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Analysis of Field Reliability Data with Supplementary Information
on Degradation Data and Covariates

SunKeun Seo, ChenSoo Ha

Department of Industrial & Systems Engineering, Dong-A University

Abstract

Degradation data can provide more reliability information than traditional failure-time
data, especially products with few or no failures. This paper is concerned with a method
of estimating lifetime distribution from field data with supplementary information on
degradation data and covariates.

When a distribution of degradation rate obtained by follow-up study for a portion of
products that survive after-warranty follows a reciprocal-Weibull or lognormal
distributionn. a time-to—failure distribution of the product follows Weibull or lognormal
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distribution, respectively.

A method of estimating lifetime parameters for this kind of data and their asymptotic
properties are studied. Effects of after-warranty report probability, follow-up rate, and
proportion of degradation data on pseudo maximum likelihood estimators of these
parameters are investigated.
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o ojFole AHF nAAN FRE A AF Mt FIAE HEE A AF 5,
Uezl 807ie E8Ang A4ze] duwad ARE ISR on, ARG FHEAL
A5 g o]g3ste] Fortran AEF¥ DNEQNFE o|&3l9 T 69 i HEFAH

W& tga 2o
3 = 4.1170, 8, = —0.3506, B = 2.0341
88.1481 —17.2560 4.6190

Wy = | —17.2560 43.8401 —24.2147
4.6190 —24.2147 20.4781

BOAE $7F 100040122 oAt H$2AA A2 Bag gib H¢RHFLe
AMAF 2=
2c=2 T

%
THoR HMEEE WEEZT ZH7bo] g B% A TS TEH e ol
t}

¥2

Asvar(3p) = 0.0881, Asvar(d)) = 0.0438, Asvar(B) = 0.0205
3.5351 < & < 4.6989, —0.7610 < &, < 0.0598, 1.7536 < 8 < 2.3146

AFol AEEI Y= A EAEGHSE x 2o Zh) ANIBELSFY FHAE S 2
(45)E ol &sle Fato old wWE ZAFE TS <E 2o AIYFge
27 A FSE g = Yt

Foa(x) = exp(dy+3ux) - (= 1n0.9) V7 (45)

<E 2> AEys g2 AoREArY 4 (49 - ¥)

A fo 3D to1 (A 3D
“0” 21.0314 20.3025
“1” 14.8710 14.2978

=
g FAA A& A A%t AFA
, TR} TIF FF EeE o]8sty p, = 0.1, 0.5, 0.9

)
=
e,
o
£
He
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9} p,=0.05,0.1,0.2,--,1.0¢ wWe] AI0YRL G dig FHHe FAY g&& T3

) 523} 93 o,

LRI LIt

D/=1.0?——_]
py=10.05,0.1,0.2,--0.9% o 78 AONEATS FAHREY
Bl & me

o

EES To¥oen Eodde 3 1,000
T8 t(x59=0.1)9 MSEzt&

ot
it
>

F4zE
SEe] mZA FHzA}
el ARE 1000

<¥ 3> LugEFH FAHZAH G @& MSE &%

MSE ¢}

p,=01 p,=05 P, =09

dgus | guus | dwus | dgas | deEes | d9us
b “0” “1” “0" “1” “0” “1"
0.05 3.65556 1.52799 2.97792 1.41388 2.69257 1.45035
0.1 2.32195 1.01584 1.90888 0.87887 1.67578 0.88055
0.2 1.77660 0.78807 1.44585 0.65585 1.26125 0.61967
0.3 1.43235 0.70130 1.20274 0.57003 1.12001 0.53431
0.5 1.10873 0.53692 0.99719 0.47987 0.91469 0.45302
0.7 0.86892 0.42687 0.83304 0.40983 0.79626 0.40013
0.9 0.74617 0.37347 0.73396 0.36743 0.72552 0.36554
1.0 0.71124 0.35992 0.70862 0.35930 0.70657 0.35848

Huggs FHEA ¥ & @2 AWEAT] E&8 ol o obg 2 @Dt 2o

Fohel Aas gol whel <E 4> Feshsich

p,/=1.09 ®9 # (x)8 MSE

efft,(x)) = . (41)
M, (5:) 5,2 @9l 7,(x)9 MSE
<E 4> B3agEF FHZAH S UE A& ALZEY
p,=01 »,=05 p,=09

» Anue | s | duEse | dges | Ages | dgus
f uon uln uon uln uOn uln
0.05 19.403 23.555 23.793 25.412 26.241 24717
0.1 30.631 35.431 37.122 40.882 42.164 40.711
0.2 40.034 45671 49011 54.784 56.021 57.850
0.3 49.655 51.322 58917 63.032 63.086 67.092
05 64.149 67.034 71.062 74.874 77.247 79.131
0.7 81.853 84.316 85.064 87.670 88.736 89.590
0.9 95.319 96.372 96.547 97.787 97.388 98.069
1.0 100.000 100.000 100.000 100.000 100.000 100.000
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ol4e ATE 2okl RuBET 22 vge] St WA EAY Bgel wY
AL Q4 Jon RugEnds 424 Hgo 189 o 2 9% T ¢+
Atk F shx AEEsel mE Ego] RAMEE <2y oE AYUFT 00U AS
FHzA} v go] WE EEL AT
120

1.2 3 4 5 6 7 8 9 10 N
FEH AL E(pf)

<39 2> FAHZA v & W ZE(EEHUSF 0

52 FH2AA AARY G5 go] e 49

2H2A Aggue ASugd BE FAH 58S 2N Astd AFE $YRE
Weibull 22 790 #1498 AAAAY. 24244 Q8 @ 7R Fue Hg
2 W WE NS A4 dFAR dald BHNA ¥ RE Az: BANYAA

o] wAsA GshebE FR(S(r |z, ) = exp[ ( ,,,) ]>9+ Ardsne & 4 9=
e

¥, &, €8 RV A glo] dywiette] AR ST ALE JELRE AR
SHl&o e TAH 2&e vadaz Foh o] FS 4 (25)A daFe] FRFEQY
Dy HEE A48 g+ A =358 3 ‘:}F 4 (42)% 2ol ved + Ao

L™, ) = 5%+ {ln(;'%)+<ﬁ‘1)1“(ﬁ t;-"’)‘(eti")? (42)
+ Bl ol -] B[
( p/t)f)’epmg‘v Uos {(1 p)exp[ (e?ﬂ)”]—%—pyexp["(ei{a)ﬁ]}

A7, A (420 =ZFol tistedl dx #HoRad A H$FAFL T o,

~a
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) 5 =(T5) n(5)E A eon ena

BANH( ;=24 )72 & AES] nAH LS 20%004 60%7HA 10%4 F7HA2 A%
g55e ARE <E 5> AYsAed, ow FAdst FJddA f=2.0
8;=—0.3466 = T F AF] nFu gl BE §F FIAUT EF <F 5>9 Fol
FAZNIE AT A8 FAUGA GAD 2 L0 Wkt F(xi0=0.1)%] MSE

@3t 4 (4DF olgstel Asgn glol BAAHAA ngo)l BARA %e HRE AR
B39 MSERE <E 5>o) Astanh. 714 237105 2AA Gl 139 AE
Mgl WA AF o] JUHOE 2X Fomz FHEA Hgo] T A YEHE
AYE RN L TRl va g5 Aue Fo) w@AHez AA H: A% 2
Y S% Qol, RuBE p,=0.1% FHA24 W& p=0.19 2ANH 2P +Y3
ek,

<E 5> dsAH YS5Hgo mE P34 MSE #

. PRI MSE MSE
s ﬂ}:lf D, HIZ% D, R (Dy 934 8) | (Dy BEFH)
Tanal e | wnwe Dy Dy Dy | 4% | 4w | 49 | 4w
ES) g | He | Mg RE OEE T|Ee 0r|me
20% | 55% (11455?) 939% | 79% | 79 | 86% | 2.21364 | 0.87446 | 497689 | 1.32757
30% | 87% (221130//) 89.2% | 11% | 11% | 78% | 113143 | 053063 | 1.92777 | 0.72580
a0% | 129 (2288;) 85.2% | 15% | 15% | 70% | 0.75562 | 0.34307 | 1.04649 | 0.44655
50% | 16% éfé) 80.6% | 19% | 19% | 629 | 051948 | 0.24636 | 0.64888 | 0.30665
60% | 21% (S%ﬁ) 75.1% | 23% | 23% | 54% | 0.36301 | 0.18500 | 0.43268 | 0.21730

ES BZ7]|7F o]lF BEMAAAlolo] BuER 2 AE FoA FEBE nAFRE(D;,) )9
TAR S AB(Dy) v &2 Wl e A7E 2AE A¥e A zA, EXAHAAY
a7 o] 20%, 40%Y Aol T <E 6> FA HlgsAMY FAH 2&S A}
& ARt At &, <E 6>Me FHERAHE AFY A5 & diEe 7
10009 wEsle £ANYS ANF {,(x;¢=0.1)2] MSE&E ¥ mstarh
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<E 6> TR 50 &0 B A4dxz% MSE#

£, AAe | b0DS FHuE MSE
Z AE9 Dy, Dy Dy a4y v
a2 g | oug | wg | ue | BF 0| BF Y
2% 12% 2.21545 0.87512
20% 7% 7% 86% 2.21364 0.87446
12% 2% 2.21231 0.87105
5% 25% 0.75777 0.34401
40% 15% 15% 70% 0.75562 0.34307
25% 5% 0.75475 0.34252
<E 5> FHzAHE AE 2 IR FSH g BE AR <E 6>9 FUAR
=g e A9ANE Ay 9o g
(1) BAANH7A 23po] WA e xﬂ% Z Agds Auwe ISaE Asun
dHARE Y5 ALo] FAH Fgo TS TAY £ Yo F 2z Hlgo] Hu
AR 1Y AEo vist] Yoz %ﬂwgw g go] He A$e svigs dagn e
g=o) 228 ¢ & Yok
(2) BZ7)7 ol RAANAARAY AF nARE vl go] FAR Auo v ERT
242 MSE #°] 27 34 5292 ¢ 4 AT EAH £89 A7t a8 2X gou
2 =¥y ug Ao s FRARY $84S AT £ Yr
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