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— Implementation of Reliability Measure and
Distribution -
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Choi Sung Woon

Abstract

This paper presents the practial guide to implementation of reliability distributions.
The applicability and property of various reliability distribution will ‘then be
illustrated. Main objective of this study is to present how to use reliability
distributions summary with respect to the total life cycle management. This paper
provides insight info the good aspects of using relability distributions propefly.
Keywords : Reliability Distribution, Applicability, Property
1. 4 &

T—

1:2 wgd HFEH JREANATG A AFsAAAA AF £ uir2"e
Al 2] A (Reliability)2 B A A (Maintainability), 7H8-4d(Availability), 24 (Dependability)
3 g7 F23% 3L F£P3a Uk GE Eo] U Y AL e AHA
WEHAZL AF 3Z3UAGRIEA), 23 ddas waA FEFHR GoHRAAY), At
£217F AL Z7)d o] 88 5 GAVCIEA), AATFE AHEAIE AR A& HS-
A x ojgo] Bl (&) IUF & o mA = 7 Aoh[7]

a2 A A (Static)?] BAANAM F23 (Specification: A8, AFY, AlY, 22)8 Blojy
£ 2 (Defective, Nonconforming Unit) ©]W 27 (Defect, Nonconformance)2 Zo°]d
ZA(Quality)d A3 2 A A (Reliability) & 2vA Y ohFd AlEzAA0N w3
¥ W849 (Useful Life) < F2 0] 23 (Failure) AU £33 ¢ (Claim)o] 24 5 X
godd Ao JEAA 2IV|DARE AL, HIIZEAS AP NBE(TLCM
Total Life Cycle Management)E& €93 83 Fojof sty A= AIAHE FAHY
£2% 53 (Dynamic)d FAZ BIAATE Hyolt)
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ol A9 FAA dolHE XA FZdoHS 2 nAFuHlHE Fildn
& Ae AR v go] FHESA L8FHo dolHE w2 FIHAUALT
Accelerated Life Test)[1], %39 dHolEE & ¢ ¥l §14 Y3 (Bum-In, Censored,
Truncated Test), FEoAe 14 m=E Z¥Ye dojgs 2L Exq o3
DB(Data Base)E 33t AALA o2 F{F3|A AL&sopnt giry,

weba 2 d7dAE At vgo] ol 285 AHAA HoHE AéHeR ¥
d3 = Jdv FEE X (Probability Distribution)d Aoz AAHoz ALEE F gl
= A AxE FAHoZ AYqTBHAAN AFA Exe 54 L HEUAAS A4
iz gt

24 E ARA4AN AEHE APY Ax9 54 R REY se, 2 33,
4% 9 RuEge) Bae wan sgAAE AU 5—@,% 8234 BHANAN HE
2ES Bioh

He 294 $X9 54 2 A80ge ANGD 4FA
2. AFAH A= ALY
21 284 A=

1) 23 dED=g4

E£ Y =384 (PDF : Probability Distribution Function) & X (Distribution)¢]
AHM EFsE AFE(Dispersion) 9 @8l dA 3 T A (Shape)d] 713183 FEHo
o di4eh3E #HAAM ol T4 (Function)diz AFeett. & (Probability)2 2 #%
oA HEE A DA AFE AFHE AFE brold LoRde AR o &3t
= Wi eoz 1008 wgel HAE 10000008 w3 2] PPM(Part Per Million)5 2 &
5L EAE A= A dFAA Bo) A& HT
AFANME 1% FELEFTSFE FEEE Iz FAsY ol A FLAMY
BE A% HE mofsjobyt AR 5 Q17) WEo] A v &3} Agto] @o] &
85E A dolg #HAME E&FHNA R otk JEET A AFFNA
30411 Abgte] AE &2 f(30)02 EPHY olE ?51'341_ .i AF+7F gebs
ojof &t o Fo] Urk I £(20) X} f(50)o] ALK o A
FZFolA 2002t} 509 A7 AuiFH o2 Ayl diEd = H &% 50t
7t A},
T hR 2 e Ui nF dETEFETE FH(Superposition) & F¢ F 1A

= Z f(O=HOR) + ROR(D) (A714 RE

AT ) BAV HJo] T Foz FHHYE 13 E(Failure Rate) h(t)e A g
A (Linearity)e] ]3] A}-8-3}7]7F EHsich

],
Al

l‘lf n\*

IAE h(E AN2"9 A AojE(Total Life Cycle)® EAE ¢ &2 A (Bath
Tub Shape Curve)e] Ho] Z7]1ZA717HSolY)), S uA7|ZHH A A7), vt 1%
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Z17ZH =37 el nAE E¥ol ¥ FH(Distinctive)3tAl ol ALg3lrl #& 9tdE, 1
DTS ()2 TAT A <TY1> T o] 2717 e SR uRr)zre] HEgs}
A TR FdEo] AL ERSL
f(t)
t
2710373 Rk o s LIRS s
D oelE 2X PAF EXE CAT R
<Y 1> f(tel &g A Aol £

2) 2 FHEXES
22 AR EE4(CDF : Cumulative Distribution Function) F(t)& tA|ZP74A 13

fe 3y wyoz F(t) = / ft)el da) 7T mrnga wEs 2EeA

F()ol 9% Q%%X](Probability Paper)d] @ ZE A3t A £x9 3¢
(Identification), %7 (Estimation), o Z(Prediction), X% (Diagnosis)®] E&4S F7+

s

3 AI=
AMZE g (Reliability Function) Rt)E tA| 7712 AEHE F3" HHoezg 1%

=)
Al

[ee)

FARAEEEF} B (Complement)e] A & R(t) =1—-F(t) = [ f(t)dt7} 8L
t

AR Bxo] W& AT p, B o2 ¥ B AHEAY Fa #AY dgige] He &

ojt}.

4) 1ZE

ZE(FR : Failure Rate) h(t)¥ +37F313 & (Instantaneous, Age-Specific Failure
Rate) = 18 E(Hazard Rate)2 4134 Ax F 71F §&40=2 Fo] A&H3 9

+

o

a1 FELEFT (7 A 7S ddes delHE 78 F e idd 13§
hie 53 733 Holld AT R T EZAFANN 2ZYE HolHE 28352
2 78 5 A7 WEol dejeE Fated Al Bl&E o 5 Jo o) F
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Aoz RHsA h(t)=%% o

A Aol RN h(DE EF ¥ A4S {09 1¢1 # 29 <192> 9 gL 9y
#(Distinctive) T4 Zo] 2343} o] BHS o] AH&a7]7 4L8t} w3
F74A 99 E nAEL ZHY o]

T2 7z 1494 ¥ 14 E

oz dgus 4842 AR Yo} ©hEr1st Beh

2712317 R U {3 w2 51 %7] 7k
D ofely R PAF RE DRI EE

<Y 2> hp)ol 23 & Ao £

22 ALY
biole 7 & A$ F2EIWYG ojfds FERIFE o]&3te WY dHolygrt
AL B¢ ¢£9(Order, Rank)E o) &3+ WY 5 F %%ﬂ A

A BEe s, Byel 37, A3, Awke] AT olele BXE AA A

3¢ & 952 FHLEEA PO Z}@‘EH—r(ln)° Hote] AXPYE WESAY
(o: tolEZ BABLA ATEELA, YLATFHELA), ¥4 1ZE HG) = -InR{)
= Z}’\‘jaéqli HEasg giFEe "]Q’“ -‘?—Eﬂ A 4=38} 4= (Exponential Function)2]
Fejolmz Aol o= {4 z]x,] HYz 71RY 5 Ao} olel sk AMo|A B
£ EZ':% et F4, 45 A & ¥ @& 12 A4 (Simple Linear Regression
Eguation)d] o3 44 & 4 Q.

dolEl7l e AS gen 2L £9d 93 Ft)E Agste 2L A0 wa zt
X A && &R 2" HD JAHE 7o EFE FAHAEH[2]

—0.3
F(t;) TZH- 04 i t] ¢t £ 99 (Median Rank)
F(t) = n_:_ T %’ <98 (Mean Rank)
;— 0.5
F(t) = - 2= 9¥ (Mode Rank)
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L
Pty = Q8 Qizn—1)tn=l g0 0y

n—1

F(t) =2 ety

3. NHY B¥ AL

3.1 TLCA(Total Life Cycle Analysis) 3 &£ x34

stel ALgsHI A

el B dpoE ht) £ZFHE A ol BA(TLCA)SY daro = ao A=A
2 RAA FdEF FL8 EALE MYsn Z FE HLHE AYAH By EANS

71&3t71= gt

Y20 27] 2AVIEE A FEo] =3 Outgoing)E 7] A AAAZL AW A, A
AN, A S RE 852 5 13 998 220 AAsEE xHeo] W
stk 271 ngd e Ao WARH, & XY ¥]%F¥ Bum-In Test, TEFYH
(Censored, Truncated) A&, £x}3(Sequential) ZA A @7|E d23E= 7M&4H
AIA(ALT) 59 A#EY 573 AEA7E B A{FZ4AE 2P MP
Maintenance Prevention) %8 F+3d3A Ho] 23 E] ZAstA ot weld 7]
1% 71 7kl A 33E(DFR : Decreasing Failure Rate)® Ye® 14 2HAA|7E
o} 1, 3, 6, 10, 15, 21, -+ T Zo] mAAZ A0 HH HAH nAEL Fiase
Feo AP AYA €t

282 oA A7 E3HOutgoing) & AWA} AMEEE 7|BoeE £ A
h9 Eo] g dAGA nZUE Feojth o] 7|zt nFE Zolald ¢7] 4
& AHE i doly ZFe mE FEF ASXAS AAsE 3o "Wegy uFg
we AS wEA  AS(After-Sales Service)dte AMERABM :  Breakdown
Maintenance) ¥ 7§A3tHA ASsHE 7BZFE A (CM : Corrective Maintenance)?] B
A &Fol 879 & AV 1 LAANLE 1, 3, 4,7, 9, 10, - F o]
23 NRRA] AYEA Ho] FEFH YA A5 FHY 5 yo] o] 2FE
< 94 Adde #dE AYA Hel dA F5+3FE(CFR : Constant Failure
Rate)2 £t ' '

o] 7| A BT ILFANNNZA T HFIFZEE FAIAR FHPM UAF
gtoll digh ®4te]l Zd AAFT vt A 2
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YRY 5] BE 70 HEHER ole 719Fe] fl=(Memoryless) Markov
AAE 7HAH 2324, 214 & Poisson ProcessZ E#3 7144 5& 78 + A

1@201]/\1 vl R 1 717H2 58 (Repair) £ A (Replacement)?t B3 Al7]2 Al
Ftuloj2~ HA(TBM : Time Based Maintenance)?l <R H(PM : Preventive
Maintenance) %22 MTBF, MTTFZ A IAF7|, GEF7S Fgoly
(History)ell olsl Ax=o %digk DB7F & 7"l old DBEAE 37 ¢ AA
U JES o]&3ls Aeiulo]lA B AH(CBM : Condition Based Maintenance) 1 o A
B 4 (Predictive Maintenance) %<& 33t o] A BYHH S g AZ79 2
Z1E2pe] Bgo] Hrh

s A A7) olHd Mg 7, wAE BS(Before Service)® +3& A
LAFEFoR ojojd £ Stk TBMY dWRAEFE AHEAT(Age)d WaEe +1
A (Age Replacement), &3 Ao A71H ez wAs} F+= LA, BZ7]2LA(Block,
Periodic Replacement), T2A|H A7A]9] AHZ HAx NBAA F= Has
(Minimal Repair, Repair-Limit), AlZHAging), #%(Cycle), ¥&& o‘(Cumulate
Damage)oll & w}Ro]&(Wear Dependent) A Fo] UTh[3] »tR2Z7]|3tedlA 2
FUAAAZEE 1, 7, 12, 16, 19, 21, - 3 Zol 1A AZHAC] FAH nFEo] FIt
3tl= el HY e YA o Z7t24EUFR : Increasing Failure Rate)o]@ ghoh,
AzAEFY =37 A EF, 1A vtE, 84 93 1L o] F3o LHERZ EHH
™ t}¥¢ NHPP(Non- Homogeneous Poisson Process) LZEL RAEFH AANA
A}-g-o] 7h5 3tk [4] '

32 A% JEAYEX

2dy BEXE ¢ dojge Eag AXLE A 7Y RYoE ZTAT A=
AT FAG MEAAE 9 %%%‘(Samphng) Bxeol FEHA.
(1) AFEE

A9~ & ¥ (Exponential Distribution)& 1717} @A 23 Y=UE Yerdi= CFRe
ZAgEe E¥X2 MTBF, MTTF o]9] 942l A7} 2471 "o, F AFEEL A7
o] &L ZutRIJF HY o=t ~ EA), t2 ~ EAN) A 1 ti+t: ~ G2, M2
gt

AGREE 58459 588 B (o elee® = ¢@+2+8))3) Drenicke] A
o o ‘:H?f‘j REo AFEY AA9 BF T3 FEASA A& Qith
2y AsEE 3 AYgn 72N E AHE
o] 57}*—0}‘11 Alggolde |5 @ e 249 272 Qste
A7tz B4 o] AXA @}t E3 Markov Z8oA 42 £ ¥ (Repair Distribution)
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v ASEZZ N0 st A4 dFEAFEIL o AFE 357 g =
E 3z q o

TAA e 2FES Zetde 7190 gle A A (Memoryless)2 o] &3¢l o]of
7leolm 50 d WEA5 AEA A AA 1089 AFFH 4088 AFo] SR nF
ES ZEUE e diddA AS5se AL FEoltil6] AFEXAA HAAd4-E S
HEPE AF 632%7F A 368% wo] AEdThe 544 (Characteristic

(2) ZHEE

ZvHE 2 (Gamma Distribution)¥ n7i7F 2A1F 239 =uE vebdl= DFR, CFR,

IFR A 7zbo] A4HE RO AFEL ¢ ~ENEy =t +t2+ ~+tn D 3

$ dl7] A= " (Standby System)o] o y ~ G(n, \)Q Zel2E 7 fd,

ZulR ¥ E A AA 75 (Reproductive) BEEZ t; ~ G(My, A), t2 ~ G, A\) & o

tt ~ Gtz MY HetEE7F oAl A4 He BF717F Bt

ZAotEEE n=l 4 3 AFEE n=2 4 H$ @=2n & FolAFEX
1=

[¢3

no|l FA4(Positive Integer) ¥ A$ Ealang ¥ X(E(n, A\)E dj”

A oF B F o},
SZIMA 0<n<l € A% DFR, n=1 ¢ A% CFR, n>1 94 A% E22%9 IFR

2 Agar nol 248 nHEL ol

(3) ATEE

A2 X (Normal Distribution) = ABAA7Hs BEXZ 41 ~ N( p, 02), t2 ~ N( pa, 057
4 A% utte~ Ntp, 0.°+0)%) E ZFEZI @), BEE EE 7AT2E
o] 2EHY2-ZE FX AHY RFAA ddAFY AHAEE TIE AT AHEEHT
FATAEAANE JEdh

AFEEE SXJAHA QERR [FRE W7, A7 ARAE] £9HS
ebdi ),

4) =BT EE

A 72 EZ=(Lognormal Distribution)= AWE X7l o}dl& mert 1x2 I3
(Highly Skewed) X2 F%9 3 2(The Cycles to Failure for Metals), o] & 2]
9, ERA2EHY FH, BMEA, tole= AZAEAY ¥ T FHASA AL
o AFAFEET y = ti-te-ts 9% Iny = Inti + Inte + Intz o] AAS BEIG B
°}% A4=(Double Exponential)®} Cauchy X7} it}

WZ3ts] DFR

[e)
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(5) sfolE B X :
ojo]lE X (Weibull Distribution)e 7H¢ A2 FAA4 JA AlLsHe BEXE
Aeaﬂ*e} Ao BUY FEAZ, ATAEelo} BhE AN, AAAEFS I
5 ANA, 71AA, AR dHdd digk % dHol"HE FaEn ¥ FAe AHEd
ol & v‘i‘—Ev‘:— %t Ad A FAE HLHY dolE BEXoA TAFAIZAY diF
o2 Zdg B X (Extreme Value Function) #¥E2% A& ¥t}

gtol B B ¥ HAYFRE IA] golE BE7 HY o AL LRI FEE

gjolE EXA 8<1 ¥ AHS$ DFR, =1 4 %% CFR, 6>1 4 A%
IFRE 3tA "t 53] 8=1 9 A5 AFEX7 =Y, =2 A A$

Rayleigh ®¥7} 9, =25 2 A$ UFAHATEE, 5=36 U H$ ATEEN v
[FRol A 87} AATE ZAles F3izich

6) 7|EtE X

W €} ¥ (Beta Distribution)® %¥%o°] vl = #(Bound On Both Ends) T3toE A
okl X2 AFAFTA AAY 38 ZAAY PERT AAY dAAIS 48 2§
AR AT Bla, B)dlA a=p=0 4 ZF YFEE(Uniform Distribution), a=8= —1/2 ]
749 Arc Sign Curve’} €t}

YARTE SFXITMHoAM [FRE JUEE
(Triangular Distribution)o] ¥t}

AZAPAA LFZo] e BE, 9572 Y&E3E X, EFEXE 5F4 dF
BX9 SJojEEXE sl Yuks AulEE, 559 Ai-r- < EH3E 1"—]??}
Bimbaum-Saunders #3X, #o]x¢t AFHA REHAAM ALEHE Gz viInverted
Gamma)®2 ¥, & 2327vH(Negative-Log Gamma)E ¥, 94 7F(Inverse Gaussian)® X,
2EYA-ZE9 o/ g E B ¥(Bivarate Pareto Distribution) *5-4 o2 F e e
/\lg/ﬂ 2x7} Z:z]]tsh:}.

lo
1o
B
abs
bl
flo

IFRe AzZtE X

322 AEHY X

A EZ 8 B ¥ (Sampling Distribution)& 7MZA Aoy FFH S A3 X2 JlolAF
By t2¥ FE¥J} g

FrolAFEEE MTBFY A2 77 78 Z9 AH8HY 72X+ ZEFHAE BE
¥ 2% MTBFY 7HE 74 &2 FREIE F ZEQ By ¥ & vlusts &
=2 ojg9rt ’
3.3 o]4t+

A2 Ee 24 MTBF, MTTFE 942 a4 98 745 A2 54, o] 2% %
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rlo

ob4 ¥ ¥ (Poisson Distribution)& 37l ®rh & ZAN(RAL AS-PER, 138
Toly EEE 5954 B,

T REE (A7) B ) RFYUE Yl A4ATs BERZ 0 ~PO),
, ~P(Ay) 9 A% i+t ~ POy + A7 Bk

22THA Tol4REE d4YHE CFRY AFEES Hof ht) = A  Z2A

2E HPP(Homogeneous Poisson Process)2t gttt

(2) olF&EX

0] 82 ¥ (Binomial Distribution) ¥ Foi2 ZA Y n7je] A& HE3 zA47 2
Ad FEL F3e A AHEEE AAYE FEZ 4 ~ blny, p), t2 ~ blng, p) 4
ALt + t2 ~ Plutng, p)7F Btk o)FEIXE nllF k729 ddA AACNA A
2" AP E T FALE AL ET. 7)5HEE(Geometric Distribution) & Fo A
TAE A A nFo] B WA AgoA 2FYEIE LolrE F$ Al d o2
FolA AY ndA TFo] 2 WA AN LFUEIE usist Fo] §olF
(Negative Binomia)®®¥ %+ Pascal ¥ ¥o|t}.

7'47] 3} & ¥ (Hypergeometric Distribution)® AZE o] Az HAARES FA3)

i &3 A5 AHEEHE "\L‘EO]E}'[S]

4. 4 &

2 A7 A3 vlgo] go] 285E A4 dolHE £eHoz AL ¥ & 3
t GEEEE UgoR 4 £¥ T8 54 2 ALuAe ANsgrh A5y B2
o A% dAo wE 4 —‘?—oﬂw gute A4 A4 doleE xgHeln &
Ao mot, A, dF, AdstA Hol /ALAFIINY dFe= ojod F . A
2o BAY dAFwAs, NASA, [EEE, 12 24713 5¢ H48 3¢ 134
£xo 54 4 49de dgFoz odfe o 4I4 dT4AE 3FY 5+ Yok
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