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Abstract: This paper deals with a two non-identical unit system model in which one unit is operative and second
is standby. These units interchange randomly. Failure and repair rates of both the units are different as they are
non-identical. Whenever an operative units fails a switching device is used to disconnect the failed unit of the
system. After disconnecting, the failed unit immediately goes for repair and the standby unit becomes operative.
Linear differential technique is used for the analysis. Expressions for availability, MTSF and busy period are
obtained.
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1. INTRODUCTION:

Several authors including Gupta et al. have studied the stochastic behaviour of two unit standby systems using
regenerative point technique, linear differential equation etc. Gupta and Pandya (1998) has analysed a system model
with inspection and adjustable rates. Recently Gupta and Kaur have evaluated reliability and availability using a
substitute system. Linear first order differential equations are used for the analysis. Chaudhary and Tyagi considered a
cold standby system in which the correlated failure and repair time distribution are consider. In practical situation the
correlated failure and repair times are rarely observe. We in the present paper consider a two unit cold standby system
in which the role of operation is changed randomly when both the unit are in normal operable conditions. The purpose
of present study is to analyse the system when a switching device is used to disconnect the failed unit for repair.

2. MODEL DESCRIPTION:

This paper introduces statistical analysis of a two- dissimilar unit cold standby system, for which reliability
and availability are calculated. The system has two non-identical units in cold standby configuration. Both the units
have two modes Normal (N) and Failure (F). In the first state unit-1 is operative and unit-2 is kept as cold standby.
Operative and standby units interchange randomly with constant rate. For this process no switching device is require
units. Whenever an operative unit fails a switching device is used to disconnect the failed unit of the system and make
a standby unit operative. A single repairman is always available with the system.

3. NOTATIONS AND STATES
Symbols for the states of the system

No = N-mode and Operative

N s = N-mode and Standby

F» = F-mode and under repair

F,, = F-mode and waiting for repair
SD; =Switching device under repair

Up State:
So =(No»> Ng) S1=(Ns>No)
S3 =(Fr, No) Ss=(No, Fr)

Failed State:

SZ=(FW9NS’SD}’) S4:(NS,FW,SDr)
Séz(FI"Fw) S7:(FW’FI’)
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a, = Constant rate of interchange of units.
0, = failure rate of first unit

@, = failure rate of second unit
7, = Repair rate of first unit
7, = Repair rate of second unit
A = Repair rate of switching device
4. TRANSITION DIAGRAM:
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5. RELIABILITY AND MEAN TIME TO SYSTEM FAILURE:

The mean time to system failure for the proposed system is obtain using linear first order differential
equations. Let p,(f)be the probability that the system is in state at the time t. The initial conditions for this problem

are:
P0) = [Po(0), Pi(0), P,(0), P3(0), P4(0), P5s(0), Ps(0), P;(0)]
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=[1,0,0,0,0,0,0,0]

By using linear first order differential equations we obtain the following differential equations:

dp, (t
%(): =01+ ) py()+ B p, (D) +y, ps (D)
dp,(t)
T == =02+ P PO a py 0+ 7,50
dp, (1)
%: —Ap,(O+6,py(t)
dp,(t)
% - —(02+71)p3(t)+ﬂ,p2(f)+ y2p7(f)
dp, (1)
= AP O+ 6 p ()
dps(t)
pa’;t: =01+ 7)) ps)+ A p () + 7, pe (1)
dp, (1)
637 _ — 7, Ps )+ 0, p; (1)
dt
dp, (1)
Differential equation (1) can be written in matrix form as follow:
P =QP
Where
Py
P
P
.| P
P = .
P
Ps
Ps
 P7 |
ota) P o0
a -6+ ) 0 g
] 0 - !
Q: 0 0 A _(92+7/1)
0 0, 0 0
0 0 0 0
0 0 0 )

V2 0
0 0
0 0
0 0
0 0
-0y, 71
0 7
0, 0
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Po(®) ]
P (1)
P, (1)
P5(1)
P4(1)
Ps(1)
Ps(1)

| P+ (1)

To calculate the MTSF we take the we delete the row and columns of absorbing state of matrix Q and take the
transpose to produce a new matrix A. The expected time to reach an absorbing state is calculated by
E [Tp(0) — p(observing)]

=p(0) |7 dt 3.
1
1
= p(0) (-A1) |
1
where
-6+ o) a 0 0
| P ~0:+h 0 0
0 71 —(02+7) 0
72 0 0 —(6,+ 72)

By solving the equation 3 we get the following expression for the MTSF

a+@,+ [
6 G+ @+ 6,

MTSF =

6. AVAILABILITY ANALYSIS OF THE SYSTEM:
The initial conditions for this problems are

PO) = [Py(0), P1(0), P>(0), P3(0), P.(0), P5s(0), Ps(0), P7(0)]
=[1,0,0,0,0,0,0,0]
The differential equation can be express as

P = QP
P ] [tw B 0 0 0 /) 0 0 [P ]
P | |a -6+ ) 0 7, 0 0 0 0 || P
Pl e 0 ) 0 0 0 0 0 || P
P; 0 0 A =0+y) 0 0 0 7, P
Pollo 0, 0 0 ) 0 0 Py
Pl |0 0 0 0 Lo =ty i 0 1] ps
Pl |0 0 0 9, 0 0 -y, 0 || p,
po | [0 0 0 0 0 b 0 -nllp
4.

In the steady state situation, the derivatives of the state probabilities become zero. That is
QP() =0
That allows us to calculated the steady state availability of the system as
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A(©0) = [Py(0) + P1(0) + P, (0) + P5(0) + P4 (o0) + P5(20) + Pg(o0) + P, (o0)] or
A(0) =1=[P;(0)+ P4(0) + Pc(0) + P7(0)]

Then the equation 4. Can be written as:

(Ot a) g 0 0 0 75 0 0 Po 0]
a (0,4 B) 0 7, 0 0 0 o ||p ] o
b 0 A 0 0 0 0 0 ||P.| |0
0 0 Ao =ty 0 0 0 2 Ps 0
0 0, 0 0 ) 0 0 | o
0 0 0 0 L =G+ 7, 0 ||p | |0
0 0 0 0, 0 0 -y, 0 ||p.| |0

0 0 0 0 0 b 0 -7 lp, | LO]

5

Thus to obtain  p,(0), P;(0), P,(0), P3(0), P4(0), Ps(©), Ps(©), P;(0) we solve this equation under the
normalizing condition.

Py () + P(0) + P5(0) + P3(90) + P4 (%0) + P5(0) + Ps(0) + P;(0) =1 6.
On substitute (7) in the last row of (6) to give the following system of linear equations in matrix form
-(+a) p 0 0 0 7, 0 0 1P| To7
a -(0,+P) 0 7 0 0 0 0 P 0
6, 0 -1 0 0 0 0 0 P> 0
0 0 A =0ty) 0 0 0 7, P 0
0 0, 0 0 W) 0 0 o ||p,| |0
0 0 0 0 A =6+, 2 0 Ps 0
0 0 0 0, 0 0 -7 0 Ps 0
1 1 1 1 1 1 1 Ll p, |1
)

The solution of (7) provides the steady state probability of the availability for the system. A(oo) is given by
A(0) =1—[P5(0) + P4 (0) + P (0) + P7(0)]
A(0) =1— M 8.
D
Where
N1 =(@+0)+(0,+ P +(0,+7)+(01+7))
D = (0:+7)(0+7) G+ +y, v, Gat+y)+ Ly, (6247) (6i+7,)

7. BUSY PERIOD ANALYSIS:

The initial conditions for busy period are

P(0) = [Py (0), P (0), P>(0), P3(0), P,(0), Ps(0), Ps(0), P;(0)]
=[1,0,0,0,0,0,0,0]

The differential equation can be express as

P =QP
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Py | [-G+a) B 0 0 0 v, 0 0 1| Po
P |a ~(6,+ ) 0 7, 0 0 0 0 || P
Pl |6 0 -1 0 0 0 0 0 P,
Py | |0 0 Ao =ty) 0 0 0 V|| Ps
P10 0, 0 0 -1 0 0 P,
Pl 0 0 0 0 Ao =0+r) /) 0 1| ps
Pl [0 0 0 0, 0 0 -7 0 || p,
;| 10 0 0 0 0 ) 0 -nllp ]
9.

Let B(c0) be the probability that the repair man busy in repairing the failed unit. Then the busy period is given by
B(0) =1-[Py(0) + Pi(0) ] 10.

In steady state, the derivatives of state probabilities become zero, then equation (9) can be written as follow:

- (O+a) g 0 0 0 7 0 0 Po 0]
o ~(0,+p) 0 7, 0 0 0 0 || P 0
) 0 ) 0 0 0 0 0 ([P.]| |0
0 0 Ao =Oty) 0 0 0 7 || P 0
0 0, 0 (I 0 0 | o
0 0 0 0 A =G4y 7 P 0
0 0 0 9, 0 0 -7, 0 ||p, | [0
0 0 0 0 0 0 0 -nllp, | L0
11.

Thus to obtain p, (), P;(0), P,(0), P;(0), P,(0), Ps(0), Ps(®©), P;(0) we solve this equation under the
normalizing condition.
Py () + Py () + P5(0) + P5(0) + P4 (0) + P5(©0) + Pg(©) + P;(0) =1 12.

On substitute (12) in the last row of (11) to give the following system of linear equations in matrix form

~(Bi+a) B 0 0 0 7, 0 0 1P| [0
o ~(0s4p) 0 7, 0 0 0 o ||lp] o
5 0 20 0 0 0 0 ||p.| |0
0 0 A =(:t7) 0 0 0 7, || Ps 0
0 b, 0 (R 0 0 o ||p,| |0
0 0 0 0 T 0 ||p, | |0
0 0 0 0, 0 0 - 0 ||p, | |0
I ! 1 I 1 1 I U p, | L1

13.

The solution of (13) provides the state probability for busy period. Thus
B(0) =1-[Py(0) + P () ]
B(x) =1- Na
D
Where
N.= (@ +B)+y, (92"‘71) (0,+P) +71(91+7/2)
D = (6:+7) (61+7) @+ B +y, v, O2+7)+ By, (0:+7) (Gi+7,)
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8. GRAPHICAL STUDY OF THE SYSTEM:

For a more concrete study of the system behaviour, we plot curves for MTSF for the different values of g, and g, :

Figure 1: plot of MTSF against 1
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Figure 2: plot of MTSF against ©2
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