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Abstract

The recent stream to reliability prediction is that it is totally inclusive in depth
to consider even the operating and environmental condition at the level of finished
goods as well as component itselves. In this study, firstly we present the
reliability prediction methods by entire failure rate model which failure rate at the
system level is added to the failure rate model at the component level. Secondly
we build up the improved bases of reliability demonstration through application of
Kaplan-Meier, Cumulative hazard, Johnson's methods as non-parametric and
Maximum Likelihood Estimator under exponential & Weibull distribution as
parametric. And also present the methods of curve fitting to piecewise failure rate
under Weibull distribution, PRST (Probability Ratio Sequential Test), curve fitting
to S-shaped reliability growth curve, computer programs of each methods. Lastly
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we show the practical process for determination of optimal burn-in time as a
method of reliability enhancement, and also verify the practical usefulness of the
above study through the application of failure and test data during 1 year.

1. A&

.

#Z CHALLENGER® ¢ H]Z{Leemis, 1995]7 <& ajgA9l Al o] &feo Yut
AAE-Folu SAFE T FEAFHEG SAstE G s IA] AZAY A
2p FZFo u)g RS AGke] Ha 9lo) RESFFE MulolUel AAHSFZE7R 1w
e A= Ee] AN AR ZFHhs e 7= ok g 7)&e
AAA 28] gt AT o 2 [Bowles, 1992]2 #A28A 9 wAF o3
Z712%e] vug, A e 93 23g vukyd, Axdaxe nZE o3
g, #EFATEY AESHA FA, 1FE 2 ¥ ey, H L Parameterd &

o2 A% EFHULS 42 Utk dE M ol d W o3 AR o =3
T FEFE By SAEFFAMY FEE 1esid AFA o= . @899
< Hasste Yo r B Hojof Fu},

AHEE ZE3r] A% Yoz MAd AxAAES MM HHF49(Mean
Time to Failure)Z 4371+ %H3} Bumn- mOE 7~7] FE AA EE ZAA)
= WYl ded oF A3 FJuA e e Eo] A1l 9, 5 201 2
Ay olel3 AFAFAEL AR HLA CFR(Constant Failure Rate) YA & w44
e 5, Bumn-in ¥ Aold nAERIEFOF A3 Ao 7R/ A2x
Ack. E=F NHExA | FFHA vlgo] FHA ugB} ATt Hlfo] SHa
E £ AHBuyenZt &78tE AHEZRAL FEHA78E A ZHol #EA Hol HlE&
Haslo o HH3AA B ATty BEA e AAL MIsE Aol
Fotsttt. mepA A E 2AHA HH Bum-in A7 E N ExA 2GR
& AFHos HIdA AR E4ARY A EFANS WEd 1%5131
BEFe AAETE AFHor MFE £ oy AUHo B =RoAE= P
Color Monitorg 428 A, EFFFdM ANIHE oE8ul o), "]*%"’F"F
M NFE o Fo] 7t5sEE MIL-HDBK-217¢] 2EZn3§ Wy AAdqn
EL FUHE A2RAE dEFUYES At FAz 9% AN EgExE ’é’"
43Ath. 4, d3d AF=E FAsr] 98 =4+ 2 6| ES(Parametric & Non
Parametric)? W 3lo| A 2 Hazard, Kaplan Meier, Johnson®] 213 % ¢& B ¥ 9
T3t A (Piecewise Curve Fitting), &&n]o) 93 Zx} A ¥ (Sequential Test)S
o] zZ+ Wy 2 Computer Programe 2 43le M52 AZsn o229 vjal
Mot A, M xe JF¥dEE #7993 Computer Programd A& SzH3
A9 A¥AAE v A, AL dAdAMY dg28 NEZ A et
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gex e 2A8E 1497 33 #3881 47 9YHE AR d5d AR Ax
FAA Ad=n FEHE A, "o ARX2A YeiuriztA e #AE #4,
AMA oz A Ea Zae] AFHY B AT F84E A
gt BEMAE AL 7| FEF(Housing), 3 2% % (Chassis), 9% (Tilt & Swivel
Base), ¥H 3 & E(Accessaries) 0.8 o|FojA glow F FA RETE 644 Itemo)
o $E4r9lo] 63", AFAMYY0) 581H ot} o]F IEFH EAGRY F

Lo ‘E—
ot ANFAE AFAACLIE ERAA RS FABAE AdGT 1674 B
z3How oFold dov UEsy AEAUINY, FEAYRY, IYEYFYe R
et Bum-in AN H2EYe) A9 #4€ Yuolw @dzARHe g

e ANFRez 9o Uk

A

2. AFE o=

MIL-HDBK-2170l & 74 H&FFd W& 1%E
sk A REFe B4R Az, AHEEA, F
A8l Part Stress W o) . 3
31 gloen HATAEL TAH BE
Fol W3 nFEY Foz2 FTFH A=H
a2y A" AFEs -‘?*%?%91 A AEYE ofy

=

Iz ARFHD AR ARBANH AGHoR AFHE FENHAY LFES
mradgfol o}, o]Edt NFEFL A 2BFEF oM ANHAEE nHEe R W
2 g3 AL Ae] e A FA oF JFQAES PUddstd ¥ F 3
o} wal AlaefFo e AMLAEL S 2o ez TEE § Urth
/1T=/1P+ /15
D Ap ¢ Al2EEFM AANILYE
Ap Hxso nAES
As Nxde] 1E
RFEEY 3’—73%% iy =audg AEAH 7|EaAE S, A" 1
g A& 23 A) 3} 5 (Test Stress)S A &3 7] AE AME4

£ =l o
2H7H ’&%%‘4[‘%‘_ gk 1997]. Ala" nFEE sEAES #dd™ Eyring 2%
[Jensen, 198212 2% El9] nHES 83t AxgdFEe 72ndE2 A&
ol SAE FFoMo BHY g22H S5 % AVAHQ 84, AFLLETY HE
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89 Az Foz2A AEE & JUTHLL, 16]. B 7oA & IBMo] A &3
HUGHE AIRCRAFTAFS Al ¥4 =(Test Stress) AFE4[Daewoo, 1993]8 °]£3ld
71489 & NIJEE ANS F ol& Eyring 289 H&dto 7|EuFESL A&
3=

Ao N2rdugdEL EFAME SHAES AA}BE o3 FAFILZEE A
ot A2"dEFgAY APEGESAE <E 21> Zo] A& dY AAnFE 9
3 AT dEE3E B 2 o da B4 Modeld] dAGAANA AAH F
E3383% MTTFE AFnZEY vxy, oA ZZ=2ZA Connectors®} PCB
(Printed Circuit Board) %9 Itiutyd, Monitor SAIES A FTAHEFOZA
CRT(Cathode Ray Tube)e] mIE3F o2 dAFAET CRTY TIFE Wi
el & ZolE HAFoh HdAGAdAY «dEE AFHxY AR R A F
AAl HA 8] SHE & #ol9 FLd ot 84S I + Yo vEs
2 o] 23 A&FAAEA MTTFE <E 22> 2t <F 22>9 Ztzte] A&
HHE MTTFE <X 21>9 AAngEW Pl o MTTFS vlws) Zu 7 A4
A @AM CRT PIEEANY AMIZE dEFHtr YEsdAdM CRTES
Al A EAgEA7E FAohe AL NEAAGANMY EEuZE L SAFLIE
AR HAGH S Vel Foh £3 CRT E38A MAAdAGAe 20857 A
Aro ZFosE R AEFY A 7S AIdFE Q7] "o AR FoIY 3
o gk =AZFX7F asdlt <F 22>9 4+E MTTFE £ 1 Kaplan-Meier® ¥ ol
2l 3t MTTF$} Johnson®] MTTF+ <33 11 %3 Hazard Wi 23 MTTF$}
E ztel7t A WygAdo] Fo3S ¢ Aok ¥ ¥4 HazardWy S HEFoH,
2 A7 AASG AAZGE PHE ADE] EFFHA PHolgta & 5 Ut

2 3 RE IZE (AE nGE AA nZE
= (A) (B) (A+B)
CRT A& 0.000016271 0.000015042 0.000031313
v ¥£5
MTTF 61458 hrs 66481 hrs 31935 hrs
CRT IZE 0.000082938 0.000015042 0.00009798
g
MTTF 12057 hrs 66481 hrs 10206 hrs
< ¥ 22 > H|2FX dHSIe] MTTF
Kaplan-Meier 2] Hazard Johnson

16381 hrs 24017 hrs 16714 hrs
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AA GAEFRGES] 7ETF G FEFLLTEY F8o] & F% oy ol H
T44E =8ud= Constant Failure® 714317l diEo R EF2AELS Jo5H 7
ZJRsA BREUFFYF ¥ nFoZ duHo SAFRZEY FHE or Fh
AANFEL Hydo)gt xgfx AA Life Cyclez WA AH Adxr7l & Ao

Z #wggdg, g8y AFFHoRE L aAA(r]Fe] FAAYHS wAAvit £ FA
Hol 7122 gAEFnFEC] FAHF AgriEel @ Aoz AdHEHT, By
FXof 9 AT MAEAHRE <X 23> T}

< ¥ 23 > 25X YWHSe| MTTF

78 Alg % MTTFE
A g BX R(t) = EXP(-0.000108897+t) 27549 hrs
gjol B B ¥ R(t) = EXP{-(t/4512.451)**0.563} 22248 hrs

A7 AFEESS MTTF 32 HA$FAAA 1INAEZREH A& ol &R X3}
MTTF&2 n-T+l/m)=n- (I/m)I(1/m)& FHE& o]&3te & <& 21>9
AQAE vludA veEhd 2ZAEH MTTFS <E 22>, <& 23>¢ MTTFE 1]
s 2d, CRTE X% MEAA DAL &% MNIAEE ANIIE 7|Fo2 3
o A& MTTFS E3AWyste] HFH o] AFE3 MTTF A 26 o4
o] ztolE Hola 9lo wyd Adue] wel B vt I vk olv GA] A
7Nt A o) A 2] T'E—L—;g'% ARA YA R EFJ] CRTZAEANAY] EAHF A3
Ho7 HAhEr} ¥+ Hazard & 53R 23 MTTF&= H| &3 =302 3
A= 22 9% A xEu 939 Performance HlwE A21e] Wi S o3 Al
e Hga AFP=AEA e o Moz g F oy FUEEXY S
Ag Aol AHgARREAGA =" ol

B AFde &5 @iy oer FHUHERXE NMASA & Bt 13
EYXE /M AE vuiMe] Bo2N 58448 ALAY, £X9 FUEY
of o3 ReFAUys gz oF ZAAELR S &8 AN 5 FAH ol
F(E3 T4 o1F)9 data® W otk A FHGANMY 1FE dataE AH £ 3
o AFToZe] S FPAA Bux o FHEEE HREHA FSA ¢ 4
242 (Non-Parametric) WH o R Kaplan—Meler uhel - R3A Hazard %Y, Johnson
W Es e £ Q= EEH S, 1992] FHEX Fed o} 2424 (Parametric)
ol WL 7y E¥solr How muew MEFAYSo ul LRI
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A L JolERY Fo] di AlEHT, A 2 s FFEE, AEEFTO] ol &
Hr71% g B dFdMe x5 R ool B XA H$ FAHYOE Parameter
£ FA%e HHE AL AV FEHERXY M QRS BAGC AEHA &
AxG 2gE 2 BAHQ AxE o HI BeFPuye] =oH$ta[15, 26]
ojgg =L o]2HA XA AHAFAZI A x=FHHA AHE HsA dAFAh
a3y BExe b Ay Ao} THAQA BXuEd AztEe] o] F(Shifted), A8 F
b ¥ (Piecewise linear), &< (Power Series) %‘9] gt 71gel s
[Shooman, 1968]. 2 A TFoA e 71AE 9ol & FURHEEEHA RFE FHE =
w8 2 831 o Fung, 1982].

AEEAG L AFe HA 2 MDA E AIFAxdFoay onE 7}11‘31
Az L EF3dANME T2 y)fa]"} AEEE A3y Ag v E Zet
ojuf S E Y Ayt HAHY AL UFF=AE U] 9T dyew MIL—
STD-7813 MIL-STD-781 A, B9 PRST(Probability Ratio Sequential Test) W&
g}, o] dH} L FAAIY Hate 1Yo ojgo2 Uud] FEE F Yoy
E AFgME ml3 HFE A ASTE programe $&3t}h 1378 Bumn-in A
HARE F7E BExAgubie] A8 02 Polynomial Regressiond Z# @ ANOVA
S AP A FRAF] o A3 uHe] oY JolEREY HIYEE A
AEY davt AAed old FHHFHAGAM E&d F3 Hazard 3o2 SA¥
Zx9] AFYHE o] & ATt TS AEF AAE <H 31>dAM BRo HIE
(goodness of fit)e] FAZF el gko]l F+FE 0059 AF+% 79 Percentage
Point 14.0671 Bt} o} f-9& ztolz} §la, 7tz 9} #F A xo]E veEhjF =
2 Modified Exponencial, Exponencial, Quadraric4d «AX2 (= 1I&ER
7tARo] golERT XFEYI A Ao g A AHE EFEd e
A Hddo] "astA

< ® 31> 55X Hazard Xt&2| XE

He 24 A RHE) 34 Chi-Square |
Linear H(t)={-0.34542+0.09242*t}

, 10.2667
Quadratic H(t)={0.64138+0.046212%t+0.001 1597 *t**2} 58409
Exponential H(t)={0.11251%1.1336%*t} ’

B 13409 06111
Modified-Exponential | H(t)={-0.24568+0.33088*1.0862x*t} 16111
Gompertz H(t)={205800%0.000005%*(0.98900% xt )} 3'7778
Logistic H(t)={1.28227/(1+10%%(0.13233-0.078960%t))} ’

&8 ExA1¥ programe AFHOZ n$

RS Tool2 A "‘315 AF A3
A 718 48y AR AY Z 749 E 1y

€8 T =3
FE adZ Y, 3% oy #e

4o
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3lH, Chi-Square Table ¥ MTTF9 Al2+F 4&3d, 717l 13 E 4AE3H 5
o2 FA45 Ao

4. NS FAHG

AYEE 3t e A=A A g (Philosophy of Reliability Growth)ol
et Bumm-in® MTTFY 462 t&E 4 QtJensen, 1982]. A=A A
A, A, Az AR MAES T3l EF3t=7] olde A" 14 E (Inherent Hazard
Rate)& A &Aooz AAAIE £ 2% £ MTTFE F7H71 232 Yegd
t}. Bumn-ing %7 2%E AA =& A2z dAH 1ZES MW MTTFE
BAsl7] 93 22 ARG H/E FEEol 3 B dAFoME 1d A3k
A ZZ(Corrective Action)?] ©]& datag %3 A= AAI3AH3 33 Burn-inAl
e By Ax3tgoh £33 AFE FHHFY] FAHAHo=RY JE AEE
Hste s 4% & MTTFY 45 E JESFA A3 E 4FF4E Duane
[Duane, 1964]°) <3 AAIFENoH Ao AR +4313&(Cumulative Hazard
Rate)& ©] &% A duty oz Sy ZMAFe 24 YebdHJensen, 1982]. £ <
TFAME SAY FHe AFPARE B3] Yl Y, 24438 (Quadratic), A&,
A A = (Modified Exponential), &% 2 = (Gompertz), 2229 (Logistic) ¥4 %< o]
Lttt 7k ZAHY HPARE AR ZEaPgor FAdr

Bum-in¥ A3 AFoA HEs] 7RI FdE = DFR(Decreasing Failure Rate)
7} CFR(Constant Failure Rate)e A Al Bathtub Curved W &3 FRHXE ot}
o]+ CFR 49 Mean Residual Lifex Constant 3t#] &tle Aol CFR 49 A
138 AlFo] &4 Mean Residual Lifes FHdlsldle AP oiYt ge RS g
W oHKyung, 1985). 22l A4 DFR# CFR AlHeol B3 +&€ & o g
gt 77+ 71d(Piecewise)oll 1A Curve Fitting©.2 DFR¥# CFR2] 3% (Variation
Point)g FEAHe=z & 4 u} o]z3 HaEHe wWEe uot2 Reliability Maximi-
zation Model ©]& Cost Minimization Model ©1¥ Burn-in A3t} AltzAx &
H7)Eo] =7l o] wi$ F83ch 53] Reliability7h AFzds=A @& A
2 ¥ Reliability7} o) A® DFR¥# CFR Alol9] ¥xdo] 3 #wr|Fo] o,

& 3} Modeldl A = Field g]8]&9°] Burn-in Set Up H &3 &3} S-7]u]
£ xrco}h AAtA Reliability, Burn-in A2k, Capacity 59 Constraint® #H %3} 2349
F2A Ggo] nuls] A 2E Burn-in A A A4S Y CFREZS A H o)
Al 71Fo] Ho} B AFdAM T IBMo] 2E9 OEM Manufacturerol Al &A1&t
Sequential Method [Shaw, 1987]1¢} +zt7/NdellA 2] Curve Fitting¥d S A &£3do
[Park, 1987].

SAH FAY HgAIE <FE 41>, <E 42>, <F 43> 2 oy @ SAY T
Ao Ay e AFHoz HESLH Wy AIHRAAE =252 o v FE£3F

-—
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Byje] & Rez woddh 4 $d, 448 Performanced £ Zel7h ey & A
AR Zr By FEHoZ A REEgHe ML Logistic FA43 Modified
Exponential =Xo]jn W@ 2+ 3 Hazard 40] Az g}

< ¥ 4.1 > Kaplan—Meiergtd Xtz 2l X 3§t

A JFA R(t) At&4) Chi~Square
Linear R(t)=1-{-0.01033+0.0067907 =t} 5.3833
Quadratic R(t)=1-{0.068446+0.0033953*t+0.000057318*t**2} 4,1250
Exponential R(t)=1-{0.016328*1.1053%*t} 47778
Modified-Exponential | R(t)=1-{0.23855+0.24773+1.0188+*t} 4.7500
Gompertz R(t)=1-{0.080307+0.08557**(0.78354 1)} 31.3625
Logistic R(t)=1-{0.16925/(1+10%*(0.96916-0.082063%t)) } 5.6333

< H 42 > £ Hazard ¥ Xl&®2| HE

g FA R(t) At& 4 Chi-Square
Linear R(t)=1-{-0.51441+0.010835*t } 14.7222
Quadratic R(t)=1-{0.040306+0.0054175*t+0.00024233*t x*2} 6.8533
Exponential R(£)=1-{0.011132*1.1309**t} 41333
Modified-Exponential | R(t)=1-{-0.16842+0.17503*1.0244**t} 2.9625
Gompertz R(t)=1-{0.096663*0.066523**((.84994**t) } 16.5417
Logistic R(t)=1-{0.16384/(1+10%*(1.0188-0.084067*t))} 2.9625

< ¥ 43 > Johnson &Y Xtze| X3

A LA R(t) A& 4 Chi-Square
Linear R(t)=1-{-0.13631+0.021836*t} 36.7857
Quadratic R(1)=1-{0.019621+0.021826*t+0.0024578*t**2} 4245454
Exponential R(t)=1-{0.0076961*0.011224*xt} 7.5833
Modified-Exponential | R(t)=1-{0.002262+0.010303%0.011717**t} 8.8667
Gompertz R(£)=1-{0.043402*0.0019029%*(0.9646+*t)} 11.0833
Logistic R(t)=1-{0.0014172/(1+10%*(3.0405-0.07578x*t))} 7.25
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E5 ojgd SAY FAHE AR AAES gotdEd E4A ¢824 Ak A
A mde s ’\‘_‘ = ‘o%‘% syl g8l =389 1879 Burn-in A EARE
A E AET AT, <F 44>8 o] AE&Ho)
MTTF®| 7ol o]Fojx Aoz Hurdct SAE 4 HgAxg LEHE A E9]
Ade Bdd 4 sk 4 Burn-in A1He (#)N - (t(,'ﬂ))l'“9 > 30.23& &
st AlZte] "o watbA £, & 2& A 44hro| 208A 1A 2R E gE
7]EH Burn-in AJZF2 21 A n3AA| e 2 HITFo Datao® 2dE 65417 AL

€ Burmn-in A E8Y 7|Ee2 AT = vt Ay A ALA Gy ARA
%P_E A A2 AAo] dQ st

< B 44 > MTTF 74 A

T ' 95 A7) 9™ A (8hak7])
AFBL 15882 hrs 27549 hrs
dfol B B ¥ 4919 hrs 22248 hrs

5. 248

Tl FEFIIFEY Fo2vh AEHY AR SAEFFAMY SRS AHY
FF o] old AAF AANZAY nAEE Hgdls AN uLE HYS S8 A
Algtal ARl e AIEE NTAAGATE 1nddld 283 & £ g A
€ AXNTFoEAN FFHRE AFY AARAIAME FY F AEE 3} old o
g oAlEle] AFE QAT <H 51> go] HuE F dvh FASFF L IE
MIL-HDBK-217E % MIL-M-385102 2] 1% #d$E3 B #e$zoz F

= AE&¥h

< 51> A=2T oE5ZD o|WEMTTF)

(&9 : hrs)

| vE 098 | SAE u4E | A4 228
T E o W Wy
Tz CRT=® 3 12057 132961 11054
I CRTw 2% 61458 132961 42030
CRTx®3% 12057 66481 10206

EA5ZT

CRTUY] ¥£3% 61458 66481 31935
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ol& &4 o] &1“10101 A F 2 E Uzt=E MIL-HDBK-2179 £33

HEgo ¢£Fd we €2 o7t Yoz £xHe AFs TR ALE
35 R FYETEE NIE zﬂiﬂwﬂ Ercll FAFE OE AEsER F0a

g9 NAEE FYFEFEY FASFFAM vas Bv 1.2~28 HE9
AolZtvnz REIZEZY AIAEE Zés}t MHEY AMnFEe] B4yt
g Qo A AL AT QA HA AEHE AHES ZA e A
FEAdSEtE EXE G4V A% EFY AR 4 "oy FARAFTY 1
FAZAE FExEE V&dor & Ao Ayt ol DHAEEN 9§ o
© AHEEEe} Husgo] AHHoz EFHe UM feed backH o] #e|Fof &
Aol 371¢h o] dFE AIEE A3 Y AWy Eo HLEFUon A
H e <E 52>9 Zo| vlud = Aok

< E 52> AT &2l Y b R(MTTF)

(29 : hrs)
. = . [ F7hd 51
Kaplan-Meier Hazard Johnson | AFHE | go]BEEYE 2EAG | 2744
16881 24107 16714 27549 22248 19278 33567

ZH w2 AR s oe dgsty B AEAT Edo B 2= ERAUYL Hd93)
7] i eE BAEANHA AN FHEE BF HeZ g AFEAN Uiae
20 2F Kaplan-Meier#¥H S A &3l 98 HAAAEozE FEH| QAP
Ho 2 #edte Aeo] ug3 vtz BadEth & Bum-in A% 9A Fd B
A4 Sequential W o3 FHHozZ HAGdd 4 e A FHo] AMFHUCH
27127 AAANZY o] oz A$- dHlolHe A¥AHAR Hytolyzt Burn-in
Z273& AHE sjopstd ek Burn-in&#7F vlojsicty 242 A9 Bumn-in 2%
Az WA T fe&xAI AFdttn fadn. g5 B Ao & AAE
‘ﬂ%% T3 programo. 2 ZAst GUI $AA &£4A AIEE FAANNAN T Z
Z 7 Ae AAE NEL AE5HA AIA=DB +EH 9 AT =87 A
E datat A&AH o2 vlu AFHo slofp & Ao|u},

¢

mE-‘?LOELF
n%

FaEH
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