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Abstract

The present study proposes an algorithm to evaluate the fuzzy availability, reliability,
steady state availability, and mean time to failure of a repairable parallel system which consists of
three identical and independent components by using Markov model. This system fails when the
three components fail or it goes to the critical case. The failure rate and the repair rate of each
component is represented by triangular shaped vague set determined by using statistical data.
Two numerical examples are given to illustrate the introduced algoithm and discribe the
performance of the model when the life times and the repair times of the system follow
exponential or Rayleigh distribution with fuzzy parameters.

Key Words: Fuzzy Rates, Availability, Reliability, Markov Model, Vague Sets, Statistical
Data.

1. Introduction

Reliability is one of the quality characteristics that consumers require from
manufacturers and it can be simply defined as the probability of a system to perform a
required function under specified working conditions for a specified period of time [1].
Another important reliability related concept is the availability which takes both
reliability and maintainability into account and it is defined as the probability that the
system performs its required function at a given point of time [2]. The availability and
the reliability of the system depend on the availability and the reliability of their
components, on the configuration of the system, and on the system failure and repair
criteria.

There are many techniques to compute the system availability and reliability.
The most widely analytical used technique is Markov model, see [3]. Normally, as in
[4] and [5], Markov models were carried out with constant parameters but, in fact, the
components’ failure and repair rates change during the process so that authers [6-8]
introduced Markov models in the presence of time varying failure and repair rates. A
lot of studies [9] and [10] proposed the redundant models to calculate the system
reliability in the steady state but a few studies use the real time conditions.
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In many practical situations, we assume that the failure times of the operating
units and the repair times of the failed units are random variables following a known
probability distribution except for the values of parameters that are difficult to be
determined due to uncertainties and the lack of sufficient data. For this reason, these
parameters are vaguely specified in the fuzzy set theory [11] by using membership
functions which can be evaluated from collected data or from the opinions of experts.
In [12-14], researchers applied this concept 10for analyzing different models and for
evaluating the fuzzy reliability and the fuzzy availability.

As a generalization of fuzzy sets, vague sets are used instead because it can
descibe the objective world more realistic, practical, and accurate. Vague set was
proposed firstly by [15] and it has been widely applied in many situations. In [16], the
arithmetic operations between vague sets were presented then they are used for
analyzing a lot of fuzzy systems with differnent types of vague sets as [17] and [18] .

In this paper, a new method is developed for analyzing a fuzzy repairable
parallel system which consists of three independent and identical components in the
presence of common-cause failure by using Markov model. Also, we introduce the
steps which are used to evaluate the availability, the reliability, the steady state
availability, and the mean time to failure of our system if the life times and the repair
times follow exponential distribution or Rayleigh distribution with fuzzy parameters
represented by triangular shaped vague sets. Two numerical examples are given to
illustrate briefly the introduced method.

2. Definitions
In the following, we review some definitions needed for this paper, see [19].

Definition 2.1: A vague set V in the universe of discourse X, shown in Figure 1, is
characterized by a truth membership function ty and a false membership function fy
and dgfined as follows
V=_{(x [ty(x), 1= fr(x)])
:xeX } ¢y}

The interval [ty (x),1— f p (x)] is called the vague value of x inV. ty (x), fy (x)
associate a value in the interval [0,1] and ty (x) + fy (x) < 1. t y (x) isrepresent the
lower bound of membership grade of x derived from the ‘evidence for x* and fy (x) is
the lower bound on the negation of x derived from the ‘evidence against x’.
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tp(x). 1 — fr(x)
1- f?l:xl}

L ()

Figure 1: A vague set V

Definition 2.2: Let ¥ be a vague set in a universe X with the true membership function
ty(x) and the false membership function fy(x). For o<, €[0,1], the (e, 8)-cut of
the vague set V/ is a crisp subset V(o(,ﬁ) of the set X defined as

Vi, p) ={x€ XI[ty(x), 1= fr(0)] = [xB]} , x<p 2

Definition 2.3: A level-\ triangular shaped membership function is specified by the
parameters a, b, ¢, A as follows

A

( _ <
|b—a(x a), a<x<b
triangle(x;a,b,c) = { A b <
lc—b(c_x)' <x<c
k 0 , otherwise

The interval valued triangular vague set ¥, shown in Figure 2, can be specified by

V= ( [a1,b1,C1} ,U1] , [az,bz,Czi .Uz] ),
0<w<p<1 3)

Where, 1, u, are the maximum values for ty(x), 1 — fy(x).
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[to(x). 1 — filx)]

i,

#y

Figure 2: A triangular vague set 7V

Definition 2.4: Let us consider two interval valued triangular vague sets ;and ¥, :
Vi =« [31,b1,c1} ”1]’ [3\1;b1;C\1} HZ] ),V =( [az,bz.czi H3]. [dz;bz;C‘zi ll4] )

The arithmetic operations between V;and V, are defined as follow

o V,®V,={([a; +ayb; +by,c; +cy;Min(y, p3)l,[dy + dy, by + by, ¢, +
cZMin(uz, u4)

o VOV, =(la; =y b; — by, ¢ —ay ; Min( gy, p13)], [d1 - 52,51 - 52,51 -
a2 ;Min( 2, u4)

e The results of multiplication and division process can be also approximated to have
triangular vague sets defined by
V, @V, = ([ay X ay, by X by, c1 X ¢; ; Min(y, pi3)], [dy X @y, by X by, ¢ X
c2;Min(puz, u4)
nhov,=
([ai/ca b1 /by, c1/ay s Min( py, p3)], [d1/€2»51/52' c1/ay s Min( py, .“4)] )

3. Model description, availability and reliability

To construct the markov model of our system, a detailed description is given
as follows:

e The system is repairable and consists of three independent and similar
components work simultaneously and they are connected in parallel.

e At any time t, an operating component may fail with a failure rate A(t)
and it is repaired with a repair rate u(t).

e Atany timet, the system fails to work if the three components fail or it
goes to the critical case due to a common cause failure with failure rate
A(t) and it is repaired with a repair rate p(t).
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e The life time and the repair time follow arbitrary probability
distributions as exponential or Rayleigh distribution with fuzzy rates.

3.1.  The availability function and the steady state availability

Based on the previous description we can construct a model for our
repairable system using non-homogeneous continuous-time Markov chain. Assume that
each component has only two binary states, working and failed state, the system has
five states as follow

State “0” : All the three system’s components are in the working states.
State “1”: One of the three system’s components is in the failed state.
State “2”: Two of the three system’s components are in the failed state.
State “3”: All the three system’s components are in the failed state.
State “C” : The system is failed due to a common cause failure.

Let P (t) is the probability that the system is in the state j; j = 0,1,2,3 and B.(¢t) is
the probability that the system is in the critical case. From the state-space diagram of
our model shown in Figure 3, we can get the Markov’s first order differential equations
in terms of the failure rates 1(¢), 4. (t) and the repair rates u(t), u,(t) as follow:

By (t) = —(3A(6) + 2.(8)). Py (£) + pu(t). P, () + 1, (). P.(¥) (4.8)
Py () = —(A(t) + A (t) + u(t)). P (t) + 3A(L). Py (t) + 2u(t). P, (t) (4.b)
P,(t) = —(A(t) + A, (8) + 2u(D)). P (t) + 2A(t). P, (t) + 3u(t). Ps(t) (4.0)
Py (t) = =3u(t). P;(t) + A(t). P,(t) (4.d)
P.(t) = = (). P.(t) + 4. (). [P () + P.(8) + P, ()] (4.¢)

If the process is in state “0” at the beginning, the initial conditions for the model are
given by:

Py(0)=1,P,(0)=0,P,(0) =0,P;(0) =0,and P.(0)
=0 5)
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Figure 3: The state-transition diagram for availability analysis of the three-unite repairable system with
common cause failure

Under the specified initial condition (5), the system of first order differential
equations [4.a-4.e] can be solved by any mathematical method to get the transition
probabilities B, (t); j = 0,1,2,3 and Pc(t).

Our parallel system will stop working when a common cause failure occurs or
all the system’s components fail which mean that both states “3” and “C ” are the only
down states of the system so the availability function can be expressed as follow:

AR) =P )+ P () +P,(t)=1—-P(t) — Pc(2), t
>0 (6)

Then the steady state availability can be calculated from

Ass = lim A(t) (7

3.2.  The reliability function and the mean time to failure

To obtain the system reliability function R(t) and the mean time to failure
MTTF, repairs that return our system from unacceptable state “3”, “C” should be
forbidden and treated as absorbing states. The initial model should be transformed as
shown in Figure 4 and the system of first order differential equations (4) are changed

to be
By (£) = —(3A(t) + A.(£)). P (£) + u(8). Py (£) (8.2)
P'l* (t) = —QA([) + A.(t) + u(®). Pr(t) + +3A(t). P5(t) + 2u(t). Py (t) (8.b)

B () = —(A() + A.(8) + 2u(t). P (£) + 2A(t). Py (t) (8.c)
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By () = A(0).P5(0) (8.d)
B:() = A (). [P5(6) + Py (¢) + P ()] (8.€)

After solving the above equations [8.a-8.€] with the same initial condition (5), the
reliability function of the system can be obtained by

RO=PR@+PF®)+P; 1) =1-P;(t)—P: (), t
>0 €)]

Then the mean time to failure of the system is

0

MTTF = f R(t) dt (10)
0

Figure 4: The state-transition diagram for reliability analysis of the three-unite repairable
system with common cause failure

4. System availability and reliability under Fuzzy Failure and repair rates
To extend the applicability of our system, we assume that the failure rates
A(t)and A.(t) are random variables following the same known probability
distribution h;(t) = f(t; 6;),i = 1,2 with different parameters 6,,i = 1,2 and the
repair rates u(t)and u.(t) are random variables following the same known
probability distribution h;(t) = f(t; 6,),i = 3,4 with different parameters 6,,i =
3,4. Due to uncertainty and lack of sufficient information, the values of the four
parameters 6;,i = 1,2, 3,4 are difficult to be determined so they are represented by
vague sets with triangular shaped truth and fault membership functions, as equation (3)
estimated from statistical data which are taken from random samples as follow:

6, =« [Li:Mi:Uii 771i] ) [Lli'Mg'UiI;UZi] ) ;i
=1,2,3,4 (11
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Where, M;, M; are the point estimation, L;, L;, U;, U; are the lower and the upper limits of
the triangular truth and fault membership functions of the parameter 8; , respectively.
The values of L;, L, M;, M; ,U;,and U, can be estimated for each parameter 6, by using
the random samples with (1 —y;)100% and (1 — ;' )100% confidence intervals.
Also, ny; ,m; are the maximum values for the truth membership funtion ¢ (x;) and the

fault membership function (1 — f7; (x;)) of the parameter 0;.

Then we can evaluate the fuzzy availability function, reliability function, steady state
availability, and mean time to failure of our model by using the (e, 8) —cut technique
with the following procedures:

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

Depending on the probability distribution of the failure and repair rates
f(t; 0,), we can determine L;, M;, U;, the point estimation, the lower, and
the upper limits of the triangular truth membership function for each
parameter 8; ;i = 1,2, 3,4 with (1 —¥;)100% confidence intervals by using
a sample data (X;, X, ..., X,,) of sizem; .

By using another sample data (X, X,/ ..., Xr'i) of sizer;, we can
determine L;’, M;’, U;’, the point estimation, the lower, and the upper limits
of the triangular fault membership function for each parameter;;i =
1,2,3,4 with (1 — y; )100% confidence interval.

Finding o¢;= Max{tg(x,)} and B; = Max{1— f5 (x,)} corresponding to
each parameter 8, ;i = 1,2,3,4.

Finding the value of &= Min{c;} and 8 = Min{B;};i =1,2,3,4.

For certain values of ¢z (x;) lying in the interval [0, ], such that o« —cut =

tlixs, O<oc—cut<oc , the corresponding intervals for &z will be determined
from the following relation:

20 (M, — L), U, — 2 U, - M)

&

Also, for certain values of 1 — f5-(x;) lying in the interval [0, 8], such that
B —cut =1— f5(x;),0 < —cut < f, the corresponding intervals for g;,
will be determined from the following relation:

FL zU _ ' B—cut A ' _ﬁ_cut " A
[9i , 0 ]ﬁ_wt = [Li+—ﬁi M —L"),U% 5 U Mi)]
Finding the intervals for the failure and repair rates h;(t) =
f(t; ;) corresponding to the « —cuts and B — Cuts of the parameters

6,;i=1,234.

Substituting the rates h;(t);i=1,2,3,4 in equations (4) and then by
MAPLE program, we solve these under the initial condition (5) to obtain the
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intervals for the fuzzy availability function 4 (t) and steady state availability
Ag corresponding to the a-cuts and g-cuts by using relations (6) and (7).

Step 9:  Substituting the rates h;(t);i=1,2,3,4 in equations (8) and then by
MAPLE program, we solve these with the same initial condition to obtain
the intervals for the system fuzzy availability function R (t) and mean time to
failure MTTF corresponding to the a-cuts and S-cuts by using relations (9)
and (10).

5. Numerical examples

These examples to illustrate the performance of our model by applying the
previous algorithm to evaluate the fuzzy availability and reliability function when life
time and the repair time follow arbitrary probability distributions with fuzzy failure and
repair rates. We will focus on two cases of the life and repair times’ distributions which
are exponential and Rayleigh distributions, as follows:

5.1.  The life and repair times with fuzzy exponential distribution [20]

In this case, our system will be modeled by homogenous Markov chain with
constant failure and repair rates h; (t) = 6,,i = 1, 2,3, 4 but not fixed (triangular vague
set) so we substitute in the set of equations (4) and (8) by

A0 = 1,200 =70 10O = {,1,0) =,

For each rate, we can calculate the point estimation, the lower, and the upper limits of
the true and the fault membership functions of each fuzzy parameter 8,,i = 1,2,3,4 by
using Chi-square distribution with (1-y; )100% , (1 —y; )100% as follow:

M = m; L _Zémi,(l—yi/z) ngi,(yi/Z)
i = om v b EFm oy e
Zj=1Xj 2 z:]‘:1Xj 2 Zj=1Xj
(12)
, T , Zgri (1-v;'/2) , ;éri (vi'/2)
Mi=smx o MW= oyix 0 ViTayix
=14 =14 =14
i=1,2,3,4

Where we take two random samples to get each fuzzy parameter 8; with number of
observations m; , r; and total test times Z;";lxj , Z;izl)(j " respectively.

Table 1 shows the samples’ statistical data used to estimate the point estimation, lower,
and upper limits of the truth and the fault membership functions of each fuzzy
parameter 8, ,i = 1,2,3,4 at (1-y; )100% , (1 —y; )100% confidence interval by using
relation (12). Then the triangular vague sets of the failure and repair rates 1, A, i,
and i can be written as follow:

1 =([0.01,0.024,0.045;0.2],[0.014,0.027,0.042; 0.5] ),
2. = ([0.02,0.043,0.07; 0.4], [0.022,0.056,0.11; 0.6] )
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g =([0.038,0.068,0.127;0.3],[0.036,0.073,0.12; 0.4] ),
i, = ([0.041,0.074,0.11;0.4],[0.039,0.075,0.123; 0.5] )

So,
«= Min{o;} = Min{0.2,0.4,0.3,04} = 0.2, f = Min{B,}
= Min{0.5,0.6,0.4,0.5} = 0.4
m; ri
i m; ZJ Yi T Ly M LU M LU o« B
= =1
0.024, 0.027,
1 (1) 402 gé 13 408 OE;)O 0.0098, 0.0144, % %
0.0447 0.042
, 1 25 0 16 00 0043002, 0056002 0. 0
1 5 05 0 2 0.0696 0.11 4 6
0.027
1 14 o 1 ! 00727, 0. 0
3 8 01  0.0375, ’
0 8 05 0 o 0036012 3 4
0. 16 00 00737, 00750039, 0. 0
47 9% o5 12 5% 5 0036012 0.123 4 5

Table 1: The information used to calculate the truth and false membership functions of the
four rates

Hence, the crisp intervals for 1, ., i,and fi, corresponding to the (e, 8) —
cuts can be calculated at specific values of « —cut € [0,0.2] and 8 — cut € [0, 0.4]
as shown in Table 2 and Table 3.

x [ [ L Li
0 [0.010,0.045]  [0.020,0.070]  [0.038,0.127]  [0.041, 0.110]
0.1 [0.017,0.034]  [0.026,0.063]  [0.048,0.107]  [0.049, 0.100]
0.2 [0.024,0.024]  [0.032,0.056]  [0.058,0.087]  [0.057,0.092]
Table 2: The intervals for 4,4¢,fi,and Ji corresponding to «<-cut =0, 0.1, 0.2
B —cut [ [ [ L
0 [0.014,0042]  [0.022,0.110] _ [0.036,0.120] _ [0.039, 0.123]

01  [0.022,0.039]  [0.028,0.103] [0.045,0.108]  [0.046, 0.113]
02  [0.029,0.036]  [0.033,0.095] [0.054,0.096]  [0.053, 0.104]
03  [0.036,0.033]  [0.039,0.088]  [0.0635,0.085]  [0.061, 0.094]
0.4  [0.043,0.030]  [0.045, 0.080] [0.073,0.073]  [0.068, 0.068]

Table 3: The intervals for 4,4, fi,and Jic corresponding to g-cut =0, 0.1, 0.2, 0.3, 0.4
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It is difficult to solve our model equations analytically and obtain a closed
form for the system fuzzy availability and reliability functions so by using Maple
program, we can approximate these system characteristics instead by collecting
numerical solutions of our model equations (4) and (8) at arbitrary values («,8) —
cuts; a — cut € [0,0.2] and B — cut € [0, 0.4]. As shown in Figure 5 and Figure 6,
we can represent the system availability and the reliability functions A(t) and R(t)
versus the time at « —cut = 0,0.2 and at § — cut = 0,0.2,0.4. At any instant value of
time, the system availability and reliability are not crisp values but they are represented
by vague sets as shown in Figure 7.

1.0 ~p,

0.9

A

0.8

(a) A(t) at x-cut =0, 0.1, 0.2 (b) A(t) at g-cut=0,0.2, 0.4
Figure 5: The system fuzzy availability function versus the time A(t) (Case 1)

R(r)

(a) R(t) at x-cut=0, 0.1, 0.2 (b) R(t)at g-cut=0,0.2,0.4
Figure 6: The system fuzzy reliability function versus the time R(t) (Case 1)
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0.75 0.80 0.85 ( 0.70 0.73 0.80 0.83
Availability Reliability
(@ A(t)att =3 (b)R(t)at t=3

Figure 7: The system fuzzy availability and reliability at time t = 3 (Case 1)

5.2.  The life and repair times with fuzzy Rayleigh distribution [21]

In this case, our system will be modeled with time varying failure and repair
rates given by the following relations:

t t t t
At) == ,2ct) = —=.,ut) = =, uct) ==
191 2 3 194—

Where, 3 ;i = 1,2,3,4 are fuzzy parameters defined by triangular vague sets. The point
estimation, the lower, and the upper limits of the (1-y;)100% , (1 — y; )100%

confidence interval of each parameter J; ;i = 1,2,3,4 can be calculated as follow

, 2
(%) ey s Dk
M; = : 2 , LU =M F Zy,/2 var(M;) var(M;) = . ’
m, 4m;
) 2
Zrl_ (X ,) ) M.' 2
M, = % , L, U =M F Zyir/zw/var(Mi N, var(M;") = (4;,)
, i
1,234 (13)

We can use this relation, containing the normal distribution, if the sizes of two random
samples taken to estimate these parameters are largem;, r; = 30.

Table 4 shows the samples’ statistical data used to estimate the point estimation, lower,
and upper limits of the truth and the fault membership functions of each fuzzy
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parameter 9,,i = 1,2,3,4 at (1-y;)100% , (1 — y,')100% confidence interval by
using relation (13). Then the triangular vague sets of the parameters 9,,i = 1, 2,3, 4 can
be written as follow:
9; = ([2.6,2.95,3.296 ; 0.2],[2.48,2.887,3.29;0.5] ),

9, = ([2.83,3.25,3.67;0.3],[2.85,3.32,3.79;0.7] )
9; = ([2.95,3.47,3.99;0.4],[2.93,3.61,4.287;0.6] ), I,=
([2.7,3.16,3.6;0.2],[2.67,3.22,3.766; 0.8] )

So, o= Min{;} = Min{0.2,0.3,0.4,02} =02 , B =Min{B}=
Min{0.5,0.7,0.6,0.8} = 0.5

Ti

m;
i m, Z()‘ Yi r; Z(X]' Yi, M;, L;, U; M,i' L,i» u
=1 =

- = a P
Lo 0 5 o 10 g “Shes aaman o 08
22 255 080 g 160 (();4 3.th627.83, 3.3;729.85, % 0.7
23w 003w 8 zmoaman o
fdem 9003 e 0 a2 amam o

Table 4: The information used to calculate the truth and false membership functions of the
four parameters 94,95, 93, 9,

Hence, the crisp intervals for the parameters J;,i = 1,2,3,4 and the failure and repair
rates A(t), Ac (t), fi(t),and fi (t) corresponding to the («,B)—cuts can be
calculated at specific values of « —cut € [0,0.2] and 8 — cut € [0,0.5] as shown in
Table 5 and Table 6.

x-cut [91,91] [2(®),2° ()] [95,9%] [2&(0), A2 (D]

0 [2.600,3.296] [0.092t,0.148t]  [2.83,3.67]  [0.074t, 0.125¢]
0.1 [2.775,3.123]  [0.103t,0.130t]  [2.97,3.53]  [0.080t, 0.113¢]
0.2 [2.950,2.950] [0.115t,0.115t]  [3.11,3.39]  [0.103t 0.087¢]

x-cut [95,93] (2 (), 27 (1)] [95,94) LAGRIAG)
0 [2.95,3.99]  [0.063t 0.115¢]  [2.70,3.60]  [0.077t, 0.137t]
0.1 [3.08,3.86]  [0.067t,0.110t]  [2.93,3.38]  [0.088t, 0.116t]
0.2 [3.21,3.73]  [0.0720.097t]  [3.16,3.16]  [0.100t, 0.100t]

Table 5: The intervals for 9;, A(t), 95, A¢ (t), O3, Ji(t), 94, fic(t) corresponding to -
cut=0,0.1,0.2
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B -cut [95,9Y] [2-(1), 2 ()] [95,9%] [26(D), A (D]
0 [2.48,329]  [0.092t 0.163t]  [2.85,3.79]  [0.070t, 0.123¢]
0.1 [2.56,3.21]  [0.097t0.152t]  [2.92,3.72]  [0.072t 0.118t]
0.2 [2.64,3.13]  [0.102t,0.143t]  [2.98,3.66]  [0.075t 0.112¢]
0.3 [2.72,3.05]  [0.108t 0.135t]  [3.05,3.59]  [0.078t 0.107t]
0.4 [2.81,2.97]  [0.113t0.127¢]  [3.12,3.52]  [0.081t 0.103t]
0.5 [2.89,2.89]  [0.120t,0.120t]  [3.19,3.45]  [0.084t, 0.099¢]

B -cut [93,95] [ (©), 2Y (1)] [9%.9%] [26(1), BE (0]
0 [2.93,429]  [0.054t0.116f]  [2.67,3.77]  [0.071t, 0.140t]]
0.1 [3.04,4.17]  [0.057t0.108t]  [2.74,3.70]  [0.073t, 0.133t]]
0.2 [3.16,4.06]  [0.060t,0.100t]  [2.81,3.63]  [0.076t, 0.127¢]
0.3 [3.27,3.95]  [0.064t,0.093t]  [2.88,3.56]  [0.079t 0.121¢]
0.4 [3.38,3.83]  [0.068t,0.087t]  [2.95,3.49]  [0.082t, 0.115¢]
0.5 [3.50,3.72]  [0.072t,0.082t]  [3.01,3.42]  [0.085t, 0.110t]

Table 6: The intervals for 9; , A(t), 9,,4¢ (t), 93, Ji(t), I, Jic(t) corresponding to -
cut=0,0.1,0.2,0.3,0.4,0.5

We substitute in our model equations (4) and (8) by A(t), A (t), f(t), fic(t)
and then use Maple program to collect numerical solutions of these equations at
arbitrary values (c«,B) — cuts; o« —cut € [0,0.2] and 8 — cut € [0,0.5]. The fuzzy
system availability and reliability functions A(t) and R(t), as shown in Figure 8 and
Figure 9, can represented versus the time at o —cut =0,0.2 and at f — cut =
0,0.2,0.4. At any instant value of time, the system availability and reliability are not
crisp values but they are represented by vague sets as shown in Figure 10.
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0.9 o

0.8 4

0.6 -

0 ‘ ! ' 2 ' 0 ‘ : ‘ 2
14 14

(a) A(t) at x-cut =0, 0.1, 0.2 (b) A(t) at g-cut=0,0.2,0.4

Figure 8: The system fuzzy availability function versus the time A(t) (Case 2)



Availability and Reliability Analysis of Three Elements...

B(r)

0.4
0.4

j T T T T
0 1 0 ! i

o

(a) R(t) at x-cut=0, 0.1, 0.2 (b) R(t)at p-cut=0,0.2,0.4
Figure 9: The system fuzzy reliability function versus the time R(t) (Case 2)
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Figure 10: The system fuzzy availability and reliability at t = 3 (Case 2)

6. Conclusion

In this paper, Markov model was used to analyze a repairable parallel system
with three similar components in the presence of common cause failure and we
introduced the procedures to determine the fuzzy availability and the fuzzy reliability of
the system when the time to failure and the time to repair of each component followed
exponential or Rayleigh distribution with unknown parameters. Due to lack of data,
these parameters were represented by triangular vague sets estimated by using
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statistical data taken from random samples. Finally, illustrative examples were
presented to illustrate the performance of our model. This model provides more
effective, realistic and flexible measures and we can apply it to wide variety of
industrial problems.

As an extension to this work, we can develop other complex repairable

systems as parallel-series systems, series-parallel systems, k-out of n systems or
standby systems which could be studied with the vague set concepts.
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