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Fig.1 Network topology of centralized
substation protection
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Fig.2 Unified framework of centralized
substation protection system
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Fig.3 Reliability models of sampling subsystem
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Fig.4 Reliability models of tripping subsystem
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Fig.5 Reliability model of communication subsystem
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Fig.6 Reliability models of protection device
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Fig.7 Reliability models of synchronous subsystem
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Fig.8 Overall reliability model of centralized
substation protection system
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Fig.9 Equivalent single-bay reliability models of
centralized substation protection
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Fig.10 Flowchart of reliability evaluation for
centralized substation protection system
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Table 1 Component failure rates of centralized
substation protection system
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Table 2 MTBF and failure rate of centralized
substation protection system
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Table 3 Reliability indexes of traditional
protection system
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Table 4 Equivalent single-bay reliability indexes of
centralized substation protection system
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Reliability evaluation for centralized protection system of smart substation
LIU Haifeng' ,XIAO Fan?,ZHAO Yongsheng', CAO Lixing’,ZHANG Zhe?,YIN Xianggen®
(1. State Grid Hunan Electric Power Corporation Research Institute,Changsha 410007, China;
2. State Key Laboratory of Advanced Electromagnetic Engineering and Technology,
Huazhong University of Science and Technology, Wuhan 430074 ,China)

Abstract: The centralized substation protection is a new type of protection system and its construction
mode is quite different from that of traditional protection system. According to its structural and operational
characteristics,a reliability evaluation model of centralized substation protection and an equivalent bay
reliability model are built,which consider the failure/recovery process of different components and the fault-
tolerant function of substation protection system. The fault tree method and Monte Carlo simulation are
applied to calculate the reliability indexes of centralized substation protection system and they are then
compared with those of traditional protection system.

Key words: smart substation; relay protection; substation protection; reliability; maloperation; refuse-to-

operate ; models
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