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Fig.1 Expanded fault caused by breaker maintenance
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Fig.2 Markov model of breaker
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Fig.3 Markov model of transformer and bus
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Fig.4 Functional group decomposition of substation
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Fig.5 Markov model of relay protection
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Fig.6 Monte Carlo multi-layer sampling method
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Fig.9 Convergency of Monte Carlo method
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Power system reliability analysis considering substation interior

CHEN Chen,LIU Junyong,LIU Youbo,JIANG Changjiang, GOU Jing, LIU Ruofan

(School of Electrical Engineering and Information,Sichuan University,Chengdu 610065, China)
Abstract: Traditional reliability analysis method takes substation as an equivalent node,ignoring the impact
of substation interior on system. An improved reliability analysis method is proposed,which divides the
power grid into three layers,i.e. equipment,substation and system,applies Monte Carlo method to sample
each layer,adopts the Markov state space equations and the hidden failure model to calculate and sample
the state probabilities of substation equipment and protection functional groups,takes the minimum cut set
algorithm based on the adjacency matrix to calculate the expected accident set of substation,compares the
accident set with the results of substation sampling to form the substation outage line set,and integrates the
line set into the results of grid sampling to calculate the system reliability index. Simulative verification is
carried out with the modified RTS test system for a terminal substation,and results show that,the proposed
method quantitatively analyzes the impact of substation interior structure and equipment outage on system
reliability under relay protection failure.
Key words: electric power systems; reliability; electric substations; relay protection; protection failure;

multi-layer sampling; Monte Carlo methods; Markov model
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Customer-oriented distribution network operational risk
assessment considering urgency
LIU Jian',HAN Lei*,ZHANG Zhihua'
(1. Shannxi Electric Power Research Institute,Xi’an 710054 ,China;

2. School of Electrical and Control Engineering,Xi’an University of Science & Technology,Xi’an 710054 ,China)
Abstract: A customer-oriented method for assessing the operational risk of distribution network and its
urgency is proposed,which takes customers as the assessment objects and analyzes the loss of customer by
simulating the load transfer in operating distribution network with anticipated fault. Different risk indexes
considering load uncertainty are defined,such as customer expected outage probability,customer expected
outage duration and customer expected electricity loss,which are combined with the risk index of system
expected outage customer number to indicate the influence of anticipated fault on whole system. A risk index
of overload is defined to reflect the influence of overload. Based on the comparison between the preventive
control execution time and the risk coming time,the urgency level of risk indicates the opportunity to
effectively execute the preventive control. The proposed method is illustrated with IEEE 3-feeder distribution
network as an example,verifying it feasible and effective.

Key words: electric power distribution; distribution automation; risk assessment; urgency; customer-oriented;

risk index; uncertainty analysis; preventive control



