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Research on time-varying failure rate of protection devices based on internal temperature

SHI Yuankang', JIANG Zhenchao?®, ZHAO Shutao'
(1. School of Electrical and Electronic Engineering, North China Electric Power University, Baoding 071003, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610072, China)

Abstract: Time-varying failure rate is one of important indicators of protection devices’ state assessment. With the
development of on-line monitoring technology, especially the construction of new generation smart substations makes the
temperature parameter of protection devices can be observed. This paper does research on time-varying failure rate of
protection devices based on the temperature indicator. The paper combines Arrhenius model with Weibull distribution
model and focuses on the time-varying aging failure rate under considering the operating temperature of the modules.
Then the paper integrates the aging failure rate with the occasional failure rate of each module with the series model. At
last, the paper establishes the time-varying failure rate model of a certain provincial grid’s protection devices in the
example, taking a device as an example, analyses the impact of operating temperature difference and replacing internal

module on failure rate briefly. The result shows that temperature has significant influence on failure rate of protection

device, and the influence will extend as time goes on.
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Table 1 Statistics of failure part of protection devices
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Fig. 1 Curve of failure rate versus time
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Fig. 2 Failure rate curves of each module
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Table 2 Temperature statistics of each module

at various time-points
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Fig. 3 Temperature curve of each module
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Table 3 Parameters of aging failure rate models of various modules
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Fig. 4 Time-varying aging failure rate tendency
chart of each module
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Table 4 Run time statistics of protection devices
in of a certain provincial grid
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Fig. 5 Time-varying failure rate curve in different cases
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