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Numerical Simulation and Application of Double-Stress Synchronous
Step-Down Experiment and Double-Stress
Cross-Step Step-Down Experiment

ZHANG Zhiqgiang, CAl Qingqiu
(School of Mechanical Engineering, University of Shanghai for Science and Technology , Shanghai 200093 , China)

Abstract;In orde to compare the experimental efficiency of two conventional methods for evaluating product life in
reliability engineering: double stress synchronous step-down accelerated life test and the double stress cross step step-
down accelerated life test, computer simulation was used, and a typical example of product life following Weibull
distribution was called. According to the comparison of the time consumption and product failure rate of the two
experimental methods, it was found that under the same experimental conditions, the double stress synchronous step-
down accelerated life test method improved the experimental efficiency more significantly. Based on the failure time
curve of double-stress synchronous step-down accelerated life test, the influence of shape parameters in Weibull
distribution on failure time and efficiency of dual stress synchronous step-down accelerated life test under different
sample numbers and different stress levels was studied by using Monte-Carlo method. The results show that the failure
time curves of different stress levels have the same trend under the same shape parameters. Under the same stress level,
the failure time curves of different shape parameters intersect stably at 63% of each sample size. This conclusion is also
applicable to other double-stress accelerated life tests. An accelerated degradation model of the winding coupling was

established, and a mathematical model was derived to predict the reliability life of the product under the normal working
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condition of the winding coupling, based on the accelerated life experiment method of double stress synchronous

depressurization. The analytical results show that the reliability life prediction model based on the accelerated life

experiment data can effectively predict the real life of the winding coupling.

Keywords: reliability assessment; double stress; accelerated life test; Weibull distribution; efficiency ratio; shape

parameter
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Figure 1 Stress application process of double-stress

synchronous step-down accelerated life test
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Figure 2 Stress application process of double-stress

cross-step step-down accelerated life test
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Table 1

Simulation failure data of double-stress synchronous step-down accelerated life experiment

(Sr,.80)  T/K  U/V 0y ry AL E]/ h

0.170 3,0.188 1,0.345 5,0.363 8,0.370 5,0.434 2,0.438 1,0.509 3,0.718 4,
(Spy»Su,) 403 500 5.27 23 0.795 2,0.824 5,0.900 0,0.976 5,1.256 8,1.301 8,1.354 4,1.478 3,1.499 1,

1.5154,1.550 2,1.697 1,1.756 0,1.766 3
. 0.985 6,1.946 6,4.205 5,5.654 3,6.028 8,6.512 6,7.394 6,7.842 9,7.943 0,

(S1y58u;) 388 400 97.98 17

11.3139,11.5959,11.973 9,12.615 0,12.616 4,14.218 9,15.253 4,19. 101 6
(S, 58u,) 373 300 2 842.00 6 14.259 9,16.526 6,56.613 5,91.586 4,104.014 2,124.201 0

(Sy,»8u,) 373 200 17 621.00 5

136.948 1,314.906 7,776.827 5,801.971 4,803.388 5

£ 2 WA R KRk B S Iy Ak IR

Table 2 Simulation failure data of double-stress cross-step step-down accelerated life experiment
(S7;.50)  T/K UV 0y Ty et AL
(Spy.S0) 403 00 sy b 0.170 3,0. 188 1,0.345 5,0.363 8,0.370 5,0.434 2,0.438 1,

0.509 3,0.718 4,0.795 2,0.824 5,0.900 0

(Sry,Su;) 403 400 14.39 11 0.2089,0.974 0,1.096 9,1.240 3,1.578 7,1.635 3,1.679 8,1.774 8,2.1759,2.336 6, 2.364 9
(S7,,553) 388 400 97.98 9 0.9856,1.946 6,4.205 5,5.654 3,6.028 8,6.512 6,7.394 6,7.8429,7.943 0
(S7,,50,) 388 300 357.58 8 12.302 0,13.331 1,14.710 5,17.050 0,17.055 3,22.903 5,26.678 9,40.722 6
(Sp»Su,) 373 300 2842.00 6 14.259 9,16.526 6,56.613 5,91.586 4,104.014 2,124.201 0
(Sy,»Su,) 373 200 17 621.00 5 136.948 1,314.906 7,776.827 5,801.971 4,803.388 5
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Figure 9  Structure of test system composition
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Slits under 3 sets of stress levels
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Figure 12 Performance degradation curves of
winding coupling in double-stress synchronous

step-down degradation test
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Table 3 Unknown parameters of degradation model of 15 test samples
HiE w R 040, BRI B, ERia i

1 -0.032 60 0. 004 040 D(t) =0.032 60 +0. 004 040t

2 -0.027 40 0.003 610 D(t) = -0.027 40 +0.003 610t
3 0.017 48 0.003 571 D(t) =0.017 48 +0.003 571¢

4 -0.026 25 0.003 414 D(t) = -0.02625+0.003 414¢
5 0.034 70 0.004 534 D(t) =0.034 70 +0. 004 534¢

6 —-0.068 00 0.012 540 D(t) = -0.068 00 +0.012 540t
7 -0.089 50 0. 008 730 D(¢) = -0.089 50 +0.008 730z
8 -0.054 70 0. 009 870 D(¢) = -=0.054 70 +0. 009 870:
9 -0.105 20 0.011 920 D(t) = -0.105 20 +0.011 920t
10 -0.024 20 0.013 240 D(t) = —=0.024 20 +0.013 240t
11 0. 290 40 0.031 660 D(t) =0.290 40 +0. 031 660t
12 0.362 20 0. 027 680 D(t) =0.362 20 +0. 027 680¢
13 0.474 80 0. 030 500 D(t) =0.474 80 +0. 030 500t
14 0. 555 00 0.028 790 D(t) =0.555 00 +0. 028 790t
15 0. 056 60 0. 034 240 D(¢) =0.056 60 +0. 034 240t
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Table 4  Performance degradation trajectory equation and pseudo failure life in
double-stress synchronous step-down degradation test

I3 17K - %5 o Th IR i PR AL R F s T,/
(S, »Sg,) 1 T'=0. 580 053 +29. 594 55 x D(t) 118 436. 20

2 T=2.362 510 +43.363 37 x D(t) 123 689. 70

3 T=5.584 738 +26.767 53 x D(t) 137 606. 30

4 T=-9.630 660 +34. 843 21 x D(t) 138 409. 80

5 T=15.612 460 +29.949 09 x D(t) 121 357. 60
(Sw, +Sk,) 6 T=88. 189 660 +95. 785 44 x D(1) 391 960. 70

7 T'=53.373 150 +87. 675 55 x D (1) 376 406. 30

8 T=76.280 013 +89.597 55 x D(t) 386 707. 10

9 T=-16.778 400 +113.597 60 x D(t) 452 712.70

10 T'=32.590 480 +95.238 10 x D(t) 384 211.40
(S, +Sky) 11 T= -266. 189 000 +238. 948 60 x D( 1) 929 175. 60

12 T= -153.467 000 +249.568 50 x D(t) 983 707. 60

13 T = -87.548 700 +239. 555 94 x D(t) 950 307. 61

14 T= -1.447 220 +283.768 40 x D(t) 1 134 929. 00

15 T= -124.857 000 +237.642 60 x D(t) 938 084. 60
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F(t):l—exp(—(;) )o (7)
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j=1 j=1

K :D(n,n,g), Cln,n,j) o E M SERFEA (n,n)
KIS o, 0 ST 22 BB
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Table 5 Parameter estimates of Weibull distribution of

pseudo failure life at various stress levels

B I3k - mn M

(Sx, +Sk,) 11.30 10 566
(Sny +Sky) 13.03 4269
(SnysSky) 11.64 1332

TERF BN A SR THE S BEA T I B L5, 15

TR AT T 7 i R i o A SO -
m=11.9937 5.0, =297 630,

PRI, D S35 i IR Weibull 43775 b, 28 42 10 il
TR IE G VR a2 2 1) ¢ i n] 522 R %
R(t) f AT -

0= -5 )

70,0
11.99

P ( _(297t630) ) (10)
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Figure 13 Reliability curve of winding
coupling in double-stress synchronous

step-down degradation test

5 H#HiE

PLIXT Weibull 7345 R AR S H m = 1 I Y XL
I T 55 o o 5 i 52 6 ATOUURE g 5 S e P e
TSR EAT T RUE RS B, 15 B A 2R 5 ] 45 2R
B W KU A3 [7) 285 e o 3o 4 i 52 38 PR 003 1o 1 UL T
SR R I T A SR AR . HE T Weibull 43
AAEARFIEARS L m T B Ik [ b £, 25 R R 4%
JRARINE TR] 2 AR AR A TAREA R 63% o HIERS
0 m REXS /NI U ) T A i s Tk 7 i S 96 ] LA
BEPRH NI A B AT R S 30, A B T 4 5K
B I) s IR ARSEC m BRI, XU g ) 5 e F o e
7 i S AT PR BRI R B TR S s . fEUE
HEA L, PRAUZE R FH R0 S g A9 0O ) [a) A5 i s o
A SRR 15 X SR IB A 1 ] SEVEEAT A AT
BN GERIR A5 (LB 00T, vl 52BN 0.9 I AR

2.5 x10" v, H, E i AR A5 404, 75

SIVE R T UL 30 R G0 i S S 10 25 1 T 48 J 191

2.5 x107 v, PLisE Jr v th w07 A b E0C A 25 114 7T

SEVEDEAL

SE k-

(1] fhpedd, TR4E, NG, 5 A HEXS A ¥ ik fn & ik i w
BEL B AATL] AR T2 %3 ,2009,45(4) :56.

[2] KOU H X,AN Z W,SUN D M. Comparison analysis of efficiency
between double-synchronous step-down-stress and  step-up-stress
accelerated life tests [ J]. Journal of Shanghai Jiaotong University
(Science) ,2017,22(3) :361.

(3] EFW.Ze% NEAXX T BmEHF e XLy S EEN[)]
AL ,2008,25(12) ;342 - 345,

[4] 3R, HXR,# 7. Weibull 247 T 3R A7 58 X5 Am ik 4 1 77
S OM[T]. HUME  ,2013,35(3) ;253 - 257. DOI: 10. 16579/

j. issn. 1001.9669. 2013. 03. 001.

(5] BEA KESL KB PHELImEEaRE:. LB FTHE
[J]. & T 241 ,2005,26(5) :661 —665.

(6] A&, HEIE FRATEETEFE(M]. g B T L HRA,
2005 :925.

(7] RBE,ZFXAM KA R FF BmEFaRRy &[] &
F R A ¥ ¥ ,2016,45(2) ;316 —320.

(8] ZRM, EARK. Weibull 547 £ 4 3t R Ay P By Am 2 2 4 1K 0 Y
A R[] PEMR A FFRCE AR FER),2018,37(1)
1-7.

[9] LIZ D. Reliability test and evaluation of weibull distribution[ J7].
Quality and Reliability,2003,105(3) :26 —33.

[10] #HARRITFMEE L. PAHEITFMIM]S % a0 AR T L

IR AE 2004 :15.3 - 15.108.

[11] Beckhoff Automation. BECKHOFF New Automation Technology
Ethercat[ EB/OL]. [2022-08-02]. https ://www. beckhoff. com. cn/
zh-cn/products/i-o/ ethercat-terminals/ el4 xxx-analog-output/.

[12] mFER,EF, Bk Rt BHFEE G T EAR
[J]. Hlbkik 3T 5 %3 ,2018(7) 13 - 15.

(13] B4, FN,BR,Z A" & T EERBREATRIR S
BEHE[)]. F EHMIA,2020,31(1):72 -82.

[14] HARTER H L, MOORE A H. An evaluation of exponential and
Weibull test plans[ J]. IEEE Transactions on Reliability, 1976 ,R-25
(2) :100 - 104.



