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Optimal design of step-stress accelerated degradation test based on Wiener
process with random effects
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Abstract: Individual differences are prevalent in the process of product performance degradation. However, in the
current optimal design based on the degradation model, the individual differences are almost not considered. Therefore,
an optimal design method of the step-stress accelerated degradation test with random effect Wiener process is proposed.
Based on the cumulative failure model, a multi-step-stress accelerated degradation model with individual variations is
established. Under the given measurement interval, and subject to the constrain of the total testing time and the accelerated
stress, the setting of the test stress level and the measurement times at different stress levels are optimized by minimizing
the asymptotic variance of the estimated p-quantile of product lifetime distribution under the normal stress condition. The
proposed method has been verified by a double-step-stress accelerated degradation test of LED lamps. The parameter
sensitivity of the optimized test is investigated and the optimal test plan is found to have good robustness when the
parameters changed in a small range.
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FHIF 2644 T, MO BT IR 77 22 /T M1 7 22,43

BB T T R AASR], B, 7 35 A 5T B
B EE R MR 2 R

#z1 MOEARMRRERME TN RERE SR
Fe 7/h m S1(T)/ °C Sa(U) /V e Avar(£,.1) o
1 810 9 60 85 100 230 235 270 4 3 2 1.01x10° 7964
2 990 11 60 80 100 230 235 270 5 4 2 7.70x10° 7964
3 1350 15 60 80 100 230 235 270 7 6 2 5.23%x10° 7964
4 1800 20 60 80 100 230 235 270 9 9 2 3.88%x10° 7964
5 2250 25 60 80 100 230 235 270 11 11 3 3.02%x10° 7964
*2 MIAEAFEMHRIRERBE THRMIRAESR
R r/h m 5:1(T)/ °C So(U) )V nK Avar(€y.1) €01
1 810 9 60 75 100 230 260 270 4 3 2 1.57%x10° 7965
2 990 11 60 75 100 230 260 270 5 4 2 1.18x10° 7965
3 1350 15 60 75 100 230 260 270 7 6 2 8.13x 10° 7965
4 1800 20 60 75 100 230 260 270 9 9 2 5.97x10° 7965
5 2250 25 60 75 100 230 260 270 11 11 3 4.72%x10° 7965

9T BIF 5 08 16 B 5 A2 R 6 4 S, 2 3
g T AE RIS (A 7 = 990 h B AN [R] I & [l B R
B AR I6 77 5, I8 4 I B ] B 5 Avar(€o.4) I
RGBS, N 31 4 0] LA th: 165 18 F 7 47
E) Avar(Eo. ) bt 2 0 0 B At 14 0 1 96 /0 [

I B A 3 0, I 5 B 2 AR R/, AT 3 2
IBALE AL, B, 781 HTIEﬂEﬁ%EE’JTH/RT ]
U388 3o £ L4991 7 2 18, O R
] DK At MR AR B — AR BT
LLEE.

*x3 7=990hFMOEAREMEERETHERMRLF R

e At m S1(T) /°C Sy(U) /V ng Avar(€.1)
1 22 45 60 80 100 230 235 270 19 19 7 1.46x10°
2 30 33 60 80 100 230 235 270 14 14 5 1.37x10°
3 33 30 60 80 100 230 235 270 13 13 4 1.33%x10°
4 45 22 60 80 100 230 235 270 9 9 4 1.22x10°
5 55 18 60 80 100 230 235 270 8 8 2 1.09x 10°
6 66 15 60 80 100 230 235 270 7 6 2 0.99x 10°
7 90 11 60 80 100 230 235 270 5 4 2 0.77x 10°
1.5 5 SEHURESH
S 1, X SSADT JEAT ek BEVH I, 75 22 W 7 i
ﬂ@ ' PR R AR R v R S B U, X L S HE 2 B
= 11 LR AR 20, BRI Bk R 25 596 B i
iy p N N A Ju— » p
= I SARBIOHHIL. 05 T 0 A P 22
07 I 22, 1T 22 VT RE 2 52 MR B0 RS B . [ L, AE A
20 30 40 50 60 70 80 90 B FC A 22 R EG 7 R RS2, R PR 58 SSADT

D& [RJFE /h
B4 MORMINI T AT ZRENE R Lias

RIS 7 ZEX S H U . AN e — e B 15 e
o~ €3~ €4~ €5 MIMNARE S 1o~ 027 0% 11~ ro TR
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MR 22, BRI R ZH050 008 (1 + 1) pta~ (1 + )02,
(1 +e3)03+ (1 + ea)ris (1 + es)re. AT BRI
SEUH AR L1 (3°) IEAC A0 SRIEAF 2] 7 7= 990 h.

At = 90 h I A AR A8 BR 1 26 R, AR S H &
IR A 56 75 58, a4 .

F4 KREBHITRRETHRMERABAEER
FS  e1/% e2/% e3/% e4/% e5/% S1(T) /°C So(U) |V e Avar(§o.1)  fon
1 5 5 5 5 5 60 8 100 230 235 270 5 4 2 0.72x10° 9203
2 5 0 0 0 0 60 80 100 230 235 270 5 4 2 0.70x10° 7831
3 5 -5 -5 -5 -5 60 80 100 230 235 270 5 4 2 0.31x10° 5960
4 0 5 5 0 0 60 80 100 230 235 270 5 4 2 0.68x 108 7711
5 0 0 0 -5 -5 60 80 100 230 235 270 5 4 2 033x10° 5951
6 0 -5 -5 5 5 60 85 100 230 235 270 5 4 2 1.15%x 10° 10059
7 -5 5 0 5 -5 60 85 100 230 235 270 5 4 2 1.93x10° 10842
8 -5 0 -5 0 5 60 80 100 230 235 270 5 4 2 049x10° 7428
9 -5 -5 5 -5 0 60 80 100 230 235 270 5 4 2 0.14x10° 5056
10 5 5 -5 -5 0 60 80 100 230 235 270 5 4 2 0.12x 108 5002
11 5 0 5 5 -5 60 85 100 230 235 270 5 4 2  147x10° 10259
12 5 -5 0 0 5 60 8 100 230 235 270 5 4 2 035x10° 6916
13 0 5 0 -5 5 60 80 100 230 235 270 5 4 2 0.04x 108 4160
14 0 0 -5 5 0 60 8 100 230 235 270 5 4 2 1.69x10° 10720
15 0 -5 5 0 -5 60 80 100 230 235 270 5 4 2  1.16x10° 8496
16 -5 5 -5 0 -5 60 80 100 230 235 270 5 4 2 1.63%x10° 9266
17 -5 0 5 -5 5 60 80 100 230 235 270 5 4 2 0.05x 10 4210
18 -5 -5 0 5 0 60 85 100 230 235 270 5 4 2 146x10° 10360
19 0 0 0 0 60 80 100 230 235 270 5 4 2 0.77x10° 7964
FHR 4 JAE v 0, iR IR W T T B SR AR S & T (References)

I 0 2 e P, TR S 010 A8 A % SSADT 4% B £
LI I8 9 7K ST A A B B, B P S 9 7K T £ 15t
BRI B B OO L AT S, Bt
U6y 7 G X R T B 8y 5 UK, T A 5 B A
VRSN, BRI, A T 3RS R R A R e T %,
R AT B AE R4 B S8, 1 S B A
6 & i

2R SCTE B it 2 B AR A R A 2 49 2
JEfl b AR T B R AR 2 1 SSADT AR AL 1%
T LA 8 A L )R 72 6 0 A (1) p AL
5 i W3 77 2 B /IME 9 F R B 78 W0 B 2 20
(AR 10, LA 56 B 1] 7 346 P 908 LA A B ) 4%
{4 SSADT 8% 77K -5 B N[5 7 47 (g 0 B vk
HEAT 7R AG BT, S LED AT SURE A7 45 3 0 3338 AL
W HEAT T BARAL BT, 5 % AN 2 R SSADT
oA 55 SR AT X HL, BRAE T A SCRT R B VR 2K
P, 3T 7 R0 24 B IA] LA % 0 8 1) o T 5 4 £
K B 0 S, 45 B 9, VT LA B ik 06 1) B
18010 1) G SR 42 75 T S M P AN RS B SR IE S
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