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Benefit-benefit analysis of a two-dissimiliar cold
standby system subject to rainfall and switch failure
with general as well as Erlang-k repair facility as
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Abstract Introduction: To transfer a unit from the standby state to the online state, a device known as ‘switching device’ is
required. Generally, we assume that 1 the switching device is perfect in the sense that it does not fail and 2 the repair
facility is first come first serve basis.. However, there are practical situations where the switching device can also fail
and the repair facility is FCLS i.e. First Come Last Serve. We have taken two dissimilar units failure due to rainfall
and switch failure distribution as exponential and repair time distribution as General as well as Erlang-K phase type.
We have find out MTSF, Availability analysis, the expected busy period of the server for repair the failed unit under
rainfall in (0,t], expected busy period of the server for repair in(0,t], the expected busy period of the server for repair of
switch failure in (0,t], the expected number of visits by the repairman for failure of units in (0,t],the expected number of
visits by the repairman for switch failure in (0,t] and cost- benefit analysis using regenerative point technique. A special
case using failure and repair distributions as exponential is derived and graphs have been drawn.
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INTRODUCTION

To transfer a unit from the standby state to the online state, a device known as ‘switching device’ is required. Generally,
we assume that the switching device is perfect in the sense that it does not fail. However, there are practical situations
where the switching device can also fail. This has been pointed out by Gnedenko et a/ (1969).Such system in which the
switching device can fail are called systems with imperfect switch. In the study of redundant systems it is generally
assumed that when the unit operating online fails, the unit in standby is automatically switched online and the switchover
from standby state to online state is instantaneous. In this paper, we have RAINFALL which are non-instantaneous in
nature. We assume that the RAINFALL cannot occur simultaneously in both the units and when there occurs
RAINFALL of the non —instantaneous nature the operation of the unit stop automatically. Here, we investigate a two-
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unit (non-identical) cold standby —a system in which offline unit cannot fail with switch failure under the influence of
RAINFALL. The RAINFALL cannot occur simultaneously in both the units and when there are less RAINFALL, that
is, within specified limit the unit operates as normal as before. But if these are beyond the specified limit the operation of
the unit is stopped to avoid excessive damage of the units and as the RAINFALL goes on some characteristics of the
stopped unit change which we call failure of the unit. After the RAINFALL are over the failed unit undergoes repair
immediately according to first come last served discipline. For example, when a train came on the junction Station it
waits for crossing of other train. When the other train came it stops and departs first according to FCLS.

ASSUMPTIONS
The system consists of two dissimilar cold standby units and the rainfall and failure time distribution are exponential
with rates A; A, and A; whereas the repairing rates for repairing the failed system due to rainfall and due to switch failure
are arbitrary with CDF G (t) and G; (t) respectively.
1. The operation of units stops automatically when rainfall occurs so that excessive damage of the unit can be
prevented.
2. The rainfall actually failed the units. The rainfall are non-instantaneous in nature and it cannot occur
simultaneously in both the units.
3. The repair facility works on the first come last serve (FCLS) basis.
4. The switches are imperfect and instantaneous.
5. All random variables are mutually independent.

SYMBOLS FOR STATES OF THE SYSTEM

Superscripts: O, CS, SO, F, SFO

Operative, cold Standby, Stops the operation, Failed, Switch failed but operable respectively
Subscripts: nf, uf,ur, wr, uR

No rainfall, under rainfall, under repair, waiting for repair, under repair continued respectively
Up states: 0,1,2,6; Down states: 3,4,5,7,8

STATES OF THE SYSTEM

O(Onfa CSnf)

One unit is operative and the other unit is cold standby and there are no rainfall in both the units.

1(SOns, Ong)

The operation of the first unit stops automatically due to rainfall and cold standby units starts operating.

2'(SOnfa SFOnf,ur)

The operation of the first unit stops automatically due to rainfall and during switchover to the second unit switch fails
and undergoes repair.

3 (Fur, Ouf)

The first one unit fails and undergoes repair after the rainfall are over and the other unit continues to be operative with no
rainfall.

4(Fur, SOuf)

The one unit fails and undergoes repair after the rainfall are over and the other unit also stops automatically due to
rainfall.

5(FuRa er)

The repair of the first unit is continued from state 4 and the other unit is failed due to rainfall in it and is waiting for
repair.

6(FuRa SOuf)

The repair of the first unit is continued from state 3 and in the other unit rainfall occur and stops automatically due to
rainfall.

7(era SFOuR)

The repair of failed switch is continued from state 2 and the first unit is failed after rainfall and waiting for repair.

TRANSITION PROBABILITIES

Simple probabilistic considerations yield the following expressions:
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pa= MGy (L), P237:_7L2G2*( A2), p24= G 2 (M),

p3o= Gi (M1), p3s’= G (M)

ps3 = Gi (M), pas” = Gi (M)

We can easily verify that
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Figure 1: The State Transition Diagram
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=00
e”A1G1 tidt
wi=1/%, po= - >
=00 _
I e”A2G1( t)dr
Ha= +“ao (3)

MEAN TIME TO SYSTEM FAILURE
We can regatd the failed state as absorbing

Ba(t) = Qo1 (E)s16,(£) + Qoz(2)

62(6) = Q13 (ONs163(0) + Qra(0) | B2(®) = Qa0 ()s10 () + Q57 (®) (4-6)
Taking Laplace-Stieltjes transforms of eq. (4-6) and solving for

Qals)= =Ny(s)/ Dy(s) (7)
Where

Ni(s)= @5 () { K Q1375 (5) QX 1337((6)#) (5) + Qu14"+ (5) } + Q3:(5)
Di(s) = 1- Y0105} @1505) @3,(5)

Making use of relations (1) and (2) it can be shown that Za{0} =1, which implies
that #1(£} is a proper distribution.

d .
MTSF =E [T] = g5 90| (D; (0) - N; (0))/ Dy (0)

s=0

= (#0 +por#1 +por p1z#2 ) /(1 - por P13 P30 ) (®)
where
Mo = Mp1 + Moz | M1 = a3 + Hia Mz = oz + Moz O 4 plas | Hz = Map + M3z ©

Mz = Haz 4 a3 O

AVAILABILITY ANALYSIS
Let M;(t) be the probability of the system having started from state i is up at time t without making any other regenerative
state belonging to E. By probabilistic arguments, we have

The value of Mo ()= & A te” tM (=2 A te aut

My)= & 20, () ©)
The point wise availability A;(t) have the following recursive relations

Ag(t) = Mo(t) + gor(D[c]A1(t) + goa(D)[c]A(D)

Ai(D) = Mi(t) + qis(t)[c]As(t) + qia(D)[c]Aq(b),

Ax(t) = {qo3(t) + @3 (0} [c]A3(1) +q53 V(D[] As(1)

Ay(t) = {aus(®) + i O[] As() ) (10-14)
Taking Laplace Transform of eq. (10-14) and solving for 4 {5}

Ap}= =Ny(s) / Das) (15)
Where

Na(s) = (1 - @35%) M o) [ Toa(9) LM 19)+ (0 5 F Ga0) (@ 9) + Tus0) DI+ Tua(){ Tos()) + 8
1))+ G ()T (5) +T 5091 M 5(s)
Dy(s) = (1 - §3596) - G30(s) (97 ()T 130)+ T10(9) (Faa(®) T 445°) }

) L AnE)+T 576 T Do) Tass) + 760}
The steady state availability

o - R : i 5 N;(s)
py= I ATl _limifs Al _lm—pie
Using L’ Hospitals rule, we get
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I Na(5)+5 ;"n";: (5] _ Nal )
A= 0 Di(s) _ ~ Di{0)
Where

N2 (0) = p3o® o(0) + por M 1(0) M 50))
D, (0)=ta + [0 +py, (4 +pyy La+po(Bz + pay s )] Prg
The expected up time of the system in (0,t] is

W ] - Ay (5) Na(5)
1 (2)dz gy = 2o \S)
2:(0:=-L e So that = 5 5 5D.(5)
The expected down time of the system in (0,t] is
T~ 1 —
Fl == Is
da(t) = t- A () So that ¢ 7 T 32 2 (s)

The expected busy period of the server for repairing the failed unit under rainfallin (0,¢]
Ro(t) = qor()[c]R1(t) + qoa()[c]R(1)

Ri()=51(t) + qis(O[CIR5(t) + quaB[CIR4(V),

Ra(t) = S5(t) + qas(D[eIRs(D) + qas "(D[eIR3(H) + qau(D[e]R4()

Rs(t) = qao()[eIRo(t) +3 (DICIRs(),

Ry(0) = S4(t) + (qaa(0+ 43" (1) [cIRs(D)

Where

SIH=5" M T8 Mot Sy(t) =& Mt G(t), Sa(t) = & Mit T 1)

Taking Laplace Transform of eq. (19-23) and solving for # a{5)

Ro(s)= =Ny(s) / Da(s)
Where

(16)

(17)

(18)

(19-23)

24)

(25)

N(s) = (1 - G3596) [For(s) 5 1(8) + G 1a(5) S s(8)+Boa(s)( 5 o(5) + Fau(s) 3 4(5))] andDy(s) is already defined.

- N3(0)

In the long run, Ry = ~ Dj(0)

whereN;(0)= p3of poi( S 1(0) + pra 4(0) ) + poz (5 2(0) + pas= 4(0) ) and D, (0) is already defined.
The expected period of the system under rainfall in (0,t] is

o vin — Ry (®

Apw () = -L Fo )z So that v 18) T

The expected Busy period of the server for repair of dissimilar units by the repairman in (0,t]
Bo(t) = qoi()[c]B1(t) + qoa(t)[c]Ba(t)

Bi(t) = qu3(O[c]Bs(t) + qua(t)[c]Ba(b),

Ba(t) = qus(t)[c] Bs(t) + Q23(7)(t)[09133(t) + qua(t)[c] Ba(t)

Bsy(t) = Ts(t1+qso(0)[e] Bo(t) + 43" (D[cIBs ()

Bay(0) = T4 (0+{ qas() + qus”'()} [c]Bs()

Where

Ts(t) =€ Aot G (1) Tat) =€ Mt G (1)

Taking Laplace Transform of eq. (28-32) and solving for g (s)-

By (5} =Ny(s)/ Da(s) (34)
Where

N = T50 [Ga® (7 5@ §u6) (1) + T P61+ s L0 ne)F
T7()F G2) (Fass) + T VNI Tus) [Toi(s) Taa(s) (L= T3%s) ) +

( tﬁoz(s) azzx (s)(1- @“33(6)(5) ]
And D»(s) is already defined.
—~ N0

In steady state, By = D0}
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whereN,(0)= T 3(0)+ T 4(0) { p3o(porp14 + Poz2 p24) } and D2’(0) is already defined.
The expected busy period of the server for repair in (0,t] is
] —~ . Bp(s)
A (1) = l E @42 ¢ that Fre (9= —5 (36)
The expected Busy period of the server for repair of switch in (o,t]
Po(t) = qo1(D[c]P1(1) + qoa(t)[c]P2(t)
Pi(t) = qis(O[c]P3(t) + qua(t)[c]Pa(D),
Py(t) = L (01 qus(D[c]P3(t) + g (D[C]P3(t)+qaa(t)[c]P4(t)
P3(t) = gso(D[cIPo(t) + s (D[cIPs(1),
P4(t) = (ua(t)* gis”'(1) [cIP3(0) (37-41)
Where L, (t) = €~ Mt T 4(t)

Taking Laplace Transform of eq. (37-41) and solving for Fo (s}

B ()= =Ny(s)/ Da(s) (43)
Where Ns(s) = th'1'?02(8 ) Ly(s) (1-94 13%(s)) andDa(s) is defined earlier.
_ Ng(0)
In the long run, Py = - D;(0) (44)

whereNs(0)= pso Poz ..2(0) and D, (0) is already defined.
The expected busy period of the server for repairof the switch in (0,t] i

- =Vdlz h — PD (s)
Awz () = nlu 0@z ¢ that s ()= 3 (45)
The expected number of visits by the repairman for repairing the different units in (0, t]

Ho(t) = Qo1()[s]Hi(t) + Qoa(t)[s]H2(t)

Hi() = Qis(®)[s][ 1+H3(t) 1+ Qua[s][1+Ha()],

Ha(t) = [Qa3() +Qa3"(1)] [SJJ)HHs(t)] + Qau(O[s][1+ Hy(1)]
H;(t) = Q30()[ S]Ho(t) + Q33 (D)[s]Hs(Y),

Ha(t) = (Qus(0)+ Qus(1)) [s]H5(1) (46-50)
Taking Laplace Transform of eq. (46-50) and solving for Ta{5J-

Hg (s}~ =N(s) / Ds(s) (51)
Where

Ne(®)=(1- @ 5 N0 (@7 50+ T uE )T @ r o) (A ) +
Q" x(s)+ Q 23(7)(5) }}
Dy(s)=(1- € 5@ ()~ 3) L% 01 () { @ 13(9) €7 149) (€ &°(5) +@ sV 9))}
+@ 0 @ uE+ Q576+ QT ) ue) + @ uV6)
~ Ngi0)
In the long run, Hy = B D;(0) (52)
Where Ng(0)= pspand D’3(0) is already defined.
The expected number of visits by the repairman for repairing the switch in (0, t]
Vo () = Qui(®)[s]Vi(t) + Qoa(D)[s][1+Va(t)]
Vi(®) = Quiz(D[s]V3(t) + Qua(D[sIVa(b),
Va(t) = Quu(®)[s][1+Va(®)] +] Qa3(t) + Qus (D[] 1+V5(1)]

V(1) = Quo(®[sIVo(t) + Qs (O[sTVa() ) (53-57)
Taking Laplace-Stieltjes transform of eq. (53-57) and solving for Vo (5)-

Vo ()= =Ny(s)/ Du(s) (58)
Where N7 (s) = (1 - @ 55N @ u® (2 u®) + i) I+ @ (s) L2 * 149) +Q () @723 (5) +€
23(7)(5) )}

and Dy(s) is the same as D;(s)
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_ Ny ()

In the long run, V= ~ D;(0) (59)
Where N7 (0)= pso[po1 P14 P43+ Poz ] and D’3(0) is already defined.

COST BENEFIT ANALYSIS
The cost-benefit function of the system considering mean up-time, expected busy period of the system under rainfall
when the units stops automatically, expected busy period of the server for repair of unit and switch, expected number of
visits by the repairman for unit failure, expected number of visits by the repairman for switch failure. The expected total
cost-benefit incurred in (0, t] is, C (t) = Expected total revenue in (0,t] - expected total repair cost for switch in (0,t]

e expected total repair cost for repairing the units in (0,t ]

e expected busy period of the system under rainfall when the units automatically stop in (0,t]

e expected number of visits by the repairman for repairing the switch in (0,t]- expected number of visits by the

repairman for repairing of the units in (0,t]

The expected total cost per unit time in steady state is

. (ClE)Y ,
ot (=) _ lim(s3C ()
= KA - KyPo - KsBy - K4Rg - K5V - KgHp
Where
K;: revenue per unit up-time,
K,: cost per unit time for which the system is under switch repair
Kj3: cost per unit time for which the system is under unit repair
K4: cost per unit time for which the system is under rainfall when units automatically stop.
Ks: cost per visit by the repairman for which switch repair,
Kg: cost per visit by the repairman for units repair.

CONCLUSION
After studying the system, we have analysed graphically that when the failure rate, rainfall rate increases, the MTSF and
steady state availability decreases and the cost function decreased as the failure increases.
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