Ea2% Ha4W B

2018 #= 4 H

"R

Power System Technology

Vol. 42 No. 4
Apr. 2018

XEHS: 1000-3673 (2018) 04-1048-07

RESES: TM 721

XEkfrEE: A FRMRES: 470440

AN — =B ok —k -4 sl PAN
ET o EXEH A gEHIFRNARESRSEENT
e, dael, BHL, melg, FERE
TS, gkt e’
(1. aMzAbEPRERELZRE(TELAFFHTEATRNE), LFT HXRE 100192;
2. EMAT TR Hoaa) iR ptd g, bxT HEERX 100195;
3. BHERGAKRY A ITAFR, BHY B2 710049;
4. BHZRAGEE CREEHAGABRELERE(FLERFEMA), LTT BHEE 100084;
5. AEEHHRFE LA ENAFEA, GNHN BEEMER 37996 )

Static Security Analysis With Uncertainty Using Hierarchical Probability Degree Ordering of

Interval Numbers
LU Guangmingl, XIE Changl, LU Yingl, YAN Jianfengl, MAO Xuekuiz,
DING Tao’, SUN Hongbin®, LI Fangxing’
(1. State Key Laboratory of Power Grid Safety and Energy Conservation (China Electric Power Research Institute),

Haidian District, Beijing 100192, China; 2. State Grid Beijing Haidian Electric Power Supply Company, Haidian District, Beijing

100195, China; 3. School of Electrical Engineering, Xi’an Jiaotong University, Xi’an 710049, Shaanxi Province, China;

4. State Key Lab of Control and Simulation of Power Systems and Generation Equipments

(Dept. of Electrical Engineering, Tsinghua University), Haidian District, Beijing 100084, China;

5. Department of Electrical Engineering and Computer Science, University of Tennessee, Knoxville, TN 37996, USA)

ABSTRACT: Static security analysis is regarded as the basis
of preventive control, giving severity ordering of N-1
contingencies. Especially, when large amount of renewable
resources integrated into power grid, power flow distribution is
uncertain. Therefore, static security analysis with uncertainty
should be considered. Firstly, the contingency set is classified
into three hierarchies according to assigned weight. Then,
probability degree ordering method based on interval numbers
and active performance index based complementary judgment
matrix are proposed to search ordering weighted vector for
each hierarchical contingency set. In order to guarantee
consistency of complementary judgment matrix, least squares
model is modeled to give severity ordering. Taking IEEE-9 bus
system for example, detailed implementation of security
analysis method is presented, and comparison with Monte
Carlo simulation verifies effectiveness of the proposed method.
Finally, testing results of multiple large systems show rapidity

of the method for static security analysis.
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Tab. 1 Distribution of interval DC power flow

RS 1 piAH f /rad XS X% T /pu
1 [0, 0] 1-4 [0.1069, 1233 1]
2 [0.071 8, 0.2702] 4-5 [0.038 3, 0.541 1]
3 [0.000 3, 0.176 3] 5-6 [0.796 0, —0.424 6]
4 [=0.071 1, —0.006 1] 3-6 [0.7649, 0.935 1]
5 [-0.120 8, —0.009 6] 6-7 [0.073 5, 0.405 8]
6 [-0.044 5, 0.121 5] 7-8 [-0.933 0, —0.587 6]
7 [-0.076 4, 0.105 1] 8-2 [=1.793 0, —1.466 9]
8 [-0.0199, 0.158 1] 8-9 [0.6518, 1.087 6]
9 [-0.129°9, —0.011 9] 9-4 [0.692 0, —0.068 6]
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Tab. 2 Security ordering of N—1 contingencies

b A 2 PR AN E P
Ly HF [Ld] w H7
1-4 1.783 0 9 [1.0011,2.9555] 0.0137 9
4-5 2.560 0 6 [1.669 1,3.5009]  0.058 9 6
5-6 2.704 0 3 [2.018 3,3.5009]  0.083 8 3
3-6 2.5899 5 [1.9423,3.2744] 0.0541 7
6-7 2.5200 8 [1.8411,3.2489] 0.046 5 8
7-8 2.944 0 2 [2.2291,3.6729]  0.136 4 2
8-2 2.6570 4 [2.160 6,3.1957]  0.061 0 4
8-9 3.4880 1 [2.628 7,4.3473]  0.4858 1
9-4 2.5200 7 [1.5579,3.5793] 0.059 8 5
*3 TRTHEMFERTH N-1 EHEREMHTF

Tab.3  Security ordering of V-1 contingencies under
different uncertainty probability
. L20%AHENE  £30%AHENE  £100% A HE
w Hep w HEFe w Herp
1-4 0.060 8 9 0.092 5 6 0.124 0 3
4-5 0.097 9 5 0.111 0 5 0.1053 5
5-6 0.113 5 3 0.113 1 4 0.092 1 7
3-6 0.073 1 8 0.0711 9 0.098 1 6
6-7 0.077 1 7 0.087 0 7 0.084 3 8
7-8 0.136 8 2 0.124 7 3 0.107 0 4
8-2 0.077 8 6 0.073 1 8 0.054 8 9
8-9 02577 1 0.200 2 1 0.205 3 1
9-4 0.105 3 4 0.127 4 2 0.128 9 2
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Fig.3 Security ordering using Monte Carlo simulation
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WK RS tc m ty tr
IEEE-9 0.019 6 0.004 5 0.0381 0.062 2
IEEE-30 0.090 0 0.1059 0.044 9 0.240 8
IEEE-57 0.220 8 0.384 5 0.058 3 0.663 6
IEEE-118 1.509 0 2.050 3 0.149 4 3.708 7
IEEE-300 14.473 0 9.787 8 0.495 3 24.756 1
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Fig. A1 Flow chart of interval security analysis




