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Abstract: This paper deals with two systems have a single unit with two dissimilar components. The system remains operative
even if a single component is in operative mode. The failure of one component creates change in life time parameter of other
component. Both components can be replaced with a similar component. After replacement of each component, the system is
as good as new. In second system Preventive maintenance (i.e. inspection, minor repair etc) is provide to system when system

is in the state S, where both components are normal mode.
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I. INTRODUCTION

In reliability field several authors have attracted to complex
redundant system. Some of them obtain the availability of a
system with two sub system taking constant failure rate and
general repair time distribution for each system. Preventive
maintenance is maintenance that is regularly performed on a
piece of equipment to lessen the likelihood of it failing. It is
performed while the equipment is still working so that it

does not break down unexpectedly. It is planned
maintenance that ensures any required resources are
available.

The maintenance is scheduled based on a time or
usage trigger. A typical example of an asset with a time-
based preventative maintenance program schedule is an air-
conditioner which is serviced every year, before summer.
Keeping this concept in view, the purpose of the present
paper is to compare the two systems one is without
preventive maintenance and second is with preventive
maintenance.

Il. STATES AND SYMBOLS OF SYSTEMS

These are the common symbols for both the systems
0, = Failure rate of component A.
8, = Failure rate of component B.

O, = Failure of A when B has already failure.
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Hé = Failure of B when A has already failure.
a; = Replacement of A.
a, = Replacement of B.
a = Replacement of A and B.
g(t) = Pdf of time for taking a limit into preventive
maintenance.
g(t) =™
h(t) = pdf of preventive maintenance time
h(t) = 0e™ .
Ao Bo=Component A and B in operative mode.
Ao, Be = Component A is in operative mode and B in
Failure mode.
Ar, Bo = Component B is in operative mode and A in
Failure mode.
A, B = Component A and B in Failure mode.
Apm: Bpm= Component A and B are in Preventive

Maintenance.

FOR SYSTEM-1
UP STATES:

SOZ(AO!BO) ;
SZZ(AF1BO)

SlZ(AO!BF)

DOWN STATE:
$:= (Ae, Be)
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Figure 1: TRANSITION DIAGRAM FOR SYSTEM-1

I11. STEADY STATE TRANSITION PROBABILITIES

Let p; denotes the steady state probability that the system

transits from state S;to S; (i, j=1,2,........ 9)
N K
Therefore,
P01 = L ' Poz = 02
0, +6, 0, +6,
a, 9;
PlO = T 13-
a, +0, a, +0,
91
Py = % T P23=—1,
a,+0, a,+6,
Pso =1

1IV. MEAN SOJOURN TIME

Mean time of stay in state S; is called the mean sojourn time
in state S; and it is denoted by ;. If T;is the sojourn time in
state S; , then the mean sojourn time in state S; is given by :

w,=[P(T,.>1) dt
\PO= 1 ) \p]_: 1 "
0, +0, a, +06,
1 1
\Pz: - \PS: —
a,+0, a
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V. RELIABILITY OF THE SYSTEM AND MTSF

Let R; (t) denotes the probability that the system is operable
up to time t when it starts from state S;. In order to obtain Rq
(t), we consider the following two contingencies.
1. System remains up in state Sy without making any
transition to any other state up to time t. The
probability of this contingency is

=Zy(1)

g (@rat 2. System enters to the state

S; from S, during (u, u+du), u<t
and then starting from S;, it remains up
continuously during remaining time (t-u), the
probability of this contingency is

t
[ dor (u)duR, (t—u) = g5, @ R ()
0

Then
Ro(t) =Zo(t) + 4o, © R1 (D)

+ 0o, © Re (1) (1)

Ri(®=2Z1(0+ G;u©Ro ()

Ro(t) =Z2(t) + 0,© Ro (1) -(2-3)
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(2-3)
Taking Laplace transforms of the above equations. For

brevity, We have omitted the argument ‘s’ from qu (s), Z:

(s) and R:(s). Solving the above matrix equation for R;(s),
we get

N, (s)
D, (s)

Ry () =

Where
N, (s)= Zyt0p1 Z; + Uy 2,

Dl(S) = 1—{q;1 QIo““ qu QZO}

The mean time to system failure (MTSF) can be obtained by
using the formula,

E(T) =R, (t) dt
=lim R; (s)
_N,(0)

- D,(0)

(4)

(4)
To determine the N,(0)and D,(0), we first obtain

Z. (0) by using the following result
lim Z;'(s) = jzi (t) dt

s—0

Therefore,

Z;(0)=y,and Z, (0) =y, (i=123)

We can get the MTSF of the system by putting these values
of N,(0)and D, (0)in (4).

VI. AVAILABILITY ANALYSIS

1. When unit is in normal (N) mode and operative: Let

A'N (t) be the probability that the system is up, due to a

unit in N-mode at epoch t, when it initially start from state S;
€E

Al ©=20+ 00 A ©
Al0=2.0+ a0 AL ©+d ©A, OA, O =
Z,()+ 00 © An () + G © Al @

TRANSITION DIAGRAM:
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A;\l (t) = s (1) ©A§ ®

After taking Laplace Transformation and solving these
equation we get

N, (s)
D, (s)

A, ()=
(%)

Where.
N,(S)=Z, +0g; Z; + Uy, Z,

D, () =1~ {0g; Ui+ Uss Gs0) + Gop (Ups Uy + o)

Therefore, the steady state availability of the system, due to
a unit in N-mode and operative, is given by

N _ Nz(s)
A= ()

(6)

6.
Since D,(0) =0, therefore by L- Hospital law from 6 we have

n - N,(0)

AO = : 0

Dz( ) (7

7.

FOR SYSTEM-2
UP STATES:

So=(Ao:Bo) S1=(Ao: Br)

S>= (Ar,Bo) : SSZ(Apm;Bpm)
DOWN STATE:

S= (A:, Be)
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Figure- 2 TRANSITIOM DIAGRAM FOR SYSTEM-2

VII. STEADY STATE TRANSITION
PROBABILITIES

Let p;; denotes the steady state probability that the system
transits from state S;to S; (i, j= 1,2,

. . k
Py =lim @, (t)and pk =lim Qs (1

Therefore,

o, 0,
P01:—v 02 =
0,+6,+1 0,+6,+1
_ A __ %
®T0,+60,+2 " Y a,+0,
921 a,
F)14— ) 20 = :
a, +6, o, +6;
01
P,=—>—, Py =1
24 (Z2+01 30
P, =1

VIIl. MEAN SOJOURN TIME

Mean time of stay in state S; is called the mean sojourn
time in state S; and it is denoted by V;. If T;is the sojourn
time in state S; , then the mean sojourn time in state S; is
given by :

w,=[P(T.>1) dt
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1 1 1
Wo - , Y= 2= -
6,+6,+1 a, +0, a, +06
o=+ y,= L
. YT a

IX. RELIABILITY OF THE SYSTEM AND MTSF

Let R; (t) denotes the probability that the system is
operable up to time t when it starts from state S;. In order
to obtain Ry (t), we consider the following two
contingencies.

1. System remains up in state S, without making any
transition to any other state up to time t. The probability of
this contingency is

a-(Gralt =7, (1)

2. System enters to the state S; from S, during (u, u+du), u
<t and then starting from Sy, it remains up continuously
during remaining time (t-u), the probability of this
contingency is

t
qu(u)dURl (t—u) = gy, © Ry (1)
0

Then

Ro (t) =27, (t) + q01© R, (t) + q02© R, (t) + q03© R (t)

8
Ri() =Z: (1) + 010© Ro ®

Ry () =2Z, (1) + qzo© Ro (1)

©)
(10)
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Ra(t) = Z5(t) + Q3@ Ro (1) (11)
Taking Laplace transforms of the above equations. For
brevity, We have omitted the argument ‘s’ from q; (s), Zi*

(s) and R:(s). Solving the above matrix equation for R;
(s), we get

1 (8)
D (s)

Ry (s) =
Where
Nl(S): Z; +q(*)1 ZI + q(jz Z;+ Z gqgo
D:I;. (s) =1 _{q;l QIO+ qu q;o + qgoqgs }

The mean time to system failure (MTSF) can be obtained
by using the formula,

E(T,) =R, (1) dt
= Iirrg R, (s)

_ N0

D, (0)
To determine the N,(0)and D, (0), we first obtain

.(12)

Z. (0) by using the following result
lim Z;'(s) = jzi (t) dt

s—0

Therefore,

Z,0) =y,and Z; (0) =y, (i=12 34)

We can get the MTSF of the system by putting these
values of N, (0)and D, (0)in (12).

X. AVAILABILITY ANALYSIS

1. When unit is in normal (N) mode and operative
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Let A'N (t) be the probability that the és;stem is up, due to

a unit in N-mode at epoch t, when it initially start from
state S;€ E

A(')“ () =Zo(t) + gy () © AlN ®+ Qo ®© A'; ©
AlN © =2+ ), © Agl ®+0y3 ©A§ ©

Ag‘ ®=2Z()+0,,0© A;\l (t) + 400 Agl ©
AL O =20+0,0 e Ay 0

AlD= a0 Al o

After taking Laplace Transformation and solving these
equation we get

NGRS
D, (s) )
Where.
N,(8) =24 +0g, Z; + Ug, 2 + gg 25
D,(s) = 1 - {4, (A,+  d

q40) + q02 (q24 q40 + q20) + q30 q03

Therefore, the steady state availability of the system, due
to a unit in N-mode and operative, is given by

AN =53 N2 (S)

0 —_—

D, (s)

(14)
Since D,(0) =0, therefore by L- Hospital law from 6 we
have
AN - NZ_(O)
" D,(0)

(15)

GRAPHICAL STUDY:
For a more concrete study of the system behaviour, we plot
curves for MTSF and Availability for the different values
of 6;andB, in System-1 and System-2, respectively keeping
the other parameter fixed.
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XI. CONCLUSION

After Graphical study we can see that the MTSF and
availability of system-2 is better than system-1 because in
system-2 we provide it a preventive maintenance which is
responsible for the betterment of system-2.
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