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Abstract ; In order to predict the remaining life of electrical connector, this paper proposes a life prediction method
for the electrical connector based on a combination model of an adaptive Wiener and a discrete grey model ( DGM
(1,1)). First, based on the Arrhenius model, the stress level of the temperature cycle test is selected to determine
experimental parameters such as test cycle, exposure time, and temperature rise rate, and contact resistance is
chosen as the degradation characteristic quantity for the temperature cycle test. Second, the remaining life of the
electrical connector under temperature cycles is predicted using both the adaptive Wiener model and the DGM(1,1)
model seperately. By comparing the pseudo-life prediction results of the two models under different temperature
stresses are compared, a combined model of the adaptive Wiener and DGM (1, 1) is proposed. Finally, the
parameters in the Arrhenius model are estimated by the least squares method, and the life of the electrical connector
under normal temperature is extrapolated. The results show that the DGM (1,1) model provides more accurate
predictions under lower temperature stresses, while the adaptive Wiener model provides more accurate predictions
under higher temperature stresses. Considering the applicability of the model under different temperature stresses
comprehensively, the combined model of adaptive Wiener and DGM (1,1) can predict the remaining life of
electrical connectors more accurately. The research results can provide reference for maintenance decisions of
electrical connectors and support for the reliability improvement of electrical equipment.
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Fig. 1 Electrical connector test product
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Fig.2  Structural principle of temperature cycling test for

electrical connector
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Fig.3  Temperature cycling test chamber
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Fig.5 Contact resistance pre-test degradation curve
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Fig.7 Contact resistance segment degradation curve
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Fig.8 Normal distribution test of contact resistance segment
degradation
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et FH B — B AN [R]3 BE 17 g ik it iR A T 5w
TOUIN A BEAEAE AN BIEOR i e/ D ik i AT I
AT St — DY RIR 22 R, AR SO iR
H H G R, Wiener £ EFT DGM (1, 1) BRI X 45 7 B
W AR 1B AR AE i AT T R
PN (I 25 A1) SR 845 4005 (8 A s v 15 22

%56 1 ORFHEHE , 25, LT ALA B A o SRR TR A A A T <133 -
8; 8
7t 1%&?% 7
2 2 o R
= = 5| = 5
Beey Besy =
& & 4 g 4
. o3l 3
2 2
0 20 40 60 80 19 20 40 60 80 10 20 40 60 80
J&#/A JEHAAS JEAHRAS
(a) imAL (b) B iHA2 (c) IRHHA3
8 8 ~
7L 7 %&{%
e g g ”
| 6F E £ 6
g 5 = =
= = w5
& 4 & g,
o3l i #
) 3
) . . . . . . . . 2 , . . ‘
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
J& #/A & #/A JEHA
(d) R A4 (e) A5 () R AhA6
B 10 FHFaFimlils s
Fig. 10 Life prediction fitting curve
. Yyefa i 2 | 3 1 1k B IR RE N 0 A o DR 25 AT
4 HTHEHEANF TN

P28 % 1R 2 /N B TN ASE AR | LAk ) i sy o DR
E R,

23 HHIE N Wiener FLAIFI DGM(1,1) %Y
TN ZE SR, FRER 3 T, 9 R ) 5 vk 3R A5 1 th
BT A 4 A — e 1 22 51, e 0l e L N ) R
50 C B PR 25 AR K, Mk BE . 1 R 59 .73
195 CHE2ZERE/N,

®3 BEERATHBBMAREEG

Tab.3 Pseudo failure life of stress specimens at different temperatures

R, H 3 . Wiener DGM(1,1) 25/ || W e 1 B Wiener DGM(1,1) E5/
C s PRRRGERAB A hRESEm R A A C s PRREGERAB/ A hRESGEmEA A
95 Al 65.25 48.02 17.23 59 c1 151.32 184.22 32.90
95 A2 82.69 57.34 25.35 59 2 166.39 200. 12 33.73
95 A3 78.08 57.16 20.92 59 C3 154.21 158.17 3.96
95 A4 93.20 58.04 35.16 59 c4 149.29 166. 89 17.60
95 A5 78.24 50.23 28.01 59 cs 157. 89 147.75 10. 14
95 A6 79.99 54.78 25.21 59 6 162. 10 161.23 0.87
73 Bl 120.21 82.91 37.30 50 DI 212.33 261.28 48.95
73 B2 110. 56 73.55 37.01 50 D2 234.21 295.45 61.24
73 B3 114.35 80.02 34.33 50 D3 216.71 283.77 67.06
73 B4 105. 64 91.49 14.15 50 D4 205. 65 257.39 51.74
73 B5 109.35 81.22 28.13 50 D5 241.29 321.11 79.82
73 B6 106. 41 77.25 29.16 50 D6 235.03 240.74 5.71

Il —HL= i Z BIAF AR e 22 5 S8R R A DOM (1, 1) BAY A P S R0 77 i AU 25 5 h

A B A % R 1 A B TR AN [, A S e B[R] — 1R
NI 6 A O 505 S E A i IR
TTFRB RS T, 4 A& Wiener 12

F AT, 7E 50 F159 °CF,DGM (1,1) &I F5 0 %)
PR B 5 b T 1% 25 RS 2 44 XoF R 22 458 /IN T 73
195 CHHEERAM I, ik, DGM(1,1) BEAIZE R AL



© 134 - e NS B | A - =

557 %

YL 1Y T TR, T S N Wiener 57 75 55 5 R
JER R HER, R DOM (1, 1) BERR 5 5L
B AR R A0 5 0 A T 7 2% fh el L3 £k i R
FFE IR A, B2 PR AL HL A, 3 30 B R B007E 5
TREHG ARG, P, 76 R B G PR R BT T o 34
AT A R (50 159 °C) BFSRE DGM(1,1)
R EAT A7 A 00 17 73 3 (73 R 95 °C) Bisf U)o
FIIE Y Wiener #5878 E 47 75 i #0000, L 422 v 800 £
KEEE . 4LE R 95 73 .59 F150 °C Fik sy
thae A5 4y Wk 54.26 81.07 ,156. 87 224.20 4>

x4 AHRBHIBGFETNER
Tab.4 Pseudo failure life prediction results
. A A IR REE %
it 4

oC Hifl  DGM Hifk ~ DGM
Wiener  (1,1) Wiener (1,1)

PREIR2E/ %

Hi&B  DGM
Wiener  (1,1)

95 79.58 54.26 3.82 8.21 3.42 5.72
73 111.09 81.07 4.98 5.54 4.13 4.13
59 156.87 169.73  17.47 5.98 14.96 5.26

50 224.20 276.62  26.70 13.23 23.49 12. 64

5 E¥FaiH
DL b ik 2H G AR T AR 3] 1 45 R 1 D e Ui
N1 B A A, AR AT TR IR Y ) A
Ffi AT Arthenius SRS TAMEE, HRIAAN
-E
R:Aexp( kKa) (14)
AR B R E, R E Rk HPIRE S
HR K AR EE A
XF(14) PIINIBCRR 43, 45 38053 I 7 8 fim s e
REIRIL T .

R 5
J dR = JAexp(_E“)dT (15)
Ry 0

kK
K .8 Rk i 4w, Ry WP IR IR AL R
A AR =R -R,, N

AR (E,
5=T‘”‘p(k1<) (16)

XFEC(16) PO 4L, AT 75 .
lg5:lg%+f7a<lge (17)

E
S =18 =g e M (18) T

lg52h+w(%) (18)

i A fie /N ek RTARAG AN [RI T 7594 T A
BIHR b o WIS L SO O R r FIBR 22 — T Al

Ry, A NLF 5, MOCRE r iR 1, HAk2E "k
J7F Ry #3230 O, T 25 S Mok i .l 3% 5 nl AT,
AT A IE N Wiener B K DGM(1,1) B8 25
BEFY ) r BT 1, H Ry Ied30T 0, R B H A 530U
U, T A5 R A e . K B b w BB
AR (18) , AR AR EE N T T R

lgd=-6.574 +2 874.215(1?) (19)

RS RNTERETMNER

Tab.5 Least squares method prediction results
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