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A mixed method for voltage stability probabilistic analysis of
power systems containing wind energy
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Abstract: In order to assess the voltage stability as wind power is integrated into the power system, a method is proposed to analyze
probability characteristics of voltage stability based on probabilistic loading margin index. The deviations of these random parameters
are small such that linear approximation of loading margin with respect to these parameters is valid. After calculating the sensitivity
matrix of loading margin with respect to random parameters, superposition principle is applied to separate the loading margin
deviation which varies around the expectation into two parts: load random parameters and wind random parameters respectively. The
simulation results of the proposed method compared with those obtained from Monte Carlo method and moment and cumulate
method for IEEE-30 test system show that the proposed method is not only precise but also simple and fast.
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Fig.1 The probability density function curve of loading margin

percent obtained in normal and abnormal operating

circumstances using the proposed method in IEEE-30 system

WA 1 BT S 0 R A SO AT AR EI
BT R B AT B L B A A R R AR AT 4
EEHBENAREI ML, RERTUERM
TR B T SR E M R oA,
HERERRERNMCEN MR, KARGRET
R R MY .

®1 FEBBTRETHRTERNER

Tab.1 Results of simulation in abnormal operating

circumstances
WreRscEk, ke B E() HREEe KEBEE
Bl GAMEHLD
- 0.5588 0.09628 0.317758¢-8
12-14 0.5507 0.0950027 0.3249099¢-8
2-4 0.4710 0.08909 0.607943¢-7
2-5 0.1461 0.121585 0.1148225
2-5, 8 0.0765 0.1121953 0.2477338
HE 1 W4, EWREBITHRTRGEREBER

REMEE N 0.317758e-8, #FIET 0, 4HiPIMTLE K
BLUERERBMEHEIRE, MK 2-5 Wik


http://www.cqvip.com

-30 -

e

E 000 http://www.cqvip.com]

EI A 8 LEBAAMENEERN, REMESX
0.2477338. LR REFH: DR FBITEHR
GREWMEM, TURALFLAMBRMALY

BT HIR A
22 A3 EF Nonte Carlo Xt E R E

BoNMSEMSE
Tab.2 Using the proposed method in this paper and Monte
Carlo method to calculate the expectation and standard

deviation of loading margin percent

Bk BHE E(A) IFHEE o
A T5 ¥ 0.5588 0.09628
Monte Carlo 0.5562 0.09630

RE 047% 0.02546%

R 3 AXFEMEFERETERER L
Tab.3 Contrast of calculation time using the proposed

method and moment and cumulate method

BT HE E(A) WrHEE o vHE B El/s
ATk 0.5588 0.09628 42810
BT 0.5588 0.09628 7.1720

MK 2 RS R T UEF R RASOTTE T EAE
PR B A ST AR B 2 U BME R T ZIRER
AN, MEBBPEIREF. 3R 3 FEVF N LSRR
X L 447 T 15t B b D7 SR AE AL T v SR R A BE
REE. BEE BRI AR K, EHEER LK
MHEIAE .

5 4%it

AR G R AR, RIEEEX
BB ORGP REM AT SEOBRER, XA
BIRBNEATEHE SN ETTEAGRER
BRI BT E, RGBT Edge worth 243
B, BABIHIA. HAERER EHEIEER
BITRETHRZERIEHE, A iBHHEHE
G N RGN B ERERS. @R [EEE-30
TWHERZ LT EZ R 55 Monte Carlo vARI¥
A BT EA B MBUE#TILE, RATAEXH
ER AR PR .

&2 30k

(1] AXE, K&g&, BHER F. BHRGLEREHE
REEHIM]. Je3: HEB R, 2004,
ZHOU Shuang-xi, ZHU Ling-zhi, GUO Xi-jiu, et al. The
Voltage Stability Analysis and Control of Power
System[M]. Beijing:China Electric Power Press, 2004.

(2] ®fhte, fET, FEH. HERERRSNSARE
U]. 46338, 2007, 35(5): 25-28.

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

DAI Wei-hua, XIONG Ning, LI Chang-hong. A Practical
Method of Tracing Static Voltage Collapse
Point[J]. Relay, 2007, 35(5): 25-28.

Heydt G T, Burchett R C. Stochastic Analysis of
Power System Dynamic Stability{A]. In: Proceeding
Joint Automation Control Conf IEEE Publication
CHI122023CS[C].1977, (77) :755-767.

Burchett R C, Heydt GT. A Generalized Method for
Stochastic Analysis of the Dynamic Stability of Electric
Power System{A]. In:IEEE PES, SM[C]. 1978.
FHN, THEW. BAREWEIERSTI. BHR
TEARFEEIR, 1988, 22 (3) : 88-97.

WANG Xi-fan, WANG Xiu-li. Probability Load Flow
Analysis in Power Systems{J]. Journal of Xi’an Jiaotong
University, 1988, 22 (3) : 88-97.

El, RABH. — ks 5 R D) R I RIS 4 A
kg T70]. P EBEILTEYER, 2004, 24 (1) : 6-10.
WANG Cheng-shan, YU Xu-yang. A Method for
Computing the Probability Distribution of Fault Critical
Clearing Time{J]. Proceedings of the CSEE, 2004, 24
(1) : 6-10.

SU Chun-lin. Probabilistic Load-Flow Computation
Using Point Estimate Method[J]. IEEE Trans on Power
Systems, 2005, 20(4): 1843-1851.

28, A, ME. ETRRASE _MiErnsE
e ERAIPAE[]. k8%, 2006, 34 (18): 22-26.
PENG Yu, ZHOU Wei, SUN Hui. Probabilistic
Assessment Based on Second Order Loss Sensitivity for
Voltage Stability{J]. Relay, 2006, 34 (18): 22-26.
o, TR, BNE, % ETHHHEZRIE
PR EREREER A )], FEENLTRER,
2006, 26 (13): 26-30.

DAI Jian-feng, WANG Hai-chao, ZHOU Shuang-xi, et
al. A Study on Probability of Voltage Instability Based on
the Stochastic Characteristic of Load Margin
Index[J]. Proceedings of the CSEE, 2006, 26 (13):
26-30. '

K, TEK, BRR. BHREHSEERET
HEJUR ). AR ABNME, 1997, 21 (6):
13-18.

CAOYi-jia, WANG Chun-lin, CHENG Shi-jie. New
Algorithms for Power System Steady State Stability
Probability Evaluation[J]. Automation of Electric Power
Systems, 1997, 21 (6): 13-18.

B, BRE, %, % SHRGEHERERK
BT REER]. BPBAR, 1997, 21 (9): 7-10.
YUAN Jun, DUAN Xian-zhong, HE Yang-zan, et al.
Summarization of the Sensitivity Analysis Method of
Voltage Stability in Power Systems{J]. Power System
Technology, 1997, 21 (9): 7-10.

(T4 % 53 & continued on page 53 )


http://www.cqvip.com

£ 000 http://www.cqvip.com|

REIL, % RdbmREEEMNNS R S5NH -53-

ER &L
5 B4

S HL R R B M4, S B R A
MR A FMS TEE A, LrtgRR, B
= RREREA FRRREAR, ISR,
PR BT R AME

At B 7 R B B P 4% AR R S E S FLAR R
W rsEeE B, BB S e B
et REEN S, REIEMERITHHK S,
MEHZeHRTR2EDAERERPES,
MPLS VPN A M2 &R T AR MR IR, MW
BEHRERANFHNBEEBIT R, BN
HIGIB ST IIBAT . P RAEA .

&30k
(] skkfE. mmitESEEAshM]. L PERS
HifgAL, 2005.

(2] FHR. ExaEEEIEMA RS EEI - B
B, 2005, 29 (22): 1-6.
WANG Yi-min. Design and Implementation of State Grid
Dispatching Digital Network[J] . Power System
Technology, 2005, 29 (22): 1-6.

(3] W, )y, AR, EXREHREEIEMNEMN
WA BAIRZE AN, 2004, 28 (8): 10-14.
PENG Qing-qing, XIANG Li, LU Chang-yan, et al.Study
on State Grid Dispatching Digital Network[J].
Automation of Electric Power Systems, 2004, 28 (8):
10-14.

(4] FRER, B, WHRE. BT EPERNSIE
‘R iHI]. ARG AL, 2000, 24 (10): 53-56.
LIN Rong-dong, CHEN Feng, LIN Wei-min, et al. The
Design of Power Data Network Based on
WANI[J]. Automation of Electric Power Systems, 2000,
24 (10): 53-56.

Yis HHE: 2007-04-11; i&E B #3: 2007-06-22

fEE /T
Zix (1964-), B, SBLAEIF, NFdHE LB

B ARAFANK KRS & L4 ;Email: hbdl_yangjing@
126.com

FEE (1974-), B, SHRIALIF, AEFLHTIHEL
% @& 695 KA TAE;

FEFE (1974-), &, T4, RELAFTHEHFTH
8B I A TAE.

(L#% 30 @ continued from page 30)

[12] Cramer H.Mathematical Methods of Statistics[M]. Prince-
ton: Princeton University Press, 1974.

(13] BN, BHREMAFRI M. L. AR R
#, 1990.

[14] Zhao M, Chen Z, Blaabjerg F. Probabilistic Capacity of
a Grid Connected Wind Farm Based on Optimization
Method[J]. Renewable Energy, 2006, 31 (13):
2171-2187.

[15] Feijoo A E, Cidras J. Modeling of Wind Farms in the
Load Flow Analysis[J]. IEEE Trans on Power System,
2000, 15 (1)>: 110-115.

[16] Greene S, Dobson I, Alvarado F L. Sensitivity of the
Loading Margin to Voltage Collapse with Respect to
Arbitrary Parameters[J] . IEEE Trans on Power
Systems, 1997, 12 (1): 262-270.

(7] B, TAeT, %K, % S HRGEREHRRN
REEAE[T]. BMEAR, 2005, 29 (19): 6-11.
CHEN Wei-hua, JIANG Quan-yuvan, CAQ Yi-jia, et
al. Risk Assessment of Voltage Collapse in Power
System[J]. Power System Technology, 2005, 29 (19):

6-11.

(18] BWHM, T, Bk, % ETHSMHHMYN
R e ZE B TR BR V(] A E AL LR ¥R, 2002,
22 (5): 32-35.
LEI Ya-zhou, WANG Wei-sheng, YIN Yong-hua, et
al. Wind Power Penetration Limit Calculation Based on
Chance Constrained Programming[J]. Proceedings of the
CSEE, 2002, 22 (5): 32-35.

Yris A#E: 2007-07-10
fEE®NT:
B # (1981-) , %, Addt, ZEAFLHFAY

YSRGS RS, T4, E-mail: zhouwei_ee@
163.com

¥ 2 (1973-), %, At TERAFLIZ4A
WERE, AR T4,

FhOHE (1964-) , K, Pk, HEAFF, TEBAF
W RGSH. FEEBRIEHEAR, DFACTS AR HRETH
B REFHRR LA,


http://www.cqvip.com

