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Abstract
This paper develops a model for two unit standby oil delivering system. The system can be failed with three
types of failure complete failure, normal to partial failure and Partial to complete failure. Initially one unit is
operative and the other is standby. In case of partial failure, inspection is carried out to check whether online or off
line repair can be done and priority is given to partially failed unit for repair. On the complete failure of both the
units there is a provision of switching over to the other similar system. This practical situation may be observed in
an oil refinery plant. The system is analyzed by making use of semi-Markov processes and regenerative point

technique

Keywords: Oil delivering system, Semi Markov process, Regenerative point technique, measures of system

effectiveness and profit analysis.

Introduction

Increasing Reliability of units has become
important and urgent with the complex
mechanization and automation of industrial process.
Standby redundancy plays an important role in
enhancing system reliability Standby systems have
been discussed by various researchers including [1-
12] in the field of reliability under various
assumptions/considerations. most of these studies are
not based on the real data. however, some researchers
studied some reliability models collecting real data
on failure and repair rates of the units used in such
systems. The concept of another line facility in case
of failure of the operating system has been introduced
by Sharma et. al. [12] which can be seen in an oil
refinery plant wherein on the failure of one standby
oil delivering system, the supply is done by switching
over to another system .this is done by changing a
valve. a valve is a device which is used for switching
over to another system. but the concept of three
types of failures for such oil delivering system has
not been considered so far and in this paper authors
have tried to bridge this gap. There may be situation
that unit may fail completely either directly from
normal mode or via partial failure. In case of partial
failure priority is given to partial failed unit for repair
and the repair can be done off line as well as online
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after inspecting the unit such systems where priority
for repair is given to partially failed unit may
generate more revenue and hence may be more
profitable because it can be operable earlier as
compare to completely failed unit. In this system
When one unit is under repair and other gets partially
failed, then keeping the repair of the former in
abeyance , the inspection is carried out to check
whether the partially failed unit can be repaired
offline or online. If an online repair can be done,
priority is given over the repair of the former unit. It
is also assumed that in the case of online repair no
further damage can occur. This time system will
be inoperative state but if the repair of partially failed
unit cannot be done online then at that time repair of
completely failed unit is kept under suspension and
the repair of partially failed unit is done first by
switching off the unit. Under such situation system
will be in down state and no demand of switching
over to second line is given. On complete failure of
both the units switching over to another system takes
place
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Notations and states of system
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partially failed unit is under offline
repair

partially failed unit is under online
repair

partially failed unit is waiting for
repair

repair of partially failed unit is
continuing from previous state
repair of partially failed unit is kept
under suspension

system gets connection
valve change for being connected
rate of direct complete failure of
main pump

failure rate of normal to partial
failure

failure rate of partial to complete
failure

inspection rate of unit

repair rate of completely failed unit

replacement rate of completely
failed unit

offline repair rate of
failed unit

online repair rate of partially failed
unit

rate of change of valve

inspection rate of partially failed
unit

prob. that unit goes for repair
probability that unit is goes for
replacement

probability of switching over to
another line

partially
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probability  of  failure of
switchingover to another line
probability that on line repair can
be done
probability of online repair cannot
be done
c.d.f. and p.d.f. of inspection time of
partially failed unit
c.d.f. and p.d.f. of the repair time of
completely failed unit.
c.d.f .and p.d.f. of the replacement
time of completely failed unit.
c.d.f. and p.d.f. of off line repair
time of partially failed unit.
c.d.f. and p.d.f. of on line repair
time of partially failed unit

Transition probabilities and mean sojourn

times

A transition diagram showing the various states of
the system is shown in Fig. The epochs of entry into
states 0, 1, 2,3,5,7,10,12,17,18,19,20,21,22and 23 are
regenerative points. The transition probabilities are

given below:

The mean sojourn time (wi) in the regenerative state

‘1’ is given by
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Mean time to system failure

To determine the mean time to system
failure (MTSF) of the system, considering the failed
state as absorbing states. The expression obtained for
it
T=MTSF=

_ **
ImMR*(s) == IimM _N
s—0 s—0 S D
where

N = o (1- p15.3® ps1s)(1- p1s)(1 - p2.13) + pa(1-p2,13
(P13, +  P1322)) Por (1 -Ppais  P15,3%¥)-pos (-
P3,15(P15,2%Y + P15, @42+ o (1- pue(Peie +
Ps,18))(Po2 (1- P35 p15,3(24))-p03 (-p3,15(p15,1(24) +

(C)International Journal of Engineering Sciences & Research Technology

[117-123]


http://www.ijesrt.com/

[Narang, 3(6): June, 2014]

p15,1%4%9))) + ws pos (1- pue(Peite + Peas))(l -
P2,13(P13,23+P13.22)) +us P1s (((1- P3,15P15,32Y) + pos(-
P3,14- P3,15))(1- P2,13(P13,23+ P13,22))+ P20 (Poz (-
pa,15(p15,1(24)+p15,1(24*26))) -poz(l-p3,15p15,3(24)) ) + (P20
+ P2,10 + P2,11 P2,12)(-Pos Pa,15(P1s,1 @Y + 15,124 -
Poz (1- P3,15P15,3°?Y))) + iz Paaz (Pro (-Poa(l-
p3,15p15,3(24)) -Poz P3,15 (p15,1(24)+p15,1(24'26))) +  (1-
p1.s(Ps.19 + Ps,18))((1- p3,15p15,3(24))+ Po3(-P3,14 - P3,15))+
(P + P15 + P +P17) (-Por(l- Ps,15P15,3%Y)- Pos
P3,15(P15,1%9+P15,1%4%9))) + 114 P31a Pos (1- P1.a(Psiio +
Ps,18)) (P2,13(P13,23 + P13,22))+ P3.15 Pos (1- Pr,e(Psi1e +
Ps,18))(1-P2,13(P13.23+P13.22)) + s Peis P1s((1-P2,13
(P13,23+ P13.22))((1- P3,15P15,3%Y ) + Pos(-ps,1a-Paiis)) +
P20(-Poz (1- P3,15P15,3%¥)-Pos P3,15 (P15,1@D+p1s,1%429))
+ (P2.9 + P2,10 + P2,11 +P2,12) (-Po3 P3,15
(P15,1%Y + p15,1442) - poa(1 - p3,15P15,3%Y))) + pao Psio
p1s ((1-p2.13(P13,23+P13,:22))((1 - P3as Pis,s®)+ pos(-
P3,14-P3,15)) +  pao(-Poz(l-  p3,sPpisa®) - pos
P3,15(P15,1?Y+P1s,1342))+ (p2,e + P2,20 + P2,11 +P2,12)
(-Pos P3,15(P15,1?P+P15,1%4%)- poa(1 - pa,is P15,3@Y)))
+  (uootpes)  pas(Pro(-por(l - Pa,isPiss@)-
PosP3,15(P1s,1?Y+P1s,1342))+  (1-p1,e(Ps,19+Ps.18))(-Por
(1- p3,15p15,3@Y)+ pos(-P3,1a-Pais))+ (P4 + Pis + Pis
+p17) ((1 - p3,15P15,3%Y) - Pos P3,15(P15,12H+P15,12429)))
D = (1-p2,13(P13,23 +  P13,22)) (P10 (- Poz(1-
P3,15P15,3%%) - Pos P3,15 (P15,1%Y + p15,134%)) + (1-p1s
(Ps,18 + Pa,is)) (( 1- pa,is P15,3?Y) + Pos (-Ps,14 - P3iis)))
+ (1- p1s( Pe,10 + Ps,18)) (P20 (-Poz (1- Pa,i5 P15,3?Y) - Pos
Ps,15 (p15,1(24) + p15,1(24‘26))))

and R*(s) is the Laplace transform of the reliability
R(t): The reliability R(t) of the system at time t can
be obtained taking inverse Laplace transform of R*(s)

Availability Analysis
Let Ai(t) be the probability that the system is
in upstate at instant t given that the system entered
regenerative state i at t = 0. The obtained expression
for availability is given by
Ao =lim s AO*(s)zm
s—0 Dl

where

N1= pos ((n2 +pa7P1,7 +ue P1,s + psPa,s +is Pus )((-
P2,1® - P2,10)(-P3,15(P15,:2%8 + P15,22428)) - (1-pa,21tY —
P2,13(P13,23 + P12z ) P21z )(-Pais(P151®®  +
P15,1%4%9)) - (1-p11® - p1,5s —P1.s (Psr1s +Psi1e ))((u2
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+wisP2ast Moz P2zt HeoPziao ot Paaz )(-
P3,15(P15,2%%)  +  P1s,2*29)-(1-p2,2MY  —p2,13(P1s,2s +
P13,22 ) —P2a2)(Us + p1aPs,a +as Pas) )+ (-Piye-
P1,7)((2 + pasP2,13t o2 P2,13 P13s22 + HooP2,10tH21 P2,12
) (-p3,15(p15,1(26) + p15,1‘24'26))-(- pz,l(g) - p210)(ps +
W14P3,14 +H15 P3,15) )+ (1-P3,15P15,:3%) (Lo((1- pa,a@ -
PLs  —Pus (Psas  +Psio ))(1- P22 —p2,13(Praies +
P13,22 ) —P2,12 ) - (-Pr2-Pu7)(- P21 - P2,10))+Por((u
+M17P1,7 + M P15 + MeProe +His Pros Paiis) (1- P22t —
P2,13 (P1323 + P1z22 ) —Paaz ) - (-Pr2-prr)(pe +
Ha3P2,13t W22 P2,13 P13,22 + HooP2,10t 21 P2,12 ))-Poz((me
+ W17P17 + pas Pus + HsP1e +is Pus Peas)(- P2a® -
P2,10)-(1-p1,1¥-p1,5 —p1,e (Psiis +Psas ))(p2 +
Ha3P2,13t M2z P2,13 P13,22 + HaoP2,10F 21 P2,12 )

Di=  po((1- p3,sp1s,3@)(1-p2,2MY —p2,1s(pis,es +
P32z ) P21z )Pw-P2o (P12 - P7)  P3as
P15,3))+Ps1(pos((- P21® - P2,10)(-P3,25(P15,2®®  +
P15,244%0)-(1-p2,2M —p2,13 (P13,23 + P1z,22 ) —Pa1z ) (-
P3,15(P15,1%8) + P15,1?+29))+ (1- p3,15 P1s,a®)(pos(l-
2,20 —p2,13(P13,23 + P1zi22)— P2z ) - Po(- P2a® -
P2,10)) + ps2 (Pos (-2 - P1r7) (-P3,as(P15,1@® +
P15,1%429) - (1-p1,1®-p1s  —prs (Psas  +Ps,10 ))(-
P3,15(P15,2%8) + P15,23429))- (-p1,2-P1,7)Por (1- Pais
P15,3%Y) + poz (1-p3,15p15,33Y) (L - p1,a@-prs  —Pus
(Ps,18 +Ps,19 )))+ua((Pos(1-p2,2™ —p2,13(P13,23 + Pas,2z )
P22 )(1-p1,1®-pr,s  —Pus (P18 +Psi10 ))(- P22 -
P2,10)(-PL2-PL7)Pos))  +  ps(Pis((-pa,is(P1s,2@®  +
P15,2%*2)posp20-poz (1 - Pa,1sP1s,3@?) pao(l - p2,2 —
P2,13(P13,23 + P13,22 ) —P2,12 )Po3(-P3,is —P3.as ) + (1-
P22 —poas(Przs + P2z ) Pz ) (1-
P3,15P15,3%¥)))+ (Lt pa7) Par(-(-Ps,15(p1s, 12 +
P15,1242)posp2otpoip2o  (1- P3,isPas,a®)-(- p2,1@ -
P2,10)Poa(-P3s  —Paas )-(- P2a® - paa) (1-
P3,15P15,3%9))+(ua+pis)Pis(-P2oPoz  (1-P3,15Pas,s®d)+(-
P3,15 —P3,14 )Pos(1- P2,21Y — p2,13(P13,23 + P13,z ) P22
)+ (1- p3,asP1s,a@)(1- p2,2® —p2,13(Pis,zs + P1s,2z ) —
P2,12 )+P20 (-P3,15(P15,21%® +
P15,2429) pog)+( 110+ p20) P210(-PoPos(-Ps,is(P15,2@8)  +
p15,2‘24'26)) + P1oPoz (1- p3,15p15,3(24))- (-p3,15 —P3,14 )Po3
(-pr,2-P1,7)- (1 - P3,15P15,3%9) (-P1,2-P1,7)) +(paztpar) P21z
(P10Po3(-P3,15(P15,1% + P15,1%429)-p1o (1-
P3,15P15,3%)Por+(-P3,15 —Pa,14 JPos(1-P11®-p1s  —Pus
(P88 +Psi10 )+ (1- P3,15P15,3@¥)(1- pr,i@-prs  —pus
(P18 +Psi1o )))+(pas+Lz2)P213(ProPos(-Pa,is(Pis,i®® +
P15,1%429) - p1o (1- P3,15P15,3%Y)Por+(-Ps,is —Paria )
Pos(1-p1,1M-p1,s —pus  (psis *+pse )+ (1-
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P3,15P15,3%N)(1-  pr,1®-pu,s —P1s (Psis  *+Psii9
))*+P1spais((1-p1,19-p1s  —pus (Pssis +Psi1o ))Pos(e-
pz,z(ll) —P2,13(P13.23 + P32 ) P21z ) - (- pz,l(g) -
pz,lo)(-pl,z-p1,7)pos)+u14p314(p03(1-p2,2(11) —p2,13(P13,23 +
P13,22 ) —P2,12 )(1- Pr.i®-prs  —Pus (Ps,is +Psiie ))-(-
pz,l(g) - P2,10)(-P1,2-P1,7) Pos)+1usPis(P20Pos(-
P3,15(P15,2%9 + P15,2%242)-poopo2 (1-P3,15P15,3%Y) +(-
P3,15 —P3,14 )P03(1-P2,2Y —P2,13 (P13,23 + P32z ) —P2.12
)+ (1- P3,15P15,329)(1- P22 —p2,13(P13,2s + Przzz ) —
P2,12 )P1s)+119P18Ps1e (p20p03(-p3,15(p15,2(26) + p15,2(24’26))
- p20Poz (" 1- P3,15P15,3%)+(-P3,15 —P3,14 )Pos(1- P2,2D —
P2,13(P13,23 + Prz2z ) —Pziz )+ (1- pa,spis,s®)(1-
P2,2MY  —poaa(Pzes + P2z ) Pz ))+HesPas
(P10+Pos(-paas(P15,1@®®  +  p15,@4)-pyy  (1-
P3,15P15,3%Y)Port+(-Pa,15 —P3,ia IPos(1-Pra®-prs  —Pus
(P88 +Ps10 )+ (1- P3,15P15,3@¥)(1- pr,i@-prs  —pus
(Ps,18 +Ps,19)))

Other measures of system effectiveness
Busy period analysis for repair time only N2/D1
Busy period analysis for replacement time only

N3/ D1
Expected no of visits by repairman N4/ Dy
Expected no of Replacements Ns/ D1

Expected time during which operation is Ne/ D1
performed by some other system

Expected down time N7/ D1
Busy Period for Inspection Ng/ D1
Where

N2= poz (Wi +Wi7p17+Wiep1,5 +p1,s  (WigPs.19
+Wis  ps18))((- P21® - P2,10)(-Psias(Pis 2 +
P15,22428)))-(1- P2,2MY — p2,13(P13,23 + P13i22 ) —P2iiz ) (-
P3,15 (pls,l(ze) + p15,1(24’26))) *(1- p11(4)-p15 — P18 (p8,18
+ Ps,19))((P2,13 (WasP13,2s + W22 P13,22))(-Ps,15(P1s,2%)
+ P15,2%429) —(1- p2,2*Y —p2,13(P13,23 + P13,22 ) —P2.12 )
(W1s p3,i5 + W1aps,aa) ) + (-pr2-Pr7)((P2.13 (Waspas,2s
+ Wop P13,22))(-P3,15 (P15,1%9 + P1s,1?428) —(- p2,1@ -
P2,10)(W1s Pa,i5 + WaaPs,1a) )+ (1- Pa,isP1s,3@¥) (poi(
(W1 +W17 p17+Wae p1,5 +p1,8 (WioPs.10 +Wig Ps,18))(1-
P2,2MY —p2,13(P13,23 + P13.22 ) —P2,12 ) — (-P1,2-P1,7)(P2,13
(Waspis,2s + Wa2 P13,22))) —Po2 (W1 +Wa7p17+Waepa,s
+p1,8 (WioPs.19 +Wag Ps,18)) (- P21 - pP2,10) — (1- pra®™-
pis  — Pis (Psis  + Psi19))(P2iaz (Waspis,es + Wop
P13,22))))

Ns= - Po3 (Wo+Wa1p2,12+W20P2,10) ((1- p1,1P-pu,s
—p1,8 (Ps,18 +Ps,19 )))(-P3,15(P15,2%8) + Pas,2?429)- (-
p1,2-p1,7) (-p3,15 (p15,1(26) + p15,1(2“’26)))) + (1 - P3,15
P15,3%9) (W2 + W21+W20p2,10)(-Po1 (-P1,2-P1,7) +Poz (1-
p1,1(4)-p1,5 —P1,8 (Ps,18 +Ps,19 )))
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Na= (1-pa,15P15,3%Y)((1- p1,1®-prs —P1s (Ps,18 +Psi10
))(1-p2,2(11) —P2,13(P13,23 + P13,22) — P212) — (-Pue-
P1,7)(- P21 - P2,10))

Ns= (pz,l(g) + pz,z(ll) + p212 *+ P20 )(-pos( (1-
p1,1(4) - Pus — Pue (Ps,18 + Peiig))) (- P3sis (p15,2(26) +
P15,2%429) )= (- p1,2 - P1,7)(- P3,15(P15,1%8 + pis5,1?420)))
+ (1- pa,15 P15,3%Y) (-po1 (- P12 - P1,7) +Poz (1- p1,1@ -
P15 — P1,s (Ps,18 + Psi19 ))))

Ne =  pos (1-p1,1™-p1s —P1,s (Ps.18 + Pa,19))(Wi7p1,7
+Wi6p1,5)((- P21 - P2,10) (-P3,15 (P15,2%8) + p1s,22429))-
(1-p2,2*Y —p2,13(P13,23 + P13,22 ) —P2,12) (-P3,15(P15,1 %O +
p15,1‘24'26))) —(1- p1,1(4)-p1,5 — pus (Psi1s *Ps,19))) (
(Waop2,10 +W21P2,12)(-P315(P15,2%®  + P15,22429)) + (-
Pr2PL7) ( (Waopz,i0 +War P2,12) (-Pais(Pisn®@® +
P15,1%29)))  +  (1-  p3p15,32)(Por(  (Wirpi,7
+Wi6p1,5)(1- P2,2M —p2,13 (P13,23 + Przz ) —P2.12) — (-
P1,2-P1,7)  (WaoP2,10 +Wa2iP2,12)) ) —Poz (Wa7ps,7
+Wi6p1,5)(- P2,19 - p2,10) —(1- p1,1®-p1,5s —prs (Ps.is
+ps,19)) (Waop2,10 tWa1P2,12)))

N7=-  pos( D1o P1,s Pa,1o ((- P21 - P2,10) (P15
(P15,2%9) + p15,22429)) —(1- P2, —p2,13(P13,2s +
P13,22) — P2,12) (- P3,15 (15,19 + P15,12429)) —D23 pa,13
p3,23( (L- p1ai®- pis  — Pus (Psis +Psii9))(- Pasis
15,20 + p15,22429) — (-p1,2-p1,7) (-Pa,is(P1sa@® +
P15,12429)))) + (1- p3,15P15,3%Y)( -D1oP1,s Psiio ( -Po
(1-p2,2MY —p2,13(P13,23 + P13,22 ) —P2y12))) +Poz (- P2,1?
- P2,10)) +D23 p2,13 P13,23 (-Por (-Pr,2-P1,7) +Po2 (1-
P1,1?- p1s — Pis (Psi1s +Psi19))))

Ng = Poa(Wsp1,s( (- P2,1? - p2,10) (-Pa,15(P15,2%® +
P15,2%4%) (1 -p22M  —p2as(Pizes + Pisiz2)
P2,12)(P3,15(P15,1%® + pi15,1%3429)) “W13 p2,13 ((1-
P1,1¥-p1,5 —P1,s (Ps,18 +Ps,19))(-P3,15(P15,2%0 +
P15,2®%)) — (-p1,2-p1,7))+Ws ((1-pra(a)-Prs  —Pus
(Ps,18 +P8y19 ))(1-P2,2MY —p2,13(P1323 + P13z ) —

P2:12)- (-P1.2-P1,7)(- P2,1(9) - P2,10))) + (1-P3,15P15,32Y) (
Por Wep1,s (1-p2,2Y —p2,13(P13,2s + P1si22 ) —P2.12) - (-
P1,2-P1,7) W13 P2,13)-Poz Ws P1,s (- P2,1 - p2,10) —(1-
P1,1-p1s —Pu,s (Psi1s +Psi19 ) WisP2,13))

Profit analysis of the system
Profit (P7) = CoAp— C1Byp — Co:BRy — C3Rp — C4 Vg —
CsAPy—Cs Eg—Cr 1o

where

Co = revenue per unit up time

C1 = cost per unit time for which repairman is busy
for repair

C, = cost per unit time for which repairman is busy
for replacement

Cs = cost per visit of repairman

C4 = cost per unit of replacement

Cs = cost per unit time for which operation is
performed by other system

Ce = cost per unit time for which system is down

Cy = cost per unit time for which repairman is busy
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for inspection
The following particular case is considered for
graphical interpretation
—a.t -0 5t
git) = a1 € “ go(t) = a2 e 2

0:(t) mo€ ' ga(t) T

Graphical representations of results

MTSF vs partial to complete failure
rate (A,) for different values of (kl)
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Fig. reveals the behaviour of profit (P7) with
respect to revenue (Co)for different values of cost per
unit time for alternate performance (Cs). It can be
interpreted from the graph that profit increases with
the increase in the values of Co and has lower values
for higher values of Cs

Interpretation

(i) For Cs = 5000, the profit is positive or
zero or negative according as Co > or =
or < 25.6147. Hence, for this case the
revenue per unit up time should be fixed
greater than 25.6147.

(i) For Cs = 10000, the profit is positive or
zero or negative according as Co > or =
or < 27.1694. Hence, for this case the
revenue per unit up time should be fixed
greater than 27.1694.

(ilf)  For Cs = 15000, the profit is positive or
zero or negative according as Co > or =
or < 28.7239. Hence, for this case the
revenue per unit up time should be fixed

greater than 28.7239.

Fig. shows the behaviour of MTSF with respect
to partial to complete failure rate (i) for different
values of normal to partial failure rate (A1). It can be
concluded from the graph that MTSF decreases with
increase in the values of A, and has higher values for
lower values of ..

Profit vs cost per visit of repairman (C,)for
different values of cost for busy period of
repairman (C,)

Profit vs revenue per unit time(C,)
for different values of cost of alternate

performance(Cs)
10 -
5 -
Proéit LI L L L ‘I‘IIIIIIIII CS:SOOO
2726 30 34 38 42 46
5 -rili=C5=1000(¢
C5=1500(0

-10 C,

== (C1=850
== C1=875
C1=900

C,
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Fig. reveals the behaviour of profit (P7) with
respect to cost per visit of repairman (Cs)for
different values of cost per unit time for which the
repairman is busy for repair(Ci). It can be
interpreted from the graph that profit decreases with
the increase in cost per visit of repairman C, and has
higher values for lower values of C;.

Interpretation
(M For C; = 850, the profit is positive or

zero or negative according as C4 < or =
or> 1235.9578. Hence, not more than
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an amount of 1235.9578 per visit should
be paid to the repairman.

(i) For C; = 875, the profit is positive or
zero or negative according as Cs < or =
or > 1078.1833. Hence, not more than
an amount of 1078.1833 per visit
should be paid to the repairman.

(iii) For C; = 900, the profit is positive or
zero or negative according as Cs < or =
or > 920.4545. Hence, not more than an
amount of 920.4545 per visit should be
paid to the repairman.

Conclusion

So far as the profitability of the system is
concerned, minimum amount of revenue and
maximum amount to be paid to the repairman for
repairing/replacing the failed unit can be suggested
by the company using such system on the basis of the
graphical interpretation given above.

This fragment should obviously state the
foremost conclusions of the exploration and give a
coherent explanation of their significance and
consequence.
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