U ER TR

23 2020 4F 5 A

Electric Power Engineering Technology

F39% A3

DOI:10.12158/7.2096-3203.2020.03.004

75 Jig RUHL 3 A B H I s L T 28 4 3R

BRI, B %, LF,

WER KFEW

(L J"ARE A RTHLA /A REE0EERE, ) AR T 5100805
2. BifgE R AR, LI 200240)

H E. LRk ARG RAREEBEIRE, B RARBITERRBEREREF, ATREMGZLBEFES,
R L EREENG SR HE S ELARY Tk, AA ARELENARAFLELBELALY R, MER
RB LA EIT, A THEZEFSNEARES, XA, BEIBEFTERFBARXLERF O ELAHBE, FI
A JE AR, KRG, AT F)NH R AR 0 R TR 7 ok, AR TR L2 A sk, %5, @ IEEE 118 ¥ &,
MK R RIAEPTIR 75 k09 A AR T A7, Bt 45 AT 4, S R E R R G, Ak % h 6948 % B

MK, 0 R A T8 R I B AR K

R R 5 0 R A AR AR R AW RAE R B A XSk

i E 4K S TM732 MRS A

0 3§

IO 745 SRR 8 7 T A 2 9 BB P 3 e ke
L v 4% 6 R 25 ) SR L BILAR 5 TN, S TR A A
RO EAR L R 2 S A BEE MR H i
R RSB AT 2 (6 W B, bR S o e e 1
T L X 4038 1T 2 B A 9 3 N B 6 v P T 4, T
S TG 22 58 TC B 1) 22 AR S IR 7 IR R
T AR e T [, 2B
U 2 A 2 i A3 R 2 I B 40 T L 3B
ESERE | TEIRE AU L % IR SR BP9 i 2 g
o 2 AR IT V8 1 A0 W B AT A 2 A 82 ]
(RO X (L B A T 22 4R 25T A , 76 SIS W R 2R 55
FEAAJEN Iy T ) s A B T — AR e
3] r O AR 25 AR RN A

RIS R B e AR
F.D.Galiana 25 N2 0 BT, 223800k 8 SR i
JERGE AL R E AT Z R A A SRS AR
BEAN . WO MR A RO T B Ak
R AF T 920 R R B, A, % ke
STz AR IR R RR O TR E
R SFESITH S o SCHRTS 1) HE S 1 3 f)
R T s s ] v AR S 22 A B R A
88 7 T W LR W ) TR SR . ek [ 7] #
— il T 22 A 1 KU H ) 2R /NI Bh o b O
A5 B A7 :2019-12-02 ;45 =1 B #7:2020-01-16
AEF A T B d s WA RITAEA S AHA B (GDKIXM-
20162540) ; B R S B A R L+ %) (863 i+ X)) T3 A A
(2015AA050404)

X E 4T :2096-3203(2020) 03-0023-07

2, TR AE R R AEAE 2 B 7 0 SCRR[ 8 ] BT
TEAS 31T R A DR e, 2t 3l A 2 A B
BRI, W RGEMRAN L 2R
AL VPGSR Topns e, STk 9] 42 0 —Fpid
T RFE LRS00 2 4 Sl HE ZE AR, ][] 25
AF AR D 2 BTG R AR R, S Ja e, TR 198 5 s J R
FTEZR

S, LA & o S AR 1 0 A U RE TR
FUBITRY, 5535 28T 1 XU B BL A AN AT 42 P 0t
H, 0 22 A PR 2SR R B AR RS2 I, - I JRURE £ 2
SR/ 2Z (8] B AH SC PR s 55 2 7 5 i RS &
e M T A O S ) R R AR

FEXT R B8 IF e T LA RSSO, R
T S A B A A ) R R
FabR, T 92 mb P Al B ) R AR HIR, A
FI B BE# 3R (auto regression moving ave-
rage, ARMA ) I B #% 4% K ( time-shifting technique,
TST) BTN T 5 AH O i KGH IR [R]F 51 . K05, $2
Y P TR R AR s AT AU R R AE I
Ji i, IR g A o A ORI P, LA v 2 A
HEEVERL K o e, il R SR T T4
Ty B AR R AT AT

1 BEEREWREIER

TERRAS RS2 P 0 A v, A BR 5 2 00 22w ot
WAMNAEIE : Py, 70 i BFEUMETUfT A Qo
KL EATCIINAR . AR T IR R
&F, Q= Qi tim o Bifi 5 oy 38500, 3R 58 HL s 7K -
R K, BRI R A YRR R, B



R HEHER 24

TR BN FHEAT R P, s P TCTN/ T 2 SR 0
AL TR SR ks % LA R EREHL
i PR LS T 25 2R 496 v B £ K v L 3k 3 I A
R, R R AR5, B P g0 DETH NI
- RBR{E (P-V) B2 R 238, R AE R RS
TR

I
l
I
l
l
l
I
|
|
I
I
Py P, smax P

1 TR PV g
Fig.1 PV curves for load bus
SCHUREAT D D 34 Dy 1153 H T 2 4 JE AR A
M FEESH T R R LT R R
JEm (D) FI(2) 35
APi:Pi,Smax_Pi,O (1)
Vs = miinAP,; (2)

e AP O AR TR s P » Pio 77
BT I Fs AT AR IE AT IR R I G e 4
s Vs E KRR e, 1R TR E
(19 97 Ay A1 A FL LD R0 1 T 30, 3 e A P B
HEINZE

2 FREZHFHFSEEREE

FETSCER 1] 5 A AR AT B ASf
R 2241 ( static voltage security region, SVSR) # 7 |
FE AR

0, ={(P;,P,0,) ‘f(x) =y,V e Ry,

Qc € RGQ’II € Rl} (3>

K fo) =y TR 5o 0 R HL R (AR
FAA 5y N RATEAA RT3V s
SRR ) 5 P, @ 23 5 A AL A 20
DRI YR i Py, @ o3 5 T 49 kA
I ZMTC ) T A [0 5t 5 1y by 2k 3% F, U Wk (L 1] o 5
Ry, Ry, Ry 735010075 s IR R AEL 20 oK R LBl
IR ES AP RIS SRR

FEE(3) 3 Y 8 T A )R A5 ] i, A =X
(1) FIZ(2) XE LAV B e 4> 22 G2 i WL T 22 AR T
HEBATAER . FErf S 2 A SR ) BL il | o
MR 2 TR B 2 el ], A (4) & X
TIHEANRAE Pzt A Py B S i 2 ik
FH R/ L1 JEER g, 20(5) /& LT 2 4Ekl s A o

Ao E R e R T
A=min [P Py, o e (4)
Vo= M 1009 (5)
— 0
P,

AP O R RN A ERIETT R o N
55 1 AR SO T 00y NI RS
21 REBHHAOTNER R HEEXES T

T2 A IR vpr A RCBILRRAE i 33 b
PQ 5 51, A HA T I 3050 2 K ILRHLAR ) 3%,
HERGEA 5, AF B 22 153200

S B RGBT — 5 B BEDLIE TR A, XU I
5 S, (1) AL (6) A,

Sew(t) =p (1) + o, (8)s,(1) (6)

e w, (1), o (0) 3 NI B ¢ 2R & A4S XUHL Y
A1 28 DX N XU AR T 22 5 s, (1) A XU RUJE i
WHEFS . (n, m) B RUBE o6 B 18] 7731 ) ARMA
BT -

(0= Y gt =) +a(t) = 3, falt =)

(7)
e @, 6, 20900 A BHE (AR ) B8 HIRS 3 -F- X
(MA) BRI ZH a () i S R 5
ST AL AH T 18 XU H, 37 XU e 471 22 (]
HABSRAAH N, 2 (8) 45 th 1T X7 k1 A2 1)
G e S AR G E R EO TR T %
E(Skl,WSkZ,W> - E(Skl,w)E(Skz,W)
var( S, )
B ) B B R G var () 07 22 BRER
X 45 5 B XBAH O ZR 40, 80 RS HOR AT iy i iR
JGE PP A REDSR A EARSC U P41 . i (9) Rt
AR ¢ = K + 1, (RGE P -
Yrer = (1 = tg) 2, + 12, (9)
e K g S50 RS B BORINEGH 43 5o, o I
B I P A1 5y WIS i XGE 8)
R 377 09 A5 23t 3 - KU ASE TR 5 JBXU E, 3
bR 1, = (10) s o
0 v<w, 8iv=n0,
Py(v)={kw' +k, v, <v <, (10)
P,.oov <v=<svo,
Xk =P/(0] —0)) s by == kw5 PO
WENZ v, 0,5 v, I KHLEITIANGE | BiE
R AT H X3
22 BESHEEREHBAES
WL AR T 28, ot A JRURR HE 2% LU

p (8)

var(S v )



25 JEINI 45 - 75 XU B HL R A L T 2 el

J G JRCR 0y 0 AL i Fi T R A B4 D 2 5,
A (1) PR,

J
9AP,  9AP,
J.=| 90 oV (11)
9AQy  9AQ,
00 oV

T, YRS RS LUAE I s APy, AQy 7391 A
LA D FITC S Sy A ) 425 V, 0 43 531 D9 5
HL LS AT £ 1) 2

LT R HEFRE A (quasi steady state, QSS) 5 #2
AT, RRE RS SR A L s AR fl e i Rl 2k s R
AV, = Y H AP, + Y S, ,AQ, + Y R AP,

deLUWUG (12)
A H, R TR d R R TR LA
IR REGPEAE; S, N L d YL A R T
TR L JCI IR RBEAE L, W, G 3530 o e A
Hi7 R R G RGN R L R (A2 1L
AR s P2
Vd,mm = Vd,s + z Hi,d,s(PLi - PL[,;) +

ie LUW

2 Si,d,x(QLi - QLi,s) +

ieLUW

ZRi,d,s(PGi _PCi,s> = Vd,max de LUWUG
ieG

(13)
K Vo, A5 s PR d B RIRE P,
Qu. 75 S s b S5 XY /i AR D)
IRRICIN AR P FGrsh s ARRHLT AL i 3
AR Fa(13) L3 (14) |, J 5 R AL
A d AL TETRE T BRZ AR EFRZAT,

Vrl,min = V{[,s - ( 2 Hi,d,sPLi,s + 2 Si,({,sQLi,s +

ieLUW ie LUW

z Ri.d,sPGi,s ) + z Hi,d,sPLi +
icG

ieLUW

Z Si,d,sQLi + ERi.(l,sPGi
ieG

ie LUW

Vd,max = V(l,s - ( Z Hi,d,sPLi,s + Z Si,(l.SQLi,s +

ieLUW ie LUW

ZRi.(l.sPGi,s) + z Hi,d,sPIj, *

ie LUW

Z S::,d,sQu + ZRi.d,sP(;i

ieLUW

(14)
A E I R d R (R BREACH E 192 42

iﬂji%lﬂ,#%{ﬁﬁ/@ Vd,s = Vrl.min s PLi,s = PLi.cr s QLL',.; =
QLi,ur , PGi,s = PGi,cr AR FERIE Fs 1T A A

(14) 25— 0R A
Z Hi,rl,chLi,or + 2 Si,d,chLi,or + zRi,d,chGi,cr =
L ieG

e LUW e LUW
2 Hi,d,chl,i + Z Si,d,ch[,i + 2 Ri,(l,chCi
e LUW ieLUW ieG

(15)
il Aastr s e, Wil Bz AR AE TR
MIRBIENE H, ger s Siter s Rigo WHEL A—1EAL
BRE SRAG o AR (A PRI S A 22 4 Sy 1) 3 1)
FaR N (16) frs , iz 5 al o 22 42 30
Fto [AIEE, g (14) Rl SIS AT m AT SR AT dy o s i
{H_F BRI 1) 2 2 3EE AR
z a’iPLi + z biQLi + zCiPGi =1 (16>

e, b, ¢ LR AR
23 ETREXEEIMETREBERITE

SCHRR Y — b i g e U0k e A A
SBTTIE o T3 1k R R FR R A A 14 R R Y
LT B e DR ) 284k, 38 A0 16 AR T i S
SIh B, O IE AT R R T I 1) i, SRAS Y
S 2 R A DR , e AR E BT 4

IR 1 R iatT IR AL, € R AR
SRR R AT . BOEERPES, = 1.

AR 2 X201 A L MR s 5, ARG
U S, Py I RBUZHFE X, s (17) R,
B, A AL SECH S m, S R BH i
0Au, 0Au,

P, ’m’aPcm’

XSP:[R(I’H(I’S(IJ =

dAu, dAu, dAu, dAu,
SRR , SRR ] (]7)

aPy, aPy, 00y, a0y,
AU 3l (18 AT RIAE i w, TR PR A
R IRIERAT G X, 5 MR DRI R R X 5, o
BT SRS T ) ) A kc,sp ’kL,SP o kc,sp (S g
ATEEN 1 AN 0,8 kg =[0,0,-,1,7+,0];
ko o 055 L ATEH 1,340 0,y =[0,0,-,
L,-,0] o RABE RN KA AL HFTIE AT 5B 2
SR BB RARER R . WK b, W — 25 1%
UG BREA SR R M (19) . % TR &R
GERY ST AR RUPL Y R DSR4 T B e PR &
YA X, ST X, g AT RS
KX (17) PR RS EOM R, h=U(18) &

TR RE K L S AR A AR K A

. (0Au,
X, s =mm( )

g5,
Gi

(18)

[ 0Au, 0Au,
Xz,sp = m;n( )

aPy; " a0y,



2 HEHEAR 26

Pc,sp = Pc,sp—l + kc,sph
PI,,SP = PI..SP—I + klt,sph (19)

QL,Sp = QL,SP—I + kL,s,,h"?

b WA TSR S A A

IR 4 A ARG BT ST 2 i A,
PRt &k, w4 S, =S, + 1, 3R 5 2,
i UL A2, A e i 2 T AL — 2%, )
WNIBAT HAALT 2

(1) RGNS

(2) TR BT HREMZ SR ETIR;

(3) ZRBRHIR T HEE MR .

AR S SVSR il 5, Wz 4T
T8I BRI 03 3 B b, T ORAIE B ALY A TE 2
Qo = Qi » B R UR T30E 1Y %42
HREBRAG T TR AR (1) FIAAE(2) | [l 2
JE T ARG BB AE 7 RN Do 3T SO R A
e R PORF G F A8 17 10, A B AU e v B 4% S
AR, WA (3) B, AT 20k ROF B Fins
Ay miAE i B e P 80 dhe T DA SR £ 5 PR 42 il
RGN, B T2 A I A ) 25 g g AL 1 2
FRi7s A4S A SN e BE VAl o it
SR B A B 4 - W) B s AT s HR AN A A
MRSE L RAR . 2.2 Al 0, S i R %
IR R R ER ST E . N IAE % A
FEVER Y BE, i B S H S A7 A A 2 4
PIRAE R R AR TR S Y EIR S
LTS D7 v i i i MO Y1 v 3 i e LD
T B B Ar 25 HEAXUR 373 1 ), SEBL R GE R R Y 22
B TR .

3 BHISH

PLIEEE 118 35 sifF A R 48, I R
EOL VAR /ae e U R N U R - R T ST A= g L]
TEA DA L 181 A, W T4y a5 22 4 3 -
U7 Ao R TAURAR 7719 5 95 105U 1 o R %L
IR NR) B 8
31 MEHBTREN

HLJT R G4 By 5| v T R 15t 5 5 A R
A R R S Y A PRI TR 1Y
TEL ML BB i B GRIE L ) R G2 e 18
T EEALSS . B3 R T RGBT ERS
HL 2 el B el ) L1 YA R

HIPE 3 AT, R GEia 47 i 27 5 21 MY AL 53
B (14 FL P 22 ey B 1) 2 T B e, T A DAL 2
AE A Y RN TR T R 5 R A i R

WML AIE AT A
(PooProOy), BTN
LRV, H SN,

i
¥
[S=1CE %D

| |
| |
| |
| |
| ‘
| |
| |
| |
| |
| |
| |
| ‘
| |
| |
1 i
| em HI(18) e ARSI TR A PR | !
S| i, g ma | ] |
| (19) U S5 HIZAT 1 (Po5PrsyObs,) l
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

|

HIWHEAT 2T
fr T2 g it e

[ T BT 9,

75\
£
i e B 0 A T T B
T, ST 4 Sl MU
| ML [ KU 3 R PEA Bt

it R B S AT A T

HHTRGIEAT R
AN 2 LR R 5%
SRR PRV ?

iy

E
THELEAT R 2 2 I S
)R R, SR AR LIRS

B2 ETR&EERNNRFEBETIRERM
Fig. 2 Operation state awareness
based on security region model

F1 TRSHHSEEREFETHMBSRY

Table 1 Hyperplane coefficients of
Bus95 SVSR boundary
A AL A R
Py, -0.027 Pys -0.143
Os -0.084 Qos 0.381
Py, -0.059 Py -0.054
Qo3 -0.087 Qos -0.171
Py, -0.052 Py, -0.024
Qo4 -0.162 Qo7 -0.086

W, T L O AR N BT R

PSCHr e S R R ARk, (s 1T
LA B I R AN (R S WYY A R A
JE I REA LIS AT R A A R AR E AR AR S Y
ARAHRE o ARIERE S T T 15715 TEEE 118 75 i1
R R e Y REIEARERIE T 4
R ARE BSOS 025 R B P IR 2,



27 JEINI 45 - 75 XU B HL R A L T 2 el

14
E 12}
A S—————————————
< 0.8}

o6t
X ol
i 047 —Bus20 —Bus2] — Bus22 —Bus43
i 03 —Bus44 — Bus52 —BusS3 —Busl17

I

SO OSSP SSL S S

NN NN N AN N N N N
I} ]

B3 iBE1TAZ SVSR MR L1 S
Fig.3 L1 norm distance from operating
point to SVSR boundaries

x2 AEESTHTRSE5RY
Table 2 Bus participations under different modes

B B2 B3 B4
A =017 A =031 A = 0.83 A= 114

Bus Py Bus Py Bus Py Bus Py

20 0.22 43 0.32 51 0.24 117 1.00

21 043 44 050 52 041

22 0.34 45 0.18 53 0.22

23 0.01 58 0.13

T R Ay R B S I P AR R

H12¢ 2 WIA, 181 3w ) kA v s 22 A Y
T RS I A W T R A AL, 22 ok U Dy
B S A RIS T 559 71 i E S A A 06, T
YAREE T [T 1847 R A AL W55 T A
LAEMERIN , X T RGN G, WG 418
BRI AT R G AT TR
32 ERBHNREMERFRITE
IEEE 118 5 5 RS, B /& 26,59,73,77,92

SR LL S R &AL F R K g
SR S E ST AR AL ks 1A R, e S [ R
AR SE I 2 A1 1Y 24 b XU SN BSCHE o 35 BB
AL R 37 (8] KUH AR 56 22 80 0.2,0.5,0.7,0.9 11952
IR FEAS . 223 Tz 1 307k S B R SR
Bl I M 7 B ( discrete hidden markov model,

DHMM) \R@?ﬁiﬁuﬁ%(gray model, GM) 5 1) X%}
HeH T p e 3 AT, A N TR b KU O R

ﬁ%mﬂﬁ%&k%mﬁﬂﬂﬁ%%ﬁﬂﬁﬁi
P o FEAHOC RBURARET , SCh Iy A 1 i 5
DHMM Jy v 23 H 0% & F CGM Jy i, X & i F
ARMA F1 DHMM J5 1 34 HA i iy A P57 51140
AR & AT R AL

SRIUE SCH O AR L A R G AR
TEAG A 850, o IS 4 g 5e 2 X iR A
75 A PR [ (A O 1k Xt R 0 28 AR BE I g iy, L
RSEINFE 4 M5 Fiw. 73 F 77 IG5 Ak
RGP 371 22 (8] 47 7E — 52 WA &k, R R (6) —=X

(9) TR EAT A R AH G 2 ) KU P31
R 3 AR R ET XUAR 37 KU AR L ) B

Table 3 Simulation accuracy of wind speed in
wind farm with different correlation coefficients

— DR ASE UL i
ARMA+TST ~ DHMM GM
0.6 0.773 0.782 0.512
0.7 0.802 0.789 0.531
0.8 0.823 0.790 0.480
0.9 0.861 0.776 0.616

x4 AEABETREZREEXRE
Table 4 Correlation coefficients of
wind power in different cases

AL 4 A 25 /MW
Yist
Bus26  Bus59  Bus73  Bus77  Bus92
— 200 150 75 100 120
it 200 150 75 100 120
= 200 150 75 100 120
g 200 150 30 50 120

x5 AEBETREZRENEE
Table 5 Shifting time of wind
power in different cases

Bus73 5 Bus77 XUi# 55551

Y

LB I E/h
— 0.2 13
= 0.5 4.5
= 0.9 0.5
] 0.9 0.5

e BA AR RGP SIRCA L (10) , 5K 15K
LY 3, 4 o T 2 R XU ML AL
PRI 2 (4) R(5) SR 01:00
£ 2400 [y B2 AR SR bR, A&l 4 BT

3.0
=5l = 2 - 53 = 4
2.5
=
# 2.0
jouns
15

@ 1.0
0

123 4 5 6 78 9101112131415161718192021222324

E4 IEEE 118 TRRFEREREWRE
Fig.4 VSM of IEEE 118-bus
4 AT 50 4 A BE AR AR 0 A DX AR IR R
[1.04%,1.29% ], [ 0. 97%, 1. 34%], [ 0. 76%,
1.47%1,[1.55%,2.63% |, W& pHsE—. . =7]
M1 R S g 22 () A O BE RO, s i e



& AH) ALK 28

b€z RIEARERVER SNl o /775 <N L 51 Y =
YA RN, R R LB
AL, ARG B 7 AR I, XU A B
W 0y Ey 25 22 B X A A i b BRI 3, 1 B 1 ok
MG R 5 (i R G B R R e XU
AR L (R BEATL A A AN BT 2 T RS R A 89 0 A1 1 A
B PR i 2 AR A SR B AR

4 g

HEPRE M A T 8% 7 T — M T

S L R SR . e, AT RS
TSR AR FR 75 70 20 2R IR 2t F T 22 A

B, T SE PP AS oL ) R G aRA . W, A
FH A 1A 3l - 2455 70 0 s B i A ASE 00 00 5 A
AR KIS ] 2 51 o SRS, 3 e AR 25 U7
G A XL R L2 Bh AP, e,
BT R B R 20 A n s S R G %
AR VAL

B TEEE 118 45 il R EGE F Y4

FM], 25 SRR R I, RUHL 37 1 0 2 Ta] AR
DRFER, W e 22 4 T3 1Y) 18 8 3 Tl o, O HL
XL 37 A2 BN T A R AT BT A
Ko WA, 3 Iy ikl AT 355 1 s I 0 4 e
JEPEA, o FESERR AR b, A1 =X AR 5 ) SR s
DA TCT M 2 B X 3R G iR A L R 2 4l AR
SO, XA S5 S i — AP TR A
S 3Tk

[1] DIAO R, VITTAL V,LOGIC N. Design of a Real-time security
assessment tool for situational awareness enhancement in modern
power systems[ J]. IEEE Transactions on Power Systems,2010,
25(2) :957-965.
XIMR B, TLWeZR , LI, 5. 0 Re e M T AT AL B AR 11 e 2
[J]. W B 8hiki%4,2010,30(1) :7-13.
LIU Junyong,SHEN Xiaodong, TIAN Lifeng, et al. Prospects of

[2

[}

visualization under smart grid[ J]. Electric Power Automation E-
quipment,2010,30(1) :7-13.
[3] GALIANA F D. Analytic properties of the load flow problem
[ C]//IEEE International Symposium on Circuits, 1977.
[4] KANG C Q,XIA Q,CHEN Q X, et al. Steady-state security a-
ssessment method based on distance to security region bounda-
ries[ J]. IET Generation, Transmission & Distribution,2013,7
(3):288-297.
RIS, ARG . DR s (] Y ) RSV E 4 4B
[J]. 1 &R% A 3h1k,2013,37(18) .42-47.
GUO Cong, YU Yixin. Boundary of thermal security region in

[5

[}

decision making space of power system[ J]. Automation of Elec-
tric Power Systems,2013,37(18) :42-47.
(6] M, TR XU, o 1. R ) 2R G0 S I 1 B A9 A RO A 2 &2

BiET]. E LR, 2015,35(6)  1-5.
YANG Ming, CHENG Fenglu, HAN Xueshan. Real-time dispa-
tch based on effective steady-state security regions of power sys-
tem[ J]. Proceedings of the CSEE,2015,35(6) :1-5.

(7] Z58, ARG EE. HeT 2 25 & K R ) RGNSl AR
EMLT]. ARG A B ,2014,38(10) :43-48.
QIN Chao, YU Yixin. Security region based probabilistic small
signal stability analysis for power systems with wind power inte-
gration[ J]. Automation of Electric Power Systems, 2014, 38
(10) .43-48.

(8] XUPRAR, BRILEL, XU i, 45 KL Ak A AT 12 ) /S 0 Bl 3l 28
LA RINET]. By A8k, 2012, 32(2) :29-33.
LIU Huaidong, ZHANG Jianghong, LIU Peilong, et al. Small-
range search of DSR based on improved analytical method [ J].
Electric Power Automation Equipment,2012,32(2) ;29-33.

[9] MAKAROV Y V,DU P,LU S, et al. PMU-based wide-area se-
curity assessment: concept, method, and implementation [ J ].
IEEE Transactions on Smart Grid,2012,3(3) :1325-1332.

[10] T, 9% whioi 1, 45 HE 20WIR 2 Bk 75 bob K 2l
BT S [T ]. RS A 8i1E,2011,35(13) :49-54.
DONG Xiaoming, LIANG Jun, HAN Xueshan, et al. Analysis
and improvement on parameter selection strategy and step size
controlling in continuation power flow[ J]. Automation of Elec-
tric Power Systems,2011,35(13) :49-54.

(1] e, 1S % I RGEA L2 T]. hER2A (A
48),1990,33(6) :664-672.

YU Yixin, FENG Fei. Active power steady-state security region
of power system[ J ]. Science in China ( Series A ), 1990, 33
(6) :664-672.

[12] XIE K, BILLINTON R. Considering wind speed correlation of
WECS in reliability evaluation using the time-shifting techni-
que [ J]. Electric Power Systems Research, 2009, 79 (4) .
687-693.

[13] WEI W, LIU F, MEI S. Dispatchable region of the variable
wind generation [ J ]. IEEE Transactions on Power Systems,
2014,30(5) :2755-2765.

[14] GAO B,MORISON G K,KUNDUR P. Voltage stability evalua-
tion using modal analysis [ J]. IEEE Transactions on Power
Systems, 1992 ,7(4) ;:1529-1542.

(15] PFEAR, REET 45, 55, RO HLAL B Al B S0l e i
Ao L] WiTLHs J7,2019,38(2) :44-49.

XU Guodong, WU Kuayu, YANG Jing, et al. Quantitative anal-
ysis of inertial energy support process of wind turbine units[ J ].
Zhejiang Electric Power,2019,38(2) :44-49.

[16] E L. & JHUR R F) R 58 22 B 28 RUBE B3 3] 7 5 T [ A
W[ D). BRI p RO, 2013.

WANG Kui. Research on some problems of multiple time and
space scale coordination of wind power integrated system[ D ].
Wuhan ; Huazhong University of Science Technology,2013.

(17] #3305, B R R 3R AY DXCIURE R4 3l S - 3o [0 ]
L AR ,2018,42(4) 1 1132-1139.

XIAO Fei, Al Qian. Prediction of regional distribution network



29

JEINI 45 - 75 XU B HL R A L T 2 el

[18

[19

[20

disturbance events considering weather factor[ J]. Power Sys-
tem Technology,2018,42(4) :1132-1139.

BB S ERIY LS KUL TSR B gk [T, wh
JEFEA,2016,42(4) :1047-1060.
QIAN Zheng,PEI Yan,CAO Lixiao,et al. Review of wind po-

i

wer forecasting methods[ J]. High Voltage Engineering,2016,
42(4) .1047-1060.
1 HAZUR, R B, SR, AE E T R S B e S R
SIHTRGELT]. WL Jy,2018,37(7) :31-35.
HU Liexiang, QI Xuanwei,QIU Yutao,et al. Recording and a-
nalysis system for full frequency domain transient information
in power system [ J|. Zhejiang Electric Power,2018,37(7) :
31-35.
1 B A, 3200, 5. —Fh AR T RS 0B BLIS L )
RO REAE Jy k[T ]. WivLes J7,2018,37(8) :28-34.
FANG Yanan, YANG Liu, GONG Renmin,et al. A fault phase
selection method for power system based on mesh fractal theory
[J]. Zhejiang Electric Power,2018,37(8) :28-34.
B, TRV, 55 BRI MRG0 KM E 2=k
)RS P HREOTFE (1], AR, 2017,41(4) :1035-1042.
LI Mingjie, YU Zhao,XU Tao,et al. Study of complex oscilla-

[—

tion caused by renewable energy integration and its solution

[J]. Power System Technology,2017,41(4) :1035-1042.

[22]

[23]

EARME, el M DT, 45 R KU 37 1 19 2R 8 [l 2
WG LER [ T]. ™A ,2017,41(4) :1050-1060.
WANG Weisheng, ZHANG Chong, HE Guoqing, et al. Over-
view of research on subsynchronous oscillation in large-scale
wind farm integrated system[ J]. Power System Technology,
2017,41(4) :1050-1060.

XSO ARG, B 22, 55 JE T XA T XUt 235
ST E L 2R T]. B AR, 2015, 30
(3):172-178.

LIU Wenying, XU Peng,ZHAO Zilan,et al. A research of sta-
tic voltage stability region in wind power scenario based on in-
terval estimation [ J ]. Transactions of China Electrotechnical

Society,2015,30(3) :172-178.

JARI(1977) , 55 B L, g TR, A
R IB e S AR

HAE(1991) 35 1 A B BF S 5 10 vy
J1 R GERSHIERN KB AE ) R G 5

LA (1969) 55, 18 4, Bfz , LR 0,
WF5E 7 10y L RE B A AR B R A
W RGP IR ) RGEERE A Xk
FL 5 (L 4

Calculation of power grid static voltage security region

considering wind power integration
ZHOU Gang', XIAO Fei’, Al Qian’, XIE Shanyi', ZHANG Yufan®
(1. Guangdong Power Grid Co.,Ltd. Electric Power Research Institute , Guangzhou 510080, China;

2. Department of Electrical Engineering, Shanghai Jiaotong University , Shanghai 200240, China )

Abstract: Fast and effective assessment of power systems security region can provide decision-making guidance for system

operation. In order to identify operational state of power system, a method of static voltage security region (SVSR) considering

wind power integrated is presented. Firstly, index of voltage security margin is presented by combining continuous power flow

model and condition of limit induced bifurcation, which could quantify the level of voltage security. Then, hyper-planes of SVSR

boundary by blending quasi steady state equation and heuristic algorithm are calculated. The hyper-planes assist in online

assessment of security state and load margin. Further, the method of wind power forecasting considering correlation is

introduced, which establishes foundation for situation prediction. Finally, the correctness and effectiveness of the proposed

method are demonstrated by cases studied in the IEEE 118-bus system. The simulation results show that when the permeability

of wind power is high, correlation between wind power output and fluctuation range of voltage safety margin are greater.

Keywords : wind power; index of voltage security margin; static voltage security region; quasi steady state equation; heuris-

tic algorithm
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