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Abstract The present paper gives analysis of a stochastic model for a ceramic tile production system considering
its five main subsystems viz. Ball Mill, Spray Dryer, Hydraulic Press, Glaze Line and Kiln and a storage system,
Silo. It was considered that the failure of Ball Mill and Spray Dryer subsystems depends upon Silo while failure of
other subsystems are independent of Silo. Also the storage in Silo is consumed during the repair/replacement of the
failed subsystems then the system goes to failure otherwise it is operative. During the occurrence of failure in
subsystems Hydraulic Press, Glaze Line and Kiln, leads to the failure in other subsequent subsystem and the
repairman first inspects in which redundant unit of the subsystem has a fault and then accordingly repair/replacement
is carried out. The system has been analysed using Markov process and regenerative point techniques. Various
conclusions for the system regarding its reliability and availability are drawn by plotting several graphs for a
particular case.
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1. Introduction

Just from the beginning of the inception of technological
systems, over a long period of time anticipation of the
public of the society has been that the systems to perform
its work satisfactorily and accurately. To meet the
challenge and expectation of the public, various reliability
models have been elaborated since long by sevaral researchers
taking into account different circumstances/aspects and
acquiring system performance influencing measures.
Kulshreshtha [1] investigated a multi-component system,
EL-Sherbeny [2] analysed two-stage repair time system,
Yusuf and Yusuf [3] determined the problem of three
types of failures, Taneja and Sachdeva [4] discussed
on optical communication process and Rajesh et al. [5]
studied about the reliability of a gas turbine. All the above
studies achieved different types of failures, which
optimize the reliability of the systems.

Proschan [6] introduced redundancy of the system,
Arora [7] investigated reliability of many standby redundant
systems with priority, Dhillon [8] studied a multistate
component redundant system having common cause
failures. Wang et al. [9] determined the comparison of
availability between four systems having warm standby
subsystems with standby switching failures. Recently,

Reena and Kumar [10] obtained reliability analysis of a
ceramic tile manufacture system having various subsystem
failures. So, lot of studies has been done by several
researchers taking redundant systems. In this paper we
deal with a stochastic models developed for a ceramic tile
production system considering its five main subsystems
viz. Ball Mill, Spray Dryer, Hydraulic Press, Glaze Line
and Kiln and a storage system, Silo that is used for storing
raw material on the basis of information made while visiting
the system. It was observed that the failure of Ball Mill
and Spray Dryer subsystems depends upon Silo while failures
of other subsystems are independent of Silo. If the storage
in Silo is consumed during the repair/replacement of the
failed subsystems then the system goes to failure otherwise
it is operative. On failure of the system, subsystems
Hydraulic Press, Glaze Line and Kiln are inspected by the
repairman to judge in which subsystems Hydraulic Press,
Glaze Line and Kiln fault has occurred and accordingly
repair the subsystem. During the occurrence of fault in the
subsystems Hydraulic Press, Glaze Line and Kiln leads to
the failure in other subsequent subsystem.

2. Assumption

1. Subsystems Hydraulic Press, Glaze Line and Kiln
having redundant subsystems.
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2. Inspection after each failure in redundant subsystem
Hydraulic Press, Glaze Line and Kiln.

3. Failure in subsystems are independent.

4. There is a single repair facility that carries out
repairs in FCFS pattern.

5. The system is as good as new after each repair.

6. All the random variables taken here are assumed
mutually independent.

7. Switching is impeccable and instantaneous.

8. The failure time distributions are taken as exponential
although the other time distributions assumed to be
general.

3. Notations

M/Ao/A3/ ha/hsconstant  failure rate of A/B/C/D/E
subsystems of the system

X dust storage level at a time

Xo required level of dust for the operation of
the system

t* time duration in which dust storage
reduced to required level x0

p1 probability that the dust storage (capacity)
is more than the required level = P(X > x0)

0z probability that the dust storage (capacity)
is less than the required level = P(X < x0)

p2 probability that the repair is done before

the dust storage (capacity) goes less than
required level x0

(o3 probability that the repair is done after the
dust storage (capacity) goes less than
required level x0.

Ci probability that the fault is in the ith press,
i=1,2,3,4

d; probability that the fault is in the ith glaze
line, i=1,2,3,4

& probability that the fault is in the ith kiln,
i=1,2,3,4

13(t)/i3(t) c.d.flp.df of inspection time for
subsystem C

14(t) /i4(t) c.d.flp.df of inspection time for
subsystem D

I5(t)/is(t) c.d.flp.df of inspection time for

subsystem E
Gai(t)/ gar(t) c.d.f/p.d.f of repair time for subsystem A
when repair is done before the dust storage
c.d.f/p.d.f of repair time for subsystem A
when repair is done after the dust storage
Gp1(t) /gp1(t) c.d.f/p.d.f of repair time for subsystem B
when repair is done before the dust
storage

Gaz (t) Oa2 (t)

Gp2(t)/gp2(t) c.d.f/p.d.f of repair time for subsystem B
when repair is done after the dust storage
G(t)/gc(t)  c.d.f/p.d.f of repair time for subsystem C
Gy(t)/gq(t)  c.d.f/p.d.f. of repair time for subsystem D
Ge(t)/ge(t) c.d.f/p.d.f. of repair time for subsystem E

4. Transition Probabilities

Figure 1 shows possible states of transitions of the

system. The points of entry into states 0, 1, 2, 3, 4, 5, 6, 7,

8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 and 19 are
regeneration points and hence these are regenerative states.
The states 2 and 4 are failed states and 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18 and 19 are degraded states. The
transition probabilities are stated as

Qoy (t) = ppiye” A2 +7a+Aa+7s),
Gop (t) = quiye A+ M3+ 44+75),
Goa(t) = pyipe a7+ 3+ Aa+ls)
Gou (1) = qupe AT72 23+ +05),

Gos (1) = Age~ A2+ 73+24+75)

Gos (t) = A4~ A2+ 3+ 24+75)

Qo7 (1) = Age~AAt72+i3+24+75)

%2 (1) = G292 (1) dsa (1) = G201, (1), o (V) = P20ay (1)

G0 (t) = P29, (1), d2o () = Ga, (1)

Gao (t) = Gp, (1), Asg (t) = A3G1i3 (1)

Osg (1) = d3Cois(t), G510 () = daCaiz(t)

0511 (t) = UgCai3(t), g 12 (t) = A4 0yi4 (1)

Up 13 (t) = 0adaig (1), Ug 14 (t) = Aad3iy (1)

Up.15 () = Uada4ig (1), A7 16 (1) = €1i5 (1)

0717 (t) = e5i5 (1), 07 18 (t) = e3is (t)

0719(t) = €4i5(t), 0go (t) = 9 (1)

Ggo (1) = 9c (1), tho,0 (1) = 9 (t)

1,0(t) = gc (1), dio,0(t) = 9q (1)

t30(t) =gq (1), thao(t) = 9q (1), th50(t) = 9q (1),
16,0 (t) = Ge (1), th7,0(t) = Ge (1), Gy 0 (1) = e (1),
tho,0(t) = Ge (1), Os (1) = P3iz(t), Us7 () = Pais ().

The non-zero elements pj; are acquired as given

Pij =S|i£2)(1ij (S)ZSII%Qij (s)-

_ U%T _ A
I001—/1 v Po2 =
W+ A+ 3+ A4 + 5 M+ + 3+ + 75
B P> _ %
Dos—/1 » Posa =
W+ + 3+ A4 + 15 M+ +3+4 + 75
13 14
I005:/1 » Pos =
1+/12+13+14+/15 /’l,1+}~2+/13+/’1,4+ﬂ5
15 *
= y = O
Po7 At Ayt e ia e P10 = P29a (0)

P30 = P20, (0), Pr2 = 20z, (0),

Ps4 = Ua0p, (0), Psg = AaCii3 (0).

Psg = 03C2i3(0), Ps10 = UaCais (0), Ps 11 = UaCaiz (0),
Pg 12 = Ua0his (0), Pg 13 = Uadaiy (0), P14 =0a03iy (0)
Pg 15 = Uadgis (0), P71 = &4i5 (0), P717 = €is (0),
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P718 = 35 (0), P719 = e4i5 (0),
Psg = Pai3 (0) Pe7 = P4is (0),
Pgo = Poo = P10,0 = P11,0 = 9. (0)
P12,0 = P13.0 = P14,0 = P15,0 = 94 (0),
P16,0 = P17,0 = P18,0 = P1o0 = 9 (0).
Clearly, it can be justified that
Po1+ Po2 + Po3 + Posa + Pos + Pos + Po7 =1,
Po + P2 =1 P3p + P3g =1,
Pse + Psg + Psg + P50 + P51 =1
Ps7 + Pe12 + Pe13 + P14 + Pe1s =1,

P716 + P717 + P71g+ P719 =1

q.d,i,(0)

d«dii(0)

Failed State

O Operative State

Figure 1. State Transition Diagram

5. Mean Sojourn Time

O Degrade State

Mean sojourn time () is the mean first passage time
taken by the ith state before transiting to any other state.

M =.|.P|'(Ti >t)dt,
0

where T; is the p.d.f. of device life span.
B 1
M+ Mg tlg+dy+ s

==, (0), 12 ==9,,, (0). 113 =g, (0),

Ho

s =G5, (0) 15 =5 (0) 5 =15 (0),

My = —i; (0), Hg = g = o = 41 = _g: (O)
th2 = tg = tg = ths = =Yg (0),

tg = k7 = thg = thg = —0e (0).

The unconditional mean time obtained by the system to
transit for any state j when it is calculated from the point
of entrance into the state i, is mathematically expressed as:

m;j = [taj; (t)dt = a5 (0)
0

thus
P
Moy = 2
()\41+}\.2 +7\43 +)\.4 +)\45)
g1\
Mg = 1M -
(A +hp +A3+2g +2s5)
Piro
M3 = 2
()\.1"1'7»2 +)\.3+7\44 +)\.5)
gir
Mg = 122 21
(A +hp +A3+2q +2s5)
A3
Mos = >
(M +Ap +A3+2g +2s5)
Ay
Mog = >
()\.1+7\,2 +)\.3+7\.4 +)\.5)
As
Mp7 = 2
(}n1+)L2 +)\.3 +)\.4 +)n5)

Mo = —Pzgzl (0), my, =—Q29;1 (0),
Mgy =—P2 9; (0).mgq =— a3 9;(0),
Mgo = — 9;2 (0),mgg = — pSC.Li;' (0),
Msg = —Q3°1i§' (0), mgg = _QSCZi;I (0),
M50 = —Q3C3i§' (0),mgq = —Q3C4i;‘ (0),
M7 =— p4iZ' (0),mg 1o = —Q4°1i: (0),
Mg 13 = —Q4C2izl (0),mg 14 = —Q4C3izl (0),
Mg 15 = —Q4C4i: (0),m716 = —Cligl (0),
My17 = —Czi;' (0),my 15 = —Csigl (0),
M719 = —C4i;‘ (0),
Mgy =Mgg =My 0 =Mhy0 = —QZ' (0),
M0 =M30 =Mgo =Ms0 = —gj (0).

Mo =M7,0 =Mgo =Mgo = ~g; (0).
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It is certified that
Moz + Moz + Moz + Mog + Mos +Mog + Moz = Lo
Myo + My = 44, Mpg = Hp, M3 + Myg = 43,
Myo = Ha, Mg + Msg +Msg + M5 19 +Ms 11 = L5
Mg7 + Mg 12 + Mg 13 +Mg 14 + Mg 15 = Lip,
M716 +M717 + M718 + My 19 = 47,
Mgy = Hg, Mgg = Hg, Mg 0 = H10. Mi10 = L41-

6. Mean Time to System Failure

MTSF is determined regarding the failed states as
absorbing states of the system. Using probabilistic
arguments, following are the recurrence relations for ¢;(t),
c.d.f of the first passage time from regenerative state ‘i’ to
failed state:

do (1) =Qor (t) © 1 (t)+Qos (t)

© g5 (t)+Qua (t) + Qoa (t) +Qos (1)
© g (t)+Qop (1) © s (1) + Qo7 (1) © 7 (1)

A (t)=Quo(t) © do (t)+ Q2 (1)
#5(t) = Qa0 (t) © o (t) + Qa4 (1)
d5 (£) = Qs (1) © g5 (t)+Qsg (t) © g5 (1) + Q0 (1)
© g (1) + Q510 (1) © 1o (1) +Qs21() © 11 (1)
6 (1) =Qg7(t) © 47 (t)+ Qa12(t)

) ®
S g5 (1) +Qe13(t) © dh3(t) +Qpaa (t)
© i (t)+ Qa5 () © s (t)
¢7(t)=Q716(t) © ¢hs (1) + Q717 (t)

© %7 (t)+Q718(t) © s (1)+ Q719 (1) g 410 (1)
¢ (1) =Qgo (1) & g (1)

g (t)=Qao (1) S gy (1)

do(t)=Quo,0(t) © o (t)
do(t)=Quo(t) @ (t)
2(t)=Qui20(t) ® ¢ (t)
d3(t)=Quao(t) ® o (1)
B4 (t)=Quao(t) © o (t)
ts(t)=Qis0(t) © gy (t)
the (t)=Que0(t) © gy (t)
d7 (t)=Qi70(t) © go (t)
ds(t)=Qugo(t) © g (t)
tho(t)=Quo0(t) gy (t).

Taking L.S.T. of these equations and after solving for
o (s) . we obtain

The mean time to system failure when the system starts
from the state 0, is

MTSF = lim L (s) _ N
s—0 S D
where
N = 40 + Po1s4 + Po3is3
+Pos (45 + Psp g + Psp Pe7 447 + Psgiig
+Psgtig + Psgtlg + Ps10t40 + Ps 11441
+Ps6 Pe12442 + Psg Pe13443 + Pse Pe714444
+ P56 Pe15445 + Pse Pe7 P716446
+Pse Pe7 P717447 + Psg Pe7 P718448
+Psg Ps7 P719449)
+Pop (6 + Pe7 47 + Pe 12442 + Pe 13443
+P6,14444 + Pe 15445 + Pe7 P7.16 446
+Pe7 P717447 + Pe7 P7.18448 + Pe7 P7,19449)
+Po7 (ﬂ7 + P716th6 T P7a747 + P718448 + P719449 )

and D=1-po1P10-Po3P30-Pos-Pos-Por.

7. Availability of the System with Full
Capacity

By the assertions of the theory of regenerative
processes, the availability of the system with full capacity
(AF;(t)), the probability that the system is working at
instant ‘t” with full capacity given that it entered
regenerative state ‘i’ at t = 0, is seen to satisfy the
following recurrence relations.

AFg (t) = Mg (t)+ 0oy (t)©AR (t)+ gy () ©AR, (t)
+0o3 (1) ©AR (t)+0og (1) ©AF, (1)
+ s (t) ©AFs (t) + dog () ©AFg (t)
+0o7 (1) ©AF (1)

M1 (t) + 0o (t) ©OAR, (1) +ago (1) ©AF, (t)
AF, (t) =0 (t) OAFy (t)

M3 (t) + o (t) ©ARy (1) + Gga (1) ©AF, (1)
AF, (t) = 0g0 (1) ©AR (1)

AFs (t) = ds6©ARs + 05 () OARg () + dsg (1) ©AFy ()
+ 0520 (1) ©AFyg (t) + 0511 (t) ©AFy ()
AFs (1) = dg7 (1) ©AF (1) + g 12 () OAF (1)

+0g,13 (1) OAF3 (1) + Ug 14 (1) OAFL4 (1)
+ 06,15 (1) ©AR5 (1)

AF; (t) = d7.16 (1) ©AFg () +d7 17 (1) ©AF (1)
+0718 (1) ©AFg (t)+07 19 (1) ©AFg (1)

AF (t)=

AR (1) =
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AR (t) = dgo () ©AFy ()
AFg (t) = dgo (t) ©AFy (t)
ARy (t) = tyo,0 (1) ©AR (t)
ARy (1) = a0 (1) ©AF (1)
AR (t) = tip0 (1) ©AR (1)
ARz (t) =30 (1) OARy (1)
AR, (t) = ag40 (1) ©ARy (t)
AR5 (t) = ty5,0 (1) OARy (1)
AR (t) =ty (1) ©AR (t)
ARz (t) = ty7,0 (1) ©ARy (t)
AR (t) =g (1) ARy (t)
AR (t) = 9,0 (t) ©AFy (1)

where

My (t) e—(/11+/12 +A3+ A4+ )t

M (t) = Gy (1), M3 (t) = Gy, (1).

Taking Laplace transform of the above equations and
solving for ARy (s), we have

_Ni(s)
Dy(s)

The steady state availability of the system with full
capacity is given by

AR (s)

AFq = lim (sAFO*(s))z%

s—0
where
Ny = 4o + Port4 + Po3i3

Dy = o + Poata +( Po1 P12 + Poz ) 2

+ Poaks +( Po3P3a + Pos ) Ha
Hs + P g + Pse Pe7 47 + Psglig
+Psgtig + Psgtlg + P5 1040 + Ps 11441
T Pos + Pse Pe12442 + Pse Pe13443
+ Pse Pe714444 + Pse Pe15t4s
+ Ps6 Pe7 P716446 + Psg Pe7 P717447
* Psg Pe7 P718448 + Psg Pe7 P719449
+ Pos(46 + P77 + Pe12442 + Pe 13443
*Ps14t44 * Ps 15445 + Pe7 P716446
+ Pe7 P717447 + Po7 P718448 + P67 P719449)
. [M * P716t46 + p7,17ﬂ17}

*P7.18448 T P719449

8. Other Measures of System
Effectiveness

Availability of the system with reduced capacity = %

Expected number of repairs/replacements in ball mill
_Ns
Y

Expected number of repairs/replacements in spray dryer
_Ng
ey

. L . N
Expected number of inspections in hydraulic press = =

Expected number of repairs/replacements in hydraulic
Ng
press=—

. L . N
Expected number of inspections in glaze line =L
Dy

. . . N
Expected number of repairs/replacements in glaze line = EB

. L N
Expected number of inspections in kiln =3
; O L Nio
Expected number of repairs/replacements in kiln = o
1

Expected number of visit by the repairman = % ,

Hs + Psg i + P Pe7 H7 + Psgiig
+Psgig + Psg kg + Ps 10440

+Ps11441 + Pse Pe12442 + Pse Pe13tas
+ P56 Pe714444 + P56 Pe15445

+ P56 P67 P716446 t Psg Pe7 P717447
+ P56 Pe7 P718448 + Psg Pe7 P719449

N2 = pos

Mg + Pe7it7 + Pe12442 + Pg 13443 + Pe 14444
+ Pos | T Pe 15445 + Pe7 P7 16446 t Pe7 P7 17447
+Pg7 P718448 t P7 P719449

+ Po7 (#7 + P7a6th6 t P7a7ta7 + P718tus + P7,19ﬂ19)

N3 = Po1 + Po2 + Po1P12

N4 = Poz + Pos + Po3 P34

N5 = Pos + Pos Psg + Pos Psg + Pos Ps 10 + Pos Ps 11

Ng = Pos + Pos Psg + Pos Psg + Pos Ps,10 + Pos Ps 11

N7 = Pos + Pos Ps,12 + Pos P13 + Pos Ps 14 + Pos Pe 15
Ng = Pos +Pos Pe,12 + Poe Ps.13 + Pos Pe,14 + Poe Ps 15
Ng = Pg7 + Po7 P7,16 + Po7 P7,17 + Po7 P718 + Po7 P7.19
Nio = Po7 + Po7 P7.16 + Po7 P7.17 + Po7 P7.18 + Po7 P7.19
N11 = Po1 + Poz + Po3 + Pos + Pos + Pos + Po7

and D is already defined.
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9. Profit Analysis of the System

Expected Profit incurred to the System is given as
P =Kg (FAVy + RAVy) - K{RAy — K,RBy
—K31Cq — K4RCy —K5 1Dy — KgRDy
- K7IEp — KgREq — KoV

K o = revenue per unit up time of the system

K 1 = cost per repair/replacement of parts in the subsystem
ball mill

K, = cost per repair/replacement of parts in the subsystem
spray dryer

K 3 = cost per inspection of parts in the subsystem
hydraulic press

K, = cost per repair/replacement of parts in the subsystem
hydraulic press

K 5 = cost per inspection of parts in the subsystem glaze
line

K¢ = cost per repair/replacement of parts in the subsystem
glaze line

K ;= cost per inspection of parts in the subsystem kiln

K g = cost per repair/replacement of parts in the subsystem
kiln

K ¢ = cost per visit of the repairman

10. Numerical Computation and
Graphical Interpretations

The following particular cases are considered for the
analysis purpose

00y 0=, 671", 0.y 02,6722 gy, (D=6 ™

- t - -
05, O=Fye ™2, 0o (0= e g (0= e
Oe (D=8 7¢" i (1) = arge ™%, iy (1) = g™ 4"
is (t) = age” "

Several graphs have been depicted for mean time to
system failure and profit of the system for distinct values
of failure rates (A1, Ay, A3, A4, As), repair and inspection
rates (fBay  Pay + Poy » Poy + Be» Pa» Pe v a3 ag a5 ),
probabilities (qi, 0z, p1, P2) and costs (Ko, Ky, Ky, Ks, Ky,
Ks, Ko, K7, Kg, Ko).

Figure 2 gives the graphs between mean time to system
failure and the rate of occurrence of faults () in
subsystem B for distinct values of repair rate (By;). The
graph depicts that the MTSF declined with increment in
the values of rates of occurrence of faults in subsystem B

and having larger values for high values of repair rate (Bp1).

The values of various other parameters are A, = 0.0002/hr,
23=0.00025/hr, A4 = 0.00019/hr, A5 = 0.0039/hr, B4 = 3/hr,
Bap = 3.5/hr, By, =3.5/hr, By, = 4/hr, B, = 2/hr, By =2.3/hr, P
=2/hr, 0z=1/hr, a4 = 1.3/hr, as = 1.8/hr, p,=0.4.

Figure 3 gives the graphs between availability with
reduced capacity and the rate of occurrence of faults (\,)
in subsystem A for different values of repair rate (Ba1).
The graph reveals that the availability decreases with

increase in the values of rates of occurrence of faults in
subsystem A and having higher values for high values of
repair rate (Ba1). The values of various other parameters
are A, = 0.0002/hr, A3=0.00025/hr, A, = 0.00019/hr,
As = 0.0039hr, By = 3/hr, By, = 3.5/hr, By =3.5/hr,
B2 = 4/hr, B = 2/hr, By =2.3/hr, B =2/hr, az=1/hr,
oy = 1.3/hr, as = 1.8/hr, p,=0.4.

MTSF WS FAILURE RATE (x,) FOR DIFFERENT VALUES OF REPAIR RATE (gh,)
0%
4

60

a0

40

MTSF

30

0.0z 0.04 0.06 0.08 01 012 014
’:

Figure 2.

AVAILABILITY WITH REDUCED CAPACITY (AR,)V/S FAILURE RATE (»))
09 FOR DIFFERENT VALUES OF REPAIR RATE (pa,)

08kF
07
06

045

AVAILABILITY AR

0.4

03

Figure 3.

AVAILABILITY WITH FULL CAPACITY {AF;) V/S FAILURE RATE (x,)
FOR DIFFERENT VALUES OF REPAIR RATE ()

Tar
4
T2r
TAr
? L
B9+
G681

B.7

AVAILABILITY AF,

BB

B5t

6.4+

1 1 1 1 1 L 1 1 )
0ot o002 o003 004 005 0068 007 008 o002 01 011

b

Figure 4.
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Figure 4 gives the graphs between availability with
full capacity and the rate of occurrence of faults (A3)
in subsystem C for distinct values of repair rate (B.).
The graph reveals that the availability declines with
increase in the values of rates of occurrence of faults in
subsystem C and having higher values for high values of
repair rate (B.). The values of various other parameters
are L, = 0.0002/hr, %3=0.00025/hr, A, = 0.00019hr,
As = 0.0039/hr, By = 3/hr, B, = 3.5/hr, By =3.5/hr,
B, = 4/hr, B, = 2/hr, By =2.3/hr, B =2/hr, az=1/hr,
Oy = 13/1’11', O = 18/hr, p2:0.4.

PROFIT ¥/S REVENUE PER UNIT UP TIME (K} FOR DIFFERENT
VALUES OF COST PER VISIT OF REPAIRMAN (K

o)

350

300

280

200

150

100

PROFIT

a0

— 4+ K =50
504 9

—— K9= 100
-100 -
Ky=150
150 . s . . . . . . |
50 100 150 200 250 300 350 400 450 500
Kl]
Figure 5.

Figure 5 shows the behavior of profit function with
respect to revenue per unit up time (K,) for different
values of cost per visit of the repairman (Kg). It can be
concluded from the graph that the profit get increases with
the increase in values of K, and has lower values for
higher values of Ky. The values of other parameters are
A, = 0.0002/hr, 23=0.00025/hr, A4 = 0.00019/hr, As =
0.0039/hr, Ba = 3/hr, B, = 3.5hr, Py =3.5/hr,
Bp2 = 4/hr, B, = 2/hr, Bq =2.3/hr, Be =2/hr, p;=0.2, p,=0.4,
M=1/hr, a4 = 1.3/hr, as = 1.8/hr, p,=0.4, K; = INR 400,
K, = INR 600, K5 = INR 500, K; = INR 300, Ks = INR 200,
Ke = INR 500, K; = INR 500, Kg = INR 250.

It is evident from the graph that

i. The profit increases with the increase in the rate of
occurrence of revenue per unit up time when other
parameters remain fixed.

ii. For Kg =50, the profit is > or = or < 0 according as
Ko is < or = or > 103.223. Hence the system is
profitable to the plant whenever Ky > 103.223.

iii. For Kg = 100, the profit is > or = or < 0 according
as Ky is < or = or > 167.837. Hence the system is
profitable to the plant whenever K,>167.837.

For Kq = 150, the profit is > or = or < 0 according as K,
is < or = or > 201.024. Hence the system is profitable to
the plant whenever Ko> 201.024.

Figure 6 shows the graphs between profit and the rate
of occurrence of faults in subsystem D (A4) for different
values of repair rate (Bq). The graph conclude that the
profit declined with increase in the values of rates of

occurrence of faults in subsystem D and taking large
values for large values of repair rate (By). The values
of wvarious other parameters are X%, = 0.0002/hr,
21=0.00025/hr, X5 = 0.00019/hr, A3 = 0.0039/hr, B, = 3/hr,
Baz = 3.5/hr, Ppy =3.5/hr, By, = 4/hr, Be =2.3/hr, B, =2/hr,
az=1/hr, a4 = 1.3/hr, as = 1.8/hr, p;=0.6, p,=0.4, Ko = INR
1000 ,K; = INR 400, K, = INR 600, K3 = INR 500,
K, = INR 300, Ks = INR 200, Kg = INR 500, K; = INR 500,
Kg = INR 250, Kg = INR 650.
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