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Abstract: Problem statement: This study deled with the cost analysis of a tigsidhilar unit cold
standby redundant system subject to inspectionramdom change in units. In this system each unit
works in two different modes normal and total feéluAssuming that the failure, repair, post repair,
interchange of units and inspection times are ststitally independent random variables each having
an arbitrary distributionApproach: The system was analyzed by semi Markov processigad.
Results. The time-dependent availability, steady-state labdity, busy period analysis, expected
number of visits by the repairman were obtained ewirally and cost analysis was obtained
numerically and graphicallyConclusion: Expected cost per unit time decreased with resjoette

increase of failure rate.
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INTRODUCTION .

Several authors have analyzed two-unit redundant
system with two states of operation-operative and
failed. Models have been formulated to treat many
situations. The system analyses by the semi-Markov
process technique. The transition probabilitiesame
sojourn time and the mean time to system failure ha
been obtained by (Mokaddésal., 1997; 2010).

The purpose of the present study is to study the
pointwise availability, steady state availabilithusy
period, expected number of visits and cost pertimg  «
of the system. This study deals with a model oiva t
dissimilar-unit cold standby redundant system witb
modes normal and failure, were a single repaitifgci
is available with the system for inspection, repaid
post repair of the failed unit. The operative atahgby
units are interchanged at random times to achiéye h
reliability of the system. After repair, the urstsent for
inspection to decide whether the repair is satiefgor
not. If the failed unit is found unsatisfactory on
inspection then the unit sent to pose repair. Aftpair
or post repair of the failed unit it becomes likaeaw  °
one. The results obtained by (Gagtlal., 1992) are

derived from this study as special cases. *
The following assumptions and notations are used
to analyze the system: .

The system consists of a two-dissimilar units, the
first is operative and the second is kept as cold
standby, which of course does not fail unless it
goes into operation

A unit has two possible modes-normal (the unit
functions with full capacity) and total failure éh
unit capacity is reduced below the specified level)
After a random amount of time, the operative unit
becomes standby and the standby unit becomes
operative if the standby is available

After failure of an operative unit, the cold stagdb
unit becomes operative instantaneously

Failure, repair, post repair, interchange of uaitd
inspection times are stochastically independent
random variables each having an arbitrary
distribution

There is only one repair facility available witheth
system to repair, inspection and post repair of the
failed unit

After repair, a unit goes for inspection to decide
whether the repair is satisfactory or not, if the
repaired unit is found to be unsatisfactory theis it
sent for post repair

The probability of having satisfactory repair is
fixed

On repair or post repair a unit acts like a new uni
Service discipline is first come first served

All random variables are mutually independent
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Notations and states of the system: ~ Symbol for Laplace-Stieltjes transform,
e.g., ﬁ(s)=j et dF(t

Ey State of the system at epocht=0 Svmbol for Laol ¢

E set of regenerative states;){&;, S, S, }/m oltor Laplace transiorm, e.g.,
S S S S} f'(s)=[e*f (D)t

E set of non-regenerative statesg{S, Sio. s Symbol for Stieltjes convolution, e.g.,
Slll SlZl 813} L

fit), F(t)  Pdf and cdf of failure time of the i-th unit; A(t) s B(t) = [B(t-u)dA(u)
i=1,2 ° ,

0@t), Li(t) Pdf and cdf of time after thew i-th O Symbol for ordinary convolution, e.g.,
operative unit changes;i=1, 2 a(t)d b(t) = ja(u)b(t— u)de

a(t), G(t) Pdf and cdf of repair time of the i-th 0

failed unit;i=1, 2
hi(t), H(t) Pdf and cdf of time to complete
inspection of the i-th failed unit;i=1, 2
ki(t), Ki(t) Pdf and cdf of time to complete post
repair of the i-th unsatisfactory failed
unit; i=1, 2 ] o o ]
p=(1-q)  Probability that the repair of the i-th unit Noi The i-th unit s operative in normal mode; i =21,
is satisfactory after the inspection; i = 1, 2 Nsi The i-th unit is standby in normal mode; i = 1, 2
q(t), Q(t) Pdf and cdf of first passage time from Fui The |—th_uryt is in total failure mode and wagin
regenerative state i to a regenerative state  for repair; i =1, 2 _
j or to a failed state j without visiting any Fi The _|—th unit is in total failure mode and under
other regenerative state in (0, t];[§ repair; i =1, 2

® K - ; Fri The i-th unit is in total failure mode with repai
ai (1), (t) Pdf and cdf of first passage time from continued from earlier state: i = 1, 2

regenerative state i to a regenerative stat¢:. The j-th unit is in total failure mode and under

For simplicity, whenever integration limits are
(0,0), they are not written.
Symbols used for the states:

j or to a failed state j visiting state k only inspection; i = 1, 2

oncein (0, t];i, JE, KOE Foi The i-th unit is in total failure mode and ungerst
Di One step transition probability from state repair after inspection; i =1, 2

i to state j; i, JE
p Probability that the system in state i goes

Considering these symbols, the system may be in
to state j passing through state k;0Fj  one of the following states:

kOE
T(t) Cdf of first passage time from So = (Noy, Ns), Si= (Nsy Noo), S = (Fu Noo),
regenerative state i to a failed state S3= (Noy, F) Si= (F1, Noo) S = (Noy, Fo)
M;(t) Probability that the system having started 5 _ F 011' erz)' S = (er'l F° 2) S = (F:i, Frzz')
- prls 02)1 - ols ' prd/s - v L WIZ2)s

from state i is up at time t without making o _ - -
any transition into any other regenerative89 = (P PR S10= (Ao, )y S = (Rurss Fo),

State S12= (Fory Frd), Si3= (Fars Ford)

Bi(t) Probability that the server is busy at time
t given that the system entered Upstates &, S, S S5, S S S
regenerative state i attimet=0

Vi(t) Expected number of visits by the server pown states; &, S, Sio, Sty Stz Sis-
given that the system started from

regenerative state i attime t =0 States and possible transitions between them are

M Contribution mean sojourn time in state i ¢\ in Fig. 1.
when transition is to state j is
—Qi,-(O):q,-_ ©) _ _ _ Availability analysis. From arguments used in the
Hi Mean sojourn time in state ili =  theory of regenerative processes, the point wise
DIk + D 1] availabilities A(t) are seen to satisfy the following
i k

relations:
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Ao(t) = Mo(t) + Cb]_(t) O Al(t) + (bz(t) O Az(t), and:
Aq(t) = My(t) + auolt) O Ao(t) + cua(t) T As(t), C
Aalt) = Maft) + Gealt) 0 Ad() + a%(0) 0 Ascl), Di(5)=(1 Boba) (= G800, (ot rn
AS(D) = Ma(t) + () 0 As(t) + () 0 Aul), ~ orlDslGho® Aol D2
by1 = G (Gay+ Gagllen)s
Aq(t) = Ma() + Gua(t) O Aq(t) + auelt) O Ac(t) + o oy : S
' qE;sO)(t) d ;\s(t) + ;Etlg)z(t) De A1), i byy = Oy (Aucdcy + G + €eoUuo ot 65100 s0 U108 122

As(t) = Ms(t) + Gsolt) 0 Aolt) + se(t) O Ag(t) + by =M+ 4('\/'* A, M 2D o= 8 o0 o 058 )

qélzl)(t) O Az(t) + le—,li)g(t) O AlB(t)- (1) b32 = q*35(q*57 72 qlsz) + &5 13q132)+ a);,u(q 11,'5 *q 11,*19 13)
Ae(t) - 6(t) + Oﬁl(t) O Al(t) + q(lz)(t) O A3(t)1 b37 = M;+q35(M5+q5M7)
AdlD) = Melh) + Grlt) 1 Aol) * 022" T A), The steady state availability of the system is:
Ao(t) = o) O As(t) + troadt) U Asx(t), .
Au(t) = G At) U Ax(t) + thradt) O Agsft), o) =
Askt) = cizdt) O A0, Ao (o) = Tu/D: @
Axa(t) = tha At) O Ax(t) Where:
Where: o

_ _ N; = U= byhy, - p13bszbzl)"'i1 1P o(E b23b32)" poz 2
Mo(t) =ROLOM (1) =FOL LM {t) = + PP (BBugt Do) Pobogt Dbt b,

E ()G, (OM,(t) = R(t) G, () @)
M, (t) =F(OHL0.M4(t) = F(OH (1), M and:

(1) = ROK.(D) =ROK (1) -

D, = (1= byby) U oiPio™ Pokt 10~ (Bo'st D'55b2) (E PoPig)
Taking Laplace transforms of Eq. 1 and solving for  p,(bype,+ bab,)— Pis(b'sePoit bi4 ¢ b'$ bst bob',

A;(S) it gives: + Lioz[le(p1o+7p13630)tB 2;)351_ Eo;ﬁtzif & IOIP 2
A;(S) = Nl(s) / D1($ (3) 3 = by (Mo + D sg= Pudb s+ 055055 bodel,
0,1 = Pos(Part PagPen)s

Where:

0,5 = Py (Paolss + Pag + BidPio BhadPiok PaoaP 123
Nl(s) = M;(l_ b23b32_ d23b32b21)+ M1[do( r b23b3L+ [qozbzz Bze =Mt p24(ll at P e)v
+qz)1d13(b32b26+ b37)+ qoz[bzs"' b37(b2§' bz*1q 13)] 630 = p35 (p50 + p57 pm)

by, = P (P B + B + BoaPis t B2u{P it Punab 1s)
y by, = Mg+ Pass+ Pepl ),
bl =4L,(Pat PaPe) Pol K Dt Pl o)
(s, b = (Paele + Fia + BidProd™ Pl B%
, Pl HHG THEIP 13 Pl oM D
*+(Puoa* PuosdP129 Poufl 10FH 108 155 P ke o
&) E) = =My Pso* Ps7P2d PokMyo + Me7Pro* Pszonro),
bys = Pau(PasHes + Pis + BitoPio
PSo(Pios* Pio1d 12.9:
D'y, = Hss(Psrsy + Py + PoiPrs ) Pkl 5P
+ PG USSP 5 PO 1)
OUp state ODownstate  ®Regenerative point “US(P1 ot PP ) PO wEH LB
Fig. 1: States and possible transitions Puadlis )

308



J. Math. & Stat., 6 (3): 306-315, 2010

Busy period analysiss We define Rt) is the In long run the fraction of time for which the ger
probability that the system is under repair at épbc is busy is given by:

given that the system entered a regenerative Stat

t = 0. By probabilistic arguments we have: Bo () = N, /D, (8)

Bo(t) = cpa(t) UB4(t) + th(t) U Bo(Y), Where:
Ba(t) = cho(t) U Bo(t) + cua(t) O Ba(t), o _
Bz(t) = V2(t) + (124('[) O B4(t) + q(zg,io(t) O BlO(t)- Nz = PoiPi3 (b2,12b32+ b3,13)+ pOZ(bZ,l_Z*_ bzp 3,
Bs(t) = VB(t) + OBS(t) 0 BS(t) + q(;h(t) O Bll(t)- +621p1353,13)
Ba(t) = Va(t) + aua(t) O By(t) + que(t) O Be(t) +
Al () O Bo() + dii() O Bua(b), and:
Bs(t) = V5(t t) O Bo(t yoBM®+ 0 - - - - - - - . .
O Eh st B gy DuBababubyiby b bl bbb are given in (4):

Ba(t) = Velt) + Gga(t) O Ba(t) + () O Baft),
BA(t) = Vi) + ape®) O Bolt) + 22(t) O Baft),
Bio(t) = Vio(t) + tho A1) O Bs(t) + tho14t) O Bay(t),

B2,12=p'2+ p(:)lo(u wr P TP M FPWE OJHQ »

_ 9)
by =Hst p(39,)11Ql utPud JT P FpPW ¥ 1%H3 by

B1s(t) = Via(t) + aup At) O By(t) + cug14t) O Byg(t), The expected busy period of server in (0, 1] is:
B1o(t) = Viat) + 2 1) U Ba(t), ¢
Bia(t) = Vis(t) + s A1) U By(Y) W, (t) = j B,(u)du
Where:
So that:
V, (1) =F,(1) G, (1), V4(t) = R(1) G, (1), V(1) W (s)=B,(s)/s
=T}(t)@(t),vs(t) :T:i(t)ﬁf(t) Thus one can evaluatp,(t) by taking inverse

Ve(t)= FZ(t)Kl(tz’V7(t) = ROK AL, ) Laplace transform ofi(s).

Vio(t) =H (1), Vyyt) = H {1) Expected idle time of the repairman in (0, 1] is:

VlZ(t) = Kl(t)xvla(t) =K {t) La(t) = 14(t)

Taking Laplace transforms of Eq. 5 and solving forExpected number of visits by the repairman:

B;(s), it follows: According to the definition of M) by elementary
prob_ability arguments, the following relations are
B,(5) = Na(s)/Dy(9) (r) ~opned
Vo) = Quut) s Va(t) + Qua(t) s [1 + Va(t)], V(1)
Where: = Quolt) s Vo(t) + Qua(t) s [1 + V5(1)],
* * Vat) = Qu(t) s Va(t) + QFlo(1) s Vio(t), Va(t) =
N, (S) = Oy Ohs (0, 12050+ by o) AolD03 bob 5 Qss(t) s Vs(t) + Q. (t)s Via(t),
* 05101505 13] Va(t) = Qut)sVa(t) + Que(t)sVie(t) + Q" (1) sVa(t)
and: + QLI (1) sVay(t),
Dy(S), bya,bas, b5, b0 bz by are given in (4): Vi) = Qsot)sVo(t) + QAlsVA(t) + QL (1) sVa
(1) + QS (1) sVia(t),
b1 = Vo +did Vit d oY D+G AV #G ¥ Ve(t) = Qeit)sVa(t) + QU2(t) SVa(t), V(1) (10)
A = Quo(t)sVo(t) + Q57 (1) sV(b),
b3,13 = V; + q(g?Il(\f11+ CI 11,1y J)3+q &V 5"(*1 é{ i VlO(t) = QlO,S(t) S V3(t) + QlO,lZ(t) S V12(t)v
+ V) Vig(t) = Qu A1) s Vo) + Quiadt) s Via(t),

Vit) = Quizdt) s Va(t),Vaa(t) = Qs A1) s Vaolt)
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Taking Laplace-Stieltjes transforms of Eq. 10 antVing for V,(s), dropping the argument “s”

follows:
Vo(s)= N, () /Dy(9

Where:

N, (s) = (@, Qa+ Q)& CiCu ¥ Q,C,Q:E C,
and:

D,(s)= (1- QuQo)E CiCo) Qu(CoQit CrC) QulCu(Qf  QuCid) CuCio
Cp = Qu(Qa* 624;@61)

Cps = Qu(QusQid + Qi+ U200 F2:(Quot Qiu0:R 10}

Cao = Qus(Qso+ Q/Q10)s

Cyp = Qu(Q ) + Ti) + Ti0Qus ) I01{Quu3 Q1R 1s)

In steady state, number of visits per unit is gibg:
Vo (®) = No/D;
Where:
= (PoPia* Po) (1~ CoaCo ¥t PpConPia (-G,
and:

D, = (MePro* PouMio) (F CouCoof 2 PP} (Ch CF CuCiidH 13(CooPhi CoCit) Prl ClaPy ol

=C%Ch= CulL)t M olCo(Pagt PiCost ColCod Pof C'ofPt PiLd CH 4 €3 P 50

-C'%Cyp~ CClul,

= Pos( Pt PusPe)

23 = Pou(Pacles + Fag + PitPio ot B2:dP 1o PuoaP 12}

0= Pas(Psot PsrPrg

3= Pas (PerPs + Be + PaiPis t B2Put P b 1s),

1= ~Mey( iy + PaePe) = Paa(Mait Mot PagMs),

b = Hoa(Paelles + B+ HilP 0 Poll '8+ PR O 0D s Bl YLD (Bt RosRos
= PoMioat HioiP 125 Pautind

; = =Myg( Pso+ PazPrg = Pas(Msgh My Pd PoMyg),
- p35(p57p(13) p(ll) déll).pBZ)_ ’:)31’l ‘p132+ p|517(13)+ (11)+ (Mé)ﬂ 13‘2 ljlté,l3 1:3:2“ (9)3,(19.21: H,l3 Q,z :
-pmﬂm2+mmpm;puklﬁ

N
~

al ol Ol P‘ ol Ol

O\ O\

for brevity, it

(11)

12)

(13)

(14)

Cost analysis: The cost function of the system obtained by carsig) the mean-up time of the system, expected
busy period of the server and the expected nunitbhésits by the server, therefore, the expected itwsirred in (O,

t] is:
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C(t)= expected total revenue {0 .#t ecped tota Special cases. The two units are dissimilar with
service costin{ 0]t (15) exponential distributions:
- expected costof visits by server(n (-t Let:
Kom, (1) =K, m (1) = K,V t)
o Failure rate of the i-th operative; i=1, 2
The expected profit per unit time in steady-stste P _Ratle gf changes of the i-th operative unit;
i=1,
C = Ky Ag-K, By K3 Vg (16 ¥ Rate of repair of the i-th failed unit; i =1, 2
6 Rate of complete inspection of the i-th failed
Where: Unit; i= 1, 2
K, = The revenue per unit up time Ai Rate of complete post repair of the i-th
K, = The cost per unit time for which system is under unsatisfactory failed unit; i = 1, 2,
repair pi = -(g) Probability that the repair of the i-th unit is
K3 = The cost per visit by repair facility satisfactory after the inspection; i=1, 2
Transition probabilities are:
Pox = Ba/(a1 + Ba), Poz2 = aa/(01 + By), P10 = Ba/ (02 + B2),
P13 = aa/(az + B2), P24 = Y4/ (02 + 1), Pos = PPy = B2/(02 + ),
P3s = Yo/ (01 + Vo), Pao = P&, = aa/(ay + Vo), Pa1 = p1 B2/(az + 6y),
Pas = h 62/(012 + 6y), Pa,10 = O/ (A + 01), Pso = P2 02/(01 + 62),
Ps7 = G 62/(01 + 6y), Ps,11 = 01/(ay + 62), Pe1 = Ad/(02 +Ay),
Pe12= Ps’ = 0/(0z + Ag), Pro = A2 (01 +Ay), Pr13= PS5y = ay/(0g +Ay),
P10,3= Pu, P10,12= Ch, Pi12= P2
P11,13= G, %) = puLaf(az + 6y), pYsy = Ch af(05 + By),
pS) = P2 aa/(ay +6y), pSl = G ay/(ay + 6y), Pe10= Po11= Pr23= Pz2=1
The mean sojourn times are:
Ho = 1/(01 + Bo), H1 = 1/ + Bo), K2 = /(@2 + By), Hz = 1/ + Vo),
Ha = /(a2 +8y), Hs = 1/(01 +62), He = 1/(2 + Ay), H7 = /@1 +Ay),
Hio = 18, M11 = 1By, pio = 1Ay, M1z = 1A
The mean time to system failure with startinges@tis:
MTSF= N, /D,
Where:
o 1 ([3+(1%3) :,:| S |:@+G%2 ;,:| ES B,a
N. = 2 2%0)_y 3 B,+a,a,) + 17 1% _ g B 40 a,r+ )
’ (0(1+Bl)(02+32){[ (@,*py) = (B, or2) (0, +B) (B e e (0, +B)(0, +B)

a ES

{{ ! + ! :|§39 - TAa :39} + % |:£azs+ 22 é21%7‘39:| — [ia 25 5 %1:%9
(a,+B) (a,+By) (a,+B) (a,+B) (o, +B) (a,+B,)

NP (a-zg%ggﬁa;a;g)}
(a,+B,)

and:
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_Braa)BaRn) s ¥, {w qéz}
°T (B0, +B) (@Y )@, +0) T (@A)

= Vle ql)\l 2 _ O )\1 qpl
ey +ej){pl+(a2+m>} 328'(a2+v]>{1*(a 2+A){B<a 2+6J}
339: oy {1_'_ )\2 |:1+ Q2ez :|}

(o +y) | (o +A,)[ (a,+6))

S { 1 {pﬁ % }r P, q2}‘2|: 1 1 }}
(ay+y,)(a, +6)) [(a,+y) (aty) | (@ +8) (a+A) 0‘+92 (o #A )

o>

A
5-21 yle { 1 |:pl+ 0&)\ :|+ P + ql)\l |: 1 1 :|}
(0 +y)(0,+6) [(a,ty) (aty) | (@, +8) (o #A )| (a +91 (o #A)

a = a, _ Yi 1 1+ a6, + a8,
Poa)’ (Y@ (YY) (@+8) | (a#8)(a +91 (@ +?\) (@ +)\1)

a. = a, _ Y0, 1 1+ %5, + a9, 1
(oY)’ (@ry)@ A ) (@) (@ +8) ] (a#8)|(a +9} (a +)\ Y @A),
In this caseM,(t) are:

M olt) = e (@Bt Ml(t) =g (@Bt M () = et N ()= JCRAT

My(D) =e ™, M) =e @, (1) =e M (1) =e7(e

The steady state availability of the system is:

Where:

_ 1 _: ES _ a, NS 1 LSS ES S ESN S a, ES
= (0(1*'31){1 b,;b;, @, +5,) b32b21}+ (0(2+Bz)[81(l_ b23b32)+0( 1sz+0‘ [1 b, b(7 bZt(0(2+[32) bglﬂ

BB, 1_%23%32 2~ 2 ENS
( ) { ! + ! }_(bzsblsz"'blzs b32)|:1— BB, ]" g
(o, +B)(@,+B,) | (a,+B) (o, +B) (op +B)(a,+B,) | (a,+B)

2>

D,

by, +f)32%21 B, b bt by +b '3zib21+ ib;b et it 1 b, (Bz +ta zﬁao) +
(a, +B,)(a, +By) (a,+B) (@, +B) (o, +B) | (@, +B) | (a,+B)

ob
ob

IZSB a0~ Bz;b IS} )

6‘21 (Bz+a2630)+ 621 B + GZB% L
(a,+B,) (0, +B,)| (0, *+B) (o, +B)

>

AN p,+ g, I)z 1 VAP a8, +1+a
oy, +e) M (@ +A1> P ry) (@ ,+8)| (@ 1) gl

Eze: 1 {l+ Y {1_'_ }} b, = v, {F&"' ah, }‘
(o +y) [ (0,+8) [ (a, ”\J) (o +y )@ +6) (ai+A)

e
T (@) [@,40) (@, +2) @ty [ (@03 (a*A)

312

b,

b

:



J. Math. & Stat., 6 (3): 306-315, 2010

>

-v8, S S U -V D S SR
=0, +0) | M@y @,r0)] @)@ y) @ #0) (@A)

>

-Y,0 1 + 1 + QA, 1 + 1 + 1
® T oy, +0,) | (ory) @ 8) ] @A) @ry) @r8) @A)

|>

-y, g0 1 1 +1)+ 1 .90 o 1 ,1.49
2 )0+ 0,) | (@A) (@,+0)) (Of +A) (@#6) A ) (@#Fy)(afy) 6, A
In this casey,(t) are:

\72(t) =g (@t , \"/3(0 =@ (vt , \74(t) = g (2 ¥O)t ,
\75(t) =g (082t , \A/s(t) =g (@A)t , \77(t) =g (@)t

In long run, the function of time for which therger is busy is given by:

Where:

Ro=_ 1 { a {1_ BA }r B {ae(l—e)ﬂxy}}
Loy [0+ B+OA+E) | A+3)*(B+E)|  6(B+Y)

In steady state, number of visits per unit is gibg:

Where:

(0, +By) [ (@, +B,)

~ ES o, 2621(1_ E:32)
N, = ! ” B, + al:|(l_ C23CSZ)+
2

and:

B Czscsz){ IS W P -

P (o, +B)(a, +B,) | (a,+B) (0( 2tB) (o +BY)(a +B)
Bl = 632621 Bl E: Qio 32%21‘632621 + %
(a, +Bz (o, +B) (a,+B)| (a,+B) +B]) (0, +By)

([32+0(2630)
(@, +B)

|>

{(cx +[31)[(a +Bz)(B ¥ 2630) Bb”} (ab+[3)( 2ib;(ox %;32)

C AN D, + aA, é __ 1 Yo, a8, +1|+a

T Y0 (A T (@t y) | (@,+8)| (@A) )

&- 8 { o [W A, }r Vi [ P, ad, [ 1,1 H}
(a,+8,) | (o, +B,)° (0, +A) | (o,+y)|[(a,+6) (o #A)((a #6) (o +A)
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Table 1: Relation between the failure rate of therative unit and the
expected cost per unit time at different valueh#f tate of
repair of the failed unit

c

o y=0.2 y=0.5 y=0.8
0.05 1524.83 1150.98 944.38
0.10 1495.48 1100.01 920.75
0.15 1328.60 1000.21 874.95
0.20 1174.51 943.26 840.53
0.25 1049.94 916.48 827.76
0.30 949.44 883.24 820.59
0.35 886.69 845.96 807.00
0.40 835.08 806.64 787.9
0.45 780.45 766.81 764.55

Table 2:Relation between the failure rate of the operatiné and
the expected cost per unit time at different valfithe rate
of complete post repair of unsatisfactory failedt un

c

a A=0.2 A=05 A=0.8
0.05 833.95 874.47 890.28
0.10 813.45 870.22 887.06
0.15 795.34 865.46 883.91
0.20 765.26 858.92 880.37
0.25 724.85 852.46 875.99
0.30 678.64 839.02 870.84
0.35 630.55 819.29 864.67
0.40 583.28 794.63 861.03
0.45 538.40 766.49 846.88
Numerical example: Let:

B=0.7, 0=0.7, q = 0.6, p=0.4,
A=0.5, K = 1000, k = 100, k=50
Let:

B=0.6, 6=0.7, g =0.6, p =0.4,
y=0.5, K = 1000, k = 100, k=50

The expected cost per unit time in steady state is

é:Kle_KJ-S’o_Kyo

1+ 1 + 1+£+ 1_,_71_,_79
@#8) (@FA)) (@#8) A j (@ty), 6 ,A

| —8— y-02 —t— 705 —f— =08 |

1550

Fig. 2: Relation between the failure rate of theragive
unit and the expected cost per unit time

—a— =02 —— =05 —p— =0.8 ‘

1000 ‘

900 4
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7004

Expected cost per unit time

600

500 T T T T T T T T
0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

Failure rate of the operative unit

Fig. 3: Relation between the failure rate of theragive
unit and the expected cost per unit time

The system was analyzed by semi Markov process
technique.

The time-dependent availability, steady-state
availability, busy period analysis, expected numbker
visits by the repairman were obtained numericatig a
cost analysis was obtained numerically as shown in
Table 1 and 2 and graphically and as shown in Eig.
and 3.

CONCLUSION

Table 1 and 2 compute the expected cost per unit
time of the system for different values of failuegea.
The system is decrease with increase of failueeorats
shown in Fig. 2 and 3.
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