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Probabilistic Evaluation of Static Voltage Stability Taking Account of

Distributed Generation
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Hefei 230009, Anhui Province, China)

ABSTRACT: The impact of grid-connected distributed
generation on power systems is very important subjects in
smart grid. Accounting for uncertainties on the distributed
generation and load, a probabilistic evaluation method was
presented for static voltage stability based on point estimate
method and Cornish-Fisher expansion. By the point estimate
method the probabilistic problems could be handled as those
corresponding to deterministic problems. The interior point
method was employed to solve nonlinear programming
problems for voltage stability critical point on the estimate
points of random variables, and the statistical properties of
objective function were obtained. According to Cornish-Fisher
expansion, the probabilistic distribution functions were
calculated. The numerical results of IEEE 118-bus and 300-bus
test system shows that the proposed method maintains a high
degree of accuracy and reduces the computational burden when
compared with the Monte Carlo method.

KEY WORDS: distributed generation; voltage stability; point
estimate method; Cornish-Fisher expansion; probability
distribution; interior point method
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Tab.1 Characteristics of wind farms

e BUERR DIANRGHE UE RS
K RALEH MW mrs) (ls) K Cl(m/s)
1 100 0.75 4.0 15.0 14 6.0
2 50 1.50 3.0 14.0 1.8 7.0
3 40 2.00 3.0 14.0 1.6 6.5

*2 KMEEALRRBRAZHOBRSH

Tab. 2 Characteristics of solar parks
TIRE BTN SRR KRR

R m? % (W/m?) p
1 2000 14 700 0.95 0.95
2 1800 14 600 0.90 0.90
3 2400 14 650 0.85 0.85

RGN I A LIRS A far Ry 3848, ARifE =N
2% MH I IEA AT it E R ERDE RS A, B
RGN 2 Pt AT 20 BN AR
Aiip S HGINE — DRI AR AT, 4 s A e iR D 2 DR
HY). LD Z R .

Monte Carlo J7 %A%k — i REHLSAL T B, 7] LA
FRAS I AL RCR SemfitE. & 3. 4 A T8
it 771 2ny 2n+1 J7 %L K& 5000 {X Monte Carlo
D5 BAE 2 Pt B T7 20T R A8 Il A D Dh %
g, &5 4T 2 Bl %5 Monte

%3 IEEE 118 TmASHBEREIRFEIINE LE

Tab.3 Comparisons of voltage stability critical power of
IEEE 118-bus system

e YIfE/MwW FrifEZEIMW
12 22 XK 1515 22 HX I
2n 45223399 4766.2710  13.4343 13.0025
2n+1 45231055 47675048  13.4768 14.3871
Monte Carlo  4522.9588 4768.7755  13.5069 14.4075

#4 IEEE300 TImARHEEREIRFHNNRAM LR
Tab. 4 Comparisons of voltage stability critical power of
IEEE 300-bus systems

S /MW PR ZEIMW
22 Es: IR 22 ek
2n 24020.6728 23950.3416  57.1876 56.6333
n+1 24022.8182 239405111  57.2304 57.3412
Monte Carlo 24022.1223 239434795  57.3070 58.6749

®5 ABAUARMRELR

Tab.5 Error comparisons of point estimate schemes
KUHAIRT IR %1% b ZE AN R 251%
Jivk  IEEE-118 IEEE-300 IEEE-118 IEEE-300
T 22 JEDKIE 4 22 BEDKIE i 22 BEDIE T L 22 KL
2n 001 005 001 003 054 975 021 348
2n+1 000 003 000 001 022 014 013 227

Carlo 777 LI AN IR 22

MEF A HH, 5 Monte Carlo J7ikALL, 5
Tt I 2ny 2n+ 1 D7 BAEUHR G A Dh D R ME
I, VERA AR, AR IR ZEAR N s (R T ARt 22,
2n+1 7 EY WAL T 2n 7%, 2n J7 R B IR 2L
K, KIEF] 9.75%, 1M 2n+1 J7 B R 1)
KL, AUk 2.27%.

6 45 T mifliih 7775 Monte Carlo 77741
TR TR o WTHRCRRE, ST 2n, 2n+1
J7 EAH I RAHE, — 3 AHEE T Monte Carlo 751,
B HA W B

K 1 JRH 2n+1 J7ER S vES BIsE T
Cornish-Fisher 2¢%t. Gram-Charlier Z¥0it5 Hi
IEEE 118 5 s REAE L7 sl A far 347 X F B
REHERME o Aithd. B, PG AA )

F 6 ITEEE R

Tab.6 Comparison of computational time s
Jrik IEEE-118 IEEE-300
ARV N N
1957 22 KD 1951 22 DI
2n 40.17 55.88 240.97 282.79
n+1 40.75 55.92 241.60 28353
Monte Carlo  1071.55 1257.50 3170.71 3720.94
1.0 e
L e Cornish-Fisher
08t ——- Gram-Charlier
| — Monte Carlo
0.6f
S L
0.4t
0.2t

0.0 S
4470 4490 4510 4530 4550 4570
P/MW
1 IEEE1B TR ALIGFRENNRRREERLH
Fig. 1 Cumulative density function of voltage stability
critical power of IEEE 118 bus system
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