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Abstract: This paper deals with a 2- state repairable complex system with two types of failure. Let failure rate and
repair rate of [typel, type2] components are assumed to be exponentially distributed. The expressions of availability
and reliability characteristics such as the system reliability, and the mean time to failure are derived. We used
several cases to analysis graphically the effect of various system parameters on the availability system, reliability
system and mean time to failure. We also investigate the sensitivity analysis for the system reliability with changes
in a specific value of the system parameters.
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1. Introduction

Studding the reliability of machine repair problem is very important in our life because it is
widely used in industrial system and manufacturing system .any system becomes unreliable due
to various reasons. In the traditional systems, the units of the system have only two states up and
down. However, in many situations the units of the system can have finite number of states.
Most reliability models assume that the up and down times of the components are exponentially
distributed. This assumption leads to a Markovian model with constant transition rates. The
analysis in such cases is relatively simple and the numerical results can be easily obtained.

In [1] stochastic analysis of a repairable system with three units and two repair facilities was

introduced. In [2], reliability characteristic of cold-standby redundant system was introduced. In
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[3], some reliability parameters of a three state repairable system with environmental failure
were evaluated. In [4], human error and common-cause failure modeling was established for a
two-unit multiple system. In [5], reliability modeling of 2-out-of-3 redundant system is
introduced subject to degradation after repair. Recently Reliability and availability analysis of a
standby repairable system with degradation facility were studied in [6]. In. [7] Reliability
measures of a degradable system with standby switching failures and reboot delay were
introduced. In. [8] Reliability and availability analysis of a standby repairable system with two
types of failure were studied. In this paper, we consider a system consists of a 2-state repairable
unit with two types of failures. We develop the explicit expressions for availability function,
reliability function and mean time to failure using Laplace transform techniques then we perform
a parametric investigation which presents numerical results to analyze the effects of the various

system parameters on the system reliability and system availability.

1.1.Notations

A, the failure rate of typel.

A, - the failure rate of type2.

4, - the repair rate of typel.

U, : the repair rate of type2.

P(t): Probability fori=0, 1, 2
0—normal state

1—failed state due to failure rate of typel.
2—failed state due to failure rate of type2.

P"(s): Laplace transform of P.¢).

A(t) : availability function of the system.
R(t) : reliability function of the system.
MTTF : mean time to system failure.

Laplace Transform of P (t) are defined as:

o0

P*(s) :je-st P¢)dti=0212.

i
0
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1.2 Model description

We consider a system consists of a 2-state repairable unit with two types of failures. Let failure
times of typel and type2 are assumed to be exponentially distributed with parameter 4, and A,
respectively, repair rates oftypel and type2 are assumed to be exponentially distributed with
parameters 4, and u, respectively. We also investigate the sensitivity analysis for the system
reliability with changes in a specific value of the system parameters.

In this paper various states probabilities have been evaluated in the form of Laplace transform.
The expressions of availability and reliability characteristics will be obtained in addition to we

perform sensitivity analysis of system reliability with respected to system parameters.

Faled state
(typel)

Failed state|
(typel)

Figurel.System configuration diagram.

1.3. Mathematical formulation of the model
According to System configuration diagram in Fig.1, the difference-differential equations for

this stochastic process which is continuous in time and discrete in space are given as follows.

B+ 2RO+ RO+ 1RO ®
BO R0 +4R0 @
% - L PO+ APy (1) (3) Initial conditions:
P(0) = {1, where. i=0
0 otherwise

Taking Laplace transform of equations (1) — (3), we get

(4 + 4, +5)R" ()= 1R (5)~ 1, B (5)= R 0) (4)
(1 +5)R" ()= 4R ()= R 0) 5
(#,+5)R"(5)- 4R (5)= R O) (6)
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Solving Equations (4 —6) , we obtain:

p* (S) — (S tH )(S + lLll) (7)
" S(S” +SA + S, + S + Sty + Aufly + Aoy + i 115)
P*(s)= ﬂ1(5"'/“2) (8)
D S(S" A S A+ Syt Sy + Aty + Dbty + [ )
R (5)= o ) ©)

S(S” + Ay + 84, + S + Sty + Aoty + Aofly + fif,)

By taking inverse Laplace transform of equations (7 —9) , we get

(2ad — dc—cb)sinh(%t«/cz —4d )]
(10)

1 —ltc 1
P(t)==|b+e2 |(d—b)cosh(=t/c? —4d)+
o {( eosnt Vo —aa)

where a= 14+, b=pupty , C= 2+ Ay + p + 1y 0 = Aty + 2y + iyt
2. System Availability and Reliability

2.1. Availability analysis of the system

(d- b)cosh(%t\/cz —4d)+

We find that 1 e
At)==|b+e? Ny

(2ad — dc — cb) sinh(= tv/c? — 4d)
2 @y

The steady-state availability can be obtained from the following relation

A=limA¢)= Htty (12)
inds Apty + 2o py + pifty

Special cases:

ﬂ e7(12+ﬂ2)t +
2 Ho and A:L

1- When 4, =0 we find A(t) = .
+ i A+ 1y

—(A+m)t
2-When 4, =0 we find A(t) = Ae T and A=
A+ Aty

2.2. Reliability analysis of the system
To obtain the reliability function for this model, we assume that at least one of failed states

[typel, type2] is absorbing state and the transition rate from this state equal to zero.
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(2ad — dc—cb)sinh(%tx/c2 —4d)
Je? —ad)

1
R(t):% b+e?|(d —b)cosh(%tx/cz —ad)+ (13)

As we know, we have two failed states this lead to three cases of reliability function.

1- Failed state [typel] is absorbing when s =0.
2- Failed state [type?2] is absorbing when y, =0.
3- Failed states [typel, type2] are absorbing when s, = 1, =0.

2.3. The mean time to failure

The mean time to system failure MTTF can be obtained from the following relation.

MTTF = j R(t)dt (14)
0

As mention above, reliability function has three cases so we find MTTF has following cases:
1- When g4 =0we find MTTF = i.

A
2-When 4, = Owe find MTTF = ,%

2
i 1
3- When u, = 1, =0we find MTTF = .
A+

It is noticed that MTTF depend only on failure rate that doesn’t has repair.

2.4. Sensitivity analysis

In this section we use numerical example to perform sensitivity analysis for changes in the
reliability of the system R(t) from changes in system parameters A, 4,, 4 and y, in three cases of
reliability.

1- When g4, =0

We setting 4,=.0007, 1,=.001, g4 =0, u,=.03, Fig.2 reveals that the sensitivities of A, and z, on
the R(t), we observe that the sensitivity of A, reverse the sign from negative to positive nearly at
the same certain time when the sensitivity of .z, reverse the sign from positive to negative. We

also observe that the influence of 4,0nR(t) be negative from Figure 3.
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Figure 2.Sensitivity of system reliability with respect to z, and 4, .
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Figure 3.Sensitivity of system reliability with respect to 4, .
2- When 4, =0
We setting 4,=.0007, 4,=.001, z4=.05, u,=0, Fig.4 reveals that the sensitivities of 4, and z, on
the R(t) have the same sensitivities of A, and x, on the R(t) when g =0 . From Fig.5 the

influence of 4, onR(t) has the same influence of 4, onR(t) when =0.
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Figure 4.Sensitivity of system reliability with respect to £, and 4, .
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Figure 5.Sensitivity of system reliability with respect to 4, .
3-When g4 =u,=0
We setting 4, =.0007, 4,=.001, 24 =0, 1,=0, in Fig.6 it is noticed that 4 and 1, have the same

impact during time.
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Figure 6.Sensitivity of system reliability with respect to 4, and 4, .

4. Conclusions

In this paper, a mathematical model was constructed for a repairable system with two types of
failure. Availability, reliability and mean time to failure in addition to sensitivity analysis for the
system reliability were obtained and the results were shown graphically by the aid of MAPLE
program. Results indicate that the MTTF and sensitivity analysis for the system reliability

depend on which of failed states [typel, type2] is absorbing.
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