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Abstract
This paper explain stochastic model having dual non-identical units. Here a routine inspection is carried out

on the operating unit after doing a normal maintenance. It is also assumed that the operative unit is
inspected if another unit is failed. After inspection either the unit is maintained or assumed to be failed after
inspection. The decisions about failed unit is done by taking the concept of guarantee period. It is also
considered that the unit under maintenance would not fail. After guarantee period, it is to be decided that
whether minor replacement or major replacement. A new concept of paid maintenance is taken in this
second part. This system 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.

Keywords: Maintenance, Availability, Busy period, Inspection, Repair,Replacement

INTRODUCTION
In order to develop a good reliability program for a system, the system must have good reliability

specifications. These specification most, if not all, of the conditions in the reliability definition including
MTSF, limitations, operating environment instances, this will require a detailed description of how the
system is expected to perform reliability- wise. A proper balance of financial goals and realistic
performance are necessary to develop a detailed and balanced reliability specification. Another important
foundation for a reliability program is the development of universally agreed upon definitions of the system
failure. It should be fairly obvious whether a product has failed or not.

Reliability testing is the cornerstone of a reliability program. It provides the most detailed forms of data in
that the data are collected can be carefully controlled and monitored. Furthermore, the reliability tests can
be designed to uncover suspected failure modes and other problems.

The development of the new systems is directly or indirectly associated with improvement in the old
systems and hence the efficiency. Thus assessment of reliability of equipment is of great importance in the
context of rapidly growing technology and its further development. A large number of studies have been

carried out to evaluate the reliability by taking two-unit models under different conditions.
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This paper explain stochastic model having dual non-identical units. Here a routine inspection is carried out

on the operating unit after doing a normal maintenance. It is also assumed that the operative unit is
inspected if another unit is failed. After inspection either the unit is maintained or assumed to be failed after
inspection. The decisions about failed unit is done by taking the concept of guarantee period. It is also
considered that the unit under maintenance would not fail. After guarantee period, it is to be decided that
whether minor replacement or major replacement. A new concept of paid maintenance is taken in this
second part. This system 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 analyzed after a bound or definite period of its functioning and it is
decided whether unit can run further or demand certain maintenance. A new concept of normal
maintenance and major maintenance are introduced in this part.

> The system consists of two indistinguishable units - Initially one unit is functional and second unit
is kept as cold standby.

> System is supposed to be in Up-state if one unit is working and in down state if no unit is working.
> Each unit of the system has two stages - normal operative or failed.

> Firstly working unit is analyzed for normal maintenance before taken routine inspection.

> After routine inspection it is to be decided that whether the unit needs major maintenance or the
unit is unsuccessful under guarantee period.

> 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 minor maintenance and if the unit is not under
the guarantee period then it is major maintenance.
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Notations

Una: Normal maintenance

a: Invariant normal maintenance rate of unit

i(t): pdf of inspection time period of a unsuccessful unit

I(t): cdf of inspection time period of a unsuccessful unit

B: probability that unit is in under maintenance

Ui Invariant inspection rate of unit

UmiUmz: Maintenance of unit is continuous

Fma1: unsuccessful unit under minor maintenance

Fma: unsuccessful unit under major maintenance

Foc: unsuccessful unit under guarantee check

Fwgc: unsuccessful unit waiting for guarantee check

m(t) Maintenance rate

ri(t) Minor maintenance rate

ra(t) Major maintenance rate

A: {1-m" (W)}

B: {1- gy}

C: {1-ri" )}

D: {1- 2"V}

The system can be in any of the following states with respect of the above symbol RSy =
(0,9) RS: = (Un1,0)
RS; = (Ui, 0) RSs (Fn2,0)
RS: =  (FgeO) RSs = (Fm,O)
RSs = (Fmz2, O) RS = (Fn1, Fwge)

RSs = (Fn2 ,Fwge) RSy = (Um 1,Fwge)

RS = (Fwm 2,Fwgc) RSy = (Fec,Fwge)

Transition Probabilities

The era of entering into states {RSo , RS1, RS2, RS3,RS4,RSs,RSe} are

Renewed states. The change of state probabilities from RSk to RS states are given by Qw and in the steady
states Tpw denotes the change of state probability from states RSk to RS are given under

Tpor =
Tpw =
Tpr =

o/(a+A)

n*(B+1)
A{1- B+ (B+1)
L= NG (r+0)
m’(%)
ML= (B (BHL)
ag"(»)

B

B

C

r2’(\)

D

Tpos
Tp1
Tp2o
Tp12
Tpss

= M(ot+))

= B{I-n"(B+A)}/( (B+))
= *(y+d)

= ML= () (r )
= A

Tp384 = A

Tps = bg" (L)

Tp 410,9 = B

Tpso (L)

Tp594 = C

Tpetls = D
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With the help of following calculated values, we can easily check that
Tpor + Tpos = 1
Tpwo + Tpi2 + Tpu7
Tpao + Tp2z + Tpos
Tpao + Tpss = 1
Tpz = Tpi'a
Tpss = Tpss
Tpas + Tpas + Tpawo = 1
TPy = Tpa®%,
Tpsa1wo = Tpa'0ty
Tpso + Tpsg = 1
Tpse = Tps’s
Tpeo+ Tpe11 = 1
Tpeur = Tpetls

Mean Sojourn Times

To compute mean value of stay/sojourn time pk(t) for state RSk, let Tk be sojourn time for state RSx. Then

1
1

t
Wk (1) = !LrEIP[t 0<t<T]dt
0

So that in steady state we have following relations

o = 1/a+h W = {1- n"(B+N)} (B+A)
H2 = {1-i"(y+0)}/ (y+0) M3 = A/)

W = B/\ Us = C/\

Me = D/A

The unconditional mean time is mathematically given by

0

Mk = I tdQu (t) = -Qia”(S) /at s=0

0

So that Mo1 = o/(a+A)? Mos = M(o+h)?
Mo = -n"(B+1)
m = [B{l-n" BB’ BHA/(B+L)
me = M- )BT (BB
Mmyp = -7 (y+0)
M2z = [y{l-T )M+ i (/A +0)
Maa = M-V ()AL
M3 = -m”(}) Mg = A/ -mT(L)
ms = -ag (M) me = -bg"()
Ms10 = A -g" (V) Msp = -117 (V)
Msg = C/A-11"(N) Meo = -7 (M)
Me11 = D/A - 12" (A)
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It can be easily verified that
Mo1 + Mos = Ho
Mp + M2 + M7 = [
M2 + M2z + Ma= L2
M3 + M3s = L3

Mso + Mae + Mg10 = H4
Msp + Msg = s
Meo + Ms11 = s

Mean Time to System Failure
The recursive relations for (MTSF) are given by the following equations
Qo =Qo1 O Q1+ Qs 0O Q4
Q1 =Q10 OQo+ Q12 O Q2+ Q7
Q2 =Q20 0 Qo+Qs0Q3+Qu OQy
Q3  =Q3 O Qo+ Qs
Qs =Qu5 0 Qs5+Qs60 Qs+ Qa0
Qs  =Qs0 O Qo+ Qs
Qs =Qe0 O Qo+ Qp11
Here Q;j and g are all function of t
Above these equation can be Solving by taking L. S.T and solving for Qo™(s),

we get Qo7 (s) = U(s) / V(s)
Where
MTSF = Qo = lim[{ 1-Q0™(5)}s]

{V(0)-U(0)}/V(0)
U

v
After solving, we have
U(S) =-[ qo1 017+ Qo1 012023038 + Qo1 Q12 024 4,10 + Qo1 12 024 45059

+ (o1 12 Q24046 Q6,11 + o4 G410 + Qo 05 Q59 + Coa Gas Us,11 |
- 1+ Qo1 10t Qo1 912020+ Qo1 012 23 030 + Qo1 J12 024 Q45050

+ (o1 012 924046 Js0 + Cos Q45 50 + Qo4 a6 Jeo ]

Where
U = V(0)-U(@0)= -[ 1+Tpor M+ Tpor Tp12 Mo+ Tpo1 Tpiz Tpzsps + (TPos+Tpor TPiz2 TP2a)

(s +Tpasps+T paspie) ]

V = V(0)=-1+Tpo1r Tpio + Tp12 Tpoz (Tp20 +Tp23 Tpso) -
(Tpo1 Tp12 Tp24 +Tpoa)(Tpas Tpso+ Tpas TpPso )
Availability of the system -(Av)-
The recursive relations for the availability Avi(t) at each point of the system is given by
Avo=(or A Avi +Qos A Avo+Y¥o
Avi=(Quo A Avo +qw2z A Ava+ ql74 A Avs+Y¥,
Avo=(Qxo A Avo+ (A AvsztQu A Avs+V¥:
Avs=0s A Avo+ Q:8sA Avst ¥Ps
AV4=(as A AVs+Qas A AVe+ Qa1+ qu1010,) A Avg+ Wy
Avs = 050 A Avg + Q5(g)4 A Avs+tY¥s
Ave=0Qs0 A Avo+ q6(11)4 A Aviz+ s

Here Avi ¥ and qu are all function of t

V(s)
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Where Yo = o Y1 = 1
Y = u2 Y3 = us
Yy = 4 ¥s = s
We = 113

Now solving these equations by taking Laplace transform and solving for Av’(s),we get
Avo(t) = Ui (s) V1 (s)
The steady states availability is given by
Av,= U1 (0) / V1(0)

Where

U1(0) = -[{potps Tpor+(Tpiz Tpor +Tpos)uz + (Tp12 Tpor Tp2s+ Tposa Tp23)us}+(Tpas Tpso + Tpas
Tpeo) (1t 4+ TpPas pis +Tpaspis) {(TP2s TPs & a(TP12+TPor+Tpos) +Tpor(Tp12 Tpaa+ Tp1'a }]
And V1(0)=0

V1'(0) = - [(1+Tpor Tp1z + po (Tpor Tp1z TP2s+ TPoa TP23)us) (TPas TPso+TpPas TPeo) + (TPor TP1z
Tp23 Tpats + TPo1 TP12 TP2a + TPor TPa’a+ TPos TP2s TPt + Tpoa Tp2a)
(Hat TPasps + TPAGHE)  vvenreeeneeeiieeaiieeeie e (a)
Normal Maintenance Time
The recursive relations are
Nmo=0qor A Nmi +Josa A Nm>
Nmi=qo A Nmo +0i2 A Nm2+0i’sa A Nmg4+KN
Nm2=020 A Nmo+Qx3sA Nm3z+t Qs A Nmy
Nm3=0Qs A Nmo+ Q384A Nm 4
NM 4=04s A Nms+las A Nms + (qa1093+ q41%10) A Nmy
Nms=0gso A Nmo+ 5% A Nmy
Nme=0eo A Nmo+ s’ A Nm3

Here Nm; ,N and g are all function of t

Now solving these equations by taking Laplace transform and find fo"(s), we get
To"(s) = Uz (s)/Va(s)
Then for steady states
o= lim (sf0"(s)) = U2(0) / V1°(0)

Where U2(0) = - N Tpo1(Tpas Tpso+ Tpas TpPeo)
V1 (0) is specified in eq. (a).
Paid Maintenance Time
The recursive relations are
Mmo=qor A Mmi +(os A Mm>
Mmi=qguw A Mmg +Qu2 A Mm2+q174 A Mmgs+E
Mm>=0o A Mmoo+ gsA Mmst+ Qs A Mm 4
Mms=gs A Mmo+qs8sA Mms+m
Mm 4=Qas A Mms+Qas A Mmg + (04%93+ g41%10) A Mmy
Mms=0gso A Mmo + gs®s A Mmy
Mme=(s0 A Mmoo+ q6(11)4 A Mm 3

Here Mm; ,£ and qw are all function of t

Now solving these equations by taking Laplace transform and find Mo"(s), we get
M o°(s) = Us (s)/Vi(s)
Then for steady states
Mo™= Is'fg (s M 0"(s)) = Us(0) / V1'(0)
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and
U3(0) = - £][Tpas Tpso + Tpas Tpeo ] [ TPo1 TP12 Tp23+ Tpos Tp24]
V1 (0) is specified in eq. ().

Minor Replacement Time

The recursive relations are

Mro=qor A Mr1 +Josa A Mr»

Mri=gwo A Mro +0i2 A Mr2+0i’sa A Mrs+8§
Mro=qxo A Mro+ gasA Mrstgasa A Mrg
Mrz=qso A Mro+ C]384A Mr 4+ m

Mr 4=Qas A Mrs+Qas A Mrs + (Qa%95+ q41010) A Mry
Mrs=0gso A Mro+ 54 A Mry

Mre=0ds0 A Mro+qs™s A Mr3

Here Mr; ,§ and qu are all function of t

Now solving these equations by taking Laplace transform and find Iry"(s), we get
Mro™(t) = Ua(s) / Va(s)

Mro™"= lim (s Mro"(s)) = Ua(0) / V1'(0)

Where
Us(0) = -Tpas 8 [Tpor Tpa2 Tp2s Tpa®s + Tpor Tp12 Tp24 + Tpor TP14=Tpos Tp 23 Tps®s +Tpos Tp24)]
and
V1 '(0) is specified in eq. (a)
Major Replacement Time
The recursive relations are
Mjo=0o1 A Mj1 +qos A Mj2
Mji=qw A Mjo +0i2 A Mj2+qi'sa A Mja
Mj2=020 A Mjo+03A MjztguA Mja
Mjs=0s0 A Mjo+ 0s82A Mjs+m
Mj 4=Qas A Mjs+as A Mje + (0a"0%s+ qal%) A Mjs
Mjs=0so A Mjo+0qs®4 A Mja
Mjs=0so A Mjo+Qe™sA Mjs+H
Here Mji ,m and qu are all function of t
Now solving these equations by taking Laplace transform and find Ro"(s), we get
Mjo ()= [ Us (s) /V1(S)]
Mijo ™= lim (sMjo'(s))
= [Us (0) /V1(0)]
Where
Us(0) = o Tpas [TPor Tp12 TPz Tps®s+Tpor TPz Tp2s + Tpor TpaPa + Tpoa Tpas Tps®a + Tpos Tpaa ]
And V1 (0) is specified in eq. (a)
Inspection Time
The recursive relations are
ITo=qor A IT1 +qos A IT>
ITi=0qu A ITo +qiz A IT2o+q1’s A 1Ty
IT2=qe0 A ITo+Q3A ITz+gs A ITs+Ew
ITs=qz0 A ITo+ Q384A ITs+m
IT4=qas A ITs+qus A Mjs + (qa0%5+ q4%10y) A 1Ty
ITs=0gs0 A ITo+ s A 1Ty
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ITe=Qeo A 1To + q6(11)4 A ITs+H

Here ITi, % and qu are all function of t

Now solving these equations by taking Laplace transform and find Rpo"(s), we get
ITo"(t) = Us(s) / Vi(S)

In the unvarying state,

ITo™= lim (s 1To’(s))

=Ug(0) / V1'(0)
Where
Us(0) = - &% (po1p12 + Pos) (Paspso + PasPeo)
And
V1 (0) is specified in eq. (a)
Busy Period of Repairman :-
Inspection Time + Normal Maintenance Time + Paid Maintenance Time + Minor Replacement Time
+ Major Replacement Time
Particular cases:
If we take repair rate and inspection time as negative binomial distributions as

gt) = fe 9t m(t) = me™ Tt
it = de %t nt) = ye Yt
rn(t) = ue Mt () = pe Pt
Kk = atA w = Aty+o
e = Bty f =
h = n j = 0
X = At
Then we get,
Tpor = ak Tpos = Mk
Tpo = y/e Tpz = B/e
Tpr = Ae Tp2o = dw
Tps = v/ W Tp2a = X/iw
Tpso = n/h Tps = A h
Tp174 = Ale Tp384 = A/h
Tpss = 20/ | T = b0 /]
Tpsw = A Tpso = n/x
Tpse = A/ x Tps’s = A/ x
Tpso = p /f Tp6,11 = A
Ho = 1/k 1 = 1/e
H2 = 1/ w M3 = 1/h
Ha = 1/ Ms = 1/ x
He = Ut
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CONCLUSION:

In this paper, a new conception of maintenance, repair and was taken together in system to avoid the loss of
production and extensive damage for safety reasons. Also routine inspection concept also taken with these
assumptions. By the particular cases, we conclude that

For the invariant value of o=1,p=1,u=1,7=1,n=2, A=3

MTSF goes on increases with the increase of failure rate.

Availability goes on decreases very sharply with the increases of failure rate.

Thus above conclusions help to get the desirable results in the field of design, development and production
of individual production.

IJCRT2109354 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | d261


http://www.ijcrt.org/

www.ijcrt.org © 2021 IJCRT | Volume 9, Issue 9 September 2021 | ISSN: 2320-2882

References:
1. Rander,M.C.,Suresh,K. and Ashok,k.," cost analysis of a two dissimilar cold standby system with

preventive maintenance and replacement of standby”, Microelectron. Reliab., 1994, VOL.34,p171-174.

2. Endrenyi J, Anders GJ.,2006, “Aging, maintenance, and reliability”, IEEE Power and Energy
Magazine, 59-67.

3. Marquez AC, Heguedas AS,2010, “Models for maintenance optimization: A study for repairable
systems and finite time periods”, Reliability Engineering and System Safety ,75:367-377.

4. Brown, M., Proschan, F. (1983) “Imperfect repair”, Journal of Applied

Probability,20: 851-859.

5. Jiang, R. and Jardine, A.K.S. (2005) “Two Optimization Models of the

Optimum Inspection Problem”, Journal of the Operational Research

Society,56: 1176-1183.

6. Beichelt and Fischer (1980), General failure model applied to preventive maintenance policies,|IEEE
Transactions on Reliability, R 29(1), 39-41.

7. McCall(1965),Maintenance policies for stochastically failing equipment: A survey, Management
Science ,11 (5), 493-524.

8. Jui-Hsiang Chian and John Yuan, (2001) , optimal maintenance policy for a deteriorating production

system under inspection,,

IJCRT2109354 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | d262


http://www.ijcrt.org/

