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Abstract

Generally, each machine or products are used by the human being up to its maximum capacity. If a system is performing
beyond its capacity/defined conditions by the manufacturer called, the system is working under abnormal weather conditions.
While, a system is performing within its capacities/stated conditions set by manufacturer called as the system working in
abnormal weather conditions, for example; a car is functioning exceeding its accommodating capacity can be termed as work-
ing under abnormal weather conditions; a hydraulic machine exceeding its weight uplifting capacity of 500 tons by lifting 600
tons is termed as working under abnormal weather conditions. To overcome in such a situation, only effective maintenance
strategies and suitable structure design of redundant system are the crucial factors which keep the standby system operational
without failures for longer period of time. In fact, proper functioning of service mechanism and the reliability of system are
strongly associated with each other. In the present paper, a water supply system simulate that is functioning of two-unit cold
standby system with facilities of preventive maintenance, inspection and repair operating under different weather conditions
with priority to preventive maintenance over inspection. The units are identical in nature. The single server only works under
normal weather conditions capable of performing three operations inspection, repair and preventive maintenance responds
to system instantly. The replacement of units is suggested if repair is impossible to perform during inspection. The opera-
tive unit undergoes for preventive maintenance after a specific time of operation. Repair of the unit is done by the server at
its complete failure. All random variables are statistically independent. It is assumed that the failure rate and rate by which
system undergoes for preventive maintenance are constant whereas the inspection rate, repair rate and maintenance rate fol-
lows negative exponential distribution. The expressions/graphs for several reliability measures are derived/depicted in steady
state using regenerative point technique and semi-Markov process to determine the nature of the system.

Keywords Effect of priority - Standby system - Preventive maintenance - Repair - Inspection and weather conditions
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The unit is under preventive maintenance/
preventive maintenance of the unit is
stopped due to abnormal weather conditions
The failed unit is under repair/repair of unit
is stopped due to abnormal weather

The failed unit is under inspection/inspec-
tion is stopped due to abnormal weather
The unit is continuously under preventive
maintenance/continuous preventive mainte-
nance is stopped due to abnormal weather
conditions

The failed unit is continuously under
inspection from previous state/continu-

ous inspection is stopped due to abnormal
weather conditions

The failed unit is continuously under repair/
repair is stopped due to abnormal weather
conditions

The unit is under continuous preventive
maintenance resumed from previous state
which was stopped in between due to abnor-
mal weather

The failed unit is under continuous repair
resumed from previous state which was
stopped in between due to abnormal
weather

The failed unit is under continuous inspec-
tion resumed from previous state which

was stopped in between due to abnormal
weather

The unit is waiting for preventive
maintenance/inspection

The unit is continuously waiting for preven-
tive maintenance/repair/inspection

Pdf/cdf of direct transition time from regen-
erative state S; to regenerative state S; or to
a failed state S; visiting state S, once and
more times states S, and S

Probability of transition from state S; to S;
Probability of transition from state S; to S;
visiting state S;, S once and more times
states S, and S,

The unconditional mean time taken by the
system to transit from any regenerative state
S; when it (time) is counted from epoch of
entrance into that state S;. Mathematically it
can be written as

my = [y 1d[Qy(0] = =q;; (0)

Symbol for Laplace—Stieltjes convolution/
Laplace convolution

Symbol for Laplace—Stieltjes transform/
Laplace transform

H; The mean Sojourn time

in state S; this is given by

w;=E@) = fooo P(T > n)dt = Z,‘ m;;, where
T denotes the time to system failure
Probability that the server is busy in state

S, up to time ¢ without making any transi-
tion to any other regenerative state or before
returning to the same state via one or more
non-regenerative stage

Wi(D/R (1)

1 Introduction

Proper and punctual working of water supply system is very
important to all citizens of a city. The supply system works
without failure behind this, the idea of inspection, preven-
tive maintenance, priority and repair of identical or non-
identical units under different weather conditions have been
discussed by the researchers including, (Osaki and Asakura
1970) obtained a two-unit standby redundant system with
repair and preventive maintenance. (Srinivasan and Gopalan
1973) discussed probability analysis of a two-unit system
with warm standby and single repair facility. (Dhillon and
Natesan 1983) analyzed stochastically outdoor power system
in fluctuating environment. (Gupta and Goel 1991) obtained
profit analysis of two-unit cold standby system with abnor-
mal weather condition. (Chander 2005) analyzed reliability
models with priority for operation and repair with arrival
time of server. (Malik and Barak 2009) discussed reliabil-
ity and economic analysis of a system operating under dif-
ferent weather conditions. (Kumar et al. 2012) discussed
cost analysis of a two-unit cold standby system subjected
to degradation, inspection and priority. (Kishan and Jain
2012) presented a two non-identical unit standby system
model with repair, inspection and post-repair under classi-
cal and Bayesian viewpoints. (Kadyan and Ramniwas 2013)
discussed cost-benefit analysis of a single-unit system with
warranty for repair. (Deswal and Malik 2015) explained reli-
ability measures of a system of two non-identical units with
priority subject to weather conditions. Recently, (Barak and
Barak 2016) discussed impact of abnormal weather condi-
tions on various reliability measures of a repairable system
with inspection. (Barak et al. 2017a, b) analyzed stochas-
tically a cold standby system with conditional failure of
server. (Barak et al. 2017a, b) discussed stochastic analysis
of two-unit redundant system with priority to inspection over
repair. Barak et al. 2018) analyzed stochastically a two-unit
system with standby and server failure subject to inspection.

Keeping these studies in mind, a water supply system
consists of two identical units (as in Fig.1) in which the
unit may fail directly from normal mode. Initially, one unit
is operative and other is in spare as cold standby. There is a
single server who attends the system immediately whenever
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required. Server is capable of performing three operations
i.e. preventive maintenance, inspection and repair. The pre-
ventive maintenance is carried out after a maximum opera-
tion time. Repair of unit is done at complete failure. Inspec-
tion facility is available before repair/replacement of the
failed unit. Priority is given to preventive maintenance over
inspection. Unit works as new after repair/preventive main-
tenance. Server starts, restarts or resumes its duty in normal

2 Transition probabilities and mean Sojourn
times

Simple probabilistic consideration yields the following
expressions for non-zero elements. In particular case; let
f(@) = 0e7%, g(t) = pe~?. The transition probabilities
obtained are as follows:

(s o]
weather only. Operations preventive maintenance and repair . =0. = .
are stopped}i]n agnormal \Seather to protect the system ffom Piy = €4(%) /0 9% M
L) A _ [ _ p _ A
L T ALl pry ry prpml o Ry gy gy Jrapm L py Jray
_ o _ by _ an _ p
PO = T aray PO T Tr et P T T panv e P T prnta
_ ) _ A _ _ _ B _ _ _ )
P23 = m’ P231 = m’ P31 = P54 =De2 = m’ P313 = Ps537 = P61 = m
P3,13 = Ps537 = Pe27 = m’ P3,15 = Ps536 = Pe29 = m
_ ¢ _ )/ _ A _ ot
Psp = m7 Pss = m’ Ps7 = m’ Papo = m
P72 = P92 =P101 = P121 =P1a1 =Pie2 = ﬁ’
P18 =P9og = P1o,11 = P12,11 = P1413 = P1e,15 = L
’ ’ ’ ’ ’ ’ 0+p
P172 = P192 = P20,1 = P22,1 = P26,1 = P342 =P352 =P331 = L
272 TR i T Rel T TR T T g 4 g
_ _ _ _ _ _ _ _ b
P17,18 = P19,18 = P2021 = P2221 = P2637 = P3436 = P3536 — P38371 = 7, =
b+p
e bm
P23 1 = P25y = Pag1 = P32 = P312 =P332 n+p
unnecessary damage. It is assumed that the rate of change of B
weather, failure rate and the rate by which system undergoes 72324 = P2524 = P2827 = P3020 = P3132 T P33 = g
for preventive maintenance or inspection are constant. The _ _ _ _ _ _an
distributions for preventive maintenance, repair time, inspec- P2326 = P2526 = P2s26 = P3osa = P3134 = P33e = n+p

tion time are taken as arbitrary with different distributions.
Graphical and numerical inferences are explained in detail.
All random variables are statistically independent.

P37 = Pi11,12 = P12,13 = P13,14 = P15,16 = P18,19 = P2122 = P2425 =

P2728 = P2930 = P3233 = P3635s = P3738 = |
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B Oy _ Pay
PLao = G0 G+ 0+ p+ag) PP T (B0 A+ 0+ f+ )
B ! _ pA
P2 = GroGro+pra) P T GRG0+ f+ay)
ayf Pay
P23 = o) n+ p+ag) PP T o)Ak 0+ f+ap)
_ bin _ bip
P28 = (it n+ B+ ag) PO T GG+ o+ ag)
_ aipg _ aip
P28 = B+ A+ n+ f+ag) TN T (G B G0+ + ag)
_ ainp
PR8N T (GG + A+ B+ o) + )
arp? o
P2.2:28(29,30)31(32,33) — B+d)A+n+P+a)f+ )’ P3.1;13,14) = P5,1;34.35) = m
P32;15,16) = P5232,33) = m
_ ayp _ Ap
P = G G+ b+ +a) T G pG+ b+ o+ ag)
_ ayp _ Ap
P20t = ()G v g+ p+ag) TN T GG At 4+ ag)
3 @ B aayd
De6.2:24.25) = m » Pe2i26.27) = B+ P)ay+ A+ B)
_ alg _ aip
D6,2,026,2731 = B+ P+ A+p) D6,2,26,27)31(32.33) = B+ d)ag+ A+ Py 2)

The mean Sojourn times (y; and ;) is the state S; are

1 1 1 1
o e+ 2 M T ag A+ g0 T ag At g BT T T At B,
py = 1 3) 3 Reliability and mean time to system
ay+A+p+¢ failure (MTSF)
and ! = PGB | r 106+t A0draibn(pp)
L 0, (h+pto+ay) 72 Opnpy (A+P-+n+ay) Let ¢,(¢) be the c.d.f. of first passage time from the regen-

0B A a) BB 0, B+ (@t AP+ B erative state S; to a failed state. Regarding the failed state as

J74 ) Hy = absorbing state, we have the following recursive relations
0, (A+ P, + ay) PP(A+ P+ ay+ ) for: ¢b.(1).
L = b+ (A+ag)(B+ P+ ) = Binbd + ay(0 + Ping + An + p)0¢ + aA(B + py)nb @)
> PB4+ By + ) nre Opnpy (A + By + ap)
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$o(1) = qo,1 (1) ® ¢, (1) + g2 (1) ® Py (1)
1) = q10(1) ® Po(1) + ¢ 3(5) @ P3(1) + G, 9(1) + q1,10()
(1) = q1,0(1) ® Po(1) + G2, 4(1) @ Py(1)

+ 2260 ® P6(1) + q223(1) + G2 25(7)
$3() = g3, (1) ® (1) + g3,13(D) + g3,5(0)
$4(1) = q40(1) ® Po(1) + G4 5(1) @ Ps5(1) + G4 17(1) + G4 20(1)
$5(1) = qs5.4(1) ® 4(1) + G53() + G534(0)

$6(1) = qo,(1) ® D (1) + 6,24 (1) + G 26(D). (5)
Taking L.T. of above relation (6.6.1) and solving for
q,';O(t). We have

R (s) = 1 P0® ‘f’o(s)

(6)

The reliability of the system model can be obtained by
taking Laplace inverse transformation of (6.6.2). The mean
time to system failure (MTSF) is given by:

L
MTSF = lim 1=
s Ky

A5 (1) = M5(0) + (31 () + 431,013,101 © A (1) + ¢32,15,16) (1) B Ay (D)

Ay(0) = My(@) + q40(0) ® Ag(®) + 94,1001 + 412021 22)] B A, (1)
+ [G42:17(8) + G4.2.17018.19) (D] D Ay (1) + g4 5() © As(2)

As(t) = Ms5(1) + [g5.1.34.35/(D] © A, (1)
+ (45,3233 (D] © Ay (1) + g5 4(1) © Ay (1)

Ag() = Mg(0) + [ g6.2(D) + G62.0425 8 + G62.2627)(D) + d62:2627)31 (D)
+ ds2,0627316233)] © A2,
®)
where M,() is the probability that the system is up initially
in state S; € E is up at time t without visiting to any other
regenerative state, we have

Mo(z) — e—((x0+ﬂ)l, M1 (t) — e—(ao+ﬂ+ﬂ)lm, Mz(t) — e—(ao+ﬂ+ﬂ)lm
My (1) = e @WHPHIG(r) and My(1) = M(1) = Mg(r) = e~ @tF+D0
®
Taking Laplace transformation of above relations (8) and
(9) and solving for Aj(s), the steady state availability is given
by

HO+A+ay+/)(A+ag+ )=l Hn+ A+ ay+ P)A+ay+ B) - BB}

@+ A+ay+ A+ ag+ )=} +ag{n+ A+ ag+ H)A+ag+ ) =i} (A+ag+ B + )

@+ A+ay+ P A+ay+ )= A+ MO+ A+ ag+ P4+ ag+ ) — 1} (A +ag+ b, + P}

{(@+ A+ ay+ P4+ ag+ ) — B} + [ain(A+ ag + B)(A+ag + B+ B)) (N

{0+ A+ ay+P)(A+ag+ ) — pp)}]

[(A+a){n+ A+ ay+ A+ ag+ ) — BADIHEO + A+ ay+ (A +ay + ;) — BF)}
—Oag(A+ag+ )l + A+ ay+ B)A+ay+ B)) — BB}

—bnA(A+ag + O+ A+ ag+ P)(A+ag + By) — B}

[+ 2+ g+ BA+ g+ By) — BBy — Landb(A-+ g+ BP0 + 4+ ag + DA+ oty + fy) = By

4 Steady state availability

Let A,(¢) be the probability that the system is in up-state at
instant ‘¢’ given that the system entered regenerative state S;
at t=0. The recursive relations for A;(¢) are given as:

Ao(t) = Mo(t) + ro,l(f) @Al(t) + ‘Zo,z(t) &) Az(t)

A lim sdz(s) = tim 0 = Mo (0
o(c0) = lim sA(s) = lim D - D_6 (6 orm) (10)
where N, = li_r)%N(’; and Dy = lim Dy (11)

A1) = M (1) + q,0(0) © Ag(D) + [91.1.100) + G1.1:1001,12) D] B A1 (D) + (G 2.0(F) + G4 2:98.7) (D] © A (1)

+q15(0) ® A3

Ay (1) = My(1) + o0 (1) @ Ap(D) + [G2.2:03(1) + G220324.25)(1) + G2208() + G22:2831 (D) + G2.2:28(29.30) ()
+ 422280203031 (1) + G2.2:28 31(32,33)(D) + G22:08(29.30)3132,33)] D A (1) + 5 4 (1) B A1)

+ ‘I2,6(f) @D A1)
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{(@+A+ag+p)A+ag+p)—BHEO + A+ ag+ B A+ ay+ By) — b}
{n+ DA +ay+ )+ A} (12)
N, =
0 [(A+a)A+ay+)3A+ay+0+PA+ay+ ¢+ PA+ay+n+p)]
Dy =X+T(Py+Py+Py) A3 Bl =gy ® By + [44,1,20(1) + G4, 1:201,22) D] © BY (1)
where

[1{(6 + ag + A+ BY(A + g + B) — (ap(ag + 4+ B+ By) + BB
Ota)A+ay+B)A+ay+0+PA+a,+1+p)

B (@ +ay+ A+ B)(A+ayg+ B) — BB}
Gttt ag+d+ P)]

+ (94270 + G42.17018.10) (D] ® BS (1) + q45(1) © BE(D)

B?(l) =[g5.1,34.35(D] & Bf(t) + [45.2.:32.33 (D]
@ B (1) + g5 4(1) ® B} (1)

Bﬁ(t) = Wé)(f) + [ 962D + Go.2,04.25(D + d62:2627)(D) + G6.2:26.27)31 (1)
+ G62:02627313233)] @ Bg(t),

1=

(15)
[[{(9+a0+ﬂ+ﬂ)(/l+ao+ﬁ)—ﬂﬁ1}—ao(a0+/1+ﬁ+ﬂ1)} ]
{n+ag+Ai+PA+ag+p) =} — Mag+ A+ + )} — aghlag + A+ f + B,)?
A+ag+ ) O+ay+ A+ P +ay+ A+ P)
[MO+ag+ A+ H(A+ay+ ) = BB YL+ Bill(ag + A+ B+ f){agnd + /19¢+m1971)] (14)
+(ag + A+ f))n0¢]

I

[Bindp(A + ap)(A+ ay+ f)*(A+ay + 60 + (A + ay + 1 + p)]

[aon(B + B (g + A+ 6 + B+ B)(ag + A) + p,6}]

2T 0BG+ ag)A+ag+ P)(A+ag+ 0+ PA+ag+1+ B

5 Busy period analysis for server due
to preventive maintenance

(a) Let Bf (#) be the probability that the server is busy in
preventive maintenance of the unit at an instant ‘¢’ given
that system entered state i at t=0. The recursive relations
for BY (1) are as follows

B2(1) = gy, (1) ® BY(0) + g0, (1) @ BE (1)

Bf(l) = W]P(f) +q,0(0) @ BOP(l) +[41,1:10() + q1.1:10011,12)(D] D Bf(l)
+ (4120 + G1 2:98.7) (D] B Bg(l) +q, ;) B§(t)

BE() = W2 (1) + () @ BE(0) + [.2.05(0) + G 2032425) (D)
+ 422080 + 4222831 (0) + d2.2:2800.30 (1) + d2225203031 (1)
+ 08310239 () + Daaso 30316233  BS (1)
+ ¢54(1) ® B (1) + q,,4(1) @ BL(1)

BY (1) = WY (D) + (g3, (D) + 431,310/ (0] © BT ()
+ @30.05.16(1) ® BS (1)

@ Springer

where W;(¢) be the probability that the server is busy in state
S, for preventive maintenance up to time ‘#’ without making
any transition to any other regenerative state or before
returning to the same via one or more non-regenerative

. P _ (agt+A+0) . P _ (o)
states and lsl_r)r(} W () = 0(ay+A+6+p) ll_,mo Wy () = O(ay+A+n+p)
ay + A a,
lim W3™(s) = _%th lim WP (s) = ————2——
s—0 9(6‘(0 + A+ p) =0 9(6‘(0 + A+ 6)
(16)

Solving for Bg* (s), the time for which server is busy due
to preventive maintenance is given by

P P

Bf(c0) = lim sB}'(s) = lim D}* = D—} a7
0 0

where

MY = lim M (s) and Df; = lim Df(s) (18)
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[ap{(@+ A+ f+ap)(A+ B +ay) — B H(P+ A+ B+ ag)(A+ By +ay) — Bp}
MP (@) = {(n+ DA+ P +ap) + fA}] (19)
P [0(A+ ag) @+ A+ B+ ag) P+ A+ B+ ag)+ A+ + ag)(A+ B + )]
and Dg has already been defined in (13)
lim WR*(s) — M, lim WR*(s) - (Olo—'l‘i)
s=0 4 Plag+A+B+¢) s=0 3 dlag+ A+ )
6 Busy period analyses for server due i WE* M¢p + an)
. . . imWg'(s) = —————
to inspection and repair 50 dlag + A+ By)
(21

Let Bf (7) be the probability that the server is busy in inspec-
tion or repair of the unit at an instant ‘#’ given that system
entered state S; at =0. The recursive relations for Bf(t) is
as follows

B (1) = qo1 (1) @ BR(t) + g, (1) ® BY (1)

B (1) = g, 0(t) ® By(1) + [q1,1.10() + q1 11001112 D B ()
+ (9129 + q12.93.7) (D] B BI;(I) +q,53() D B§(t)

Solving for Bg*(s), the time for which server is busy due
to preventive maintenance is given by

R R
. - . 2 2

By(c0) = lim sB§*(s) = lim -7 = — 22)
0 0

My = li_r%Mg*(s) and D = 1133 D (s) (23)

Using relations (21) and (22) into (23)

M? = GH
[AL{O+A+p+a0) A+, +ag)— BB }]

where G =
[(0+A+P+ap)(A+ P, +ap)(A+ag)]

(@ +ag+ A+ B)(A+ag+Fp) = BB+ By + aghn + ABY(B +m)(B + d) + am)+
A+ By + ag){(@n® + PO)B + §) + anf?}] (24

(B +m(f + A+ + 1+ a))(A+f+ ¢+ a)A+ f + a)*

BY(1) = W) + qy(t) ® BY(®) + [42,2:03(1) + 22032425 () + Q22280 + @22:0831(8) + 422:2829.30) (D)
R R
+ 92228293031 (1) F 92.2:08 31(32,33)(D) + G22:28(29.30)3132,33)] D B3 (1) + g2.4(1) © B, (1)

+ ¢,,6(1) ® BL (1)

BX(1) = (g3, (1) + G3.1.13.14(D] @ BY (D) + 432:15,16)(1) © BY (1)

B (1) = W@ + q4.0(8) @ By (1) + [q4.1.00(0) + 412001 22(D] © B ()

+ [G4.2.17() + q42.17(18.19) ()] D B§(t) +q450) @ Bg(t)

BI;(I) = W?(t) + [%,1;(34,35)(0] & Bf(t) + [%,2;(32,33)(0] &) BIZJ(t) +g54() @ B4P(t)
Bﬁf(t) = W§ (0 + [ 62(0) + G6.2.24.25)(1) + G6.2:26.27) (1) + G6.2:26,27)31 (1) (20)

R
+ Q6,2;(26,27)31(32,33)] @ B2 (t)

where WiR (#) be the probability that the server is busy in state
S; due to repair up to time ‘¢ without making any transition
to any other regenerative state or before returning to the

same via one or more non-regenerative states and
lim WR*(s) = PNB+m(B+P)+A{an’ P+ +BP(B+d)+ans” )
s—0 2 Pn(B+m(B+d)(ag+A+n+p)

and D{) has already been defined in (13).
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7 Expected number of visits by the server
due to preventive maintenance and due
to inspection, repair

Let N f () be the expected number of preventive maintenance
and repair of unit by the server in (0, #] given that the system
entered the regenerative state i at f=0. The recursive rela-
tions for Nf () are given by

and D:) has already been defined in (13).
Solving for Ng(s). The expected no of inspection and
repair per unit time are, respectively, given by
N MM
NR(0) = ££I&sN§(s) = DN—,“ == (28)
0 0

where

(nA{(p+ A+ ay+ B4+ ag+ By) — BB IO + A+ ag + YA+ ay + ) — Bf }
—{aglag + A+ f+ )} — [anA{(@ + A+ ay + f)(A + ay + By) — BB}

(g + A+ F+ )]

—1; R —
M, = lim #7{(s) =

A+a)A+ay+B)A+ay+ 0+ A+ay+d+Pn+ay+d+P)

NE@) = Q0,1(1) ® (N] (1) + 8pg) + Qo 2(1) B (N5 (1) + Sgg)

N (1) =0, 0(t) ® Ny (1) + [Q1.10(D)
+ 41151001101 & Ny (1)
+[Q120(0) + Q) 5.93.7,(D] B N3 (1)
+ 0,3 ®NJ (1)
Ng’(’) = qy(1) @ N(I;(t) + 452030
+ 922230425 + 42228() + 4222831 + G2.2:2820 30)(D)
+ @22:8093031 () + 22208 3132.33) (D)
+ G208029303132.33) ] D N (1) + G,4(1) D NI (1)
+ 4y6(0) ® N ()
Ng(l) =[g3,() + g5,1,013,14(D] & Nf(t) + q3.2,(15,16)(1) @ Ng(t)
Nf(l) = q40(0) D Né)(l‘) +[q41.00(0) + ‘14,1;20(21,22)(1‘)] ® Nf(t)
+ [94.2:17(0) + G4.2.17018.10) (D] D NE (@) + q4.5() S NE()

NE(0) =[qs.1.34.35/ D] © Ny (1) + (g5 2:32.33) (0]
@ N3 (1) + g5 4(1) ® N (1)

Ng @ = [ 962D + G6.2,04.25 D + G62:2627® + 96.2:26.27)31 (D)

+ 962:02627316233] D N HO
(25)
(K =P, for preventive maintenance; K =R, for inspection
and repair of the units).
Solving for ]Vg (s). The expected no of preventive mainte-
nance per unit time are, respectively, of given by

P . ~ P y § M3
N7 (00) =limsN, (s) = — = —
B Y 2 (26)

and D:) has already been defined in (13).

8 Profit analysis

The profit incurred to the system model in steady state can
be obtained as

P = Ky — K| Bf — K;B — KNg — K,Ny (29)
Let K,=(5000): revenue per unit up-time of the system,
K, =(400): cost per unit time for which server is busy due

preventive maintenance,

K,=(500): cost per unit time for which server is busy due
to repair and inspection,

K;5=(350): cost per visit per unit time repair and inspec-
tion, and K, =(300): cost per visit per unit time preventive
maintenance.

9 Discussion

To verify whether the cold standby system with priority to
preventive maintenance over inspection is profitable or not,
the numerical and graphical behavior of mean time to system
failure, availability and profit function has been studied in
Figs. 2, 3, 4, respectively. The application of this model in
the industry as well as in the water supply system by tak-
ing particular values to the parameters like (ag, f, f,, 4, ¢,
n and 6).

Figure 2 is constructed to depict the graphical behavior
of the MTSF (mean time to system failure).Thus, mean
time to system failure increases swiftly with the increase

[nag{(d+ A+ ag+ A+ ay+ 1) — BA IO + A+ ay+ H)A+ay+ By) — BB}
—{ag(ay + 2+ p+ B} — [anA[(0 -+ 4 +aq + D)4 + oy + ;) — By o

(ag+ A+ + )]

— i AP () —
M3—£%M3(s)—

A+ap)A+ay+ ) A+ay+0+pA+ay+d+Pn+ay+d+P)
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Fig. 1 State transition diagram
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0.20000
0.20000
0.10000
0.00000 -
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of preventive maintenance rate 6. The curve L, indicated
when the rate by which the unit goes for preventive mainte-
nance after completions of pre-specific maximum operation
time a, changes from 5 to 7 the MTSF declined sharply,
but in increasing manner as preventive maintenance rate 0
increasing.

Figure 3 highlights graphical behavior of availability
of the system Vs preventive maintenance rate 6. There is

relatively steep rise in values of availability against param-
eter f, in comparison to other parameters. Second line
L, of this table shows the when the rate a, change from
5 to 7 then the value of availability of the system rapidly
declined from the range (0.48-0.72) to (0.33-0.63) The
curve name L,(ay=35, f=.45, f;=.55, A=.01, ¢=2.5,
n=1.5) Ls(ay=.5, p= 45, p;=.55,2=.03, p=2.5,n=1.5)
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Fig.3 Preventive maintenance 0.80000 LA-a0=5,3=0.45,B1=0.7,A=0.01,¢=2.5,1}=1.5
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Fig.4 Preventive maintenance 3500.000
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Le(ay=.5, =.45,4,=.55,A=.03 and ¢=3.5,y=1.5) and
the curve L,(ay=.5, f=.45, ;,=.55,1=.01 and ¢ =3.5,
n=2) overlapping showing the similar impact of failure rate
A and repair rate ¢ and inspection rate #, on availability of
system.

Figure 4 depicts the graphical behavior of the profit Vs
preventive maintenance rate 8. The effect of different param-
eters can be observed easily from the graph. The system
is more profitable if it works in controlled weather condi-
tion. The curve namely curve L, (ay="7, =45, p;=.55,
A=.01, ¢ =2.5, n=1.5) indicates that the rate of the spe-
cific operation time ¢ increase 5—7 then there is steep fall
in values of profit in comparison to other parameter. The
curves Ls(qy=.5, f=.45, f;=.55,1=.03, $=2.5,n=1.5)
Le(ag=.5, p=.45, ,=.55,4=.03, ¢=3.5,n=1.5) and the
curve L,(ay=.5, =45, ,=.55,1=.03, p=2.5,n=2) are
coinciding curves showing the similar impact of failure rate
A and repair rate ¢ inspection rate # on profit of system.

@ Springer

10 Conclusion

It is concluded that the present model can be made the
water supply system more available/beneficial by enhanc-
ing the inspection rate of system. Furthermore, by increas-
ing preventive maintenance rate, a considerable profit can
be obtained from system. In normal and abnormal weather
conditions it is inferred that the system becomes produc-
tive when the preventive maintenance rate increases. Con-
sequently, modifying maintenance mechanism adapted by
the server followed by prioritizing preventive maintenance
over inspection does wonders to the system.
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