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ABSTRACT:

aThe present paper deals with the stochastic model under which there is one main unit and two cold
standby units. The maintenance facility is provided in it in order to bring out smooth functioning of the
system. Initially, there is one main unit and two cold standby units. The main unit goes under
maintenance solely but both the cold standby units go under maintenance together. When both main
and standby unit stops functioning, the system goes to failed state. There is one repairman for repair as
well as maintenance purposes. The reliability and profit analysis has also been done for the model.
Various measures of system effectiveness such as MTSF and Profit are obtained using semi Markov
process and Regenerative point technique.

KEYWORDS: Standby systems; semi Markov process; Regenerative point technique.
INTRODUCTION

Reliability can be defined as the ability of a component or machine to perform its intended function
under given circumstances and within specified time interval. Maintenance is intended to improve or
maintain the functioning of the system or component. The standby systems play a vital role in the field
of reliability engineering. Reliability models have been extensively used by various researchers under
different situations [1-7]. Most of the studies deal with the systems having standby units, so that the
system may function efficiently with the operation of standby unit under the situation of failure in the
main unit. The literature still lacks behind considering the situation where maintenance is provided to
the system in order to keep the system efficient with its smooth functioning. Our motive is to study this
situation and thus filling the gap.The system comprises of one main unit and two cold standby units.
Initially, the main unit is in operative state and other two units in the cold standby state. The main or
standby units may go under maintenance as per requirement of the system. There is only one repairman
available to do the job of repair as well as maintenance. Various measures of system effectiveness such
as MTSF and Profit are obtained using semi Markov process and Regenerative point technique. The
graphical interpretation has also been done for the present study.
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NOTATIONS

Constant failure rate of main unit (Unit 1)

Constant failure rate of cold standby units (Unit 2/3)

Constant rate of Unit 1 (main unit) to go under maintenance
Constant rate of Unit 2 and 3 (bothl of the standby units) to go
under maintenance

pdf/ cdf of repair time of the main unit at failed state (Unit 1)
pdf/ cdf of repair time of the standby unit at failed state (Unit 2)
pdf/ cdf of repair time of the standby unit at failed state (Unit 3)
pdf/ cdf of maintenance time of the main unit (Unit 1)

pdf/ cdf of maintenance time of standby units together (Unit 2,3)
Unit 1/2/3 is in operative state

Unit 2/3 is in cold standby state

Unit 1/2/3 is under maintenance respectively

Unit 1/2/3 is under maintenance respectively from the previous state, i.e.,
maintenance is continuing from previous state

Unit 1/2/3 is under repair respectively
Unit 1/2/3 is waiting for repair respectively

Unit 1/2/3 is under repair respectively from the previous state, i.e.,

repair is continuing from previous state

TRANSITION PROBABILITIES AND MEAN SOJOURN TIMES
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A state transition diagram in fig. 1 shows various transitions of the system. The epochs of entry into
states 0,1,2,3,9 and 10 are regenerative points and thus these are regenerative states. The states 4,5,6,7
and 8 are failed states.
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Fig. 1

The non-zero elements p;, are obtained as under :

Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
Aryabhatta Journal of Mathematics and Informatics
http://www.ijmr.net.in email id- irjmss@gmail.com Page 752




sIJMR

ao\d

Vol.09 Issue-01, (January - June, 2017)  ISSN: 2394-9309 (E) / 0975-7139 (P)
Aryabhatta Journal of Mathematics and Informatics (Impact Factor- 5.856)

N N
“ mtaz+ A 2 aitaz+A
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pOS a1+a2+/1 plO hl(ll-i_ 2)
p :ﬂj[l_hl*(ﬂ‘l—l_ﬂ’z)]: (4) p :ﬂ“z[l_hf(ﬂi+ﬂ’2)]: p(5)
14 21 + /12 19 15 21 + ﬂ, 1,10
P =h(2) P, =1-h; (1) = p$
. Al-g(A+4)] o
_ l _— )
9’ (4+4,) P, ) p;
ALL-g(A+A)]_ e .
Pas vy = Pi1 Pus =N (0) = P51
Pss = h; (0) Pre = g*(O) = Psao
90 — g1* (0) Proo = g;‘(O)

By these transition probabilities, it can be verified that

Por T Poz + Pos =1

Py + P elt=1 P+ P+ pfi)o
P+ P =1 Pyt Pas =

Pao + Py + Py =1 Pao + D3 + péi’o =
Pao = Ps10= Pl Pl

P10 = =1= Pgo = Pioo

The unconditional mean time taken by the system to transit for any regenerative

state j, when it is counted from epoch of entrance into that state i, is mathematically stated as -
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w 1
m. = JtdQ. (t) = —q" (0), Thus —
1) 1] ij
0
My, + My, + My, = 4,
= (4) @) _
M+ M, + Mg =44 m,+ My +m,,=m
(6)
m,, + My, = 4, m,,+m,, =m,
(7) (8)
mSO + m37 + m38 = 1Ll3 m30 + m39 + m3’10 = k
where,
k = [G(t)dt m, = [ Ha(t)dt
0 0

m, = IHz(t)dt

The mean sojourn time in the regenerative state i ( ;) is defined as the time of stay in that state before
transition to any other state, then we have -

- 1 _1-h(A4+4)
ﬂo_/1+a1+a2 N A+A,
_1-h (1) 1-g'(4+4)
/uz_ ﬂ, /us_ ﬂ‘l"‘ﬂvz
Hy = _h1* (O) = Hs He = _hz* 0)
H; ==97(0) = Hy =—9,(0)
M =—g;‘(0)

MEAN TIME TO SYSTEM FAILURE

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

N = Mo+ 1 Po; + 1, Do, + 3 Py
D == 1_ plO plO ] pog p20 ¥ p03 p30

EXPECTED UP-TIME OF THE SYSTEM

The steady state availability of the system is given by

where

N, = a1, + 14, Poy + 1, Py + 1405 + K[ Poy Pls’ + Pig (Pos + PozP3a )]
+K,[ Py P3h + P30 Pos + PozPis3 )]

D, = s, +M, Py, +M, Py, + K[ Pos + Py, Pia 1+ K[ Po: PS5 + Pig (Pos + Poz PS3)]
+K,[ Pos P53 + Pito(Pos + PosPs3 )]

BUSY PERIOD OF A REPAIRMAN (REPAIR ONLY)
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The steady state busy period of the system is given by:

Where

=W;[Pos + Py p(e)]+w [p01p13) + ps (poa"‘ Po2 p(6))]

Wl Por Pi3 + P320(Pos + oo 23]
and D; is already specified. '

BUSY PERIOD OF A REPAIRMAN (MAINTENANCE ONLY)

The steady state busy period of the system is given by:

N,

B, =—2
M D1

where
N3 = W1 Po1 +Wz Po2

and D, is already specified.

EXPECTED NO. OF VISITS OF REPAIRMAN

Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
Aryabhatta Journal of Mathematics and Informatics
http://www.ijmr.net.in email id- irjmss@gmail.com Page 756




'\°“a”°”’119
) IJMR'
= Vol.09 Issue-01, (January - June, 2017)  ISSN: 2394-9309 (E) / 0975-7139 (P)

@& Aryabhatta Journal of Mathematics and Informatics (Impact Factor- 5.856)

The steady state expected no. of visits of the repairman is given by:

where
N4 = Po1+ Poz t Pos =1

and D; is already specified.

PROFIT ANALYSIS

The expected profit incurred of the system is -

P=CA-CB,-C,B, —CV,

Co = Revenue per unit up time of the system
C, = Cost per unit up time for which the repairman is busy in repair
C, = Cost per unit up time for which the repairman is busy doing maintenance

C3 = Cost per visit of the repairman

GRAPHICAL INTERPRETATION AND CONCLUSION

For graphical analysis following particular cases are considered:
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g(t)=pe” g.()=pe"™
gz(t):ﬂz e’ hl(t):]/l e
hz (t) =7 e’

Graphical study has been made for the profit with respect to failure rate of main unit (A), w.r.t. revenue
per unit uptime of the system (C,) for different values of rate of failure rate of main unit (A) and w.r.t.
cost of repairman for busy in doing maintenance (C,) for different values of rate of failure rate of main

unit (A).
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PROFIT V/S RATE OF FAILURE OF MAIN
UNIT (A) FOR DIFFERENT VALUES OF
RATE OF FAILURE OF IST

STANDBY UNIT( A1)

a1 =0.000128008, oz = 0.00010, Az = 0.000050, B=0.04042553,
B1=0.025,32=0.030, y1 =0.010142,y2=0.05, Co = 98630.136986,
C1=11852.38,C2=4,500,80,C3=800
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Fig. 3

Fig. 3 shows the behaviour of profit w.r.t. the failure rate of main unit (A) for different values of
failure rate of I standby unit (A;). As the values of failure rate of main unit (A) increases, the
profit decreases. Also, the profit decreases as failure rate of I standby unit (A;) increases.
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PROFIT V/S REVENUE PER UNIT UP TIME Fig. 4 depicts the behaviour of the profit w.r.t.
OF THE SYSTEM (Co) FOR DIFFERENT revenue per unit uptime of the system (C,) for
VALUES OF RATEB(I;];F:‘ILURE OF MAIN different values of rate of failure of main unit
UNIT () (A). It can be interpreted that the profit

a1=0.000128008, a2 = 0.00010, A1=0.000025, A2= 0.000050, . . . .
B = 004042553, B1 = 0,025, 2= 0.030, y1 = 0.010142, y2= 0.05, increases with increase in the values of C,.
C1=11852.38, C2= 4,500,80, (5 = 800 Following conclusions can be drawn from the

e graph:

THOUSANDS

128 ‘/‘

"l
108
1. For A = 0.000088, profit is > or = or <
* according as Cy> or = or < 6498, i.e. the
E e 4 revenue per unit uptime of the system in
g / such a way so as to give Cy not less than
“ /‘/ A=0.000088 6498 to get positive profit.
s / A=0.088 2. For A = 0.088, profit is > or = or <
—4— h=0.88

according as Co> or = or < 10172, i.e. the
revenue per unit uptime of the system in
such a way so as to give Cy not less than
10172 to get positive profit.

3. For A = 0.88, profit is > or = or <
according as Co> or = or < 11645, i.e. the
revenue per unit uptime of the system in

Fig. 4 such a way so as to give Cy not less than

11645 to get positive profit.
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Fig. 5 shows the behaviour of profit w.r.t. to
Cost per unit uptime for which the repairman
is busy doing Maintenance (C,) for different
values of rate of failure of main unit (A). As
the value of Cost per unit uptime for which
the repairman is busy in Maintenance (C,)
increases, the profit decreases. Also, the
profit decreases as failure of main unit (A)

increases.
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PROFIT V/S COST PER UNIT UP TIME FOR
WHICH THE REPAIRMAN IS BUSY IN
DOING MAINTENANCE (C2) FOR
DIFFERENT VALUES OF RATE OF FAILURE
OF MAIN UNIT (\)

a1 =0.000128008, a2 = 0.00010, A1=0.000025,A2 = 0.000050,
B =0.04042553, 1= 0.025, 2= 0.030, y1=0.010142,y2=0.05,

. 96 Co=98630.136986, C1=11852.38, C3= 800
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