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Abstract: Problem statement: In this study we investigated the probabilistic lggis of a two-unit
warm standby system with constant failure ratetardtypes of repairmen and patience time. The first
repairman, usually called regular repairman, alwaysained with the repair facility, with the known
fact that he might not be able to do some compdgairs within some tolerable (patience) time. An
expert repairman was called for the system if amlgt & the regular repairman is unable to do thie, jo
within some fixed time or on system failure, whigbe occurs first. Approach: Techniques of
regenerative point processes had been used to reethsusystem effectiveneBesults. The time-
dependent availability, steady-state availabiligliability, (MTTF) and profit function were obtad
numerically and graphicallyConclusion: The availability and profit decreased with respecthe
increase of failure rate.
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INTRODUCTION regular repairman is undergoing repair for theefil
unit. The expert repairman is called to the system
Reliability is an important concept at the plamnin when a regular repairman is not able to do some
design and operation stages of various complexomplex repairs. The expert repairman leaves the
systems. As long as man has been building things, hsystem after completing the repair of the failedt un
has wanted to make them as reliable as possibtkidn and the other unit which fails will be attendedsfiby
study we investigate the “probabilistic analysis @f the regular repairman.
two-unit warm standby system with two types of
repairmen and patience time”. Although the conadpt MATERIALSAND METHODS
stochastic behavior of a two-unit cold standby esyst
with two types of repairmen and patience time was In this study we analyzed the probabilistic anialys
discussed B}, the concept of two type of failure of the system by using of the regenerative prosesse
subject to hardware and human error failures waand have obtained expressions for the various measu
discussed By, the concept of probabilistic analysis of of system effectiveness such as the time dependent
two unit warm standby system was discussetby availability, steady state availability, total ftam of
and the concept of two-dissimilar unit cold standbybusy period for the regular and expert repairmagh an
redundant system was discusseff'byhis study deals total number of visits by the expert repairman peit
with the reliability and availability analysis ofstem time. Using the above measures, profit was caledlat
which has two similar units’ one is operative ahé t Numerical expression for steady state availabiibd
other is warm standby. We will introduce the coricepthe profit function were obtained and graphs as® al
of patience time with two types of repairmen fame drawn for various parameters involved in the system
unit warm standby system, with different repairesat We have compared the characteristic, availabilitd a
for regular and expert repairmen. The regularprofit with respect to failure rate of the systetn,
repairman is always available in the repair fagilit determine when they are improved.
with the known fact that he might not be able to do
some complex repairs within some specified timez Th Model description and assumptions: The following
patience time is that for which one can wait while  assumptions are associated with the model:
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» The system consists of two identical units. Inigial Where:

one unit is operative and the other unit is warmn(s)=E (9+ g (SQ E SE (8) 'E (};} "E (s) E ()
standby

» Failure of the unit is detected and is attendethby (9)+E, (S))

regular repairman D(s)=1-E (s & O)& (& 'F @ E® E GE
* When failure of a unit is detected, repair of fdile .

unit and switching from the standby starts *+Es (S))

simultaneously.  Switchover is perfect and o .

instantaneous AVa||ab|||ty anaIySIS We have:

e System is down when both units are fail

*  When the expert repairman is called on to do His jo
it takes negligible time to reach the system

» The expert repairman leaves the system afte{wO
completing repair the failed unit. The other unit
which fails will be attended to the regular repam

»  After repair the unit work as good as new

» There is a single repair facility attended by two*
repairman, (regular and expert)

Ao(t) =E4(1) + B, (1) DAL() + E4() DA (1)

The above equation is obtained by considering the
mutually and exhaustive cases:

No online unit or standby unit fails upon time t

The online unit fails and hence, the regenerative
state 1 occurs

e The standby unit fails and hence, the regenerative

The system can take one of the following states: state 2 occurs

A1) =B, (1) +Es(DDA(1) + Eg(DA (1) + Et) DA L),

SOS 800, SOSI) ST SOSU 40 26,0+ E,00A0+E QDA 0 +E.L00A 0,

SO S8, S 0., S (. SH) AL =E(0) + E0 DA 0+ ELLODA {0,
. AL (1) =E (1) + E(t) DA (1) + E, (1) DA (1), (3)
\glher:e.The unit is operative As(t) =E,(t) DA (1) +E () DA(1),

ST = The unitis standby As() ZE(OTALD +E(H0A L),

U, = The operative unit is under regular repairman  A+(t) =gu(t) DA ),
Ue. = The operative unit is under expert repairman  As(t) =g..(t) DA (1)
W, = The unit is waiting for the regular repairman
SU, = The stand by unit is under regular repairman Using Laplace transform technique, we can solve
SU, = The stand by unit is under expert repairman for Ay(s) and is given by:
RESULTSAND DISCUSSION N, (s)
A= 55 )
Reliability analysis: The equations determining the !
reliability of the system can be easily obtainezhfrthe _
following: Where: )
Ny(s)= AE,(s)* BE, (s} & S)AGE (s} & OF (s
Ro()=E () + E, ()T Ry ()+ E (D R, (1), +BU]
R, () =E,()+ E (YO R, ()+ E; (1 Ry (1), D,(s)=A-CE ()~ & (S)AGE (s¥ & (SJ)& (s CL
R, (1) = Eg()+ E; (WL R, (t)+ B () R, (1), 1)
R, () = E,, (t)+ E,; ()T R,y (1), With the steady-state availability of the system
Ry(1)= Exg(D)+ E(® D Ry() given by:

By using Laplace transform technique, we can Ad0) = E%SAO(S) - !LTAO(t)
solve for R;(s) and is given by: _ _ _ _
Busy period analysis for regular repairman: Using
the usual definition of @) for a regular repairman and
R(9) =NGs) (2)  considering probabilistic arguments, the following
D(s) recursive relation can be obtained as:
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By(t) = E, (1) DB, (1) + E (O B, (0), V(1) = E,0TV,(0) +E 00V (1),
By(t) = E, (t)+ E, (1) 0 By(1)+ Eo(t0 By(t)+ E, (0 By (1), V() ZE5(DV(D) + E () D(1+ V(D) + E(ODV L),

B, (1) = Ey(1)+ Ey (01 By(t)+ Epo(0 B, ()% E,, (60 By(t), V(1) = Ey(©)IVi(t) + Eo( D1+ V() + E {60V 1),

By(1) = Eys (0 Bo(t) + EL, (00 B (1), Vy(t) = EL(DV(1) +E, DV (1),

B, (1) = Ey()0B,(t) + E,, ()0 By(t), ) V) =EL DV +E LDV D), ©)
By(t) = E(t) + E,o(t) OB,(t) + E,o(t)0 B,(), V(1) =Ey() DVi() + Eo(t) DL+ Vi(t),

By (t) = Eu(t)+ Eno(0 By(t)+ E,o(t)0 By(t), Vo() =E o0 0VD) +E () DL+ V (1)),

B, (t) = 0.y(t) DB,(1), V(1) =90 V(D)

By(1) = 0,.,(t) DB,(D) V(1) 20,00 OV(1)

Using Laplace transform technique, we can solve  Using Laplace transform technique, we can solve

for By(s) we get: for Vv,(s) we get:
BE,(s)*+ E (S)IAGE (s} E, (5)E; () Vi(s) = KE;(s)+ Es(S)[A(E, () E, (S)E, () KU (10)
B: ()= TUEL()* E, (sélg(zs )(s))] ©6) D,(s)

The steady-state of the expected number of calls
The steady-state of idle time of the regularfor repairman per unit time is given by:
repairman is given by:

o V(1)
B (0) = limsBy(9) = imBy( Y Vo(0) =lims* Vg (s) = fim ==

Busy period analysis for expert repairman: Using  Profit analysis: Now the expected profit P(t) per unit
the usual definition of {{t) for an expert repairman and time incurred to the system is given by:

considering probabilistic arguments, the following

recursive relation can be obtained as: P()=Cuy()-Cu(f-Cu(d- CV

T, = E,() D0+ E,00T,(0), Where:
Tu(0) =B (1) DTo(0) + B (D To() + B, (D T (1), C. = The revenue per unit up-time of the system

To(8) = Eo(DDTo(0) + Eyg (DO To(1)+ E(OH Te(0), C, = The cost per unit time for which the regular
T,(t) = B, (1) + By (DO To(t) + E (N0 T(1), (7) repairman is busy

T,(1) = Ess(1) + Es (DO To()+ E, ()0 Te(0), C; = The cost per unit time for which the expert
Ts(t) = By (1) DTy (1) + Eo (DO To(1), repairman is busy

To(t) = Exo(DUT(1) + Eoy () O Te(D), C, = The cost per call for the expert repairman

T,(1) = Goy() + g, () I T(1),

Ty(t) = Gop() + 9un(t) O To(1) Where:

A =1-E;(s)(Eg (S B ()9, () B (S)E (5)g

Using Laplace transform technique, we can solveB =E,(s)+ E, (S)E, (s

for T,(s) we get: C=E,(s)+ E (3)E, (s
LE(8)+ E, (8)(AE, O)(E, (5} E (5IG, (5 U= E*ll(s)(Ezo sy E.(5)Q, (5} 'K *(S‘)EI* G)g (
)= +E,(S)E,,(5)G, (S)F LU) ®) L =E4(S)E, (S G, S)(E (S)E, (8) "E (9)F (s
0 D,(5) K =Ey(s)+ E, (S)E;, (s

The steady-state of idle time of the expertNumerical analysis: the results obtained for the above

repairman is given by: model are illustrated with numerical example, we
=)\eMt R = eMit ) =g @dt
T.O)=lmsT, (4= ImT,(9 assume thaf, (t)=Ae™", g, (t)=p,e™", h(t)=g€*,
-0 e wherei=1,2 j=r,e.
Expected number of calls for the expert repairman:
Using the usual definition the following recursive Reliability analysis: The mean time to system failure is
relation for \{(t) can be obtained as: give by:
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MTTF = LimR3(s) = O
D(0)
Where:
N(0) = Ar+pata)Aitpeotae)[(A+potae) (ArtHe) A1
(ArtHed A2 A1+pen)]

D(0) = A1tA)ArtHe)Artped Ar+pntay) (A g+t
3)-A (A 1+Hed) A1+ Heotap) (@aHert (A1 He)-A2
(Ar+Hed) A1t Hra+an)(@oHest Hio(A 1t He2))

Availability analysis: The time dependent availability
of the system is given by:

+X

Y, e’

=56 $)

Wy
Ao(t) = 51

|_|i:1S

Where:

Wi = HedMer(@tHro) (@t ) [((Art+Her) (Ba+Hira)-8aA1)
(A1t (A 1+Aztaot o) @A) +A 1 (A +an+ey)
(At (ArtHe) HAz(ArtatHey)]
((S*+HeD) (SHA 1+ He1) (SHag i) (S+A e +H)-
A &uHei(2S+A1+ar+ 1t Hen)-Atia(S+Hes)
(SHA1+He) (S+aet o) (S+He) (SH+Ar+Ueo)
(SHA1tat ) FAA(SHA 1 HatHHeg)) FA1(SHA 1+
e (Stat ) (SHA ) (SHast )
(S+A 1+ @t U2) (SHHe +FAASHA 1 FHHeD) (Hr2
(StHe2 +aoker) +aoHeA StaotHr2)

where, $ are roots of the polynomial;(8) given in
Eq. 4.

l.|J2:

Busy period analysis for regular repairman: The
time dependent busy period for the regular repairofa
the system is given by:

Q, €'

Ql 8
B)=—%—+2 . —
2 RS 6-5)

Me.s

Where:

Q1 = HeMer(@+Hr1)(Ar+Her) (A 1+ aoHi2) (Ao(BuHert i
(Ar+Hen)+(Ar(Ar+ar+Her) (@t M)A 1(Ar+au+Hen)
(Bt Hr2)A1A2(A 1+ Hen) (Bt o) (A1t aptHeo) A2
(Artagtprg)

Q2 = (Sithe)(SHA1+Hed) (A 1(S+atAr+Hen) (S+He)
(Statp) (Staoto) (SHA et ) HAX
(S+aptp2))+AAX

Busy period analysis for expert repairman: The time
dependent busy period for the expert repairmaref t
system is given by:
Wl

.S

W, e

T(0= e
Mas6-8)

+ Y
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Where:

Wi = (&+H2)(A28oHer(@+Hr) (Ar+He2) (QaHertHia
(Ar+He) A 1ar e A1 +ao+ 1) (A 1+ Ao+ Heo) (He1
(antpr)+(Artart ot Hed)))

W, = (@A Y((Si+Hed (SH+A 1+ He) (S+apt o) (SHA .+
B+ Hr2) FA2(BoHea Stapt o) H(SHA 1+ eo)
(BHeztHra(StHe2))) HaoAoX(SitaptHr2)
(SHA1+He2)

Expected number of calls for the expert repairman:

The number of visits by the expert repairman of the

system is given by:

Z,e

[T=56-§)

1

Z
3 +
I_lizl3

Vo(t) =

Z :3:1

Z; = HeMeAAi(Ar+Hen)(A1tHeo) (Bt Hr2) (Ar+aptro)
(Ar+ag+r) FA2((@g+ 1) (At Hed) (A 1+ 8ot r2)
(Agbrz+Hrr(A 1+ Hen)) +auA (Bt i) (A1t Her)
(Artatn)(Artaeted))

Z; = ali(S+He)(S+Hed (SHA 1+ He) (SHA1+Ueo)
(StactHo) (SHAr+tart ) (SHA et ) A (8X
(S+Hed (SHA1+He) (SHA 8+ Hi2) A 180 (S +He)
(SHAHHe) (SHA e+ ) (BoHeA Stapt o) H(S+
ArtHed) (Bl ez (S+He2)))

Where:

X = ((Startin) ((SHHed) (S++A 1+ He) (SHA e H)
- 1Hen)-A1(SHA r+Her) (BuHert Mt (SHHer))

Y = (S+Hed)(Stati) A1 (2S+A 1+t +He)

Profit: The expected total profit per unit time incurred

to the system in the steady state is given by:
P(t)= GA,- C,B,- C,T,- C,V,

Graphical representation:

Aviliability Hr1 < M2
1
0.95 “rl>“r2 Hrl—urz
0.9
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~—
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Fig. 1: Relation between availability and; with
various values of g, W
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2. Relation between availability and; with
various values of 4, He>

Fig.
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Fig. 3: Relation between availability and; with

various values of;aa
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Fig. 4: Relation between profit andl, with various
values of |y,
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Fig. 5: Relation between profit ank;, with various
values of Wi, He2
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Fig. 6: Relation between profit ankl, with various

values of @ &
CONCLUSION

By comparing the characteristic, availability and

profit with respect ta\; for the system at fixed value of
A2 and various values of 4! W2, Hes Hez &, & the
availability and profit of the system decrease with
respect to the increase Xf

We conclude that the availability and profit are

improved when:

M1<M;2 than when y>u,, as in Fig. 1 and 4
Me1<Me» than when p>les as in Fig. 2 and 5
a<a than when #a, as in Fig. 3 and 6
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