Statistical Sciences (IJAMSS)
ISSN(P): 2319-3972; ISSN(E): 2319-3980 Engineering and Technology

Vol. 4, Issue 4, Jun - Jul 2015, 1-14 Connecting Researchers; Nurturing Innovations
© IASET IASET

International Journal of Applied Mathematics & A International Academy of Science,
-

SYSTEM AVAILABILITY AND RELIABILITYSUBJECT TO COMMO N-CAUSE TIME-VARYING
FUZZY RATES

M. A. EI-DAMCESE* & NAGWAYOUNS ?
'Department of Mathematics, Faculty of Science, Zahiversity, Tanta, Egypt
’Department of Mathematics, Faculty of Science, E&fBheikh University, Kafr EI-Sheikh, Egypt

ABSTRACT

This study presents a method for calculating thaglability and reliability of a system depicted blpck diagram,
we use the Marshall and Olkin formulation of theltwmariate exponential distribution. That is, thengponents are subject
to failure by Poisson failure processes that gogamultaneous failure of a specific subset of tamponents. A model is
proposed for the analysis of systems subject tonommacause time to simultaneous failure and the tomeepair of each
state follow Rayleigh distribution with unknown pameters which can be represented by triangularyfummmbers
estimated using the statistical data then we inttedthe procedures to determine the availabilibcfion, the reliability
function. The method for calculating the systemilabdity and reliability requires that a procedwerists for determining
the system availability and reliability from compan availabilities and reliabilities, under thetistiécally independent
component assumption. A numerical example has kaatied in detail to illustrate the model and ta gealytic and

graphical results.
KEYWORDS: System Availability, System Reliability, Common-GauFailures, Fuzzy Rayleigh Distribution
1. INTRODUCTION

COMMOM CAUSE FAILURE (CCF) is the failure of mulligp components due to a CC (single occurrence or
condition). The origin of CC events can be outdside system elements they affect (e.g., lightningnéy that cause
outages of unprotected electronic equipment) oracaginate from the elements themselves, causihgratlements to fail
(e.g., voltage surges caused by inappropriate kintcin power systems that lead to failure propagyt CCF increase
joint-failure probabilities, thereby reducing theliability of technical systems. Several paperseh&een devoted to
modeling CCF distributions[1]-[3] and estimating tbffect of CCF on system reliability or availatyil{4]-[12]. There

are two approaches for incorporating CCF into syateliability analysis: explicit and implicit [7].

Fuzzy set was introduced firstly by Zadah [13] thiemwas applied in various fields containing unaerty as
Markov chains (Buckley [14]).

For the real time conditions, Chen [15] presenteéa method for system reliability analysis basedtea-cuts
arithmetic operation on the fuzzy time series. WHt@] applied fuzzy random lifetimes for a seriesl garallel system,
and Sharifi suggested an algorithm for reliabiyaluation of a system containing n elements cdedeia parallel as in

[17] or in a k-out-of-n system [18] assuming thiui@ rates are increasable and represented by funnbers.

El-Damcese and Temraz [19] use a model for a kebuit- F system that consists of n independent dedtical

components connected in parallel using non-homagesidhomogeneous continuous-time Markov chain.
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Notation
n: number of components in the system;
k: number of good components that allow the systeaptwate;
Z,: Poisson failure process that governs the simuttas\éailure of a specific set otomponents;

S: Event that component i is good;

: humber of combinations ofitems out of a possible n iten(s:f)

pﬁ (t) :probability that all components of a specific kaguonent subset out of an n-component system are

operating at time t;

ACC (t) : system availability at timewith identically distributed components having ecoon-cause failures;

ASC (t) : system availability at timewith i.i.d. components;
h; (t):(failure/ repair) rate of component i;

0; , a; : the parameter of the (failure/ repair)rate digttionof component i;

RCC (t) reliability at timet with identically distributed components having coon-cause failures;

RSC (t) : reliability at timet with i.i.d. components;

i.i.d.; s-independent and identically distributed.
2. COMPONENT AVAILABILITY AND RELIABILITYMODEL

Figure 1 is the state transition diagram for thepirponent availabilitymodel.

M)

1 Component

up 2 Component
Down

u(t)

Figure 1: Component Availability State- Transition Diagram

Probability of working state 1 at time t is:
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dP(t) _

o= AR + uP O

since R(t)+P,(t)=1, we have

dP, (t
O Q ORI @
Let the (failure/repair) function of a componenlidaing a 1-parameter Rayleigh distribution candescribed
by:
t t
)= s ul)=- @
thus
dp, (1) t t t
: = _[ 2 2] pl(t) + 2
dt o a

sinceR(0)=1,then the availability A(t) of component is

A(t) = t) = ——— + - —(———)t

(t) = pu(t) = ooy 107 + @ " expl= 2 (o)t 1] -
In general, the availability of componenti is:

_ 1 2 2 1 92
Ai(t)_W[ei +a;”exp[ E( ) ]] Cn @)
In special case for without repair, the reliabiliffcomponent i is:
2

Ri (t) = exp[_ Zeiz ],i:]., 2’ .. n (5)

3. SYSTEM AVAILABILITY AND RELIABILITY ANALYSISWITH COMMON-CAUSE HAZARDS
A specific component can fail due to the occurremicgeveral different failure processes.
1. There is the 1-componentprocesg®Zs-independent failure of thespecified component
2. There are 2-component processesthat includepbeified component.There are a tote@rzl()fi.i.d. Zfailure
n—1 . . ny .. .
processes but onl;( 1 )of these processes include the specified compomergeneral,there a(g) ii.d. Zfailure
processes with exponential parameters, governirgsirthultaneous failure of components. Of theég)failure

processeé,rrl : i)of them include the specified component.
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@)
An (t) is the probability that the specified componenbjerating at time t, viz, the probability that eon

ofthe processes governing the simultaneous fadfircomponents,== 1,2, ...n includes the specific component. Based
on s-independence of the Poisson processes-

AW (t) = |—n| [A| (t)](a“-‘f)

i =1
(6)

The probability that a specific group of kcompoemtit of n-component system are all good is:

AW =Pr{S,nSn...n $;}
AW =PHS; ¢P{S/ S}..P{ § S S. .§}
AP (1) = AP (D) AL (D). Al (1)

thus,
AO(L) = ﬂ A 1 (t) ™)

m=n-k

These formulas were originally derived fromKyung fmonstant failure rates; similar argumentsaredvédir
time-varying failure rates.

The results ar@\ - (t) and Ag. (t) in terms ofavailabilitied\, (t) .

1
er )(t) is the probability that the specified componenbjerating at time t without repair, Based on the
s-independence of the Poisson processes, we have:
n-1
RO () = [T R, (0](1) ®)
The probability that a specific group of k compotsenithout repair out of n-component system argedid is:

n

ROM= 1 RW(L) ©

m=n-k+1

4. THE FUZZY SYSTEM RELIABILITY AND AVAILABILITY

Due to uncertainty in the values of parametersy tten be modeled by triangular fuzzy number, we thee
triangular membership functid®(L; , M; U;),&(L;, M; , U;)

we can represent fuzzy failure and repair ratesrisp intervals using-cuts of membership functions as follows:

=[L;+aM;—L),U;—aU; —M)],0<a<1 (10)
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[ata”],__, = [Li+aM - 1)U —a(U, - M)],0 <x< 1 (11)

Where M (M), L; (L;)and U (U;) are the point estimation, lower and uppe@iofii respectively

In general, if m, the size of random sample, thengoint estimation and tH@ — y)100% confidence interval

for each parametét;, X;can be calculated from the following relations.

M= / m X?2/2m,M = / mX;2/2m’ (12.1)

[LU] = [M + Zy/zw/var(M)] LU = [M' + 7, Jvar(M )] (12.2)

2

Wherevar(M) =2 var(M") = *_ =0.05 (12.3)

4a4m 4a4m

5. ILLUSTRATIVE EXAMPLE

The system in Figure 1 consisting of 10- componéntswo subsystems A, B arranged in series-parallel
Subsystem A consist of two paths each containsctwoponents A, i=1, 2. The two paths are parallel while subsysB
consists of two paths each contains three compsrignti=1, 2 arranged in series. However the two patlesparallel to

each other. The system failed when any of the wsgstem A or B failed.

A A B B B,

Figure 2: Block Diagram of System

For identically distributed components with statislly-independent failure processes, the availgbisc

(t) of the whole system can then beevaluated as:

A (1) =4A° (1) - 2A7 (1)— 2A° (t)+ A (t)

(13)

Substituting (4) in (13) f&x=6=2.600 andy=0=1.800 , i=1,2,..,10, the availabilityst) for this system against

time t is shown inFigure3.
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09 4

06

044

!
Figure 3: System Availability for i.i.d. Components

For identically distributed components with statlly-independent failure processes, the religblsc (t) of the

whole system with associated equation (5) W) i=1,2,..,10, can then beevaluated as:

a 2 7t 2 4 2 5 2

R..(t) =dexpl-—]- 2expF— |- 2expt— }+ expt— |
sC 14
282 282 92 92 (14)
Now for 8=2.600we can use the previous equation to studeffieet of increasing time t on reliabilitysKt) for

this system in the following Figure.

l -
0.8 -
Rse(t) 4

044

0.2 1

Figure 4: System Reliability for i.i.d. Components

For comparison purposes, the one-component au#jabemains at the value of a component in the
ten-component common-cause system, but the systesists statistically-independent and identicailtributed (i.i.d)

components that are,
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- A
WhenA (t) - A10 (t) in equation (13) the system effects of common-eafaslures and represents the

prediction of a practitioner assessing all failucasises against a component, but assuming a tis@ltisindependence”

model. In that case, we have:

A0 =[]IA (0]
=AMA A A AT AT ALY AT ALY ALY

When the identically distributed components havammmn-cause failures, we have:

Acc (t) =4AS (t) - 2AL (t)- 2A% (t)+ AL (1) 1)

Where:

Al(t) = ﬁ AW () k=57810
m=11-k m

Let the failure and repair rates are:

The Parameteis anda;, assuming failure and repair rates for numbeirmfikaneous failures

. Number of Simultaneous . Simultaneous
Failure : . Repair .
Simultaneous Failure Repair
Parameter . Parameter

Failures Rate Rate

0., 0, 1,2 A ) o, ot  (t)
93, 64 3, 4 A” (t) a3z, 04 /J” (t)
05, 0 , 07 56,7 A (t) Os, g , 07 Hu (t)
0g, 09, 010 8,9, 10 /]N (t) Og, O, O10 ,UN (t)

In that case, we have:

AD(t) |1A$? O =A"OA" DA OA" DA 1)

=A“°(t) COATOAYD)
AR (t) |‘!A§? ) =APATAYOA A OA’ AT ()
= AP AP O AT AY®)
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AD(0)=[] A2 (0 = A AP AP AP AP (A2 DAY AL )
= ACOAPOATOATD

A= [] A 0= AP AP AP A2 AP AP AP DAY A2 )
= APOATHATOATO

By substituting in equation (15) we findc&t) wherel;(t), p(t) are given by

Number of
Simultaneous of Failure Ai(t) Wi(t)
and Repair Rates

[ t/(2.600% t/(2.100%

I t/(2.700% t/(1.800¥

11} t/(2.750% t/(1.700%

\Y, t/(2.760¥ t/(1.600¥

The availability A(t) for this system against time t is shown inFegur

06
Aec(t)

041

0 0.1 02 03 04 05
4

Figure 5: System Availability for Common Cause Compnents

At time 0.2 the i.i.d. system availability becomes:

Asc(0.2)= 0.9998, Ac(0.2)= 0.0840 thus, for this case the system aititha assuming common-cause failures
is lower than the i.i.d. system availability.

For comparison purposes, the one-component retiabéimains at the value of a component in the d®ymonent

common-cause system, but the system consiststist@tisindependent and identically distributed.) components that

are, calculate & (t) whenR(t) = Rﬂ,)(t) in equation (14).
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The resulting reliability neglects, the system efffeof common-cause failures and represents trdigtien of a
practitioner assessing all failures causes agairtgtmponent, but assuming a “statistically independ” model. In that

case, we have:

(0

(1)
R1 ”[exp[ 267 (16)
When the identically distributed components havammn-cause failures, we have:
Rec(®) = 4R (6) = 2R (©) = 2R (&) + R (©) (17)

where

RS (t)= |1'O|R§§)(t), k= 57810

m=11-k

Where the reliability of a single component in acbinponent system given by(16) is:

1,9 .36 84 126 .84 36 _ 9
W)=t mt g "2ttt 2>(—)]
Il Il 1] ]l v IV v

We find RS (£), R (£), R® (¢) and RV (t) similar as availability and substitution in eqoati(17) we find

R (t) by using previous values of the simultaneous iira rates.

The reliability R (t) for this system against time t is shown in Fea.

l -
02 4
Ree(t]
06
04
024
0 T T L) Ll 1
0 0.1 02 03 04 05

Figure 6: System Reliability for Common Cause Compuents

At time 0.2 the i.i.d. system reliability becomes:
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Rsd(0.2) = 0.9998, R(0.2)= 0.0833 thus, for this case the system riilialassuming common-cause failures is
lower than the i.i.d. system reliability.

Consider that the life and repair times follow Ragh distribution with fuzzy parameters, so thelfe/repair)

rates are given by the following relation:

fuzzy(failure/repair) rates are:

=L Sm=t -

Ai(t)—é_iz,  (t) 57 i =10, 10, 1V

Thus,

5 1 5 _ 1 éiZ +C7i2

A (1) ZW[QZ +0’129Xp_§ (W)tz] NEIRININY;

R =exp—L1 =
R (t) = expf > LR

Now, we will apply the introduced procedure witlttisgy the following data.

For,, @, : Letm = 70, 7%, X;2 = 1220,m = 70,37%, X ;> = 800,

For,,d, : Letm = 50,559 X;% = 1000,m’ = 50,52, X';* = 600,

For @, , @, :Letm = 40,5, X2 = 850,m’ = 40,3, X';* = 400,

For @, ,a,, : Letm = 36,%3% X;2 = 800, m’ = 36,%.3%, X;* = 250.

We calculate the intervals for the parametgrsx; , i=l, Il, lll, IV corresponding to the-cuts and the results are

show in tables 1 and 2, respectively.

Table 1: The Intervals for &, 85, , 67, 8,y Corresponding toa-cut =0, 0.1, 0.2, 0.3, 0.4, 0.5

o-cut 68”1 (61", 81"] fE)IIIL, 51”1 ECT
0 [2.606,3.295] | [2.724.3.599] | [2.757,3.760] | [2.787,3.872]
0.1 [2.640,3.260] | [2.767,3.555] 2.807,3.709] [2.841,3.817]
0.2 [2.6753.226) | [3.811,3.511] | [2.857,3.659] | [2.895,3.763]
0.3 [2.709.3.191] | [2.8553.467] | [2.907,3.609] | [2.907,3.609]
0.4 [2.7443157) | [2.899,3.424] | [2.957,3.559] | [2.957,3.559]
0.5 [2.778.3.123) | [2.943,3.380] | [3.008,3.509] | [3.008,3.509]

Impact Factor (JCC): 2.0346
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Table 2: The Intervals for &;, &j;,, Xy, &y Corresponding toe-cut = 0, 0.1, 0.2, 0.3, 0.4, 0.5

a-cut

~L ~U
[& & ]

~ L~ U
(X &Ky ]

—~ L _ y
(% » %y

~ L ~ U
[OCIVIOCIV]

0

[2.113,2.666]

[2.109,2.788]

[1.891,2.580]

[1.561,2.164]

0.1

[2.140,2.638]

[2.143,2.754]

[1.925,2.545]

[1.591,2.133]

0.2

[2.168,2.610]

[2.177,2.720]

[1.96,2.511]

[1.621,2.103]

0.3

[2.196,2.583]

[2.211,2.686]

[1.994,2.476]

[1.651,2.073]

0.4

[2.223,2.555]

[2.245,2.652]

[2..029,2.442]

[1.681,2.043]

0.5

[2.251,2.528]

[2.279,2.618]

[2.063,2.408]

[1.712,2.013]

Using MAPLE programme we can calculate the avditgbifunctionsdg.(t), Acc(t) and the reliability

functionsks. (t), Rcc(t) . We get the fuzzy availability and reliability fetionsand represent them graphically at different

values ofa-cut=0, 0.3, 0.5 are show in Figures 7-10 .

Asc(t)

Acc(t)

www.iaset.us
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Figure 8: System Availability for Common-Cause CompnentsA . (t)
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Rsc(t)

Figure 9: System Reliability for i.i.d. Component®R.(t)

14

038 1

06
Rec(t)

0.4

021

Figure 10: System Reliability for Common-Cause CompnentsR.(t)
6. CONCLUSIONS

In this paper, we proposed Rayleigh distributionatalyze the i.i.d. and CCF of the systems reitgbdnd
availability. the result shows that the systemslabiity and reliability , assuming common-causa|ures, is appreciably
lower than the i.i.d. systems availability and abllity. In this paper the parameter was considegduzzy triangular
number and thein-cut set are presented. Also, we obtained the nuoedesolutions of the system consisting of 10-

components in two subsystems A, B arranged ins@adeallel.
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