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Temperature influence characteristics of relay protection device failure and
its failure rate prediction method
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Abstract: Relay protection devices are the first line of defense in power systems, and their reliability is crucial.
Temperature is the primary factor that leads to the failure of relay protection devices, significantly affecting their
reliability. However, current reliability impact analyses of relay protection devices, particularly their failure rate prediction,
rarely consider the influence of temperature. In view of the above problems, the influence characteristics of temperature
on relay protection devices are analyzed in detail, and a failure rate prediction method considering temperature is
presented. First, the architecture of typical protection devices is introduced. The heat transfer forms and temperature
characteristics in different installation environments are analyzed, and the temperature distribution characteristics of the
device are studied. Next, reliability physics is used to quantitatively analyze the temperature influence characteristics of
device failure. Combined with the device architecture, a failure rate prediction method for a relay protection device
considering temperature is then proposed. Finally, from the measured temperature and failure rate prediction results in
different environmental conditions, the rationality of the proposed method is verified by combining with the engineering
data and experience.
This work is supported by the National Key Research and Development Program of China (No. 2021 YFB2401000).
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Fig. 1 Relay protection device architecture diagram
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Table 1 Heat transfer form and temperature characteristics

of protection device
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Fig. 2 Temperature distribution of relay protection device
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Table 2 Calculation of temperature-related parameters
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Table 3 Temperature of each point of the protection device

plug-in (ambient temperature is 19.5 C)
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Fig. 4 Power plug-in temperature distribution
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Table 4 Failure rate of the device under different

average temperatures
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Fig. 5 Failure rate of the device under different average

temperatures
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Table 5 Failure rate of the device under different

temperature cycle amplitudes
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LY 20 C 22°C 24°C 26°C

8°C 10327.10 1063653  10961.67  11303.40
9°C 10530.89  10841.16  11167.17  11509.79
10C 10727.54  11038.63 1136548  11708.96
11°C 10917.99  11229.87  11557.52  11901.84
12°C 1110296  11415.61 11744.06  12089.18
13°C 11283.06 1159646 1192568  12271.59
14°C 1145878 1177291 12102.87  12449.55
15°C 1163052 1194537  12276.06 12 623.49
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Fig. 6 Failure rate of the device with different

temperature cycle amplitudes
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Table 6 Average failure rate of relay protection device in

indoor and outdoor installation environment

AR 20 °C 22°C 24 °C 26 C
EWNEHE

N 8583.43 8886.62 9203.32 9537.42
RILFR/FIT

R

o 1099736 11309.57 11637.56  11982.23
R IFIT

IR /% 28.12 27.27 26.45 25.63
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Table 7 Sensitivity of failure rate of relay protection device to

temperature in different installation environments
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