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ABSTRACT

In this paper, two different components and one repairman of with warm standby system
priority is studied. Assume that two components of working time, standby time, the repair
time after fault and the repair time after standby fault are subject to the different exponential
distribution and the repair of the component 1 is geometry repair and the repair of the
component 2 is as good as new. The component 1 has priority in use and repair. By using
geometric process theory, the supplementary variable method and the Laplace transform, the
reliability indices of the systemare obtained.
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Introduction

The warm standby repairable system model is one of the
more important in the reliability theory and application. In the
reliability study, the assumption that components are as good as
new. In practical problems, the component after repair is often to
be worse in performance than before. With the growth in using,
the life of the component will be shorter and shorter, and the
repair time after fault will be longer and longer. Therefore, the
study the "repair of non-new" component of the system has
some theoretical and practical significance. Literature [3]
considers a deteriorating cold standby repairable system
consisting of two dissimilar components and one repairman.

This paper is the application of the geometric process theory
to consider a warm standby system consisting of two different
components and one repairman. Assume that two components of
working time, standby time, the repair time after fault and the
repair time after standby fault are subject to different
exponential distribution and the repair of the component 1is a
geometry repair and the repair of the component 2 is as good as
new, and component 1 has priority in use and repair. By using
geometric process theory, the supplementary variable method
and Laplace transform, the reliability indices of model are
obtained.
Assumption Model

We studied a warm standby repairable system of two
components and one repairman with priority by making the
following assumptions.
Assumption 1. Initially, the two components are both new, and
component 1 is in working state while component 2 is in warm
standby state.
Assumption 2. Assume that component 1 after repair are not
““as good as new’’ and follow a geometric process repair. When
both components are good, component 1 has the higher use
priority than component 2. Even if component 2 is working, it
must be switched into the warm standby state as soon as
component 1 after failure has been repaired, and it becomes the
working state immediately. When both components fail (i.e. the
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system is down), component 1 has the higher repair priority than
component 2. Even if the repairman is repairing component 2 at
this state, he must switch to component 1. He will work on the
repair of component 2 after completing the repair on component
1.

Assumption 3. Assume that the time interval between the
completion of the (n-1)th repair and the completion of the nth
repair of component 1 is called the nth cycle(i.e. the nth repair

cycleof component i,where i=1,2,n=12,---. Let
X", AY Y and B (i=1,2) be, respectively, working time,
standby time, the repair time after fault and the repair time after

standby fault of component i in the nth cycle, their distributions
are

FO®t) = F(@""t) =1—exp{-a""At}

VO () =1-exp{-v,t}

GP (1) =G(b"™t) =1—exp{-b" st}

W, (t) =1 exp{-wit}

F& (1) =1—exp{-At}

V2 (t) =1—exp{-V,t}

G? (t) =1—exp{—s,t}

WP (t) =1—exp{-—w,t}

All the random  variables XP AY Y and
B\"(i=12),n=12,---are mutually independent.

System Analysis

Let N(t) denote the state of the system at time t th, the system

states are as following:
N(t) =0, the component 1 is working and the component 2 is

in warm standby;
N(t) =1, the component 1 is working and the component 2 is

due to failure in the repair standby;
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N (t) =2, the component 1 is working and the component 2 is
due to failure of the repair work;
N (t) =3, the component 2 is working and the component 1 is
due to failure of the repair work;
N (t) =4, the component 1 is due to failure in the repair work

and the component 2 is due to failure in the suspending repair
work;

N(t) =5, the component 2 is due to failure in the repair
standby and the component 1 is failure;

N(t) =6, the component 2 is due to failure of the repair work
and the component 1 is failure.

Obviously, {N(t),t >0} is a random process,

0={0,1,2,3,4,56}is a state space, W ={0,1,2,3}is the
working state set, F ={4,5, 6}is the fault state set. So it is not a

Markov process, but it can be extended to Markov process by
using the supplementary variable method. LetS(t)be the

number of the cycle of component 1 at time tth,
{N(t), S(t),t > O} constitute two-dimensional Markov process,
the state probability denote

P, () =P{N(t)=j,S(t) =k}, jeQ k=12,

Through analysis, the state probability can be solved from the
following differential equation

(G o V) Py () =W, 0+ P (05 2P 10, (K> 2)
(S W, +22) Py (6) =V P () +b* 244, (0, (K 2 2)
(St 48 2) o) = b 74Py 1) +D 4Py 0, (> 2)
(S A +D4) o () = 2Py 0, (k> 2)

(S5 44) Py () = 4, Pa (), (k = 2)

(5D 244) Py (O = 2% 2,y (8, (K = 2)

(S+b ) P () = 2 TP (0, (k = 2)

(S + V) Py () =0

(G4 W+ 2) Py (©) =V, Py )

P, (t)=0

(S 1+ 22) P (®) = 22 P (©)

(S 1) Py ®) = APy (0

(S 18 P ) = 24Py (0

d
(a +£4) Pey (1) = A, Py (1)
Initial conditions

p01(0) :11 pok(o) :0(k 2 2)1 p]k(o) :01 J =1,2,3,4,5,6;k=1,2"'
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Let P (t)denote  to  the  Laplace  transform

of p, (s) = I: e p, (t)dt, and on the differential equation of

both sides for the Laplace transform respectively,

(5+@7 4, +V,) e (8) = Wy i (8) + 44, P () +D 143y 4 (5), (K 2 2)
@)

(5+W, +a2) Py (8) =V, oy (8) +b* 4,3, (5), (k 2 2)

@

(5 41, +272) D3 (8) =b" 14 9 4 (8) +0 145 (5). (k> 2)
©)

(5+24, +0724) P (5) =@ A P (5), (k2 2) (@)

(s+b" ") P (8) = A, P35 (5), (k > 2) (®)

(s+b" ") s (5) =@ A, pyi (), (k > 2) (©)

(s+b ") ps () =a APy (9).k=22) @

(s+ A4 +V,)Pu(s) =1 ®)

(S + ﬂ1 + Wz) pl*l(s) =V, pgl (S) ©)
P5.(s)=0 (10)
(S+ 41, + A1) Py (S) = 4, Poy () (12)

(S+£4) P2y (S) = 4, (S) (12)
(s+44) P5,(S) = AP (S) (13)
(S+44) Per (S) = A4 P51 (S) (14)

Substituting  Egs.(2)- (7) into Eg.(1), then we have

PO @ A s+ ) (A + @) - B, (9)
a(s+ 2, +b ) (s+b P w)[(s+a 4 +V, ) B-wv, (s+b )]
(15)

Py (8) =

and we make a mark:
o =(S"+Su,+ Sak'lﬁ,l + Sbk"l;tl + ,uzbk"l,ul) ,
B=(s"+sw, +sa“ "4 +sb" 1 +wb* " py)
According to Egs.(1)-(14), we have,
P (5)= Uidofht(5+D18) + A5+ 15)5)5,
(S+a +V,)(S+ 4, + 4)(s+ 4, +V,)(s+ 14)G[6, v, (s+by)]
(16)

and

& =(s+ad + ) (s+bu)—alyy,

0, =(s+ak +w,)(s+by)—-atu

Substituting Eqgs.(15) - (16) into Eqs.(1) - (7), then we have
pgk (S) = pgz(s) : Au(k 2 3)

V,(s+a“ A, +w,) (s +b" ")

pl*k (S) = (S+ak7111 +W2)ﬁ : pgz(s)' Ak
c e DT Aa A (s b ) L

p2k (S) - 0((34—].2 +bk72,ul)(s+bk72,ul) pOZ (S) Ak—l
RO o S

p3k (S) - (S+2,2 +bk_l[Ll) pOZ(s) A(

SHOE 2 Ak P (S)- A

(s+b* ) (s + A, +b* 1)



5888

k-1
pi, (5) = 2 ;1“2 P (S)- A
. ~ akflﬂlakfzﬂlﬂ?bkfz,ul . '
p6k (S) - (S + bk_l,u1)a(s + 22 4 bk_z/,tl)(s + bk_z,ul) pOZ (S) A(—l
and
A= ﬁ B0 1@ 2, (5 +b" 1) (Aotty + @)

s (s + 2, +b ) (s +0 7 )[(s+a A +v,) B Wy, (s +b )]
Important Resultand Proof
Theorem 1. Let A(t) be the availability of the system in time

tth,

At) = P{N(t) eW} =D [p,, (1) + p, (1) + P, (1) + P, (©)].
So the system’s steady sgate availability is
A=tlim A(t)=|irrgsA*(s):O 17
—>+o0 S
Proof . The Laplace transform of A(t) is

6)= I8 0+ B 0+ B 0+ B 0110 0+ B0+ Bl 0

+ P (t) + P (8) + P (B) + P§2(t)]+i[p$k () + py (0) + P (O) + P ()]

According to Egs. (8)-(11), we have
V

W= i) :
Por CSHA Y, P T (SHAAV)(S+ A +W,)
. . A
P1(8) =0, py(s) =
” T (s A )(s+ A, + )
According to Egs. (2) - (7), when K = 2, we have
* _ V,(s+bgy) P
P (s) = (5724 +W,)(5+bs) —aizs P2 (8)
0(9)= (5 +0ps)
P (St )(sH At a)(s+ A+ ph)[(8+ad+ )(S+bis) —ad ]
. B ak—lﬂl .
P = s b P

By using the Tauberian theorem, we get (17). This completes the
proof. The steady state availability is 0, and it is consistent with
physical intuition. In fact, as component 1 "repair of non-new",
the work time is shorter and shorter, and the repair work will be
longer and longer, which means that the time (t — +o0) limit
availability tends to 0.

Theorem 2. LetR(t)be system reliability and the Laplace

transform of R(t) be

. 1 v, A
R(s)=[ + +
SHAHV, (S+ATW)(S+A V) (s+pu+4)(s+4+v)

k-1

f ]
Y — 8 gy

k-1 k-1 M
2 St AW, s+ p 4

(18)
Proof. In order to work out the system reliability R(t) , we
consider the states with absorption followed by two-dimensional
continuous Markov process {l%t),s(t),tZO}. The system of
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failure states in {N(t),S(t),t >0}are absorbing
get {¥6t), s(t),t > 0}. The state probability denote

g, = P{NBt) = j,s() =K}, jeQ k=12L

states, we

Then
R(t) = P(T 2 t) = Z[QOk (t) + 0, (t) + 05, (t)]
k=1
Similar to the preceding discussion, the corresponding

differential equations are

d

(a +a A +v,) 0, (1) = Wy, (1) +Db % 140y, (1), (k = 2)

(% £ W)y (8) = Voo (1), (K > 2)

(S 20 D404 ) = 8 0 (0, (K> 2)
d

(a + 21 +V2)Qo1(t) =0

(S 2+ )0 (6) = Va0 O

d
(a + 4, + /ﬁ)cbl(t) = %QOl(t)
Initial conditions

q01(0) =], qn(o) =0, q31(0) =0, Qo (O) =0, Gy (0) =0, Oy (0) =0k=23-
Laplace transform of the above equations, we have

(5+a 74 +V,) 05, (5) = Wy, (8) + D" 405, 4 (5), (k 2 2)
(s+@" A +W, ) (5) = V,05,(5), (k > 2)

(s+2, +b ") (s) =2 " 4,05 (), (k > 2)
(s+A4+V,)q; (s)=1

(s+4+ Wz)clf1 (s)= qu; (s)

(s+4,+m)a, (s) =44, (5)

Then we have

. a2 (s +a 'l +w,) . .
)= . s)=B, -0, (s
qu( ) (S+/12+bk_2,ul)(s+ak_l )(S+ak'1/11+V2+W2) qu—l( ) k qu( )
, V. «
Oy (8) = m' By - 00 (S) .
2
. a“t .
Oax (S) = m Bk “Oos (S)
and

B - ll[ a“?Ab % (s+a“ A +w,)
"2 S+ A +b ) (s+a ) (s+ak A Y, + W)
According to the initial conditions, we have
\% 1

2

S+ +W, S+ +V,

q,(s) = q,(s) =

S+A4, +V,
1
S+u +A S+ +V,

Then we get (18).This completes the proof.
Theorem 3. The mean time to the first

1

q,(s) =

failure
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1 v, A
MTTF =[ + + ]
AV, (A VA W) (i + 244 +Y,)
] v a2 k
+ [1+ z —1- -
) Saesvanl 1o

+
k-1 k-1
AV, W rat A A +b

a“Ap (@A +w)

(4, +b7 )@ A +v, +w)
(19)

Proof. We can easily complete the proof by use the nature of

Laplace transform

MTTF = jo“ R(t)dt = lim R’ (s).

Theorem 4. Let | (t)to be the probability of the repairman idle,
and the repairman of the steady state idle probability is
I =limI(t)=limsl*(s)=0 (20)
t—+0 s—0
Proof. When the component 1 is working and component 2 is

warm standby, the repairman will not be idle, so the probability
of repairman idle at timet is

1t = PN =0} = p, (1)

Laplace transform of I (t) is

1°(5)= 2 P, 9)= P, (9)+ PL(S)+ 2P, (9)

By the Tauberian theorem, we get (20). This completes the
proof. The probability of repairman idle tends to 0. This result is
also consistent with intuition, because component 2 can not
repair as good as new, and its successive repair time is
increasing random. Finally, it almost can not repair and
repairman had to go on forever. This also means when t — 400
that the probability of repairman idle is 0.
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Conclusion

For the "repair of non-new" component of the warm
standby systemwith priority, the model has some theoretical and
practical significance. In this paper, by using the geometric
process theory,a warm standby repairable system of two
different components and one repairman with priority is studied.
It has some practical value. Especially,

Whenw, =w, =0, the system considers a geometric process

model for two different components of the warm standby system
with priority’s other situation, which the repair time of the
component after fault and the standby time after fault are subject
to the same exponential distribution.

Whenv, =v, =0,w, =w, =0, the system

geometric process repair model for a repairable cold standby
system with priority in use and repair. Literature [3] has been
discussed.
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