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A condition-based maintenance strategy for a relay protection system based on
failure probability analysis

YE Yuanbo?, XIE Min!, CHEN Xiaodong?, XIANG Zhonghua?
(1. Anhui Electrical Power Dispatch Centre, Hefei 230022, China; 2. State Grid Anhui Xuancheng
Electrical Power Company, Xuancheng 242000, China)

Abstract: To accurately calculate the condition-based maintenance cycle for a protection relay system, and to make it
convenient for the operational staff to prepare the maintenance schedules, a new condition-based maintenance strategy is
developed based on failure probability analysis. Given the historical failure data, a fitted model is established. By
considering the influence of short- and long-term factors, a real amending failure probability model for a protection relay
system is proposed. Then, in accordance with engineering experience and some related guides, the maintenance cycle can
be calculated by setting the accumulated failure probability threshold. The simulation results testify that the proposed
maintenance strategy can provide a more practical maintenance cycle for operational staff and increase the engineering
applicability.
This work is supported by the Science and Technology Project of State Grid Corporation of China (No. 521200190081).
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Fig. 1 Basic failure rate curve
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Fig. 2 Failure rate curve after considering the
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Fig. 3 Relationship between the equivalent time
and its health evaluation point
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Table 1 Historical failure data

IBATARRR s BATARIR s
0.5 0.0011 125 0.0384
0.6 0.000 7 13 0.0395
0.8 0.001 2 135 0.020 2
0.9 0.004 1 14 0.003 3
1.2 0.009 4 15 0.021 8
1.6 0.0193 16 0.0158

2 0.009 1 16.3 0.0316
25 0.0143 16.5 0.0396
3 0.008 7 16.8 0.028 5
3.4 0.0188 17 0.028
3.9 0.026 1 18 0.046 4
4 0.016 18.5 0.032 31
4.6 0.0143 18.9 0.023 8
4.6 0.0126 19 0.033 2
4.6 0.022 6 19.5 0.057 4
5 0.0123 20 0.0433
6 0.0138 20.5 0.0558
7.2 0.0133 21 0.068 1
7.4 0.0143 22 0.044 9
7.5 0.023 2 23 0.060 7
7.9 0.020 6 235 0.076 1
8 0.018 6 24 0.088 9
9 0.0156 245 0.099 6
10 0.0184 248 0.096 4
11 0.016 9 25 0.102
11.2 0.016 255 0.1155
11.3 0.0154 26 0.134
12 0.0134 26.5 0.1143
125 0.0357 27 0.1503
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Fig. 4 Fitted curve of basic failure rate
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Table 3 Modification of short-term factors
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Table 4 Real failure probability model

H) f FERE TS E S e AR
HI=100 A(t) =1.027 x 4, (t —0.5)
HI=95 A(t) =1.027 x 2, (t — 0.375)
Heil 1 HI=90 A(t) =1.027 x 4, (t — 0.25)
HI=85 A(t) =1.027 x 4, (t —0.125)
HI=80 At) =1.027 x A (t)
HI=100 A(t) =1.027 x A (t—1.3)
HI=95 A(t) =1.027 x Ay (t —1.175)
Hpg) 2 HI=90 A(t) =1.027 x 4, (t —1.05)
HI=85 A(t) =1.027 x 4, (t —0.925)
HI=80 A(t) =1.027 x 4, (t —0.8)
HI=100 A(t) =1.027 x A, (t -1.7)
HI=95 A(t) =1.027 x A, (t —1.575)
5 3 HI=90 A(t) =1.027 x A, (t —1.45)
HI=85 A(t) =1.027 x 4, (t —1.325)
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Table 5 Best maintenance cycle under different
health state estimations
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WA E & H I %) B ZI JA
H1=100 — 10.237 10.237
HI=95 — 10.112 10.112

H 1 HI=90 — 9.987 9.987
HI=85 — 9.862 9.862
HI=80 — 9.737 9.737
H1=100 4 14.977 10.977
HI=95 4 14.912 10.912

H 2 HI=90 4 14.787 10.787
HI=85 4 14.662 10.662
HI=80 4 14.537 10.537
H1=100 6 17.037 11.037
HI=95 6 16.815 10.815

Hl 3 HI=90 6 16.587 10.587
HI=85 6 16.262 10.262
HI=80 6 16.004 10.004
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