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Abstract

This paper deals with cost — effective optimum design of parallel redundant
system. The components in the redundant system are assumed to be identical
and failure time follows exponential distribution. This paper suggests optimal
spares (S*) required for redundant configuration in parallel redundant system.
The results are presented for common cause failures with fault coverage.
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Notation
N : number of components in the system
S number of spare units.
C cost of each component / unit.
D down time cost of the system .
P . unit module reliability (g = 1- p)
MTTF :  mean time to failure of the system
MTTR :  mean time to repair of the system
1(S) . MTTF in the case of k-out-of-n:G system
T(S) . average cost
Ro . system reliability without spares
B(j,1) : binomial coefficient
A . constant rate of failure of individual components
Aai . constant rate of failure of common cause failures in identical case
A
5 A
R.(S) :  system reliability when common cause failures are operating with

spares
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F(S) . MTTF in the case of common cause failure with fault coverage
G(S) . F(S+1)-F(S)

Introduction
Redundancy makes it possible to achieve the reliability for a system. However
improvement in reliability can also be realized due to the spares redundancy. In this
paper the authors have extended work to parallel system considering the measure of
average cost for the of case of identical components with common cause failures and
fault coverage.

Parallel Redundant System
Assumptions:
1) The system is composed of ( S+n) units.
2) The units of the system are in two states: good / bad.
3) The system works effectively if at least 1 of its (S+n) units function correctly
or equivalently that the system functions correctly if there are almost S of its
(S+n) units failed.
4) Components in the system are all identical with constant failure rate A
5) The fault detection and switch over mechanism is perfect , never fails, always
gives the correct answer and always switches properly.
6) Repair/replacement of the system follows exponential distribution with a
failure rate of wand the system will be in perfect condition after repair /

replacement is completed.

Assuming that fault coverage and common cause failure are effective, while
considering the general redundant configuration, the modal thus emphasize these two
elements additionally and the modal analysis is discussed in this paper. Therefore in
this modal, the reliability of the system including CCF is

S+nf S+n
Re(S) =P Z( ][exp(— A [L-exp(-2t)] " [exp(= Agt)]-——————————- M
i=1 i

Reliability of the system(1) is an increasing function of number of spare units.
Therefore adding spare units does increase R(S) while increasing the system cost.
Hence a cost effective optimal solution can be found which strikes astated balance
between the reliability and cost of the system.

Where the system starts operation, it is assumed to be in working state 1(say which
is functional state) and moves to state O (failed state) and remains in it until
replacement/repair is completed.

The system operation could be treated as alternative process.Assuming that system
operation is infinite. The average cost of the system is

T(S) = c(S+n)[probability is in working condition] +

d[probability that the system is in uader failed condition]
= [c(S+N)(MTTF)+d(MTTR)[/(MTTF+MTTR)----eemmmmm oo eeeeee (2)
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Now MTTF = R, (S)dt
0

0

MTTF =P, SZ(S]J lexp(-20) |- exp(-20)* " Jexp(-2, ot

i=1 0
The system average cost is given by

{c(s +n)(S +n)!P, Szmr(i +5) +d}

S I R = T o

{ (S+n)IP, %r(i_ﬂshl}
AL(S+n+6+D) 47 1! u

S+n Irj _%
where I(S)zr[%}b%z%{z } {lel

X

c(S+n)(S+n)IP, SiD‘F(i +0) +g
AL(S+n+06+1) <5 ! u

Therefore system average cost is a function of spares and optimal value of S is S*
satisfies the condition T(S) <T(S+D)and T(S-1>T(S)) ceevvvevvvivvivncen(3)

An equivalent condition satisfying (3) is given by

[l(%(s)}[|(3)+%+A(S)}+(S+%2 duc SN (- 3]

The cost of the component c is taken as Rs.20,000 /- and for the selected values of
d, uand 4, , the optimal spares S* is obtained using equation (4) and the results are

shown in the tables (1) & (2).

Conclusion

This paper discusses the cost-effective optimum design of parallel redundant system
with and without spares. The components in the system are identical. From the results
it is clear that if the system is affected with CCFs in addition to individual failures
required number of optimal spares S* decrease for comparable values of the
individual failure model. It is also observed from the Tables that reliability of the
system increases with the higher chance of Fault detection
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Table 1: Optimal spares S* for selected valuesof 1=0.1,,u=0.02 (k=1,n=4)

cd |6 |S* | P=09 P.=0.95 P.=0.99
R.(S7) | Ro R.(S) | R R.(S) | R
002 [0 6 |0.90 0.8996 | 0.95 0.9495 |0.99 0.9895
1 0 [08139 |0.8139 [0.8592 [0.8592 [0.8954 0.8954
2 0 |0.7365 [0.7365 [0.7774 [0.7774 |0.8101 0.8101
0 2 | 0.8999 0.9499 0.9899
0.04 17 0 [0.8139 0.8592 0.8954
2 0 [0.7365 0.7774 0.8101
0.06 |0 1 [0.8999 0.9499 0.9899
1 0 [0.8139 0.8592 0.8954
2 0 |0.7365 0.7774 0.8101
0.08 [0 0 [0.8999 0.9499 0.9899
1 0 [0.8139 0.8592 0.8954
2 0 [0.7365 0.7774 0.8101
01 [0 0 [0.8999 0.9499 0.9899
1 0 [0.8139 0.8592 0.8954
2 0 [0.7365 0.7774 0.8101

Table 2: Optimal spares S* for selected valuesof 1=0.2,, u=0.02 (k=1,n=4)

cd | § S* | P.=0.9 P.=0.95 P.=0.99
R.(S7) | Ro R.(S") | R R.(S) | Ry
0 7 |0.90 0.899 | 0.95 0.949 0.99 0.9889
002 |1 0 [0.7361 [0.7361 | 0.7770 0.7770 | 0.8097 0.8097
2 0 |0.6026 |0.6026 | 0.6361 0.6361 | 0.6629 0.6629
0 3 |0.8999 0.9499 0.9899
0.04
1 0 [0.7361 0.777 0.8927
2 0 |0.6026 0.6361 0.6629
0 1 ]0.899 0.949 0.9889
0.06 |1 0 [0.7361 0.777 0.8097
2 0 |0.6026 0.6361 0.6629
0 0 |0.899 0.949 0.9889
0.08 [1 0 |[0.7361 0.777 0.8097
2 0 |0.6026 0.6361 0.6629
01 |0 0 |0.899 0.949 0.9889
1 0 [0.7361 0.777 0.8097
2 0 |0.6026 0.6361 0.6629
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