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Abstract: The present paper deals with the reliability analysis of two non — identical unit parallel systems
with correlated failure and repair times and Repair machine failure. Of the two non — identical units, one is
priority unit and other one is ordinary. The repair of failed units is done by Repair machine, while the failed
Repair Machine is repaired by repairman. The repair machine is given preventive maintenance after a
random period of operation except when both the units are in failure mode. The random period of operation
after which the repair machine is given preventive maintenance and the time of completion of preventive
maintenance are independent exponential variates whereas failure and repair times of both the units are
correlated random variables having joint density as bivariate exponential The different measures of system
effectiveness are obtained by using regenerative point technique.

Keywords: Parallel system; Repair machine; Reliability; Availability; Busy period; Expected number of
repairs.

I. INTRODUCTION

A huge amount of literature is available in the field of reliability theory on the analysis of two unit priority
system models. Various authors including (1-4, 6) have analyzed two unit system models assuming failure and
repair times of the units as independently distributed random variables. But it has been found in many practical
situations that failure and repair times are correlated random variables. With this concept of correlated failure
and repair times various authors including (1,3, 4) considered system models assuming bivariate exponential
distribution of failure and repair times. Further in system models authors have assumed that the machine device
is used for repairing the failed units remains good forever. But in real situations this assumption is practicable
and the repair machine may also fail during its working process. In case of nuclear reactors and marine
equipments, robots are used for repair purposes and a robot again being a machine may also fail while
performing its intended task. The concept of repair machine was introduced by Gupta and Chaudhary (5) in a
two unit cold standby system with independent failure and repair times.

In the present study we investigate and analyze a two non-identical unit parallel system model with a repair
machine having correlated failure and repair times of units. Initially both the units work and repair machine is in
good condition. Repair machine is used to repair the failed unit but if during the repair of units, repair machine
fails then the repair of failed unit is discontinued and repair machine is taken up for its repair, and after the
repair of repair machine the repair of failed unit is done afresh. The repair machine is given preventive
maintenance after a random period of operation except when both the units are in failure mode. The priority unit
is give preference in repair over non-priority unit. The random period of operation after which the repair
machine is given preventive maintenance and the time of completion of preventive maintenance are independent
exponential variates whereas failure and repair times of both the units are correlated random variables having
joint density of the form

(0, y) = (1 —r)e~Qormd) (2 [qurxy) sxy,u,;>00<7 <1
l l L
Where,

Io(2, /li,ul.rixy) is modified Bessel function of type one and order zero and is defined as
K

Iy(2) = Yk-o (f,ilz))z
By using regenerative point technique the following measures of systems effectiveness are obtained:
Reliability of the system and Mean time to system failure.
Expected up time of the system (0,t) and in steady state.
Expected busy period of the repair machine and repairman.
Expected number of repairs by repair machine and repairman.
Net expected profit earned by the system in (0, t) and in steady state
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1. SYSTEM DESCRIPTION AND ASSUMPTIONS

1. The system consists of two non —identical unit working in parallel form named as priority and non-
priority unit with a repair machine (R.M.).

2. Initially both the units are working.

3. Both the units having two modes — Normal (N) and Total failure (F).

4. The Repair machine repairs a failed unit but during repair it can also fail. In such a situation, the repair

of a failed unit is discontinued and the repairman starts the repair of R.M. as a single repairman is
always available with system.

5. After a random period of time preventive maintenance is given to R.M. but when both the units are
failed then preventive maintenance is not given to R.M.

6. The failure and repair times of both the priority and non-priority units are taken to be correlated
random variables having bivariate exponential distribution.

7. The failure and repair times of R.M. are taken to be exponential distribution with different parameters.

8. The random period of operation after which preventive maintenance is given to R.M. and period of

completion of preventive maintenance both are exponentially distributed random variables with
different parameters.
I11. NOTATIONS AND SYMBOLS
X; : Random variables representing failure time of priority unit/ non-priority unit.i=1,2 resp.
Y, : Random variables representing repair time of priority unit/ non-priority unit.i=1,2 resp.
filx,y) : Jointp.d.fof (X;Y;)is
= /11-/11.(1 _ri)e—(/lixmiy)lo(z /Ai,uirixy) %Y uh >0,0<1<1i=12
gi(x) : Marginal p.d.f of X;
=41 =1)e M0TDx: ¥ 2. >0,0<1,<1,i=1.2
hi(y) : Marginal p.d.fofY;
= u, (1 —r)e ATy 1y 4. >0,0<n<1,i=1.2
ki(y|x) : Conditional p.d.f of Y; given X; = x

= ﬂie‘(/‘iy”iri")lo(2,//1i,uin-xy) ) x,y,,ul.,/ll- > 0,0 < T; < 1,l = 1,2

a, : Rate of giving preventive maintenance to Repair machine
By :  Rate of completion of preventive maintenance
a, Failure rate of Repair machine
B . repair rate of Repair machine

SYMBOLS FOR THE STATES OF THE SYSTEM
Nyo I Ny . Priority/non priority unit is in normal mode and operative
Fir/For . Priority/ non-Priority unit is under repair
Fiw/Fow . Priority/ non-Priority unit is waiting for repair
RM,/RM, . Repair machine is operative/ good and non- functioning
RM,./RMp . Repair machine is under repair/ preventive maintenance.
With the help of the above symbols the possible states of the system are:
So = [Nio,Nao,RMg], 81 = [Fiy,Nog,RMol, S, = [Nyo, Far, RMo]
S3 = [N1o, Npo, RMp] , S4 = [Fiw, Noo, RM, ], Ss = [Fiy, Fow, RMo]
Se = [Fiws N2o, RMp], S; = [Ny, Fov, RM, ], Sg = [Fiw Fow, RM,]

Sg = [N10'F2w' RMP]' S10 = [F1W'F2W' RMP]

FIG. 1. TRANSITION DIAGRAM
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IV. TRANSITION PROBABILITIES AND SOJOURN TIMES
A. STEADY STATE PROBABILITIES:
First we find the following conditional direct and indirect steady-state probabilities of transition:

Piox = f(:c dK, (u[x)elerteatre(r2le = kia, + 0, + 4, (1 = 13)|x]

s w B — oo dKq (v|x)e~%2V
p§2)|x =,(1—1,) fo e~latoztiz(1-r)lu R (y|x) du fu W

}LZ(I_rZ) * _ * _
o= m[lﬁ(aﬂx) ki{oy + oz + 2, (1 —rp)[x)]
Similarly,
— o2 1t _
P1ax = [og g +hp (1-17)] [1—Kkioy + o0, +2,(1 —12)[x)]
— %1 I —
P16lx = (o rar i, (1ory)] [1—Kki{oy + 0y +2A,(1 —1p)[x)]

(6) _ _ M@-rp) 1 _ A (1-12) L _
Piah = forpaory (b~ K1 (0] — e o 1~ Kl oz + (1 —rp) [0 ]

P2ox = Kaloy + 0, + 2 (1 —1y)[X]

7‘1(1_1'1) *
Pa2six = —[a1+a2+&1(1_r1)] [1—Kk3{oy + 0y + A (1 —1y)[x)]
_ 2 e _
P271x = e s (o] [1—Kk3{oy + 0, + A (1 —1y)[x)]

P29x = mn —ky{ay + oy +2,(1 —1y)[x)]
Ps2jx = Ki(0z]x)

Pssix = 1 — ki(0z]%)

Unconditional steady state probabilities of transition are:

_ A (1-11) _ Ap(1-12) _ 0
Po1 = fo A+, Gl 7 Poz = { o Grpnaar1” P03 T i Gorp o))
_ By _ M(1-r1) _ A2 (1-13)
P30 = [B,+M (1-r)+r2 (A1) P36 = [B;+2 (1-r)+22(1-13)] P39 = [B,+1(1-r)+r2(1-13)]
— Bz (8) — }»2(1—1‘2) — 1
Pa1 = [B+22(1-12)] 45 = [B,+22(1-12)] Pe1 = [B,+22(1-12)]
_ p(1-ryp) _ B, ® _  M(-rq)
Ps,10 = [B,+r2(1-12)] P72 = [B,+r1(1-1)] P7s = [B,+r1(1-11)]
— By — A(1-rq) — =1
Po2 7[B1+7~1(1—r1)]' Po,10 7[B1+k1(1—r1)] ) Pss = P1o,5
also,

P10 = f: p10|xg1(x)dx
=h1-ry) fooo kioy + oy +2A,(1 —rp)[x) e P1-rDlxgy

— py(1-rq)
[ag +az+2z (1—r2)+p, (1-11)]
Similarly,
= @2 ) _ Azpy (1-11)(1-72)
P14 [a1+az+A2(1-12)+u, (1-11)] P12 [az+u, (1-r)][ag+az+A2(1-12)+p, (1-71)]
Pig = *1 p(5) — azAx(1-1)
16 [a1+az+A2(1-12)+u, (1-11)] 18 [az+u, (1-r)][ag+az+A2(1-12)+p, (1-11)]
— #p(1-13) _ A1(1-19)
P20 [ar+az+21(1-1)+u,(1-12)] Pzs [a1+az+21(1-1)+u,(1-12)]
a a
D27 2 D29 1

= [ar+az+A1(1-11)+u,(1-12)] = [ag+az+21(1—11)+u, (1-12)]
ﬂl(l_rl) ﬂ1(1_rl)
=—1— =1-—1— 1-2
Ps2 [a2+#1(1_rl)] Pss [(l2+/11(1—7”1)] ( 6)
It can be easily seen that the following results hold good:

Po1 + Poz + Poz =1 Pio T pgsz) +t P1a + P16+ pif;) =1

P20 + P25 + P27 + P29 =1 P30+ P3s + P3g =1

Ps1 t pg? =1 Ps2 +Psg =1

Ps1 + Pe10 =1 p72 t pgss) =

Poz +Pg10 =1 Pss = P1os = 1 (27-36)

B. MEAN SOJOURN TIMES:

The mean sojourn time in state S; denoted by ¥; is defined as the expected time taken by the system in state S;
before transiting to any other state. To obtain mean sojourn time ¥;, in state S;, we observe that as long as the
system is in state S;, there is no transition from S; to any other state. If T; denotes the sojourn time in state S;
then mean sojourn time ¥; in state S; is:

First we obtain the following conditional mean sojourn times:
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lljllx — J«Oooe‘,;,—[1211+012+A2(1—r2)]t I?l(t|x)dt
1 *
[1—ki{ay + az + 2,(1 — 1) |x)]

T o ragta,(-1)]

: [1 - k3(ay + ay + A1 (1 = 17)]x)]

~ lastazt 2 (-ry)] :
W = Jy o™ Ki(ehode = - [1—ki(ap|x)]
Unconditional mean sojourn times are given by

1

1 1

Yo = [a1+x11(1—r1)+x2(1—r2)] Y = [ﬁ1+{11(1—r1)+lz(1—r2)] ¥, = [ﬁ2+,121(1_r2)]
Yo = B2z (1r) ¥y = (Baria ()] Yo = masm
‘Ij = — \P = —

8 B2 1o B1
Also,

0 1

¥ = fo Fijx g1(x) dx = [oq+az+py (1-r1)+22 (1-12)]
Similarly,
¥, - ¥ : (37-47)

~ Joztuy (1—rp)]
V. ANALYSIS OF RELIABILITY AND MTSF
Let the random variable T; be the time to system failure when system starts up from state S;€ E; , then the
reliability of the system is given by
R;(t) = P[T; > t]
Using the definition of R;(t) relations among R;(t) can be developed, taking their Laplace transforms and
solving the resultant set of equations for R (s), we get
Ri(s) = Ny(s)/Dy(s) (48)
Where,
Ny (s) = (Z5 +403Z3 + 40393626 + q03939Z5) (1 — 14931 — A16961) (1 — G37072 — 439452) + (Z1 + 41425 +
41626 ) (01 + 403936961) (1 — 427972 — 420452) + (Z3 + A27Z7 + A39Z5) (Qoz + 03939952) (1 — G141 —
916961)
and
Di(s) = (1 — q43930) (1 — 41441 — q16961) (1 — 437972 — 439952) — 920(q02 + 403939952) (1 — G14Ga1 —
di6961) — q10(q01 + 903936961) (1 — 437972 — 439452)
To get MTSF, we use the well known formula
E(T,y) = [ Ro(t) = limg_o R5(s) = N1(0)/D;(0) (49)
Where,
N1(0) = (¥o + po3¥3 + PosP36¥s + Po3P30¥o) (1 — P1aPar — P1ePe1) (1 — P27D72 — PaoPoz) + (P1 +
P14¥4 + P16¥6) P01 + Po3P36P61) (1 — P27D72 — P29Po2) + (W2 + D27¥7 + D29%¥e) (o2 + Po3P3ePoz) (1 —
P14Pa1 — P16P61)
and
D1(0) = (1 —po3P30)(1 — P1aPa1 — P16P61) (1 — P27P72 — P20Po2) — P20(Poz + Po3P30P92) (1 — P1aPar —
P16P61) — P1o(@Po1 + Po3P36Pe1) (1 — P27P72 — P2oPe2)
Since we have q;;(0) = p;; & lims_o Z; (s) = [ Z;(t)dt = ¥,
VI. AVAILABILITY ANALYSIS

Define A;(t) as the probability that the system is up at epoch‘t” when it initially starts from regenerative state S;.
To obtain recurrence relations among pointwise availabilities A;(t) we use the simple probabilistic arguments.
Taking the Laplace transform and solving the resultant set of equations for A;(s), we have

A (s) = Ny(s)/D,(s) (50)
Where,
No(s) = [(Zs i 40323 + 40393626 T+ 40393925) (1 — G14411 — Gi6961) + (q01 + 03936961) (21 + q1aZs +
qi6Z8)1B1 + [a53 (01 + 46203696 (1 — d3adis) + (o2 + 46aq30052) (1 — Aiadin — qieq6) (A —

= [a1+a2+k1(1—r1)+p2 (1-1)]

Ts55)+ 032 (001 + 03303606 (014052 + 43 G5 + TieTir0Ti05) +
qs2 q(ﬁs(q;sqg,wfﬁo,s + qggq;,mq;o,s)(l — q14941 — Qqua)][Z; + Q3727 + q39Z5]) (51)
And

Dy(s) = [(1 = q53q50) (1 — q5ais — Gi6e1) — Tio (@1 + Go3T3695)1B1 — Bo[aS (@31 + G55 q36951) (1 —
Gedas) + (@2 + 453050052) (1 — Gain — 4i6qe) (1 — 42aqis)] + @52 (@31 + 453036960 (4529 +

5 * * * * * * * * * * * * * * * * *
qig) qgs + %6%,10‘110,5) + q32 953(@3696 10105 + 43995109505) (1 — 14qis — Giedir) (52)

Where,
By = (1— 3,052 — G30052) (1 — @iatlss) — q22(@3s + G7052" + T005,10@30,5)
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The steady state Availability will be given by
RT RT P RT SNy(s) . . s
Ay = lim,_,, Ap(t) = limg 55 A5(s) = limg, s £1_r)r3N2 (s)?_r)rg 5:6)
Where
N, (0) = [(Wy + pPos¥3 + Po3P36¥s + Po3P30¥s) (1 — P1abar — P16Ps1) + (Do1 + PosP3ePer) (W1 +

5
P1a¥s + P16¥6)1B2 + [piz)(pm + Po3P36P61) (1 — PsgPss) + Doz + Po3P30Pe2) (1 — PraPar —

P16Ps1 ) (1 — PsgPss) + sz (Po1 + p36p61)(p14p4(:? + pisg)pss + Pi6Pe1oPros) + Ps2Po3(P3ePeroPros +
P39D9,10P10,5) (1 — P1aDar — P16P61)][Wo + D27 W7 + P2o¥s] (53)

Since D,(0) = 0,by using L,Hospital rule we have

Hence on using L Hospital’s rule, A, becomes

Ao = N;(0)/D;(0) (54)

Therefore,
D;(0) = (mgy + Moy + My3)A + (myo + misz) +my, +myg + mg))B + (Myo + Mys + My, +Mye)C +
(Mg + M3 + M30)D + (Myy + MDVE + (g, + msg)F + (mgy +mg10)G + (Mg + mDVH + mgsl +
(m9z + m9,10)] + myosK
Using the relation };m;; = ¥;, we get

D,(0) = WyA +W,B + ¥,C + WD + ¥,E + WsF + WG + W, H + Wgl + Wo] + ¥10K (55)
Where,

A = P5a020(1 — P1aPa1 — P16Ps1)

B = ps2p20(Po1 + Po3P36D61)

C = ps2(1 — Po3P30) (1 — P1aPa1 — P16P61) — Ps2P10(Po1 + Po3P36P61)

D = psaP20P03(1 — P1aPa1 — P16De1)

E = psap20P14(Do1 + Po3P3ePs1)

F = [(1 = posP30)(1 — P1aPa1 — P16Pe1) — ProPo1 + PosP36Pe1)][1 — P27D72 — P29Do2] — pzopg)(pm +
Po3P36Ps1) — P20(Poz2 + Po3P30P92) (1 — P14aPa1 — P16Pe61)
G = Ps2P20P01P16 T Ps2P20P03P36 (1 — P1aDar)
H = p,7052[(1 — Po3P30) (1 — P1aPa1 — P16Ps1) — P10(Po1 + Po3P3sPe1)]
I = psgl(1 = Po3p30) (1 — P1aPa1 — P16 Pe1) — Pro@o1 + Doz P36P61)][1 — P27D72 — P2oPez] —
pzopﬁ)l’ss (Po1 + Po3P36Ps1) — P20Pss(Poz + PosP3oPoz) (1 — P1aPar — P1ePe1) + onpig)Psz(Pm +
Po3P36De61)
] = Psap20l (1 = Po3P30) (1 — P1aPa1 — P16 Ps1) — Pro(Po1 + Po3 P36 Pe1)] + Ds2P20P03P39(1 — Prabar —
P16Pe61)
K = p52020D9,10[(1 — Do3P30) (1 — P1aPa1 — P16Ps1) — ProPo1 + PosP36Pe1)] + Ps2P20P16P6,10(Po1 +
Po3P36Pe1) + Ps2P20P03(P36Ps10 + P39Po10)(1 — P1aPar — PiePe1)
using (53) and (55) in (54), we get the expression for A,.
The expected up time of the system during (0, t] is given by
Hoy () = [ Ap(w) du
So that, ,u;p (s) = Ay(s)/s

VI1I. BUSY PERIOD ANALYSIS

BUSY PERIOD ANALYSIS OF REPAIRMAN/REPAIR MACHINE
Define B;(t)/BfM(t) as the probability that the repairman/repair machine is busy in the repair of the failed
repair machine /unit when the system initially starts from state S; € E. Using probabilistic arguments, the value
of B,(t) can be obtained in its L.T as:

Bg(s) = N3(s)/D,(s) (56)
Where,
Na((g) = [qo3(Z3 + q36Z¢ + q39Z5)(1 — 414921 — Q16961) + (q01 + 903936961) (q1aZs + qi6 Z5 1By +
5)*

[q12 (901 + 903936961)(1 — q58qss) + (do2 + 903939952) (1 — q14G41 — q16961) (1 — qsgqss) + qs2(qor +

B33 03605)(0120Y" + 45" abs + @isqi100005) + @22 o3 (T6e10T505 + Tr0d5,100505) (1 — Giadin —

G165 (03725 + 430Z3] (57)
Where,

By = (1~ 43,05, — 43943,) (1 — 4iadss) — G52(a3s + 037055 + 43045 100305

In the steady state, the probability that the repairman will be busy is given by

By = lim¢,,, Bo(t) = limsos Bs(s) = N3(0)/D,(0) (58)
Where,
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N320) = [Po3s (W5 + P36¥6 + D30¥o) (1 — P1aPa1 — P16Pe1) + (Po1 + Do3P3ePe1) (P1aWa + P16¥s )1B2 +
[pﬁz)(pm + Po3P36P61) (1 — PsgPss) + (Po2 + Po3P39P92) (1 — P1abar — P1ePe1 )(1 — PsgPss) +

8 5
ps2 (o1 + p03P36p61)(P14p4(15) + p(m)pss + p16p6,10p10,5) + Ps2P03 (p36p6,10p10,5 + P39p9,1op10,5)(1 -

P14Pa1 — p16P61)][P27'1U7 + P2o¥s] (59)
Where,
B, = (1 — py7D72 — P29P92) (1 — PsgPss) — Ds2 (st + pz7p§? + P29p9,1op10,5)
Similarly,

B§M*(s) = N5M(s)/D,(s) (60)
Where,

* * * * * * * * * * * * * * * 5 * *
N3 (s) = Zi(qo1 + qo3 36 961) B1 + [22(1 — qsgqss) + Zs(‘?zs + %7‘7%) + QZ9Q9,1OQ10,5)][Q§2) (01 +
903336961) + (962903939952) (1 — 414q31 — ‘Hquﬂ] + 195225 +Z5(1 = 437972 — G39952 ) ][(QS1 +

qésqé‘eqéi)(q&qiﬁ)* + QS)*%S + q;eqalofﬁo,s) + qg3(qgqu,1ofﬁo,5 + qgt)‘?é,m‘ﬁo,s)(l — 14941 — CIqugl)]
(61)

Where, By = (1— q3,45, — 33005:)(1 — @ie@3s) — @32 (@35 + 037052 + G3905100505)

In the steady state, the probability that the repair machine will be busy is given by

B§M = lim,_,,, B§" (t) = lims_q s B§™*(s) = N§(0)/D,(0) (62)

Where,
NSM(0) =W, (Po1 + PosPsePer ) B2 +
[ (1 — psgPgs) + Ws(p2s + p27p§85) + p29p9,10p10,5)][p(152)(1’01 + PosP3sPe1) + (Poz + Po3P3oPez) (1 —
Par — P16Pe1 )] + [Wabsz + Ws(1 — parPr2 — P2oPo2)]| (o1 + P03p36P61)(p14p4(;85) + pg?l’ss +
p16p6,10p10,5) + p03(p36p6,10p10,5 + p39p9,10p1o,s)(1 — P14Ps1 — P16P61)] (63)
Where, B, = (1 — py7P72 — P2oPo2) (1 — PsgPes) — Psa(P2s + p27p§? + P29P910P10,5)
The expected busy period of the repairman during (0, t] is given by
1, (&) = [ Bo(u) du
So that, u; (s) = By(s)/s
The expected busy period of the repair machine during (0, t] is given by
©RM(£) = [ BEM (u) du
So that, uf™*(s) = Bg"*(s)/s
VIII. EXPECTED NUMBER OF REPAIRS

EXPECTED NUMBER OF REPAIRS BY REPAIRMAN/REPAIR MACHINE

Let us define V;(t)/ViM(t) as the expected number of repairs by repairman/ of repair machine during the time
interval (0, t] when the system initially starts from regenerative state S;.Using the definition of V;(¢)/VRM(t) the
recursive relations among V;(t) can be easily developed, using L.S.T. and solving for V,(s), we get

Vo(s) = Ny(s)/D,(s) (64)
Where,

N4(S) = [Q03 (QSO + Q36Q61 + Q39Q92)( 1- Q14Q4—1 - Q16Q61) + (QOl + Q03Q36061)(014Q4—1 +
916961)183 + [Qiz)(Q01~+ 903Q36~Q6£) + (QOZ + QO3Q39Q92)(1 - Q14Q41 - Q16Q61)]CI + [QSZ(Q27Q72 +
QZ9Q92 - QZS) + (1 - Q27Q72 - Q29Q92)]D1 (65)
Where,

Bl = (1 - Q~27Q72 - 029692)(1 - 658085) - Q~52(Q~25 + 62705? + 02969,10010,5)

C1 = Qs00s5(Qzs + 027058 + 02905,100105) + (1 = s60ss) (027072 + Qo902 + Q2703 + 02000100105)
131 = (Q01~+ Q~03Q36061)(Q14Qi§) + Uss S;) + 01606100105) + 003(03606100105 + 03909100105) (1 —
Q14Q4—1 - QlGQGI)

In the long run the expected number of repairs per unit of time by the repairman is given by

Yo — Jim,_y 52V (s) = Nu(0)/Ds(0) (66)

t

Vo = lim;_,,
Where,
N4(0) = [poz (P30 + P36 Pe1 + P30 Po2 )(1 — P1aPar — P1ePe1) + (Po1 + PosP3ePe1) (PraPar +
p16P61)]BZ + [PS)(pm + Do3P36Ps1) + Doz + Po3P39P92) (1 — D1aDar — P16P61)]C2 + [ps2 (027072 +

P29P92 — P2s) + (1 = p27P72 — D20D92)1D2 (67)
Where,

8
B, = (1 — p27D72 — P29Po2) (1 — Psgbgs) — Psz(pzs + pz7P§5) + p29p9,10p10,5)
8 8
Cy = PsgPss (pzs + p27P§5) + P29p9,1op10,5) +(1- Psspss)(p27p72 + DP29Po2 + P27P§5) + P29p9,10P10,5)
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Dy = (po; + P03P36p61)(P14pi§) + Psspif;) + p16p6,10p10,5) + Do3 (p36p6,10p10,5 + P39p9,1op10,5)(1 -

D14Ps1 — P16Ps1)
Similarly,

VORM(S) = NfM(S)/Dz (s) (68)

Where,

NfM(s) = 610(601 + 603@36@61)31 + [@52(@01 + @03@36@61)(@14 ~i§) + Qgs ~§§53) + 01606,10010,5) +
652603(63666,10610,5 + 63969,10@10,5)(1 — 014041 — @16@61) + @S)(@m + @03@36@61)(1 -

Q:ssczss)]ll + Qz0 — 02707, — 629@92] + @S)(@m + @03@36@61)[@20(1 - st@ss) + 052(025 + 0270§? +
Q29Q9,10Q1o,5)] (69)
Where,

Bl = (1 - 627672 - 629692)(1 - 658@85) - QSZ(QZS + Q~27@§85) + 62909,10610,5)
In the long run the expected number of repairs per unit of time by the repair machine is given by

RM _ 1; veM®] _ 1 2 17RMx _ NRM '
VO hmt—m ¢ llms—»OS VO (S) N4- (0)/ DZ(O) (70)

8 5
NfM(0) = P10(Po1 + DosP3ePe1 ) B2 + [Psz(pm + po3P36P61)(p14P£5) + psspfg) + p16p6,10p10,5) +

Ps2Po3 (p36p6,10p10,5 + P39P910P105) (1 — P1aPar — Pr6Per) + PS) (Po1 + Po3P36Pe1) (1 — DsgPss) ][1 +

P20 — DP27P72 — P2oPoz] + pS) (Po1 + p03p36p61)[p20(1 — PssPss) + psz(pzs + p27p(785) + P29p9,1op1o,s)]
(71)

Where, B, = (1 — py7P72 — P20Po2) (1 — PsgPss) — Psa(P2s + p27p§85) + P29Po,10P10,5)
IX. PROFIT FUNCTION ANALYSIS

Two profit functions P; (t)andP,(t) can easily be obtained for the system model under study with the help of
characteristics obtained earlier. The expected total profits incurred during (0, t] are:
P, (t) = Expected total revenue in (0,t]— Expected total expenditure in (0,t]

= Kot,,, () = Ky, (£) — Ky (8) (72)
Similarly,
Py (t) = Kou,,,, (t) — K3V (8) — K, Vo' () (73)
Where,

K, is revenue per unit up time.

K; is the cost per unit time for which repair man is busy in repair of the Repair machine.
K, is the cost per unit time for which Repair machine is busy in repair of the failed unit.
K is per unit repair cost.

K, is repair cost for Repair machine.

The expected total profits per unit time, in steady state, is

Py = lime o, [P (£)/t] = limg o s?P;(s)

Py = lim; o [P, (£)/t] = limg_o5%P;(s)

So that,
P = KoAo — KiBy — K,Bg™ (74)
P, = K,A,— K3V, — K,VFM (75)

X. GRAPHICAL STUDY OF THE SYSTEM MODEL

For more concrete study of system behavior, we plot MTSF and Profit functions with respect to A, (failure rate
of priority unit) for different values of r;.

Fig. 2 shows the variations in MTSF in respect of A, for different values of r; as 0.25, 0.50 and 0.75 while the
other parameters are fixed asA,=0.05,u,=0.8,u,=0.7,a;=0.05, a,=0.06, 3;=0.4, p,=0.5,1,=0.50. It is
observed from the graph that MTSF decreases with the increase in the failure parameterA; and increases with
the increase in ;.

Fig. 3 represents the change in profit function P, and P, w.r.t. A, for different values of r; as 0.25, 0.50 and 0.75
while the other parameters are fixed as 1,=0.05, u,=0.8, u,=0.7, @, =0.05, a,=0.06, $,=0.4, ,=0.5,7,=0.50,
K,=1000, K,=300, K,=250, K5=350, K,=200.
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From the graph it is seen that both the profit functions decrease with the increase in failure rate A, and increase
with the increase in r;. It is also observed that profit function P, is always higher as compared to profit function
P; for fixed values of 4, and r;.

Behaviour of MTSF w.r.t. Ay for different values of r;
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