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Application of normal vector of voltage stability limit surface in distributed generation allocation

DENG Dashang, FANG Xinyan
(School of Electronic Information and Electrical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: With the increase of distributed generation integrated, proper allocation is important to enhance voltage
stability of power system. To settle down the drawback of traditional participation factor based allocation method, a
normal vector index based on voltage stability limit surface is proposed. The rationality of this index is proved at first.
Numerical simulation of IEEE 39 system demonstrates the validity of the proposed method. Compared to the traditional
index, normal vector index has a wider range of application because it can deal with the voltage stability critical point of
saddle node bifurcation and limit induced bifurcation.
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Fig. 1 Voltage stability limit surface and its normal vector
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in stochastic scenario
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Fig. 6 Relation between node indices and voltage stability

increment for LIB case

& 6, 7F LIB fhid N = 5K 15 H R F80E #
P B RPNV SR, X &l T LIB B4 &

11 % s M R G A T U fe NEFIEAE AN A 0,
ok FAEH M OCERES, RILGEa8ds S0 A0
FCRLYRIERE o 1Az B il T2 ) B i b U L AR e
P B AT e I IV OCR, mT LA HEAf H X 23 A
RBP4 IE T i AT I HE .
5.3 SNB R EIG RSB

¥ IEEE39 5 SRS R ALY A1 37 G2
77 L FR#EK 100 Mvar, it i 7705 5.1 42K,
ZEOL T RG A SNB. #4711 fH v 1) B 4R
FrFZ 5ETE 7 . &9 m3E% 1 MW 19904
ARG R R S S S TR W 8.

1.2 T

1.0
0.8

0.6}

I AERR

041} ]

02} %

ol |~ Bt e Py
e BT

-0.2

0 5 10 15 20 25 30 35 40
T G
B 7 SNB1FR: EEEHEIRSSS5EFME
Fig. 7 Comparison of normal vector index and participation
factor for SNB case

1.0
C—BLNT ot
s O mmmm W@ b ot
s i) o C%e 27 .,
= 06 o > -
ﬂ‘j o @ * . * %
= +
% 0.4 o Ogoo & . F *:
W02 °© *
i’g o *
ﬁ [e] +
i) 0 O +
-0.2 »
-0.4

0 02 04 06 08 1.0

R R bR
8 SNB1HR: TRiEirEREREREEENXA
Fig. 8 Relation between node indices and voltage stability
increment for SNB case

7 w50, PRk EiEs 52511
KN aHAE, P 8 W%, 7E SNBIEHL T,
M B T v ) R A S S 5 R PR R AR EUE AN
A, HK/PNRAEME. mhE 8 s, HelR ks
=R bR LS 5 R 100 A0 NS4 A), nl BASE b
AT oA A Yk L.

6 it

ARSCHE T B AR A PR Ty e B 3G, 4R



_62 - CE R R R EEL

M FE A2 R 2% fv) A0 A 2 L e il R D
BRI A SLAAI A B0 AIE T AR TR A 2K
PEe A S5 e

D) ML FZ 5K, ARSCR R T LU
ROUAE LIB 15 00 N 73 A KRG T B Ik, A2 b1
OUT, S5 BRI hE TS R .

2) M4 4LT SNB BB, A R % 1) i
RS 5T NRZRMR, BT PR bR ik
AT X BAT AR (FAHE TS 57, Bl
PRI AR AT SN AY, A AT A
BV e & S T

3) i EATIA, ASCERRM RN Z SR T
ANFERICEE, P2 IR BA ) A S A B
BFROTET, AT LA ik F A AR IR B IRCR
B2 3k
(1] AEut, s, 3655, 4% K12 HARUR A 7y

A AR k7 RS O R GRS

2013, 41(24): 64-69.

REN Hongwei, HAN Congying, PEI Wei, et al. Research

on distributed generation locating based on

multi-objective optimization model[J]. Power System

Protection and Control, 2013, 41(24): 64-69.

(2] ®&3C XMRE, Tk, 5F. % IEHC L M S5 ARG 1Y
DG MEN[I]. HJIRGRY 51, 2014, 42(4): 40-46.
GAO Yiwen, LIU Junyong, LEI Cheng, et al. DG
planning considering the variation of the distribution
network structure[J]. Power System Protection and
Control, 2014, 42(4): 40-46.

(3] SRAZA, FEEE, Ba%E, 55 A BN B G
X RGO LASFERIE R M [T]. W) R GRS 1%
%1, 2011, 39(5): 91-101.

ZHANG Limei, TANG Wei, ZHAO Yunjun, et al.

Analysis of DG influences on system voltage and losses

in distribution network[J]. Power System Protection and

Control, 2011, 39(5): 91-101.

(4] Eph, B5E, 20, Woa M SSBEBARIFT[T]. HTH
AR, 2014, 29(2): 1-12.

WANG Chengshan, WU Zhen, LI Peng. Research on key

technologies of microgrid[J]. Transactions of China

Electrotechnical Society, 2014, 29(2): 1-12.

(6] FCn], JEh, sk, & JETHLSLRRIM DG 5
Ho i 2R 22 H bR ph il BRI []. e TR AR AR, 2013,
28(10): 346-354.

BAI Muke, TANG Wei, ZHANG Lu, et al

Multi-objective coordinated planning of distribution

network in corporating distributed generation based on

chance constrained programming[J]. Transactions of

China Electrotechnical Society, 2013, 28(10): 346-354.
(6] Xk, ZFHRaR, Z=bom, 4% Fe T AME R It oA

UL PEAE RS M P AU B (7], i TR AR AR,

2013, 28(6): 216-225.

DENG Wei, LI Xinran, LI Peiqiang, et al. Optimal

allocation of intermittent distributed generation
considering complementarity in distributed network[J].
Transactions of China Electrotechnical Society, 2013,
28(6): 216-225.

[7] LIH,JINY, CHENG H. A novel reactive power planning
based on improved particle swarm optimization with
static voltage stability[J]. European Transactions on
Electric Power, 2010, 20: 1129-1137.

[8] SONG S H, LIM J U, MOON S I. Installation and
operation of FACTS devices for enhancing steady-state
security[J]. Electric Power Systems Research, 2004,
70(1): 7-15.

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

[10] MANSOUR Y, XU W, ALVARADO F, et al. SVC
placement using critical modes of voltage instability[J].
EEE Transactions on Power Systems, 1994, 9(2): 757-763.

[11] DOBSON I, LU L. Computing an optimum direction in
control space to avoid stable node bifurcation and voltage
collapse in electric power systems[J]. IEEE Transactions
on Automatic Control, 1992, 37(10): 1616-1620.

[12] KATAOKA Y, SHINODA Y. Voltage stability limit of
electric power systems with generator reactive power
constraints considered[J]. IEEE Transactions on Power
Systems, 2005, 20(2): 951-962.

(18] Z4R707, kAR, JE T HEA S sedthr 18 7 5 s

REAR MR B[], b AL IR AR, 2011, 31(25):
90-96.
LI Junfang, ZHANG Buhan. Probabilistic load flow
basedon improved latin hypercube sampling with
evolutionary algorithm[J]. Proceedings of the CSEE,
2011, 31(25): 90-96.

[14] YU H, CHUNG CY, WONG K P, et al. Probabilistic load
flow evaluation with hybrid latin hypercube sampling
and cholesky decomposition[J]. IEEE Transactions on
Power Systems, 2009, 24(2): 661-667.

[15] YU H, ROSEHART B. Probabilistic power flow
considering wind speed correlation of wind farms[C] //
17th  Power Systems Computation
Stockholm, Sweden: PSCC, 2011: 1-7.

Conference.

UgFS HHER: 2014-05-25;
EEEN:
RRE(1990-), B, MEHEALE, HEFTEOHE I A
%8 )EAEE 545 4%); E-mail: 823184245@qq.com
&K (1963, B, i, @&, BRsAAEh
R R R A G

& HHF: 2014-06-17

(%a¥h 4



