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Gain - function of two non-identical warm standby
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and steep high acoustics with switch failure
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Abstract Introduction: Two-unit standby system subject to environmental conditions such as shocks, change of weather
conditions etc. have been discussed in reliability literature by several authors due to significant importance in defence,
industry etc. In the present paper we have taken two-non-identical warm standby system with failure time distribution as
exponential and repair time distribution as general. The Role of voltage fluctuations and steep high acoustics under which
the system operates plays significant role on its working. We are considering system under (i) voltage fluctuations and
(ii) Steep high acoustics causing different types of failure requiring different types of repair facilities. Using semi Markov
regenerative point technique we have calculated different reliability characteristics such as MTSF, reliability of the
system, availability analysis in steady state, busy period analysis of the system under repair, expected number of visits by
the repairman in the long run and gain-function and graphs are drawn.
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INTRODUCTION

The mathematical theory of reliability has grown out of the demands of modern technology and particularly out of
experiences in World War I (1939-1945) with complex military systems although the concept of reliability is as old as
man himself.

Assumptions
1. The failure time distribution is exponential whereas the repair time distribution is arbitrary of two non-identical
units.

2. The repair facility is of four types :
Type 1, Il repair facility
e when failure due to voltage fluctuations and steep high acoustics of first unit occurs respectively and
Type III, IV repair facility
e when failure due to voltage fluctuations and steep high acoustics of the second unit occurs respectively.
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3. The repair starts immediately upon failure of units and the repair discipline is FCFS.

4. The repairs are perfect and start immediately as soon as the voltage fluctuations and steep high acoustics of the
system becomes normal. The voltage fluctuations and acoustics in both the units do not go steep high
simultaneously.

5. The failure of a unit is detected immediately and perfectly.

The switches are perfect and instantaneous.

7. All random variables are mutually independent.

&

SYMBOLS FOR STATES OF THE SYSTEM

Superscripts: O, WS, SO, FVF, FHA SFO

Operative, Warm Standby, Stops the operation, failure due to voltage fluctuations, failure due to steep High acoustics,
Switch failed but operable respectively

Subscripts: nvf, vf, sha, ur, wr, uR

No voltage fluctuations, voltage fluctuations, steep high acoustics, 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

Regeneration point: 0, 1, 2,4, 7, 10

States of the System

0(()nvfa WSnvf)

One unit is operative and the other unit is warm standby and there are no voltage fluctuations and no steep high acoustics
in both the units.

1(S()nvfa Onvf)

The operation of the first unit stops automatically due to voltage fluctuations and warm standby unit’s starts operating
with no voltage fluctuations.

2’(F“]Fura Onvf)

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

3(F\IFURQ S()uvf)

The repair of the first unit is continued from state 2 and the operation of second unit stops automatically due to voltage
fluctuations.

4(FVF,,, SOg,) The first unit fails and undergoes repair after the voltage fluctuations are over and the other unit also
stops automatically due to steep high acoustics.

5(FVF g, FHA ;W) The repair of the first unit is continued from state 4 and the other unit is failed due to steep high
acoustics in it and is waiting for repair.

6(Oyyt, FHAur) The first unit becomes operative with no voltage fluctuations and the second unit is failed due to high
acoustics is under repair.

7(SOnsha9 SFOnvf, ur)

The operation of the first unit stops automatically due to steep high acoustics and during switchover to the second unit
switch fails and undergoes repair and there is no voltage fluctuations.

S(FHAsha, Wr SFOan, uR)

The repair of failed switch is continued from state 7 and the first unit is failed after steep high acoustics is waiting for
repair.

9(Onvf, SOsha)

The first unit is operative with no voltage fluctuations and the operation of warm standby second unit is stopped
automatically due to steep high acoustics.

10(SOshaa SFur)

The operation of the first unit stops automatically due to steep high acoustics and the second unit switch fails and
undergoes repair after the steep high acoustics is over.

II(FHAsha. wry FuR)

The repair of the second unit is continued from state 10 and the first unit is failed due to steep high acoustics is waiting
for repair.

International Journal of Statistika and Mathematika, ISSN: 2277- 2790 E-ISSN: 2249-8605, Volume 11, Issue 2, 2014 Page 124



Ashok Kumar Saini

9 10 11
(Orat.x (80s8s. (FHAGR,
SOsna) SFur) wr s Fur)
7 0 1 4
(SSF%’"” ) (O, (SO, (FVF,.,
1, WSha) Q) $O0ns)
8(FHA, iﬁXFm,]
LERES
e 2(FVF )
SFOuur) e
"

3(FVF s 6

50,
uﬂ] :01_1

FHAur

Figure 1: The State Transition Diagram

D Ugp Stare
] oown State
TRANSITION PROBABILITIES

Simple probabilistic considerations yield the following expressions:
M A2

Por = e 3 T T sz 423

a2 T a3
Poo = e T P T e P T s

Pay=G1 (M), P = Gi () ps, Pro = G (),
P2 =Gy (Ma)=Pys
We can easily verify that

por t po7(;')’ pPoo=1,pi2tpia=1,pa+ p23( T)Pzz@): 1, P46(6): Ipso=1,

P2t P+ pa=1,po10 =1, proa+ prop =1 (1
And mean sojourn time are

ho=E(T) = [ P[T > tldt 2)

MEAN TIME TO SYSTEM FAILURE

We can regard the failed state as absorbing
Bo(t) = Qo1 (8)[s]01(£) + Qoo () [s]05(t) + Qo7 (1)
01(t) = Quz(D[s162(8) + Qua (1), 0>(8) = Qao(D[s100(6) + Q3 ()

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

Q5(s) =Ni(s)/Di(s) (6)
Where

NI = Q51 () { Qia(s) €537 () + Qia() 3+ Qo) Q3.10(8) + Q57(5)
Di(s)=1-Qp1(s)  Q12(s) Q30(s) i
Making use of relations (1) and (2) it can be shown that 6, (0) =1, which implies that 6y(t) is a proper distribution.

MTSF = E[T]=d/ds 8, (s) | =(D;(0)-N;(0))/D, (0)
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s=0
= (Mo *tPo1 U1 + Po1 P12 Uz + Poo o) / (1 - Por P12 P20)
where

Ho = Hor +Hoy + Moo 1 = H1z + Hags o = Hao T Haz O, Ho = Ho,10

AVAILABILITY ANALYSIS
Let Mj(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 My (t), M, (t), M, (t), M4 (t) can be found easily.
The point wise availability A; (t) have the following recursive relations
Ao(t) = Mo(t) + qoi(D[c]A1(t) + qor(D[c]A7() + qos(t)[c]Ao(t)
Ai(®) = Mi(D) + 4[] Aa(V) + Qua(O[e]Ax(t), Aa(t) = Ma(H) + qao([e]Aol®) + a2 (O[e] A1)
A1) = Qu (O[] A(D, A(t) = do(Dlc]Ao()
Ag(t) = (720 an™(1) [€]A2(D) + g7 (D[e]Ax(D)
Ag(0) = Ms(t) + do,10(D[c]A10(t), Aro(D) = Qo 2(O[C]Ax(1) + dro2" (D[] Ax() (7-14)
Taking Laplace Transform of eq. (7-14) and solving for A,(s)
Ag(s) =Ny(s)/Das) (15)
Where
No(s) = (1 - 227(8) { M o(5) + Gor(5) M 1(5) + Goo(8) M o(8)}+ M () { Goi($) Gaa(s) + Qur($)(3n2(8) + § 57D + G o0
(8) G 0,10 (5)(G 102 (5) +q 102" ()}
Da(s) = (1 -G 7)) {1 -G 46”(5) Goos) (Gor(5) G 44 (5) + or(s) Gra(s))
- G20 G0r() Gr()+ Gor()( G 72(8) + G 2V) T G 09 (5) T 0,10 (5)
(G 102 () G 102" ()}
The steady state availability
Ag=limg,[Ag(1)] =limg_o[s Ap(s)] =lims_
Using L’ Hospitals rule, we get
Nap(s)+s N'(s) . N(0)
D;'(s) D,'(0)

S Na(s)
Dy(s)

Ao = lims_>0
Where
N2(0)= pao(Mo(0) + poiM(0) + pog Mo(0) ) + M»(0) (poip12 + Por (P72

+ P72(8) + P09 )

D3 (0) = pao{ 4o + Po1 U1 + (Po1 P14+ Po7 P74 ) Hat Po7 U7 + Po7 U7 + Posllle + U1o)
+ Uy { 1- ((PorP1a+ Po7 P74 )}

5 8 11
My = 4(}6),117 = Uzt U 52) T U, B0 = Moz TH 50,2)

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

A ()= fOO(AO (z)dz So that 1, (s) = AOT(S) = ;V;—% 7)
The expected down time of the system in (0,t] is

Ag()=t-Ay(t) So that g () = — 7, (5) (18)
The expected busy period of the server for repairing the failed unit under steep high acoustics in (0,t]

Ro(t) = So(t) + gor(D[c]R(t) + qor(t)[c]R7(t) + qoo(t)[c]Ro(t)

Ry(t) = $1() + q2(O[CIR() + qua(DCIRa(1),

Ra(t) = aao(O[CIRo(t) + 22" (O[]Ra(Y)

Ru(t) = qss” (D[CIR(D, Re(t) = qo(D[cIRo(1)

Ro() = (qr(0)* ")) [eIRo() + s OICIRa)

Ro(t) = So(t) + qo.10(D[CIR10(1), Rio(t) = qro2(t) + quo2 (OICIR(H) (19-26)
Taking Laplace Transform of eq. (19-26) and solving for Ry(s)

Ro(s) =Ns(s)/Dafs) 27)
Where

Na(s) = (1 -G 7)) {8 o(s) + Goi(s) S 1(3) + Goo(s) S o(s)} and D(s) is already defined.

(16)
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N3(0)

. Dy'(0) R i

where N3(0)= p2o(So(0) + po1S1(0) + po9 S9(0) ) and D, (0) is already defined.
The expected period of the system under steep high acoustics in (0,t] is

Ao(®) = [ Ry (2)dz So that I, () = =22

In the long run, Ry =

(28)

The expected Busy period of the server for repairing the failed units under voltage fluctuations by the repairman

in (0,t]
Bo(t) = qai(t)[c ] 1(0) + qor(H)[c]B7(t) + qoo()[c]Bo(t)
Bi(t) = qi2(t)[c] gt) + qua(H)[c]Ba(t), Ba(t) = quo(®)[c] Bo(t) + g (®)[c]Ba(t)
Ba(t) = T4 (t)+ qag’ g)[C]Bs(t) Bi(t) = Ts (D+ geo(t)[c]Bo(t)
B1(t) = (q2()+ 47"°(0) [c]1Ba() + a7 ()[c]B4(t) .
By(1) = qo.10(D[c]B1o(t), Bro(t) = T1o () (qr0.2(t) + qro (O)[c]Ba(1)
Taking Laplace Transform of eq. (29-36) and solving for B, (s)
By (s) =Nu(s)/ Dy(s)
Where
Ny(s) = (1- 4 27(9)) { Gor(8) 1) T a(8) + Gas V(5) T (9)) +q 077(5) Gra(s)( T a(s)

+ 4 467(8) T () + Goo(S) Fo,10(5) T 10(8))

And D»(s) is already defined.

N4(0)

D,'(0) R R R .

where Nu(0)= p2o {( po1 P14+ po7 p74) (T4(0) +T6(0)) + poo T10(0) } and D, (0) is already defined.
The expected busy period of the server for repair in (0,t] is

Aru(®) = [ By (2)dz So that Ay, (5) = Bo®) —

The expected Busy period of the server for repair of switch in (o,t]
Po(t) = qoi1(D[C]P1(t) + qor(D)[c]P7(t) + qoo(D)[c]Po(t)
P1(0) = di()[c]P2(t) + dra([c]Pa(t), Pa(t) = qeo(®[cIPo(t) + a2 (DIC]P2()
P4(t) = Qa6 (D[c]Py(1), Psgt) Qso(H[c]Po(t)
P(t) = Ly(ty+ (qra(ty+ q72™(1)) [eIPo(t) + qus (2[0]1)4(0
Ps(t) = qo,10(O[cIP10(t), Pro(t) = (quo2(t) + qro" (B)[c]Pa(t)
Taking Laplace Transform of eq. (40-47) and solving for
Py (s) =Ns(s)/ Da(s)
where Na(s) = Gor(s ) L 1(s) (1 - § »")(s)) and Da(s) is defined earlier.
N5 (0)
D0)
where N5(0)= pag po7 L4(0) and D, (0) is already defined.
The expected busy period of the server for repair of the switch in (0,t] is
Aps(t) = focx P, (z)dz So that A4 (s) = POT(S)
The expected number of visits by the repairman for repairing the non-identical units in (0,t]
Ho(t) = Qo1(H)[c]H1(t) + Qo7(H)[c]H(t) + Qoo(t)[c]Ho(t)
Hi(0) = Qu)[e][1+H(0)] + Qua®lel[1+Ha())], Ha(t) = Qao(®[c]Ho(t) + Qe (O[c]Hx(t)
Hy(t) = Qas (O[c]Hg(D), Ho(t) = Qeo(®)[c]Ho(t)
Hy() = (Qna(0+ Qr2"(0) [e]Ha(t) + Qs (D[c]Ha(D)
Hy(t) = Qo100 1+Hi0o(0)], Hio(t) = (Quoa(®lc] + Qo (©)[cTHa(t)
Taking Laplace Transform of eq. (51-58) and solving for Hj(s)
Hg(s) =Ng(s)/ Ds(s)
Where .
Ni(s) = (1-Q 27°(5)) { Q“0u(8)( Q" 12(8)+ Q"14()) + Q" 00 () Q" 9,10 (5)}

Ds(s) = (1-Q V() { 1-(Q*1(5) Q% 12 (8) + Q*07(5) Q*7a(s)) Qae”"(5) Q*60(s)}
- Q"20(){ Q" 01(5) Q" 12(8)+ Q" 07()( Q" 72(s) + Q" 12 (s) +
Q%09 (s) Q%910 (s) (Q7 102 (5) +Q 10,2(“) (s)}

In steady state, By =

In the long run, Py =
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Ng(0)

D3'(0)

where N¢(0)= pao (Po1 + Poo) and D’;3(0) is already defined.

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

Vi(®) = QuO[e]Va(t) + Qua(H[e]Va®). Va(t) = Qao(0)[e] Vo(t) + Qe (€] V()

V() = Qas (OelVe(t), V(1) = Qau(®[e] V()

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

Vo(t) = Qo.10()[c]Vio(t), Vio(®) = (Qroa(t) + Quoa" (©)[c]Va(t) (61-68)
Taking Laplace-Stieltjes transform of eq. (61-68) and solving for V,,*(s)

Vo"(s)  =Nis(s)/ Da(s) (69)

where Ny(s) = Q* 7 (s) Q* 7 (3) (1 — Q %®(s)) and Dy(s) is the same as Ds(s)

In the long run, V= Z:—,((OO)) (70)
where N7(0)= pao po7 P72 and D’;(0) is already defined.

In the long run, Hy = (60)

GAIN- FUNCTION ANALYSIS
The gain- function of the system considering mean up-time, expected busy period of the system under voltage
fluctuations 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]
o expected total repair cost for repairing the units due to voltage fluctuations in (0, t | when the units automatically
stop in (0,t]
e expected busy period of the system under steep high acoustics
e cexpected number of visits by the repairman for repairing the switch in (0,t]
e expected number of visits by the repairman for repairing of the non-identical units in (0,t]
The expected total cost per unit time in steady state is
C =lim(C()/t)  =limg,o(s*C(s))
=KAo - K;P - K3Bg - KyRg - K5V - KgHo
Where
Kj;: revenue per unit up-time,
K;: cost per unit time for which the system is under switch repair,
Kj;: cost per unit time for which the system is under repair due to voltage fluctuations when units automatically stop,
K,: cost per unit time for which the system is under repair due to steep high acoustics,
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 analyzed graphically that when the failure rate due to voltage fluctuations, failure rate
due to steep high acoustics increases, the MTSF and steady state availability decreases and the cost function decreased as
the failure increases.
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