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Optimization Design of Double-Step-Down-Stress Accelerated
Degradation Test Based on Monte-Carlo Simulation

PAN Gang, LIANG Yuying, LU Meng, ZHANG Guolong
( Depatrment of Optics and Electronics Engineering, Ordnance Engineering College, Shijiazhuang 050003, China)

Abstract; Considering to the problems of long test time, high cost and low efficiency for the double-step-
down-stress degradation test for high-reliability, long-life products, we presented an optimal design method
based on Monte-Carlo simulation for double-step-down-stress accelerated degradation test ( DSDS-ADT ).
Simulation was made for the acceleration test with Monte-Carlo method. Taking the number of inspections on
each unit, the number of test units and inspection frequency as variables, and the total experimental cost as a
constraint, the asymptotic variance estimation of 100 pth percentile of the lifetime distribution of the product
as goal function, we established the optimal designed model of DSDS-ADT based on Monte-Carlo simulation.
Simulation results verify the feasibility and the validity of this method, and provided a theoretic support for
optimal design of accelerated test in life prediction of electronic equipment.
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Fig. 1 Course of DSDS-ADT testing
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Fig.2 Optimal design flow chart for DSDS-ADT
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Table 1 Optimal test plan for DSDS-ADT with k =2

¢, n f &high Slow var(£,9) /106
1500 16 2 4 15 1.7711
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3000 32 1 8 44 0. 7556
3500 37 1 4 54 0. 5408
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¢, n f &high &mid 8w var(£,)/105
1500 17 1 4 10 15 3.0174
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3500 37 1 4 5 39 0. 2465

B iR | 5322 iR T45e

1) 1ERL K H-EH E MR T, BEE 2
3G N, e S B I K B R BB AUE 0/ OFg BE
TR ) 5

2) TERSERMAREMT  BKVFHEE k=3
A AR I T SR BT RE BE T b b =2 I

TE LR B I , i 75 25 AL 1 48 K P X Ak
BRI, R 3 FIH T C, =2000 HTREHT k=3
A f e I8 3 7K H R g 7 7K S L B AR F7 7K S 2 AL B
RPLAL IR )y &

F3 WEATEMBRURBEELZITER (K =3)
Table 3 Optimal test plan for DSDS-ADT with k =3

Tows Twia Twin Vex Veida Viin 7 F Bhigh Gmia 81w Var(£,9) /106

373 335.5 298 39.3 33.65 28 17 2 3 7 22 0. 1885
368 333 298 38.6 33.3 28 16 3 3 3 18 0. 1861
363 330.5 298 37.9 32,95 28 22 2 4 4 15 0. 1957
358 328 29837.232.6 28 251 4 7 18 0.3182
353 325.5 298 36.5 32.25 28 16 2 5 5 24 0. 3484
348 323 298 35.831.9 28 16 1 3 3 53 1. 0186
343 320.5 298 35.1 31.55 28 20 1 3 6 35 15. 0218
338 318 298 34.431.2 28 18 1 5 10 36 754. 2485
333 315.5 298 33.7 30.85 28 27 1 5 11 35 14381.3418

HI3R 3 LI AR 4hg

1) SRR S K T Vi — I, HAR BEE

Avar(§,) TR IIIKF T Vo HO I BRHL 5

2) HEEBLIIKV T Vo BN BN — R B
EIARRRER{E Avar (¢,) ROME 4 42 R H BRI K,
by B (T = Tie) ZTEZAE/NT 35 RV = Vi) Z
BIZME/NT 5.7 B, Avar (&,) R R/DE H T HISHE
ZRAVF RS BE BRI AS SCTE AN 4RS00 4T o

6 ING

23 R F7 257 W R AR AL B AT 3
W, 45 T AE SR 446 F XURE 1 20 B s iB AR A
W I — BT, ST T AR 28 A A5 R B A KR
A k=2 k=3 B ERMIXB TR, FREL L =3
AT — 2 B AT B AN Er ik B T
BRI, A5 1 T — S g S U g A e i AR A6 K B BY
ARG ANEMEE TR AR B A R T I

REZR, R A, Ay XU 255 I o sk R A ik s 046 Bt B
TN HBEE T R4 ZEA
2% XM

[1] WU S J, CHANG C T. Optimal design of degradation tests
in presence of cost constraint [ J]. Reliability Engineering
and System Safety, 2002, 76(2) :109-115.

[2] TANG L C, YANG G Y, XIE M. Planning of step-stress
accelerated degradation test [ C ]//RAMS, Los Angeles,
USA, 2004 .278-292.

[3] GE Zhengzheng, LI Xiaoyang, ZHANG Jingrui. Planning of
step-stress accelerated degradation test with stress optimi-
zation [ C]//Advanced Materials Research, Germany,
2010, 118-120:404-408.

(4] EXM,KFLE, BRIE, &, 7 HZER -G RO AR i
B T R ITRT R [T]. PLMR LR,
2009,45(12) ;108-114.

[5] YU H F. Designing an accelerated degradation experiment
with a reciprocal Weibull degradation rate[ J]. Journal of
Statistical Planning and Inference 2006, 136(1) :282-297.

[6] ¥IE3R, AL, ZE4E. BT Wiener S FLHZ N N
BORAA R BT [T]. RS TRHEIWL 55K R, 2009, 8
(29) .64-71.

[7] ZHANG Jingrui, JIANG Tongmin, LI Xiaoyang, et al. Opti-
mization of step stress accelerated degradation test plans
[C]//The 17th International Conference on Industrial
Engineering and Engineering Management, IE and EM
2010, China, 2010, 10.:947-951.



104 B 5 # #

$20%

[8] LIAO C M, TSENG S T. Optimal design for step-stress
accelerated degradation tests [ J ]. IEEE Transactions on
Reliability, 2006, 55 (1) :59-66.

[9] LI Xiaoyang, JJANG Tongmin. Optimal design for step-stress

accelerated degradation with competing failure modes[ C]//

Annual Reliability and Maintainability Symposium, 2009 ;
64-68.
[10] JEIEN, S5k 3%, T4, %5, WL F1 28 BB AL i

BRI R—RB S E ] & T¥R,
2009,30(4) :451-456.

(L#F27)
G55, A e iR T i R SE AR R R TR

2 % X

(1] ZFER. UYURESEELIM]. /9% A28 75
K H AT, 1997 :6-7.

(2] ZeFeflfa T M. AR IERIR[M]. Jba: B2 R, 1993,
52-53.

(3] BROWN M. FCH IR TR [ M]. R8N, 5% dt

T AR Tolk s Bkt ,2004 :23-27.

[4] Eks, HHEE A FraFrem EE R M].
e B F 0k S AR, 1999 :86-89.

[5] e, Wl bkITREmEHRaSARERIEIM]. Jbat.
Bl Rk, 1983 :24-31.

(6] ZEE. FXREBFEREITSMAIM]. dbat. P EEH
J1 s, 2006 :104-105.

(7] 3% - BUEEF M. VMOS
3CH%,1986(3) :12.

R PV AR RE [T ). N A

(L8595 T)

(6] %%, BME —MEEREGAM TR ZH]
KSR E BRI, 2010,34(3) :38-42.

(7] Y. 55 5O B H Bk EVBLIT D 2RI 4
A2 2011.

[8] LOU Oujun, WANG Zhengxuan. A contourlet—domain

watermarking algorithm against geometric attacks based on
feature template[ J] . Chinese Journal of Computers 2009,
32(2).308-317.

[9] okfd, These, K. —FF2kt ) AmoldCat ZFHEI R
BALEET ] ENL TR SR ,2009,45(35) :14-17.

™ H

AFDX 52 3 2 OB ) A 5 2+ 18] 4 S AR BB 5
PRI bl R GeB ) A St sl At
FET A R 00 H R SE I BE T 5 7
FTH BRI B B PLEh 55 HAR TBD 583k
%?%%%%%@%ﬁﬁ%ﬁnxﬁﬁ%

T A N TR AT R I R AR R T
%ﬁﬁ%ﬂﬂ%ﬁ%&&ﬁﬁ%ﬁﬁﬁ@ﬁ%
— R T IE M B & R bl £ 5 vk

£ H

—JS S TN 18] 2R G A TE] 425 ) 2 IO AR T A
SR BRI AN i /N BT 1 IV RE LU AR

FT SRS E B BB B SCBCH Jr 1k
F:T Renyi BRI RGP L RAVE AL
HT FPGA 1 TSCO95F f23 [RI MM il 25 Be it
T B AT B ) B T A

TV R/ 2R S h@ RS A RS
R A I R AT AR S R B BT





