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Abstract: This paper deals with stochastic behaviour of a system having two dissmilar
units in which one is a preferred unit and other is non preferred unit, in standby. The
system has three modes: normal, waitng and total failure. A switch is used to operate the
standby unit and it works successfully with probability (oc5=1-ocl). The preferred unit
always gets priority over non priority unit when both are in failure mode. The failure and
repair rates follow exponential and general distributions respectively. Supplementary
variable technique has been employed to obtain various probability states. The steady
state behaviour, special cases and numerical examples have been taken.

1. Introduction

Earlier many researchers have studied two identical unit standby system. In 1996
Hyderi and Joorel have also considered two identical unit cold standby redundant system
subject to random failure. But in realistic situations both the units are not always happen
to be similar. Further it is found that switching devices also plays very important role in
the standby systems. Keeping all these in view, in this section author proposes to evaluate
the cost benefit function, MTTF, reliability and availability of a two dissimilar units in
which one unit is a prefefred unit (P) and other non-preferred unit (N) in standby with
three states i.e. normal, waiting and fail with supplementary variable technique. The
preferred unit always get priority over non-preferred unit when both are in failure mode.
Initially P-unit in operative mode while N-unit in standby. When P-unit fails N-unit 1s
switched to operate with a switching device, but there is a possibility that the switching
device may not switched on at the time of need with probability (o, =/1-0Ll). In the proposed
model all the tyes of failutre are assumed to be exponential while repairs are distributed
quite generally. The author has taken head-of-line repair discipline. Transition diagram of
the model under this repair policy is shown in Fig. 2. Block diagram of the model is
shown in Fig. 1.
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P
P - Preferred Unit
S.D. N : Non-Preferred Unit
S.D. : Switching Device
N

Fig. 1 Block Diagram of System
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Assumptions

1. Initially at t=0, the system work with normal efticieny.

2. Failures are statistially independent.

3. All repairs follow general distributions.

4.  System fails when both the units are in failed state.

Notations
D/Dx/Dy/Dl,/D:/D,

oy,00,04
a5
¢1(X)A/¢z(y)A/¢3(u)A/

d4(@)A Y1 (VA

Pos(t)

Pro (X,t)A
PF(;) (y,t)A

Pop(y.H)A

Ppp(y. 1A

[k xjex
§,-k(s)=k(x)e 4

o]

Constant failure rate due to minor/major failure.
Constant failure rate due to failure of switching devie.
First order probability that operable/operable/failed/ failed/failed

system repaired in time interval (x,x+D)/(y,y+D)/(u,u+D)/
(z,z+D)(y.y*+D).

P{at time t the system is in state S ].

P{the system is in state S, at time t due to failure of P unit
and elapsed repair time lies in the interval (x,x+D)}
P{the system is in state S, at time t due to failure of N unit
and elapsed repair time lies in the interval (y.y+D)}.

P{the system is in state S, at time t due to repair of p unit}.

P{the system is in state S, at time t due to major failure of P
unit and elapsed repair time lies in the interval (Y, y+D).

P{the system is 1 state S, due to switch failure-and elapsed «

. repair time li€s in the intérval (Zz+D)}.

where k= ¢;.62.63.94.V1

j-_— j unless otherwise stated.
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Basic Equations and their laplace Transforms

By elementary probability considerations and continuity arguments, the following

difference-differential equations governing the behaviour of the system may be seem to

hold good.

(D

2

“4)
(5)

(6)

(7
(3)

©)
| (10)

1n

[D+a;+as]Fos(t)= j.¢1(X)PFo(x,l)dx+ J‘¢2(.1"/P0F(yvt)dy

[De+Dy+ay+¢i(x)] Prp(x,t)=0
[Dy+Dy +yi( ¥)] Pryf 3:1) =0
[Dy+ D +ay+¢2(y)] Pep(y,t)=0
[Dy+D,+y(y)] Pre(y.t) =0
[D,+D;+84(z)] Pg(z,) =0

Boundary Conditions .

Pro(0.0) = Pos(t)+ [oy(2)Pa(=t)dz+ [o(y ) Per(y.0)dy
Pry(0.t) =y Pro(x,t )dx

Por(0,t) = [wi(y)Pro( y.t)dy
Prp(0,t) =ay J'POF‘()’vt)dy
Py(0,t)=ats [Pos(1)

Initial Conditions

We assume that the system is initially in the normal state S i.e. P ey =1 and other

probabilities are zero.

Solution of the model

Taking Laplace trasforms of equations 1 to 11 and using the boundary and initial

conditions, we get
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- 1
P j= ———
(12) 0s(s) Drs)
= Al's)
P T ———
(3) F0(5)= ps)

l—§W](S) Als)

(14) Pro(s) =z, 0]

o ‘ — 1—‘§ (s+a4) Als

(1s) Por(s) =2 Sy (8) = o

1—§¢I(s+a4) 1—§W2(S) Als)
stay; s Dis)

(16) ﬁ}:‘/.‘(s)Za2 .(X4.§V/[(S).

1-S4(s) 1

(17 Pg(s)=at;. B

The Laplace transforms of the probabilities of the system is in up and down state at
time t is given below:

= —_ 1—§¢7(s+a4) ]
(18) Bl )= 1+ A(s)+ay Sy, (s). S~+a4 Al's) Brei
_ -5 _ 1-8, (s+ay) 1-5,,(s)
4 (") 4 v
(19) quwn(s){az' - : A(s)+a_7a4S.,,,(s).——32:a—4f-.f_sz_,A(s)
1-8,
+a5.—————-——'¢4(S) ————1 }
s D(s)

It is worth noticing that

_ = I
Pllp(s)+ Pdown(s) = -
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where

D(s)=s+a;+tds —a,S—a/ (s+a2)—a5‘§¢,(s)§¢l(s+a2)a2a4A(s)§¢l (s+a>)

1—§¢2(s+a4)

(20) ———S—Jr—a;———agA(s )Sy, ()84, (s +ay)

1~.S_'¢2(s+a2)

[a;+a58,,(s)]
21 A(S): _ s+a; _
( ) 1—a2a4§,/,l(s)§w(s) ]—S¢1(S+a2)1—5¢2(s+a4)
s+a; s+oy

Ergodic Behaviour of the System

Using Abel’s Lemma in Laplace transforms, viz.
Lim sf(s) = Limf(t)=f (say)
s—0 t—n

provided that the limit on the right hand side exists, the time independent probabilities are
obtained as follows:

)

) s = o)

b A0)
> 0 Do) o

L A0) T J
(2“) o sa M 5 L

184 (ay) 40)

@) for =a2 ay “D(0)
(26) Pep =a.[1-5p (ag)].M*? A0)

‘D(0)
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¢, A0)
27N Pg =asM"™ D70)
Also

1-S4 (ay) i
$2' =4

(28) up ‘»I+A(0)+a2 A(O)} D(0)
(29 Piowsn =47 Pup
where

-Bro)

Il

d
U(O){;;D(S)Loand MO (0=y.w2.91.92.94

Special Cases

(i Constant Repair Rates:

When reairs follow exponential time distribution.

Setting §%s)= -

where 6 = W17W27¢1a¢2,¢4 in relation (12) to (18), one

T Fos(s)= i
Gy P A2
pa 25
(33) Bop(s)= 200 L As)

s+ s+ayté; E(s)
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— 1 I As)
/ 1
” Per(s)= B T Sy
(34) Fr(s) a2a4s+y/, stay+@y sty2 E(S)
- ) 1
3 Py(s)=oa5.—-
) B(8)= %5 g, Els)
5 @y I
5 P (s)=|1+A4;(s)+ : W
(36) up( ) { () Sty 3 g+ P il )]E(s)
where
E(s)=s+a1+a2+a5— a1¢[ —a5——¢4—— ¢] —a2a4A1(s) Vi
s+ay+d; s+dy s+ar 9 s+
¢ ¢ 4 ¢
37) b0 g2
s+ay+@; s+ay+9; s+ Syt
)
{a/+a5 ?
L sty | staz + @y
13 Afs)s———————"—" |
(38) v Y2 I 1
T e
sty s+Y2 stay+@; s+ay +¢>
Numerical Analysis
Availability Analysis: Setting @; =y =92 = p3=0s=1 04 =01,a, =015,
oy =02,05=025in equation (36) and (37), we get the inverse Laplace transform of E,p(s)

113371 ~0.9805¢

~L31471 4 0.006% ~0.5171e

(9)  Pplt) = 0.8371e~"0006" 4 8 863 le

_§.3518¢2103 cos(0.4984 )t +0.8658¢210% 5in(0.4984)1

Puttingt=0,1,2........ in equation (39) one can compute Table 1 and Fig. 4.
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Cost Effectiveness of the System

Assuming that the service facility as always available and remains busy for time t
during inverval (0,t]. Let C, and C, be revenue cost per unit time and service cost per unit
time respectively. The profit function G(t) in the inverval (0,t] is given as follows:

¢
(40) G(1)=C, j'P,,p(t) di—Cot = C;[-1395.1667¢ 000061 _6 747507131471
0

—0.0061e 1337 £0.5274e7098051 _ 3. 0418712103

sin(0.4984)t +5.648¢”1210% cos(0.4584)t + 1395.7389]C5 1

Setting C =1, t=0,1,2,.....in eqation (40), the expected profit for C =0.1,0.3 and 0.5
are shown in Table 2 and Fig. 5.
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