E3MEFE1H
2014 % 1 A

Vol.34 No.1
Jan. 2014

% 2 & % iR S

Electric Power Automation Equipment

% FACTS ) i hibstifs B s

FAMRR SRR FMER X E X &S KR
(PEEARFARE, LT 100192)

HE. RE—FATAWRESE T F69 % 2 EAME R % (FACTS) B4 H ik Z A ERAT
B F R G (WAMS) 89 5 th BB 5 | % B A5 5 0/ s ah il 2 0 B W AR4E M B i 48 8 52 B2 4F 4 P38 ) B A
PRAERF i R A0 RN AE — R WA L A A Z T RE LA FHRKMG S FACTS Wil a6 3569 425
., 2 &L RS AME 5 (SVC) F48) 69 Bf 347 A28 RISIE T PT4R Lok oy A 2%

XBH., ARG, FEXARLERA, JTHEMNEAA, AOREE T X, KBREERFX,;, TTRHE

Fok, wbar, oA
hESERS, TM 76 XERFRINAD . A

0 35

VAR TR H I A PR e R AR R T rL
ik s AT AR e R IR BT AR I A
BB R A8 R I P SE L CE W  r A, RE R AR
PR LRE 12, RIE S R SE FACTS (Flexible
AC Transmission System ) F A P 3 7] 55 19 94 55 ¢
P, BEAR G 1 Wt f Fl, DO 428 ) R B FEE N, 2
Fl FACTS & #5 56 J5 B 480 A 31 52 B v 1) v i H 3R
137 RAFIETIROR , YRR E B MR, 28 £
it FACTS 2 B 1 [R] B 7 RF £ 75 b 25 b X 52 it
FERE AR ke H o A B b R H B

FACTS % R E 2 i H 240 XA A H 5 5
MBI AR JFEE T AHAE B AT R
[ Z LA, BFFE WX 24> FACTS %% & 17
VR4 ) DA R M & 4% FACTS 8801, LA K ik %6 7T g
15 FACTS F2 il % 2Z 18] B AR 52 B2 o)) 2 A
R HL ) R G ) — T R S R

AR B A A B 2 ST I 34T T 3R A
WFIE 455 Z PP il e B X AS [7] B 45 i 5 b ik
1T FACTS [RI BRI Bts 1A D F 5 R . SOk
[7-8 1B it #1E Lyapunov PRECEKI FACTS Pri 45
il A 5 SCHR [9-10 11 FH G043 LA X 5% 45 5% P08 1 2k
PR BT IR 42 6 25 5 SCHR [ 11-12 1000 5% F A2 4544
o S 0 ELA 3 0 Y DD R Y Bl R A ], X St
FEMUR K] X2 & FACTS #EA7 Pp 8 42 i o 55 o] 57
U s 4 R G de ol Mk I R T B A A Y R A8
S R s 30 BT I A ) A A B

Bt & ) Bk B R 4 WAMS (Wide-Area Mea-
surement System) W ZE L HETT 5588 RILR S
Wi EHHE.2013-04-09;1&E HEA.2013-09-23
E4TH.F-A"ERA#% L4 % & KT B (2011BAA-
01B02)

Project supported by the Key Project of the National Twelfth-
Five Year Research Program of China(2011BAA01B02)

DOI: 10.3969/}.issn.1006-6047.2014.01.007

P4 3 bR 2 A S R AR R S FEROME I R
ROEAR TR FR— 2R 5] A4 RE BB b
Tk m MR E e Wik, 454 WAMS #£
AR IEFT PR o8 B W %k EEE T RS
RELJE 45 1 B R G4 7 1, 5 e AH HeR D WAMS
HARBZ FACTS UME#E HIAF o800 Sk 15 ]
TG ST T 2 FACTS 5 XUHL 3 (1) B 98 4% 16l
v SCHR [ 16 1R H = gl B3k 11T 2 FACTS 47 )2
PR ER | T WAMS 2435 9 15 B0 5 ARG IF 2
Wl SH, AT 456 WAMS #4172 FACTS PhH
P K BE AT B A A R T L K R oK ok 3R
FACTS &M FEZ I n 2z —5),

AL i B R A SR [ B A AR
45 HL 07 3R G AR R 40 A R4 T A8 A5 T A2 2% IR
M R G AR AR I 2 — 70 IR AR e P R
J2 o) SR W5 B 7 2 R P R S R P A Ak B 5
M) F8 a8 ) i 152 T 1 T2 A 5 s Vs B ) A b B
BT LM A SE X LMI(Linear Matrix Inequality )
D7 VR RS R s A STk [ 17 10 LMI B8 st
R T B S5 R FevF I 1Y) 38 FACTS
il | SCHik [ 18 1R R 7 2 0 FH T il i 4 il 2 15 11
{HH) K 2% & R G bLJe e iy ek it | e nl fig 2 S 80T
1R GIBATIE S B e B, MUER XTI R R, 25 5
FACTS Ppial 45 il 75 5K | A SCHR B8 [l SO [ 7 75 3R
IR &R ge e G R WAMS 15t 9 2 45 i
W, 456 R FIRIEERTE FACTS PhE 4 5 4%
JHHIBRGEE LAt RUE T RSeia 17 7E 5 B
e, &2 & SVC MBEBIEIE T A SCRT R AL 1)
BRI B T B B R R AR K
F14) B 3487 915 1 P 480 26 B0 4 B A s SR |

| BHERAN RSB BHNER T ERHR
FI P AR R 7 1 2 2 T AR G AR A 23 ) A 2R 4



(38] ® 0 8 & iR B

F34%

HE A DRI A R P 22 L A RE AR GE S B A B R
23 (8] 07 A PR T A o A 708 04
1.1 BARZRXRARNEEE

& 22 G0 AT WL A SO e sh S e 2 A 4% &
HLALA FACTS Jofd . Horb & s LR o B 552 A
B PR —Br R i g 5 0 B AL LR .
Siza)()(wi_l)

1 ! !
w;= ﬁ [Pmi_Edi_ldi_Equqi_Di(wi_ 1)]

Sy 1 ' / !
Eq‘:m[Em—(xdi_xdi)]di_Eqij (1)
E'h:Tlf[—E(;“" (%qi_x:/i)lqiJ

q00

Ej= Tl— [~ Eu+K\(Uni=U) ]
A

77 v 2% AU B B SR R I SCHR[19 ],

i 1k TC DA 2% SVC (Static Var Compensator)
J2 HHTN )2 19 FACTS B4, B REA BOb 45
LR ARE | ()t L2 — i A s R GERHJE IR HT
AR Z 5 SVC 1] 13 Jir S Bl 9 42 i 33k
SVC B B i AE B an i 1 B,

Ul -
U, K B, 1 By,

+ 1+Ts 1+Tos

1 SVC BhasEa
Fig.1 Dynamic model of SVC

SVC Wy sh ARk LIE BN .

BI:%[_BI+KS\’C(Umf_ U]
1

, ! (2)
stc= ﬁ (Bl _BS\'C)

Horr By S SVC WY AER Tt HL 4N {E B, v ] AR
i Kgye N SVC ¥ 25 0 & 38T 38 25,7, F0 T,
WHE H 8, U S W U, R SVC &7 5 i)
LT
1.2 EF WAMS B9% FACTS WriE#EH

FET WAMS )7 B85 B #6172 FACTS Wi 45 il
FEBRHG L — ] 43 R o R e h X i A
¥ 38 E R BN £ B FACTS 3% # B A7 £ 1
WAMS 15 B, i1 FACTS [A] AH B3 {5 3K B X 35k Py
FACTS 21T IR T K, 25 A % IG5 B B 5 1
e, A U R 4R R B — A PR R ok 1
B WAMS 15 B, #1711 5 15 2845 & FACTS W4 1)
il 48 200 N R SE B R fE ] 2 Al oy R
(AR i e R o G [ = R S R = e O 5
P g6 NI I RS ISR £ g aa Wiy HECT K- R7 e
HERRE R ERE R TEREE R GFE
T 1 45— P R A O G S PR 4 SR A (R R 4

FGAE B, AT 2 048 1) R R 0 1 2 R )

ASCUAAR R EE R o) B R 2 B R
I R I PR A R WAMS B F &
[N ARG L2 SRS R MR TR RS
#1455 FACTS WA #6482 9F F & , S8 FACTS
V) P P 8 42 o

B FACTS Wy I R4
[FACTS][FACTS|[FACTS]

R En R %é
NI BRI
El R GG
By B [himEma] LB LR

| WAMS Bflt V- 72 |

B 2 EF WAMS By & =i 4= &l
Fig.2 Centralized coordinated control based on WAMS
X TR FACTS BEA I 5 42 M0 A9 By IR 2 )
AR R AR A AR T R AR A
AL A AP LU 1A SVC REEL g il
BN T PP PE R AL b o T AR 3 TR

Ul-
Ut Ksvc B, 1 By
+ 1+Ts 1+ Tos
+lu

B3 athiREHEr SVC isER
Fig.3 Dynamic model of SVC with coordination input

L, 4 2R 40 AR 25 25 [l A R0 1 5 A
x(1)=Ax(t)+Bu(t)
y(t)=Cx(1)
Hr x A RGEREAS & u HiA FACTS [ Pp a4
Tl iy WARSG A A B .C W RBULRE
AR SCBETT I £ FACTS B 2 il 45 2% H & 4t
AR R y FE R, SREGE RS y 203 WAMS
e i i B — s I i L9 AR o o Fl B R 3 A
KikZE FACTS A& WAFAERT A, ABOs Fe 2L B i I R
/N T U FACTS W B s il 4 vl 120
u(t)=Ky(t- 1) (4)
Hor K Al a0 2 506 4
M= (3) M2l (4) iT LS 31 &% £ FACTS P8 ¥
il (4 L 7 25 5 B0 R R IR 2SO R
x(t)=Ax(1) +Ax(t- T) (5)
Hr A,=BKC,
PRI, T2 T T0 B i P 08 4 i g 1) 3 AT 55 i 2
FHAEMN K 15 25K 5) REFRE,
1.3 HHRFENBBBERTEST
Wit R g2 (5) MR E 8 H A Lyapunov-
Krasovskii a2 P B 6 A9 35 2 AR R 18 0 4 it —
G151 Lyapunov-Krasovskii 12 bR R A5 2 48 5
()Y RGEMFT A, BRTHE SRR & IR

(3)



%18

IR 55 . 2 FACTS ) B0 I lF Blr 98] 47 ) @

FR30 (A3 PR«

Vi) =r (P + | x()0x()ds+

[" ] #o)zi)dsdo (6)

Hi P=P">0,0=0"=0fMZ=2">0 NTFE
i, d (o) Fm B2 i i ) S 480, AT R A aE 4
B0

X11 X12

X=l+ x,

];o (7)
AR ()AL,
TTITI(t)XTh(l)—It_d(t)nTl(s)an(s)dSBO (8)
Hbh g ()=[x"(t) x"(t-d(t))]", R ARG -
S Je s X T A
x(=d()=x (D)~ | | F(s)ds )

B4 MG B AURE B BRI 20 X AT A 4
B E N, FIN,, A .
2[x"(t )N, +x"(t—=d(t) )N, ] x

x0-| | x()ds-xG-d)) |20 (10)

BB BV (6, x) W R G (5) S IS A
K (9)M (10), PTAFEBE 1 GEA AR UL SRR [20]) o

EFL 1 HERTEE >0, WARAFAEWE B B R
KM FE P .Z X N, FIN,, [ 40F 2 A2 o 5 B
AL (1) A (12) Bar, W a s R 40K (5 ) & i f
SEM

* @y, TAZ |<0 (11)
* * A

Xu Xo N,
* Xzz Nl 20 (12)
k k YA

®D,,=PA+A"P+N,+N'+1X,,
@& ,=PA,~N,+N3+7X),
Dy,=-N,-N3+7X»

SEIL 145 0T W I R SRR 0 TRy SR
TEFZ I RG PR TR WAMS 4495 4 5 B i
T F T DS TN R S A R E RS T
AT 20E BRAE R R Ge ke i HE | TE3R Uk
Sh AT, BB 4)ny K, T A S
PR R RIG & K,

2 HBRIERIMHIEZ FACTS =it

2.1 Hankel M2 FiEEE %
W RG R m ARt sh & R gt ek fil HR S
WA R I R N N G TR VAN = O e T

RN H TR, 58 S R RME, T
AATH OGO R E W T I8 4 T L d o 6 &
R AR Y R G, PR B O RE 1) R Ge A = T A AT
PRI | 0 K R G R AT 88 2 9 o 2 T ey 20 0K
AR A Hankel FEBYJ7 3% | B 38 5 AR IE R B 6 5 &R
5t 19 Hankel A7 57 1% 25 76 5/ BN RS2 IR RR B
I O A MATLAB W& T HAR B
AT i BOAH S BRS TE IL MATLAB 5 Bl S0

TiAh AR SOR A s AR Bk SR A A g
wARBUE K, &AL G 1 E iR
B SR8 B R A FEOR AR SR A L BT AR/ I8k
BN 2RI SR G, BNEARR L,
A AR 3K A H bR i > 5 E— D (e
LB il e R W T B3 — 20 Gk nit
R A A — o WA A N 38 R BE R 2 H Ar R
B, Ak BN ARER SR E TS0
SCHK[21 7, 760 F R i R E K SLiE

FE A 4 st A Sk AT U ET | 9 Sk mT
BE R 1 Pyt A (12) B iR R A A
e, LB ek I i R BWa i e ny, Ml
RE S AEAE Z AT AT W45 A B R G RS2 PRs ok
H b eR Es 2 Rl 3R 45 e /NBHL R Ede R AR B B/l
RGP LR | R G feE KV 80E MR IE R S he
s fr e AL RIS TR AR 4 A B
IO 15 7 — > e /INBELJE LG B (T 7 9% ), 24 St
J5) {L B ] 452 0 S0
2.2 BT RGHEFEE I UK R

FLR AR R BRI BHJE Lo b SE oK ff LR AR (. A, B
W RS (5) R IE T R 2 .

det(AI-A-Ase™)=0 (13)

X —J7 TR R N R LR AR A
SCR I 053 7 & (PDE) B BTk J7 25 08 3 R
M T R 402X (5) WY B i 53 7 B AR AH B OCHR 1Y i B
TR AT 4 Sy — 28 XUl Y A £ 43 7 B2 H-PDE
(Hyperbolic Partial Differential Equation) , P i it
X} PDE #E47 45 40 25 Sk 45 2 B 34 ) 56 B, HRREAE
AL T2 (13) iR, BARE A 0] 2 0L SR
[22], TEIZBEIE DTS Chebyshev 251 sU4L, H
F RGN A AL K% A 7E 20 ~ 30 16 [ A HUHE
TSR PR T A
23 HEXHERRE

25 LTk PR B U R A SRR AR UL A 4,

3 BBISH

FIEIE 5 R iy 4 B2 KBRS MR R GLialT
UL TG, T 507 R L9 Ab vl s i A1 AT 0k 235312k



(40) ® 0 8 & iR B

F34%

HER T

12
[ Tk 732 £ 0 e A 1K |
v

DR R A LML (LD FRT(12) |
v

[ A A PSR X (13 ) 00 A R B/ BELJE B

TETE 5
1 fi/INBELJE H 2

i 3 Fe /N BELJE L
RO AIUREN

N
| X RS RHEA T R TR 1138 5 ‘
¥
4 BEinERE
Fig.4 Flowchart of algorithm

R
@Il [ ||®
G 2 4 Gs
On
G, SV l l %EEVCZ C
= Load;, Load, =

BEl5 EiZ2A8SVCH4NB ARG EME
Fig.5 Structure of 4-generator power system
with two SVCs

W—H SVC LT R, RESHZ WL CH[19],
i FH SISO 5 il 45 2 808 5 B bR U 7 15 2% Sve it
11, AR S ECN (K =150,T=005,T,=0.01,

T R G AFE T RS 1 X 8] 4R 3% 45 =X Iy
PMEE R RSk R G e, TRk A
B sy n b — B PR R #E DL R B SVC I By
BERY 4 RG sy AL 24 By, M TR B
S #EAT Hankel FERT 05 HLRE L B A AL 53 %0
LRSI 9 R G 77 S 08, WA IK] 6 TT LB | AE 3
KA [ e L 2 2 A

-10

-40

#F 1l /dB

-70 . .
10 10° 10'
f/Hz
— BRI R G BEB R R

6 BMEIERENTREMZE
Fig.6 Singular values of system before
and after order reduction

2 & SVC ARG G Xt sh T Xk 4% 4k I
B RS K 7 AT LAE R RS W A 5
FLE XA PRE , #A SVC X m ARG A — &
Hah B X LR TR N bR 4 R TR,

FE T R BRI A ST B A ok i B

2.3

1.8

DX 0GR 2 2k Ty 2

0 4 8 12 16 20
t/s
""" JCSVC B2 A ,—SVC #A

B 7 ®% SVC B M XIS & & RIRS
Fig.7 Power oscillation of tie-line
with and without SVCs

BRI S, B BUR KA ALY G, FT G, X 2 &
KM HE 2 Aw, A Aw, TE I HI 255 A BE
it WAMS W5 S AE 5 208 200 ms, 76 5 it
AP i B SR RIS [ -10,10], fi /M JE
HIEH 7% , B2 F LA R K=[2.5452,-2.748 7,
-2.6181,2.6460], KEHRZENZWT .1 B SVC,
ZAHERN 0.01 p.u.,2 s BEE/N 0.01 pou., Kl 8
g5 T IX IR ES 2 TR i fh 26 X e T A TSP
il 1 1 B 45

=
_
o
S

—_
o0
(5]

DX I Ik 2 28 1) 6

0 5 10 15 20 25 30
t/s
————— 2 £ SVC Hphz ] —2 & SV PriE il

B 8 200 ms B i TEREK L B9 Th KR35
Fig.8 Power oscillation of tie-line with

time delay of 200 ms

& 8 XFHL AT LA 1| i T i T /e e
g L 3 2 AR SCRVE AR B KR B P O 4 IS Y &R
Guinfrresm e AR R B ARAFTEAR S AR s
FEXT A 5 SVC BRI 4 i 1 55, P 8 42 1) 5 AT i 1A
PR 4 () g i PR RE

T T G BT SR T IR A RE AR SCT A | AR S
) PIp I8 45 o) B3 0 O R AT 5 00 TUA B R AT R T
(), B i AT S B 2 A I 22, TR A e B4 BT R 1
kol B LA B 4 P o) 2 1 45 BB R 3 R e R I B
TWILE L B9 AT R RGNS
AR £k, o B 2R SVC AR IEAT IR R 45 i 5 Y &R
Gui/NHJEHE , 20 0.0276.

T 2 FACTS P #2 il 55 1 02 ¥ B i R
200 ms Bt KL E 9 AT F H &R Gefie /ML JE L
TEZBT T N R B i K, 290 0.07 ; 4B /N T 570 ms
i, RGP RE PR R BEJE (LL 0.03 8 A )iE 1T, M i
HENT 600 ms B R FH IR0 42 1 6 AT LAAE 2R SEpHL 2
HACFOE T B ) 3 1 A AR SO0k AT A R Y B



W3R, % % FACTS | 3R 50 I 63984 ) (41)

E1H
X
1 0.080 1
=
< 0.045 +
i3
ﬁ N N N " ' l\|
W 0010
0 100 200 300 400 500 600 700
B/ ms
— PR, TO P A

B9 AEMETREMNERL
Fig.9 Damping ratio of power system
for different time delays

i R DRI A2 ] 1 12 I S R P AT R A R e A
E R WAMS 155 IRl Tl RS B 14 B3R SE A

4 HHig

A2 FACTS B U 2 il #6477 9% | 4t
I WAMS 15 5 FE 7 B B ) ) 2 1 7 —Fp 3 H
P ASCHE [ 7 3 B T 1) i PO O 4 o R L A R R
WAMS % th S5 %, R B AU [ B ¥ A
FRAE N F 5 | TR) I R UE B i 2R 48 Y de /N BEL R EE AE —
FE BE 2 b R R 3 A SR SO0 AR A s 2
fEXE2E . TE2 6 SVC B ZHLE B bk 47 s 34y e
BT P Ak A R RIS AR R AR e 1Y B
H /NN AR R BRI R AP iR bR AR 1R R R S
F s A R M VA A B B I AR B | 7R N
Rl BT AR RE PR IE R ARG E

AR SC T H A A LA b 2 P o s o T =k 4]
Bl ] 7 o w X Ul 4 ) R 2 () VR M B
HE ) e 2 T AR B E R B FACTS il #5 Bin] |, 5%
P B ARG E TR N o SEIA R A S, Bk IR AT
e~ 2= HoAh FACTS & 8 S 45 28 sh 8 oo 8 i o 4%
il o J3 A0 FEE B AR S DL I R G A A 2 i
ik dan o 0 e 3 1 107 P S BB 45 i AT 0 — 2

51175 1A,
5% ik,

[1] sk3cse JAZEME Bk fe 55 Aedb—A8 th— R A iy TR R 20 v 1)
P AN e T ()], P E L TR 4], 2010,30(16) : 1-5.
ZHANG Wenliang,ZHOU Xiaoxin, YIN Yonghua,et al. Composi-
tion and security analysis of “North China-Central China-East
China” UHV synchronous power grid[J]. Proceedings of the
CSEE ,2010,30(16) :1-5.

g AP E IR AE. R AR Y AT Y R Rk R A
[J]. MR 2009,33(13):1-11.

ZHANG Wenliang,LIU Zhuangzhi ,WANG Mingjun,et al. Re-
search status and development trend of smart grid [J]. Power
System Technology,2009,33(13):1-11.

JAFE B S AL SVC 5 STATCOM 435G L4 BT[] ].
W1 A Bk 4 ,2007,27(12) :57-60.

ZHOU Jianfeng,GU Yaqin,WEI Shouqi. Comprehensive compa-
rative analysis of SVC and STATCOM/[J]. Electric Power Auto-
mation Equipment,2007,27(12):57-60.

(4] 8rie, 0F B, FACTS % B 78 XU 37 mh it O 2 b 22 T 815 0

—
NS}
[a}

[3

[

E[]]. 77 A4 ,2007,27(8):58-61.

JIN Jing,Al Qian,ZHAO Yan. Reactive compensation principle
and simulation of FACTS device in wind farm[J]. Electric Power
Automation Equipment,2007,2007,27(8) :58-61.

[5] SK3C5E, ) 4 A BG4, SEit s Ol T BORTER A L I i
NEFLT). P E H AL TR 224 ,2010,30(4) : 1-7.

ZHANG Wenliang, TANG Guangfu,ZHA Kunpeng,et al. Appli-
cation of advanced power electronics in smart grid[J]. Procee-
dings of the CSEE,2010,30(4):1-7.

(6] BEMISE  FREIF , M)A 4. FACTS B 42 il BIF 52 oF e I e 22
[J]. BARGERS 56, 2012,40(5) :138-147.

HUANG Liuqgiang,GUO Jianbo,BU Guangquan,et al. Research
progress and prospect of FACTS coordinated control[J]. Power
System Protection and Control,2012,40(5) :138-147.

[7] JAKPATTANAJIT C,HOONCHAREON N,YOKOYAMA A. A new
coordinated control scheme of PSS and FACT devices for im-
proving power system oscillations in multi-machine system[C ] Vi
International Conference on Power System Technology. Hangzhou,
China:IEEE,2010.1-8.

(8] sk, sk B M. T (R IF AL 2 SVC s (1], P
HUPL T2 2441, 2007 ,27(28) :34-39.

HE Bin,ZHANG Xiubin. Coordinated control for multi-SVCs
based on structure preserving model of power system[]]. Procee-
dings of the CSEE,2007,27(28):34-39.

[9] WANG Keyou,CROW M L. Feedback linearization internal con-
trol for the unified power flow controller[C]//Power and Energy
Society General Meeting. Minneapolis, USA:IEEE,2010:1-7.

[10] WA Ml BT 55§k [F 2D 3 R 85 1 2R 58 1 1

JAFE RS ()], B4 LT ,2010,38(9) :45-48.

GAO Benfeng,XIAO Xiangning, WANG Xiaoning,et al. Study
on coordinate control strategy of static synchronous series com-
pensators in system level[J]. East China Electric Power,2010,
38(9).45-48.

[11] BB A RN, %K 55, SVC 5 & FBLI Al 2 A8 25

Hy U2 I L) ], 5 LR B2 AR 2008 ,34(5) :995-1000.

KANG Zhongjian,GOU Songbo,MENG Fanyu,et al. Nonlinear

variable structure controller of static var compensator coopera-

ting with excitation system of generation[J]. High Voltage

Engineering, 2008 ,34(5) :995-1000.

NOROOZIAN M,ANGQUIST L,GHANDHARI M, et al. Impro-

ving power system dynamics by series-connected FACTS devices

[J]. IEEE Transactions on Power Delivery,1997,12(4):1635-1641.

WOTR SN TR AR O R AR W RGO B

RN ZER (], RIECR |, 2005,29(10) : 46-52.

CHANG Naichao,LAN Zhou,GAN Deqiang,et al. A survey of

applications of wide-area measurement system in power system

[12

[}

[13

[}

analysis and control[J]. Power System Technology,2005,29(10):
46-52.
(14] & LB LSS i, 2F . — ik WAMS/PMU ) PSS 1
LPPAE I ()], s A gk ,2012,32(10) : 146-149.
MENG Fanchao,DONG Xiaoliang, GAO Zhigiang,et al. Online
PSS evaluation based on WAMS/PMU technology[J]. Electric
Power Automation Equipment,2012,32(10):146-149.
Gi, EAERIE. 5T Hamilion FISHGE Z WA GBS L
PERYIRES SVC PR FERI ()], # ) A ki 4 ,2012,32(10)
48-52.

[15

—



® ® 0 8 & iR B

F34%

SHI Fang, WANG Jie,XUE Guiting. Coordinated excitation and
SVC control based on Hamilton theory for improving transient
stability of multi-machine power system[J]. Electric Power Auto-
mation Equipment,2012,32(10) :48-52.
[16] WEI Qiao, VENAYAGAMOORTHY G K,HARLEY R G. DHP-
based wide-area coordinating control of a power system with a
[C]//International
.1,2007

large wind farm and multiple FACTS devices
Joint Conference on Neural Networks. Orlando,USA: [s.n.
2093-2098.

[17] 5KT A% e A, nl 42 1 3l i BEL 4 o 2% ) 3 W 98 46 Ak 7 vk BF 52
[J]. B CH A ,2008,23(6):114-118.
ZHANG Xueyan,HUANG Shaofeng. Wide area coordinated op-

signal[J]. Power System Technology,2008,32(19):50-55.

[20] PRABHA K. Power system stability and control[M]. New York,
USA :McGraw-Hill Companies, 1994 :548-549.

[21] R T, W R GG RS (M. b st B R, 2007
28-43.

[22] HAN K H,KIM H J. Quantum-inspired evolutionary algorithm
for a class of combinatorial optimization[J]. IEEE Transactions
on Evolutionary Computation,2002,6(6):580-593.

[23] BEKKEN M. Numerical solution of constant coefficient linear
delay differential equations as abstract Cauchy problems [J].
Numerische Mathematik ,2000,84(3):351-374.

[24] ASTROM K J,WITTENMARK B. Computer-controlled systems-

theory and design[J]. 3 W, dbat . ¥ 48 K2 A 2002,

timization method of thyristor controlled braking resistor con-

trollers[J]. Transactions of China Electrotechnical Society,2008, 100-110.
23(6):114-118.
[18] VLA T, SRS & — K. 1T R B AR5 B2 W i ) 58 FACTS EEE N

B #mI ()], o E AL T FE 24 ,2006,26(7) : 82-88.

JIANG  Quanyuan,ZHANG Pengxiang,CAO Yijia. Wide-area

FACTS damping control in consideration of feedback signals’

time delay[J]. Proceedings of the CSEE,2006,26(7):82-88.
[19] LA, B FE4E. 8 U G 5 I 52 10 i B n sl

FHANIE(1984-), B . mETA HE

MRt TR T @A ZREATE IR
#] (E-mail ; huanglqiang@126.com) ;

.v 3680 (1960-), B b mA, HIE B G

O BIARI WERR AT, fﬁczﬁmfﬁ

FEHIER 1] A 2008,32(19):50-55. g ‘ ‘
WANG Weian,MA Ping,CAI Xingguo. Additional controller of l h \‘ l " AR RARIBSTEALA BT
excitation system considering time delay of wide-area feedback 3 A7 5%

Wide-area anti-delay coordinated control among FACTS controllers
HUANG Liugiang,GUO Jianbo,SUN Huadong,XU Shiyun,LIU Min, Yl Jun
(China Electric Power Research Institute,Beijing 100192, China)
Abstract: An algorithm based on free-weighting matrix approach is proposed for the anti-delay coordinated
control among multiple FACTSs (Flexible AC Transmission Systems),which uses the output feedback signal
of wide-area measurement system,considers the time delay of signal transmission,adopts the free-weighting
matrix time delay stability theory as criterion,ensures the minimum damping ratio of time delay system
above a given threshold,and applies the quantum genetic algorithm to obtain the best gain of multi-FACTS
coordination controller. Results of time-domain simulation for a case with two SVCs show its effectiveness.
Key words: electric power systems; flexible AC transmission system; wide-area measurement system; free-
weighting matrix approach; linear matrix inequality; quantum genetic algorithm; time delay; coordinated control
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Fast matching of power outage event and intelligent generation

of power recovery plan
LI Congshan,LIU Tiangi,LI Xingyuan
(School of Electrical Engineering and Information,Sichuan University ,Chengdu 610065, China)
Abstract
characteristic information is extracted and the mathematical aggregation method is applied to describe the

Based on the detailed summarization and analysis of massive power outage cases,their internal

power outage events by the mathematical model with the characteristic values as the essential elements. A
hierarchical classification scheme of power outage events is given and the corresponding search strategy
combining the classified search algorithm and the improved nearest neighbour algorithm is proposed. The
most similar scenario will be given when the characteristic values are not completely matched and the
countermeasures are intelligently generated according to the established table of characteristic measures.
Results of case analysis show that,the given power outage event is quickly matched and the power recovery
plan is intelligently generated,verifying the effectiveness of the proposed method.
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reasoning; hierarchical search; nearest neighbour

electric power systems; outages; emergency preplan; mathematical models; case-based
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