Cost- Benefit Analysis of Two-Dissimilar Units
Warm Standby System Subject to Electromagnetic
Vibrations with Switch Failure

Ashok Kumar Saini
Banwari Lal Jindal Suiwala College, Tosham (Bhiwani) Haryana, INDIA

ABSTRACT

In this paper, we present a two-unit dissimilar warm standby systems subject to electromagnetic
vibrations(denoted as EM vibrations) with switch failure .The EM vibrations and failure rates
are constant whereas the repair time distributions are taken to be arbitrary. The EM vibrations
are non-instantaneous and cannot occur simultaneously in both the units and when there are
EM vibrations within specified limit of a unit, it operates as normal as before but if these are
beyond the specified limit the operation of the unit stop automatically so that excessive damage
of the unit is avoided and the EM vibrations goes on, some characteristics of the stopped unit
change which we call failure of the unit. We have calculated MTSF, Availability ,the expected
busy time of the server for repairing the failed unit under EM vibration in (0,t], the expected
busy time of the server for repair of dissimilar units by the repairman in(0,t], the expected busy
time of the server for repair of switch in (0,t], the expected number of visits by the repairman for
repairing the different units in (0,t], the expected number of visits by the repairman for repairing
the switch in (0,t] and cost analysis. Special case by taking repair time distribution as
exponential are discussed and graphs are drawn.
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1. INTRODUCTION

We present a two-unit dissimilar warm standby systems subject to EM vibrations with switch
failure .The EM vibrations and failure rates are constant where as the repair time distributions are
taken to be arbitrary. The EM vibrations are non-instantaneous and cannot occur simultaneously in
both the units and when there are EM vibrations within specified limit of a unit, it operates as
normal as before but if these are beyond the specified limit the operation of the unit stop
automatically so that excessive damage of the unit is avoided and when the EM vibrations goes on,
some characteristics of the stopped unit change which we call failure of the unit.

For example, when a satellite launched into its orbit around the earth there is a region of
electromagnetic field. When the satellite passes through such field some equipment present in the
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satellite might be disturbed due to electromagnetic vibrations in the space which may deviate the

satellite from the orbit causing it directionless for a while. To control this situation it is possible

with the help of sensors that for some time the working of the equipment under the influence of

electromagnetic vibrations may stop and the sensors again detect where and when electromagnetic

field finished after which in the satellite, through the sensor control unit , the working of the

equipment under influence of electromagnetic vibrations starts immediately. It is assumed that all

the sensors system is perfectly working whenever needed.

2. ASSUMPTIONS

1.

The system consists of two dissimilar warm standby units. The EM vibration and failure
time of units and switch failure distributions are exponential with rates A; A, A; and A4
respectively whereas the repairing rates for repairing the failed system due to EM
vibrations and due to switch failure are arbitrary with CDF G, (t) & G, (t) respectively.

The operation of units stops automatically when EM vibrations occurs so that excessive
damage of the unit can be prevented.

The EM vibrations actually failed the units. The EM vibrations are non-instantaneous and
it cannot occur simultaneously in both the units.

The repair facility works on the come first serve (FCFS) basis.
The switches are imperfect and instantaneous.

All random variables are mutually independent.

Symbols for states of the System
Superscripts O, WS, SO, F, SFO

Operative , Warm Standby, Stops the operation , Failed, Switch failed but operable respectively

Subscripts nv, uv,ur, wr, uR

No EM vibration, under EM vibration, under repair, waiting for repair, under repair continued

respectively

Up states — 0,1,2,9 ; Down states — 3,4,5,6,7,8,10,11

States of the System
0(Ony , WSy
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One unit is operative and the other unit is warm standby and there are no EM vibrations in both the
units.

1(SOny 5 Ony)
The operation of the first unit stops automatically due to EM vibrations and warm standby units
starts operating.

2(Fyr , Ony)
The first unit fails and undergoes repair after the EM vibrations are over and the second unit
continues to be operative due to EM vibrations in it .

3(FuR ’ SOuv)
The repair of the first unit is continued from state 2 and in the second unit stops automatically due
to EM vibrations.

4(Fyr , SOw)
The first unit fails and undergoes repair after the vibrations are over and the other unit also stops
automatically due to EM vibrations.

5(FuR ’ er)
The repair of the first unit is continued from state 4 and the other unit is failed due to EM
vibrations in it & is waiting for repair.

6(Oyy , Fur)
The repair of the first unit is completed & it starts operation and the second unit which was waiting
for repair undergoes repair.

7(SOuy , SFOuy,ur)
The operation of the first unit stops automatically due to EM vibrations from state O and during
switchover to the second unit switch fails and undergoes repair.

S(er b SFOHV,UI‘)
The repair of the switch is continued from state 7 and the first unit fails after EM vibrations and is
waiting for repair.

9(Owy , SOw)
The first unit is operative and the warm standby dissimilar unit comes under the EM vibrations.
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Fig.1 The State Transition Diagram

®  regeneration point

O up state
D down state
10(SO,y , Fur)

The operation of the first unit stops automatically due to EM vibrations and the second unit fails

and undergoes repair after the EM vibrations are over.

11(er 9 FuR)
The repair of the second unit is continued from state 10 and the first unit is failed and waiting for

repair.
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Transition Probabilities

Simple probabilistic considerations yield the following expressions :

o P - A2
Po= g e T Xraz+aa
A4 A1 A3

Po=3 T2+ ° P2T53 s Pu=0 5

Po=Gi (M), P =G (h) . Pn=G, (k) , P =Gy (A)=Ppg

Also other values can be defined.

We can easily verify that

Poi+Pyr+ Poo = 1, Pyy+ PP =1,Py,Y =1,

Pg=1, Pt P+ Py =1, Pojo=1, P+ P10,2(11)= 1 (1

And mean sojourn time are
Mo=E(T) = [[" P[T > t]dt )

Mean Time To System Failure

We can regard the failed state as absorbing
0o(t) = Qo1 (8)[5]61(t) + Qoo (t)[s]09(t) + Qo7 (L)

61(t) = Q12 (t)[5162(£) + Q14(t) , 62(£) = Q20 (D[]8, () + Q) ()

04(t) = Qo,10(8) (3-5)
Taking Laplace-Stiltjes transform of eq. (3-5) and solving for

Qo(s) = Ni(s)/Du(s) (0)
Where

Ni(s) = Q31(5) { Qi2() Q53" (s) + Qis(s) }+ Q5o(s) Q5,20(5) + Q5(s)
Di(s) =1-Qp1(s) Q12(s) Q20(s)
Making use of relations (1) & (2) it can be shown that Q5(0) =1 , which implies
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that 8, (t) is a proper distribution.
d . . ,
MTSF = E[T] =—Qo1(s) | = (D1 (0)-N;(0))/D; (0)
s=0
= (Mo +Po1 41 + Poi P12 K2 + Poo Uo ) / (1 - Poi P12 P20 )

where

Ho = HUoy + Uo7 + HUoo » U1 = Uiz + H14, U2 = Upp +Il22(3) » Ho = HUog 10
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 M(t), M (t), My(t), My(t) can be found easily.

The point wise availability A;(t) have the following recursive relations

Ao(t) = Mo(t) + qoi(D[c] A1) + qor(D[C]A7() + qoo(D[C]AH(D)

Ai(0) = Mi(0) + qua(O[c] Aa(0) + quaOIC]ALD) , As(t) = Ma(0) + qao(DIc]Ag(D) + g™ (D[] A (D)
A4(D) = qus (D[c]AG(D) , Ag(t) = geo(DCTA(D)

A7(0) = (@7(0+ g2®(V) []AD) + qra (D[C]AL(L)

Ag(t) = Mo() + qo10(DICTA0(1) , Aso(t) = quoa(D[C]Aa(D) + qroa" (D[C] An(t) (7-14)

Taking Laplace Transform of eq. (7-14) and solving for A, (s)

Ao(s) = Na(s) / Dy(s) (15)

Where

No(s)=(1-q 22(3)(8)) { M o() + Goi(s) M 1(8) + Goo(s) M o(8)}+ M 2 Goi(s) Gua(s) +
Yor(8)( Gr2(8) + @ 137(8)) + G 00 (5) § 0,10 ()(§ 102 (8) +§ 102" ()}

Da(s) = (1 -4 °(9) { 1-§ 467(s) Goo(S) ( Gor($) § 44 (5) + Gor(s) Gra(s))

- Qoo(){ Go1(s) Gra(s)+ Gor(s)( G 72(s)) + 72(8)(8) + 4 09(8) G 0,10 (8)

(G 102(s)+q 10,2(11)(8))}

The steady state availability
s Na(s)

Ay = limt—mo [AO (t)] = lim5—>0 [S AO (S’)] = 1ims—>0 D5 (s)

Using L’ Hospitals rule, we get
Ny(s)+s Np!(s) - N2 (0)
Dy1(s) D,1(0)

A() = lims_>0
Where
N»(0)= on(Mo(O) + P01M1(0) + Poo M9(0) )+ 1‘712(0) (PoiP12 + Po7 (P72

(16)
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+ P72(8) + Po9 ))
D5 (0) = paol to + Poi U1 + (Poi P14 + Po7 P74 ) Hat Po7 7 + Po7 U7 + Poo(le + Ui0)
+ Uy { 1- ((PoiP14+ Po7 P7a) }

(11

5 8
Uy = U 26),M7=#72+H 52) T, B0 =Hoz TR 4,

The expected up time of the system in (0,t] is

Au(t) = fOO( Ao (2)dz So that 1, (s) = AOT(S) = SN#((SS)) (17) The expected down time of

the system in (0,t] is
A4() =t- 2,(t) Sothat A, (s) = Siz — 7, (s) (18)

The expected busy period of the server for repairing the failed unit under EM vibration in
(0,t]

Ro(t) = So(t) + qoi(DICIR (1) + qor(D[CTR (1) + qoo(t)[cRo(1)

Ri(1) = Si(0) + qi2(D[CIRA(D) + qra(D)[cIR4(D) , Ra(t) = qao(D[CIR() + goo(O[CIR(1)

Ry(t) = Q46(3)(t) [cIR6(1) , Re(t) = qeo(t)[c]Ro(t)

Ry(1) = (qr2(0+ 472" (1)) [CIR(1) + qra (D[CIR4(D)

Ro(t) = So(t) + qo.10(D[CIR10(1) , Rig(t) = qroa(t) + qio2 "(D[cIRA()  (19-26)

Taking Laplace Transform of eq. (19-26) and solving for Ry (s)

Ro(s) =Nis(s)/Das) (27)

Where

Na(s) = (1 -G 7)) { S o(5) + Gor(s) S 1(5) + Goo(s) S o(s)} and Dy(s) is already defined.
_ N3(0)

In the long run, R, = D21(0) (28)

where N3(0)= pao(So(0) + po1S1(0) + poo $5(0) ) and D, (0) is already defined.

The expected period of the system under EM vibration in (0,t] is

App(t) = fooc R, (2)dz So that 1., (s) = ROT(S)

The expected Busy period of the server for repair of dissimilar units by the repairman in (0,t]
Bo(t) = qoi(D[c]Bi(t) + qor(D[c]B7(t) + qoo(t)[c]Bo(t)

B/ (1) = q12(0[c]Ba(t) + qra(cIBa(t) , Ba(t) = gao(0)lc] Bo(t) + gua()[c]Ba(1)

B4(t) = T4 O+ Qus " (D[CIB4() , Bo(t) = Te (O+qeo(D)[c]Bo()

B7(1) = (q2(0+ 472" (0) [€]Ba(t) + s (D[c]Ba(t)

By(t) = qo.10(D[cIB1o(t) , Bio(t) = T1o (+ (qroa(t) + qro2" (D[c]BaAt) (29-36) Taking
Laplace Transform of eq. (29-36) and solving for B, (s)
By (s) =Ny(s)/Dx(s) (37)
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Where
Nu(8) = (1 - § 7)) { Gor(s) Gua(s)( T () + Gas V(s) T 6(s)) +G 07°(s) Gra(s)( T 4(s)

+q 160(8) T o(s)+ Goo(s) Goo.10(8) T 10(s))
And Dy(s) is already defined.

In steady state, By = ;V"‘((?) (38)
2’

where N4(0)= pxo {( poi P14 + Po7 P74) (7‘4(0) +T6(0)) + Poo TlO(O) } and Dz‘(o) is already defined.
The expected busy period of the server for repair in (0,t] is

A0 = [ By (2)dz So that A, (s) = B"T(S) (39)

The expected Busy period of the server for repair of switch in (o,t]
Po(t) = qoi(D[c]P1(t) + qor(D[c]P7(t) + qoo(t)[c]Py(t)

Py (1) = qra(®[c]Px(D) + qua(®c]Pa(t) , Pa(t) = qao([c]Po(t) + qar™(D[c]Pa(t)
Py(t) = q46(3)(t)[C]P6(t) » Ps(t) = geo(t)[c]Po(t)

P;(t) = Ly(H+ (gr()+ Q72(8)(t)) [cIPx(t) + gr4 (D[C]P4(D)

Po(t) = qo.10(D)[CIP10(1) , Pro(t) = (qioa(t) + quo2" (D)[CIPy(t) (40-47)
Taking Laplace Transform of eq. (40-47) and solving for

Py (s) =Ns(s)/Das) (48)
where Na(s) = Gor(s ) L 7(s) (1 - § »7(s)) and Da(s) is defined earlier.
_ N5(0)
In the long run , Py = 2,10) 49)

where N5(0)= pao poz L40) and Dz’(O) is already defined.
The expected busy period of the server for repair of the switch in (0,t] is

Aps(t) = fooc P, (z)dz So that A5 (s) = @ (50)

The expected number of visits by the repairman for repairing the different units in (0,t]
Ho(t) = Qoi(O[c]Hi(1) + Qor(D[cIHA(t) + Qoo(t)[c]Ho(1)

H,(t) = Quu(®)[c][1+Ha()] + Qua()[c][1+Ha(0)] , Ha(t) = Qup(t)[c]Ho(t) + Qo2 (t)[c]Ha(t)

Ha(t) = Qa6 (D[c]H4(t) , He(t) = Qeo(t)[c]Ho(t)

H(t) = (Qqa(D)+ Q7"*(1)) [c]Ha(t) + Qys (D[C]Hu(D)

Ho(8) = Qo0®[e][1+H1o(D] , Hio(®) = (Quoa(le] + Quoz" "(D)[c]Ha(t) (51-58)

Taking Laplace Transform of eq. (51-58) and solving for H(s)

Hg(s) =Ne(s)/Ds(s) (59)

Where
No(s) = (1= Q () { Q*0i()( Q" 12(8)+ Q*14(8)) + Q" 00 (5) Q" 9,10 ()}
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D) =(1-Q () { 1-(Q%(s) Q" 14 (s) + Q*45(s) Q*74(3)) Qus” (5) Q%60(5) }
- Q%20(){ Q7 01(3) Q% 12(8)+ Q*47(s)( Q" 72(5)) + @ ¥(s) +
Q%09 (3) Q%910 (3) (Q 102 (8) +Q 102" (5))}

In the long run , Hy = ;ve_((oo)) (60)
3’

where Ng(0)= p2o (po1 + poo) and D’5(0) is already defined.

The expected number of visits by the repairman for repairing the switch in (0,t]
Vo) = Qoi(O[c]Vi(D) + Qor(DIcI V(1) + Qoo(D[C] V(1)

Vi(®) = Qu®[c]Va(t) + Q)] Va(t) , Va(t) = Qu(D)[e] Vo(t) + Qua”(B)[c]Va(t)

Va(®) = Qus (O[eTV(t) , V(t) = Quo(O[c]Vo(t)

V(1) = (Qr®O[1+V2()]+ Q1) [c]Va(t) + Qs (D[C]Va(t)

Vo(t) = Qo10®IcTVio() , Vio(®) = (Quoa(t) + Qoo (0[] Va(t) (61-68)
Taking Laplace-Stieltjes transform of eq. (61-68) and solving for V" (s)
Vo' (s) =Ny(s)/Dy(s) (69)
where N;(s) = Q% o7 (s) Q* 72 (s) (1 — Q »™(s)) and Dy(s) is the same as Ds(s)

_ N7(0)
In the long run , Vo = D) (70)

where N7(0)= p2o po7 p72 and D’;(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 vibrations when the units stops automatically, expected busy period of the server for
repair of unit & 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]

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

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

C=lim,oo (C()/1)  =lim,0(s?C(s))
= KIAO - K2P0 - K3B0 - K4R0 - K5V0 - K6H0
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Where

K, - revenue per unit up-time,

K, - cost per unit time for which the system is under switch repair

K; - cost per unit time for which the system is under unit repair

K, - cost per unit time for which the system is under EM vibrations when units automatically stop.
K - cost per visit by the repairman for which switch repair,

K - cost per visit by the repairman for units repair.

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