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ABSTRACT

Estimating reliability of a non-repairable system using the degradation data, variance assumption such as
homogeneity (constant) or heteroscedasticity (time-variant) could affect accuracy of reliability estimation. This paper
showed reliability estimation and comparison results under normal conditions using accelerated degradation data
obtained from destructive measurements, according to variance assumption of the data at each measurement time.
Degradation data from three accelerated conditions with stress factors of temperature and humidity were used to
estimate reliability. The By, lifetime was estimated as 1243.8 years by constant variance assumption, and 18.9
years by time-variant variance. And variance assumption provided different analysis results of important stresses to
reliability. Thus, accurate assumption of variance at each measurement time is required when estimating reliability
using degradation data of a non-repairable system.

Key Words : Accelerated Degradation Test(”}4 <€ 3}A18), Degradation Data(€3}H]©]E]), Storage Life(4°d5 1),
Constant/Time-variant Variance(G1-2H©]54h

s My D(t) : AZrel e SAA F
w8
o RwdAk
* Corresponding author, E-mail: ykson@anu.ac.kr L $53%F
Copyright (©) The Korea Institute of Military Science and Technology no o HRe RS

S Abal 7|2 8kE] A A2l A2E2018d 4Y) /173



E, : &A3lox| R fFxe 548 A4ste s vehdth
kg : E-Z=1F 23428.6173x10° eV/K) WA Z4E T3 g didolHE di =
REls o] gste] 2 EE FAHsNE A, 5H oY
Az7b 53 A wE $daiA] goerng FAT
1. M B debgand 9 AlEE FAgd g2 expt x3
g gl gepd BdFES FATE 5 fle A
&GN FL AFolu FEe wA A7t Fo] gk g3} vlelHE o] &3t MIxE FAHT
A AFEA e sd AlFolu FiEe] e o U= A At e RdS A gsto]ok gl
27 3k 71e/ds A 544 e U8 54XE @ 4l FAHE B Fue 43} wolert At
577 M2 SAste] olged EAA9] ARt wE 2 FAFEEE g2s 49, 71EA e Mg
W3} FolE BAHOR BAste] g o2 Al 2249 AFA H7 AZEYo]E5S o] &3t Fig |
AE FAsE Aot £ A4S 93 d3jy of vebd ZAY R AlFelA Sl Aol H(D(t)
olHE ®Aaly] M A i F-Ee 54l o] ste]l g TR MHAHE B 2R EE F4
upe} AsirEls MdAstejol gty AstREe A7 o}, SEAS A9, Azt wE gk gagh W
317 2 W Pl (degradation path model)¥} HSHE-E W E si7b 43} dlelge] Mg R wgd 4 Jorg w
(degradation distribution model)= % TH. T AlFeA SAe dsh dolgzAE griek At
At R rde FFo] vl @yt rHsd #ol 271 AT e 2 grog 2 e 7
789 AMEE, dste] g dialy] st I3t T Ak wEkA FEAF 7P etk W] ojgt
ARE olgata, UubHel mele A ()3} o] & a7t FehE § ome AL FAH| oxpE wt
bl AAZA 4 ek ey dstelolE= Al Skl o
g} ko]l dAsAY Wsksl 4 itk Azt
D(t) =n(t:0) +e, 1) SEAL E oA Ml wEk AFE FAHA A}
7h S o AIe AIE FAHS s
o714 n(t:0) = WT A SAS F8 Fug A3t = ARE 2 @b 548 WEA] aEsopsitt
ZF deolHE AWeleE, AlRE ot ozt gstaA Fig. 12 A5 (smaller-is-best) S 7FA&= D)ol ol
(Degradation Curve)S YEMATE 0= Gl By sk qf4o] DA o, TEAF 2 oo]iAE T mE 4l
(parameter)©| ™, g REA AA|Q] A} EE A & Bl zpelzp wAE 4= ok AS vEeRdAT

o3} e vehi, gk AEE A

ARy rde 5nxe P ek ofoju, of we} Wslshs kel tigk dstRdS st
gk 5 sk AlaEe] walel oA FR AR, AR RS Fgshs A7 Qs gt
A28l EX 0] daleks =Aate] Ylo|E 2 a)4ls} Hakell gk a7t Fa3ks E<lety] fjate] #
= wolt}, Tt Aol ZH9l Aoo= 7} A5y ol Aol A= Fig 20 el a4l 542 S8
HEo] =golaln 7148 & 9t} wabd 7k =4 w3k datdlo|glE o] gate], FHAIH e ds
AR dolzl dlojeE FERE R Tk & dlojgle] S2at 5 oAt 7ol me S gt
stdjolEfo] uigt HEFIFE FASI, FHH TXE stal vt Fig 2% 3¢ AEHA sERA
o] AI7HA W3S o] fEte] HIEAS AAE L (Case 1 : 65C/70%RH, Case 2 : 80C/70%RH, Case 3
N EE sk wholt), dsliymde] olukx : 80C/85%RH)IA aligk b #Ql 7HEasAd&

ol By 2] (2)9 o] HHATH 3 Sug dstdolHE uehdth TSN =
43t dstelolEoll theto] Alztel] whep ako] w3}
D)~ f(B.p(t) ) S W= S 7P B ARl me) ko] s}
= o%al spAel] whE AAIZ71(20°C/60%RH)N A
o7|14 g ARl wet AT GE T o] L& FAgste] njagich 3k Bk 7gel| whe
wolu], p(y= ARt whEt Wslels R¥e b 2EH 2] gl W dFS Frigto=s dst|

174 / S+ 213817 %2813 A Al217 A2520181W 49)



s} 7H45 A 84

Din
Constant
~variance

“" Time-variant

Dy | .
! Variance

(failure criterion)|

Time .

Fig. 1. Degradation distribution model for constant/
time—variant variances
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Fig. 2. Degradation data for three different conditions
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Table 1. p—value for different distributions over time
at Case 2

Time | Normal | Exponential | Weibull | Lognormal

0 0.012 <0.003 <0.010 0.012
14 0.065 <0.003 0.115 0.059
28 0.203 <0.003 0.148 0.119
49 0.75 <0.003 >0.250 0.799
63 0.032 <0.003 0.01 0.037

84 0.015 <0.003 <0.010 0.018

99 0.56 <0.003 0.176 0.635

147 0.401 <0.003 >0.250 0.398
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Table 2. Homogeneity test results of three condition

for Cases

1, 2 and 3

Case 1

Time point [day] | Multiple comparison

Levene test

(14, 28) 0.119 0.055
(14, 63) 0.402 0.574
(14, 147) 0.063 0.040
(28, 63) 0.344 0.257
(63, 147) 0.201 0.184
(63, 161) 0.145 0.183
(84, 161) 0.327 0.361
Case 2

Time point [day] | Multiple comparison

Levene test

(14, 28) 0.981 0.812
(14, 84) 0.209 0.257
(14, 99) 0.094 0.051
(28, 99) 0.51 0.853
(49, 147) 0.006 0.002
(84, 147) 0.013 0.006
(99, 147) 0.021 0.006
Case 3

Time point [day]

Multiple comparison

Levene test

(0, 84) 0.002 0.005
(0, 135) 0.0 0.002
(14, 63) 0.023 0.029
(49, 114) 0.008 0.011
(63, 84) 0.006 0.015
(63, 105) 0.0 0.001
(63, 114) 0.002 0.006
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Fig. 3. Estimated change of mean values over time
using degradation data for each case

Table 3. Estimated parameters for constant variance

Case 1 Case 2 Case 3
Ho 4.0845 3.9477 3.8858
n 1.4659 1.050 1.050
K 0.001555 0.007971 0.016225
0y 0.02875 0.12049 0.172924

Table 4. Estimated parameters for time—variant

variance

Case 1 Case 2 Case 3
o 4.0741 4.08515 4.089371
n 1.12 1.10 1.10
K 0.001805 0.002485 0.007573
0y 0.032262 0.025917 0.024776
B 0.000773 0.023176 0.034302
Ba 2.429386 2.23514 2.04760

K(T,RH) = Aexp( )(RH)” (6)
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Table 5. Estimated parameters using all degradation

data
Constant variance | Time—variant variance
o 3.957568 3.997785
A 1.3327x106 14.68289
E kg 6367.993 2346.453
v 2.325994 3.536384
0y 0.1278 0.059999
By - 0.012394
By - 8.181728
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Fig. 5. Estimated reliability for normal condition,
20°C/60%RH

Table 6. Estimated acceleration factors for different
cases

Constant variance | Time—variant variance

Case 1 662.6 22.6
Case 2 3290.0 36.7
Case 3 8107.1 230.0
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