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Abstract

Aiming at the evaluation of insulation reliability of electrical connectors in storage environment,
the failure mechanism of polyurethane adhesive insulation parts under storage conditions is ana-
lyzed, and it is revealed that the insulation failure of electrical connectors is due to oxidation and
hydrolysis of polyurethane adhesive. Based on the surface center composite method (CCF), nine
sets of double stress accelerated tests were designed and carried out to obtain the degradation of
insulation at each detection time under different stress combinations. Based on Anderson-Darling
statistics, the optimal distribution of degradation is fitted, and the optimal insulation resistance of
polyurethane rubber insulation is determined to follow the normal distribution, and the degrada-
tion distribution model of polyurethane rubber insulation is established. By comparing the good-
ness of fit, the time function form of the mean and standard deviation in the degradation quantity
distribution model is determined as exponential function, and the unknown parameters of the
model are estimated by the least square method. Based on the response surface theory, a parame-
tric temperature and humidity dual stress acceleration model is established. Based on the series
relationship of system reliability, the insulation reliability model of electrical connector is estab-
lished, and the reliable life of electrical connector insulation under normal stress is calculated,
which can provide reference for the insulation reliability evaluation of electrical connector in sto-
rage environment.
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Figure 1. Insulation resistance degradation track of nine groups of tests
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Figure 2. Optimal fitting distribution of degradation at 1176th h in 65°C and 84% RH group
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Table 2. Statistics of best fit distribution results
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S2 (55°C, 84RH%) 11 10 1 0
S3 (55°C, 96RH%) 12 10 1 1
S4 (65°C, 72RH%) 9 7 2 0
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S5 (65°C, 84RH%) 11 7 2 2
S6 (65°C, 96RH%) 12 8 2 2
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S9 (75°C, 96RH%) 12 9 1 1
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Table 3. Goodness-of-fit result of mean time function
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S1 0.98385 0.85330 0.96936
S2 0.96649 0.93245 0.91423
S3 0.97343 0.93170 0.92751
S4 0.97371 0.88622 0.92877
S5 0.98419 0.66266 0.94330
S6 0.98473 0.84288 0.91574
S7 0.98097 0.90823 0.91586
S8 0.97208 0.82897 0.90734
S9 0.99865 0.89935 0.92455

Table 4. Goodness-of-fit result of standard deviation time function
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S1 0.92439 0.80995 0.92037
S2 0.90981 0.83298 0.90525
S3 0.82926 0.73070 0.82013
S4 0.86205 0.73462 0.85093
S5 0.82040 0.73278 0.79665
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S6 0.95937 0.85453 0.95429
S7 0.93514 0.91159 0.90494
S8 0.83021 0.65909 0.82560
S9 0.92901 0.79179 0.90770
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Table 5. Parameter estimation results
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Figure 3. Normal fitting results of parameters
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INy =B+ BX +2. BixZ +2 BiX X, +& (18)
i=1 i=1 i=1

o, y BHD, « dy s m IR TGRSO m = 2: % R T (x IR T, x; iR T
B Bi By WEBREEAREG <), f 308 X RENERUE, 5, 305 B9 U8y R X 5 X,
2 VTSSO & MR

FRAE R(18) 7 lxt by« d BTN Sy I A A Gn =X (19) B
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Inb, =-18.537 +0.25633x, +0.05083x, —1.867 x10°x,” —3.24x107 x,> +1.67x107* x X,

19
Ind, =-6.163+0.32992x, —0.36247x, —2.2x107° x> +2.187x107°x,” +1.04x10™* x X, =
5.3. By
Y AF ERRES R 2 R IR LR AR
ae ™ -D
R(t)=d| *=—— 20
(t) ( e j (20)

— NG BT 10 REF, 19 g i BRI R FURTEENE Rt ot A S R R A AT I I AR A
Z A2 B PE 1), WA A 1K) 75 v R IR«
T=min{T,,T,, T, T}

F R R GE R SEAE T i ER R R RROR ST B R dr AT, B2 R R E SRR Dy
ot 19
R.(t)=R(t)" = {@[W—@DH (21)

XA, a ~ b« ¢ fd, ARk FRESIFESEL, D ALERERE, O AbEIESO AR,
t LS A R ALET [A] .
a, flc, SHGEAFMINIITER, I IEE I AFHEE(25°C, 50%RH) T
a, =%_§9)ai =330.82
Lo (22)
by =§Zbi =25.19

i=1
b, « d, SHGHN IR, Htx =25C. x, =50%RH fRA(19), AT IEF NS TS
b, =1.1703x10°°
d, =7.3980x10°°

P 1 AR 24 2 M AE I AE A BE(25°C, 50%RH) T (1 7] 5 BE Ay

19
~1.1703407%t
R (t)= [ q)[330.82e 1]} ”

(23)

~7.3980x10 0t

25.19%
FH JE 4 B 4 AR I AE 3R 85 (25°C, 50%RH) 1T 58 B #h 2R 18] 4 s o

Figure 4. Reliability curve of electrical connector insulation
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HUERAR G A ENAF I E(25°C, 50%RH) N IR SEA5 i 7 Fis . 5 JE BIX KA G AFAE L PR TR
IS R ) A i — SRAE. 30~40 SR Z [AIANAE[14], AT BLA A SO H 14 TR AL B 0 A1 ) B SR s 4 ]
FEVERE R 2 H (0 VAl 2 RO HE AR o

Table 7. Reliable life of polyurethane rubber insulating parts for electrical con-
nectors under storage environment (25°C, 50% RH)

7. INEIME(25C, 50%RH) THEES AR EREREZGN T RES

t

t t t

0.999 0.99 0.9 0.5

30.46 4F 34.06 4 38.86 4 44,07 ¢
TE: g0 2N NI FEEDN 0.999 I (I 4775 7 o

6. &it

AR ST R HE TR AR A R AT SRR TR T DU A A R A ) 246 55 T S M PP M i T
FeftR T ALl E R ] R ARG AT N B, N T HOERSS B EAT A A ar PPAS K s IR,
A RBNEL AT IE B SRR AT XS I IR S SHh TR A T SE
PAAL . S5RTTR

1) ARSCER HUOE AR IR R BR AL RL, RN R BRI 1 A AR A, iR BE AR
Fe LR AR R R AR G R E B A BT A 3K

2) R4 i 17 i B R R XUSE g g s i N 4H A B B S AR M . A~D GEit R A IR
RIS E R TR, BEIHRIE MRG0 AN IES A, a2 i BRI R A 233l FlIR
P I3 AR W] DR Ml il 48 25 A R AL R

3) t-test S it EAT I L KRB WL R H & T BGARE I R A — Bk, 30E 1 i atse 77
SR B0 AR A KR AT R

4) A EERBLGI LA Z NGRS, EE - NE R R S B E LI
R, PRI ATAR AR £ I 2R 8 T SE AT PP BN L A K I A T B

E&UH

WrLA8 S K 35 H (2021C01133).

SE 0w

[1] Luo, Y., Wang, G., Cai, M., et al. (2021) Research on Contact Performance of Aviation Electrical Connector under
Atmospheric Turbulence. IEICE Transactions on Electronics, 104, 112-120.
https://doi.org/10.1587/transele.2020ECP5022

[2]1 #Eh. ERESIR N TR L], HLHEITHR, 2007(3): 42-49.
[81 ZEH, WFZ, k=, AR, TFEZ. BIERRES RS i BV L[], ML G, 2011, 31(4): 43-46+56.

[4] VripM, b, fEE, BRE, RSN RS RIS RS LG R R [0 ML, 2017, 37(3):
37-40.

[5] A, PRERIE X HOZE B A 4 2 sl B M 20 AT [J]. HLE G4, 2016, 36(6): 33-35.

[6] EERH, SEE 0. W HIERES A S F B R M IR 3R AT 7T [3]. WLHLIT AR, 2006(4): 21-25.

[71 BRSCHe, s, R, XUE, FSER%. MR i e 400 2 vl BH Il 2 P AR B R AR R E 3. b EE LA
T2, 2011, 22(22): 2727-2732.

[8] i, M==, KREFE. AT XY B ERRE SRS NSRBIk TR, 2015, 31(5):

DOI: 10.12677/mos.2023.122090 960 e RSE TR


https://doi.org/10.12677/mos.2023.122090
https://doi.org/10.1587/transele.2020ECP5022

XFEW %%

[9]

[10]
[11]
[12]

[13]
[14]

42-44.

Tvh. HIERAS A FX-502 B% T4 oy 1 b 1 20 2P e v S VR A 7C[D]: [hl - 244218 3C]. U Wi EE TR
24,2021,

UVETARE. Tl /K g S8 P SR S I & B 5 0F 7T [D]: [ 224718 5]. dbst: dbsitk Tk %, 2018.
LA, XNEMR, =, X, ETIRME SN TSP, BN T FE, 2014, 25(6): 807-812.

ROCH, TR, TERE. BT AR AN AR SR A O AL — SO AN 0] BSOS AR K A A AR, 2015,
41(12): 2198-2204. https://doi.org/10.13700/j.bh.1001-5965.2014.0815

BRRBE. HOZERERS 771 Rk % 3 A7 5 VAl (AR 78 [D]: [A-E 2206018 3C). il WivLBl Tk %, 2022.
TR, FETIRACEE I e o T SE PR A 5 PR T VAR AL [D]: [ 22 AR 5], e: i TR RS, 2020.

DOI: 10.12677/mos.2023.122090 961 jé

m

5 H


https://doi.org/10.12677/mos.2023.122090
https://doi.org/10.13700/j.bh.1001-5965.2014.0815

	基于退化量分布的电连接器绝缘可靠性建模
	摘  要
	关键词
	Insulation Reliability Modeling of Electrical Connectors Based on Degradation Distribution
	Abstract
	Keywords
	1. 引言
	2. 失效分析
	3. 试验方案设计
	4. 退化量分布建模
	4.1. 最优分布族的确定
	4.2. 退化量分布模型
	4.3. 模型参数估计

	5. 可靠性评估
	5.1. 失效机理一致性检验
	5.2. 参数的加速模型
	5.3. 贮存寿命

	6. 结论
	基金项目
	参考文献

