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A comprehensive power grid risk assessment method based on cloud prediction model

HU Wenping', YU Tengkai', WU Weinan®
(1. State Grid Hebei Electric Power & Research Institute, Shijiazhuang 050021, China; 2. School of Electrical
Engineering, Wuhan University, Wuhan 430072, China)

Abstract: Comprehensive power grid risk assessments can effectively improve the management level and strengthen the
security of power grid operation, to ensure reliable operation of the power system. This paper raises a comprehensive
power grid risk assessment method based on cloud prediction model. First, the cloud theory is used in power transmission
equipment failure prediction to build prediction rule based on cloud generator. On the basis of the prediction rule, a
cloud-based power transmission equipment failure rate prediction model is built. And a power grid assessment system is
raised based on utility theory, including over limited voltage index, limit transmission power index, potential cascading
failure index, and system stability index. The assessment method could be used to estimate the comprehensive risk of
power grid in order to scan the weakness in grid operation. Finally, the effectiveness and practicality of the power grid risk
assessment method based on cloud prediction model is verified by an actual case.
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Fig. 1 Schematic diagram of cloud's digital features
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Table 1 Statistics data of 220 kV transmission line's average health index

A /a 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
iR H X 22 21 24 27 22 25 32 21 20 22
SR IE W% 63 60 69 77 63 71 91 60 57 63
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Table 2 Statistics data of 220 kV transmission line's average failure rate

HEh/a 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
e %/
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Fig. 5 Scatter distribution diagram of health index's

associated state cloud
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Fig. 6 Scatter distribution diagram of the current fault trend cloud
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Table 3 Prediction results of the main transmission

lines failure rate in this region

LS e 2R i 2
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fe FREFE H TR /R /AE)
2 T & 21.404 21 0.053 0
ZREL 24598 22 0.064 2
INEEL 32.665 19 0.073 6
kT 2k 36.448 20 0.086 5
T2k 25271 17 0.0512
R gk 32.743 22 0.085 4
R T2k 45.028 20 0.106 7
PN/E25 31.72 18 0.067 5
T T 2k 20.608 23 0.056 2
a4k 44.421 17 0.089 6
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Table 4 Risk index value of the transmission lines

ek AARR MR RREIEDIAR WTEEBRRE Ui
LA T 2k 1.000 0 0.382'1 0.8554 0.4528
Rk 0.8342 0.621'1 0.2309 1.000 0
NPELR 0.664 7 0.296 3 1.000 0 0.765 0
Wk T 4k 0.623 5 1.000 0 0.1535 0.5772
LiElE=7 0.197 2 0.353 4 0.097 8 0.264 9
K4 03344 0.244 2 0.1990 0.5209
MRk 0.399 7 0.5803 0.173 8 0.407 0
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w514 02702 0.940 5 0.4456 0.155 8
FlERrE 0.3910 0.5223 0.179 0 0.3542
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Table 5 Weights of the grid risk assessment indexs

SRR A BRAE FALE HENE

CE I 0.204 0.250 0.227
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Table 6 Integrated risk index values of the transmission lines

TN [N UGS HL 1o AU £ T
A T 2k 0.0530 0.710 836
Rk 0.064 2 0.607 059
PNPELR 0.073 6 0.737 357
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TR gk 0.085 4 0.306 924
HE T 2k 0.106 7 0.353 539
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FlERrE 0.089 6 0.330 98
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