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An approach for determining voltage collapse critical point based on Monte Carlo stochastic line selection
optimal power flow

MA Rui, YUAN Wen-wei
(School of Electrical and Information Engineering, Changsha University of Science and Technology, Changsha 410076, China)

Abstract: An approach for determining voltage collapse critical point based on Monte Carlo stochastic line selection optimal power
flow is presented. The static voltage characteristic and load normal distribution based on load forecasting are added to optimal power
flow model. And it uses the maximum load that the system can afford as the objective function, establishes the corresponding
chance-constrained programming of variables randomness caused by load uncertainty, and then optimizes it directly by the way of
nonlinear programming, with the purpose of obtaining the maximal load that subjects to certain probability. Atlast, it uses the IEEE
3-generator 9- bus system as the example and simulates it, mainly studies the influence of the load probability distribution and static load
characteristic on voltage collapse critical point, and calculates voltage collapse critical point of different positions, so as to testify the
validity of this approach.
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Tab.1 The largest load of the system under different standard

deviations of load normal distributions

FrHEZen K fr / MVA IEARUAL
3 702.44 5
4 702.44 5
5 702.44 6
6 702.44 8
7 702.44 10
8 702.44 13
9 702.44 18
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TER G HAE TR, ARSI ETER R G
SEBEAE], SCE (6, 7) BIMTZAl REim K
i A 702.44 MW FE(RE] T 579.93 MW, AT AT LLHE
Wr i S (6, 7) W RGEARE SRR, S (4,
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Tab.2 Voltage collapse critical point data with branch 4-5 being

4 XRET-8UFFAT B IE AR IR SR
Tab.4 Voltage collapse critical point data with branch 7-8 being

removed

L it

e p 0, u o WEp o U

5 5
1 190.86 161.47 1.100 5 253.65 84.47 0.946
2 203.14 72.23 1.095 7 139.20 48.72 0.982
3 270.00 116.54 1.100 9 24438 97.75 0.945

At 664.00 350.25 &k 637.24  230.94

5 STERO-AMR T B B JE AR IR A4
Tab.5 Voltage collapse critical point data with branch 9-4 being

removed
R HAHL Uit

e b e b
LTS A A A R A A
5 5
1 181.15  96.16  1.091 5 280.00 9324  0.952
2 22647 105.89  1.093 7 280.00  98.00  0.987
3 25434 9834  1.089 9 83.88  33.55  0.973
&il 66195 300.39 &il 643.88  224.79
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Tab.6 Voltage collapse critical point data with branch 6-7 being

removed
KL ik

S S
e U, TR0 U,
¥ ¥
1 204.63  119.18  1.100 5 10743 3578  0.958
2 22470  109.58  1.091 7 280.00  98.00  0.988
3 25496 105.54  1.099 9 280.00 112.0  0.953
&l 68429 33430 &l 66743 24578
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Tab.3 Voltage collapse critical point data with branch 5-6 being

removed
R B
gk k o, U, “? L, o, U,
1 22441 110.19  1.096 5 109.04 3631  0.996
2 229.18  99.88  1.094 7 280.0 98.0  0.990
3 145.19 4975 1.069 9 199.11  79.65  0.991
il 598.78  259.82 il 58815 213.96

removed
M HLBL il
(P53 P TR
o : 9 U, o E, 9 U,
1 22233 11433 1.080 5 25795 8590  0.945
2 22621 10645 1.098 7 17077 5977  0.985
3 14797  36.64  1.062 9 15122 6049  0.997
&t 596.51  257.42 &t 579.93  206.15
1 W AE ZEEET B JE AR R B
Tab.7 Voltage collapse critical point of different branch
removal
Gy GRIPY 4 5 7 9 6
R 9 R 5 6 8 4 7
TR | 667.43 | 588.15 | 637.24 | 643.88 | 579.93
4 it

ASCHENE T S 58005 2 BEH L e o DL 1
FL S 3 35t s B2

o T AL T AT RO A 3 A1 LA S DI S iox
Ji J 5 e S A5 RO, R AT 45 S R SRR
JE M ENE, JFATHER .



Ry, S5 TSR D BEALIE S SR U R A B S R S -69 -

SR T 215 - 2B L i 2 foe ) At ) P s

b, TRLRAE h FERl > R G Is A TR, JF
AT R — BB

S50k

(1] BEVL, VLREAR, SRATH]. —Fhi s i S ASE I 57 A

BRSO 0] B RS AL, 2004, 28
(23) : 28-32.
ZHAO Jin-jiang, JIANG Xiao-dong, ZHANG Bo-ming.
Approach for identification and computation of static
voltage stability critical point[J]. Automation of Electric
Power Systems, 2004, 28 (23) : 28-32.

(2] VLM, Eal, RI6E, 5 HEEEFSHILEE
I F¢ R COBT A D] B LT R A ), 2006, 26
(10> : 3-8.

JIANG Wei, WANG Cheng-shan, YU Yi-xin, etal. A
new method for direct calculating the critical point of
static voltage stability[J]. Proceedings of the CSEE,
2006, 26 (10D : 3-8.

(3] SRmiMl, Hhwitf, TBh. s sl S s AR g v

IR RS, T E L TREZAR, 1999, 19 (4)
14-17.
GUO Rui-peng, HAN Zhen-xiang, WANG Qin.
Nonlinear programming model & algorithm for point of
collapse[J]. Proceedings of the CSEE, 1999, 19 (4) :
14-17.

(4] BTG, FEATRE. Vh S5l o s It S s S 5
0] BIMECR, 2006, 30 (3) : 13-17.

GUO Rui-peng, HAN Zhen-xiang. A practical algorithm
for calculating the closest point of collapse[J]. Power
System Technology, 2006, 30 (3) : 13-17.

(6] P, MFE, Fae ETRUERESESR

JE IR I I KA A B 5E[0]. A R R S
2010, 38( 19): 22-26.
LUO Ming-liang, HUANG Yu-bao, WANG Jian-quan.
Calculation of transient stability-constrained TTC based
on OPF method[J]. Power System Protection and
Control , 2010, 38( 19): 22-26.

(6] HMuJhs, BEEME, W, % B RGIGER R B

BOIVE P SEAD]. T E L LREAE, 2005,
25 (17) : 60-64.
HANG Nai-shan, LIAO Qing-hua, LI Ru-qi, et al. A
flexible node algorithm for critical voltage collapse
power flow in power system[J]. Proceedings of the
CSEE, 2005, 25 (17) :60-64.

(7] e, THe. ST AR S BE I A E I 5
RENE]. LT RS 4R, 2002, 22(3): 27-31.
WEI Hua , DING Xiao-ying. An algorithm for
determining voltage stability critical point based on
interior point theory[J]. Proceedings of the CSEE, 2002,

(8]

[9]

[10]

(11]

[12]

[13]

[14]

22 (3): 27-31.
PR, EUL, RS, Rl A AR E I S Ry
J2 RIS R RE M S0 (9], b L R 2
2008, 28 (1) :8-13.
HU Ze-chun, WANG Xi-fan, CHENG Hao-zhong. A
bilevel programming formulation and trust region
approach for closest critical point of voltage stability[J].
Proceedings of the CSEE, 2008, 28 (1) :8-13.
B, MRERS. — Pk SR SRR E AR U R R R
HTVE[T]. 4kHEEE, 2006, 34( 10): 20- 22,27
XIE Jun, CHEN Xing-ying. Fast method for solutions of
optimal power flow with transient stability constraints[J].
Relay, 34( 10): 20- 22, 27.
APEN, SRR, 5 A e AR B 20 AR S L 3 0 i) AL 1
LR PR RIMRIR[D]. 4R 8%, 2005, 33(10): 12-16.
FU Gang, LIU Ming-bo. Linear programming algorithm
for optimal power now problems incorporating transient
energy margin constraint[J]. Relay, 2005, 33(10): 12-16.
TG, ROCHS. 9l A ASE Il SRS AN 55 19 £ A
SE[I]. PEEHL TSR, 1993, 13 (6) : 40-45.
ZHANG Yao, SONG Wen-nan. Determination of the
critical state of voltage stability in load buses and the
weakest bus of the power system[J]. Proceedings of the
CSEE, 1993, 13 (6) : 40-45.
FR, HEE, R, Ao KA Uk ARG
HURZEREH LRI L[] RO RS A e, 2005, 29
(24) : 39-44.
WANG Cheng-shan, ZHENG Hai-feng, XIE Ying-hua,
et al. Probabilistic power flow containing distributed
generation in distribution system[J]. Automation of
Electric Power Systems, 2005, 29 (24) : 39-44.
R, LY, KR, & SR B AL
W] EEALCRE AR, 2005, 25 (24) @ 26-33.
HU Ze-chun, WANG Xi-fan, ZHANG Xian, et al.
Probabilistic load flow considering branch outages[J].
Proceedings of the CSEE, 2005, 25 (24) : 26-33.
WA, BV RS U R 23 A (1 BEATL S DL A
Jrd0). RGN, 2007, 31 (16) :18-22,48
HU Ze-chun, WANG Xi-fan. Stochastic optimal power
flow  approach  considering load  probabilistic
distributions[J]. Automation of Electric Power Systems,
2007, 31 (16) :18-22,48.

YrFs HER: 2010-01-21; i&[E HH#A: 2010-05-31
TEZ BN

ZE

5o (1971-) %, W+, i, TEAFLAZ%
SHT. KR IE. &AW 55 G AR
FIAR (1984-) 5, MEMAL, TEAFL)Z%

W, EAE T M 5 1R AR . E-mail: wwyuan628@163.com



