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Planning Practical Multiple-Stress
Accelerated Life Tests

Bong-Soo Bae -

Sun-Keun Seo*

Department of Industrial & Management Systems Engineering, Dong-A University

Purpose: The most previous works on designing accelerated life tests (ALTs) are focused on the
application of a single stress. Because of the difficulty to obtain the sufficient information in a
reasonable duration using single stress only, there is needed in practice to use multiple-stress ALTs
frequently. This paper presents new practical plans with two stresses for Weibull distribution.
Methods: The four-level practical plans based on rectangle test region are proposed and
compared with the corresponding three-level statistically optimal plans. Sensitivity analyses for
assumed design parameters and life-stress relationship are conducted.

Results: A procedure to choose practical ALT plans is illustrated with a numerical example and
guidelines for planning two-stress ALTs are provided.

Conclusion: The proposed two-stress ALT plans on practical constraints to assess a quantile of
Weibull lifetime distribution at the use condition are efficient and robust.

Keywords: Accelerated Life Test, Multiple Stress, Practical Plans, Rectangle Test Region,

Weibull Distribution
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Table 1 ALT plans with two stresses: ¢=0.01, Py;=0.0001, Py, =0.1, Pyy=
ALT plan optimum practical
degenerate 3-level traditional compromise | modified M-H EENF
s 0.537,0.537 - 0.524,0.561 0.533,0.552 0.525,0.552 0.499,0.532
GlC, | « 0.699 - 0.250 0.563 0.571 0.527
Py 0.383 - 0.422 0.416 0.401 0.299
s - 1, 0.172 1, 0.561 1, 0.552 1, 0.552 1, 0.5320
Cyr a - 0.375 0.250 0.100 0.143 0.158
P, - 0.383 1.000 1.000 1.000 1.000
s - 0, 0.959 0.524, 1 0.533, 1 0.525, 1 499, 1
Cy a - 0.324 0.250 0.100 0.143 0.158
Py - 0.383 1.000 1.000 1.000 1.000
s I, 1 1, 1 I, 1 I, 1 1, 1 I, 1
Cyl G| @ 0.301 0.301 0.25 0.237 0.143 0.157
P, 1.000 1.000 1.000 1.000 1.000 1.000
vy 28.364 28.364 47.133 32.383 35.928 37.443
In| A — o -5.386 -6.124 -7.244 -7.155 -7.012
Table 2 ALT plans with two stresses: ¢=0.1, Py, =0.0001, Py, =0.1, Py;=0.5
ALT plan optimum practical
degenerate 3-level traditional compromise | modified M-H EENF
s 0.568,0.568 - 0.540,0.576 0.560,0.578 0.550,0.576 0.519,0.552
ClC, | « 0.701 - 0.250 0.547 0.571 0.463
Py 0.549 - 0.503 0.559 0.529 0.387
s - 1, 0.229 1, 0.576 1, 0.552 1, 0.576 1, 0.552
CuL a - 0.392 0.250 0.1 0.143 0.179
Py - 0.549 1.000 1.000 1.000 1.000
s - 0.020, 1 0.540, 1 0.533, 1 0.550, 1 0.519, 1
Cry a - 0.309 0.250 0.1 0.143 0.179
Py - 0.549 1.000 1.000 1,000 1.000
s I, 1 I, 1 1, 1 I, 1 I, 1 I, 1
Cyl Cyyy| @ 0.299 0.299 0.250 0.253 0.143 0.179
Py 1.000 1.000 1.000 1.000 1.000 1.000
o 20.247 20.247 39.787 24.945 29.316 32.152
In| Al — oo -5.128 -6.152 -7.101 -7.068 -6.699
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Table 3 ALT plans: A numerical example

Ml A T2 FEol 3E NFE AHtetd Hit of
S 59 ¥ M-H 484 A8 (823, 497Gy
40), (120C, 4.97Gpys; 10), (823C, 497Gy 10),
(120C, 12 Gy 10)2 UFERE 5= 9Tk

oA7|1M F 2EYAE AP A 9 484 53
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sign FUCEZ, 5, B, fy(E= Al 2B ol
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3 9] 7371 (robustness)= ZAFSFe] B ws}A} gt
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Puy=05, Py 2 9533 0 3 ,] FF
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S 06~142 WIAA “*U 7t HEe
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S <Fig. 350) EAIGKYTE 037149 e A o)
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ALT plan 3-level optimum -ccl));f;;i)cnilise molziri?icgzlca;/-[-H practical-EENF
CHL QH CLL CHL CVLH QL CHL QH QL CHL CVLH
temperature( C) 120 | 462 | 83.0 | 120 | 83.0 | 823 | 120 | 823 | 799 | 120 | 79.9
vibration(Ggyg) | 2.42 12 | 499 | 499 12 | 497 | 497 12 | 473 | 473 12
test units 27 22 38 7 7 40 10 10 32 13 13
2. Avar(Int, ) 0.289 0.356 0.419 0.459
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