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PROFIT COMPARISON OF TWO STOCHASTIC MODELS EACH PERTAINING TO A
TWO-UNIT STANDBY OIL DELIVERING SYSTEM WITH
DIFFERENT MODES OF FAILURE

Dr. Rekha Narang*

Abstract: This paper deals with the profit comparison of two stochastic models A and B each
consisting of two unit standby oil delivering system with different modes of failure (i.e.,
direct failure or via partial failure). In Model 1 the system has only one mode of failure that
unit fails completely only by direct failure .In Model Il System has two modes of failure i.e.
the unit can fails completely either directly from normal mode or via partial failure. Initially
one unit is operative and the other is standby. 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. . Techniques of the semi-Markov processes and
regenerative processes are used to obtain various measures of system effectiveness and
profit incurred. A comparison of model 1 is made with model 2 through graphs.
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INTRODUCTION

Redundancy technique has been proved as one of the effective strategy to improve
performance of repairable systems. Standby systems have been discussed by various
researchers including [1-10] under various assumptions/considerations. 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 have been introduced by Sharma et. al. [8]. This study presents two mathematical
models representing oil delivering system having different modes of failure. Model |
represents two unit standby oil delivering system with only one mode of failure that unit
can fail completely by direct failure The transition diagram of the system is shown in Fig.1.
Model Il represents the same system configuration as in model | but with one exception that
system has two modes of failure that the unit can fail completely either by direct failure
from normal mode or via partial failure. The state space diagram of the system is shown in
Fig. 2. Other assumptions associated with model | and Il are same. Failure time is assumed
to have exponential distribution. Repair/Replacement times have been taken as arbitrary

certain important results have been derived as compared between two models.

NOTATIONS

0] operative unit

S stand by

Fr completely failed unit is under repair

Fwr completely failed unit is waiting for repair

FR repair of completely failed unit is continuing from previous state
Frp completely failed unit is under replacement

Fwrp completely failed unit is waiting for replacement

FRp replacement of completely failed unit is continuing from previous state
Frs repair of completely failed units is kept under suspension

Frps replacement of completely failed unit is kept under suspension
Pf unit is under partial failure

Pfr partially failed unit is under repair

Pfwr partially failed unit is waiting for repair

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

repair rate of completely failed unit

replacement rate of completely failed unit

repair rate of partially failed unit

rate of change of valve

probability that unit is under repair

Probability that unit is under replacement

probability of switching over to another line
probability of failure of switching over to another line
c.d.f. and p.d.f. of repair time of completely failed unit
c.d.f. and p.d.f. of replacement time of completely failed unit

c.d.f. and p.d.f. of repair time of partially failed unit

gait)

9 [
D(FRp,Pnnp; Agaq

FrpsFwrpcv) (Frps.Fwrpc)

O Good State |:| Failed State ® Regeneration State

State Transition Diagram

Fig 1 State transition diagram
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Fig 2 State transition diagram
TRANSITION PROBABILITIES AND MEAN SOJOURN TIMES
Model1
A transition diagram showing the various states of the system is shown in Fig
The epochs of entry into states 0, 1, 2, 4, 5, 8, 10,11,12,13 and 14 are regenerative points.

The transition probabilities are given below:

Po1 = P, Po2 = Q , P10 - 81 (N, pu® = aqip{l-g: (A)}
p® = aaf{l-g (M)} pis = qip{l-gi (A)} pua = ppa{l-g (N}
pis = paf{l-g (A} pis = a:a{l-g1 ()} po = g2 (A)
pa”) = qip{l-g; (A)} P2, = a1a{l-g2 ()} Py = aip{l-ga ()}
ps = pip{l-g2 (A} P2 =qua{l-g2 ()} P20 = pia{l-g2 (A)}

Also ;, the mean sojourn tomes in regenerative states i is defined as the time of stay
in that state before transition to any other state .Thus

The mean sojourn time (L) in the regenerative state ‘i’ is given by

1 1-9g,/(1 1-9,7 (4 1
Ho=z ﬂlz—gi() Hz=—gj() H4=E=Hs
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H11= 91*, (0) = M M13 = 92*/ (0) S
Model2
A transition diagram showing the various states of the system is shown in Fig. The

epochs of entry into states 0, 1, 2, 5,7 11,12,17,18,19,20,21 and 22 are regenerative points.

Por 7 /13&/11 P 7 /1(1/1/11 Pos ;tilz,l

P = 91*(1““/11) P14 = lpjli{l—gl*(/“r%)} P2,10 =%{1—92*(1+%)}
0,9 = /Ifjlfjjﬂfl{l— g;j:_(i_’_ll)_l_ g;:(ﬂz)} o1, /’lp-?-lj:l {1_91*(/1+11)}
P - zﬁfzﬂiz{l glmi% - glzj (12)} P =%{1‘95(z%)}
L L I ATt
pis® = lfl_pj:l /1{1 ;Hj:}* ng(}”)} P16 = /,?jli{l 0, (A+4))
pis” = lfl_qjlf /1{1 ;Hj:}* = gz(}”)} pr7 = jili -0, (2+4)
R
p2s" = ﬂﬁl_pj:/l /1{1 “1”1 1_922*(/12)} P = zpili -9, (1+4)]
prul? < B0 [ngered) dogtlll L )
puat? < [0 k) gl L R g )
put+ AR [EBUAL LR -
e e S
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1- 1- .
9 qlpﬂaﬂz{ 9, *(A+4) 93*(}“2)} P31 =M{1—93(2+ﬂ1)}

- -2 A+A A A+,
(16) _ P P44, 1_93*(/1"'}1)_1_93*(/12) - Y% 1-a.5 (1

P3,17 ﬂz—ﬂi—;t{ ) 7 P3,17 /1+21{ g; ( +/11)}
(16) _ ap, A4, 1_93*(/1"'11)_1_93*(/12) - qp,A 1-a.5 (1

P3,18 /12_21_/1{ ) 7 P3,18 /1+21{ g; ( +/11)}

MEASURES OF THE SYSTEM EFFECTIVENESS

Various measures of the system effectiveness obtained in steady state using the arguments

of the theory of regenerative process are as under:

The Mean Time to System Failure (MTSF) = N/D
The availability of the system (Ao) = N./D;
Busy period analysis of repair time only (Bo) = N, /D,
Busy period analysis of replacement time only (BRy) = N3 /D
Expected no of visits by repairman (Vo) = N4/D;
Expected no of replacements (Ro) = Ns /D
Expected time during which the operation is performed

by some other system on the failure of both the units (APy) = Ne/D1

Model1

N = Lo + poilts + Pozil

D =1-p1opo1 — Poz2 P20

Ni=  Ho((1- p1a™ = p1a) (1- P22 - o) + (P12 + pas) (- par” - Pas)) + Pon (ko(1- P2 -
P2,10) + Poa(Ka + H13Pas +H14 P2,10)) - Poz (Lol 1- p11®-p1a) + Por (Ki+Ha1p1a +Hi2 P13))

Di= po(pio + P27 + P10oP2s + P10P20 + P20P16 + P1s) + Ki(p27 + Pag + Po1p2o) + Ka(pis + pis +
Po2P10) + (K4 + Ma1) (P27 + P2s+ P20 Po1) (P1a+ P1s) + ( Ha+ pas) (P1s + P1e+  Po1Po2) (P2s +
P2,10)

N2 = (Wi+W11p14+W12p1s)(Po1P2o + P27+ Pas)

N3 = (W3 + Wi3 pag + Wig P2,10) (Po2 P10+ P1s+ Pie)

Ny = (p12(6) + P1s) P20 + P10 (1- pzz(g)'pz,w)

Ns = 1-p11(3)-p14- Po1P10

No = (W11 p1a+ W12P1s ) (PotP20+ P27+ P2s) + (Wi3 P2s +W 14P2,10) (Po2 P1o+ P12® + pis)
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Model2
N = (1'p3,3(16))(H1 + Ppo1Ks + po2 K2 )+ Ks ( po2p 2,3 13 4 post Po,1 p13?)

D = 1-pop p2,3(13)p3,0 — Po3 P30 - Po1 p1,3(8)p30 - P10 Po1— P20 Poz2 + p3,3(16)( P10 Po1 -1 + P20 Po2)

(11) (13,11)
— P22 -

Ni= po ((1- p11(4) - p11(8'4)' (p15(8)+ P1s) )(1- p22 p p2,12(13)+ P2,12) )

(1‘p3,3(16)) + p2’3(13)( 'p3,2(14) - p3,2(16'14) - (p3,18(16) + p3as))- ( p12(6) - p12(8'6) - (p17(8) +pa7))( -

(9) (15) (15,16)

- (p3,17(16) + P317))-

(1) _

— 021" (p220™ + pato) N1-p3s"®) + pys™ (-p3a
(14) _

P2,1 — P31

p1,3(8) (- p2,1(9) - p2,1(13'9) - (p2,10(13) + P2,10))(- P32 p3,2(16'14) - (p3,18(16) + Pp318))-(1-p2,2

p2,2(13,11) - (p2,12(13) +p212))( - p3,1(15 - p3,1(15’16) - (p3,17(16) +p3,17))* Poa ( (pat Mzo(p17(8) + P17
Jriao(ps® +  pas )((1-p22™ = P22 -(p22™ + p21a) N1-pss™®) + pys™( -ps,

(16,14) 13)
3,2

p - (p3,18(16) + P38 )))'(p12(6) - p12(8'6) - (p17(8) + p17 ))((pat Hz1(pz,1o(13) + P10 )+ sz(pz,u(

16 13 18 16 8 13

+ pP2,12 ))(1—p3,3( ))+ p2,3( ) (M3+H23(p3,17( V4 P3,17 )+ Hz4(p3,18( )+ P3,18))) 'p1,3( )( (M2+H21(p2,1o( )
(16,14) (13,11)

3,2 - ( 22 -

+ P20 )+ H22 (p2,12(13) + p2,12 )N 'p3,2(14) -p p3,18(16) + P38 ))-(1-p2,2(11) - p

(p2,12(13) +p212) ) (Hst+ Mz3(p3,17(18) + P37 )+ Hz4(p3,18(16) + p318)))) - Po2( (pat Mzo(p17(8) +p17 )+
(15) _ 1(15,16) )

H19(p15(8) + p1s ))(( pZ,l(g)_ p2,1(13’9) —(p2,10(13)+ P2,10 ))(1'p3,3(16)) + Pz,3(13)('p3,1 P3

(p3,17(16)+ P3,17)))-( 1-p11(4) - p11(8’4)'(p15(8)+ P1s ))(( H2+M21(p2,1o(13)+ pz,1o)+}J-22(p2,12(13)+p2,12))(1'

16 13 18 16 8 13
P3,3( ))+ p2,3( ) (pa+ Mzs(p3,17( '+ P3,17 )+ Ll24(l33,18( )+ P3,18))) - p1,3( )( (pa+ M21(pz,1o( )+ P2,10 )+
(15) _ (13,9) (

13 15,16 16 9 13
sz(pz,lz( )+ P212)) (-P3a p3,1( L (p3,17( '+ P3,17 ))-( p2,1( ) - P21 p2,10( )+p2,10))

(l~l3+M23(p3,17(18)+p3,17)+lvl24(p3,18(16)+p3,18))))+ po,s((M1+uzo(p17(8) +p17 )+ M19(p15(8) +p1s ) (( p2,1(9)—

13,9 13 14 16,14 16 11 13,11 13
p2,1( )'(p2,1o( )+ P2,10 ))( 'pa,z( )—pa,z( )'(p3,18( )+ P3,18 ))'(1'p2,2( ) - pz,z( )'(p2,12( )+
(15,16)

3,1 - (

P2,12 ) N 'p3,1(15) - p p3,17(16) + p3a17 ) - ( 1'F)11(4) - p11(8'4) '(p15(8)+ P15 ) N( pat

le(pz,mm) + P10 )+ W22 (p2,12(13) + p2,12)) 'p3,2(14) - p3,2(16'14) '(ps,ls(le) + P31s)) - (1'p2,2(11) -

p212(13,11)_ (p2,12(13) + P2,12 ))(M3+H23(p3,17(18) +P3,17 )+ Loa (p3,18(16)+ P3,18)))+( p12(6) - Plz(g’s) - (p17(8)
+ p17) N( H2+M21(p2,10(13) + p210) + Mzz(pz,lz(la) + P2,12 ))('p3,1(15)_ p3,1(15’16) - (p3,17(16) + p3,17 ))-(
p2,1(9) - p2,1(13'9) '(p2,10(13) +P2,10)) (M3+H23(p3,17(18) +P317 )+ M24(p3,18(16)+ P3,18))))

(14) _

9 3,9 3 6, 6
D; = po(pol( p2,1( ) - F)z,l(1 )-(F)z,lo(1 '+ P2,10) ) (P32 pa,z(1 14)'(p3,18(1 )+

P3,18 ))-(1-p2,2(11) - p2’2(13,11) -

(4)

(p2,12(13) +p212) ) ( ‘p3,1(15) - p3,1(15'16)' (p3,17(16)+ P3,17)))— P2ol( 1-

(14) _

- p11(8'4) '(pls(g) +p1s) ) (-ps2 p3,2(16'14) _(p3,18(16) + p3,18))-( p12(6) - p12(8’6) '(P17(8) +p17)

(15) _

P11

1 13,11
(-p3a1 ) )

p3,1(15'16)' (p3,17(16)+ P3,17)))+ P3ol( 1-p11(4) - p11(8'4)' (p15(8)+ P1s)) (1'I32,2(1 — P2
- (p2,12(13) +p212)) - ( p12(6) - p12(8'6) '(p17(8) +p17) ) ( p2,1(9) - p2,1(13'9) '(pz,lo(ls) +p2,10) ))) +Kal-

(16,14)
3,2

Po1P2o ( 'p3,2(14) -p - (p3,18(16) + p318)) + Po1P3o (1'I32,2(11) - p2,2(13,11) ‘(p2,12(13) +py12) )+
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3171 (p3,17"+ p3,17)) - Pozpso ( P21 — P21 (P20 + P10 ) )+ (-

(13,9) _ (15,16)_

Po2pP20 ( 'p3,1(15) -p

14
( )—p

(16,14)
3,2 -

(p3,18(16) + P33 ))( 'p2,1(9) — P21 (p2,10(13) +P210) )- ( 'p3,1(15) — P31

(13,11)
2,2 -

P32

p2,12(13) + p212)) ) + Ks(po1 (p1o ( 'p3,2(14) - p3,2(16'14) -

(15) _

(p3,17(16)+ P3,17 ))(1-p2,2(11) - p

(15,16)
3,1 -

(p3,18(16) + P3,18)) - Paol p12(6) - p12(8'6) ‘(p17(8) + p17) ))-po2(( -p3,1 p (p3,17(16)+ P3,17))

P10+ Paol 1'}911(4) - p11(8'4)' (p15(8)+ P1s)))- ( 1'p11(4) - p11(8'4) - (p15(8)+ P1s) ) ( 'p3,2(14) - p3,2(16'14)
- (p3,18(16) + P38 ))+( -p3,1(15) - p3,1(15'16)' (p3,17(16)+ p3,17 ) p12(6) - p12(8'6) - (P17(8) +p17) )+
) _ 3,2(16'14) - (p3,18(16) + P3,18))-Pao ( p12(6) - p12(8'6) - (p17(8) +p17) )) + Po2(p1o (-

(84)

Ke(po1(p1o ( -p3,2
(9)

p

- p2,1(13'9) - (p2,10(13) + P2,10)) - P2ol 1-p11(4) - 011(8'4) - (015(8) +p1s) )+ ( 1'F)11(4) - P11
(11) (13,9)
_ 21 -

P2,1

(13,11)
2,2 -

(p2,12(13) +p212) ) p2,1(9) -p (p2,10(13) +p2,10) ) (

(13,11)
2,2 - (

(pIS(S) +p1s) ) (1-p2.

p12(6) - p12(8'6) - (p17(8) +p17) ) + ps(pis (8)+p15)(( (1'p2,2(11) - p

p

pz,lz(ls) +pP212) ) -

(16,14) (13,11)
)2 2,2 -

16 11
- (p3,18( )+ P3,18)) - P30 (1'p2,2( - p
(16,14)
3,2

pozpzo)(l'p3,3(16)) + Ppos(p2o ( ‘p3,2(14) - P3

(14) _

(pz,lz(ls) + po12) )+ p23(13)( (-p32 p - (p3,18(16) + P38)) - Po2P30)) + Wr(p17 + p17(8))

,1(13'9) - (p2,10(13) + P2,10) ) - Pao ( '03,1(15) - p3’1(15,16)_(p3’17(16)+ P31z )+

; 1(15,16) ) (13)

(Pos(p3o ( p2,1(9) - P2

(15) _

p23(13)(p01 P30- (-P31 p (p3,17(16)+ P3,17))) +( 1'p33(16))(pcnp20‘(pz,1(9)—p2,1(13'9)'(p2,1o

,2(16'14) - (p3,18(16) + p31s )))H( 1-

P3,3(16))(P02 P1o- ( P12(6) - p12(8'6) - (p17(8)+ P17) )+ Poz(pso ( p12(6) - p12(8'6)' (p17(8) +p17) ) - Pl -

14 16,14 16
,2( )- ,2( )'(p3,18( )

+ p20) ) + Hlo(p2,1o+p21o(13))(p1,3(8)(poz P30-( -p3,2(14) - P3

P3 P3 +p31s)))) + Mlz(pz,1z+p2,12(13))(p03(p10( 'p3,1(15) - p3,1(15'16)' (p3,17(16)+
(15) _

P3,17 ))-P30( 1‘P11(4) - p11(8’4) - (p15(8) + p1s) )+ p1;3(8)( (-ps1 p3,1(15’16)'(p3,17(16)+ P3,17 ))-Po1

P30)+( 1-p3,3(16))( ( 1'F)11(4) - p11(8’4) - (p15(8) + pis ) )-Po1P10))+ M7 (ps,17+p3,17(16))(p1,3(8))( (1-

(11) (13,11) (13,11)
,2 — M2,2 - ( ,2

- (pz,lz(ls) +P212) )-
8)

p2’12(13) + P2,12) )-Po2P20)+ Pos(P1o (1—p2,2(11) )

®O _ (pr® + p17 ) NP2 por-(-p12® - p1®® -(p1

P2 P2

Poz2 ( 'plz(s) - P12 + p17 ) P1w)) +

ulg(p3,18+p3,18(16)(pl,s(g)(pomzo-( p2,1(9) - pz,l(lg'g) '(p2,10(13) + P2,10 ) ))+Po3(P2ol 1-p11(4) - p11(8'4) -

(p15(8)+ P1s) ) - P10l p2,1(9) - p2,1(13'9)' (p2,10(13)+ P2,10) ))+p2,3(13)( ( 1-p11(4) - p11(8'4) - (p15(8) + P1s)

3,2(16'14) - (p3,18(16) + P38 ))-P30 (1‘p2,2(n) -

B9)(

)-Po1P10))+ Mg (p15+p1,5(8)) (Poa(p2o ( 'p3,2(14) - p

3,2(16'14)' (p3,18(16)+ P3,18))-Po2P30)*+( 1-p3,3

p212(13,11)_ (p2,12(13)+ P2,12) )+ p2,s"( ‘p3,2(14) -p
(1'p2,2(11) - p2,2(13,11) - P1222 P22,2 (p2,12(13) + P2,12) )'pozpzo))+Hzo(p17+p1,7(8)(pos(pso ( p2,1(9) -
p2,1(13'9) '(p2,10(13) + P2,10) )-Pao ( 'p3,1(15) - p3,1(15'16)'(p3,17(16)+ P317)))+ p2,3" > (Porpso-( -p3,1(15) -
p3,1(15'16)'(p3,17(16)+ P37 )))+( 1'p3,3(16))(p01p20‘(pz,l(g)—pz,l(lg'g) '(p2,10(13) + pa0 )
)))+H21(pz,10+pz,1o(13)(p1,3(8)(po,zp3,0'( 'p3,2(14) - p3,2(16'14) '(p3,18(16) + 3,18 )))+( 1'p3,3(16))(p02p10-(
p12(6) - p12(8'6) - (p17(8) + P17) ))+Pos(P3o ( p12(6) - p12(8'6) - (p17(8) + P17) )-P1o ( ‘p3,2(14) - p3,z(16'14) -
(p3,18(16) + Ps318 ))))+sz(pz,12+p2,12(13)(p03(p10( ‘p3,1(15) - p3,1(15'16)' (p3,17(16)+ P3,17 ))-P3o( 1'I311(4) -
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(8,4)

(15) (15,16)
- P31 .

(p3,17"+ P3,17))-Po,1P3,0)+(1-p3,3" ) ( ( 1-

(13,11) (13)
2 = (p2,12

P11 - (pls(g) + P1s ) ))+p1,3(8)( (-ps3a p

(4)

P11 - p11(8’4)- (p15(8)+ P1s) )'po,1p1,o))+M23(|33,17+p3,17(16)(p1,3(8)( (1-p2,2(11) - P2 P2,

+P2,12) )-P0,2P2,0)* Po,3(P1.0 (1'I32,2(11) - pz,z(B'll)' (p2,12(13) +P2,12) )-Pos2 ( p12(6) - |312(8'6)‘ (p17(8)

+p17) )+ p2;3(13)(p0,2p1;0'( 912(6) - p12(8’6) - (p17(8) +p17) )))+M24(p3,18+p3,18(16))(|303(p2,0( 1'I:>11(4) -

(8,4) (13,9) _ (84) _

p1r® - (p1s® + p1s) )-pro ( p2,1(9) ~ P21 (pz,lo(ls) + P2,10) N+02,5"( (1-p1™ - puy

(p15(8)+ P1s) )—p0,1p1,0)+p1,3(8)(p0,1p2,0-( p2,1(9) - p2,1(13'9)‘ (p2,10(13)+ P2,10))))

N;= (W1+p19(p15+p15(8))+p20(p17+p17(8)))(—p01((1—p2,2(11) - p2'2(13,11)_ (p2,12(13)+ P2,12)) (1'p3,3(16)+

5 2(16,14) ) (16)

p2,3(13) (- p3,2(14)— p (p3,1s(16) + p3,18)))+Pox(( p2,1(9) - pz,1(13'9)'(p2,1o(13)+ P2,10) )(1-p33

+ p2,3(13) (- p3,1(15) - p3,1(15'16)' (p3,17(16)+ P3,17 )))-Posl(( p2,1(9) - p2,1(13'9)' (p2,10(13)+ P210) ) (-
14 16,14 16 11 13,11 13 15
pa,z( ' - pa,z( = (p3,18( )+ P3,18)) - (1‘P2,2( - pz,z( - (p2,12( + p2,12) ) ( 'p3,1( ) -

15,16 16 16 16 13 6
p3,1( - (p3,17( b P3,17)))) (W3+M23(p3,17+p3,17( ))+ Hz4(p3,18+p3,18( ))) (- p01('p23( ) ( plz( b

p12(8'6)' (p17(8) +p17))+ pla(s) (1- pz,z(ll) - p2’2(13,11)_ (p2,12(13)+ P2,12) ) +Po2l(- p23(13) ( 1'F)11(4) -

13, P2,10) ))-po3((1-p11(4) - p11(8'4)' (p15(8)+

P1s ) ) (1'p2,2(11) - p2,2(13,11)_ (p2,12(13)+ P2,12 ) )-( plz(s) - p12(8’6)' (p17(8) +  piz) ) p2,1(9) -

p11(8'4)' (p15(8)+ P1s ) )+p13(8) ( p2,1(9) - p2,1(13’9)-(p2,1o

p2,1(13’9)-(p2,1o(13)+ P2,10))))

(8,6) )-

N3 = (W2+(|32,1o+p2,1o(13)) M21+M22(pz,12+p2,12(13)))('po1((p12(6) - P12 (p17(8) + p17 ) ) (1-

(14) (16,14)
2 — P32 -

p3,3(16))+p1,3(8) (- ps3 Ps3 (p3,18(16) + p3,18)))+ poa( 1—p11(4) - p11(8'4) - (p15(8) +p1s) )

(15) (15,16)
- P31 -

(p3,17(16)+ P3,17)))-Pos( ( 1'|311(4) - p11(8'4)' (p15(8) +p1s) )( -
1(15)

(1'p3,3(16))+p13(8) (-ps1

(14) (16,14)
3,2 3,2 - (

P3

(15,16)
1 -

p -p p3,18(16) + p3,18 ))-( p12(6) - p12(8'6) - (p17(8) +p17)) (-ps3 —P3

(P3,17(16) +p317))))

Na=((1-p1™ -p11®¥ - (p15® +p1s ) )( (1-p2,2(11) _p2’2(13,11)_ (p2,12(13) +p212) )(1-p3,5"®) +py,s™Y
) _

2(16,14) _ (13)

(p3,18(16)+p3,18 ))-( p12(6) - p12(8'6)' (p17(8)+p17) )(( p2,1(9) - p2,1(13’9) -(P2,10

p3,17(16) +P3,17 )))'p1;3(8)( (p2,1(9) - p2,1(13'9) -

(-ps P3

(16) (15) (15,16)
1 -

+p2,10 ) )(1-p3,3 +p2s ™ ( -P31 —ps3

(pz,lo(la) +p210) ) ( 'p3,2(14) - p3,2(16'14)' (p3,18(16) +P3,18 ))—(1—p2,2(11) - p2’2(13,11) - (p2,1z(13) +pP212) ) (

(15) _

15,16
p3,1( )

-P3,1 (p3,17(16) +p317))))
Ns= (-poal( p12(6) - p12(8'6)' (p17(8)+ P17) )(1'p3,3(16)) + p1;3(8) ( 'p3,2(14) - 3,2(16'14)—

(p3,18(16) +p3,18))) + Poal (1'p1,1(4) -

p

(15) (15,16)
P31 -

8, 8 6 8
p1,1( . (p15( )+p15) )(1'p3,3(1 )) + p1,3( ) (-p3a
8) (14)

P3

(16,14)
3,2 -

+p1s) ) (-psa (p3,18"® +p3,18)) -

(15,16)
3,1 -

(p3,17(16) +P3,17 )))'pos((l-p11(4) - P11(8'4) - (p15( p

(15) _

(p12(6) 'p12(8'6)' (p17(8)+p17) ) (-p31 p (p3,17(16)+ P3,17))))

(13,11)

Ng = poal( Mzo(p17+p17(8) )+ M19(p15+p15(8)))( (1—p2,2(11) - P22 '(p2,12(13) + p212 ) )1-

(16,14) (16)
32 -

p33(16))+p23(13) ( ‘p3,2(14) - p P3,18 + p31s )))-( p12(6) - p12(8'6) ‘(p17(8)+p17))(
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Mzz(p2,12(13)+p2,12)+M21(p2,10+p2,1o(13))(1'p3,3(16)+pz,3(13)(M23(p3,17+p3,17(16))+uz4 |O3,18+|03,13(16))))-

(14) _

p13(8)( Mzz(pz,12(13)+p2,12)+ M21(p2,1o+p2,1o(13))( P32 p3,2(16'14) '(pa,ls(ls) + P38 ))-( p2,1(9) -

(13,9)
2,1 -

p (p2,10(13)+p2,10))( st(p3,17+p3,17(16)) + u24(p3,18+p3,18(16))))))'poz(( Hzo(p17+p17(8))+

(13,9) (13)* (15) _ 1(15,16) _

H19(p15+p15(8)))(( p2,1(9) (s) = p21 - (p2,10(13) +p2,10) )(1'p3,3(16)*)+p2,3 (-p3a1 P3

(p3,17(16) + p3.17)))-( 1-p11(4) - p11(8'4) - (pls(g) + p1s) ) sz(p2,12(13)+p2,12)+}121(p2,10+p2,1o(13))(1'
p3,3(16)) + pz,s(ls)(uzs(p3,17+p3,17(16))+M24(p3,18+p3,18(16))))'p13(8)( (sz(p2,12(13)+P2,12)+ Ha1
(p2,10+p2,10(13)))( 'p3,1(15) - p3,1(15'16) - (p3,17(16) + p317 ))-( p2,1(9) - p2,1(13'9) '(p2,10(13)+p2,10)) (

Mzs(p3,17+p3,17(16)) + M24(p3,18+p3,18(16))))) + pos(( t20 (P17 +p17(8))+ M19(pls+p15(8)))(( p2,1(9) -

(13,9) (14) (11)
2,1 - - -

p (p2,1o(13) +p210)) (-p32 03,2(16'14)' (p3,18(16) +p318))-(1-p22 p2,2(13'11) - (p2,12(13)

(15,16)
1 -

+p212) N 'p3,1(15) - P3 (03,17(16) + p317)))-( 1'|311(4) - 011(8'4) '(p15(8)+p15))( sz(p2,1z(13)+

(14) (16,14) (12) (13,11)
- 2,2 -

P2,12)+ M21(p2,10+p2,1o(13)) ( -ps32 (03,18(16) + p31s ))-(1-p22 - P

8)

- P32

(pz,12(13)+p2,12))( 23 (p3,17+p3,17(16))+ H24(P3,18+p3,18(16))))+( p12(6) - p12(8'6) -(p17( + p17 ) )N

(15) _ 1(15,16) _ (13,9)

Mzz(p2,12(13)+p2,12) + u21(p2,10+p2,10(13)*)( P31 P3 (p3,17(16)+ P3,17))-( p2,1(9) — P21
- (p2,10(13)+ P2,10) ) (M23(P3,17 +pa,17(16))+ M24(p3,18+ps,18(16)))))
PROFIT ANALYSIS

Expected Profit = Cvo - C]_Bo - CZBRQ_ C3V0— C4R0— C5AP0

Co = revenue per unit up time

C = cost per unit time for which the repairman is busy for repair

G = cost per unit time for which the repairman is busy for replacement
Cs = cost per visit of the repairman

Cay = cost per unit replacement

Cs = cost per unit of alternate performance

PARTICULAR CASE FOR MODEL 1 AND MODEL 2

The following particular case is considered for graphical interpretation

—a —o,t -a
gi(t) = oz e ™ glt)=ae 2 gs(t) =aze "'
GRAPHICAL REPRESENTATION OF RESULTS

Model1
The behavior of profit with respect to revenue C, for different values of cost of alternate
performance Cs is shown as in Fig. 1.3. It is clear from the graph that profit increases with

the increase in the values of Cy but decrease as the value of alternate performance Cs
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increases. Fig 1.4 shows the behavior of Profit with respect to cost per visit of repairman C,4
for different values of cost for busy period of repairman C,.It is clear from the graph that
profit decreases with the increase in cost per visit of repairman C4 and also with increase in
cost of busy period of repairman Cj.

Model2

The behavior of profit with respect to revenue Cy for different values of cost of busy period
of repairman C; is shown in fig 1.5. It is clear from the graph that profit increases with the
increase in the values of Cy and decreases as the value cost of busy period of repairman C;
increases. Fig 1.6 shows the behavior of profit with respect to cost per visit of repairman C,4
for different values of cost of busy period of repairman C;. It is clear from the graph that
profit decreases with the increase in cost per visit of repairman C4 and also with increase in
cost of busy period of repairman C;.

COMPARISON BETWEEN THE MODELS

Comparison between the models shows the behavior of the difference between the profits,
i.e., Py — P, with respect to revenue per unit up time (Cy) of an oil delivering system for
different values of cost per unit time for which the repairman is busy for repair (C,)

From the graph, following is concluded:

(i) The difference Py — P, increases as the revenue (Cp) increases. Also, the difference
becomes higher for higher values of cost (Cy).

(ii) For C; =10, Py — P, > or = or < 0 according as Co > or = or < 34.116. Hence Model 1is
better or worse than the model 2 whenever Cy > or < 34.116. Both the models are
equally good if Co = 34.116.

(iii) For C; =50, Py — P, > or = or < 0 according as Co > or = or <31.69. Hence, Model 1 is
better or worse than the Model 2 whenever Cy; > or < 31.69. Both the models are
equally good if Cp = 31.69.

(iv) For C; =100, P; — P, > or = or < 0 according as CO <or = or > 28.66. Hence Model 1 is
better or worse than the Model 2 whenever C; > or < 28.66. Both the models are
equally good if Co = 28.66.

Fig.1.7 shows the behavior of the difference between the profits, i.e., P — P, with respect to
cost per unit of repairman (C4;) of an oil delivering system for different values of cost of

alternate performance (Cs)
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From the graph, following is concluded:

(i) The difference P; — P, increases as the cost (C4) increases. Also, the difference
becomes lower for higher values of cost (Cs).

(i) For C5 =500, Py — P, >or =or <0 according as C4 > or = or < 20211.835. Hence Model
lis better or worse than the Model 2 whenever C; > or < 20211.835. Both the
models are equally good if C4 =20211.835.

(iii) For Cs = 520, P; — P, > or = or < 0 according as C4 > or = or < 21435.18.. Hence,
Model 1 is better or worse than the Model 2 whenever Cy > or < 21435.18. Both the
models are equally good if C4 =21435.18.

(iv) For C5 =540, P, — P, > or = or < 0 according as C4 <or = or > 22658.525. Hence Model
1 is better or worse than the Model 2 whenever Cy > or < 22658.525. Both the

models are equally good if C4 = 22658.525.

Profit vs revenue per unit time(C,) for Profit vs cost per visit of repairman (C,)for
different values of cost of alternate different values of cost for busy period of
40 Performance(C;) repairman (C,)
0.1
2 .
0 0.05
[— C5=6500
Prdfit S
o o Profid - — C1=880
c0 Gr— C5=7000 O O O O O O
-20 — - -0.05 E_D‘ 3 O‘—|o Q £ r?'y C1=885
C5=7500 I €1=890
-40 -0.1
Co C4
Fig. 1.3 Fig.1.4
. e . Profit vs cost per visit of repairman (C,)for
Profit vs revenue per unit time for different different values of cost for busy period of
values of cost per visit of repairman repairman (C,)
30
20
20 A
10 - 10 e C1=9000
= C1=1000
0 - T T T T T T T T : l—m— C1=9200
—m— C1=1500 Prdfit '
-10 22 26 30 34 38 42 46 238888 &8 €1=9400
C1=2000 10 @ © OO0 O O oo
-20 ML NS o6 n K
-30 -20
Revenue (Cy C,
Figl.5 Fig.1.6

Vol. 4 | No. 3 | March 2015 www.garph.co.uk IJAREAS | 42



International Journal of Advanced Research in ISSN: 2278-6252
Engineering and Applied Sciences Impact Factor: 4.817

Difference of Profits (P,— P,) vs Revenue (C,)

for different values of cost of busy period of Difference of Profits (P,— P,) vs cost C, for
repairman (C,) different values of cost of alternate
40 performance Cy
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