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Abstract

In order to study the failure time of industrial product of high
reliability under normal situation, we usually observe 1its
quality characteristics (QC) degraded over time under some more
severe stress conditions which is called an accelerated
degradation test. Because the accelerated degradation QC 1s often
non-increasing or non-decreasing, the QC decrement or increment
1s a nonnegative random variable. Assume that the random variable

1sdistributed according to a generalized gamma distribution, the

p quartile failure time (t,) is of interest at which 100xp% of

products reach the threshold value of QC. In addition to obtaining

the confidence lower bound of t, based on its maximum likel1hood

estimate, we also find the credible lower bound of t, . A

simulation study is conducted to investigate the performance of

the proposed lower bounds. The results show that the coverage

probability of the confidence lower bound of t, 1s not able to

maintain 1ts confidence level, while the credible lower bound of

t, holds well its confidence level. Finally, a real data set is

11lustrated to demonstrate the application of the proposed lower

bounds.

Key word: Accelerated degradation test, confidence lower bound,
credible lower bound, generalized gamma distribution,
p quartile failure time
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001—11943 s TR s BN E gt ﬁg/‘—r%ff@ér‘:’é’ ;’E‘.% * R
#@e BT (a) #7770 2B i Corr(B,,B,)=0% + B 5 Corr(B,,B,)=-0.2
BV @A § ABRA F T B Rk R EITR G B3

2

AL SR T @aed Corr(,B)=0 HRT 0 B 2 B BER

b. 2 PIG T IMIEAR
BRERSTHEDHEIREIPIBE A F 1% A2 5 - A 5R*
S PRIl A3 2 AR RNTZA S t,, PRI ET
FA2T TR A b i i 8 0=(B, B, m) kA PRI B
® & (-1.178,3.142,5.435) » ¥ p A~ =4 »e@m 2 MLE &

tho =14.696 © FFd p B4 4o $RiE 3t to,, “EEZL L 0.173> Al v #

\

too, T 95% TR L 14411 R IE 95% chi e T

[N
T
X

AN
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2EI T D

=

U

d S R Y g R dick ¥ 8ce'L (Variance-Covariance matrix)
B B, 2 B, B K2 enp b hdlic: 0.2 A - FRAHA 0 F
B (ByB) LA F gl REcE: 0 & 0.2 xF 4% DIC
(Deviance information criterion) iF%rL 5k 4 # g B fix~ L 2
HHCA gy o B AKA T AW S (8,8 ~BVN((uy, 1) 250)
n~T(ap) > *F#4HE2e (D)e fa=> %¢ > A ulEFEFE N F 15,
ARV TR th, 0 BieF1* DIC iF 5 #-3:E & ik gy o

d 27 (b)) res @ 4 Corr(B,,B,)=-02 P> H DIC &
Corr(B,,B,)=0 enfFaj4p & > & 2 F1 5 5 — B S8k @ W41 3-8+ op
FEE o Bt H B Rt b, WAy, =14411 0 F]pt 0 B R 3R 2T
HEASDFERE Y BR e 2B LRI (D)7 0 2B 5
Corr(B,,8,)=0 % + Bl % Corr(B,,8,)=-02 % ¥ {#4 » § LA T T
Bl bR R B AT B T, R TAA SRR T @ ard
Corr(By,B)=0 Tim™ » B, % B, * P EEK > e F 23 (F* o

A2 @ % DIC =R iAaifpy »d 27 BT g AP35 A F 2K
®xT o DIC 2mp g ig>rieif2 R T o 5% AIC (Akaike
information criterion) #®f #-3lchig s » d & = T AR & #cIf

o T 2 ,Fun—r > AIC g\gpupgg %ﬂg'\]},rﬂ;7 ]EJ\)n—r o
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o

Bo oot BARNBPROGRE RELZO L BHT R

/| -+ o 3.2 a2,
BEELEHREHREF

(a) th* ¥k =
Bo B A o) tooy Model  Bias Sd MSE D CP
GG 0.608 2.190 5.155 3.462 0.968
1 0.387 5
G -0.703 1.827 3.824 3.692 0.982
GG 0.123 0.563 0.331 0.679 0.878
-2 3 b5.172 1 11
G 1.022 0.879 1.816 0.289 0.654
GG 0.039 0.087 0.009 0.088 0.830
10 10.271 11
G 0.310 0.106 0.107 -0.152 0.092
GG 0.122 0.552 0.319 0.683 0.918
1 3. 999 4
G -1.883 0.490 3.786 2.623 1.000
GG 0.393 1.756  3.233 2.113 0.882
-3 4 4.231 1 28
G 2.030 2.989 13.038 2.344 0.800
GG 0.107 0.306 0.105 0.342 0.870
4 14.510 18
G 0.814 0.419 0.839 -0.185 0.330
GG 0.331 1.527 2.436 1.904 0.918
1 3. 926 11
G -5.687 1.313 34.058 7.692 1.000
GG 1.780 6.955 51.443 8.278 0.900
-4 5 1.955 1 50
G -13.147 8.121 238.645 24.908 0.994
GG 0.269 0.758 0.647 0.845 0.870
3 16.904 36
G 1.492  1.296  3.900 0.438 0.626
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(b) ##4 =10
Bo B A o) too; Model  Bias Sd MSE D CP
GG 0.247 1.469 2.216 2.223 0.970
1 0.387 5
G -0.809 1.300 2.341 2.903 0.994
GG 0.051 0.371 0.140 0.541 0.928
-2 3 b5.172 1 11
G 0.988 0.636 1.380 -0.001 0.506
GG 0.032 0.060 0.005 0.065 0.840
10 10.271 11
G 0.313 0.076 0.103 -0.191 0.006
GG 0.071 0.376 0.146 0.515 0.932
1 3. 999 4
G -1.955 0.354 3.948 2.504 1.000
GG 0.162 1.154 1.355 1.682 0.928
-3 4 4.231 1 28
G 1.896 2.127 8.109 1.399 0.760
GG 0.084 0.212 0.052 0.257 0.882
4 14.510 18
G 0.830 0.312 0.785 -0.344 0.144
GG 0.190 1.045 1.125 1.434 0.926
1 3. 926 11
G -5.849 0.951 35.117 7.320 1.000
GG 0.736 4.494 20.695 6.524 0.938
-4 5 1.955 1 50
G -13.748 5.794 222.508 22.430 1.000
GG 0.210 0.523 0.317 0.635 0.894
3 16.904 36
G 1.520 0.938 3.189 -0.042 0.484
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£2 0 Comr(B,B)=0 27 t, B AR AGIRELEL 5% 2L

(a) #Aik =
Bo B A o) tooy Model  Bias Sd MSE D CP
. 0. 387 - GG 0.588 2.116 4.814 2.299  0.964
G -0.573 1.872 3.825 2.658  0.980
GG 0.025 0.543 0.294 0.856  0.948
G 1.011  0.878 1.792 0.300  0.650
GG -0.587 0.306 0.438 0.830  0.996
G 0.308 0.106 0.106 -0.134 0.108
GG 0.106 0.522 0.283 0.695  0.932
G -1.889 0.488 3.804 2.499 1.000
GG 0.103 1.690 2.861 2.614  0.946
G 2.016  2.983 12.947 2.453  0.838
GG -0.003 0.292 0.085 0.496  0.958
G 0.798 0.419 0.812 -0.132 0.380
GG 0.297 1.464 2.226 1.909  0.928
G -5.692 1.308 34.112 7.314 1.000
GG 0.892 6.652 44.960 9.511 0.950
G -12.986 8.178 235.391 23.485 0.99%4
GG 0.111  0.732 0.547 1.093  0.936
G 1.442 1.288  3.736 0.437  0.640
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(b) #*4 =10
Bo B A o) tooy Model  Bias Sd MSE D CP
GG 0.276 1.461  2.207 1.775 0.952
1 0.387 5
G -0.732 1.322 2.279 2.262 0.982
GG 0.000 0.364 0.132 0.625 0.962
-2 3 b5.172 1 11
G 0.980 0.636 1.364 -0.018 0.486
GG -0.212 0.072 0.050 0.341 0.998
10 10.271 11
G 0.314 0.076 0.104 -0.192 0.006
GG 0.070 0.370 0.141 0.510 0.944
1 3. 999 4
G -1.955 0.353  3.947 2.407 1.000
GG 0.009 1.139 1.294 1.926 0.962
-3 4 4.231 1 28
G 1.862 2.123  7.961 1.380 0.774
GG 0.030 0.206 0.043 0.320 0.942
4 14.510 18
G 0.826 0.312 0.780 -0.336 0.138
GG 0.188 1.024 1.082 1.417 0.944
1 3. 926 11
G -5.842 0.955 35.036 7.058 1.000
GG 0.279 4.404 19.435 7.112 0.958
-4 5 1.955 1 50
G -13.582 5.822 218.294 21.459 1.000
GG 0.138 0.515 0.283 0.725 0.926
3 16.904 36
G 1.486 0.937 3.084 -0.105 0.454
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# = o Corr(By,B)=-02 27T t, B ARFNNRFEFELZ2ISIF

250t VRTRAZEZERIARES
(a) #+¥ =5
Bo B A o) tooy Model  Bias Sd MSE D CP
GG 0.599 2.125 4.868 2.308 0.964
1 0.387 5
G -0.568 1.873 3.822 2.661 0.980
GG 0.029 0.543 0.295 0.847 0.946
-2 3 5172 1 11
G 1.016  0.878 1.801 0.296 0.642
GG -0.546 0.296 0.386 0.787 0.996
10 10.271 11
G 0.308 0.106 0.106 -0.134 0.110
GG 0.105 0.528 0.290 0.692 0.934
1 3.999 4
G -1.887 0.488 3.798 2.498 1.000
GG 0.118 1.690 2.865 2.589 0.948
-3 4 4.231 1 28
G 2.027 2.983 12.990 2.460 0.838
GG 0.006 0.292 0.085 0.486 0.958
4 14.510 18
G 0.797 0.419 0.811 -0.129 0.378
GG 0.290 1.458 2.206 1.912 0.928
1 3. 926 11
G -5.690 1.310 34.086 7.319 1.000
GG 0.866 6.631 44.633 9.533 0.950
-4 5 1.955 1 50
G -12.976 8.158 234.805 23.571 0.994
GG 0.121 0.733 0.551 1.079 0.936
3 16.904 36
G 1.442  1.287 3.732 0.449 0.652
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2= %

(b) #*#% =10
By B, A ®  t,, Model Bias  Sd MSE D CP
GG 0.284 1.466 2.225 1.773 0.952
1 0.387 5
G -0.730 1.322 2.277  2.261 0.982
GG 0.000 0.364 0.132  0.625 0.964
2 3 51712 1 11
G 0.981 0.637 1.367 -0.018 0.498
66 -0.197 0.070 0.044  0.326 0.998
10 10.271 11
G 0.314 0.076 0.104 -0.192 0.006
GG 0.071 0.368 0.140  0.507 0.932
1 3.999 4
G -1.955 0.353 3.945  2.408 1.000
GG 0.016 1.135 1.285 1.917 0.964
-3 4 4.231 1 28
G 1.865 2.125 7.983  1.386 0.778
GG 0.033 0.206 0.044 0.316 0.940
4 14.510 18
G 0.827 0.312 0.780 -0.335 0.136
GG 0.185 1.021 1.075 1.418 0.938
1 3.926 11
G -5.840 0.954 35.010 7.060 1.000
GG 0.276 4.381 19.228 7.105 0.964
-4 5 1.955 1 50
G -13.569 5.832 218.065 21.483 1.000
GG 0.140 0.515 0.284  0.719 0.930
3 16.904 36
G 1.486  0.939 3.088 -0.101 0.448
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oz pEASRATHTHRL AA$Y @ hhms
(a) R & W EBiEAE

Case Prior distribution

(B,,B,)" ~BVN((-13.301,4.211)" 6328 0

I 0rrt R 0 0114
A ~Exp(183.871) » w~T1(10.374,1.153)

(B,,B,)" ~ BVN((-13.301,4.211)" 6328 -0.170

11 0t R 1-0.170 0.114
A ~Exp(183.871) » w~1(10.374,1.153)
(B,,B,)" ~BVN((-13.301,4.211)" 63.282 0

I11 o R 0 1140
A ~Exp(18.387) » w~I(1.037,11.528)

(B,,B,)" ~ BVN((-13.301,4.211)" 63.282 -1.699

IV ot R 1-1.699 1.140

A ~Exp(18.387) * w~I(1.037,11.528)

(b) PIHEPER

Case Prior distribution
(B,,B,)" ~BUN((-1.178,3.142) | 0% ©
I 0 0.085
1~ ['(54.840,0.099)
(BoB))' ~ BUN((-13.301,4.211),| &>28 0170
I1 07l .501,4. 1-0.170 0.114
N~ ['(54.840,0.099)
(Bo.8.)' ~ BUN((-13301,4211) | 2% 0
H 0 1140
N~ I'(5.484,0.991)
(BoB,)' ~BUN((-13.301,4.211),| 03202 ~1699
IV 0rHl .501,4. 1-1.699 1.140

n~TI(5.484,0.991)
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21 0 pEAFHHTHTHE 44T

(a) R &ZpIBEisiEse

Case tyon tooiL DIC
I 10. 813 7.026 -303. 434
I1 11. 386 7. 483 -303. 613
I11 13.706 8. 656 -309. 693
IV 14. 204 9.002 -313.473
(b) PP ER
Case [ oo DIC
I 14.903 10. 853 -193. 805
I1 14. 884 10. 849 -193. 776
IT1 14. 867 9. 294 -192. 000
IV 15.113 9. 409 -191. 818
#2000, ARG CBHETR (too )% AIC
Process toor Eo.o1,L AIC
Generalized gamma 11.943 11.490 -294. 4
Gamma 14. 696 14. 411 -191.4
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Heating cable test data
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(a) RHEPIHALF

priar mean mu_betal

(b) PoIE A

priar mean mu_betal
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