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The Diagnosis for Life' Data in Accelerated Life Testing

Suk-Joo Bae - Chang-Wook Kang
Dept. of Industrial Engineering, Hanyang University

Abstract

This paper identifies these data by the data diagnosis in lognormal distribution
and presents the method to obtain exact parameter estimates and confidence intervals
of regressmn line. .

The life-stress relationship uses Arrhenius model and life data generate Class- H
insulation complete data by simulation. Also, the method to estimate parameters
uses least Squares estimation and externally Studentized residuals can be used as
test statistics for identiﬁng outliers. And influential cases are identified by Cook’s
distance.

This research is 1ntended to obtam the useful mformatlon for the life of products
and test method, to save time and costs, and to help optimum accelerated life test
plans.
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Arrhenius - Lognormal %3
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Outlier Test
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Cook's distance
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< Table 1 > Simulated Data : Log(Failure Hours) at Each Stress Levels

200 220 2405 260% EX %1
4.2 3.894 3.594 2.356 25
4.209 3.902 3.605 2.538 75
4.225 3913 3.624 2477 125
4.228 3.94 3.634 3.41 175
4.286 3.95 3.637 341 225
4.294 3.968 3.647 3.42 275
4.298 3971 3.659 3.457 325
4.301 3.974 3.67 3.461 375
4.331 4.003 3.672 3.478 425
4.338 4.007 3.686 3.483 475
4.35 4.011 369 3.493 52.5
4,361 4.019 3.702 3.499 575
4.366 4.025 3.707 3.509 62.5
4.368 4.025 3.714 3.511 67.5
4.368 4.06 375 3.539 72.5
4.373 4.063 3.758 3.542 715
4.386 4.065 3.766 3.542 82.5
4.392 4.068 3.774 3.35 875
4412 4.078 3.792 3.564 92.5
4.415 4.089 3.806 3.586 97.5

4,
7
=
2 3
g
2.5 A ®200%
®m220E
9 1 1 1 1 A240%
y 260%
( 20 40 60 80 100 < 2605
PERCENTAGE

< Figure 3 > Lognormal Plot of Simulated Data from Each Temperature

<Figure 4>+ 7} &%dA9 HAFEE et o=z, FHL 260%dA B
dlolel & Jtx a1 A3 AMoln AML 2605 NA AN HolELE A AS Fo
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< Figure 4 > Arrhenius-Life Relationships

g <Figure H> =gddlojerse] izt AR E HAAS Fo 2 caseg
outlier test t-valueo| & Index PlotE& WeEld RAel}. o]wf case number 1-207+3]
3= 2005 oA A& dlolelolw, 21-407bx]= 220%, ¥l 41-607b9 = 240%
61-807: < = 260800 A A& dloju}ojuh. ek 260E A e E7]el 371¢] dlolE
(Case number 61, 62, 63)9] t-value”} th& gtell vis] 428 Ads 318 ¢ 5 %
vl ojul o] caseE ol I t-valuetr2 A7t -6.32, -4.79, 52622 UElTE ]9
dolel ol didl outlier testoll M n=80°} 1 p'3= dolv] «=005¥¢", ¢ (0.05 / 80
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t value

Case Number
< Figure 5 > Index Plot of t-value for Each Case

<Figure 6>°1A B, 260xA 2 MMel 27123 doletE9 Cook's Distance
o] 2 04657, 0.3125, 0.36062 4 t}E dlolElE 2| Distance®itt €53 Z AL o
F Atk &AM o A diojelEd JAAZAEZA FAZM & IS Fohu
B

F Qo

0.5
045 |
04 |
0.3 F
03
025
02
015 }
01

0.05
0 W—M

0 20 40 60 30
Case number

Cook's Distance

< Figure 6 > Index Plot of Cook's Distance for Each Case
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u(x) = -3.178685 + 3.5431x

01“% ojuf o} AAA-FY [
4 qie.
Lr_].e,]./\-] Hyrgwol sk ol 3lF 2 Mo] AT }_L o] B AHAMA A
AL (180%) M9 H# = 3 percentile$ S oA ZF3517 ] gkt
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441 2B 2 5578 25FQ00K, 260E)02

LEAL FFEFE 25FoR Py AAE <Table 2> 2, olwf 99 *&= %
ZRA0W ()9 3h& 95% AT ol

<Table 2>9l4 »¥, o] A7t o Y% A5, 10 percentile,
percentile3k &2 A% AXAX, REFHAY = F71¢ch a8z 7 grgEd A8z
o] E5 wolxA itk Ty oS AAZ Fo dEtvly FEL ZF d]xE

A vdes AL ¢ ¢ Ak

< Table 2 > Parameter Estimate in 2 Stress Levels

no- .Of Rl 10} percentile 1 percentile BFHA
outlier
174 47570 * 27182 17233 0.141
131336,57520) (22294,33143) {13822,21484) (0.121,0.167)
after 44389 25364 16080 0.063
removal i  141)738.43365) (23192,27740) (14557.17762) (0.054,0.075)
274 H0155 28659 18169 0.172
133117.65993) (22480,36536) (13869,23803) (0.149,0.205)
after 44157 25232 15996 0.062
removal (39919.43842) (23075,27590) (14485,17665) (0.053,0.074)
37H 52024 29727 18846 0.200
(27834.71536) (22427 ,39404) (13775,25784) (0.173,0.238)
after 43935 25105 15916 0.061
removal (3971945500 | (22961.27449) | (1441517573) (0.053.0.073)
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35F (2005, 240%, 2605)0.2 €
Fog o] Ays <Table 3>3 #roh

442 2EHY X 555
AEH A 3

< Table 3 > Parameter Estimate in 3 Stress Levels

ne- .Of BTy 10 percentile 1 percentile EEAA
outlier
174 47377 27071 17162 0.159
(37411,59995) (21153,34646) (13012,22637) (0.134,0.194)
after 44671 25525 16182 0.063
removal (40588,49164) (23094,28212) (14463,18105) (0.053,0.078)
270 49554 28316 17951 0.196
(37025,66328) (20881,38397) (12754,25267) (0.166,0.240)
after 44471 25411 16110 0.062
rermoval (40428,48918) (23005,28068) (14408,18012) (0.053,0.077)
371 52024 29727 18846 0.228
(37126,73071) (20846,42391) (12654,28067) (0.193,0.280)
after 44279 25301 16040 0.062
removal (39627,49473) (22981,27856) (14390,17879) (0.052,0.076)

ﬁ‘:Eiﬂ-’i +z2 35Fow Fyoeue AFAE 255d ALY o] FHFFwol}
F4A7 AAS 20 ME VA FRE WelAE Ag & F Avh

A 49 F(200%, 2205, 240%, 260%)0 2 & uj
2EYE FFEFE 45702 oo A <Table 4>9 #oh

< Table 4 > Parameter Estimate in 4 Stress Levels

ne- .Of Ry 10 percentile 1 percentile HEHA
outlier
179 47468 27123 17195 0.189
(35661,63182) (20011,36765) (12054,24529) (0.154,0.244)
after 45164 25807 16361 0.064
removal (40935,49829) (23247,28649) (14482,18484) (0.052.0.083)
270 49317 28130 17865 0.236
(34530,70435) (19289,41168) (11474,27815) (0.193,0.304)
after 44935 25676 16278 0.062
removal (40764,49532) (23153,28474) (14426,18368) (0.051,0.081)
378 51475 29413 18647 0.276
(33915,78126) (18872,45842) (11105,31311) (0.226,0.356)
after 44700 25542 16193 0.061
removal (40588,49164) (23055,28297) (14367,18250) (0.049,0.081)
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