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This paper deals with the stochastic analysis of a two dissimilar unit system with the proviso of rest to
ordinary unit. Using regenerative point technique with Markov renewal process, several measures of system
validness are obtained.

(1) Transition and unchanging state probabilities

(2) Average sojourn times

(3) Reliability analysis and Average time to system failure
(4) Average Up-time for the system

(5) Average Down-time for the system

(6) Expected number of repairs of failed unit

(7) Expected number of repairs of transfer switch

Various authors including working in the field of reliability theory have analyzed many two unit
engineering systems with the assumption that both the units of the system are of similar type. But in the real
practical situations it is quite reasonable to consider the standby unit as different from operative unit. The unit which
is of very lower price as compared to operative unit can be considered as standby. Also it seems reasonable if we
provide rest to the standby unit after a fixed amount of its operative time to make the system more reliable.

Keeping the above view, we in the present paper analyzed a two unit cold standby system in which the units are
dissimilar. In the system the first unit is main operative unit which gets supremacy in operation as well as in repair
and the second one is ordinary which acts as cold standby unit.

Proviso of rest is applied to the ordinary unit after its continuous operation for a constant gap of time. A transfer
switch is used in changing the cold standby unit as operative. Probability that the changing state switch will be good
in case of the necessity is fixed. A single repair facility is used in the system.

Using regenerative point technique with Markov renewal process, the following characteristics of reliability are
obtained.

(1) Transition and unchanging state transition probabilities

(2) Average sojourn times

(3) Reliability analysis and Average time of system failing

(4) Average Up-time for the system

(5) Average Down-time of the system

(6) Probable number of repairs of failed unit

(7) Probable number of repairs of transfer switch

2.0 Features and assumptions for the Model :

The system consisting of only two dissimilar units in which first one act as priority unit and second one works as
ordinary. Priority unit get preference for both working and repairing. Priority unit is more costly than ordinary unit.
Initially first unit is kept as working and the second one as cold standby.

Every unit has only two modes as Normal (N) and failing (F).

Whenever operative priority unit fails, the standby unit starts working with the help of a transfer switch. The standby
starts operation if transfer switch is good otherwise there is no operation until the switch is repaired. Probability for
the transferring switch will be in good position at the time of necessity is fixed.

Since ordinary unit is the cheaper one with less working efficiency so it needs rest after continuous working for a
constant gap of time. The rest time of ordinary unit is also constant.
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When working unit and transferring switch fails in operation, a single repairing provision is available. After
repairing work of the failed unit and transfer switch works flawless.

Probability distributions of the failing units are negative exponential and probability distributions of repairing units
are general. Also, the operating time and rest time probability distributions of an ordinary unit are negative
exponential.

3.0 Notation and symbols:

NO : Normal unit kept as working

NS : Normal unit kept as cold standby

Fr : Failed unit under repairing

Fwr : Failed unit waiting for repairing

Nrest Normal unit under the position of rest

Tr : Transfer switch under repair

o : Constant failure rate of operative priority unit

B : Constant failure rate of operative ordinary unit

Y : Constant rate of rest time of an ordinary unit

1) : Constant rate of operating time (after which

rest is to be provide) of an ordinary unit

k(.), K() : probability density function and cdf of repairing time distribution of transfer switch
a(), G() : probability density function and cdf of repairing time distribution of priority unit
h(.), H() : probability density function and cdf of repairing time distribution of ordinary unit
p(=1-q) : Probability that transfer switch will remain in

good position at necessary time.
Using the above notation and symbols the the possible states of the system are given below:
Up States

S0 = (NO, NS) S1=(Fr, NO) S5 = (NO, Nrest)

S6 = (NO, Fr)

Down States

S2 = (Fwr, NS, Tr) S3 = (Fr, Nrest) S4 = (Fr, Fwr)

The transitions between the different states are shown by Fig. 1. Given below

Fig 1
O UP STATE

|:| DOWN STATE
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4.0 Probabilities for different changing states:

Let TO (=0), T1,T2,.... be the certain duration at which the system enters the states Si e E. Let Xn denotes the state
entered at epoch Tn+1 i.e. just after the transition of Tn. Then {Tn,Xn} constitutes a Markov-renewal process with
state space E and

Qik(t) = Pr[Xn+1 =Sk, Tn+1 - Tn<t| Xn = Si]

is semi Markov-Kernal over E. The stochastic matrix of the enclosed Markov chain is
P = pik = lim Qik (t) = Q()
t—>w
By simple probabilistic consideration, the non-zero elements of Qik(t) are:
QO01(t) = p.0jt ae-au du
Q02(t) = q.0Jt ae-au du
Q10(t) = 0t e-(B+8)u dG(u)

Q13(t) = 5.0jte-(p+8)u C (uydu

QL4(t) = 0ft pe-(B+5)u © (u)du
Q21(t) = 0ft d K(u)

Q35(t) = 0t e-yu dG(u)

Q46(t) = 0Jt dG(u)

Q50(t) = 0t ye-(o+y)u du
Q53(t) = 0Jt ce-(or+y)u du
Q60(t) = 0t e-a dH(u)

Qoa(t) = of a.e™ H(u)du

LdG(v)
Q()16() = Oft pe-(p+8)u G () du. « (W)
= 0ftdG(v) OJv Be-(B+8)u du, (by the change of order of integration)

B

= B+3oft (1 e-(B+5)v) da(v)
Y

Q3o =¥~ p-5 0ft (e-(B+3)v — e-yv) dG(v)
Sy

Q)33 =¥~ p-o 0ft (e-(B+8)v — e-yv) G (v) du
B

Qa3ety= B+ =B =) ot [(-p-5)-e-(p+o)w - (B+5)e-yw 1dG(w)

Now, we can get qij(t) from Qij(t) by differentiating under integral sign. Thus, we have
go1(t) = p.ae-at
q02(t) = g.ae-at
q10(t) = e-(B+3)t 9(t)

q13(1) = se-(B+3)t © ()

q14() = Be-(B+3)t G (1)
q21(t) = k()

q35(t) = e-yt g(t)

q46(t) = g(t)

q50(t) = ve-(a+y)t
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g53(t) = ae-(ot+y)t
g60(t) = e-at h(g

q64(t) = ae-at H ()

B
q@)16() = P9 (1 - e-(p+0)) gt)
Y
030 = ¥ "B 70 (e-(p+s)t—e-vt) o)
oy
g3 = ¥ PO e(p+s)t—e-t) G (o
B
q.4360) = B+ —B=9) [(,55) - e-p+a)t— (B+5)e-1].00t) .(17-32)

Taking limit as t — oo, we can get the unchanging state transition pij from (1-16) . Thus

pik = lim QiK(t)

t—wo
p0l=p p02 =q
&
010 = G (p+5) 013= P8 G (p45)
B
014 = p(4)16 = P9 1-G (g+)] 021 = pd6 = 1
y i~ —~
p)30= Y P0G (315)-G (5]
)
py3z= (V=B=8)(B+8) [(,.p5)-1C (p+s) + (5+5) C ()]
B
paaas= (¥ =B=8)B+9) (,.55) -G (g45) + (3+5)C )]
_ Y

p35= G () pso= ¢+

o
ps3= &+ 060=1- H ()
p64 = H(a) ....(33-48)
From the above probabilities the following relation can be verified as;
p0l1 +p02=1
010 + p13 + (p(4)16 = p1d) = 1
p2l=pd6=1
p(1)30 + p(1)33 + p35 + p(1,4) 36=1
p50 + p53 =1

060 + p64 =1 ....(49-55)

The average time taken by the system in a particular state Si before moving to any other state is known as average
sojourn time and is defined as
pi = 0Joo P[T>1] dt
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where T is the time of stay in state Si by the system.
To calculate average sojourn time pl in state Si, we assume that so long as the system is in state Si, it will not shift
to any other state. Therefore;

1

HO:(X
1

w=B+3 1. G (g

12 = 0o K (tydt = mi1 (say)
1

w3=T1- G )

p4 = 0o G (tydt = m2 (say)

1
1
w6 = o1-H ()] ....(56-62)

For the contribution to average sojourn time in state SieE and non-regenerative state occurs, before transiting to S-
jeE, i.e,

mij = I t.gij(t) dt = -q"*ij(0)

Therefore,
mO1 = p. Ofeot.ce-art dt m02 = q. Ofect.cre-att dt B
m10 = Ofeo te-(B+5)t dG() m13 = 5.0foo te-(B+3)t C (t)dt
m14 = 0foo t.Be-(B+8)t O (t)dt m21 = 0feo t.d K(t)
m35 = 0foo t.e-yt dG(t) m46 = 0o t.dG(t)
m50 = 0fco t.ye-(aty)t dt m53 = 0foo t.ote-(oc+l)t dt
m60 = 0Joo t.e-art dH(t) m64 = oo t.ae-at H (t)dt

B
m@)16 = P10 0o t.(1— e-(B+5)t) dG(1)

_r
m(1)30 = YB35 0Joo t.(e-(B+8)t — e-yt) dG(t)

oy
m(1)33 = YB35 0Joo t.(e-(B+8)t — e-yt) G (t) dt
B

m1,4)36 = B+ =B=8) glct [(4-B-5) - e-(B+5)t - (B+5)e-4t 1dG(1)

....(63-78)
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Hence using (63-78) the following relations can be verified as follows m01 + m02 = p. Ofoct.ce-at dt + . Ofoct.are-
ot dt

1

= 0Joct.ce-at dt = O = 0 B
m10 + m13 + m(4)16 = OJoo t.e-(B+8)t dG(t) + 5.0/ t.e-(B+8)t G (t)dt

B

+ B+3 0 t.(1 - e-(+o)t) dG(D) = n1 (say)
m21 = 0Joo t.d K(t) = p2 = m1

m35 + m(1)30 + m(1)33 + m(1,4)36 = 0o t.e-yt dG(t)
Y
+ VB8 gl t(e-(B+a)t - et) dG(t)
.y
+ T=B=3 gl t(e-(p+a)t—et) G dt
B
+ B+3)(Y =B =8) glst [(y-B-5) - e-(B+5)t — (B+5)e-t JAG()

=n2 (say)
m46 = 0o t.dG(t) = ud = m2

m50 + m53 = 0fco t.ye-(oi+y)t dt + 0fco t.oe-(o+y)t dt
1

= 0'+y :u5

M60 + m64 = 0foo t.e-at dH(t) + Ofoo t.oe-at H (t)dit

1
= OJ1- |:| (a)] = 6 ....(79-85)

6.0 Reliability and Average time for system failing :

To find reliability of this system we regard all the failed states as absorbing states. If Ti is time for system failing
when it starts working from state Si, reliability of this system is given by

Ri(t) = Pr[Ti>t] Using the probabilistic arguments considering
reliability the following recursive relations can be easily obtained.

RO(t) = Z0(t) + gOL(t)©R1(t) + qO2(H)©OR2(t)

R1(t) = Z1(t) + g10(t)©RO(t) + g13(H)OR3(t)

R2(t) = Z2(t) + q21(t)©R1(t)

R3(t) = Z3(t) + g(1)30()©RO(t) + q(1)33(t)OR3(t) + g35()©R5(t) R5(t) = Z5(t) + g50(t)©RO(t) + g53(t)OR3(t)

R6(t) = Z6(t) + g60(t)ORO(t) ..(86-91)
where _
Z0(t) = e-at Z1(t) = e-(B+5)tC ()

Y

20=K@o z30="7"P~3 peron-(@ro)e-miC
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Z5(t) = e-(o+y)t Z6(t) = e-atH (1)
After applying Laplace transformations in equations (86-91) one gets
R*0(s) = Z*0(s) + g*01(s).R*1(s) + q*02(s).R*2(s)
R*1(s) = Z*1(s) + g*10(s).R*0(s) + q*13(s).R*3(s)
R*2(s) = Z*2(s) + q*21(s).R*1(s)
R*3(s) = Z*3(s) + q*(1)30(s).R*0(s) + g*(1)33(s).R*3(s)
+q*35 (5).R*5(s)
R*5(s) = Z*5(s) + q*50(s).R*0(s) + g*53(s).R*3(s)

R*6(s) = Z*6(s) + g*60(s).R*0(s) ....(92-97)
Solving the above equations (92-97) for R*0(s), we get

R*0(s) = N1(s)/D1(s) ....(98)
where

N1(s) = (1 — g*(1)33 -q*35q*53)(Z*0 + Z*1q*01 + Z*1q*02q*21
+Z*2q*02) + q*13(Z*3 + Z*5q*35)(q*01 + q*02q*21) ....(99)
and
D1(s) = (1 — g*(1)33 -q*350*53)(1 - q*01g*10 - q*02q*21q*10)
- g*13(q*(1)30 + q*350*50)(q*01 + g*02g*21) ...(100)

Now, by using inverse Laplace transformations in result (98), we can get system reliability for well-known failing

time distributions. Also we can get Average time for system failing (ATSF) when the system begins working from

initial state SO as

E(T0) = lim R*0(s) = N1(0)/D1(0) ....(101)
s—0

Now,

1
Z*0(0) = OJoce-at dt = O =0

Z*1(0) = 0Joo e-(B+3)t G (tdt
1

= B+8. G gy =

7%2(0) = 0o K (t)dlt = m1

N S
2+3(0) = T =P =9 ofeo [ye-(p+)t - (B+8)e-10)] C (vct = L (say)
1
Z5(t) = OJoce-(aty)tdt= 17V =5
1
Z6(t) = ofooe-oaﬁ (tydt= O [1- H (W]=u6  ...(102-107)
Therefore,
N1(0) = (1 - p(1)33 -p35p53)(n0 + pl + m1p02) + pl3(L + u5p35) ....(108)
and
D1(0) = p14(1 — p(1)33 — p35p53) + pl3p(1,4)36 ....(109)
Hence, E(TO) = N1/D1 ....(110)
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where N1 and D1 are same as in (108) and (109).

7.0 Average up-time of system:

Let Ai(t) represent the probability that starting from state Si the system will remains up at fixed time t. Using

probabilistic arguments the following recursive relations can be easily obtained

AO(t) = MO(t) + qO1(t)©AL(t) + q02(1)©A2(t)

AL(t) = M1(t) + g10(t)©A0(t) + q13(t)©A3(t) + q(4)16(t)©AB6(t)

A2(t) = q21(t)©AL(L)

A3(t) = M3(t) + q(1)30(t)©A0(t) + q(1)33(1)©A3(t) + g35(t)©A5(t)
+q(1,4)36(t)©A6(t)

A4(t) = g46(t)©AB(t)

A5(t) = g50(t)©AO0(t) + g53(H)©A3(t)

AB(t) = M6(t) + g60(t)©AO(t) + q64(t)©A4(t) .L(111-117)

where

MO(t) = e-at

M) = e-(p+8)tC (0
v B
M3 = ¥ B0 egrsmtC (1)

M6(t) = e-at H (1)
After applying laplace transform in equations (111-117) one gets
A*0(s) = M*0(s) + g*01(s).A*1(s) + q*02(s).A*2(s)
A*1(s) = M*1(s) + q*10(s).A*0(s) + q*13(s).A*3(s) + q*(4)16(s).A*6(s)
A*2(s) = q*21(s).A*1(s)
A*3(s) = M*3(s) + q*(1)30(s).A*0(s) + g*(1)33(s).A*3(s)
+ q*35(5).A*5(s) + g*(1,4)36(s).A*6(s)
A*4(S) = q*46(s).A*6(S)
A*5(s) = g*50(s).A*0(s) + q*53(5).A*3(s)

A*6(s) = M*6(s) + g*60(s).A*0(s) + q*64(s).A*4(s) ....(118-124)
Now, solving for point wise availability A*0(s), one gets
N2(s)
A*0 (s) = ....(125)
D2(s)
where

N2(s) = (1 - g*469*64)(1 - q*(1)33 - q*350*53)[M*0 + M*1(g*01
+ (q*02g*21)] + q*13(g*01 + q*02g*21)
[(1 - g*460*64)q*35M*5 + *(1,4)36M*6] + M*6g*(4)16(g*01
+q*02g*21)(1 - g*(1)33 - q*350*53) ....(126)
and
D2(s) = (1 - g*469*64)(1 - q*(1)33 - q*350*53)[1 — g*01(gq*01
+*029*21)] - q*13(gq*01 + q*02g*21)[(1 - q*460*64)
.(1- g*(1)33 - g*359*53)- q*(1,4)36(1 - g*60 - q*460*64)]
- (g*01 + g*02g*21)(1 - g*(1)33 - q*350*53)q*(4)16g*60

....(127)
Now,
D2(0) = (1 - p46p64)(1 - p(1)33 - p35p53)[1 — p01(p01
+p02p21)] - p13(p01 + p02p21)[p13p(1,4)36(1 - p60
- p46p64)] - (1 - p(1)33 - p35p53)]p(4)16p60
=(1-p64)(1-p(21)33-p35p53)(1 - pl0-pl3)
+ [p13p(1,4)36(1 - p60 - p64)] - (1 - p(1)33 - p35p53)p(4)16p60] =(1- p(1)33 - p35p53)[p(4)16p60
-(1- p(1)33
- p35p53)]p(4)16p60 = 0 ....(128)
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Now, for obtaining D’2(0) the coefficients of mij’s in D’2(0) are,
mO1

—  p60(1 - p(1)33 — p35p53)
mO02 —  p60(1 - p(1)33 — p35p53)
m10 —  p60(1 —p(1)33 — p35p53)
m13 —  p60(1 —p(1)33 — p35p53)
m(4)16 —  p60(1—p(1)33 — p35p53)
m21 —  p02p60(1 — p(1)33 — p35p53)
m(1)30 - 0
m(1)33 - 0
m35 - 0
m(1,4)36 —» 0
m46 —  p(4)16p64(1 — p(1)33 — p35p53) + pl3p(1,4)36p64
m50 - 0
m53 - 0
m60 —  pl3p(1,4)36 + p(4)16(1 — p(1)33 — p35p53)
m64 —  pl3p(1,4)36 + p(4)16(1 — p(1)33 — p35p53)
Thus,
D’2(0) = p60(1 — p(1)33 — p35p53)(u0 + n1 + m1p02) + [p13p(1,4)36
+ p(4)16(1 — p(1)33 — p35p53)(u6 + m2p64) ....(129)
Also,

M*0(0) = 0Joce-ortdt = Lot =0
M*1(0) = 0face-(B+8)t C (1) dt = 1
Y B (g —pa)y
M*3(0) = ¥ ~B =8 0foo(e-(p+8)t - eyt). G (= (¥ =B =3) =11 (say)
M*6(0) = Ofoce-ot H (t) dt = pu6

And then
N2(0) =(1-p(1)33 - p35p53)[p60(n0 + nl) + p(4)1616]

+ p13[p(1,4)36u6 + p60(p35u5 + L1)] ....(130)
Therefore,
A0 = lim UO(t) = lim s.U*0(s)

t—o0 s—0

= lim N2(s)/D2(s) = N2/D2 ....(131)
s—0

Where N2 and D2 are identical as in equations (130) and (129) respectively.

8.0 Average Down-time for system:

Let Bi(t) denote probability for starting from regenerative down state Sj the system shall remain down at fixed time
t. Using probabilistic arguments we can get relations given below also known as recursive relations.
BO(t) = q01(t)©B1(t) + q02(t)©B2(t)
B1(t) = q10(t)©BO0(t) + q13(t)©B3(t) + q(4)16(t)©B6(t)
B2(t) = M2(t) + g21(t)©BL1(t)
B3(t) = M3(t) + g30(t)©BO(t) + q(1)33(t)©B3(t) + q35(t)©B5(t)
+q(1,4)36(t)©B6(t)
B4(t) = q46(t)©B6(t)
B5(t) = q50(t)©BO0(t) + g53(t)©B3(t)
B6(t) = q60(t)©BO(t) + q64(t)©B4(t) ....(132-138)
where

Mm2(t) = K ()

M3(t) = et C (1)

After applying Laplace transforms in equations (132-138) one gets
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B*0(s) = g*01(s).B*1(s) + q*02(s).B*2(s)
B*1(s) = q*10(s).B*0(s) + g*13(s).B*3(s) + q*(4)16(s).B*6(s)
B*2(s) = M*2(s) + q*21(s).B*1(s)
B*3(s) = M*3(s) + q*30(s).B*0(s) + g*(1)33(s).B*3(s)
+ q*35(s).B*5(s) + q*(1,4)36(s).B*6(s)
B*4(s) = q*46(s).B*6(s)
B*5(s) = q*50(s).B*0(s) + q*53(s).B*3(s)

B*6(s) = q*60(s).B*0(s) + q*64(s).B*4(s) ....(139-145)
Now, solving the above equations for B*0(s), by removing the arguments ‘s’ for brevity, one gets
N3(s)
B*0 (s) = ....(146)
D3(s)
where

N3(s) = (1 - g*460*64)(1 - g*(1)33 - g*350*53)M*2(q*02
+g*13(q*01 + g*02g*21)(1 - g*46q*64)M*3 ....(147)
and D3(s) is same as D2(s) in equation (127).
Now,
M*2(0) = 0foo K (1) dt = p2 = m1

M*3(0) = 0fwceyt G (t) dt = 3

Then,
N3(0) = p60[(1 - p(1)33 - p35p53)p02m1 + p13u3] ....(148)
Therefore,
BO = lim AO(t) = lim s.B*0(s)
t—oo s—0
= lim N3(s)/D3(s) = N3(0)/D’3(0) = N3/D3 ....(149)
s—0

where N3 is same as in (148) and D3 is as D2 in (129).

9.0 Probable Number of repairs for failing unit :

Let we define, Vi(t) as the probable number of repairs completed by the repairman in (0,t] subject to the condition
that the system initially started from recreating state Si at t=0. Then following results for Vi(t)‘s can be calculated
as;
VO(t) = QOL(t)$V1(t) + QO2(H)$V2(t)
V1(t) = Q10(t)$[1 + VO(t)] + QL3(t)$V3(t) + Q(4)16()$[1+V6(1)]
V2(t) = Q21(t)$V1(t)
V3(t) = Q(1)30()$[1 + VO()] + Q(1)33(t)$V3(t) + Q35(1)$[1 + V5(1)]
+ Q(1,4)36(t)$[1+ V6(1)]
VA(t) = Q46(t)$[1 + V6(1)]
V5(t) = Q50()$VO(t) + Q53(H)$V3(t)
V6(t) = Q60(1)$[1 + VO(t)] + QB4(1)SV4(t) ....(150-156)
Now after applying laplace stieltjes transformations in above equations (150-156), we get

Vv Vv Q v
0(s)= 01(s). 1(s)+ 02(s). 2(s)

O

v Q V Q Y, Q Y,
1(s)= 10(s).[1+ O@)]+ 13(s). 3(s)+ (4)16(s).[1+ 6(5)]

Vv Q v
2(s) = 21(s). 1(s)
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v Q v
()= (130(s).[1+ O]+ (1)33(5).- 3(9)

<
QO

V Q V
+  35().[l+ 56)]+ (L4)36()[L+ 6(S)]

\%
4(s)= 46(s).[1+ 6(s)]

QO

<
QO

Vv Q v Q v
5(s) = 50(s). 0(s)+ 53(s). 3(s)

Vv Q Vv Q v
6(s)= 60(s).[1+ O(s)]+ 64(s). 4(s)

\
And the solution of  0(s) may be expressed as

\Y
0(s) = N4(s)/D4(s)
where

Q Q Q Q Q Q Q
N4(s)=(1- 46 64)(1- (1)33- 35 53)( 10+ (4)16)( O1
Q Q Q Q Q
+ 02 21)+ (4)16( 46 64+ 60)(1- (1)33

QO

QO
QO

Q Q Q Q Q Q Q Q
35 53)( 01+ 02 21)+ 01 13[( (1)30+ 35

QO

Q Q Q Q Q Q Q
+ (1,4)36)(1- 46 64)+ (14)36( 46 64+ 60)]
...(165)
and

Q Q Q
D4(s)=(1- 46 64)1- (1)33- 35 53)[1- 10( O1

QO
QO
QO
QO

Q Q Q Q Q Q Q
+ 02 21)]- 13( 01+ 02 21)[(- 46 64)(1- (1)33
Q Q Q Q Q Q Q
35 53)- (1,4)36)(1- 60- 46 64)]-( 01

QO
QO

Q Q Q Q Q Q Q
+ 02 21)(2- (1)33- 35 53) (416 60
Now,
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....(157-163)

....(164)

....(166)
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N4(0) = (1 - p(1)33 - p35p53)(p60(1 — p13) + p(4)16)

+ p01p13[p60(1 — p(1)33) + p(1,4)36] ....(167)
Now, probable number of repairs for failing unit is given by
VO = lim [VO(t)/t] = lim s \% 0(s) = N4/D4 ....(168)
t—> s—>0

where N4 is identical as (164) and D4 is identical as D2 in (129).
10. PROBABLE number of repairs FOR transfer
switch
Let we define, V’i(t) as the probable number of repairs completed by the repairman for transferring switch in (0,t]
subject to the condition that the system initially started from recreating state Si at t=0. Then following results
among V’i(t)‘s can be calculated as;
V’0(t) = QOL()$V’1(t) + QO2(H)$V’2(t)
V’1(t) = Q10(H)$V’0(t) + Q13(H)$V’3(t) + Q(4)16(H)$V’6(t)
V2(t) = Q21(H)$V’1(t)
V73(t) = Q(1)30()$V’0(t) + Q(1)33()$V’3(t) + Q35()$V’5(t)
+Q(1,4)36(t)$V’6(t)
V’4(t) = Q46(1)$V’6(t)
V’5(t) = Q50(H)$V’°0(t) + Q53(H)$V°3(t)
V’6(t) = Q60()$V’0(t) + Q64(H)$V 4(t) ....(169-175)
Taking laplace stiltjes transformations in above equations (169-175) we get,

v Q Y, Q v

0(s)= 01(s). ’I(s)+ 02(s). ’2(s)
v Q Y, Q v
I(s)= 10(s). ’0(s)]+ 13(s). ’3(s)+ (4)16(s) ’6(s)

\Y
2() = 21(s). ’1(s)

<
QO

<
QO

\Y; Q v Q V
3(s)= (1)30(s). 0(s)+ (1)33(s). ’3(s)+ 35(s). ’5(s)

<
QO

V
+ (1,8)36(s). 6(s)

QO

<
Q1

V

4(s) = 46(s). ’6(s)
Y, Q v
5(s)= 50(s). ’0(s)+ 53(s). ’3(s)

<
QO

v Q Y, Q v
6(s)= 60(s). ’0(s)+  64(s). ’4(s) ....(176-182)

Vv

And the solution of  0(s) may be expressed as:
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\Y
0(s) = N5(s)/D5(s) ....(183)
where
Q Q Q Q Q Q Q

N5(s)=(1L- 46 64)(1- (1)33- 35 53) 02 21 ....(184)

and D5(s) is same as in D4(s) in (166).

Now,

N5(0) = p60p02(1 - p(1)33 - p35p53) ....(185)

Therefore, in unchanging state the probable number of repairs of transferring switch is given by:

VO = lim [VO(t)/f] = lim s \Y 0(s) = N5/D5 ....(186)
t—> s—>0

where N5 is identical to (185) and D4 is identical to D2 in (129).

10.0 Conclusion:

Mathematical results obtained in this study is useful for finding average time of system failure, average time spent
by a repairman and probable number of repairs required, when the cold standby used in a production house is of low
cost.
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