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A predictive maintenance decision-making method for AC contactors
considering failure threshold randomness

Liu Xuan'?, Xiang Shihu"?,Li Kui'*
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Reliability of Hebet Province, Hebei University of Technology, Tianjin 300401, China)

Abstract: AC contactors are widely used in control systems. An efficient maintenance strategy is the premise to ensure the safe and
reliable operation of the system. Due to the inevitable differences of three-phase contacts of AC contactors, the failure threshold of each
phase contact is random. However, the existing maintenance decision-making methods do not consider the randomness of the failure
threshold, which are not suitable for AC contactors. To solve this problem, this article uses the cumulative arcing Joule integral to
characterize the performance state of each phase contact of AC contactor and formulates a performance degradation model considering the
randomness of failure threshold, competing failure, and degradation correlation of three-phase contact. A method for estimating the
parameters of the degradation model, updating the distribution of the three-phase contact failure threshold and residual life based on
maximum likelihood estimation and conditional probability formula, is proposed. A predictive maintenance strategy considering the
randomness of the AC contactor failure threshold and the update of the maintenance strategy is proposed. The predictive maintenance
strategy takes minimizing the expected cost rate as the optimization goal and adaptively optimizes the preventive replacement threshold of
AC contactor three-phase contacts at each predictive maintenance strategy updating time. Finally, the effectiveness of the proposed

maintenance strategy is evaluated by case analysis. The results show that, under the predictive maintenance strategy, the expected cost
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rate of AC contactors can be approximately divided into fluctuation stage, stable stage, and rising stage. The actual cost rate is reduced

by about 10% compared with the existing maintenance strategy, indicating that the strategy can make more efficient use of AC contactors

and has a better economic effect.

Keywords: AC contactor; randomness of failure threshold; competing failure; strategy updating; predictive maintenance strategy
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Fig. 1 Diagram of maintenance activities in different situations
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Fig.2 Diagram of the proposed predictive maintenance
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w ) s ) (TR
A°S A°S A°S

2 500 3739 248 4 066 999 3 997 606 0.546 1

5 000 3683 177 3 689 448 4 015 558 0.542 0

7 500 3648 770 3 939 368 3 997 599 0.580 5

10 000 3 846 941 4 093 463 3 991 548 0.5753

12 500 3678 933 3961 809 3986 183 0.577 2

15 000 3 663 368 3796 825 3 914 755 0.575 7

17 500 3 644 965 4 058 922 3852714 0.576 4

20 000 3686 311 3 843 436 3 855 838 0.570 9

22 500 3 640 533 4 081 175 3 959 338 0.5719

25 000 3 691 412 3 739 841 3 861 619 0.586 3

27 500 3684 177 3 974 786 3 841 489 0.602 0

30 000 3 873 440 3615919 3822 799 0.611 1

32 500 3734 904 3 976 895 3844 193 0.6190

35 000 3 683 004 3614 628 3 867 784 0.640 0

37 500 3 694 552 3 836 653 3 869 682 0.706 3

=3

il 2 WP EREEREE AR

Table 3 Preventive replacement threshold and

expected cost rate of sample 2

e MBS BB
wan, D BORE BB, L
L

A°S A°S A°S
2 500 3637 410 4 047 194 3912 413 0.636 9
5 000 3 845 232 4 016 587 4 005 867 0.605 7
7 500 3 720 545 3 965 242 3 985 414 0.587 2
10 000 3903 263 3 928 807 3 951 643 0.542 2
12 500 3411 190 3 422 093 3 939 654 0.543 6
15 000 3705910 3 305 100 3944 212 0.537 8
17 500 3 805 884 3521 536 3912 413 0.5326
20 000 3967 416 3 725 003 3752 730 0.554 2
22 500 3975 154 3 446 560 3 560 338 0.607 6
25 000 4 001 865 3 331 878 3422 521 0.659 9
27 500 3 607 861 3430 117 3 300 004 0.737 2
30 000 3 538 512 3 480 152 3332 102 0.766 3
32 500 3 851 006 3 578 267 3 405 328 0.8112
F4 XWMIVTPBHEREERREERE

Table 4 Preventive replacement threshold and expected

cost rate of sample 3

FEZFFE BT A T A 8 SR 300 1 7 fih
SLArIET 39 473 YR, B A il Sk 1 SRR SIAR B A4y JEak
7% N AH B TR M B e R A 2 A ek Sk o3
34 874 RIS, A A il Sk i R AR I AR BRR A3 e iR 31 1 X
o7 A B4 582 A A5 3 3 7 M Sk 20 36 495 YR
A RSk Y SRR SRR EERR A3 SE iR 3] 1 X g AH B T B 1
EHERE, B 5 3 Bl B 5Rms TER e 20 T Y
W R,

M S o LU AR 2% F SR KECH 3 BB, B
Bt 1 M sh B B, 4 Wik B2 10 000 ¥R 2Z Hi 5 BBt 2 A F-
Fal B, 43 Wi gk 29 10 000~20 000 ¥ MBS 3 9 - THBY
B, 23 Wik B4y 20 000 IR Z S5

- A *ﬁ@l% B *ﬁfﬁﬂ% c *ﬁfﬁ@r -
S %1/ " Bﬁl{t ﬂﬁl&)ﬂi ﬂw}.ﬂi R
% Ea‘i@lﬁﬂ{ﬁ/ Ea‘i@lziﬂ{ﬁ/ E}%lziﬂ{ﬁ/ %)

A°S A°S A°S

2 500 4 045 093 3 733 595 3974 278 0.594 6
5 000 4010 320 3 809 643 3 960 305 0.563 4
7 500 3 959 307 3959 912 3765 673 0.590 0
10 000 3908 772 3 962 856 3714 694 0.5858
12 500 3829 592 3942 315 4 066 105 0.590 4
15 000 3703 507 3 963 667 3 808 993 0.5873
17 500 3763 050 3 971 496 3 983 749 0.583 1
20 000 3 811 403 4 003 094 3774 750 0.588 8
22 500 3 952 780 3 891 397 3758 323 0.592 4
25 000 3842 077 3 859 879 3732 678 0.610 1
27 500 3 814 058 3 829 667 3754 873 0.624 3
30 000 3 864 973 3 738 533 3936 097 0.6325
32 500 3 848 150 3 871 787 4092 978 0.651 2
35 000 3 835 677 3 857 893 4017 787 0.690 5
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Fig. 5 Expected cost rate under each maintenance

strategy updating time of 3 samples
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Table 5 Optimization results of three methods

ARk BARMRS: MMk BIRHE SR
i W %ﬁl@ﬂi Tﬂﬁl@ﬂi ﬁlliﬁfi A/ 2 (5
W, A, EREE, ST
A%S A%S A’S EHERREISS)
1 3694552 3836653 3869682 39 473(B)
1 2 3851006 3578267 3405328 34 874(A)
3 3835677 3857893 4017787 36 495(A)
1 3548292 3359997 3154694 31504(C)
2 2 3555157 3435637 3391614 33 004(A)
3 3470273 3930545 3364902 33 485(4)
1 33 387
3 2 33 862
3 34 032

F6 3IFMAEMEIRERE
Table 6 Actual cost rate of three methods

it 1 Bl 2 b 3

Trik TRBRA, KR RAR, SRR
(IB/) (TT/%) (TT/%)
1 0.101 3 0.114 7 0.109 6
2 0.127 0 0.1212 0.119°5
3 0.119 8 0.118 1 0.117 5
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