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A reliability analysis method of dual-redundant relay protection systems

WANG Xingzhu', WEN Minghao', LI Jiagi', CHEN Yongxin’
(1. State Key Laboratory of Advanced Electromagnetic Engineering and Technology (Huazhong University of Science and
Technology), Wuhan 430074, China; 2. State Grid Hubei Electric Power Research Institute, Wuhan 430074, China)

Abstract: Existing study on the reliability of dual-redundant protection systems without accounting for common cause
failures and hidden failures leads to a large deviation of fail-to-trip frequency from the power grid statistics. Thus, a
method for assessing the reliability of a dual-redundant protection system is proposed. First, a reliability model of the
protection system is developed using a combination of a reliability block diagram and state-space approach. This takes
into account the common cause failures, repairability and hidden failures of the protection system. Then, a sequential
Monte-Carlo method applicable to a single multi-state secondary equipment and common cause failure secondary
equipment groups is proposed. This is used to analyze the reliability model to obtain the fail-to-trip probability and
frequency of the protection system. The case analysis results show that the fail-to-trip frequency obtained by considering
the common cause failure and hidden failure is more in line with the statistics, and that common cause failure significantly
reduces the reliability benefits from the dual-redundant configuration of the protection system, while improving the
self-checking performance of the secondary equipment can significantly improve the reliability of the protection system.
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Fig. 1 All-digital dual-redundant protection system
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Table 2 Reliability results for dual-redundant line protection
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Fig. 2 Three-state transition diagram for secondary equipment
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Fim. AR¥ER 4 vTLAS 2], XEECE T LR
PR G0 RS R AR SR AN R E R E
1.45%, [RIE ARSI 00 AL L B A K 3 v 1 4k
TRIF RG AT S
5.3 HELMITMELRIF RS A FE RN

Mnp=n=001. 5.=0.08 K, HEIHLK K
SEALRY RG] FEE R . TF AR L

RAHED, B L=0%+ 0.5% 1% 2% 5%,
PR S fion. RIER S oTUARE, —JH, 5
WAL B AR R G SR Se it s (1.68 x107°
WAL, 24 B8 =0%, BIASZEREIL R 22t 45 51
IR AR B ORI E SRS e BdR Y 52.4%,
2 B=0.5% - 1% 2% S5%H15 2 FKIFE SR 55
RNGEARR 72.0%. 89.3%. 122.0%- 236.9%,
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# 4 FRIEEA N TEBRIP ARG AR

Table 4 Reliability indexes of line protection system

under different configurations

Tic & 75 =\ P JCNED)
L 4.58x107 6.08x10™*
A 6.63x107° 8.80x107°

R 5 HERYIWE LRI AT E RIS
Table 5 Impact of common cause failure on the reliability

of dual-redundant protection

Bl% B F/(/4)
0 6.63x107° 8.80x107°
0.5 9.13x10°° 1.21x107°
1 1.13x107™* 1.50x107
2 1.55x10™* 2.05x107°
5 3.00x107* 3.98x107°

5.4 BRI W E AR R Gt AT S M A2
2 B =1% I, FEEEME RPN EA RS R 4Gt
AR, 7=7,=0.001. 0.05. 0.1. 0.15.
0.2 Hn. =08 RWE 6 Fion, n=n=0.1.
7. =0.5+ 0.6+ 0.8+ 0.9, 0.99 B &5 Rk 7 Fior.
Fz 6 n(n) AMEXRIFATEEHI RN
Table 6 Impact of 77(77,) on the reliability of

dual-redundant protection

n@m) F F/(KIFE)
0.001 4.83x107° 6.42x107°
0.05 7.66x107° 1.02x107°
0.1 1.13x107* 1.50x107°
0.15 1.64x107* 2.18x107°
0.2 2.18x107* 2.90x107°
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Table 7 Impact of 7. on the reliability of

dual-redundant protection

7c £ F/QRIAR)
0.5 9.55x107° 1.27x107°
0.6 9.74x107° 1.29x107°
0.8 1.13x10™* 1.50x107°
0.9 1.15x10™* 1.53x107°
0.99 1.25x10™ 1.66x107°

RIEZR 6 AI1E, Hn=n =0.05. 0.1, 0.15. 0.2
I, R AL B IR 5 Gt 1) 25 RO e AR Bl A e 2
n=n,=0.001F 1 1.59 f%. 2.34 f%. 3.40 {5, 4.52
B MRAER 7 I1E, Mn.=0.6. 0.8, 0.9, 0.99 i,
R AL 2 B DR 37 5 G0 1) 2R RONE 2 A4 Bh A 2R
e =0.5 B[ 1.02 £ 1.18 fi5. 1.20 f%. 1.31 {4,
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