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Abstract: In the present paper, a reliability model is developed about the profit analysis and Optimization of number of hot
standby units for a system working with two operative units. Hot standby works in a similar manner as operating unit means that
when an operating unit fails, hot standby unit works with the same efficiency as the operating unit. The optimization of hot
standby units is very important factor for any industry/unit/system for increasing the reliability redundancy and achieving the
maximum profit. Thus, reliability models with no/one/two/three hot standby units in a system working with two operative units
are developed. The cut-off points with regard to revenue, failure rate, etc. have been obtained to determine as to how many
standby unit(s) should be there for the system. Comparative study has also been made to see which and when one of these models
is better than the other as far as the profitability of the system is concerned. Semi-Markov processes and regenerative point
technique have been used to obtain various performability measures.

Keywords: Two operative units, hot standby units, Regenerative point Technique, Profit analysis, Optimization

I. INTRODUCTION Rizwan et al. (2005) carried out the reliability analysis of a

Ranging from man to machine and in the present scenario
also, technology has a great impact on every field of life.
Due to increase in population and change in their tastes/
interests, demand of products is increasing continuously.
To overcome this increasing demand, it is necessary to
introduce the standby redundancy. Hot standby redundancy
is that redundancy which is loaded with the same way as
the operating unit when the operating unit fails. Many
scholars have done a lot of work on hot standby units like
Goel and Gupta (1983) discussed the analysis of a two-unit
hot standby system with three modes. Christov and
Stoytcheva (1999) dealt with the reliability and safety
research of hot standby microcomputer signally systems.

hot standby PLC system. Parashar and Taneja (2007) found
the reliability and profit evaluation of a PLC hot standby
system based on master-slave concept and two types of
repair facilities. Rizwan et al. (2010) gave the reliability
analysis of a hot standby industrial system. Kumar and
Kumari (2017) carried out the comparative study of two-
unit hot standby hardware software systems with impact of
imperfect fault coverage. Manocha et al. (2017) discussed
the stochastic and cost-benefit analysis of two-unit hot
standby database system but the optimization of number of
hot standby units for a system has not been taken into
consideration by them. Batra and Taneja (2018) found a
reliability model for the optimum number of hot standby
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units in a system working with one operative unit.
However, there are many systems where systems
comprising operative and hot standby system may require
two operative units to meet out the demand. For such a
system, working with two operative units, there is need to
study as to how many hot standby units should be kept in
order to get the optimum profit. To answer this question,
we, in the present paper, develop four reliability models for
a system having two operative units and:

i. No hot standby unit (Model 1)
ii.  Two operative and one hot standby unit (Model 2)
iii. Two operative and two hot standby units (Model
3)
iv. Two operative and three hot standby units (Model
4).
The models are compared in order to optimize the number
of hot standby units to be used. Analysis is done using
semi-Markov processes and regenerative point technique.

I1. NOMENCLATURE

A Failure rate of operative unit

! Failure rate of hot standby unit

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

Op Operative unit

Hs Standby unit

Fr Failed unit under repair

Fwr Failed unit is waiting for the repair

FR Repair of the failed unit is continuing
from previous state

Co Revenue per unit up time

C1 Cost per unit up time for which the
repairman is busy

C2 Cost per visit of the repairman

IC In§tallation cost of an additional identical
unit

Pi Profit of model i; i=1,2,3,4

Di(t) C.d.f. of the first passage time from

regenerative state i to a failed state
qij(t), Qij(t) pdf, cdf of the first passage time from
regenerative state Si to a regenerative
state Sj

ACI(1) Probability that system working in full

capacity at the instant t given that it
entered Si at t=0 in case of model j; j=1,
2,3,4.
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Bl Probability that the system is under repair

at t given that the system entered Si at
t=0 in case of j=1, 2, 3, 4.

Expected number of visits in (0, t]; given
that the system entered regenerative state
Siatt=0in case of j; j=1, 2, 3, 4.

V(1)

I1l.  ANALYSIS OF THE MODELS

3.1  Model 1: System Comprising Two Operative Units
and No Hot Standby Unit

In this model, we have considered a system wherein two
units are operative and there is no hot standby unit.
Possible transitions from one state to other are given as
follows:

From S, S, S; S1 S,
To Sl So Sl SZ S1
Via e e S,

where S = (Op, Op), S1= (Fr, Op), S = (Fr, Fwy).
States Sy and S; are regenerative states whereas S, is a non-
regenerative state

3.1.1 Transition Probabilities and Mean Sojourn Times

. _ S=limq)
The state transition probabilities Py =1l a, () can be

obtained using the following: Q. (1) = (2x)e*<2x>tdt,
0y (t) =eMg(t)dt g, (t) =Ae MG(t)dt

a2 (1) = (re @D)g(t)dt

Thus, we have

Poi=1 Pr=9 (M), pi=g (0)-g" (M), P12=7x6*(?»)

From these values, we have thefollowing relations

Por = 1

Pio1P12 =1

Py +Pi =1

Mean sojourn times () i.e. the expected time of stay in
regenerative state i are given as

_1 19
Mo 27»’ My X

Let mij: Itqij (t)dt: _qij*'(o) ,
0
|e, m01:l"|“0 y m10+m12:}l11
M, +m® = tg(t)dt =k, (say)
0

3.1.2 Measures of System Effectiveness
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3.1.2.1 Mean Time to System Failure (MTSF)

To determine the mean time to system failure (MTSF) of
the system, we regard the failed state as absorbing state.
Thus,

do() = Quu()® ¢ 1 (1)
¢ 1(t) = Qu()® ¢ o) + Qua(t)

Thus, |im%:ll, where
0 S D1

MTSF =

N'= Hothy» D'=py,

3.1.2.2 Availability

The availability AC;i(t) is seen to satisfy the following
recursive relations:

AC, () = Mg (1) + 00, () ©AC (1)

AC(t) = Mi () + 0, () ©ACG (1) +a17 () ©AC (1)
Mo (t) =e M
Mi(t) =e G(t)

Taking Laplace Transforms and then solving the above
equations for ACy, (S), the availability of the system, in
steady state, is given by

N,

o}

AC; = lim SAC; (s) =
where

Ni: Paoklo THy D1= Piokto Tk,

Proceeding in the similar manner as done in the case of
obtaining expressions:

3.1.2.3 Expected fraction of time during which the repairman

is busy
SN (s)
9 Dy(s)

N;

(Bl)_llmsBl*(s)_Ilm =50
1

3.1.2.4 Expected Number of Visits

(V) = limsv™(s) = ||mSN1 20 N%
5—0 -0 D (5) D1
where
N =k, NL=1

3.1.3 Profit Analysis
Profit equation in steady state is given by
Profit (P1) = CoAC," — C1By' — C, V!
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3.2 Model 2: System Comprising Two Operative Units
and One Hot Standby Unit

In this model, system with two operative and one hot
standby unit is considered. Possible transitions from one
state to the other are shown as follows:

From | Sy S; S; S; S; S, S,

To S; Sy S; S; S, S; S,

Via S, S, S, and S;
S

Where

So = (Op, Hs, Hs), S;= (Fr, Op, Hs), S, = (Fg, Fwr, Op), S3
= (Fg, Fwr, Fwr), S4= (Op, Fr, Fwr)

States Sy, S; andS, are regenerative states whereas S, and
S; are non-regenerative states.

3.2.1 Transition Probabilities and Mean Sojourn Times

U (=)™ g0 ™g(0), g (=™ Ce™)g0), 4 ()=(2he™Che™)G(0),

657 ()=(2re™ O™ O)g(t), g (=gt qgi(0=(e"OL)g(t)

The transition probabilities p;; = Isl_rjg qi*j(s) for this model
are obtained as

Por =L1Py =0 (21), P =2(g° (1) - (21)), P =2A(G" (1) -G '(22))
p? =g"(0)~29" (M) +9'(24), P, =g"(A), PI =9°(0)~g"(1)

Thus, from these probabilities we conclude that
p01:l
Py +PE +pE =1

D, +p2+p? =1

PPl =1

Mean Sojourn times (u;) for the model are:
__ 1 _lg@) g

b o T

Here,

My =kg

my+mf +m =
myo+ m +m9 = j tg)dt=k, say), Mgy +m; jtg(t)dt:kl (say)
3.2.2 Measures of System Effectiveness

3.2.2.1 Mean Time to System Failure (MTSF)

O o) = Qu)® ¢1 (1)

$:0=Qu®S o0+ QM) 9.0+ QF (1)

°°t(e-2“ (H)+2e™Mg(t)-2e M g(t)+2re ™ G(1)-20e M G (1)) =K, (say)
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Thus, \rse - limi=%©®) _ N° where

s—0 S D2
N?= Ho (p10+p£? )k, D*= pgza)
3.2.2.2 Availability at full Capacity

The availability AC;(t) is seen to satisfy the following
recursive relations:
ACF(t) = M{(t) +0,, () OACF! (1)

ACF? (1) = Mg (1) + 0, (DOACF (1) + i (N©ACF! (1) + a1, (N ©ACF (1)

ACF(t) = q,, () ©ACF*(t) + g% () ©ACF? (1)
Mo(t) —e —(2h+29)t
Mif = eimﬁ

Taking Laplace Transforms and then solving the above
equations for AC (S), the availability of the system, in
steady state, is given by
. " NZ
ACF; =limsACF"(s) :D_lff ’

Where,
_ 2_ 23
N12f =P Pioko TPasty » DI =PasPiokty +p§4 )“3 Puk,

3.2.2.3 Availability at reduced Capacity

The availability ACR;(t) is seen to satisfy the following
recursive relations:

ACR; (1) = g, () OACR; (t)

ACRZ(t) = MZ (1) +q,, (1) ©ACR (1) + 42 () ©OACRZ (1)
ACRZ(t) = Mi(t) +q,,()©ACR?(t) + g () ©ACRA(t)

M. (1) = (2re ?'©@e ™) G(t) = k,(say)
M2(t) =e ™ G(t)

Taking Laplace Transforms and then solving the
above equations for ACRZ'(s), the availability of
the system, in steady state, is given by
2
ACR? = I|msACR “(s) = N“
l
, Where

2.3)
p§4 My tpaks, D12 =PaPiolto +pﬁ'3)],t3+p4lk2
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Proceeding in the similar manner as done in the case of
obtaining expressions

3.2.24 Expected fraction of time during which the

repairman is busy
2

(BF) =limsBZ () _||mSN2 ) _ N,

°Di(s) Dy

3.2.2.5 Expected Number of Visits:

(v2) = limsvg~ (s)—llmSN ) N§
550 D?(s) D?

Where,
=Py + P&k, and  N3=(1-pP)p,, +pG? (1+p,,)

3.2.3 Profit Analysis

Profit equation for standby unit in steady state is given by
Profit (P,) = CoACy? — C1By” — C,Vo*-(1Cy)

ICy is the installation cost of a hot standby unit per unit
time.

3.3 Model 3: System Comprising Two Operative Units
and Two Hot Standby Units

In this model, a system with two operative and two hot
standby units have been considered. Possible state
transitions are shown in the following table:

From So Sl 51 51 51 Sl

To S; So S1 Ss Ss Se

Via 52 Sz and Sg Sz and Sg 52, S3and 55

+0;5 () ©OACR, (it)

From 54 S4 54 54 56 Se

To S Sy Ss Se S, Se

Via S3 S3 S3 and Ss Ss
Where,

So = (Op, Op, Hs, Hs), S;= (Fr, Op, Op, Hs), S, = (Fg, Fwr,
Op, Op), Sz = (Op, Fg, Fwr, Fwr), S,= (Op, Op, Fr, Fwr), Ss
= (Fr, Fwr, Fwr, Fwr), S¢= (Op, F,, Fwr, Fwr)

States Sy, S;, S4 andSg are regenerative states whereas S,,
S; and Ss are non-regenerative states.

3.3.1 Transition Probabilities and Mean Sojourn Times
The transition probabilities are:

oy (1) = (2h + 22, )e 2t

Oy (1) = &7 g(t)dt
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g5y (1) = (21 +1,)@e” @M e g (t)dt
qZ2(t) = (21 +1,)©e P 2he M@ ) g(t)dt
a2 (t) = (21 + 1, )e @' @2)0e @ ™)G(t)dt
g2 () = (21 + Ay )e @ '@2)e M Ore M @1)g(t)dt
0., (t) =e?g(t)dt , g¥(t) = (2re M @e™)g(t)dt
qQ(t) = (2reMOre™)G(t)dt
g2 (t) = (2re P Ore MO g(t)dt , qg,(t) =e™g(t)dt
g% (t) = (e ™©Dg(t)dt
The transition probabilities are given as p, = IsLm qi*j(s)

Here,

P =1

Py +Pi7 4P +pis? =1
P+ P8 + P + i =1
Pa t+ pﬁ) + pfl?;) =1

Pa +PL +Pi” =1
Pes + pgﬁ) =1

Mean Sojourn times (;) for the model are:

_ 1 _lg@+a) o _1gh) o _1-g(h)
b v, ™ ey, M T Ty
Thus,

My, = Mo

22(1-202,)
m.. + m(2) + m(2,3) + m(2,3) t{ 1 (27»+71)g(t)
10 11 14 15 .(I; 7\1 (7\‘ 7\‘ )
(t)}

(@420, -2 - 20 ety 4 LA
M (A+21,)

dt = K5 (say)
my, +m? + m&? 4 m39 = Ttg(t)dt =k, (say)
0
m, +m +m = Tt{(zx ~1)e " +2(1-A)e M }g(t)dt =k, (say)
0
m,, +my +m& = _[: tg(t)dt = k, (say)
3.3.2 Measures of System Effectiveness

3.3.2.1 Mean Time to System Failure (MTSF)
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Qo (t) = Q01 (t)B ¢1 (t)

Qu(t) = Qyu(1)3 4y (t) +QE (1) ¢,(t) +QEV (1) ¢,(t) +QE(t)
Q, (1) =Q ()3 ¢, (t) +QF) ()3 ¢, (t) +Q2(1)

MTSF when system starts from the state ‘0’ is

MTSE = lim =% )
s—0 S
= im PO =NE) Oy
>0 sD(s) 0
_D(©)-N'(0) N?*
D(0) D?
Where,
=p7pid +pie? (1-p2)

3 3) (23
N :piA (m41+mfx4 +m45) (p41(p10+p15 )

= p14' 6+ (P (Py + p15' )+ p45 (l_pﬁ))) Mo +(Pyy +pf,35))k5

3.3.2.2 Availability at full Capacity
The availability ACF;(t) is seen to satisfy the following
recursive relations:

ACF; (1) = M5 (1) + 0, () OACE (1)

ACF(t) = M3 (1) + 0,0 () OACFS (1) + 92 () ©ACF} (1) + 2% () OACF; (1) +9%°? () OACFS (1)
ACF}(t) = M, (t) +q,,()©ACF(t) + 92 () ©ACF (1) + % (1) ©ACFS (1)

ACF; (t) = g5, (N©ACF} (1) + Y ©ACF (t)
Where,
Mg ('[)Z ef(zmle)t

Mff (t): (27\;’7\1) e—ZM a(t)' i_}\’ e-(zmkl)l a(t):k7 (Say)

1 1

M, ()= G(t)

Taking Laplace Transforms and then solving the above
equations for ACFY(s), the availability of the system, in

steady state, is given by

ACF; =limsACF;(t) = lim SN _ 0"

form
s—0 D (S)
= "mSNl () +N,(s) _ N; (0) :N_ff
0 D, (s) D;'(0) D}
Where,
N3t = PoaPasPiobto + Pes (1= Pyo — P12 Iy + PP sk

)+ p45 ( p11 )Ho (Pt p(ft?)(mm + mﬁ) + mﬁ‘s) + mgzs.s)
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2 23
Dy = PguPer(Myg +m()+m( '+ 16

+ PesP4ProMg + Mg (p41p1(§ S pffeS) (pﬁ 34 p(2 35) )
= PeaParPioto Hpa (PG +Pg,) + (PG +Pe)(PE™ + P>k,

3.3.2.2 Availability at reduced Capacity
The availability ACR;(t) is seen to satisfy the following
recursive relations:

ACR3() = ,, (N OACRY(t)

ACR(t) = M (1) + 4,0 (DOACRE (1) + 42 (NOACRE (1) + 4 (NOACRS (1)

+q2*)OACRE(1)

ACR:(t) =
ACR{(t) = MZ (1) + 05, (NOACR (1) + 5 () ©ACR; (1)

Where,
_ 2204) gy 2N i
M ()= )+ " G(t)- i)
M2, (t)=2e™ G (t)-26 ™ G (t)=k, (say)
M3 ()=¢"G()

G(t)=ks(say)

2(27#1 ) "G
A+

Taking Laplace Transforms and then solving the above
equations for ACR? (S) , the availability of the system, in
steady state, is given by:

ACR} _IlmsACR O ImSN (S) 0 —form
50 D,(s) 0
= i SNUS)+Ny(5) - NF(0) _ N7
lim : T3y N3
520 D,'(s) D;'(0) Dy

Where,

N5 = PoaPaks + (PaPis™ +Pie” (P + 5> )mg
+Pg, (P22 + p239)k, and D? isalready defined.
Proceeding in the similar manner as done in the case of

obtaining expressions

3.3.2.4 Expected fraction of time during which the
repairman is busy

3 - sN3(s) N3
(B; )_IlmsB (S)—|I mD) D—lg
3.3.2.5 Expected Number of Visits
3 3
(V) = limsve™ (s) = lim SNa® _ Na
50 50 D3(5) Df

Where,

N3 = (Poy (Pay + P35 ™) + (PL” + P )(PL Y + P15 ™))k, and
3 = PesParPio

3.3.4 Profit Analysis

M3, (1) + 0., (©ACRS (1) + 55 (NOACR; (1) + aie” (NOACRE (1)

M)+ P (B + P,y m) +m)
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Profit equation for two standby units in steady state is
given by:
Profit (P3) = CoACy® — C1By° — C,Vo>-2(1Co)

3.4 Model 4: System having Two Operative Units and
Three Hot Standby Units:

In this model, we have considered a system wherein two
units are operative and three hot standby units which take
place of the operative unit if the latter gets failed. Possible
transitions from one state to other one given as follows:

Fro S S1 S S1 S1 S S1 Se Se S
m 0 1 7
To S So S Ss Sy Se Se Sy Se S
1 1 7
Via S | S, Sz, S, S, Ss S
2 S3 Ss an Ss, 4
an |an |d Ssan
d d Ss dSs
Ss Ss
Fro S S7 S Sg Sg SB S? SB SS
m 7 7
To S Se S 51 58 S7 55 55 Ss
8 5
Via SA S Sg 53 SA 53 S3v
an 4 an an Ss
d d d an
Ss Ss Ss d
Ss
Where,

So = (Op, Op, Hs, Hs, Hs), S;= (Fr, Op, Op, Hs, Hs), S, =
(Fg, Fwr, Hs, Op, Op), Ss= (Op, Op, Fg, Fwr, Fwr), S,=
(Op, Fr, Fwr, Fwr, Fwr), Ss= (Fg, Fwr, Fwr, Fwr, Fwr), Sg
= (Op, F,, Fwr, Fwr, Fwr), S;= (Op, Oy, Fwr, Fwr, Fr), S¢=
(Op, O, Hs, Fwr, Fr)

States Sy, S1, Sg, S7 andSg are regenerative states whereas
S», Sz, S4 and Ss are non-regenerative states.

3.4.1 Transition Probabilities and Mean Sojourn Times

The transition probabilities are:

Uor (D) = (21 + 3%, )e @t | g, (1) = e @+ )g(t)dt

02 () = (22 + 20 )e e P g (bt

qE*A(t) = (21 + 21, )e” PO (24 + A, )e” P  o20e P Ore )G (t)dt

a2¥ (1) = (21 + 21 )e @ P'O(2A + 1, )e @ @e M) g(t)dt

g9 (t) = (2 + 21, ) PP ©2A + A, e @' @20e M @e ™ )g(t)dt

g9 (1) = (20 + 20, )e P20 + 1 ) P ©20e P O M ©)g(t)dt
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0, (1) =e™g(t)dt » g (t) = (2re™©1)g(t)dt
075 (t) =& g(t)dt

gt (t) = (2reM@e™)g(t)dt
g2 (1) = (2reMOre M @)g(t)dt

0, (1) =e2Mg(t)dt, gi2 (t) = (2re M ©e ?*)g(t)dt
gl (t) = (2re @20 e ™)g(t)dt

g4 (1) = (2reMe2re P Ore M O1)g(t)dt

qi(t) = (2re P @ne™)G(t)dt

a9 (t) = (2re *©2xre MOre )G (t)dt

It can be checked that
Po =1

2 (2,3,4) (2.3) (2,3.4) _
P1o + P + P57 + P +Py7 =1

() 2 2,3,4)

3) ( (2345) _
plO + pll + p18 + p17 + p 1

Pes + pt(sse) =1

Pos + 05 +p%Y =1
P +P% +pl =1

3 4 3,4
Pes T P& +P5 " +p? =

3 4 3,4,5
P + P& +P5y" +pitY =1

Mean Sojourn times (u;) for the model are:

__ 1 _lg@+2a) 1) _1g@h)_
Ho 21 431, w24 0 a2 °
Here,

My; =Ko

T o 200 +Ny) , i @
M +mﬁ’ +mgs) +mﬁ‘3‘“ Jrmﬁ,s.z:) =_[t{e (2"‘2/“"gl(t)+%(e @t _g (2/~<zx,)‘)g(t)
0 1

N (A +2)(@A+2y) (@
}\42

1

_ g @)ty g-(2he2i)t Yg(t)

—22t

—At
QAR A
WA 2h AR 202
— (2042t —(2h+20)t
e e
+ +———)9(t)
W thy) 2200420

M o2

AA+A)(2A+1) 2007

@2t
)G (1)}t =k (say)

F AR+ L) (2 +A)(
ef(zw,,n

t
MO+L) 22 (A +2),)

2 23 2345 234
my, + mj(.l) + mis )+ mie )+ mi? = Itg (Ddt =k, (say)
0

m,, +m&)= j tg(t)dt =
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My, +m+m = [ {e ™ +2(e™ - )+ 20(e™ -¢ ™)} g(t)dt=ky, (say)
0

) @5 _ [* _
My +mY +m%? = [ “tg(t)dt =k, (say)
Mg, +m§ +mSY +mE? :'[{e'“‘ +2he M +4(e™ e M Ate ™)} g(tdeHA(e ™ -e P Ate P )G (t)dt=k,, (say)
0
(345) —

m51+mx(i38) +mk(a374) +Mgg _[tg(t)dt = k1

4.4.2 Measures of System Effectiveness

3.4.2.1 Mean Time to System Failure (MTSF)
¢0 (t)_Qm(t)B ¢1(t) =0

Qio'o (1) — ¢, (DA-0:?) —ai7** (D, — a5 V9 =

(1—q%))¢7 _q78¢8 = 7?

(234)

~gyy 0579, — A5 0, = 45"
MTSF = |jm1=% ™)
s—0 S
_NE)
= lim D(S) - D'(O)_ NI(O) =N74
50§ D(0) D*

Where,

={psePp > + P& (D1 + % Hs +{p5 %Y (pgy + P +p5Y) +pla TSIk,
+{P7aPs; + Pl {Pe + P + P V3K,

+{p (p81p & 4)) + p(4) (P + p & 4))p(3 4))}([)01 + p(2 . 4))]Ho

= (1-p —P)[A-p)A-PE) —Prp5"]
_p81[p78p](.§'3’4) + p}.g’S) (1_ p%) )]
3.4.2.2 Availability at full Capacity

The availability ACF;(t) is seen to satisfy the following
recursive relations:

ACF; () = M (1) + g, () OACF (1)

ACF (t) = M}, (1) + gy, ()©ACF; (1) + {2 (1) OACK! (t) + {5 >** (1) ©ACF; (t)
+0i7°9 (OACF, (t) + gz ()/©ACF/ (1)

ACF! (1) =q,, () ©ACF/ (1) +q& (1) ©ACF! (t)

ACF (t) = Mg (t) + 05, (D OACF (1) + g (OACK; (t) + 0 (OACF; (t) + 5 (t} ©ACF (1)

Thus,

NG
ACF) = I|msACF" *(s)=

1

Nj = D+ P1oKi2)Ho = (Peatto — Po 13)(p 39+ p1§ 4 4 pie )

= PorPrgPe; (L P13
+ Pkt L (PePsr (PG +p5*) + gy (0> +pE* +pG¥ ) (5 +p& ™)}
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4 =
Dl {(p(z‘z,ms) + p(2‘3‘4) + pg‘a))(pevpm + p67p8374) + ’]67p(34 & p(7A55) - psa )+ pmp(3 )
(23.4) | n(2.345)
+Ps7Pr6Po1 + PerPar (P17~ +pig ™) +

Por (P55 — Pl P& )IK, + PsrPr6PsiProko

3.4.2.3 Availability at reduced Capacity

The availability ACR;(t) is seen to satisfy the following
recursive relations:

ACR;(t) = M3 (t) + g, (1 OACR (1)

ACRY (t) = My (1) + 0, (DOACR (1) + a2 (NOACR; (1) +qf; **? (1) ©ACRE (1)
+qZ2% (OACRA (1) + 2% ()©ACR; ()
ACR(t) =q,, ()©ACRS (1) +q& (1) ©ACR(t)

ACR;(t) = Mg, (t) +qq, () ©ACR{ (1) + 9 () ©ACR§ (t) + a5y () ©ACR (1) + g5 *? (1) ©ACR (t)

Thus,

4
ACR; _IlmsACR“*(s) Ny

1

= PerPrsPsiKue + P rsPaPe ™ + Dyl (D™ +pyg + 5
+ p{és)(pm +p5Y + &) (PR +p%>?) +p%?pE IpGEt +plIps pR Y}
+ k15{p67 (l p(a))(pl2 o4 5) + p(2 34)) + p67p1§ 3) (p8374) + p P 5) )}+ k15p57p78(p§§‘3‘45) + p:(l§34) + piéz))

Proceeding in the similar manner as done in the case of
obtaining expressions:

3.4.2.4 Expected fraction of time during which the
repairman is busy:

) . sN3(s)  Nj

(B) =limsBy'(s) = lim D4((5)) Df
3.4.2.5 Expected Number of Visits
sN3(s) _ N3

(V4 = “(5) =
V,) = I|msV (s)= IS'EJD(S) D!

Where,
N3 = [D5;P15Pe + Pla > (Do + PV )(Py5 + %) + Pl 5 ?) + P> (—pG* (o + D% )
=% (P + P ) - PG (P VPS5 + P& (Prs +P% ™))
+Per (PS5 H{PerPos (P> 2) + PG + 5V}

Jr(I:)%As))(p(zazts)eréu)+pgs))+’367’381(’)(2345)er(z 34))]k

And N3 = Pe7P78P3:P10

3.4.3  Profit Analysis
Profit equation for three standby in steady state is given by
Profit (P4) = CoAC," — C1By" — C,Vo*-3(1Co)

IV. COMPARATIVE STUDY AMONG THE MODELS

4.1 Optimization of Number of Hot Standby Units with
regard to Revenue per Unit up Time:

a) On comparing the profits of Models 1 and 2, we
conclude that Model 1 is better or worse than Model 2

if P-P,>00r<0

i.e. if (CoAC,' — C1Bg' — CoV")-(CoAC,? — C1By” — CVo™-
. ._[c,>or<Cy forAC,'>AC,’
(ICo) >0 0r <0 ' 1 {C0<or >c;1forAc01<Ac02}
Both the models are equally good if C,=C,.
where C., _ (C.(By'-B)+C, (Vo' -V,*)-IC,)
(Ac -AC,?)

b) Comparison between Models 2 and 3 reveals that
Model 2 is better or worse than Model 3

if P,-P;>00r<0
i.e. if (CoACY: — C1Bo? — CoV*-(ICo))-(CoAC,® — 1By —
C,Vo*-2%(1Cy)) >0 or <0
i {C0>or <C;, for AC,2>AC, }
C,<or >Cy, for AC,2<AC,’
Both are equally good if C,=Cj,.
C.(By’- By )+C, (V- V°)- IC,
(AC, - ACY)

where C,=

c) As far as the selection between Model 3 and 1 is
concerned, one should adopt Model 3 in preference to
Model 1:

if P;-P;,>00r<0

i.e. if (CoAC,® — C1By® — CVo>-2*(1Cy))-(CoAC,! — C1Bg!
—CV')>0 or<0

e if C,>or <C;,,for AC;*> AC,'

e {C <or>Cy,for AC,’<AC, }

037
Bothareequally good if C,=Cg,.
C1 (Bo3 'Bol)"'cz (Vo3 'Vol)+2*( ICo )
(AC,-AC,)

where Cg, =

4.2 Optimization of Number of Hot Standby Units with
regard to Cost of Installing a Hot Standby Unit:

a) On comparing thr profits of Model 1 and 2, we
conclude that Model 1 is better or worse than Model 2

if P,-P,>0 or <0
i.e. if (CoAC," — CiBo! — C,Vo™-I1Co)-(CoACy” — C1Bo? —
C,Vo*-2%(1Cy)) >0 or <0

i.e. if1Co> or< ICy;

Both are equally good if ICy= ICZl
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Where, |C31: -Co(ACol'AC02)+C1(Bol' Boz)+ Cz(Vol- Voz) C)

b) Comparing between Model 2 and 3 reveals that
Model 2 is better or worse than Model 3

if P,-P;>0 or <0

i.e. if (CoAC,? — C1By? — C,Vo*-(1Cy))-(CoAC,® — C1By® —
C,V*-2%(1Cy)) >0 or <0

i.e.if 1IC,> or< IC,
Both are equally good if ICo= ICy,

Where, 1C, = -Co(ACs2 — ACe®)+Cy(Bo> Bo®)+Cy(Vo’-
)

c) As far as the selection between Model 3 and 1 is
concerned, one should adopt Model 3 in preference to
Model 1

if P3-P,>0 or <0

i.e. if (CoACy® — C1Bg® — CV*-2*(1Cy))-(CoACy! — C1By!
— C,Voh)>0 or <0

i.e. if1Co> or< ICy,

Both are equally good if IC;= 1C,,

Where, |C33 _ C, (AC03_Acol)-Cl(BOS_Bol)_CzN03_V01)
2

4.3 Optimization of Number of Hot Standby Units with
regard to Cost per visit of the repairman:

a)
conclude that Model 1 is better or worse than
if P;-P,>0 or <0

i.e. if (CoAC, — C1By! — CoVoh)-(CoACy — C1By? — CoVo*-
(1Cy)) >0 or<0

On comparing thr profits of Model 1 and 2, we
Model 2

o {Cz < or>C§1forV01>V02}
ie. if R

C, >or<Cj, forV,'<V,’
Both are equally good if C,=C,
* (Co(Acol'Acoz)'C1(Bol'Boz)+lco)
whereC,, = —

0
b) Comparing between Model 2 and 3 reveals that
Model 2 is better or worse than Model 3
if P,-P5>0 or <0

i.e. if (CoACy” — C1By” — C,Vo™- (ICo))-(CoACy® — C1By® —
C,Vo>-2*(1Cy)) >0 or <0
it {Cf or >C},for V,2>V,? }
C,> or<Cpfor V,2<V,?
Both areequally goodif C,=C,
Co(AC, - ACS)-C, (B~ B,®)+IC,

where C,,= (VZ-V3)
0 0

[1]

(2]

3]

[4]

[5]

6]

3067

As far as the selection between Model 3 and 1 is
concerned, one should adopt Model 3 in preference to
Model 1

if P3-P1>00r<0
ie. if (CoACe® — CiBy® — CoVo*-2%(ICo))-
(CQACO1 - ClBo1 - CzVol) >0o0r<0

i {Cz< or >C;,, for V03>V01}

C,> or <Cj,, for V,*<V,!
Both areequally goodif C,= CJ,
Co(AC,*-AC)-C, (B, -B,1)-2%(IC, )

where C;,= VARV
0 0

V. CONCLUSION

Four reliability models have been developed to decide as to
how many hot standby units should be there for a system
working with two operative units. The decision may be
taken by finding the difference between profits with regard
to parameter of interest like revenue per unit up time, cost
of installing a hot standby unit, cost per visit of the
repairman or any other parameter which the user of such
systems wishes to be considered. Cut-off points of some
parameters have been obtained to reveal as to when and
which model is more beneficial than the other. Cut-off
points of some other parameters of interest may also be
obtained to arrive at a decision of adopting one of the four
discussed models.
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