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Abstract

The concerned paper illustrates the comparison of two stochastic models of a cable
manufacturing plant with varying demand. Here, it shows the comparison between a
single unit system (Model 1) and a two-unit cold standby system (Model 2). In Model
1, the system is either in working state on some demand or put to shut down mode
on no demand. In Model 2, at initial stage, one of the units is operative while the other
is kept as cold standby. At times when the operative unit stops working due to some
breakdown/failure, the standby unit instantaneously becomes operative while the
repairman repairs the failed unit. In this working model, only one unit remains opera-
tive at a time. However, there may be a state when both the units fail. The comparison
of systems is done by means of MTSF (mean time to system failure), steady state avail-
ability and profit function using Laplace transforms and software package Code-Blocks
13.12. Different graphs have been plotted to discover which model is superior to the
other model under the given conditions. The system is analysed by making use of
semi-Markov processes and regenerative point technique.

Keywords: Stochastic model, Cable manufacturing plant, Single unit system, Two unit
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Background

The manufacturing of tools and special equipments is an inevitable part of our modern
society. When equipment fails, production falls instantaneously. To maintain produc-
tion, one has to keep tools/equipment available at all times, in order to run the systems.
Since this can be expensive, availability and profit of an industrial system are becom-
ing increasingly important. Indeed, profit will increase when the availability of a system
increases.

System reliability has also been one of the major factors in most of the system perfor-

mance-related studies. Though many researchers made meaningful contributions a lot
in the field of system reliability modelling, fewer studies have reported the comparative
analysis of different types of systems. Tuteja et al. (1991), Alidrisi (1992), Mokaddis et al.
(1994), Pan (1997), Chandrasekhar et al. (2004) and Xu et al. (2005) analysed the reliabil-
ity and availability of standby systems by studying various parameter viz. partial failures,
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perfect or imperfect switching, Erlangian repair time and three types of repair facilities.
Taneja and Naveen (2003), Ke and Chu (2007), Wang and Chen (2009) and Yusuf (2014)
compared two models considering different situations such as expert repairman, redun-
dant repairable system and switching failures. Zhang et al. (2012) and Dessie (2014)
studied the modeling of diesel system in locomotives and HIV/AIDS dynamic evolution.

The demand has been kept fixed in most of these studies systems. However, in some
practical situations there may be fluctuation in demand, such as the General Cable
Energy System, where demand of the product varies.

General cable energy system (Taneja and Malhotra 2013) is a cable manufacturing
plant where different types of cables are produced. Two extruders of diameter 65 and
120 mm are available which are put to operation on the basis of demand. Hence, vari-
ation in demand plays an important role in the functioning of such systems. Malhotra
and Taneja (2013a, b) studied the cost-benefit analysis of a single unit system (Model 1)
while introducing variation in demand. In this model, initially demand is greater than
or equal to the production. If the operative unit ceases working, a repairman repairs the
failed unit. If there is fall off in demand, the system moves to a state in which demand
is less than the production. Moreover, if demand declines further, the system will be in
a shut down state. Malhotra and Taneja (2015) compared two single units with varying
demand. Malhotra and Taneja (2014) developed a model for a two- unit cold standby
system, without considering a shut down state where both the units may become opera-
tive simultaneously depending upon the demand.

In practical situations however, out of the two units being studied (in two-unit cold
standby systems), only one unit remains operative at a time and the other unit is kept
standby. Standby unit works only when the first unit fails. Information of such systems
was collected on visiting a cable manufacturing plant in H.P, India and the authors
developed a new model (Model 2) in which besides studying the above behavior, a con-
cept of a new state generated was observed when there is no demand and system goes in
shut down mode.

Depending on the situation, a model can be better or worse, therefore the compara-
tive study becomes more important. Taking this into consideration, comparison is done
graphically between the concerned models (Models 1 and 2) by computing various
measures of system effectiveness using Laplace transforms and software package Code-
Blocks 13.12.

Methods
The probabilistic analysis of the two models is analyzed by making use of semi-Markov

processes and regenerative point technique.

Notations used for the description of models

Op Unit is in operative state

d>p,d<p Demand is not less than production, demand is less than production
Cs, D Unit is in cold standby state, down unit

F./E, Failed unit is under repair/waiting for repair

Fr Repair of failed unit continuing from previous state

Ao Failure rate, repair rate of the operative unit
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Y1 Rate of decrease of demand < production

Y, Rate of increase of demand > production

Y3 Rate of going from upstate to downstate

Yo B1 Rate of reaching the state of no demand from some demand in Model 1,
Model 2

P: Probability that during the repair time demand > production

P, Probability that during the repair time demand < production

b;(t) c.d.f. of first passage time from regenerative state i to a failed state

ADi, APi Availability that the system is in upstate when demand > production and
when demand < production for each Model i where i =1, 2

Bi Busy period analysis of the repairman for each Model i where i =1, 2

Vi Expected number of visits of repairman for each Model i where i =1, 2

DTi Expected down time for each Model i where i = 1,2

P1 Profit incurred to the system for Model 1

NP2 Net profit [total profit incurred in Model 2—installation cost for addi-
tion unit (ICA)]

i Mean sojourn time in regenerative state i before transiting to any other
state

* Symbol for Laplace transforms

o Symbol for Laplace Stieltjes transforms

q;(t), Q;(t), p.d.fand c.d.fof first passage time from a regenerative state i to a regen-
erative state j or to a failed state j without visiting any other regenerative
state in (0, t]

g(t), G(t) p.-d.f. and c.d.f. of repair time for the unit

Description of Model 2

The transition diagram shows the various states of the system in Fig. 1. In this diagram,
So S1» Sy Sg and Sg are regenerative states. S;, S, and S, are non-regenerative states.
States S, and S; are failed states.

In Model 2 (Fig. 2), initially (state S,) demand is not less than the production and
one of the units is operative while the other is kept as cold standby. If the operative
unit stops working, repairman repairs the failed unit and standby unit becomes opera-
tive instantaneously (state S;). When both the units are not working i.e. one is under
repair and other is waiting to be repaired, the system will stay in the failed state S,. If
demand gets decreased, system goes to state S,. After this state, three possibilities are
there: (1) if demand gets increased, system goes back to state S, (2) if demand further
gets decreased, system goes to down state Sg and (3) if demand remains constant but
operative unit fails, system goes to state S. It moves to state S, as the demand increased
and failed unit is being repaired. From state S; four possibilities are there (1) if failed
unit gets repaired, then system moves to state S,, (2) if other unit also gets failed, sys-
tem moves to state S; (one unit is under repair and other is waiting to get repaired, (3)
if demand gets increased, system goes back to state S; and (4) if demand gets decreased
further, system put to shut down state S,.

Model 2 differs from the model presented in Fig. 3 (Malhotra and Taneja 2014) because
the earlier paper did not include the case of shut down on very less or no demand. Also,
in the earlier paper, the two units may become operative simultaneously when the
demand is very high leading to increase in the failure rate of the system as compared
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Regeneration point Operative state Failed state Down state
Fig. 1 Transition state diagram of Model 1

to Model 2 but on the other hand high demand is met sooner in the earlier model. So,
a comparative study between these two models is also reported here in the conclusion
revealing which and when one model is better than the other.

Various assumptions for the Model 2 are as follows:

1. The units are similar and statistically independent.

2. Once the down state is reached, system will not be operative till all the units become
operable, irrespective of the nature of demand.

3. A single repair facility is available. Each unit is new after repair.

4. All the random variables are independent. Switching is perfect and instantaneous.

5. Each unit is assumed to have an exponential distribution of the time to failure while
the distribution of repair time is taken as arbitrary.

Measures of system effectiveness of Model 2

Using semi-Markov processes and regenerative point technique, various recursive rela-
tions are solved and measures of system effectiveness for Model 2 are evaluated. From
transition probabilities gy, the steady state probabilities pij of reaching different states and
mean sojourn times have also been computed. The non-zero elements p;; obtained as

pij = sll_% q,(s) (1)
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Regeneration point Operative state Failed state down state
Fig. 2 Transition state diagram of Model 2

To determine the mean time to system failure (MTSF) of the system, we regard the
failed states as absorbing states. By probabilistic arguments, we obtain the following
recursive relations for ¢, (t) wherei=0, 1, 2, 6, 8:

do(t) = Qo1(t) ® ¢o(t) + Qo2(t) ® ¢o(t)

$1(8) = Quo(®) ® $o(t) + Q41 (1) ® ¢1(1) + Q, (1) ® ha(8)
+ QY1) ® ¢s(t) + Q¥5(1) + Qua(t)

d2(t) = Qo) ® ¢o(t) + Qas(t) ® Pe(t) + Qas(t) ® ¢hs(t)

P6(t) = QL (1) ® po(t) + QY (1) ® 1(8) + Qe2(t) ® (1) + QL™ () ® o (t)
+ Q%" ® ¢s(1) + Q7P (1) ® QL (1) + Qea(8)

Page 5 of 17
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Regeneration point Operativestate Failed state

Fig. 3 Transition state diagram of Model 3

d3(t) = Qgo(t) ® ¢o(t)

Taking Laplace—Steltjes Transform (L.S.T.) of these relations and solving them for

@57 (s), we obtain

N(s)

¢ () = DGs) 2)

The reliability R(t) of the system at time t is given as

1 — ¢**
R(t) = Inverse Laplace transform of 1=¢"6) )
s

Now, the mean time to system failure (MTSF) when the system starts from the state ‘0’ is

MTSF = /R(t)dt = linr(l)R* (s) 4)
0

Using L’ Hospital rule and putting the value of ¢5*(s) from Eq. (2), we have

MTSF (M2) = N/D &)
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where

N = o ( (1 - P%) (1 —P2% <P62 +Pé7z'3)>> - 192619?219(671’3)) + <1901 + 16 P2
)) + (pmp?z + o2 (1 - P%) ) (12 + pasiie

+ (P% (pgg + PEZ;‘B’Q) + P28> //«8) + pﬁ’;’g) <P01 (1 — P2 <P62 + pgé’” ) ) - Pzapongfg)) 78
D=-— (p26 (pgg +pé§’3'9’ +p28) (Pmp?z + po2 <1 fp%)) fpg'g) (p01 <1 — P26 <p62 +p(672’3)>>

7,3 7,3 7,3
- pzspozpél )> - (pza <p6z +p22 )) <1 —P%) +p01p1o) + P26 (P?z <—Pé1 ) — pmpgo)

73 73
— Po1P26 (psz +p21 ) +Péz )

- Pozplopgf?))) + (1 - P%) (—Pzepongo — po2p20 + 1) — Po1P10 — Pmpzopfz)

Letting AD2(t) as the probability that the system is in upstate when demand is not less
than production at instant t given that it entered the state i at time t. AP2(t) as the prob-
ability that the system is in upstate when demand is less than production at time t. B2(t)
as the probability that the repairman is busy to repair the failed unit at instant t given
that it entered the regenerative state i at any time t. V2(t) as the expected number of vis-
its by the server in (0, t] given that the system entered the regenerative state i. DT2(t) as
the probability that the system is in down state at instant t given that the system entered
regenerative state i at any time t.

These measures of system effectiveness (AD2, AP2, B2, V2, DT2) have been obtained,
in steady state, by using the probabilistic arguments in the similar fashion as shown for
MTSF except the fact that here the failed state is not considered as the absorbing state.
For more elaboration of these measures, Malhotra and Taneja (2014) may be referred to.

Thus, Expected total revenue
= (Revenue/time whend > p (Cp)) * steady state availability (AD2)
+ (revenue/time whend < p (Cyp)) * steady state availability (AP2)
=Co* AD2+ Cj x AP2 (6)

Expected total cost
= (Cost (Cy)/time for engaging the repairman for repair) * busy Period (B2)
+ (cost (C3)per visit of the repairman) * expected number of visits (V2)
+ (loss (C4)/time during system remains down) * expected down time (DT2)
= Cyx B2+ C3% V24 Cyx DT2 7

Expected total profit = Expected total revenue — expected total cost is, therefore,

given by
Profit (NP2) = (Co x AD2 + C; * AP2) — (Cy %* B2 + C3 % V2 + C4 % DT2) (8)

N N, N N, N
where AD2 = D—;, AP2 = D—;, B2 = D—;,V2 = D—i, DT2 = D—i.

73,5 73 3,54 73 7.4
N = Mo((l - (Pge +Pée )> —P2% <P62 +Péz )>) (1 - (P%l +rh +P§1 )>> - (Pfﬁ ) +Pél )

7,3,5,4 5,4 3,5 Y1
+ Pé1 )"‘Pél )> (P?zpzs +P§s )>) + <m(ﬂ1—ﬂé)+m>
(7,3,5) (7,3

7,3 74 7,3,54 54
x (Pm (1 - (Pgs + Pee ) — P2 (Pez + 15 ))> + p26Po2 (Pm "o+ p Y + g )>)
©)
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3,54 73,5
Ny = o ((POZ (1 - (P%l +rh +P§1 ))) +P01P?2) (1 - (Pge +Pé6 >)>

D,

T Ot —vBit -G+

3,5 7,3 3,5 7,3 7,4 7,3,5,4 5,4
+POII9§6 )(PGZ +Péz )) _17021956 )(Pé1 ) +Pé1 )+pé1 )+I9é1 )))

(1 — we) 1
* (M6+ Br+rv2—y) <y2+ (B1 +)/2—7/1)>>

Y1Y2
——————B1+ 2 — v (e — k)2
4+ 1+ ) oy
X (Pm (P%s) + Pzap?g) + P26p02 (1 - (P?l +ph + Pﬁ'M)))) (10

7,35 7,3 3,54
Mo((l - (p26 + Py )> — P2 <P62 + 1l )>> <1 - (l??l +ph + i )))

7,3 7,4 5,4 3,5
- (Pé1 )+Pél ) +Pé1 )) (P?fzpzé +P§6 )>>

+ &1 (pm (1 - (Pgs +Pé76’3’5)) — P26 (Pez + sz’g)))
7,3 74 7,354 54
+ p26P02 (Pél ) +Pfs1 ) +P21 ) +Pé1 )))

(1= (=t ) o) (1= (42
<puply? (b ) -y (57 50 44 44

e <p01 (1 B (pg6 +pé76’3’5)> — P2 <P62 +P(572’3)>)>

+ (Pm (P%S) +P26P%2> + pP2spo2 <1 — (yfl +p‘f1 +pﬁ’5’4>>)>

+ (1701 (P?zpzs 719%9)) + ngpoz(l - <p§1 + P[ﬁ + p(l?al,s,z;))))

+ s (pas (porphy + poa (1= (ph + 2t +283°7)) ) + poee” ) (s + P>

73,5 35 39 73 7,39
X (1 - (Pga +Pé6 )>) + (Piﬁ 'pas _Pis )P26> <P01 (Pez +Péz )> — po (Pgs +Pég )

73,54
+ Pél )

)

(1n

M ((A+v1—y2)(AB1L + A2 + V172)

116
A+ B1+y2)(B1+y2 —y)(A+ B1)

7 +]21y ﬁ:) 51)+ 5 (po (1= (s +2&™) = 2 (p2 +£5”) )

7,3 74 7,354 54
+ paspo2 (Pél k +Pé1 ) +Pél ) +pél )))
231

— NGy =22 =iy + (—raGi+ PG+ 1)

+.0+B1+y2—1)+

T oT DBt 72— 1) ((Br+ 2 = yD((A+ yDy2 — 2y) + 172(A = B1)
Ue iya
_ 2 _ _
+ GxmBrt a2 ((Br —v2Iriyva + A+ yD)Br+y2 — v1) AT BT Gt
1
- - 1) A -
Gt At Bt —Vl)(i-l—ﬂl)((ﬂl(ﬂl +y2 —v1) + An)(A+ B + Ava(B1 +v2 — 1))
(u6 — k2)y2

(1 —k3)

Brtrm—Gt Bty Gt B

35 3,54
X (1901 (P?QP% +Pi6 )) + Po2pP26 (1 - (Pi’l +1941L1 +19§1 ))>) (12)
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354 735 735
Ny = po1 (1 - (P% + 7t +piy )) <1 - (Pg6 + g ))> - <P26 + Pig ))

73) , (74, (7354 , (54 3,4, (354
X (Pm The1 tPel T tPel ) —P26((1 - (Pu +ritrn >>

7,3 3,5 7,3 7,3 7,4 7,3,5,4 54
x (62 + 257 ) = i (per + 057 ) =P (1= (057 + 20 + 270 4 57))

735 354 735
- (1926 +Peg ))>>> + 1”261’02(1 - <19?1 +pi+ 0 )> (1 - (1”26 +pé )>>

7,3,5 3,5 7,3 7,4 7,3,5,4 5,4
— (P8 +25>7) = P& (p07 + P + 0 0 0Y)) (13)

3,5,4
N5 = ug ((P% (Pou”?z + po2 (1 — (P%l +ph +P§1 )))

3,5 7,39 3,9
+ Powge )) (Pgs +Pés )) + (Pm (P?zms —Pis ))

3,5,4 7,3,5
+ paspo (1 - (Piﬁ +rh +P§1 )))) (1 - (Pge +l926 )))

+ (}9536’5)1928 - p%g)pze) (p01 (pez + pg’g)) — P02 (pgg + pgg’g’g))) (14)
where
A 15
PoL= O (15)
po2 = n
4+ (16)
pro=gx* (A+y1) (17)
3 Y1V2 gx(A+y1) 1—gx(A+B1+)
P = 1—=— - - (18)
(Br+y2—y1) 4+ A+ B1+ )
3 Y1 ,
= (gx(+y) —g*(+p+
Po = Gy = @ g x Gt it ) (19)
(1=gx(+y)
()
P11 TE (20)
1 N gx(A+y) n
5D i rA+yDUl+p1+rv)  Br+r—y)A+yDU+ )
b gx U+ B+ 1) 3 gx ()
A+B1+r)Br+r—yvDA+B1) U+ pDU+y1—y) o
P = i (l-gxG+Bi+y)  (L-gxQ+y) @)
BT Bit+rn-—n .+ B+ 1) G+
p(3,5) —Jy ( gx 2+ P1+r2) g* (v2) _ gx(A+y) )
16 NBi+r—G+B) | Ctn—mG+h)  Bitr—ri+n—r)

(23)
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17(3’9) _ ﬂl)/1< 1 gx(A+B1+1) _ gx(A+n) >
18 GHBL+mU+y)  Bi+r—rG+Bi+r) Bi+r—y)l+n
(24)
1—gx(A+y)
= Al —_—_—
b ( G+ ) (23)
P20 = S —
G+ B+ 1) (26)
_ 2
P = G B+ @7)
pag = Ak 28
G+ B+ 1) 28)
Péo = (g Gt y)—g* Gt Bt 1) (29)
(Br+y2— 1)
Ga _ 1 _ gx(n) gx(A+ P+ ) )
= Am(ﬁ+ﬁrﬂ@m PO+ B Gt Br+ )0+ BD) 30)
1 gx(A+ L +1)2B1L+2y2+ A —y1)
73) 2 (A+ B+ v2)2(A+y1) Br+v2 — )20+ Bi + )2
Per " =1Von1 , .
B g¥ A+ Bi+r) B g*x(+n)
Bi+r—y)Ol+i+r)  Bi+r— )0+ n)
1 gx (A4 B1+ )
74 Z+br+y)l+y)  Brt+ra—y)U+ B+
Pgi = AYV2 ~ gx(A+y1) (32)
Br+r2—yDU+y)
(7,3,54) 2 1 g*(v2)
=] _
Per ]Qm<m@+ﬁr+mﬂdﬁwﬂ Gt 11— )Gt B1)?
gx(A+y)
+ - +gx(A+ B+ )
Brtr— Gt Gtyi—y  ° LT
o ( -1 + ﬂ 1
O+ B+ )2+ r) G+ BD) A+ — )
1
Br+r:— )G+ )G+ — V2)>
(33)

3 g¥ U+Bi+r) )
Br+yv2— v+ B+ )+ B1)

pe2 =g * (A+ B1+y2)

(34)
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209 = (_g *(A+prty) g¥ U+pitr)  gx(G+n) ) 35)
62 B+ 12— n)? Br+yv2—v1) B+ 12— n)?

2y ( 1—gx(A+pB1+ ) l—g*(/l+y1)>
7
_ _-—¢ + 36
Pes (Br+y2— 1) A+ B1+ ) A+ (36)
1—gx(+ B +V2)>
bes ( Gt Bty G7
1 gx(A+Pr+y2)2B1+2n+A—y1)
.3) (o B1+ )24 11) Br+r2 — >+ L+ n)?
Pgs = Ayavi ) (38)
B g¥ A+ P+ 1) B gx(+r)
Bri+r2—rvDE+Bi+r)  Bi+y—y)?G+n)
A g*()/z)—g*(/l-l-ﬁl-i-)/z))
5 __
Pss ()u+ﬂ1)( (39)
g*(?~+/31+)/2)( 1 o1 )_ g* U+ B+ 7)
735 G=wr+r) \Br+r-—rn? G+pB0)? Br+y2 — v+ B1)
Peg = = AV201 .
_ gx(A+y) n g* ()
Br+r-*l+n-r) BG+DC+n—nr)
(40)
Pes =T al (1 —g*(A+B1+1) 41)
A+ B1+v2)
g*(/1+,31+y2)< 1 B 1 )_ g¥ A+ B1+n)
(7,3.9) 4+r) Br+r—rDr G+ B1)? Br+rv2—yD)UG+B1L+12)
Pes = Pryant ,
_ gx(h+y1) 1
Br+yv2—v)*C+r) B+ i+ G+ )
(42)
pso =1 (43)
! L (1 —gx Gt -
- ) = -3 —g x4 ) = S,
TG T G f YOh = B+ ) )
e (1—-g* G+ B+ ) 1
= ) 8§ = —
A+ B1+y2) V2

Results and discussion
Numerous graphs have been plotted for the availability and the profit with respect to
rates/revenue per unit up time for different values of rates/costs. The values of other
parameters are given in Table 1. The following interpretations can be made from the
graphs.

It has been observed that the MTSF for the Model 2 is greater than that of Model 1
irrespective of the values of failure rate (\). However, availability of one may be greater
or lesser than that of the other depending upon the values of A as discussed below.

Page 11 of 17
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Table 1 Comparison table

Figure Fixed Comparison Which model is better (according to different situa-
no. parameter with respectto  tions)
Model 1 is Model 2 is Both the models
better if better if are equally good
4 Y, = 0.008/hr, Availability (AD) A >0.3903 A <0.3903 A =0.3903
Y, = 0.235/hr, whend >p
5 Y3 =0.353/hr, Profit
v, = 04213/
hra=005/  Ca=100 Co< 728173 Co>728173 Co=728173
hr, 3, =0.002/ C,=600 Cy<574.291 Cy>574.291 Co=574.291
hrpy=0665 ¢, —1100 Cy< 352178 Cy>352178 Cy=352178
p, = 0335,
C, =INR 500,
C, =INR 700,
C; = INR 400,
ICA =INR 500,
A= 0.003/hr
6 A= 0.003/hr, Profit
a= %0050/;/“ C, =200 C,> 574248 C,< 574248 C,=574.248
\P/]Wr, Y, : 023/ C3=10,200 G, >478.789 C,<478.789 C,=478.789
hr, y; = 0353/ C3=20,200 C,>391.432 C,<391432 C,=391432
hr,y, = 04213/
hr, 3, = 0.002/
hr, p; = 0.665,
p, = 0.335,
Co = INR 7000,
C, =INR 700,
C, = INR 400,
ICA =INR 500
7 A= 0.003/hr, Profit C, <202.5%4 C, > 202594 C, =202.5%
a=0.05/hr,
Y, = 0.235/hr,
ys = 0.353/hr,
V.= 04213/
hr, 3, = 0.002/
hr, p; = 0.665,
p, = 0335,
C, =INR 500,
C, =INR 7000,
C, = INR 400,
C, =INR 400,
ICA =INR 500,
y, = 0.008/hr
8 A\ =0.003/hr, Profit ICA > 163246 ICA < 163246 ICA=1632.46
a=0.05/hr,
Y, = 0.008/
hr,y, = 0.235/
hr, y; =0.353/
hr, y, = 04213/
hr, 3, = 0.002/
hr, p; = 0.665,
p, = 0335,
C, =INR 500,
Co = INR 7000,
C; =INR 400,
C, = INR400,
C, =INR 700

Figure 4 depicts the behaviour of the availabilities (AD1, AD2) when demand is not
less than the production with respect to the failure rate (\). It can be interpreted from
the graph that AD2 is < or = or >AD1 according as A> or = or <0.3903.
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Fig. 4 Availabilities (AD1, AD2) when demand > production versus failure rate ()

So far as the behaviour of the availabilities (AP1, AP2) when demand is less than the
production with respect to the failure rate (\) is concerned, it has been observed that

Model 1 is better than that of Model 2, whatever the values of A may be.

Figure 5 depicts the behaviour of the differences of profits (P1-NP2) with respect to
revenue (C,) per unit up time for different values of loss (C,) per unit time during the
system remains down. It can be seen that this difference decreases with increase in the

values of C, and has lower values for higher C,.

Figure 6 depicts the behaviour of the differences of profits (P1-NP2) with respect to
cost (C,) for different values of cost (Cs). It can be seen that this difference increases with

increase in the values of C, and has higher values for higher C,.

Figure 7 depicts the behaviour of profits (P1, NP2) with respect to revenue (C,)
per unit up time. It is clear from the graph that NP2> or = or <P1 according as C,

is > or = or <202.594.

Figure 8 depicts the behaviour of profits (P1, NP2) with respect to installation cost
(ICA) for additional unit. It is clear from the graph that NP2> or = or <P1 according as
ICA is < or = or > 1632.46.

P1-NP2

150 -

100 A

50 1

=¢—C4=INR 100
== C4=INR 600
C4=INR 1100

-100 A

-150 +

-200 A
Fig. 5 Difference between profits (P1-NP2) versus revenue (C,) per unit up time for different values of loss (C,)

1000 1200

Revenue (C;) per Unit Up.Time

A=0.003//hr, 4=0.05/hr, y,= 0.008/hr, y,=0.235/ht;
1,=0.353/hr, 7,=0.4213/hr, B, = 0.002/hr,
,=0.665, p,= 0.335,C,= INR 500,C,=INR 700,
C,=INR 400, ICA=INR 500.
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Fig. 6 Differences of profits (P1-NP2) versus cost (C,) for different values of cost (C;)
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Fig. 7 Profits (P1, NP2) versus revenue (C;) per unit up time

7500 -  A0:003//hr, a=0.05/hr, v,= 0.008/hr, v,=0.23/hr,5=0.353/hr,
74=0.4213/hr, B, = 0.002/hr, p,=0.665, p,= 0.335,
6500 = INR 7000,C,=INR 700,C,= INR 400, C, = INR 400,

5500 1

4500 A
3500 1
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2500 4

1500

100 600 1100 1600 2100 2600 3100 3600 4100 4600
Installation Cost for Additional Unit (ICA)
Fig. 8 Profits (P71, NP2) versus Installation cost for additional unit (/CA)

Comparative analysis between Model 2 and the Model discussed in Malhotra and Taneja
(2014)

Here, we wish to report the comparison between the Model 2 and that discussed in Mal-
hotra and Taneja (2014) also as under:
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1. MTSF in case of Model 2 is greater than that of the earlier paper, irrespective of the
value of \. However, availability in case of the former is greater or lesser than that the
latter according as the demand is lesser or greater than production.

2. So far as the profit of the system is concerned, Model 2 is better or worse than that
discussed in Malhotra and Taneja (2014) according as the value of revenue per unit
up time is lesser or greater than that at cut-off point as shown in Fig. 9.

3. Behaviour of the profit with respect to loss per unit down time reveals that Model
discussed in Malhotra and Taneja (2014) is better or worse than Model 2 if the loss
per unit down time is greater or lesser than the value at cut-off point as shown in

Fig. 10.
100 -
—4—C3=INR 700
50 - ~#—C3=INR 900
C3=1NR 1100
g 200 300 700
z
o
; 50 4 evenue (C,) per Unit Up Time
-100 4 0=0.05/hr, 1=0.003/hr, y,=0.07/hr, y,=0.235/hr, y,=0.353/hr,
v4=4213/hr, p,=0..665/hr, p,=0.335/hr, y,,=0.07/hr, y,,=.235/hr
¥,,=0.4213/hr , y,,=0.353/hr, B,=0.002/hr, C,=INR 700,
150 | C,=INR 1800, C,= INR 1000.
Fig. 9 Differences between profits (NP2-NP3) versus revenue (C,) per unit up time for different values of cost
)
1184.579 1
1184.578 -

_ 1184.577 4

&

Z

£ 1184576 4 @ = = u

&
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Fig. 10 Profits (NP2, NP3) versus loss (C,) per unit time during the system remains down
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Conclusion

The semi-Markov process is applied to show the comparison of two stochastic models of
a cable manufacturing plant with varying demand. The comparison of systems is done by
means of MTSEF, steady state availabilities and profit function.

In the terms of availability (when demand is not less than production), Model 2 is
more profitable than Model 1, provided the failure rate does not exceed the calculated
cut-off value. It can also be observed that all the availabilities decrease with increase in
the value of failure rate. The lower limits (cut-off points) for the revenue per unit up
time (when demand is not less than the production; when demand is less than produc-
tion) for positive profit have been obtained, which may be quite useful for the system
manufacturers/engineers/system analysts to check which model is best. Cut-off points
for cost of engaging the repairman for repair and installation cost for additional unit has
also been obtained. If these costs exceed corresponding cut-off values, Model 1 should
be preferred.

Thus cut-off points on taking various numerical values for different parameters (rates/
costs) prove to be helpful in taking important decisions so far as the reliability and the
profitability of the system is concerned. These also help to conclude that which model
gives more profit as compared to other under favourable conditions.

Which and when one model is better than the other has been presented in the Table 1.

The comparison between Model 2 and the model discussed in Malhotra and Taneja
(2014) also reveals that none of these is always better than the other. One is better than
the other for some values of failure rate/loss/revenue and worse for other values of these

parameters.
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