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1. Introduction

The demand for high reliabil iwthy cdn dh eeaxvti d nyd erde luiseesf ud nt Idt hhee
equi pment has beemopmegesasateegdwdmisi pgrf orOmateahe et &dna
the growing complexity of induspechafi syfcaielmsr ¢ 1t] § 24 s b gelnesn
the safe operation of these asyptelnmabi liitstbieccomedelsi g8i fcioc
cruci al to effectively =eval umeeharhiesm, rahdabtinea t ywa a Qyeseips
evaluation of compl exr ismastidumsd'er stedméGibndg i ofy tihe spystem' s
investigated based on their pémfdermpace degrmadfaatiilounr epsr occ:

(*) Corres
Emai | addr A. Sha((ORdcCUuDaDD B BRIXangel os @LREHQEOBREDO DD 616 0F PfSengnan _fn
R. (FGRCODDMDAB B2 Y2nn @k auead uX..c  HORCO DODM BB VM4 PRe i xi nhong @ auw

e

( ORCODDM® &L 4B Hj8i nyongze @.MutOQRCIHUD.RMMBAU &R Yhul i ngxi a@xaut .
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performance degradation excaaddipng ahegammpacpfoedssf atiol ua
t hr edlreslidgn(@t ed )asd}]3s o fatn df d ihlospe @adbasup,t lyonsi dering the gen
triggered by exstsweddahl shesks [c@juesres dbayn ext er nal shock pr oc
il lustrtaheée vel icdismg spool val vesed tloe hbuwidnid wlhiadmeudotnihdibld |
system can f ail not only due at odevgraadateigomdati 6nrleutpraolcsecs
sudden st &¢ matwidatl e[ djlr.one to BHeotthenjnabhdethe influence
capacitive prowess, can expediegmae aadi oat asattreopehndc dbor ada
when the operational voltageosgtpassesa aompettitciavfedjfuanicht
casing the electric field toinrfdptenrcee twlie contensbusi ahom
a phenomenon attributed to t hceo nssuidddeerne d nsod aumgpldtel oft Henher ek
milieu. These otnmd ufrail | dregr mdprc oes pffaj | t he ¢ h a nlg epdr otphorseesdl
and suddédar ef ai hteedependent camgst rauacmp etthiet i vempeting f-ail
Addi tiwmeaerd [yhe wear and tear ba&@ded ctompeettirnagn srced nida Bltidiratdthy |
failure thresholds enshrineddeémen dedrnucse r gite muoortenssr, eb did esd Ideenmmi
i neviSiamillear | vy, sudden failur[el]a,n a cccoump ewthienng tfhae | tuirree pir ©
punctured by hard foreign obgempkexnsybBéemodd.atTbeearpdtoreuac
fail ure meohmriesxmss yisnt em e g uirpameda m esnhcoocnkp ansosd e | is used to
both natur al degradation f ai lanrde demgd adwdd eem fpaiolcwerses. fdue g a
of the type of failure proceasagantdhde¢paetenstcbmpbtuiBangpr be
main cause offTheget ¢emof dilsti @actantiaml wsrheo crhkosll ¢issn e pr o pdoesgerda.d a
together form the competitiveo rfsiitdoaurgeedn er at e sd e @rf aadt ahteil oy k
Studying system reliability mwodel i nfgoroaatdipeo nrewimpasdytis t e one ¢ g
process conditions can enhanacemptehtel ngaffaty uaprdprede aded id
compl ex systems. i s presented.

When considering the competilHowevefrai Inuorset coofndtihte oanlsg v et
change i n perf ormance degraddt iexnt ephalt hehoxykst eom d threi ndge
operation wil/l gracdegbtgmatbeektat benahi pi tbetawfeen degrada
external shocks. Furt her mor e moaxetl e rtnharlo urgahn dtohme sdheogecrkasd ami il d
af fect the performancéehadcetguraalad apr obabiThiereyf onmoeel i n hat t h
operation of compl ex system,exdeeids trhec sndMd dfi atibonad A 5/h d evd
interaction between the degrfadialtu roen dparfiroddaessd btaadn ,t he ws t d
failure -bPpoc&esnernfd8l |y, many t hiat ertahteur € stneam nd ¢l i abi |l ity
describe-r glhat iiomtséhri ps bet weethegfadhuturi nh py aanbpelyee.$ e s e atrite
t hrough t wo aspect s: (1) edegradbt ieomvipromomeand abn sshwddke
accelerates system degradati ©aki M)t iTrhees dsgrnadakiamp!| er oa
affects the fail urTeher atoer mefr tomea d@nyo If aab il luirteys .of tires bei |
focuses on the impact of s u didnecnr efassielsur eTsheare fiolme , d ¢ direa dsael
process F olrl , e xaa ndpelce ,e aisn n[g raonddmeprt @wc edsess cwaisbi ng t he col
set as the suddeanfiaal coerehacembloé the myedlee mby Considering
sudden failures and degradatdegr dcdatliuscmre pwaocsc ecsosnesst rounc tiendp.:e
reliability results of radaroamawedre ga rapllait fi ioma tairicce nusshyisp enedsl
obtained wusing component 2)f ai [2Pr,ecpnebdbiingyt hefehenmag!
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change with increasing degr adat icoonmb i a e c¢MLmgp e editts, v etrhdecha it
reliability model i s f2dr tahlesre mpr oyeded .HoWwaenwvger et i ml scdgnar
considered a systensttabgeet duengd dardgacbarse b atnht rtiwwveat e, t he corr e:

n
processes and random shockst o wheerhei ghhg ciomppalcetx. r dahées icso
f

influenced by tha2Bystdedm IMoaubteclolmes when utilizing the |
distribution is used to model Toheadcddirdadesn flael sherprcomessg:
wear, and the gamma process @Witemedr pconsbsd@r §s tcloanb iinnetde
construct a competitiveghfathaegr acdtiiadn lang sodeadas flanh é[u)
aging failur eecrtaitoen odfe vriecleasy ipsrooeees s mabedohgtruct a degra
consideringartamet éthr aMei bul | gy sttemdb.ut T@onaccaunrdat el y descr
a reliability model t hrough siymsdeepre nadgewit pprdgamatmeitr &r tpWeeckewsisle
establ nhsfm@8] bul | diss tprriobpwtsieadru$ ®d sas vehe sudden failure t
the useful l i fe predictanddheamdnfl a&awliptea ndinahgchhd soimh acfacs st em,
maxi mum | i kel ihMloH)e telsadnddmartd minet ween degr adatuiren andsysudkdn

l inear meghedsienused to est imoaté¢ thinkbceophapreaimettievres . f alinl ur e
[ 262 ,novel flexible inverse mednfi edeWdiab dlulr emaodcdle Wiutnlct
a concave Weibullsppolmalsis et yat dkied drham d function correspo
thaegi ng cl asses ,ofanldi tdediparrmnieaecsneEti Mmat $ on of t he pa

esti mawWwedb wlyl probability p alpiekre| approadaekbtliageaitd ohowe siviay,t o
maxi mum | i kel ilhmtolid® ffledt rhaome-t e rtsh i(s3 pabesd cawrleet e esti mati on of
p) Wemaobdidddl used toiéealimateishoéi bbeioelobbility model s

critical wind tanthi aenpswohasds ilmgoadampel i ng al gorithm of hde
artificial bed porolpamye deasltgiomaittehimt ehtei | ity of different fai
par amet-gr Weiolh ul3l mb de lptawtarmeft 28] j abi |l ity of di fferent sud
Wei bul | di stribution is propasdmhugner if ¢ dl tQGeeArsy leléa saahrm dci utryr e
vi bration component. of perf ormance degradation.

Based on the abothe tpeasresamrecttegdirid eéeles parameters to the

Wei bul | di stribution is rar eleyx puesreidmeanst aal nroedsed | tfsorv sluiddatne
in reliability analysis Moredwver prro@ots eWe imeu théol did & it Ireiivtiay tuds
applied to |ifetiLing epra¢ diret iodnan gduirkebéemd dcogesses. The prop
assessment using t hhor dtutddd e hsbwpgpg oomthefkoirsid &dde .gent oper at
fail ur emopdreddaeédnyg , ext er nal s h occokmprhedke Isyy s we ms .

considered, and the degradati orheprcoocnetsrsi bwa sioshe sonft y thlaichsc U g

a simplified patel hteh adr efduirbtihlfeiotl ywoeeafikregnh poi nt s :

model . rMoriemvkui |l ding a suddenl)Naehuri & pBbsoo0esas psoestd edbf| es utde
the failure process model was atmpd essi, mplhiisst ipca poerr deisdt mnbatité Iscl
competitive failure modes, whsiilg ¢ amrnoftai $oalree t i hpearadronett |
situation. Om tthree maest londr phaa rmdnWe ielru lels tdinmsattriiobnut i on.

for model s, many | iteratures o2n)IDuweretg drhehiisntoagr aatli X ¢
or parameter assumptions, wp nt dhoeaid s ese astohniash | pa ppear aanett &by |
estimation for the establishadnooldieh e aro eixnppornoevnet iiatls fwsalh

When dealing with the paramete8p. thet has sWei bodl It hdei sctorn pbluetx
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model , which prevents directfparbhmeaee esdinsnadae@mt Tdhe csu g
empl oys tMH sMCWMC i ng met hod tmomibtt@rn inn g a-maklie h@&e cti l'sri minghout
estimates, thereby enhanci ng otplhee amd della’'l s prreolcieastsi, | iotvyer al |
The rest of this paper i's oagabezedhascédlulrademe v e otcies
provides a detailed problemrdesabi ptitpgn asbeddhmentar tdwcdd
Section 3, the reliability peonobbBbohméegt alf tshheocskystdemi ng
based on a competitive faiAdidieti pnateéys, wreemrompaabi hgh
degradati ocondepri omgesssumdden f ainulrtei prheeddlnifiguenamecg facploes

competitive failure reliabildrnreg motdelciomg.i ddhed,est hmateby
unknown parameters in the prroeposaebd | magdgelasssesdmasmctius sRas ac
Section 4, empl-MHy i 8@ mpglhiengMCaveCl hodmbi ned with sudden f ai
Section 5 presents thedexpedi meenltiaalbi veérniyf iecvaaliwat i o - me:
usinmugmer i cal @saindpedgesadand on s praplaengt eTheWei bul | di stributi
reliability results of the | ascenrpearie iovbet afianieduruet iilsi zpirnogp ot:

MH sampling algorithm and t hseupproapgosfeadr rerdharbdilng ys ynotdee
Finally, Section 6 provides a pseuwnnaroyt eafradtdreaiover al | pape

2. The problem description System degradation refers

performance, influenced by v
During the operational IifesPan of a,system, it is.inevi
eading to’a decrease in cer
encounter diverse influences such_ as wear and envir.onmen
_ _ over ti me. hen 'the performa_n
shocks., whi ch can re-sul-t _'nfsa)f?tu?la,{ﬁh!eg_ﬁglstoer\mmv?il_lflunn%atllf
As§e53|ng syst.em rel'ab'I'tyoppleéryast]aon%ﬁl’%%e'faﬁlbtraoelheoyl.nusdgée
maimdrec e requirements and prd%glccr:tllbré% ipnertfhoerrT})aenlcleOWFo
Table 1. the different notation used in this paper
Not at Description Not at Description
X(t) Tedegradatiodn Whremees | QO Scale transformat.i
B(t) Thes t anBlracwvmiod n on To The failure time of
Ts The failure time off YO The reliability that on
process
w The system reliability . .
Y O degradation fail.u R(t]The remodbl | wtyh ceopmpe
Qo The failure rate funfQ™MdY The failure rate funct
failure processts
| Scale parameter r Position par amet
T Shape aramet er o Thfeai l ure rate funpéarial
pe P - Weibull distrib
A o The density function ( O The coefficient of no
Thparameters of Wi¢g P The parameparamefets
di stribution
P The parameters of nonl L The failure thre
‘ Degradation r at B Di ffusion par ame
MCM Monte Carl o Marko MH Metr olpadtiisngs
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Ya based on competiadarnveom@liéxre

Degradation failure threshold L . .
cgracelion fatlure taresto derived. The detaile@.proces:
Degradation The failure process
5 failure samples of sy‘stem
% [ |
% External Performance
A Sudden failure random shock degradation
samples
Three-parameter .
Weibull Wiener
distribution l process
A
3 LT, Sudden failure Degradation
Time process failure process
. . . . Dependent
Fg.Thgenearaglr adat ioofn dsiafnipelreesnt f alii ur-e relationship The degradation
process exponential amount is greater than
function the failure threshold L
To more clearly describe the g:{di!'re progessg—mani fested
udaen
the degradation samplesshiowsi $ rmgpresented “S;tfa‘kf'r?c.l, whi c
t he degarmaoduantti occrhanges. Since the déqgmadofdatdiiopn sampl es
) o ) . ) on sudden failure
are time seaxies idedtaahientghietmi®e oper ati on
. Fi®3The reI.iabiIit model||n|
of t he s yasxtiesm,r egpnrde sYent s a speC|fZ’|c physi cal dadnt
) fallure of sstem )
of the sample (such as electric current, wear amouht or di

et)cc. The amount by which the prsiFd'agl' qzuantthlet yWioefnetrheprsostew
changes tovéhet gmeen solidelirP@rlf@ﬂ;Im@Qé:r?tsdetghradfat'ilodqr fail
threshol d of t he device (gefnerlaulrley Pd Pt Sn?.ne‘%“‘ﬂ@y“"%?ﬂer
erience or industry standgrlaéfah?hésmﬁilda?@k' hfdtdhulfseedptaiml%e‘

exp
the degradation dat a monitorepderfordn?afnr rednetgrsaadm%tl'eosn o'fls’t%t
device. I n t he bl ack l'i ne, t§1|nceysﬁﬁ@ V\ﬁ'egradaa'tllo(nregaer{dl'

correspoosEd,itelyg atnfTd exceed thehfigpluﬂ-é the degradation rem
thredhoktthese black sampl es baeq%q]IgienE(egaorreﬁ@tni&a&l'&pg%taltlllozned
failure prtalcet@ s; tBlbent he degraaégljiag)ﬁonsmp model bet ween
amount of the red Il ine samplesqudoer?ohabLuEﬁarPdé)scesasndThtent
to the sudde.n Herhca,r ew prscaescoigngseé|61|gef<{a%r10uﬂ1rteaa|pnreodcess
directly monitor the external Teonve|nhannnﬁ:entanesanlo'cgknné nrﬁpl%f

the system, degradati on faiIBFE %Ia?anbEhe&ESe&iﬁé' {hgtﬁg

threshol d, sudden failure saasn?pulnépst'%n?hare iinr?é)lré)rﬂér?ttfld
degradation, and normarheei;afmrpd)pnéisoC'ce:fﬁs‘c‘iﬂg1| H@?%@PFU‘ bBt 4P lon
a sudden failure act on the s

the degradati on sampl es.

Given that compl ex systems épetpﬁflrféﬁ@@dl.tyy vas T ousm
factors during operation,- s F¢ angts.'tt'hvee deag'rlaudraetl'bﬁlioafb'é
monitoring variables and ext'éphgvgtéﬂkﬁﬁe?xgpﬂ%eehnwg'ﬁa“'s%% ké,'k
cruci al to consider t he intéruélé:ttiié)ﬁ] boeftwlegﬁ rWL?IdtellpIeng
modes whenhanaygzemgfail wee B?B@g\gg?r?ﬂeﬂke:{he model -MH e

empl oynotnHd near expotn@ntciomlstsﬁalﬂ%étiin&n al gorithm. Based on
a framework that captures thesar”lanllaetsi oqﬁnsohi%Sto'elfnevte%ﬂ 83{;9?8
and sudden failure process. rs%%%lgtaigl}ﬂa[te!l l'fe‘?l%%qll‘?t@r‘
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The overall framewor k f or syrsetleimnaband é t g eteevrantiunaetdi oinnde fp €

competitive failure spyasrt emest €y a kermh boen ctaHe ult @t e@ by mul t
Wei bull distribution and.Wi entehre sper otcveos seveasntshrowaciunr Fhg.
The degradation formul a ( 1 ) .
samples of system o oW v . . Lo .
| Yo U°Y ou'Y 0 YotY o p
I ]
Modeling the degradation Modeling of sudden failure wheyY ® 'i S t he reliabilit y of S
process based on Wiener process based on three . . . . .
process I nammctIr:rWeibulldistribution sudden pfraiclel?rsé s santdhe reliabil
T . .
Reliability modeling of competitive onl y have the de gra dation fai
fuilure process However, this situation ign
Model parameter degradation process and the
estimation .
, } , reducing the accuracy of sys
Degradation Reliability Sudden for the competitive failure
failure model failure ) ] o )
parameters parameters parameters reli abndtitgn fof t he system |
' f : degraded and sudden failures:
Reliability evaluation represen ted b y for mul a ( 2 ) .
FigOverall framework for reliabviol ity &¥sessivendyY oftd tyhe
system o Ao o ty o C

Through the process of rel ivwbamRatt)y imodeheéndgeahabpht aphetr
estimation under competitivePfackeEysies ctomelitaohgrethnateef]
of the system during its serexperiemneesanucheke re vfadiulaureeds, .
i mproving its remaining usefullniéehe@hvomedesneni ni i d et hper
opeégrian of the system. system has nott, faukeavi béf exe
aftertt tConesi dering the i mpac

3. System Reliability Modeling Based on Competitive

Failure Process degradation on the sudden f

f uncQoiiosn aconmosnt ant function ¢t

Since the operational rel'ab'l'dty|smordeellatoefd Ctoomg(ét)ﬁé( I-%e\ér%ctre%

established based on competitlve atl ure processes, wh e
ca Ia i on "prfocess "of t he

both gradual degradation and sudden failure may occur, 1
foll ows.

system wi || experience corresponding failures correspondi

Consequeatlryeliability model can YBe AQR n¥s ¥}y QMarg0 by o

S
assessing t he probability of|@ifnburlf@mde{o(%s)tchpéfpgpg r O
degradation and sudden failug%sdebmabggpgntgﬁg thygaeaghey]

entire | ifespan of the syste{nhet,h@|ipa{ﬁais|eintty MIMENMt ohfa St hNeO
reached the meeaistuheermeahegrteidneetn{%qnnmyr nSeleddds Nt 0 cal cudNd¥ t h

failure. and performance degiadation f
I f the failure time of ﬂfDegradatlon process in the systen
Degenerate failure procesf‘

i
the probability of it not exper|enC|ng the degradati on
process

process can Pplestle x pvthhesg stehde acsur rent ti me;

When a sudden failure process §€€utdei syshe&emiyepgiajdaws ong
of system, the faTgl varned ttihnee piPsb Br&eBFcFriciedyd Sa £ X Pression is st

of no sudden failuti®Tottcutfi ngewithi ROt i%Pe »0¥O T
degradation failure process Wifdes ulghiend ddit! P2 2PEbEES W
rat e, such as the trend ,oifs |
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a diffusion parameter that deXlscBudheasent heai het er opgreonceeistsy
samples, that is, the i mpactpPadeqgmecteerofWeji dpddmdiattbpPytiad
performance Qdegsr adatsicoanl;e tramnesd o i@ td PNernal shocks act
function that mainly describegsi | tuhe %ec%ruqu‘%titoﬁ‘e P& e rofa
systBgm.i s the standard BrOW”idae'brrBCHtaitqrbnarbq' {ﬂblgy\@tém.e Th
normal di sB Nb@,tion, i.e. a relationship model between
Considering t hat unary Wi ether weir®SEeISSdiSaT i 868SiCdnh bies
ontinuous time degradation psadghs aifi Iiéréugéﬁ‘lﬁlésforCo%"ssf
arious system degradation Wintodﬁr}ein@g, Sheh nampbdheotWeai',
orrosion, aging, et c. Hencer,e|tap'5§e|py’:lp§,rna|c|hooorseesvetnheun%‘
ransfor matQoono tfounmodeh the wdegpuffdai ePripbution is suitsé

0O < O

—

process in Eq. (4). useful life. In the earlyisst
Since the <condition of d e grred dgaitiioen yf aj dyre PR AMER oo M
occurred is that dobde' degor adyliiseRi BPPHUHAL will easily caus

does not exceed tlhe whafcth fisi Iggye ‘ft‘ﬁ”ereebgohsoiltdjinnah—p@ﬁammeeer\
to thlewhemet he degradation amgunt j Qf,ttiheg ScYast ea”&cfuirrasttely |
reaches the soft failure thr"s@h@h@-Tﬁ'%?re?fo?'éev-phh‘ﬁm&frEP%W
the system not experienscienggu asho fEtp (fiapiyliUirotn Wiot NeioM sttirMet a s
the reliability of the system cRNSdtdieyd N95i0Nd Ye dE£i9d tardjad | t0;
which is shown in Eq. (5).
o r e e e 00 p Q w
Yo A°Y 0 A®o 0 _ QuadvQw v
where0,>=0>0 are the scale p
wheNYies the time when d¢g|sadmt5iaqrbmfe§ielrgreachcdcusrhsa,pe par ame
soft failure threshol d. function respectively.

Further mor e, based on the Kofﬁqé’rg,or?ﬁef‘?re‘{""?”a%i?ﬂ%‘?t,iCb’?’ot
the expression oRQabhe densi nggdfuBcdd OLNof sudden failures

shown in formula (6). obtained, which are shown in
Qv — Qan Qor— QN [0} e o
Combining for3mul at h(e5)sy(set)em[ rel i abiQ0i ty— pm
function considering only degradati'éf'ﬁbfa—i—lure i s obtaine
foll ows. The failure rate fupar amet
Y o BT Qii— k - X Wei bull distribution is shown
di stribution function and f ai
wherd, represents t he nor mal cumul ati ve di stribution

function. -0 PP

According to the properties Bgf ctombi Wi epe®rrtamert otahersése i btuh
density function ofXttheéoldlegwsadatuirenr ame ufmdmRes i oan pndbabe
normal distribution, as showrpaisredf @mmulha C®&mpetitive fail

n o Qwn W 3.Bompetitive failure reliab

Consi der idegg rt@haap itolceess of sy
the failur@edwatod fthecsiudmen f

EksploatacjaiMaiNnteemanda odhd Rol.8dRility Vol




to reflect the impact degreedebcthbedybyemhaedrhadckcat ipoanr apr
act on the sudden failure, trthatse pfaprct ico@@ET oo miss a ekl )ae
model between the degradatiomxpooéasnsdinmepresesuddehef bl
process trhamluigiReparhemntnicahont heéescri be the relationship be

failure rate function of thefauddere faitlkure process, as ¢
formula (12). Therefore, by combining f
yomo y dr Odw _ 0Qwph o P ¢ a relationship function model
whereis the failure rate fumatdidem fthat utbeprsyscae £3n iosnloybt
considers the existence of sudden failure processes, ma
y o | Odm Ao M . _ 00 o Ao L ——Qop Oo f—m_'chr‘]—'Qb
Qo @ 0 -0, 0. —Qon (o%) Qo O o -0, O ——— po

N

where is the standard normal adamndtr rtihbeuti ehlYabof i tWi ememdelpr c

Based on the formula (3), tR«prelsisalminl iotfy toHe t hgstsemt eml
tis the probability of neithefraislodrte fparid wea ses niogx shhaawln fian |f
entire |life cycle. ComMbdtmoi ng the failure rate function

Y o 0°Y oY o0 0°Y &Y o00°Y o Qo oy owi QY o

AP, —Qamp &, -, , B ——— 0, i 8 —

Based on t he above cal cul ati on proc@)srﬁ)h&mg)he trend of
Ul

operational reliability variation of,thl(phs)bﬁéi”wem,dumng it
can be obtained, whichystsemhdo@s obabi l “te}fw %sﬁl“t that
not fail in the service |ife. Then, to evaluate the ope

reliability of the system, thwé1egiaéfsarﬁém}eerdsegc;fadtq}ﬁgopgfaengaglinp
are evaluated by the bayes méPh&&'%“P*ﬁiP'h%”'%sﬁlﬁn'a?lB‘ﬁaBP g Q&

unknown parameters wild. be dtsh'éerhl bseadmpilne'the Section

According to formula (14),
4. Parameter estimation .

system includes three sets of
Assumi n§gdedraadat i on sampl es pafockbe pashmemendset he rel at |
collected through a sensor ormpanhraden.efihepPsydhibem oper atsiton
wi t hout failure, with hard barbhwmeeer 9racwiutrhateofyt @é | &4
monitored in time. Specificaildtyo ttWe fEanstes:®r SPHIR ©d & <D anp e €

recorded afteroc¢dher hZWeMiasi t Bmai | ure process. The specifi

the total number tbke sampkes ofelslyosvi.ems not
fai lWirsest,he number of sWisst etmhehard fajplures, and .

W 4..F_Laram|ée I matiron of Wiener
number of soft failures occurs in the system. Therefore,
overall degradattopnbed ahebeL)Isbm;n}?HSs adrts'CIe' the system

the Wi ener process. Accordi ng
process, i ts degradation i N
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di stributaddon, othhat .i sThe parAnwher sthe system has not fa

that need to BPe ‘lgsti madtead e arttthe useful |1ife arf¥ o heHera
parameter | i kensiysmdaedhmedmat emenbhe system relivabi(lcdonybi fmuan
durations i s: formula (14));

DR, E B QN pu B. Ona@e hard failure of the sys

is not moni tored after the
Through the maximum | i kel i hootdj ges tdfmathH &0 Bepy, stthefre €igst § MA L §
res@Bl t'd) can be obtained, as they&§pemul pfelpy: shown.

B

B o
‘HJB h, B B B B po 00 0] 'Q(br‘],v 0 ,FII), sH,J ,Q, P X

4.2 Par BfiPeteesrtsi matc o mmetofng fCaWMhgme a soft failure of the

process ti me of toh,e asnyds tigns ils fe di :
Considering the diddmpaenedt ofumbh@o o®onf abl br ¢y Q, 00 $H py
measur ement dur atPi amn oheaipmed met ke s
. ¢ P Thg ?ore, based on the abc
model paR amgt elrasv e been estimate_d y
. function of the system operat
maxi mum | ikelihood), ttHRca@marameters estimation of
shown 1 n %195”
be mainly divided into the following three situations:
O A ffdROSA B Yo sH) iB — =" f5 OogH B Qan. y.M, sH Q,f
B yohdo sH B QonR, ——Qop o'W -0, , B ———— sh Q,t
b QO OB -0, 0 B — sh P W

whelreo M is the measur enmtemt adu rtehtei g ioofr tdiest ri buti on.

sampl e. I n Eq. (20), it i s necess
Since the integral fufmendtoinadmest st bdti ont me sluil kel iolfo oudn k n
of the system reliability modgalr,amekRiPcls .areBadaskdi cudnty the
its maximum likelihood, this fpagé: fidiokesHt h(ef oMAMGC anieltdnod i

Bayesian area to obt @i .t hTeh eeissttirmabtuetd oma rrachspibEras o f d @saa rai
MCMC met hod mainly obtains t hbeelplooswse.ri or di stribution res

through prior distribution knowl&tdeh aAOA Lds ¢ §hoEmMp!l i ng

met hods to obtain parameter conver%enc..,%‘[%sults.
1 tQon —1t t— ¢p
Therefore, t he transformati on form of t he Li kelihood
function of the model parameters I¢dMMHe SHBA B witM@MBased or
Bayesian for‘m~ulvas. ) o1 fQonB Q. 6 cc
L ons h “ h
h 3] “ - noA - % ' “ K oy s " s “ ¥
A - h 0As h Q Q r¢ i hohoh $AOA t0rg A hoholm & “ 1
Pons h * h ST QonB 1, ! Qi |06 T ¢o
whefdes the monitoring “RmMpl e matrix of em,

Syste
is a prior HYPEtskirepriesentana %’?%*W*’B $AO0K t0 mgh i M
di stribution. This paper adopts a(ﬂt%(ﬂQ%of'%tB &d‘%*’m or df&tr
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h $AO0K tOOghARMM & “ & tQon Qo R

t'Q(ba (I)‘BJ _(1‘),, O tB B EEE— c U

The MCMC method mainly obtains d ndttdtalo mvda lyuledei sgari omd ti eorr

by establishing a Mark(o2vs)cgh atihne. basddronml tatse (@rli)or di str
posterior distribution that neebllsSamplbiemg amplineg d oirldn( Gdpi is)tar a
di stribution, that is, the conditdmthailnipmrgbabitleirtnyatd esresi p
ofhet parameters cannot be direct |Ifyo ronbutl aaish2()dl.®)iTch es led pwr’et, e d
Gi bbs sampling met hod cannot d eByusceodnp & D i negs ttuidmea tnmealga ha aic
parameters. I n this paper, the Mhrodmmpliilndgoymeatamlowde ,i @isfs $ g
obtain the esPiPmatkhiARar KRmebe ds candidate pswtameher egali m
t h@ftol | ows a unif™onpm diostsi impltiifgnohet he ®aartamnmehteercurrent

parameter estimation process, thetparametents valbe @ &mama

recormed hees recommend®md®damnsd ri bd)t iRepeias ing thmtismedntdm s o |

the acceptance probability is sampl i ngm sh mghdsdes

- I,EAnzs nz@sz . Hence, i he e)spUenctiifli Cthe fuvnvcwtlon of t h
| &= converges t]|of ithhh® afcwmo tdii a

steps of MH sampling are as fol |l owpe distribution, t he c

a) Determining the" prainar tdiest righytiipyn i b AMRWail ueobt ai ned.

v
Inputting the degradation samples of system
performance X; (i=1,...n)
Determine the numbers M, V' of degradation failure MLE method —
and sudden failure _— Estimation of parameters for
and sudden failure process o ot
‘ degradation failure model(f, )
Modeling the Wiener degradation failure = =
process and determining the likelihood MCMCEMH [ 1ia] patue (ﬁ(o).ﬁ(o). P, a", Cﬂin)) N |
S 3 sampling
function of @4
‘ Determine prior distributionst(@)and posterior b
Modeling the sudden failure distribution 7(@|Data, fi, &)
process based on three-parameter =00
Weibull distribution O(x)~N(0,10)
Nonlinear Exponential Calculate distribution values (@), O(@%),
s Function (@), (@*), acceptance probabilitya (@ +|@)
Reliability modeling based on the
competitive failure processes u < a(@'@)
No
. v Yes
at= gt'! o= 0"
Determine the likelihood ‘ I | | I
function L(e, §,¥, cg, 1|, &) N
t<N S
l Set the parameter &
Incorporate into the Yes
Reliability assessment reliability model o stimated parameter value
| @ p,¥.60. 6
End
Fig. 41l owhehart of system reliability. evaluation
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Based on the above steps, gamdrinuentehrewic e h € kR a hmpdtreemausead
parameter WWNAKWR&As and the moexperéenceTwWerdégradabinon prc
degradation sampl es, the relprabbddddy @&wval taei csrnuddesulftas |
system under competitive faphuametperrocWesisbut andibset ri but he

obt aBpedonstructing a relationBdased modet hderdYavledeabdlyisth g mé s

soft failure and hard fail ur ep,artahneetreerisi,abtiNe tryelaisaislsimtey t
system basear @amettehrr eWei bul | cdiicdter iarwet ifaurt hed obtained.
Wi ener process are obtained. g.hfheovneurnfi‘elrlicparloceexsasmpilse show
Fi gAcdording to the overall evalwuation process in Fig. 4,
possible to obtain the operflzltniotnhaills Fglbisggitliiotny r"’lesslijlmtusIa
system effectively in its en\f?rriefylitf%%ycrzleg.iaPinleitryearno%l%lg
samples are used as the validdeag[riaodnatiinodni Csaatmoprlyesanadrettgeeng{)
e x pneernit al results are shown itnhcfhseu?l%?rﬂOnv?inlgurs%c%?%m%al.reasmear
We i bduildtri buti on. We set t he

5. Experiment evaluation and analysis time length is 100, and the

To evaluate the effectivenessampl ¢ebeametdhlmadwn pirro pPisge.d5.i n

degradation samples
7 T 13 13

degradation X(t)

0 20 40 60 80 100

FigThé®& original degradatkioglhh@eandplsesr i buti on of di ff

To obtain the sudden fail ur e‘Hdi@tnahg @mal n e ha dcaht iraemsptr feamietn
dat a, the failure thrmehocluddie®asdét MhBi mealméddi hdiSc dtiden d es,
failure timetfFsS0seé6, 7TB8fyeeHpontadccdrhicki ng fifteof enimat inoen pri or
failure data is shown as the phisg.tit®.nalofpiag aanedemed as f ol

| n. Fig.6, the black | ine idisheiirbatj @an4€006f e s hifsfhdlpleb Wea
are the sudden failure sampluems f ot me driesd-UI[ IOl ¢ @prarsae ntts
degradation failure sarmfpaielsyrpeam é mifhoe rl eotwh etrhse anroerNitadl g 1d0i @syt)r.

samples. The black rot Iline rrgpreseantstHehephpbhmbéfert ireash
it is obvious thaextkeedepradambpdn ngamehk & d
is 7. Hence, Niotie staonpdNe 20yhpd 2r0Pgr ame Mean Vari an MCE
numbemo-ioafi s ampd=-€8 t he nsuumbeen of‘f 0.507 1.6223 0.0Qa®

) ] W 1.818' 0.0855 0. @D
failVaBesand tod rmdwemgbferd dNuirers?7 | 54.93 1.7995 0.00
M=17.) i 505.0r 5.2243 0. Q@
Based on the—(lFB()r,Wiuﬂzlmel(lao)rnf‘nEQ 0.993 68.997 0. @/

paranPet éf, scan be .obtained Further morci,s ttrhiebupriidnrf of | @

EksploatacjaiMaiNnteemanda odhd Rol.8dRility Vol




