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Reliability and availability study of the digital substation system

HOU Wei-hong, ZHANG Pei-chao, HU Yan
(Department of Electrical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: The digital substation system based on IEC 61850 is different from the conventional substation system in the architecture
and the characteristics. While the method of the reliability analysis for a single device or a single bay has been studied extensively, the
method for the entire substation automation system is still very limited so far. This paper analyzes the typical architecture of the digital
substation, and shows the main methods to improve the reliability of the system. A method to calculate the reliability indices of the
entire substation is then introduced. The method divides the digital substation system into communication systems, control
systems, protection systems and station level system. First, the availability block diagram is employed to calculate the reliability
indices for each subsystem, and then the reliability indices of the entire substation are deduced. To demonstrate the method, the
reliability indices of a typical digital substation are calculated and discussed. The result shows that the reliability of the digital
substation system can meet the requirements of IEC 61508 after adopting a reasonable device redundancy and network redundancy
based on IEC 62439-PRP.
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Fig.1 An example of function redundancy
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Fig.3 Station bus based on PRP
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Tab.1 Reliability data of the digital substation components
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Fig.5 Availability block diagram of the parallel redundant
communication system
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Fig.6 Availability block diagram of the redundant protection
system
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Fig.7 Availability block diagram of the bay control system
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Fig.8 Availability block diagram of the station level system
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Fig.9 Availability block diagram of the digital substation system
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