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Abstract:

In order to improve system reliability, designers may introduce a system of different
technologies in parallel. When each technology is composed of components in series, the
architecture belongs to the series-parallel systems. This type of system has not been studied as
much as the parallel-series ones. There exists no method dedicated to the reliability allocation
in series-parallel systems with different technologies. We propose in this paper a study of this

reliability allocation problem.
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1. Introduction

Many researchers work to evaluate the reliability allocation in series, complex systems like
Srinath (1985) , Subrie (1996) and Kalia (2004).

The process by which the failure allowance for a system is allocated in some logical manner its
sub-systems and elements is termed reliability allocation. This problem is different from that
determining the system reliability based on individual reliability values of the elements and sub —
systems that constitute the system. The purpose of reliability allocation is to establish a goal or
objective for the reliability of each component so that the manufacturers can have an idea of the
performance required of this product.

2. Problem description

A series — parallel system is composed of (n) systems in parallel, where each sub- system
is composed of (m) components in series.
We get the reliability of such system as

R,..=1-(1-R) -

system

Where R = gr , Ii is the reliability of each component in series ( the exponential distribution
isuseful model in this work ).

The principle adopted in this method for subdividing the system failure allowance is that the
failure allowance of each component is directly proportional to the predicted probability of
failure. This rule based on the assumption that the components exhibit a constant failure rate, and

if A is the failure rate of component i, i=1,..., m, A is termed the predicted system failure rate
Where ) = _Zl/”ti (2
1=

A's be the specified system failure rate which is assumed to be less than As.
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To compute the required failure rate for component i which is denoted by A'i,i=1,2,..., m,
we use the following equation :

Ait= (Lit/hst). A'st ..(3)
So the reliability goal for the component i is
R (t) = et ...(4)
Therefore the reliability goal for the series — parallel system is
R’ :1—(1—ﬁRi)“
i=1

system

...(5)

illustrative example :
A system consists of elements A, B, C and D connected as shown in fig (1) , the predicted
reliabilities of the components are also shown.

0.8 0.9 0.95 0.86
A B C D

 —— — 0O
A B C D

Figure (1) series — parallel system
1- Calculate the system reliability .
2- If the system reliability is to be improved to a value 0.89, determine the reliability goal of each
component . Assume constant failure rate of all elements.

Solution

1- For calculating the system reliability making use of equation (5) , we get the system reliability
form=4 andn=2.

Rs=1-(1- r)?

=1-[1- (0.8 x 0.9x0.95x0.86)] 2

=0.82

2- To evaluafethe reliability goal of each element we must follows these steps:
A- Compute predicted failure rate of each elements

Ra=10.8 =Aa=0.2

Rg = 0.9 =AB = 0.1

Rc= 0.95 =Ac = 0.05

Rp=0.86 =Ap =0.15

By using eqg. (2) we get

As=Aat+ Ag+ Ac+ Ap
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=05
B- Now we must compute specified system failure rate by making use of eq.(4)
* _ _l; _ *
o R —1—(1—e )Z = 1—(1—e—ﬂs)z

R =1-(1-TIR |" =089= 4 .
system ( g |) e - ﬂ’s

C- If LA, A'B, A c and A" are allocated (specified) failure rates, we get
Aa=(ASIAS) Aa, Mg = (M 'S/AS) Ag
o= (\"SIhS) he, Ao = (LS/AS) Ap

D- Hence, the allocated reliabilities are
R*A (t) — e- (A*s/As) LA

=066 = 0.4

R ()=, 070
R*C M=¢ (}L:/;) D
R*D t):e-( S S)

Ra() e 40502
Rg ()=, ©408%01
Rc ®ce (0.410.5)+0.05

R ®)=e 405015 _ "

3.Conclusions

1-The process considered in this paper is the converse of that for calculating the system
reliability.

2-If the failure allowance specified for the system is less than the predicted system failure
probability, the specified failure allowance is apportioned among the components in some
equitable manner.

3-This method used to calculate the reliability allocation for more general structure of series -
parallel systems.
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