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ABSTRACT: Uncertainty and variability of centralized large
scale wind power has significant influence on power system
security. A probabilistic security assessment method for power
grids with centralized wind power integration is proposed for
online evaluation. Instead of probabilistic distribution of wind
speed or wind power generation forecast errors, wind power
variation probability, more suitable for online assessment, is
used to model wind power uncertainty. Correlation between
power variations of different wind power bases is modeled in
detail with Copula method. According to historical dynamic
security analysis (DSA) data, possible wind power variation
combinations before next interval of DSA calculation can be
achieved with the proposed method. Then probabilistic security
assessment is carried out to evaluate influence of wind power
uncertainty on system security online. In order to improve
calculation speed to meet online application, a multi-
dimensional discrete model is proposed. Feasibility and
necessity of the proposed method is validated in an actual
power grid with several large scale centralized wind power

bases in China.
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Fig.1 Wind power variation curve
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Fig.2 Wind power variation and wind power output
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Fig. 5 Output power curve of 3 wind power bases
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Tab.1 Correlation between three wind power bases

S VA AH G R AL Spearman FEAH < REL
a, 2) 0.1817 0.2249
a, 3) ~02226 ~0.1995
@, 3) ~0.0161 0.0131
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Tab.3 Copula function parameters estimation

dx,dx, ()
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1, 2) 0.250 0 4.1589 0.012 6
(1, 3) -0.2215 6.366 6 0.014 6
(2, 3) 0.014 8 54619 0.013 3

3 HELMERREVE

3.1 HT Copula R¥MFRIFFEZHE

BT SR REBANINEIFSE S Copula HIGHE
LR MR 2R 0 S A DS AR B SR TV, SR A
AT N AR A S MR

D KRR N S 0 B 1 Z[ABENIAR & (2,
Zoy .o zVERAIURAE -

2) Rz, 2., 20 & FHIA 2B IH AT 2
(uy, ua,..., Uy)o

w=z, u,=Cop o (2), k=2,,N  (8)
a?llj!---,uk—l)c(ul"“uk’l"“’l)

5@:.“,”,{,.)6‘(0!.,'“uk,l,l,'“,l)’

4 ot'c

1) ZM )

RIDINS IS UND. (- A (Tl = TS VI -
v, = F () 13 2)(v1, vay..., vi), BA N AN UL EE
HIZhZ e B AL AL

4) BRI B 3 3L SR, 1S3 XHIEHLT)
R BNBEVFEAR, vase .., vvg)s =1, 2,...,80

HRAE 20 2 B RFEREA T AGETH1F 2 NS X
LR D AR S I SRR 0 A . 9 T F e B
B, RERE LR AT B B HOVEBT it . Bk
AN X AN R JE b 1 Th 3R SR 7 AT AT B
B AR B T B HUR, R 4. N DR AT, %
W B IR 270 A B B B0 RS KRR S Y
AU AT, S MEAREANE R TR BEHUR (v,

Cv(ul RTEENTAEY | (uk ) =



1144 A 25 RO T N XU D) R P AR S 1k [ 7E 2 W 22 4 PFAG

Vol. 42 No. 4

Varovn)s BT R SA S . B 7 NGRS
MER o A 0 B st oos B, B 7 R X
[-30: =10, —30: =107 ¥ B AN A AR E 3 8L 5 K A
(=20, —20). XPFTEFEARRAT B HUL S, WG
FIGA T2 B A IR

T4 REEMINFENEHRES %

Tab. 4 Discrete probabilities of wind power variation

s B UMW X Jal/MW f 2
1 —-80 -90~70 0.001 9
2 —60 -70~50 0.020 2
3 —40 -50~30 0.090 6
4 =20 -30~10 02328
5 0 —-10~10 0.3109
6 20 10~30 02325
7 40 30~50 0.090 6
8 60 50~70 0.020 2
9 80 70~90 0.001 9

_£§§_

10 39 30710
-100-100
JR B B 1 2 T JR B B 1 T
WEH/MW W BE/MW

7 ZHEEBRERERE
Fig.7 Sketch map for two-dimensional discrete model
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Fig. 8 Diagram for part of one provincial power grid
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Fig. 9 Structure chart of online security
assessment system

Th 225 AN A HRE A7 B0RE BE . I HAS AT 1B
N B 4 WRIITERET 20 000 YRARE, ARJEEEST
[FIB% 50 MW [IESHtL, 152) 363 4K I3
HE

WEZ 22 VAL D BRI E 2G24T, B 15 min 11
H—IK. BARESNE 461 A, BT b
161 Ao FEALZERE 2 KA 2 AN ZI 1 e o i 0t
FTRER 22 VA 5

B 1, XU WL W2, W3 A5l
N 1781 MW, 1029 MW Al 224MW, 543 X HEL T %
WA KBS B R R 6. HE 1134

=6 REBINZEFEEA RESERRGEEH 1)

Tab. 6 Wind variation combinations and overcurrent
severity index (case 1)

BT e e
TE WHIMW WHIMW fabi
1 300 150 50 1.22
2 -300 —150 -50 1.64
3 -300 150 -50 1.78
4 -250 150 -50 1.55
5 —200 150 -50 1.46
6 —-200 150 0 1.46
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Tab.7 Overcurrent severity indices for wind power
variation combinations (case 2)

oy S ThE HM2ThE HHh3 b hid
N WEMW WE/MW FEMW o
1 300 150 50 0.86
2 300 ~150 50 0.04
3 300 ~150 50 129
4 300 ~100 50 1.16
5 250 ~150 50 118
6 300 ~150 0 1.04
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Fig. 10 Comparison of security indices
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8 REINEFEEA KERS I E TR RIS HER

Tab. 8 Over-current severity indices and risk index

5 JEE AR bR W A bR
1 0.86 5.0x107° 2.15x1077
2 0.04 5.0x107° 9.45x1077
3 1.29 5.0x107° 3.26x107
4 1.16 2.0x107* 1.17x107°
5 1.18 5.5x107 3.24x107°
6 1.04 6.0x107* 3.13x107°

®9 REINRKNAS KRGS ERTMRKEIER

Tab. 9 Transient angle severity indices and risk index

5 = E e bR LS AR b
1 0.070 5.0x107° 1.76x107
2 0.056 5.0x107° 1.40x107
3 0.084 5.0x107° 2.12x1078
4 0.040 2.0x107* 4.00x107°
5 0.040 5.5x107 1.12x1077
6 0.039 6.0x10™* 1.18x1077
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Tab. 10 Number of Samples and Combinations

o K IhER BB 2H &40 H
AR s IR IR (Pun=1¥10)
20 000 363 205

x®11 REENXEINRKINESIEE

Tab. 11 Comparison for severest variation combination

Fedh 1 ThE A2 ThE M3 ThER

75 ) . . JEE FR R
P EH/MW P EH/MW P MW "
1 300 150 ~50 1.78
2 289 156 -70 1.87

R R 23 ik 178%, LU SR 2
HIPER ™ H R 11 o 2 SHE/ 0.09.
12 PHIH T RES] 2 FASCOINEM SR~ P
AR R BA GRS E, P EIRARAHZE AR

R 13 B T AN SRR 2 T
T IO AL B 5 ANE — 2 2% BR AR 21 5 1) 4 I XL
B, WTUAE H R BRI & 5 4 W X TH 5
WERN, MR R, B 5
BORI A P RS TSR 72, (H A U TSR AR
o L .

*12 REERKEBEINEERNEESIEEDS 2)

Tab. 12 Comparison for severest variation combination

e 1 DhFE A2 iR A3 DR

E= . . o SR AR
T WEMW BEIMW  EEUMW A
1 300 —150 50 1.29
2 323 —-157 58 1.40

R 13 RIEIEIRERIIE
Tab. 13 Comparison for risk index by different methods

il SHbE RN RAE G SRR Ik
5 A A B e B
1 9.2x107° 8.7x107° 1.10x107*
2 5.5x107° 5.1x107° 7.04x107°
5 Z5ig

ARICHR T — TP A RN X L T R Bl
L HARRIE IR 2 AVl Uik 2T P s i i
S DA BN KR AR, SR Copula BR£K
SEELX LD BB R P I PR A . AS[R] T XU H
Dyt WA S, XU S H g sl ) A SR 2
XEFRIA, TR R RE LA TR AR AL

KHIZET Copula BREUNSRFR 2 7 FURAEA
AR 15 min A HL ] E H B AR DX HL 3 T 3 38
. BT TR S5 LR KR 540
xR, HCEGEN MSRF R 2 HA R EAAELIEZT. M
g VT EAELIEAT, He T SC B IR AT AT
REM X R B DA s 8 B VPAl R D I
BN L A . N T SRR AR, R 2
B WO 7 ik T A0 2 A XU R S T R A 4 5 1

BRE MR, B RCR R IR ROR R

AR SO W I 5 iR AE 5 A O Al AT T B
UE, 2558 XU L T R P Al I BE R 22 v P Ali TH B g
B54E 10 min WSS BERSIH AL LL 15 min Jy NI
FEL 2 ATl IR FEEOR . ISR % VA RE
FRHARK 15 min 7T B8 A 5™ H A KU DA
A, S A X H T R [ I 1) _E e K
BENFHFA IR B, P b PR ARRLDLUX L 1)
FEP NI E M

SE 3 Hk
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