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Design of Accelerated Degradation Test with Tightened Critical
Values under Random Coefficient Degradation Rate Model
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This paper presents accelerated degradation test plans considering adoption of tightened critical values. Under a
random coefficient degradation rate and log-linear acceleration models, the asymptotic variance of an estimator
for a lifetime quantile at the use condition as the optimization criterion is derived where the degradation rate
follows a lognormal and Reciprocal Weibull distributions, respectively and then the low stress level and
proportions of units allocated to each stress level are determined. We also show that the developed test plans can
be applied to the multiplicative model with measurement error.
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Figure 1. Relation of test time and tightened critical value
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Table 1. Accelerated degradation test plans when m = 1.0
(e,= 1; Lognormal)

q P, B, €1 m Yo
0.01 | 0.00001 | 0.001 | 0.5328 | 0.4911 | 10520.000
0.01 | 0.6202 | 0.6028 1699.700
0.1 | 0.6343 | 0.6783 259.910
0.5 | 05950 | 0.7229 58.351
0.9 | 05333 | 0.7480 23.688
0.99 | 04785 | 0.7617 14.889
0.0001 0.01 | 0.4856 | 0.6113 863.050
0.1 | 05523 | 0.7078 159.300
0.5 | 05314 | 0.7541 40.795
0.9 | 0.4764 | 0.7760 17.995
0.99 | 0.4248 | 0.7859 11.938
0.001 0.1 | 0.3965 | 0.7718 73.782
0.5 | 0.4259 | 0.8082 24.589
09 | 0.3899 | 0.8175 12.568
0.99 | 0.3480 | 0.8172 9.108
0.01 0.5 | 0.2005 | 0.9165 11.078
0.9 | 0.2439 | 0.8704 7.835
0.99 | 0.2325 | 0.8419 6.628
0.1 | 0.00001 | 0.001 | 0.5498 | 0.3827 | 17715.000
0.01 | 0.6384 | 0.4995 2531.100
0.1 | 0.6524 | 0.5910 347.230
0.5 | 0.6153 | 0.6523 72.096
0.9 | 05603 | 0.6898 27.707
0.99 | 05114 | 0.7132 16.478
0.0001 0.01 | 05135 | 0.4714 1493.500
0.1 | 05803 | 0.5948 229.990
0.5 | 0.5605 | 0.6684 52.259
0.9 | 05117 | 0.7098 21.264
0.99 | 0.4654 | 0.7343 13.075
0.001 0.1 | 0.4500 | 0.6016 125.310
0.5 | 0.4746 | 0.6957 33.370
0.9 | 0.4404 | 0.7412 14.899
0.99 | 0.3999 | 0.7659 9.648
0.01 0.5 | 0.3144 | 0.7556 16.133
0.9 | 0.3191 | 0.8009 8.686
0.99 | 0.2937 | 0.8216 6.196
0.1 0.9 | 0.0000 | 1.0000 2.915
0.99 | 0.0546 | 0.9650 2.758
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Figure 5. Proportion allocated at the low stress level for
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Table 2. Optimal ADT plan for a numerical example

stress
plan -
low high
stress level(C) 175.9 220
number of test items 67 33
critical value 50% 50%
AVar(Int,) 0.1306
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Table 3. Sensitivity analyses : ratios of Avar, ¢,, and , for a numerical example( 2, = 0.0001, P, = 0.5, ¢= 0.1)
P, 0.3 0.4 0.5 0.6 0.7

P, Avar €, e Avar € ™ Avar | € m | Avar | € m | Avar | € ™

0.00001 | 1.0627 |0.8838 | 1.0585 | 1.0506 | 0.8970 | 1.0398 |1.03900.9109|1.0247|1.0278|0.9262|1.0113|1.0170|0.9439|0.9986

0.00005 | 1.0141 |0.9417 | 1.0448 | 1.0083 | 0.9539 | 1.0246 |1.0041|0.9675|1.0085|1.0013|0.9830|0.9944|1.0007|1.0013|0.9811

0.0001 | 1.0039 | 0.9756 | 1.0375 | 1.0010 | 0.9869 | 1.0166 {1.0000{1.0000{1.0000{1.0011|1.0153]0.9856|1.0054 |1.0337(0.9721

0.0003 | 1.0061 |1.0482 |1.0234 | 1.0080 | 1.0565 | 1.0012 {1.0128|1.0678{0.9838|1.0209|1.0821{0.9690|1.0338|1.1002 |0.9552

0.0005 | 1.0177 |1.0939 | 1.0154 | 1.0221 | 1.0995 | 0.9926 |1.0299|1.1093|0.97491.0415|1.1226|0.9598|1.0590|1.1401|0.9460
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Table 4. ADT plans with tightened critical values for a

numerical example

D, €(7C) m(ANEEH 9 AVar(lnt;)
25% 0.1800(143.7) 0.8820(88) 0.0111
30% | 0.3221(155.2) 0.8023(80) 0.0210
40% 0.4837(169.0) 0.7159(72) 0.0583
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