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Abstract

The availability of systems undergoing periodic inspections is studied in this paper. A perfect
repair or replacement of a failed system is carried out requiring either a constant or a random
length of time. In Model A, the system is assumed to be as good as new on completion of
inspection or repair. For Model B, no maintenance or corrective actions are taken at the time of
inspection if the system is still working, and the condition of the system is assumed to be the
same as that before the inspection. Unlike that studied in a related paper by Sarkar and Sarkar
(J. Statist. Plann. Inference 91 (2000) 77.), our model assumes that the periodic inspections take
place at fixed time points after repair or replacement in case of failure. Some general results on
the instantaneous availability and the steady-state availability for the two models are presented
under the assumption of random repair or replacement time.
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1. Introduction

Recently, Sarkar and Sarkar (2000) studied the problem of determining the availabil-
ity of systems which are maintained through periodic inspections and a perfect repair
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or replacement policy. There has been a lot of research on the availability of main-
tained systems that are continuously monitored, e.g., Barlow and Proschan (1981) and
Hoyland and Rausand (1994), but little is known about the exact system availability,
A(t), when the inspections take place periodically.

Wortman et al. (1994) studied a maintenance strategy for systems subject to deteri-
oration governed by random shocks. Similar studies, involving steady-state availability,
limiting average availability or cost function, have been reported in Wortman and
Klutke (1994), Yeh (1995), Klutke et al. (1996), Dieulle (1999), Vaurio (1999), Ito
and Nakagawa (2000), Chelbi and Ait-Kadi (2000), Yang and Klutke (2000, 2001) and
Yadavalli et al. (2002), among others. In all these papers, the steady-state availability
(limiting availability) or the limiting average availability has been studied. However, the
instantaneous availability is as important, if not more, from a practical point of view.

In general, continuous monitoring is more expensive than periodic inspection. Also,
if an inspection leads to the stoppage of the system, continuous monitoring cannot be
performed, and periodical inspections have to be employed. Examples for periodical
inspections are fire detector systems, safety valves, among others, such as those men-
tioned in Hoyland and Rausand (1994, p. 171) and Sarkar and Sarkar (2000). Hence
it is important to consider models for periodic-inspected systems.

A system is either in the up-state or in the down-state at any time ¢, denoted by
X(t)=1 and 0, respectively. At time ¢ =0, the system is assumed to be up and it is
tested or inspected at time t. If the system is working at time 7, the next inspection
is at time 2t. Otherwise, the system is repaired or replaced requiring a random time
w and the repaired or replaced system is put into operation immediately. The next
inspection occurs at time 2t 4+ w, and so forth. Thus the system fails between two
inspections, the system failure remains undetected until the next inspection, and then
a perfect repair or replacement is carried out.

In this paper, two models which are common in practice are discussed. For Model
A, the assumptions are as follows:

(1) The inspection interval length is 7, and after the inspection, necessary actions are
taken to restore the system so that it is as good as a new system.

(2) The failure of the system can be detected at the time of inspection.

(3) After the detection of a failure, a perfect repair or replacement is carried out and it
takes a random time of length Y (which is non-negative) with distribution function
G(y) (and pdf g(y)); As a special case, if the perfect repair or replacement time
is a constant, then it is denoted by v.

(4) The system lifetime distribution is assumed to be F'(x) (with pdf f(x), and F(x)=0
if x <0).

For Model B, Assumptions (2)—(4) are the same while the first one is modified as
in the following:

(1*) Periodic inspections at intervals of length t are carried out, and if the system is
still working, nothing is done and the condition of the system is as before the
inspection.
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