KEEEARHAR, FiE
SRR ERSFEME, KT Xx BTEENHE
¥, Bc M By AR RESFBRSHBBABEN. BT
B R A 28 AT RE SR BEAIRE B J15E1R /N, FTLL SVC &
EBRIFE R 28 .

R1 KmESVC R RFEEIHER

Tab.1 Complex eigenvalues without SVC

&e @ B O o moms
1 -18.670 7.955 0.026 1.000

2 ~18.550 7.194 0.003 1.000

3 -0.537 6.344 0.138 1.000  G3—G4
4 -0.555 5979 0.078 1.000  GI—G2
5 0.076 3.074 0.207 0.359 =]
6 -1.066 2.600 0.232 1.000

7 -0.494 0.884 0.029 1.000

8 -0.755 0.730 0.057 1.000

9 -5.631 0.712 0.043 1.000

10 -0.461 0.433 0.072 1.000

. RS A=atjB, A% o,, % B,=Pla<o)

28VC MEHE
Fig.2 Configuration of the SVC

MEFREE 1 Fin, ETREEERTT LUE S
SVC W3 E, (Bl T4 6-5-7 REEKL, AT
ZAER SVC FREX R EHENMEE, BT &
25, 6, 71E0 SVC M&ERENE, HHMER
RELM;ES (B, AR, LMEUKRED)
R) AMEAHBEHIZRNBMANG T . X SVC Ik
ANFMGLE, WMAARFRRESH, 528825 Frat
N HIHE 2 R BUE 5 ER PSIs AT LAFE SRS . B &K
K 5 MR R BT PSIs 1N 2 i, HoH\k
% PSI & 1.105 0, FFEEL 7 B SVC 23
PE, ik 7-4 EMBEIERBSENRAGE .

0.9
0.8 4

0.7 4
0.6
0.5 4
0.4
0.3
0.2
0.1
0.0

mE

2 4 6 8 10 12 14 16 18 20 22 24 26
- Loads load?7 pu

3 fafidnsk

Fig.3 Load duration curves

1.0
0.9+
0.8
0.7
0.6
0.5
0.4+
0.3
0.2+
0.1
0.0

LS

B4 ReHiLBHIThEKE
Fig.4 Output power curves of generators

4.2 THIBSHHHE

AR AR B2 & A AR R T S
ML AR

F(s)=G sT, 1+sT) 1+sT; (16)

14T, 1+sT, 1451,

H. G BSVC #EHigrgaE, T, ZEREXT,
VT, UK TyT, BRI EH TR EEH. &
—SHME K A5 ZEHBNAESE G T, T,
T3 M T, —k8 A& D SFRER/AEHEERHEE




-22- € HEREY B

FHa , MBHEEFKXRTLERDN:
AD=JAK a7

Hep: J 2 PSIs S, 4R AFEAR R BUS A
2298

PRSI IS HT LUE TR P B3R

a) MR E D KA R B ¥

b) TFEAHFKH PSIs , MIHRHEEN (11D K
J HERE

o) MM KIEFEAIEN SVC 285 E, #7
CHER SR D AER, J 22—k,

d) MEAXAT7), AW KFEREHSHENMEE
D 5 B (AR AR IEAR

e) WHRF BT EH (o >0), WLR;
TSGR K, EE SR a) 3 d) .

F 2 IDFIERIGERAA XN A R M IEHR PSIs
(EZMEANES, ZMMIEL
Tab.2 PSI of controller gain for different feedback signals and

locations
g WNES PSI
TR T AP, 1.1050
TR T AS., -1.101 0
7 AL, -0.952 8
T 6 AP, -0.898 7
T 6 AS,, 0.892 4

Wi AP,AS A1 AT ARIRESE LOEHE, HWER
MR, Bl AP, AURMA 7 BN A 6 MATITIE.

£ 3 ¥ SVC EREHSIEAR
Tab.3 Complex eigenvalue with SVC

No o /] Oy P, (52N
1 -18.664 7.962 0.024 1.000

2 -18.557 7.195 0.034 1.000

3 -0.530 6.412 0.148 1.000 G3—G4
4 -0.553 5.978 0079  1.000 G1—G2
5 -0.159 3.688 0.038  1.000 X 18]
6 -0.853 2.596 0.105 1.000

7 ~0.494 0.883 0.028  1.000

8 -0.859 0.835 0.112 1.000

9 -5.631 0.712 0.043 1.000

10 -0.462 0.435 0.070  1.000

11 -0.186 0.029 0.005 1.000 w

12 -20.55 15904  0.975 1.000 H

Ee R1BERER I BHIAFRER 11, 12

NTAEEG, KBEHBENRESHEN
T,=6s, ,=008s, T,=002s, T,=46s,
T,=54s, G=-0.0111. AXRFEMEHEEFHFMER

W3 P, #wmLEEREE. 58 1 HHRRSG
FRACARXT LG, X H) 3% BB B IR EF I

5 it

A SO MR B 1R N TR AR AR R U 7 AT R
SVC HIFR =R Btit, DRk ESR i iEfE
BB, EARSRHRINER, IR B SR
BHHERRE, HEFIERNEEREEHERN S
AR g o BT IXMRRA R, #iE TR
REERE, AT SVC 6. MAGSHIERE
FEEIEHISRSHMNHE . ot BEiEhleng
ST ALY B RGP LA . SRTD, AEARIR
HEBERZHFR T, RENAHEMNFZRT A
T AL, FEABEHMER, kBN
IR 28 S50/ Z B . D35, R T A
BURFHE, KEHRBEMEEEEE. T—
T THRTER A RIZLERR.

S 30k

[1] Kundur P. Power System Stability and Control[M]. New
York: McGraw-Hill, Inc., 1993.

[2] Wang I, Chung C Y.Increasing Power Transfer Limits at
Interfaces Constrained by Small-signal Stability[A].in:

- IEEE PES Winter Meeting Panel Session on Recent
Applications of Small Signal Analysis Techniques[C].
New York: 2007.

[3] Yu X C, Khammash M, Vittal V J. Robust Design of a
Damping Controller for Static Var Compensators in
Power Systems{J]. IEEE Trans on Power Systems,
2006:456-462.

[4] Chung C Y. Power System Stability Enhancement
Employing Controllers Based on a Versatile Modeling
Thesis[D]. Hong Kong: The Hong Kong Polytechnic
University,1999. »

(5] Hauth R L, Humann I, Newell R J.Application of a Static
Var System to Regulate System Voltage in Western
NebraskalJ]. IEEE Trans on Power Apparatus and
Systems, 1978, 97:1955-1964.

[6] de Oliveira S E M. Synchronizing and Damping Torque
Coefficients and Power System Steady-state Stability as
Affected by Static Var Compensators[J]. IEEE Trans
Power Systems, 1994,(9):109-119.

[7] Padiyar K R,Varma R K.Damping Torque Analysis of
Static Var System Controllers[J]. IEEE Trans on Power
Systems, 1991,(6):458-165.

(T4#% 78 ® continued on page 78 )



-78- eHERBEY DM

HEZAN 50 V, KEAHRMES.
4.5 HEASEMBREREN. ATRESHEAR
WTEREA
ek sk FEL M BRI E R . Ammas B adr
ARSI, W 4(e), XMERAFREE=
MEERRMT: WA RS EERN 1.5 F
BAHEEE, HAHEEREC 1.5 BRMAEEE; H
BIEEHNAHEEASANEZBEE, BR-KBEA
WK SWTERIEE Rk B R IRECh 0.5 A H
EH, SHERHETRNEREAE. “IRREBF
O=fMAHREAN 150 V, KEHEHES.
PLESERIE 1,

5 A

MIIHreE ReTan, ZEHERL A E dERY, &
FEL A A S 6 B BE AR N RE T B R G = ARRIAH
feo SRBEAREN =M (D AR, FFE
Wio XnH B KA RIS E B AL RA R,
EAFREIMBEMS &, RFEAZ R E & B
B EREE P IMA GRS WER, BIF
8 A A B AP 3 B 7 5K

6 it

W XTERAH R, ARk ER RIS e IR T, Bk
YR A YR 2 B T A S AR B ST R IR R
FrmmR L. &BE. FFEERL R
HATEMESERMT, 150 &R R R 5
k. ZHEEKEGBRE NERNERZE=HK
AHE . SRHEFBERM =M (ZHM) HER. ¥
PP R, TR R A B ) M RO R B
/D BRI RTR M A S iR & B :
S 3k
(1] f#r@. ARG Rk M. Jb3E : KF s F7 AR

#t, 1985. :

(2] SRFEA. T Ak R4 R R (M. kRt v
Tk HihR#E, 1981.

Yris HHA: 2008-10-29;
1EHEN:

AL 1967), B, KM, WFLHRETEE I

f&mE BH8: 2008-12-20

E-mail: ysz2468@163.com
& 2(1967-), %, KA, AFLHMETERIHA,

(3% 22 ® continued from page 22 )

(8] Chung C Y, Tse C T, Wang K W, et . Synthesis of
Sensitivity Coefficients for Controller Parameters of
Static Var Compensator[J]. IEE Proc-Gener, Transm, and
Distrib, 2000,147(4):223-230.

[9] El-Sadek M Z, I-Saady G U,Abo-El-Saud M. A Variable
Structure Adaptive Neutral Network Static Var
Controller{J]. Electric Power System Research,
1998,45(2):109-117.

[10] Zhang Y, Malik O P, Hope G S,et al. Application of
Inverse Input Output Mapped ANN as a Power System
Stabilizer{J]. IEEE Trans, 1994, 9(3):433-441.

[11] Chung C Y, Tse C T, David A K,et al. Partial Pole
Placement of H.. Based PSS Desigh Using Numerator
Denominator  Perturbation  Representation[J]. IEE
Proceedings Gener, Transm, and Distrib,2001,148(5):
13-419.

[12] Burchett R C, Heydt G T. Probabilistic Methods for
Power System Dynamic Stability Studies{J]. IEEE Trans
on Power Systems, 1978,97(3):695-702.

[13] Brucoli M, Torelli F, Trovato.Probabilistic Approach for
Power System Dynamic Stability Studies[J]. IEE

" Proc-Gener Transm and Distrib, 1981,28(5):295-301.

{14] Wang K W, Tse C T,Tsang K M. Algorithm for Power
System Dynamic Stability Studies Taking Account the
Variation of Load Power[J]. International Journals of
Electric Power Systems Research, 1998,46: 221-227.

[15] Wang K W, Chung C Y, Tse C T, et al.Multimachine
Eigenvalue Sensitivities of Power System Parameters{J].
IEEE Trans on Power Systems, 2000,15(2).

[16] Chung C Y, Wang K W, Tse C T.Selection of the Location
And Damping Signal for Static Var Compensator by
Versatile Modeling[J]. International Journals of Electric
Power System Research, 2006,53(1):7-14.

[17] Hussein M Z E,Alden R T H. Second Order Eigenvalue
Sensitivities Applied to Power System Dynamics{J].
IEEE Trans on Power Apparatus and Systems, 1977,
96(6):1928-1936.

[18] Tse C T, Tso S K. Design Optimisation of Power System
Stabilisers Based on Modal and Eigen-sensitivity
Analyses[J]. IEE Proc Gener, Transm,and Distrib,
1998,135(5):406-415.

YW B, 2008-11-24;
E&EEN:

D& (1976-), %, HE, B, RS AALHE
%ALE, 4. RALE; E-mail: kuliz@163.com

AKX (1977-), B, H+, THF, HEFEAFTL
PEERR T %

FAEX1964), B, #E, #¥E, HRFAHLHE
SALE MM S 4.

f&£E H#A: 2009-02-20



