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Abstract: The incessantly uncertain structure on the science and technology face has observed appearance
of many new or complex system and refined systems. For technology to stay the answer to the
requirements made by both society and an industry, it is very significant that the technology germinate
and make suitable in the fast changing world. This paper analyzes agstochastic model of a system having
two units-one is operative and second is cold standby. Here a routine inspeetion is conducted on operating
unit after a certain fixed period. After inspection either the unit is maintained orthe unit is assumed to be
failed after inspection. The repair and replacement of unit is based on the guaranteeyperiod of the failed
unit In this paper the model is studied to determine the various reliability measure by using/Markov
Process, renewal process, MTSF/MTBF Markov chain. Here the routine'mainténance time , repair and

replacement time are taken as bivariate exponential.

Keywords: Regenerative Point,
replacement policy.

I INTRODUCTION

The present-day systems that are being designed and
manufactured are extremely complex in nature and
quantitative reliability assessment byfactualtest data is
practically impossible. Thend because  of these
problems, it becomes difficult to illustrate\whether a
system thus produced will“provide a high idegree of
continuous service or not. There are mseveral
technological systems those having automatic-control
systems. These control systems amid other systems
include software system, ‘banking systemsy, satellite
control systems, nuclear, weapon control  systems.
There aredbig losses of investment in economic terms
systems’ due, to the any non-perfermance of these
system. Now-axday struggle is not.only in furnish the
cost-effective,economic, productive systems but with
these concerns they, importanceg,of | reliability has
becomes essential. or crucial. “In general,the
effectiveness of highest degree, is expected from a
system. Different researcher takes various types of sets
of assumptions related with™ maintenance, repair and
replacement. But only a very few researcher examined
the model by taking the assumption of inspection under
different conditions. Various author like Jaing R and
Jardine(2005),Tuteja  R.K and  Gulshan,  Jui-
Hsiang(2001), discuss the benefit analysis of a two-
dissimilar cold standby system with repair and
maintenance. This paper deals with a stochastic model
having two non-identical units. Here a routine
inspection is carried out on the operating unit after a
fixed time period. It is also assumed that the operative
unit is not inspected if another unit is failed. After
inspection either the unit is maintained or assumed to
be failed after inspection. The decision of repair and
replacement of failed unit is done by taking the concept
of guarantee period . It is also considered that the unit
under maintenance would not fail. In this paper system
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MTSF, Availability, Busy period, Cald standby,

maintenance,

is analyzed to determine various reliability measures by
using/mathematical tools MTSF/MTBF Markov chain,
Markov Process. It is assumed that a repaired and
replaced unit is good as new.

[ DESCRIPTION OF SYSTEM AND
ASSUMPTION

In this paper, an operative unit is inspected after a
certainfperiod of its operation and it is decided whether
unit can operate further or needs certain maintenance.
» The system consists of two identical units -
Initially one unit is operative and second unit
is kept as cold standby.
» System is considered in Up-state if one unit is
working and in down state if no unit is
working.

» Each unit of the system has two modes-
normal operative or failed.

» Here a routine inspection is conducted on the
operating unit after a certain fixed period.

» It is assumed that operative unit is not
inspected if another unit is failed.

»  After inspection ,either the unit is maintained
or the unit is assumed to be failed after
inspection.

> A unit under maintenance would not fail.

» Check the guarantee of the failed unit ,either it

is in under the guarantee period or not.
If the unit is in the guarantee period ,the failed
unit is repaired and if the unit is not under the
guarantee period then it is replaced by new
one.

> A repaired and replaced unit is as good as
new.

> All the random variable are independent.
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. NOTATIONS

E: Set of regenerative states

E: Set of non-regenerative states

Ui Routine inspection

O: Unit is in operative state

S: Unit is in cold standby state

a: Constant inspection rate of unit

i(t),I(t): pdf and cdf of inspection time of a
failed unit

A Constant failure rate of a unit

g(t),G(t): pdf and cdf of repair time of a

failed unit

B: probability that unit is in under
maintenance

Un Maintenance of unit

Uwm: Maintenance of unit is continuous

F. Failed unit under repair

Fc: Failed unit under guarantee check

Fwe:  Failed unit waiting for guarantee
check

m(t) Maintenance rate

Frp: Failed unit under replacement

ro(t):  replacement time

r(t): Repair time

© Symbol for Laplace convolution

® symbol for Laplace  Stieltjes
Convolution
Up-state

EI Down-state

Regenerative Point
T?e system can pein any of the following
states with respect of the above symbols:-

So=(0.,S) SS:(Frp: 0)
$:1=(U;0) Se=(Fr, ngc)
S,=(Um, O) Si=(Fre, ngc)
SSZ(Fgc:O) Sg=(Fcc :ngc)
S4=(F.,0) So=(Un :ngc)

V. TRANSITION PROBABILITIES

The epoch of entryinto states {Sp , Sy, S; , Sz, S4,Ss}
are regenerative “states. The transition probabilities
from the states S; to Sjaregiven by Qj; and in the states
states p; denotes the transition probability from states
Si to Sjare given under

Por=1

P1o= 1*(P+1)
P=P{1- 1 (B }/((B+D))

Pao= r*(k)*
pa={l-r (M}
p57—{l h (M)}

=M 1- T (B }/((B+D) Pso= Ty ()

P20= M (1) Pg7= bg B
P2o={1- m (M)} Pss= ag (E)
P3s= ag (k) Pso={1-g (B)}
pas= by (0] prs=1

pSS—{l g} Poz= 1 .
Psa= Ps={1-r' (L)}

63
ps' 3—{1 rp (L)} pP={1- m" (L)}

It can be easily verified that

Por=1 Psz=1
P1otProtPiz=1 pr3=1
P20+P20=1 Pes=1
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Pso+Psr=1
Pt Ps7t Peo=1

PastPastPas=1
PagtPas=1 ;
ps( )3=P57

p4(z)3=p4 86 8.7 89
P2¥5=pag (§8§+pss+p3( Ogt pal® ot ps®y=1
3=Pss

Pa®%at ps® g+ pg®
V. MEAN SOJOURN TIMES

Mean Sojourn Times may be defined by
W= |imj P[t:0<t>T]dt
X—>00

So that in steady state we have following relations
Mo=l/o He={1- T (B+1)}/ (B+1)
He=[1-m W)L ps=[1- g (M)A
Ha=[1- @A Ps=[1- 1y (W]/A

The unconditional mean,time taken by the system to

transit from any states'S; to 'S;is mathematically given

0

by mij= [ tdQij®) =g () hesca
0
So that ’
m01=1/(x’ Moo= 'm>’F (7\,) .
mig= =g (B1) Mys=[{1- m'()}/AT+m” ()

my=[P{1- I(B+k)}/(B+%) i (B+A)/(B+A)
May= 'ag (7¥) Mas= —bg (7\)
Mig= [A{1- (BHA)ABHN) A" ([3+x)/(ﬁ+x)

Mao= -1 (1) Mag=[{1- g (K)}/X]+g [
Myge=[{1-r (K)}/X]+r ‘W) Mso= Ty (V)
Mg7= -bg (B) ms7= [{1-1p WAL+ T )
Mgs= -ag (B) Mge= [{1- ¢ (B)}/K +g ()
It can be easily verified that
Mo1= Ho Myg+ Mp+My3z= [y
Myt Mag= Yo M34+ M35+ M3g= Y
Myo+ Mye= MYy Msot Ms7= Hs

Mg+ Mgzt Mgy= Ug
VI. MEAN TIME TO SYSTEM FAILURE

The mean time to system failure is given by the
equations
Qo(t) = Qu(t) ® Q; (1)
Q1(t) = Quo(t) ® Qp(t) +Q12(t)®Q (1) +Q13(t) ® Q(t)
Q(t) = Qo (1) ® Q(t) + Qaolt)
Q3(t) = Qaa(t) ® Qy(t) + Qas(t) ® Q5(t) + Qas(t)
Q4(t) = Qao(t) ® Qo(t) + Que(t)
Qs5(t) = Qso(t) ® Qo(t) + Qsr(t)
Solving above equation by taking Laplace Stieltjes
transformations and solving for Q" (s),we get
N(s)
Qo ( )= ——

D(s)
Where

N(S)= Q01012020 + Go101303s + G010130340l46+ Q01013035057

D(s)= 1- 0o10s0 13035 - Olo104o Gr30sa - qQ1Q1o - (o1012020

MTSF = Qo= lim [{1-Q,7(s)}/s] ={D (0)N (0)}/D(0)
S—0

Where

D(0)-N(0)= [ Mo+t M1t MoP2t HsPiz + HuPasPast
MsP13P3s]

D(0)= 1- p1o - P12P20 -P13P34P40 - P13P35Ps0
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VII. AVAILABILITY OF THE SYSTEM

The point wise availability #;(t) of the system is given
by
i‘éio(t) = Q()l(t) © A1 (t) + Mo(t)
% 1(t) = Quo(t) © Ao(t) + Qua(t) © A,(t) + Qua(t) © A
a(t) + M (t)
Ao(t) = Qo (1) © Ao(t) + Q% © As(ty+ Moy(t)
A5(1) = Qu() © A4(t) + Qust) © As(t) + (Qs®%%+
Qs+ Q%) © A+ M(0)
A 4(t) = Quo(t) © Ao(t) + Qs V(1) © Aj(t)+ Mu(t)
As(t) = Qsolt) © Ag(t) + Qs5(t) © As(t)+ Ms(t)
Now taking Laplace transform of these equations and
solving them for A, (S),we get
N

1(s)
The steady states availability is given by

o ()=

N 100

Ao =1lim (s&o (5))=

S—0 ’
1(0)
Where

Ni(0) = [(HotpatPim2)(1- Pss - Paubas -
P35Ps7) (W 3t+P3atta+Pasits)(P12P20FP13)]

and
Mo(t)=po(t)
M (t)=po(t)

Ms(t)=ps(b)

Dl(0)=0
M (O)=pu(t)

Mi(t)=pa(t)

- Mg(0)=pe(t)

D1(0) = (P3apaotpaspso)(Motpi+Pizptz) [ +(1-p1o -
P12P20) (1- M3aPao - M3sPs0+P34P46,+P35057)

VIIL. MAINTENANCETIME

Let K; is the “Maintenance time starting, from a
regenerative states S;at t=0 is given by

Ko(t) = Quit) © K (1)

K 1(t) ZQ10(t). © Ko(t)+Q12(t) OK(t) + Q13(t) ©OK 5(t)
K1Y= Qu)© Kot) + Q%0 Kalt) + ¥

K 3(t) = Qu(®) O)K 4(t) + Qus(t) OKis(t) + (Qa®%s+
Qs® 3+ Qu8V;) @ Ag(t)

K a(t) = Quo(t) © Ko(®) Q. ®5(t)© Ki(t)

Ks(t) = Qsolt) © Ko(t)# Qs75(t) © Ka(t)

The Maintenance time is'givensby

N
Ko *(t): e
Dl(s)
N
Ko = Iing (sK o (9)) =—2% \Where
s '
1(0)

N4(0) = p01p13(W3+W5p35)(p26p68+p2(7)8)
D, (0) is already defined

IX. ROUTINE INSPECTION TIME

Let I; is the Maintenance time starting from a
regenerative states S;at t=0 is given by

lo(t) = Qui(t) © 14 (1) ]
11(t) = Q)OI o()+Qu2(YOI 2(t) +Qu3(t) © I5(t) +W,
12(t) = Qa0 (1) © 1o(t) + Q¥ © 15(t)
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I5(t) = Q34(t2 © I4(t) + Qus(t) © 15(t) + (Q:®%+
Q%3+ Q%) © 15(t)
14(t) = Qao(t) © lo(t) + Qs Vs(t) © I4(t)
I's(t) = Qso(t) © Io(t) + Qss(t) © 15(t)
The Maintenance time is given by
N

I ()= —
1(s)
N
1= lim (sl°(s)) = —
s—0 *1(0)

Where ]
N3(0) = W [Pas +Pss—as Pa®3—Pss pst”)]
Where ’
D, (Opis,already defined

X. 10.

Let R; is the Repair \time starting from,a regenerative
states S;at t=0 is given by

Ro(t) = Qui(t) © Ry (1)

R1()= Qo(t) ©R o(t) +Qu2()OR ,(t) +Q13(t) © R(1)
R2(0)= Qs () © Ro(t) +Q,":© Ry(t)

R 3()'= Qau(t) © Ra(t) +\Qas(t) © Rs(t) + (Qs®%%+
Q1 Q5% © Ra(t)

R 4(t) # Qaolt). © Ro(t) + Qé¥3(t) © Rs(t) +F

R ()= Qso(t) ©OR5(t)p#Q:":(t) © R(t)

The Repair time is'given by

Repair Time

Ro*(t): 4)
1(s)
N
Ro™= lim (sR,(s)) = —2
0" lim (Roe) = 0

Where
N4(0) = T pas [p12p2(9)3+p13]

XI. REPLACEMENT TIME

Let X; is the Repair time starting from a regenerative
states S;at t=0 is given by
Xo(t) = Qu(t) © Xy (1)
X1(t) = Quo(t) ©Xo(t) + Qr2(t) ©X,(1)+Qu3()© Xs(t)
X5(t) = Qo (1) © Xoft) + Q2¥5© Xit)
X 5(t) = Qu(t) © Xa(t) + Qas(t) © Xs(t) + (Qs®%3+
Q%3+ Q%75 © Xat)
X 4(t) = Qao(t) © Xo(t) + Q4 @5(t) © Xs(t)
Xs(t) = Qsolt) © Xo(t) + Qs"5(t) © X5(t) + R
The Repair time is given by
Xo (t)=[Ns (s) /D4(s)]
Xo = LL”J (sX0'(s)) = [Ns(s)/D’(s)]

Busy Period Analysis

Inspection Time + Maintenance Time + Repair Time +
Replacement Time

XIlI. CONCLUSION:

On the basis of above we can see the expected results
through the graphs as following. If we take repair rate
and inspection time as negative binomial distributions
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as  r(t)y=0e % g(t)= me™ m(t) = e % | 1.6

i(t)y= ye 1t r(t)= ue#
Then we get, %‘4
Por=1 Mo=1/0t 3.2
prs=1 =1/ p+ity £
Pro=y/B+hty Mo=1/0+8 gt
pio=f/B ity b= 1/3tm 98
P1s= MP+Aty M= 1/A+0 =
Pes=1 Ms= 1/A+p .E'G
P20= 6/A+0 Ms;=A/ O\,+|J,)2 'é 4
Pog= M+ Mas=an/(\+1)* o
P3s= am/A+m Mas=bm/(A-+1) 3.2
P3s= br/Atn Pag= MAtT 0
Pao= 0/A+0 Pas= A/A+0
Pso= P/Ptm Poa=1
Ps7= br/B+n Pss= am/P+m
Pso= WAtp Ps7= MAtp
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State Transition Diagrams

m(t)

&

So - S3
r o S,
&)
i(t) ) \ P

v

1)

N>

Se

I:GC ’ ngc

Regenerative State:-Sy,S1,S> ,S3,Ss,S6,Ss Non-regenerative State:-S; ,S;

© 2014 IJRRA All Rights Reserved page - 58~



