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Research on the degradation state assessment method for electrical connectors
based on dynamic characteristics of intermittent fault signals
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(Science and Technology on Integrated Logistics Support Laboratory, College of Intelligence Science and Technology,
National University of Defense Technology ,Changsha 410073, China)

Abstract: The intermittent fault of the electrical connector is a common fault type in equipment, and its signal performance has a strong
correlation with the degradation state of electrical connector and the environmental stress level. It is difficult to evaluate the degradation
state of electrical connector. To address this issue, a new method is proposed in this article. The dynamic characteristics of intermittent
fault signals of electrical connectors under sinusoidal vibration conditions are analyzed, and the behaviors of relative displacement
between the contact interfaces obtained from dynamic model analysis reflect that the intermittent fault’ s bimodal amplitudes and their
time delay are effective parameters to evaluate the degradation state of electrical connectors. The characteristic parameter dataset is
constructed. Furthermore, a state assessment model based on deep belief network and multitask learning is formulated. The loss function
of the model is improved as the iteratively weighted summation of the partial losses. Based on the parameter dataset of intermittent fault,
the degradation states of electrical connectors are evaluated and analyzed, and the accuracy reaches 95.94%. The proposed method
provides a new research route for the degradation state assessment of electrical connectors.
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(a) The vibration test platform for electrical connectors
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Fig. 1 The test platform for electrical connectors
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Fig.2 The diagram of the intermittent fault signals
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Fig.3 The enlarged view of the intermittent fault signal and

the synchronous vibration signal

FEL T P2 A 1 P L 2 fh 53¢ T R S FROWL 3 P JRE A
TR R, [ i e F) B AL P 45 i A T8 T TROU 4% ik ¢ T
SZEN 2 FHREHLIN 3 A9 90 R A B L B —E
JEERSS , 12 fih S T A 2 BRHIE B mT RE 2 S B Mk HL A5 1
BRUREAILIC /IR 1] SRR Rl (L, [va) i o ) I 8l 1 A A
DR R el PR 4 R ot S0 AR 3l (4 B A5 R 1, R BN
TEAE IR A 30 04 45 R i 221 S B ] e o e L, o o
WA 5 o R WA ) RS2 SEE AR DR /N5 L 2 % R ) B 4
fl RSO L NIEL 3 BT LA | 1R 30 R P 1Y
1) R o 177 LA B TS 2 B B 7 L L0 T s B, B
MJCH] Rk e B, 2E— 2D 455 i T A8 3 2
X ) BB {5 e PR F T 20
1.2 HREEBHNFEISNT

AR R I A PN A TR B A R 00 B G R K
Z [ PR i 7 A Ay 58 1 4, A4 B L A 1 AL /s R 1RT
P 4(a) BT7n o 2G4 AL 2 A 00 g s sl i P i - 250 R 3 432
TEAR S EREE T H B 5] BRI BRI, AT H 4 B 4 AL 2
AR TR/ N AR X7 1 78 A ) 25 20 M 2 R 45288
FELJE , NP 4 (b) 7, A 552 B 2 56 15 i 3 W1 38 e 25
RBHIEREAX 285 A BYZEAL LA NS (1) P, He g
SRR AR AN P 5 iz . AR H HL i e 4 5l ) o
B R N R A R AL 8% R U= (2) B

koxo/(xy + Ax), Ax <O
k = —InZ*Qx/x
! kye iz Ax =0
(D)
coco/ (%, + Ax), Ax <O
Cy = coe—[nzmmo’ Ar =0
z, = Asinwt
mys", + ky (2, —2,) +ky(z,-2)=0
myz"y + 04(2.3 _2.4) +h(z —z) +k(z-2)=0

m,z", + c,(z, —23) +k,(z, —zy) +k,(z, —2,)=0

(2)

: ké k_g

“1

k, kA
L L e, ]
RS Asinwt
(a) ERREN AR E Ok il

(a) The structure diagram of the connector  (b) The dynamic model

K4 HLEZEIE AR R B B R R Bl g A
Fig.4 The structure diagram and the dynamic model

of the electrical connector



5511 ) PRS2 RE T RN BRI A5 5 Sl A0 1o 45 14 L 3 B d R A RS PP T ik 5 193
0 x10% 4 x107*
’ —#ﬁi‘ﬂiﬁ —— &EIBEI{E
L £ 5 TR INT Tl
35 2 2
d
30+ ® 9
= L3
g
Z 25 o . . . . )
= 0 0.02 0.04 0.06 0.08 0.1
201 i [&)/s
(a) FEETHEFLZ I FRIAR AL RS 1 2%
1.5+¢ (a) The relative displacement curve between the pin and pinhole
o %107
1.0
0 § al E) B R B — - — IS S
05 ' . : : : 2 : LR AL AR
-2 -1 0 1 2 3 5 2 1--\,\1.-'.\/
Ax/m §O‘|“” ‘ \!'.H"\|HHI,\--’\"JI
\ \ \ 5 \.“,,"-i"\f\.‘-!“'
S S b, BEREHR LA R B L L g—z»-\/ FRVATRTRIRTRVAVRIRTAY
Fig.5 The variation curve of equivalent stiffness £, with E-4 0,02 0,04 0,06 0,08 01
i [R)/s

relative displacement between pin and pinhole

AR R F A 0 P T M L 552 B i 22 30, e 8
SFRIISRANGR 1 7R . FEREE A LA HeAR Bl ) 2
BERil b IT RO BT, ANIET 6 B, TSR A A 24 £ 4 AL
IR LA (1B 6 () SEEE) o BERE A 1o B 1 {6
(K 6(a) HELR) , B £L Z [ AN ALF% /N T BRI
FRL 2 e o L BEL A T IR BEL S, T W Y ) e o 4 1= 5 24
RS (L AS k(LT R 3 e A R BT [ B P B 52

x1 BERSFHNFEESY
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Fig. 6 The simulation results of the dynamic model
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Fig. 10  Evaluation results of the corresponding degradation

state and stress level for electrical connectors
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Table 3 Comparative analysis of the evaluation results of different models (%)
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AR S 405 8
HIIEE RS 4 YIIZhsE 4
DBN-1+Multitask 96. 13+0. 48 95.94+0. 64 96.90=+0. 34 96.41+0. 35
DBN-2+Multitask 95. 40+0. 69 95.29+0. 59 95.10+0. 63 94.87+1.01
DBN-3+Multitask 94.81+0. 87 93.82+0.91 94.35+1. 12 93.98+0. 97
DBN-4+Multitask 93.26+0. 89 92.76+0. 96 93.61+1. 06 93.35+1.01
DBN-1+Singletask 94. 66+0. 73 94.97+0. 66 94.67+0. 92 94.59+0. 59
SVM 88.42x1.36 87.14+£1.5 89.29+1.74 88.34x1.67
ANN 87.70+1. 89 86.45+1. 84 86.02+1. 86 85.38+1.90
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