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Computational Problems with the Binomial Failure Rate Model and
Incomplete Common Cause Failure Reliability Data

Pau’ 11, Kvam

Los Alamos National Laboratory
Los Alumos, NM 87545

In estimating the reliability of & system ol
componenlts, it is ordinarily assumed that the
component  lifetimes  are  independently
distributed. Tins assnmption uswually alleviates
the ditTiculty of analyzing complex syslems,
but it is seldom true that the fiulure of one
component i an interactive system has no
ctieet on the lifetimes of the other components,
Often, two or moie companents will Lail
simultancously due 1o i@ common cause event.
Such an incident is called o common canse
Failure (CCE), and is now recopmecd as an
important contribution 1o system Lailure in
virrious applications ot reliability.  We
eximine current methods lor relintlity
estimation of system and component lifeti:nes
using estinitors derived trom the binomial
Failuze vate madel. Computitional problems
regui e new approach, like ective solutions
viit the EM alporithm,

Introduction

Smulameous Gislues ol components due o
the same cinse o initiiimy event are called
common ciwese Guhnes, Indostoes et eegquine
low sk ud aph aeliability, ke nuclem
jrower plants, depend on laphly reliable
compoenents and redundaney banle wto the
sy dem to mainein g hph overstbwc by
I thas setiny, common case Galure s oan
mporot contitbutor o vk, sinee the
asdvintapes  of  acdamdiant compoaent
conbipuitions can be pepated by o sy’
cammon ciause event Faamples ol sah
ervents o dade ot disastears, ke
cinthouebes o hphimng stokees that can Gl an
catue proup ol compopents it were desiyprned
te o wank adepeadently Components tha
whent the same deapn thiw may albae e
stoghostieally dependent sl o conmon canse

cvent  exploits the flaw by ladiing the proup
simultancously.

Formulation and analysis of CCIF models are
essentially rooted in stdistics, but for the most
patl, common cause problems have been
overlooked by (he statistics communily,
Marshall and Olkin (1967) derived a
multivariate exponential nxdel with an added
"shock” variable that allows dependence
between the exponential rmdom viriables,
This  model  permits  lifetimes (0 he
stochastically dependent by adding i random
shock event that will cither il a rndom
number of components in the group (cildled a
non lethal shock) or will Lail all the
components at onee (Galfed a lethal shock),
Later, Vesley (1977) adapted the shock madel
W apphed problems in the puclear industry.
Toillustiate Vesley's model, consider @ group
ol midentical components with exponential
lifetimes, cach of which possesses i common
failure rate (A) retlecting the fregueney ol
sigle component Llures that e detenmined
1o be independent of the other component
lifetimes in the poup.  An additional non
lethal common cause shock ocems to the
system it Poisson Gale (pn) independent of e
individual component Lailure probabilities,
Ouce a common ciause shock ocems, cich ot
the m components cin Lail accotdimg o the
tesults ol anivdepemdent Bermounlle winl with
uhnown panameter po Asiesalt, the nnmtyy
ol components Enlg due (0 @ common cinse
shock s distrbanted binomal, hencee this was
wermed the inonnal faihoe vare (MR
mode]

The Unee pacameter BER model conributed
preatly toachiabibty wleience problems (o
comples systeme of components.  Innany
syatems, however, the model finded 1o
adeaquatety desendne the nder vy relablity
Apphications that vere not modeled well



i duded syatems for whidln shocks o CCJ-
evenis avcurted wath difleent giensiies 1
v some sysiems nen tvprally wathistaind
frequent minor shocks Uit contiibute o the
stilaineous Bulure ol lew o no componeints,
but cim also persevere a nue event thid will
hikely tard adl the component, m e sane CC
proup  Atwod Clanog esolval s problean
by adding o mdependent lethal shock vinabie
modeled with o Poreon e vy T fow
paimicter BER madel fuis been o icildily
aveepred s ameians o eliabilty estimation in
the pucleir mdostey  biterms of s apdated
madel, the Giilme ve ol components within
e sroup s wnitien as

mA S pnptl " b fanlises ol o
stiiele component

It (:"yn'll " Y 1o smmlmeous talimes
unolunp k out ol m
compenents & ke b

w i pp ™ for simnlianeons Lahme ul all
culponenis

The overall Knhe se ol one of moge
companents as 0 mA vm ol o ™
Nuotee tuad O etlects one mabihiny o cecond
non lethal shocks that Eal no components
More comples modeds can e degnved o e
tuic BER madel  For wanee, sl dati
vnpmide from diftesent plants, plant w plant
varnibihiy may e viewed as an nupoitan
featme w the iy Ao commen G
events e distinguredable and meanmytol o
the ety planner, they e
petanetenzed as o sepatite Jwek esents piven
sicample amotint of pefabibny data

Papacal weliabniaty studies ol bmc e powser
plat are el w ample atinbate datac th
rellects anple amd mulhple Lnhpes ol
compoents utedes sidy AWe s ane that data
are pencated from e same o fem the
st tvpe ol savlomes with me adeninal
omponent o ated g camoltaeon. Lalwe ol &
it ont of me Ll oregeented g an msd
vecton witha T the Lihe posaison tamd zenr,
placed clhewhere, amb s cdled an ampnat
veetr Lhe o of the mpact sechine,

denotedh 0ty n e wWhone ng

nuntheor of Lahoee exents e whw e b oont ol m
components Loded amulianeondy o
-t g s ala be avablable al ol

e Liboboged Tor Bived e leneth ol
weclors can e od nethome ! 1E hee kL tha

cinse component Guloe cin be distingwshed,
we can further partition the impict vectons by
dehimng A number ol Ladiure evems
mvolviup o smyple component that are caosed
v independent shocks, b, - numiwer ol Gilore
cenis involving k components ciused by non-
el showks €1 - K ), and ¢ - number ol
Litlute events altectmg all m components doae
to lethal stiochs Notice that iy a ¢ by oand
Wy v by g s observable, by s
detined and dJ denotes the nnnber of times no
shock oceuss i a hined iterval of time (so ng)

d by Ter Nand B oas the sum of all
tnlure and CC events, respectinely

Nop-shock ppsde)s

the poal of this paper s o exiomne and
estend the metlusdology of the 1H-R model.
Sice iy mtaduenon as o toun parameter
model, very little reseineh hiss focused on KR
mudel theory for use in CCE amaldysas, mainly
becanse the nucleu indusiry, which is o major
eneherny of CCEoaeseinch, hin aceepled
alternative models for most of us CCE
s esdipritions of component Gnlues i nncken
pawer plants Lhe aliematives inchade the
beta factor - estimaton, the alpha tawcthon
eshintons and the paluple Goeek letter
estunators e bein Bwetor estinaton, simplest
amony e thee, was developed b, Flemang
(5, and pinve e (o the other two Al
Wiee method, e denved me o sinkin way,
amd ditterences amonp the thiee e sulle
commpaned o conteasts wath the BER mode] ;ind
vonespoding edimitors . We will lnphlipht
only the bet B eqtimiton, simee s the
simplest amony all non shock models The
ather molels e deoseed e lenpth n
Movdeh, e al 0195350 The bet Guctor e thodd
ahlrec ol special v mwhichme 2, and
e mmesdel conasts of st o oy meters

A overall component Lalie e

iV opartion of g component Buloe
tate <deied v the othe
compotemt

Fhes et prodmeces, comervatne thgead)
eshimates ol paramec e me=2ombe s the only
poecable commot caree Lotueess e fethal

Muahvaes unolvine non sl b models (NSAED
dre andly ample oaml ot peving the
vaponmeider o o two et he an e
comader . vntal o e aeacecaonent U the



COmPUIR L PIoUp Sz I pl lined e s a
cansbany), these mcthads allow G penenal
distiibution on the number ol common v
events that can ocewn, wlide the BER moded
constitins the Lalure count hom non letlal
shochs o s aupmentatiion ol the binomial
distnbution - Howes e, it comphications anise,
the NSN estimitors have posaably severe
shortcomings,  Bevause the NSMopaametens
ae component sed id ope modehng ol
shochs oecus e the estimanon methud, ot s
unhnown how exactiyv CC events iy chanpe
ol GUYIRE  COMPOBCHL  Proup  si/es
Interpolation and esavapolition schemes bivad
on the BER madel sue comunonty used i theose
non IR moedels when results do not
dccommodate the patiiculae component eoup
stzes ol interest 1o the expenmeznter These id
hoe proedmes, called “mapping mles” owee
chapter Vol Muosleh, ef al CTOSND e used 1o
estinte condiional probabithitios lor yroup
sizes (i dilterent than proup sizes avanbiable
e data

e IR model, on the other hand, allows
micipretation ol Guluwe exvents mdependent ol
the component provp stee Ty cham s
contzuy (o statements ninle m Moskeh, et il
CTORRY andd Atwoodd CTOSO), bt the assumption
that the shock ate and convwnang Lalue
probiihity ean e andy pendent of proup size s
indly cnoncous v umeabishie s quabis
muthes the BER model especaliy asetul
wehibahity studies Tor nuelein power plimis m
whweh phns mchude the uwe of edindanos
vonhiputations unhike those e esestimy plants,
o Lon planis i which componeats aie srongwed
i conlnist o other plants that prosdace miccheot
e T ddata

Fatimation using the BEFR Madel

Aw mentioned cather, we arcame mdepepdeant
Porcon processass defermmine the oo nneis e of
shoack ooamd we abvapve e aedem o over a
Gned tse pesaod Dy lor wlneh epan unee il
mapetledt wepan e neshiethle ot
hikehbhosud baad on oberane a0 the o
b parameters of the IR model e e
auly alonnlable Noasinm hikehilioasd
won leads e ectmates entade the
Aaneler e for sevenal combnihcns of
Lobiee bt For esample dbor - 0and poa
s the MUEL fon 2 o neeatine wlen

] Iy
[/ I B TP ’l [ S |,-,,.

where

o e Y [ I |

With no mtounation about np o by, the
likehlwend can e creised dizunaticilly by
chaosing a value ot p dose o zeto. which
allows jt o become Enger - From this esxample
we i see that MEF . and conesponding
Bayes estmiaters (withont shiup priors) should
net e used duectly o estimite the asice
perameters ol e NER model m ihis case

To sidestep thus problem, Atwond (1980)
substitued o patuneter A, 2 o g™ ton the
noi sPoch paimeter This andirect
uderence ol the modibied pasmeter set uses
ayes  tedhnggues, issumang the joint
distnbuttion for the patameter  set 1y
medepemdent.  The sesultmyp metluxds 1egnite
hnowledpe of (a, b,y mothe estunation
soheme  The pagwer also prosudes an overvew
ol whded micience problems imvolving the
BER madel, mcludmy estmiion of othe
pruamewers et e ol mterest o pacttioners
in the noclem wdusty - However, sery lidle
sescirel on the BER model exasts ontvide
Alwond's piywn

I ong o by e observed, estimation s
stzuphttorwand amd casy sy nuivimutn
bhehhood o other chissieal wechngues Phe
Ml s

R U TR L ',,: I:',Al'n.

mi’ l l mhoi

amd aeveral aababbe methods cin e sed to
vomsdiin U vonbidence mteesls o hypatheses
fesis

P M Algonhim . W e non Lol alata i nat
abvaervalble, dicevt esbmation of e lasn
pavameters eomore ittt The eanhe
evamph esplonted peobilemess mbewent e e
AP Paenan atmatones whene the NTE can
e colvedb e v b, proae Lupe amd A 1w anall
whinne 1o po, a doedt solubion nom the
Iiheldiwnsd equations v unbhels 1 eaplon
solutions, cannot e denved, the 1M alponthm
e Dempeder, Dands d Rubin, 01997710 ¢
I el Borsolse fon the NI -

H by e eseanes, e TR alyorsthim poovides
wosdep pros edie iosm which we altemae
et by ooane porametcr et s (i



the previous siepr and then sisumicmg the
Lhehliood using owr estimate ot I m pliwe of
the missimp dati. By the assumpuons ol the
shock munldei,

b B b b, b b L

The performianee ol the wesitve estiniiton s
promsing, except for certmn combinitions of
pamarneters and lor small it sets,

Methgd-of Mpmeniy ;o As an alternative (o
maximuom ikchhoomd, we e use o metlexd ol
moments scheme o estinete the pacimerers
By cquaatme the alatistics

$ i i)

with their respective espevted  values
(gmp . preptliem Iyal, Aml, ml), we
duerne moment estinators

~ . -\_' L1y - i L)}
'; [ w 1 » in . “ in
ol ! \ mp
w1\ /)

For small samples, we sistion the sime s
problems  commonly  lound  in quoticat
estimators, Rehaviors ot estmatotons fon p
and puoane et The bis cases very tew
problems i Euper samples, where pilos much
Linpen than omne

In the e belew, companreaons between the
mcethad of moments estimeaor, the et
tovm of the NI and the (NSAD Ixe i Gcton
estmtor e made with respect to estminmy
the pasiimeten |3, e debmed m the section on
NSM alicmatives  An it on of e BER
tuxlel priimetenrs,

Il w g’

wppa A
tin the e me ' alodel aalequaey 1,
measieed s fevee of meian sapaed el
values o the BER moded pasametess wers
chonen from ivpical valwes tonnd
vomponent data st lom g mceawr powa
phmt o pronp sazes am Laee than s, e
it e mapped dowie 1o aecommdate e
ety Lictor eshanates Tor e hoamphe -ee
o, [O000 amubations were am

Mcun Squarad Lrror @ % Decrease
Beta-Factor vs DR Estimators
(shocks  distinguishable)

AN
anTuO YR

N Y NS N S NN
ARTLTRTLRTRRRY

A R D T (O S B ()

Component Group Sizo

B Methad ol Moments Batunators

O M stimatns

Honly oty nes ) is olservable (so
cise ol Lnlae v wal distinpuishable in the
datin, the estimiition pioblem  becomes even
more dilfwcnlt Fhe methad of moments
estutors e ot appheable, and the I'M
alponthm comveryes even less heguently o a
setrable soluton, I tas case tour xkitional
stitesties need 1o e estmiied @

n A

l.l (X1l | m. "-. . "ll. 1. My, ) !
Ay pa
.

mqp

] 1 l"l."'- -"l"ll"lﬂ‘

with cdmites of by, by detemed by e
comdents by o ad by gy )
Hhouph the duect slerann e solution perlonns
moonsestently, we can ety colange the
Herne estmstors by adpoesiing tee sy
data cstmates By shwkang by lowsnd sero
Can tliat 1 e mone stabler, iesabtmg estiiatins
nptcathy converee weateBn ton solubions It
oot certam, howeser, what amount ol
shimbhmg e optiaal, piven the o ier
The mupooy ements, poecable )il thes deratne



mcthedd are demonstnated mohe nnal téipure
below.  Apan, MSE iy reconded Tor both the
NSM estimator smd e guissi -1 resalt, osing
a bhined shrmkage amount  Although the
resnlis here e not conclusive, we hine shown
that alternative solutions 1© the problem ol
parameten estimaton tor the DER madel e
feasible, and Turther resea el is warranted.

Percent Decrease in MSF
Beta-factor  va  EM-eatimator
tshochs not  distingushiable)

Component Gioup Nire
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