L 7%
201547 H

B T &

Jiangsu Electrical Engineering

9348 4 44 1

- TSk -

BT ARG 22 FACTS HLJ RSk P p 4 il

FRERAE G K2 REMRE!
(1. B M AT VI8 % = 2220042, A B RF /R TR, 1175 B At 210096)

B EHTFERELAR Y (FACT) R EHHERZ R K EMAAAFACTS EENAE AR AW NBEHNELS
FHBR, P A THEBRLEMERITT % FACTS EEWEEH S FI % FACTS REMHIAES RS T % FACTS £
EagdEH AR @A A SVC A TCSC M EMA%F K 7AW BT L5 BiE T &7 k00 A 201K

KEE . % FACTS; VA5 4] ;3 8L % 25 #3541
RE 2% S , TM761 MR A

%M 28 T B L AR 48 (FACTS) EL AT Pk 3% 252 9 5
R, TRk 2 N T H T 3R G Ik A T RS E
il A0 Bl E E R e R R B R B8 DA B X B
K L X (R 1 O R G B S K X I, 2 4
T ] 3 2 R N A A R LR AR T4
FACTS ¥ 1fill #§ K 2 J& AR AL rpr i 1 i) I ST 445 ol R g
C A KREMFIEUEY] | X 456 8% Z R AF7E 71 28 B2
i HI59 FACTS 2B MFERACL, HEMR RS R
PERS TR R EARAGS AT X R B A AL, R
HL ) 11 2 A s A A A L R F M 4 A ik
Al LAFE > R A% FACTS MIRCR | Il 55 £ 28 B 14

N SCER T FACTS Wb E R e &f 17—
(R BIF ST AR, SCHR [5]F 1 5t A% 3 vk IR R 27 2T HILAA.
EHEATAE G % FACTS RYBC B 485 T B LR
TR SCHR L6 SR FH 35t % 550 12 ok C 5 B 0 42 o 6%
(ERCARTREHL & L U N ' INWAE -SSR Sii = SR 7t e
YL X Z FACTS il #0980k ik, 1153
(14 235 SR () B RT LA B 2 T 1) 32 s o 32 SCik (8]
¥ 2 FACTS (1 Pr 98 45 i 5] 850 5% £k A 1 Ak 0] 0y oK
fife %t 22 B AR A SRR T T ekoE | 45 A ok R R O
Piit 72 UPFC thi¥Edlgs . M THIDRFAEAR
SRIMIEL M, YRGEZ B RN FH B 178 L ER
KA | L P B AR ME 4 F R e ke, L
KAOTIERSN S £ FACTS W H R G AR vk fa
ok, R Ak SO WO Ty vk K fif 2 FACTS Y G &
SR AL R N B A% R ROR N T EE R RN
TR, BN IR A AR SO AR LM s i B
AL HE S A £ FACTS (1) 19 A5 AR 25 b 7 il A5 0 | 44
W RGO ST ARG TR | AR B 2 M L S Y 3
fili b, SR FH M BAR g A 2 1 7 13T 1 2 FACTS 1Y
PR E A, P L T BT SR T i AR AR S5
PR A R

K A5 B 3 .2015—02—28 45 = 8 #1.2015— 04—02
KW AE AR B AT WAMS # % FACTS 8 X 423
KA R AR,

XEHS.1009-0665(2015)04-0001-04

1 BREENEGER

VB AR 2 R ) i o A 1 R G RN
RO A RS gz O T A AR
PR RGBTt 78 ) R G0 rh 5 9l H ok 58 8Ll
wEE T FACTS %% B4 5 B Z5 i #E il X T
— YT A IS AR R AE R T RS T
ARG — 5 BT A2 3 B U)o 1 L RRE a8 TR
RS HIER T, KX A m 3 sh s & N
HB Y SRR B E A B 0 G e | I TR AR S5 R 4
il [P R 2 B 2 AN R — AU sR R A R
GLAE VIV LT LIRS e 8 17 B R AR RE | L
Ko BT A 2 o) B A R S BB AR A BRI [H] 12 3
EZIR7IE S TR

MRS SEPE  I A 3 M REARER ) H—JE
SIS AETENE SR M B AR S5 R 45 T i U 4 1r | 22
FEAE R G2 S s 1k 5, BIDD 4 1aT b 9 o5 sl o A A
RGN E BTN PR T SRS B AT AP | 2R
RGAERDS 25 R AT — 32 47 5 0 AT L o 92 ol S A
F G BN A U1, A5 W TC ki A RS AT RS e E
WS NREN, REFEABIIRELE, RGN
ia B R T HE AR E 1Y

B AR SRR 0 R R DL B 3 BRI
TR SRR R BT I AR AT 2 AT

(1) B P4V s, (x)=0, (75 RGEAE %V 1H AT
DI SEIZ AT B PR sh B 1 sh A P e

(2) B R u £ (), RG] LA B Y] 4
Vi,

2 ETEEELENE FACTS HhiFEhl&sy

21 €8 FACTS MBHIEF X RGHER

8% SVC Ml TCSC LH e LI GF K &5 H
LERINPE 1 TR,

Kl 1 2 &5 TCSC 42 & 7 Hiy H 26 % 1 5 3 v (] B



2 AN R

E'268 Xy Xy

El1 458 SVC #1 TCSC MBI ES KERE%K
i, HHEHAMFE M ZSE,SVC FH K% 28 70 26 it
rhR] A RELR b 22 B & F PL R FH 26 i — B A R R4
HA SVC,TCSC WIH 1 RGN .

b=w-w,
L w D w, U,E'sin§
0= P (@ 0)= g

o ()
X = (=x,+ X+ 1, )

T

c

|
B, = T—(—BL+BL0+ u, )
b

L ()H .6 BEBHLIIA ;0 BEBILEE ;0,=2pf N
KHAHLEUE IR, D W BLE R 8L b & AL
S GH RN B, S SVC T AT R 14 S Rk L 48 |
By, N HAME ;u, I SVC 1l i A it ;¢  TCSC
ALV S E HLT  x  HWIE ju, 0 TCSC 45 il f A
LU, =1 T KRB R R P LTI, P,
WG ) =y b+ (g e, )2, LR 2, =0, /2,0y =2, +
2%, 42,5, (B =B, ) , LB R Rk XN P=E'U, sin 8/x, .
L (HEAHHEHEL MR G R .

x(1)=f(x)+g(x) u (2)
K2)H =6 w B, x, 1 ,u=lu, uJTO
.
- w,
w, D w, U,E'siné
P g lem o)
fx)= L 3)
Tc xc ch
1B +B,)
Tb L Lo
00 % 0
_ b 4
g(x) 00 0 1 4)
TC

22 REWIEITR

LR %8 w,=1,B,=02,x,=0.1,B, =
0.3,7,=T,=02,x',=0.257,x,=0.01 x,, =x,,=0.48 E'=
1.28,P ,=0.8, H=16,D=5,U,=1, HRGME—DERER

BT, &M RELZENFEET 0,0 (1)%F
KAEHET 0,443 4 MUBOTFE, R TP IEA 6
ASRFE, o3 2 A LI #A & R AL o TCSC
Rl Y (S FL BT x, SVC AT IR A SRR AN B,
TCSC iy il iy A Bt w, SVC ARl A & o, |, Jo75E
BT B SR A , 75 BRI 2 S IR AL 5T
KEGHEREAZBITE T ,SVC A S HBIE U =1.02, %
HLPLLSG BEZE LR U, =1.05,6 MUK BRIKSL R iR
TRHAB B PP KRG DM RSBITEN 0=
1,8=0.573,B,=0.413 ,x,=0.208 ,1,=0.108 , 11, =0.213
23 HHFEXERENBHREEUERX

HBRGEZI MR, B BERENLRE
IfakasE , R RGN RAL I8 4058 i He e 42 1l
K A S0, DR R IR A ) 1) B R S T A RRE
LY 2o By A 4 AT DLSE S 09 B0 R G Y L R R E
PE XA A SCOF ST BT, DL 7R AS SCHE D A 64 D
25 H1 SVC He A R H s i 22 1 D 5o 2R 48 19
AR

y,=h, (x)=6-9,
y,=hy (X)=U,,~U,
FE LA LA A R b R A Al RS

0 0
LyLih, (x)=0.. Ly Leh, (x) #0

(5)

0
Ly Lih, (x)#0

0 2
LoLih, (x)=0.. LyLih, (x)#0

LyLihy (x)#0
H EIRZESEOTE SR PG 25X FrmT

HLRGH v, =h, (x)=6-8, AT B R 3, R Gik
y,=h, (X)=U,, —U, BIAXF B 9 1, WX A 2 G0 9 AH X B
r=r, +r,=4=n, T LLZ 55 B85 AR X B SURIAAL 45, R 48 T
LS BURE A 22 PR AL
—— LglL(f)hl (x) ngL;hl (x)
LyLchy (x) LyLeh, (x)
SEACAHE B(x), A |B(x)| 0, B(x)dE#r 5, K
I e (6) Y Al e I S5 ok S B2 M Ak | A A 28 Ht 1E 55
mr .

A B 2

2= h, (x)=5-8,
2= Lih, (x)=f, =w-w,
s=Loh, (x)=f,
2,=h, (x)=U, U,

MR AR B, (1) Bras R8T KU AR 9 3K (7) B
AN BRERY

(6)




LA G AT BB SR & £ FACTS R ) 22 G As e P bl 9 42 1 3

Z1=2,
;=23

(7)

Z3=0,

z,=v,
[FIRE R AL AR B He I | =X (5) T 1) 3R i di i e Ak
R (&) FIrmpE .
y1=h| (Z):zl
(8)
y,=h,(z2)=z,
NN,
vy=Lohy (0)+Ly Lok, () -, +Lo Lok, () -u,

vy= Lok, (0)+Ly Ly by () 1 +L Ly by () -1,
NI = R7E IO (S Y

2 2 3
v LyLih, (x) LyLih, (x) |[u,] |Lh (x)

+ (10)

Uy

EI];

Uy

0 0 1
LyLihy (x) LyLihy (x) Leh, (x)

Uy, a(x)
B(x)
LALLM () s Rge ] DL X (12)

NI W

B (x)|  |-B (x) (11)

vy
Uy Uy

i=Az+Bv
(12)

0100 00
0010 00
(12 A= B= °
A2, 0000 ° 10

0000 01
3 % FACTS iB&RZ &M=t ssmizit

3.1 BETEMN S FHEKF

PO T A58 70 48 ) 428 ) 45 20K Se SR B S=Cx T I 3H
M C, HBort e B bs e AR 7E U1 by i sh s
HATRAF T T, 208 FHR U T B AR 45 40 42 1 2%
M RS L B AR R SR
A5 IXCHR PR SO IC 8 R R IR DD 4 T R AL R €,
Jext X (12) Rl it A2 F XX (13) 28
(14)14 2 D7 7 R AT

200100 T0

z, =100 1 1z |+ 0 v (13)
000 |z 1

23

z,=[0]-[z,1+[1] -, (14)

W (13) FRGEWMYI KL s, =C 2, +C 2,42, ,
ARGk NRLEIRE G B 2,=-C,2,-C,z, , F I
A (13), 7715320 (15) , BB AR FEIE o X (15)

Z1=2,

(15)
z,=2,=—C,z,-C,z,
A_Pl z, P 06
“looll, T P
2

FHAR R P 8 T S Ak B, AT DA B R R
M K=[k, k), B0 z,=—K[z, 2,1 % Hat (15) 7T LA 73
£ k,=C, ,k,=C, , HIt =0 (13)%F 0 1T R Ge i U4 F
T2 5, =22, 432,42, o [ FE %20 (14) % B 10 F R G i
Y1 16 AT LAFS B 5=z,
3.2 BRI 45 B BN R R

SR FH 3 B 42 1 3k P LA 7S 43 R s ol A o 4
F XRS50 RS R G MVIEG IS SRS A 56 S ik
AV T T, S0l 2 s s<0 B B AT LR IE
BIRREAS | Ry T VA 4 g s ) A 5 (4 B 25
PEPEFR Bok T A )

s,=—g,sgns, —k;s, & >0,k>0

| (17)
5s,=C,z,+C,yz,+ z,

Pear Ui 7 R 40 1 P2 & .
v,=z,=—¢,5gns,—k,s,-C,z,-C,z, (18)
$y=—&,5gNs,—kys, & >0,k,>0
.2‘2gz 25 & 2 (19)
$2=24

e ar MU 7 R G 2 WS AL
v,==&,880s,— ks,
TERR LR T B B Rl T RGBT A
HIRZESF N RMAATE M R 2P Y
TAEW S B 7 RHRAZ O TR A
R I A TR OR A AT R RSO 5 g TR R R A 3
LURNERE T TRV @

v,=zy=—g8ats, —k,s,-C,z,-C,z,

(20)

v,=—&,8at s, ky s,
4 HHISH

41 =tHEEEHEE

FEE 1R RS T 0.5 s BF %], R «,, Pk Ab
KA A RO 0.1 s ST R I AT IT, aniEl 2 BF
TR o TSR 4tk ) 55 43 PID 45 AT L A 3—
5B,



4 AN R

U, 20

E'/6 X ==y o
. TCSC
Tescl
TCSC

;m

B 2 ZREE x, REZHERYGIEETIZ

33.8
33.6 PID # il = -7

-

33.4

Uif/ ()

W
-

332 V—

33 / e

32.8 I 1 1 1 1 |

t/s

B3 /R RSN A&
12

L1 __PID £
Lo [~

0.9 TR
0.8
0.7
0.6
0.5—— ' ' ' ;

0 1 2 3 4 5
t/s

B 4 #PE/E SVC NS EMZ&ITLL

ML /pau.

1.0
09}
08f— /T T =
0.7 f/"/\PID Pt
0.6
0.5
0.4
0.3
0.2

0'10 1 2 3 4 5

t/s

5 WPE/SREIIER &SI

M 3—5 ATHL, R G kA =M 0.1 s Ja bk
Ik FACTS 3 R FH W A5 45 4 bl o s ol 1 15 R 46
MR e M4 LT A RS T e [ B RSB 17
AU B AT 5 R G0 R R Y B () TR R R DR L T
) B A | EL AT A R RS R

LE BRTIR WS FE T LATE P s mT LA
ffRGEER AT IT S, 75 T RENE SN
fE , B TR AN R BB AR T 455 pR B, AR A T BR T
ol SR W AR 254 7 ik 3 TCSC 5 SVC /B
el g )a M%7 FACTS 26 B dil s o) 125 1T &
Gkt

BRED)F / pou.

5 ZRiE

A SCHEE T AR AR BE ST T % £ FACTS
AR AR G AR BTt T IR SR 5 4 P R 4 o 2
1 X TCSC Ml SVC By FALICT5 K AR GL kA7 i sk 7
FLOM TR BE T I RS S5 R O B BT B 4 % T LA
R4 HISE B 2 FACTS By BRI 40, B b olas 1 4%
il &R AR B T R GRS R I B R L
WGBS RE ) R Y R | (A5 R HA ELF Y
FREE
S
(1] £ 0,5 2. SVC H A 12 ) 0400 ol (%530 91 3% 28 B 5 i

WFFE [J]. LR ML T/ 2013 ,32(1):23-29.

(2] V400 AR T, % 5245, BL TR X B 55 HE B D2 e 22 P B
UL A HL AR O A AR S LR R 4 A O] b L R A
2005,25(11),23-28.

(3] ALEE , J3 Bk 2. SVC By vt JT 25 i Ay PRl 42 11 7 125 [0 V9%
LT R ,2014,33(2): 1-3.

(4] Zomnss  SBEN0E, b4, 5. FACTS Whs 42 il F 53 iff Joe K e
U], o Ry 51 2012,40(5) . 138-147.

(5] waem  SRE10E, IVEAR 55 5 TR aE1H T 10 2 FACTS i
fic & [J]. H I E R 2013 ,37(4).942-946.

[6] AGHAZADE A ,KAZEMI A. Simultaneous Coordination of
Power System Stabilizers and STATCOM in a Multi-machine
Power System for Enhancing Dynamic Performance [C].The 4th
International Power Engineering and Optimization Conf. Malays-
ia.IEEE,2010.13-18.

(7] 30 3 Ao, B3 JE T BOMIHR & BEL ST % i £ 1> FACTS
JoEPrE S [I]. M) A s ki 45 ,2010,30(5): 18-21.

(8] B A, ML, 2k T 2 A bk 7 HEOL L 5535 19 UPFC P 4%
il (V1. d s R G pr A 5 1 ,2010,38(8) . 43-48.

(9] 5k 2. dE Ltk F Ge i 1 A8 25 Ry 42 ] BLE B 52 [D]. KRB K
PRAT 2 B, 2008.

(101 FakH. P48 S v MLAR LR PR P 980 T B R 4250 (0], vl O Bk o

HH AR ,2011,26(3):90-95.

(1] BT Mg, 2 dh IR, 5. U A ) & H 2R G A A T 2ot 9 1Y

55 B A O ELAE Y (). o R AL TR 24 3, 2009 (29)

178-183.

YE& A

FAET (1988) 53 VLI iE =N BB TR 0F | A= o ) 2 40 9 I
BAT W R GRS BT S P Y AR

REEIZ (1977), 53 LI E =N B TR NS ) R G0 %
AT TGy M R Il 410 ) 45 5 1w TAE

Y 25(1977), 9 LI E N Bz R A BT AR s
431 =X L YR AR T T RS TR

KA (1977) 5 TLHE =B, TR, NF B R EZETT
A PR T T Y TR,

(F#% 9 M)



RREAS S5 T R 0 I B T R PR Y 23 DX ) e AR v B T BF S 9

5 ZRiE

ARSCHET AL, T 0 DR R R R ARt L fE
TITHE Tk TSC A4k i e Ha N 22 s 1T 2 i 2%
PR R S AR ), 29T S5 b 25 R T O B F, B T
o B, 7 X 249 o % A B A 4k 3 % ] F5f 3 K 1 v I
FIN-1/N=2 2450 i ARt 9 53k 1% TSC, VLR
B 3 A4~ BLAY 220 KV 43 XCHL A8 (3 A SR R W] R
MR TSC 11557 kg g i 2 vl ALK 538 47 1 2K |
LA 5 v 3 FH A 0 S B P AEL
SE K.

[1] DL/T 755—2001, # J1 & G & 4 fae 5 W [S].

(2] B g, 5k W ok BRAE. BE i R L BB T 9 T A 1910 ol 3
5L P E AL LA 2R 2013 ,33(10) - 106-113.

(3] H R, XHHw R4 A5, I T o h 5 0 B H R Rt
fiE R[], rh B L TR 24 4], 2014 ,34(31) :5516-5524.

(4] ¥ & SREEFE, F il 55 T e 9 5 K M3k el 8 g 452 7 £t 1
J]. 1 &8 A B4k ,2013,37(16) . 59-65.

(5] # W& Z=dA:, Xk | 4. o R 24 A B 460 X i v 99 e K A3t
ALEE TR s ], f ) R4 A Bk ,2014,38(5):36-43.

l6] XIS & BRI, T W 4. 2% 8 i R 22 2 B 0 £ B br i
WA A [T]. R 2011,35(12):112-117.

(7] ¥ A, B a1, Ph . 0 T 35 v e A0 0 O R Y % Bk W g
[J]. M HEA [ 2012,36(2):126-130.

[8] % W, Dk, W ,%. 5T H M H AR M VSC-HVDC
Pk e L (7] A R 1 2012,36(10): 184-189.

(9] ZEdi s X, 9k B3 36 Bloak 22 oy b Ak — = 4 b 3 2 1 Ak

S S P ) A L] M 4R 2012,36(9): 115-119.

[10] 5y i fe | 50 6 A7 | ARk K. 25 I A Sl 56 40 A 1Y) Bl AL A5 A0 3 0
Jrik (0], s AR 2013 ,37(2):367-371.

(1] bkl | @ & whili 22 . TR Ph oS BmME oK
TE A e PR R 0 (0] o B TR A 4 ,2012,32(4)
136-144.

[12] B PHE M, 55 b, SR RHABE AC/DC fr A 1 37 14 3% 2%
N R ). P E AL TR A4 2013 ,33(4) (171-178.

PR TR

XIBRAN (1974) 55 S MRIZ I S R TR, N ) RS
GrbT AT U T AR

ZINAR(1974) B LM, TR NF BT 8 Eh
RS 5 TR,

TERR M (1979), 5, 2 08 L 2% TRV | A 3 91 35 32 47 A 7
BT R GRS e TR

WA (1978) B TR MR TR, NF B 2 EIAS
0T B AT A TR,

Study on Total Supply Capability of Zone Grids Considering Interface Flow Limits

LIU Shengsong, QIN Xudong, WANG Zhicheng, HU Wei
(Jiangsu Electric Power Dispatch and Control Center, Nanjing 210024, China)
Abstract: With the rapid development of power grids, the management and dispatch for power systems are deeply done in a
hierarchical and distributed manner. Total supply capability (TSC) of zone grids becomes a very important problem which has
attracted many attention by power systems planning and operation departments. Optimal power flows based TSC calculation
method is investigated in this paper. The TSC can be handled as a nonlinear programming problem, which satisfies certain
physical and operating constraints. Critical interface flow limits are introduced in order to consider N-1/N-2 contingencies
indirectly. The nonlinear interior point method is employed to calculate the TSC. Numerical results of Jiangsu power grid are
presented. The proposed method is practical and effective.

Key words: zone grids; total supply capability; optimal power flow; interior point method
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A Multi FACTS Coordinated Control Method for Improving System Stability Based

on Sliding Mode Control
WANG Hualei', FU Xiangyun', TANG Yi’>, ZHANG Zhifu'
(1.Lianyungang Power Supply Company , Lianyungang 222004, China;
2.School of Electrical Engineering, Southeast University, Nanjing 210096,China)

Abstract: As controllers of flexible AC transmission system (FACTS) in power system is designed independently, studies
have shown that there exists negative cross-impact among these controllers. The effect of FACTS controllers is weaken due to
negative cross-impact. A kind of multi FACTS coordinated controller is designed based on sliding mode control. The
coordination of multi FACTS is achieved, and the control of multi FACTS is improved. Finally the time-domain simulation of
a single-machine infinite-bus system with static var compensator (SVC) and thyristor controlled series capacitor (TCSC) is
performed to verify the effectiveness of the proposed method.

Key words: multi FACTS; coordinated control; sliding mode control



