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ABSTRACT

This paper presents the reliability and availability measures of a two non-identical unit system, one is priority (p) and
other is ordinary (o) unit, with inspection and different repairs/replacement policies. The p-unit has three modes
(normal, partial failure and total failure) and o-unit has only two modes (normal and total failure). Upon partial
failure of p-unit, it first goes for inspection to decide that whether the unit goes for online repair or offline repair while
if o-unit fails it replaced by the new one since it is non-reparable. A single repair facility is always available for
inspection, repair (online/offline and total failed) of p-unit and to replace the failed o-unit. After giving basic
definitions and notations, we obtain various measures of system effectiveness, reliability, availability due to a unit in N-
mode and P-mode, mean time to system failure, busy period of repair facility due to inspection of failed unit, repair of
totally failed unit, online/offline repair of partially failed unit and replacement of a failed unit and the expected profit
function, of interest to system designers and operation managers by using regenerative point technique. The graphical
behaviors of MTSF and profit function have also been studied.
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1.INTRODUCTION

In the field of reliability, reparable systems have been studied due to their frequent and imperative use in modern
industry. Various authors including [1-5] have studied two unit standby systems under the assumptions:

(i) Repair is infallible and after repair the failed unit becomes new.

(ii) Each unit of the system is repairable.
However, it is not always possible to impose off the above assumptions on every system due to different operating and
repair environment. Sometimes replacement of the failed unit is cheaper than to repair of the failed unit due to the non-
availability of parts or the unit is non-reparable which is not cost-effective for the system.

Keeping the above facts into consideration we in the present chapter analyse a two non-identical unit system, one is
priority (p) and other is ordinary (0) unit, with inspection and different repairs/replacement policies. The p-unit has
three modes (normal, partial failure and total failure) and o-unit has only two modes (normal and total failure). Upon
partial failure of p-unit, it first goes for inspection to decide that whether the unit goes for online repair or offline repair
while if o-unit fails it replaced by the new one since it is non-reparable. A single repair facility is always available for
inspection, repair (online/offline and total failed) of p-unit and to replace the failed o-unit.

The following system characteristics are obtained by identifying the system at suitable regenerative epochs with the
help of regenerative point technique:

(i) State transition probabilities and mean sojourn times in different states.

(ii) Reliability of the system and mean time to system failure (MTSF).

(iii) Pointwise and steady state availabilities of the system during (0, t).

(iv) Expected busy period of repair facility during (0, t) and in steady state.

(v) Expected profit incurred by the system during (0, t) and in steady state.
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2. SYSTEM DESCRIPTION AND ASSUMPTIONS

The assumptions about the model under study are as under:

()

(i)
(iii)
(iv)
(V)

(vi)
(vii)

The system consists of two non-identical units namely p-unit and o-unit. Initially p-unit is operative and o-
unit is kept as cold standby.

The p-unit has three modes — normal (N), partial failure (P) and total failure (F) while o-unit has only two
modes — normal (N) and total failure (F).

When p-unit fails partially, it is first inspected for online/offline repair. The inspection is performed during
its operation. In inspection, if a minor fault is detected after inspection, the failed unit goes for online repair
otherwise it goes for offline repair.

The o-unit is non-reparable, hence after failure it goes for replacement.

p-unit in partially failure mode may fail totally during the inspection/on-line repair.

p-unit can’t enter into F-mode without passing through P-mode.

A single repair facility is always available with the system for inspection and to repair (online, offline and
total failed unit) and to replace the failed o-unit on FCFS basis.

(viii) The switching device, used to detect the failed unit and to switch the standby unit into operation, is perfect

(ix)
)
(xi)

(xii)

and instantaneous.

After each type of repair, the repaired unit works as good as new.

The failure and repair times of the units are assumed to be independent and uncorrelated random variables.
The failure time distributions of both the units, time to inspection and replacement rate of o-unit are taken as
exponential with different parameters while all the repair time distributions of p-unit is taken as general.
The system failure occurs when it breaks down in any way.

NOTATIONS AND STATES OF THE SYSTEM

(a) Notations:

(b)

o : Constant failure rate of p-unit from N to P-mode.

01 : Constant rate of inspection of the partially failed p-unit.

p/q : Probability that the partially failed unit goes for online/offline repair (p+g=1).
0, : Constant failure rate of p-unit from P to F-mode.

G1(),G2() : c.d.f. of time to online/offline repair of a partially failed unit.

03 : Constant failure rate of o-unit.

A : rate of replacement of o-unit.

H() : c.d.f. of time to repair of totally failed p-unit.

Symbols for the states of the system

We define the following symbols for the states of the system:

NG . p-unit is in N-mode and operative.

P, : p-unitis in P-mode, operative and under inspection.

PL/P,, : p-unitis in P-mode and under online/offline repair.

N3/N3 : 0-unit is in N-mode and operative/standby.

F : p-unitis in F-mode and under repair.

F2IFiR :0-unit is in F-mode and under replacement/waiting for replacement.

Using the above symbols, the transition diagram of the system model, along with transition rates, is shown in figure —
1. From the figure, we observe that the epochs of entrance from S; to S; and S, to Ss are non-regenerative as the future
probabilistic behaviour of the system at these epochs depends upon the previous states. The all other entrance epochs
are regenerative.
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Figure-1: Transition Diagram
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3. TRANSITION PROBABILITIES AND SOJOURN TIMES

By simple probability arguments, we have the following steady state transition probabilities

—a . po; . a6, .
= e tdt :1, = X = X
Po (XI P12 0,40, Pis 0,+0,
0 —oou ~
p14=91+292 ; pzozje 20dG, (u)= G,(9,);
pz4=92_[e792u Gl(u)du=1—él(92); psoz_[eie?'u d @(U)zéz(es);
Psr =05 [e " G, (U)du=1-G,(65) ; Pa=[e """ dH(u)=H(®5);
A o
=|dH(u)=1; = =
Pse I (u) Peo Ty Pes Ty
A 0
Pe I 2(u) Ps: A0, Psg A0,
Pos=1; P&y =J(1-e7")d §v) =1-G,(0,);

p® :I<1_e*93v)dH(v)= 1-H(0,).

Thus we have the following relations,

Por=1; P12 +P1s+P1s =1; P +P20=1;
Pao+P% =1; Pa+P% =1; Peot+Pes =1
PgitPge =1; Pos=1.

The mean sojourn times in various states are as follows:

1 1 _

=[e "dt=—; = ; =[e"? G,(t)dt;
Vo _[ o Y3 0,40, ) _[ 1(1)
yy=[e G (t)dt; v, =[e " H(t)dt; vs=[H(t)dt;

1 _ 1

V== v, =]G,(t)dt; Ve = :

Y =[G *Tar0,

_1.
Wg_?»,
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4. RELIABILITY OF THE SYSTEM AND MTSF

Using the technique of regenerative point, the expression of reliability, in terms of its Laplace transform, is given by
Z5+ 05| 21+ 05, Z3+ 03 Z5+ (072 Q54 05 ) Z5 |

1-qq |:QI2 U2+01s QZ0+(QI2 Uos+01a )qu]
where Z;,Z,,Z,,Z, and Z, are the Laplace Transform of

Zo()=e*;  Z,()=e @02t 7 _e02tG (t); Z,=e ®'G,(t)and Z,=e B H(t).
and the expression of mean time to system failure is given by
Vo +Por [\Vl +P12 W2 +P1a Wa+(Pro Past p14)‘lf4]
1-py |:p12 P2o—P1s p30_(p12 Post p14)p40:|

Ro(s)=

E(T,) =lim R(5)=

5. AVAILABILITY ANALYSIS

Let AN (t)and A7 (t) be the probability that the system is up, due to a unit in N-mode and P-mode respectively at

epoch t, when it initially starts from state S; € E .Using the method of L.T., the value of A} (t)andAf (t) in terms of its
L.T. is as follows:
Zi+ 06| 03 Z3+(05 0 + 05 05"+ 05, ) (25 +Q 225 )|
106, 01> G50 — 061 A33 A0 — 6 (A3 A3 +055 A%+ ) (A% +a %050 )
Uoa(Z5+05> Z5+055 Z5 )
1-Q50 Q32 U0 —ox A3 Q3% — 0o (052 O30 + 03 A5+ 0 ) (A + 927050 )

Ay ()=

and Al (s)=

The steady state probability that the system will be operative due to a unit in N-mode and P-mode respectively is given
by,
Yot Por |:p13 V3 +(p12 Pos+ P13 PG + plzl)(\lj4 +p W ):|

Yo+W1+P12 Yo +Pas n1+(p12 P2s+P1s pgs) +p14)(n2+p51%) \I’e)

A) = lim AN (t) = lim SAY(s) =

Pos (\V1+p12 Yo+ P13 \V3)
Yot Wi+Pp W, +Py3 n1+(p12 P2st+Pis pgs) +p14)(n2+p51%) \Ve)
where n,=[tdG,(t)andn,=[tdH(t).

Similarly, Ay =

The expected up time of the system during (0, t) in N-mode and P-mode respectively is given by,
[ . tAN(s
nep®=[Af(u)du;  Sothat ul(s)=| OT()
0 0

t t P
and  pS()=JALWdu;  Sothat, pfis)=]22 )
0 0 S

6. BUSY PERIOD OF REPAIR FACILITY

Let Bi(t),B(t),B"(t)andBF (t) be the probability that the repair facility is busy in the inspection of partially failed
unit, repair of totally failed unit, online/offline repair of partially failed unit and replacement of a failed unit
respectively at time t, when the system initially starts from state S;eE . Using the technique of Laplace transforms, one

can obtain the value of Bj(t), B (t),B5(t)and B (t) in terms of their Laplace transforms
i.e. By (s),B§ (s),BY (s)and BY (s) respectively.

In a long run, the probability that the repair facility will be busy in the inspection of partially failed unit, repair of
totally failed unit, online/offline repair of partially failed unit and replacement of a failed unit respectively is given by,

BiO:Nl/Dlv Bg:Nz/Dlv
BSZN3/D1 BEZN4/D1-
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Where, N;=pg y;; N,=py (p12 P24 +P13 pgs)"' p14)‘|f4 ;
N3=pPo (plz Yo+P3 \lfa) ; N,=pg (p12 Pas+P1s PSY +p14) P& Ve
7 5
and Di=wo+Wi+P W, +Pis Ny +(p12 P2s+ P13 PSY +p14)(n 2P ‘Ve)

The expected busy period of the repair facility in (0, t) is given by,
. t t t t
Mb(D=[BH(W)du, wi()=[Bf(u)du, wE()=]Bf(u)du, wuf()=]Bf (u)du.
0 0 0 0

" Bl (s . Bi (s " B (s \ B& (s
sothat, (-2, -2, Bl yp-Be b,

7. PROFIT FUNCTION ANALYSIS

The expected profit incurred by the system during (0, t) is given by,
P(t) = Expected total revenue in (0, t) — Expected total repair cost in (0, t)

=Ko ip (8) + Ky i () =Ky 1 (1) = K i ()= Ky pf () - Ks g ()
where, K,and K, are the revenues per unit up time by the system when it is up due to a unit operative in N-mode and
in P—-mode respectively, K, is the cost per unit time when the system is under inspection of a partially failed unit and
K;,K,and K are the per unit time amount that is paid to the repair facility for repairing of a totally failed unit,
online/offline repair and replacement of a unit respectively.

The expected profit per unit time in a steady state is given by,
P=K,A)+K,A’-K,B) -K,;Bf-K, B} —K,Bf

8. GRAPHICAL PRESENTATION

For a more concrete study of the system behavior, we plot curves for MTSF and profit function w.r.t. o for different
values of a,.

Figure-2 shows the variation in MTSF w.r.t. o for different values of «, = 0.01, 0.03 and 0.05 when other parameters
are kept fixed as p=0.5, g = 0.5, =0.06, 6,=0.5, 6,=0.15, 6,=0.04, a,=0.5 . It is observed from the graph that
MTSF initially decreases rapidly and then tends to vanish as o increases. Also with the increase in the values of a.,,
MTSF of the system decreases.

Figure-3 shows the curves for profit function. From the curve it is clear that profit decreases almost with linear trend as
the values of o increases when other parameters are kept fixed as Ko = 5000, K; = 4000, K, = 2500, K3 = 2000,
K, = 1500 and Ks = 1000.

Also the profit tends to decrease as we increase the values of failure rate ., .

Thus we conclude that better understanding of failure phenomenon by the repair facility results in better system

performance.
Figure —2

Behavior of MTSFw.r.t. a for different values of o,

MTSF —>
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Fgure —3

Behavior of profit w.r.t. a for different values of a,

[] a;=0.05

O a,=0.03
W «,=001
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