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Abstract Introduction: A large number of papers on a two unit standby redundant systems have appeared because of the large
number of parameters governing system behaviour and the complex environment with uncertainties. In this paper we
have taken short-circuit failure mode which is caused due to SH temp. {steep high temperatures) and open failure
mode due to fog and human error. When the main unit fails then cold standby system becomes operative. SH temp.
cannot occur simultaneously in both the units and after failure the unit undergoes very costly repair facility immediately.
The failure time distributions are exponential with p and q as prob. of having SH temp. and Fog and Human error
respectively and repair is of two types -Type -I ,Type-II with repair time distributions as arbitrary. Applying the
regenerative point technique with renewal process theory we have evaluated (1) MTSF (2) Steady State Availability (3)
Busy period analysis (4) Expected number of visits by the repairman and (5) Profit analysis.
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INTRODUCTION

In this paper we have taken Short-Circuit failure mode which is caused due to SH temp. (Steep High temperatures) and
open failure mode due to Fog and Human errors. When the main operative unit fails then cold standby system becomes
operative. SH temp. Cannot occur simultaneously in both the units and after failure the unit undergoes repair facility of
low cost in case of short-circuit failure mode immediately. Open failure mode due to Fog and human error may be highly
destructive. It may be due to not clear vision and carelessness or he may be unskilled. The repair is very costly in the
second failure as there may be accident of major casualty. The repair is done on the basis of first fail first repaired.
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ASSUMPTIONS
1. The failure time distributions are general F; (t) and F, (t) and repair is of two types -Type -1, Type-II with repair
time distributions as G {(t) and G (t) respectively.
The repair starts immediately upon failure of units.
The switches are perfect and instantaneous.
All random variables are mutually independent.
When both the units fail, we give priority to operative unit for repair.
The failure of open mode Is due to some human errors.
Repairs are perfect and failure of a unit is detected immediately and perfectly.
The system is down when both the units are non-operative.
After repair, the unit’s works like a new one.

VXA RO

SYMBOLS FOR STATES OF THE SYSTEM

F(t), F» (t): failure time distribution due to SH temp. Mode and open failure mode

G(t), Gy(t): repair time distribution due to Type -1, Type-II respectively

Superscripts O, CS, SHTF, OF

Operative, Cold Standby, Steep high temp. failure mode, open failure mode due to human error respectively

Subscripts nsht, sht, he, ur, wr, uR

No steep high temp., Steep high temp., human error, under repair, waiting for repair, under repair continued from
previous state respectively

Up states: 0, 1, 2;

Down states: 3,4,5,6

Regeneration point: 0, 1, 2

States of the System

0(()nshta Csnsht)

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

l(SHTF sht, urs Onsht)

The operating unit fails due to SH temp. and is under repair immediately of very costly Type- I and standby unit starts
operating with no SH temp.

2(0F nsht.he, urs Onsht)

The operative unit fails due to human error (open failure mode) and undergoes repair of type Il and the standby unit
becomes operative with no SH temp..

3(SHTF sht,uRs OF nsht, he,wr)

The first unit fails due to SH temp. and under very costly Type-! Repair is continued from state 1 and the other unit fails
due to human errors and is waiting for repair of Type -II.
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Figure 1: The State Transition Diagram
®[Egensration point -states 0,1,2,7,8

O Up State

[ Downstate

4(SHTF sht,uRy SHTF sht,wr)

The one unit fails due to SH temp. is continues under repair of very costly Type - I from state 1 and the other unit also
fails due to SH temp. is waiting for repair of very costly Type- L.

S(OF nsht, he, uRs SHTF sht, wr)

The operating unit fails due to human error (open failure mode) and under repair of Type - II continues from the state 2
and the other unit fails due to SH temp. is waiting for repair of very costly Type- L.

6(OF nsht,he,uRs OF nsht,he,wr)

The operative unit fails due to human error and under repair continues from state 2 of Type —II and the other unit is also
failed due to human error and is waiting for repair of Type-II and there is no SH temp.

7(Onsht ) OF fghe, uR)

The operating unit is active and the other unit fails due to open failure mode due to fog and human error and under repair
continued of very high costly Type — L.

8(0 nshty OF f2.he.ur)

The operative unit is active with no SH temp. and the other unit is failed due to fog and human error and is under repair
of very costly Type-IL

TRANSITION PROBABILITIES
Simple pr po; =p obabilistic considerations yield the following expressions:
Po1=P,,P2=9, P19=Pp

p70=G (7»1) +qGy (7»2)

P20 4P Gy (M) +qG; "(%2) = pso .
P17(6)—P (I- Gy (7b1 ) =p1u= pniéi
p2_=p (1- Gy (7b2 )) = P26 = Ps7

Pls(3 =q(1-G (7¥2 ) =Ppi3= P78(3)

P28(5 =q(1- G, (7b2 ) =p2s= psz(s)

clearly

poi + p2=1,

piot P13 =(pi7?) +pi3= (pis™) = 1,
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protpntprs=1
pso+ s +psr ¥ = 1
And mean sojourn time are (1)
o= E(T) = Iy PIT = t]dt 2
Mean Time to System Failure
Do(t) = Qo1(B[s] D1(t) + Qoa(t)[s] Da(1)
D1(t) = Qo (D[s] Do(t) + Qu3(t) + Q1a(t)
Da(t) = Qa0 (D[s] Do(t) + Qas(t) + Qae(t) (3-5)
We can regard the failed state as absorbing
Taking Laplace-Stiljes transform of eq. (3-5)
anc} solving for
@) (8) =Ni(s)/ Dy(s) (6)
Where

1(5) Qo [ Qi3 (S) + Q14 (s) 1+ Qu2 [ Qas (8)+ Qa6 (5)]

Di(s)=1- Q01 QlO - Qoz Q20 X
Making use of relations (1) and (2) it can be shown that g, *(0) =1, which implies that @, (t) is a proper distribution.

MTSF = E[T] = 2 @; ¥ = (D/ (0) - N, (0)) / D (0)

s=0

= (Ho+por #1 +poy #2) / (1 - po1 Pro- Po2 P20 )

where

Ho =Ho +Hoy py=H1g+ Hiy+ Hy

Mz = Hzo T Has™T Uze

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), M,(t) can be found easily.
The point wise availability A;(t) have the following recursive relations

Ao(t) = Mo(t) + qoi([c]A1(t) + qoa()[c]Ax(t)

A1) = Mi(®) + qo®[e]Ao(®) + a1 O[] AL O+ qir*(O[e]Ax(D),

Ax(t) = Ma(t) + qo(D[c]Ao() + [q22° D[]+ g2’ (1)] [c]As(1)

Aq(t) = My(D) + gro(O[c]Ao(t) + g (D[]AIO+ a5 (DI Ag(D) ,

Ag(t) = Mg(t) + gso(D[c]Ao(t) + 2 (O)[c] Aa()+ 47 (D] [c]As(1) (7-11)
Takiq_g Laplace Transform of eq. (7-11) and solving for Ay (s)

As(5) =Ny (s) / Da(s) (12)
Where

Nz(s) =M 5)(1- 8 189%s) - T O ) T 29(s) (8 11s) 8 7x(s) +8 59s))
4 ,96) (9 19%s) + 9 %) 4 13%s)) + 4 1(s) 4 29s)
(4 596) 8 596) - 8 %6 & 1879 )+ Qor ) [T 1(5)1- T() & 5 + D) sty ) M () + @
157(9)) ( i () s) -
7 ()-8 o96) [T 1) 8 5) @ 525 + 81 5)- M o) L)+ M o) G - 8125 M sy M 569)
8,95) + Goa (5) [T o(5)(1- Gs5) T (5)) + Doy s M sy Ar®s) M ()1 + D (5)) (M () B O(s) +
() - 8 3 9%) [T 15)(- 29()-  595) B )1+ 81795) (M y(5) pOs) M y(5))- G @s)(- M y5) T Os)+
M 3(s) l:?r27( )(S)
Da(s) = (1 - @ 59s) - § ) ¥ °5) (7 17(s) T 757(5) + 257s) )
-85 9s) (3,9) + 8 %) B 1895) ) + T 5, D(s) T %s)
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(7 15%) 4 5%s) - T27%) 418761+ 8or ) [ 10 9)1- T 5) TV - ) Fros) + Gs¥s) Fso(s)) - 4
1578) [F70 F7%(s) + @ 50(5)) - T52”() {=10 () Do (5) F75V(s)) + Tas V) D17 () Goz(s) 77 (5)- T 557s) @
70(8))+ qls(B)(S) (Dy0(s)+ q27(6)(5) 9 20(NHF Goa(s) [-Tao(s)(1- 2 78(3)(5) q87(6)(5))' 'q27(6)(5) (4 70(s) +q78(3)(5) Qg(s)) - @

1) 70(5) +T7O(s)+ Tso(s) - T s){ T 1) Dr(s)+ Bs®(s) T 57()- T 190 Fa(5)- T 26 (5) T 50(s))
The steady state availability

o= lim,_ [Ay(8)] _lim, _g[s Ay(s)] ~ Mmoo
Using L” Hospitals rule, we get

lim,_ _, == T2 2 Ve (0)
A(): = D, (s} = Di0] (13)
The expected up time of the system in (0,t] is
1 « N 5= _ Ag =) _ M8
Dy = Jo Ao (D= o gy ™ (0= 7 =5 (14

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

5= 1 5=
Aa(t) = t- Au(t) So that "2 (s) g A (5) (15)
The expected busy period of the server when there is open failure mode failure due to fog and human error in (0,t]
Ro(t) = qoi(O)[c]R1(t) + qoa(D[C]R »(t)
Ry(t) = S:1(1) + qou(®[CIR: (1) +q1s”(0) Ry(t) + qur (D[CIRA(D) ,
Ry(t) = S(t) + qao([cIRo(t) +as” (1) Re(t) +q07 " (D][cIRA(1)
R7(t) = S7(t) + qro(D[c]Ro (1) +a71 (1) Ry(t) + qrs (D[] Rs(1) ,
Ry(t) = S(t) + qao(D[CIRo(t) +qs2” (1) Ra(t) +qs7 ' (D][CIR (1) (16-20)
Where
Si1(0) = pGi(t) e+ = S5(1)
Sa(t) = qGi(t) e+ = Sg(1)

Taking Laplace Transform of eq. (16-20) and solving for

Ro(s) = Ny(s) /Dy(s) @
Where ) ) _ _ )
N 5(8) = Ho[( 21(1- q_78(3) By © ) +8,,9( 3+ 4, __58 )t q18(3)__ S+ 39 ) ) )

- oy 9 [( 58,94, +q2§(5)) + 8,9 5,1 4,0 j7) - 4155 5,+8,0 5, )]+ Hoa( 52(1' D5 Q@) +4

27_(_6)( 5.+ q7§(3) 5, )+ Gy S,+ 4,0 58)' G, T D[ 51(' 4,0 - @O +a,0) q, 8 3,+ 8,0 58) 8-
S, 8@ 5,4, )]

Ry(s)

and
D ;(s) is already defined.
Mg ()
In the long run, Ry = Dy (0} (22)

The expected busy period of the system under open failure due to fog and human error in (0,t] is

x = Ry (g
Aru(t) = fy Ro (Ddzgy o Are (8)= 755
The expected Busy period of the server when there is short-circuit failure due to SH temp. in (0,t]
Bo(t) = qoi(t)[c]Bi(t) + QOz(t)[C]Bzgt)
By(t) = Ty(t) + quo(®e]Bo(t) + ais” (OBs(O+ qir /(0] [e]B(1) .
By(t) = Ta(t) + qao(t)[c] Bo(t) + ngf)(t)Bg(t)+ q27§ ()] [c]B(t)
Bs(t) = T7(t) + qro(t)[c]Bo(t) + an P (OBs(H)+ q7s°(1)] [e]Bs(D) ,
Bs(t) = Ts(t) + gso(t)e] Bo(t) + qs2()Ba(t)+ g7 (1)] [e]B(t)
Where
Ti(t) = pGa(t) ey + 7" = To(t)
Ta(t) = qGa(t) €y + )= Ty(t) (23-27)

Taking Laplace Transform of eq. (23-27) and solving for By (s)

—
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Bo (S) =Ny(s)/ Das) (28)
N, (0)
In steady state, By = o, (0] (29)
The expected busy period of the server for repair under short-circuit failure due to SH temp. in (0,t] is
. % i _ Epie
Aru(t) = fy Bo (2)dz So that 7 (s) s (30)

The expected number of visits by the repairman for repairing the different units in (0,¢]
Ho(t) = Quu(®)[s][1+ Hi(t)] + Qoa(t)[s][1+ Ha(t)]

H,(t) = Qio()[s]Ho(t)] + QusV()[sIHs()+ Q11 V(®)] [s]H (1) ,

Ha(t) = Qao(t)[s]Ho(t) + Qas” ()[sTHs(t) +Qa7 (0] [c]H1(t)

Hy(t) = Qro(t)[s]Ho(t)] + Q7 P®)[sTH (t)+ Q75 (1)] [s]Hs(t)

Hy(t) = Quo(O)[s]Ho(t) + Qe (O[sTH2(t) +Qs7(0)] [c]H (1) (31-35)
Taking Laplace Transform of eq. (31-35) and solving for Hy (s)

Hy(5) = Ny(s) / Dy(s) where (36)
In the long run, Hy = Ns(0) / D3 (0) 37
COST BENEFIT ANALYSIS

The cost-benefit function of the system considering mean up-time, expected busy period of the system under SH temp.
when the units stops automatically, expected busy period of the server for repair of unit under open failure mode due to
fog and human error and expected busy period of the server for repair of unit under short-circuit failure mode due to SH
temp. expected number of visits by the repairman for unit failure.
The expected total cost-benefit incurred in (0,t] is
C (t) = Expected total revenue in (0,t] - expected total repair cost in (0,t]
due to open failure mode due to fog and human error for repairing in (0,t].
e expected total repair cost due SCF mode due to SH temp. for repairing the units in (0,t ]
e cexpected 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
c2lim,_ (C(t)/t) _lim__,(sC(s))
:Kle -KzRo- K3B0 -K4H0
Where
K;: revenue per unit up-time,
KG5: cost per unit time for which the system is under repair due to open failure mode due to fog and human error of type- I
Kj;: cost per unit time for which the system is under repair due to SCF failure due to SH temp. of type-II
K: cost per visit by the repairman for units repair.

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