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Reliability assessment method for AC contactors considering competing failure

Wang Haoran , Xiang Shihu, Li Kui,Zhao Changdong,Ma Dianliang

(State Key Laboratory of Reliability and Intelligence of Electrical Equipment, Hebei University of Technology, Tianjin 300401, China)

Abstract : AC contactors are widely used in power systems. The accurate reliability assessment of AC contactors is essential for ensuring
the safe and stable operation of the system. The existing reliability studies on AC contactors did not consider the competing failure and
degradation correlation among the three-phase contacts as well as the randomness of the failure threshold of each contact, which may lead
to inaccurate reliability evaluation result. To solve these problems, a performance degradation model incorporating the competing failure,
the degradation correlation, and the randomness of the failure thresholds is formulated by using the cumulative arc erosion amount to
characterize the performance state. A multistage parameter estimation method based on the maximum likelihood estimation is presented
for the problem that there are many model parameters and it is difficult to estimate all the parameters simultaneously. A reliability
approximation method is provided based on the Monte Carlo technique, and an approximate expression of the mean time to failure is
derived based on the technique of Riemann sum. Finally, the effectiveness of the proposed method is evaluated by simulation and real
case studies. The real case study shows that the proposed reliability evaluation method has high accuracy, and the goodness of fit is about
45% better than the existing methods.
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Table 4 Electric life evaluation results
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Fig. 3 Electric life experimental device of AC contactors
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Table S Parameter settings for the electrical life test

of AC contactors
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Table 6 Parameter estimation of the degradation rate

distribution of the test objects

S 1H

®, (105.38,92.34,92.05)"
29.71  1.81 -26.79

3, 1.81 7 -0.74
-26.79 -0.74 24.26

K A S AR )P B3R A A A ] 3 R T AR fh
Sk 1 - R Ak AR L 25 RN S iR

ER IR HhE/AS

ZAR IR ME/AS

=100
4-
AL SR TR R 7
s| - AMBKESFIELEY -
2L ////
1 /////.
o= - - - . . . ;<104
0.5 1.0 1.5 2.0 25 3.0 35 4.0
I TS
(a) ARRASL P 2R LS
(a) Degradation trend of contact A
4 1100
— BAfif kLR R A
3| - -BAEASLERTHRMAEY -
| _ -
1t =
0 A . . . . . . %10°
0.5 1.0 1.5 2.0 25 3.0 35 4.0
Viditve 4
(b) Bk TIiRLEH

(b) Degradation trend of contact B



48 2 W % ¥ M a4k
L Je , MO EARAR T A B A A i PSR KO, AER 8 WT
9 | —— CHA SR T AR L LAAE I, JriE 1B PEEE S 0.340 9, L7 ik 2 Wb 1
g 3| ORISR 43.98% , WL H7HE 3 W/ T 57% , 8 IR A SC TR i
°F P87 88 T S 5 25 T4 R )
B GRS R TPAL 2 ST A
2! 7 10, -
0 1 1 1 1 1 1 I X104
0.5 1.0 1.5 2.0 2.5 3.0 35 4.0 08
SYUTRH °r
(o) CA S TS84t R 25
(c) Degradation trend of contact C g 0.6}
S =Sk T Lo ®
Fig.5 Average degradation trends of three-phase contacts R%; 04r
oal i -.-.-ﬁgfé%zﬁﬂﬁ&&
HI Il S TT LA Y, PR A SCT 57 455 075 3] 1) 45 AH fil rd i
SR R 3 SR = A sk i TR AR R B W) ol ,2 Y- fmles o
B, T AL T B4R H AR HE A5 T ST R B '
2) iﬁ”ﬂiﬁXﬁ Hﬁﬁﬁ/é&ﬁ < ”( t) - X':f( t> B &':ft ﬁ% (a) Cumulat(ii\il)eijiiﬁ:?o%flznction curve
) — ZIBEHLITEE (e, (1), €,,(1), e.,(2)),IFR [l pssenmnz
ARK(15) At E A B = n ES S Y = “ P T——
538 0.41 -0.24 08} N
0.41 889 -4.5|x10°, S s
-0.24 -45 3.9 o C ‘
F P 5 22 R0 B R Py 25 BT AR, U B = fl & ol
SR A ELA B S B0IE T AR S0 B = AR ik Sk )R ' '
PR SRR A B sl EL\___
FFA(16) KRB RMBEMWSE D o), H45FR ) .
%‘% 7 Fj]ﬁi—\‘ 03.0 3I.5 440 \4.5 5I.OXIO
AWM
x7T KHBESHSEMEIT (b) TTSEPE #iZk

Table 7 Parameter estimation of the failure threshold
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Table 9 Electric life evaluation results
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