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Abstract

Introduction

To reduce the system down time, failed spare
units can replace units in repairable systems with
redundancy Repairmen or manufacturer attends
the failed units for corrective maintenances.
Failed units are returned for re - use. In this
chapter, we consider a series system with spares
and we assume that repaired units are as good as
new. Since, preventive maintenance will take less
time and tends to be cheaper. It can be profitable
to perform preventive maintenance in order to
return it to its as good as new state in the situation
of increasing failure rates. In this mode, we use
age - replacement policy for machines If the age
or a machine has reached a certain value Mpm, it
is taken out for preventive maintenance and
replaced by a spare unit. Here we derive an
approximation scheme to calculate the expected
uptime, the expected downtime and the expected
costs per time unit of the system given the total
number or units.

In this model, we consider a series system of order
s with N spares. It is assumed that spares do not fail
while in storage. Here we will find out preventive
maintenance in a series system or order s with N
spares older units fail frequently and their running
costs increase with age, If any unit or series system
of order s has exceeded a certain age, we replace it
by n spare unit and the replaced unit is then
recommended for preventive overhaul If the unit
fails before it has reached the age at which it is
replaced, a corrective overhaul is performed. It is
assumed that compensation is made in the running
costs for minor failures for which a minimal repair
is done.
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Preventive overhaul might be cheaper because it
can be planned while failure might be costly and
dangerous during operation. Performing preventive
maintenance because it takes substantially less time
than corrective maintenance can increase the
expected up time. Possible running costs can be
controlled also 1w performing preventive
maintenance.

Maintenance,

Many studies describe some of the characteristics
of the 1 out of n system with different assumptions
underlying the derivations or exact and
approximate formulae. The assumptions are made
often memory less properties within the system.
For example, Brouwers assumes exponential
failure time and repair time distributions to derive
probabilistic descriptions of irregular system
downtime and Vander Heijden assumed
exponential repair times to derive a scheme to
calculate approximations for the reliability.
These assumptions can have a bad effect on the
performance of the model. Smith and Dekker
compared the performance of their model with an
exponential model. It assumed that the repair time
has an exponential distribution and there is a
constant failure rate up to the time of preventive
maintenance for the approximation of the
availability. They derived the uptime and downtime
of a 1 out of 2 system with Markovian degrading
units. Here preventive maintenance is carried out if
the state of the operating unit exceeds a certain
threshold.
In our model we assume that preventive and
corrective overhaul each takes a constant time and
there is always sufficient capacity (no queuing), we
consider constant costs for preventive maintenance
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and corrective maintenance where corrective
maintenance is highest. Variable downtime costs
and age dependent running costs are assumed. We
have to determine the age of a unit should be
replaced for preventive maintenance to minimize
the long run average costs.

respectively. We assume that there are variable
costs for downtime Cd and the age dependent
running costs Cr (T) where T is the age of unit..
The purpose of the model is to compute the optimal
moment for preventive maintenance Mpm with
respect to the long run average costs and the
optimal number of standby units (spare units).

Review of Literature
The Expected Uptime of The System

Anna Kovalenko (2017) Multi-criteria problem of
optimization of maintenance rate for drones is set
and solved. Analytical characteristics of a singleserver queuing system with ultimate reliability and
imitation models are applied. The analysis of
economical
and
reliability
characteristics
dependence on some parameters is made.

We assume that preventive maintenance time Upm
and corrective maintenance time Ucm are both equal
to U i .e. UPM Ucm = U. We consider the decision
moment Mpm to account for preventive
maintenance. If any operating unit out of s units
reaches the at the age Mpm, we replace it for
performing preventive maintenance.

Qian Tong (2010) the author defines the company’s
structure as a series parallel connection system.
Considering the various importance degree of each
department in the actual operation and combining
the computation of reliability of unit in the
company management system, the author builds the
optimization mathematical model of company
distribution based on reliability distribution theory.

The distribution functions of the failure time of any
unit as follows:

Liping Zheng (2008) Accuracy is only a quality
characteristic of Modeling & Simulation
Application (MSA), and the characteristics such as
reliability, maintainability, usability and safety
should be considered. VV&A must be expanded
from accuracy-centered assessment to qualitycentered assessment. Reliability is an important
metrics of product quality, and can be introduced to
simulation domain. Firstly, an introduction of the
research motivation and an overview of the work
on reliability of MSA is given, then the definition
of MSA reliability, including its intension,
extension, the relationship with VV&A and MSA
reliability management is presented, furthermore,
the methodology and method of reliability analysis
is puts forward, and finally some related issues of
MSA reliability are discussed.

The Description
Nomenclature

of

the

Model

Assume that the system is up for some time and s
new units start operating in series at these
particular moments. The probability that the system
will run smoothly for another T times units is equal
to the probability that all operating units will reach
age T plus the probability that if any unit out of s
units fails after t times units (t < T ) it is replaced
by spare unit which keeps the system up together
with other units until time T. Operating points are
assumed as renewal points at which a unit starts. If
any operating unit fails with age t, then the
probability that a spare unit is available, will be
equal to the probability that N - I units have kept
the system in running state for longer than U - t
time units such that at least the Nth unit that failed
before the last unit is now available.
Here the reliability of the system can be written
approximately as

and

We consider a series system of order s with N
spares. It is assumed that spares do not fail while in
storages, we suppose that the lifetime distribution
of a unit, f (T), has an increasing failure rates. Any
operating unit of the series system of order s is
replaced immediately by a spare unit if it has
reached a certain age Mpm and preventive
maintenance is performed on the unit. A corrective
overhaul is performed if a unit fails before Mpm. A
unit will be as good as new after a preventive
maintenance or a corrective maintenance.
And hence

Costs play an important role in the model. Let the
constant costs C and C for a corrective
maintenance and a preventive maintenance

62

time units, the system downtime begins. If the
uptime of the past N failures together have been
less than U-T, then the downtime will be greater
than T if the system fail suddenly. Hence the
probability of downtime can be defined
approximately as follows:

and hence

The Expected Costs per Time Unit
Units may be considered for preventive and
corrective maintenance during the uptime or the
system.
and 1will be
long-term proportions of these two types of
maintenance for corrective maintenance and
preventive maintenance. The expected number of
times that a unit has failed or reached the age
until the arbitrary time E [Sup] is approximately
equal to the expected number of times that either
preventive maintenance or corrective maintenance
will be carried out during the up-cycle ( say
).
Thus

Or

Where expected lifetime of a unit LMpm is defined
as
Now we define renewals as the times at which an
uptime starts. Hence the expected costs per unit of
time in the long run are equal to the expected costs
per renewal cycle divided by the expected duration
of a renewal cycle according to the renewal reward
theory. So due to preventive maintenance (Cp),
corrective maintenance (Cc) and downtime (Cd), the
approximation for the long run average costs
becomes.

Here sign *N indicates a N-fold convolution.

And
if T > 0
if T 0
If we consider that there are running costs
dependent on the age or .he operating units then the
moment at which we replace any operating unit out
of s units influences the average running costs, we
suppose that Cr (T) is the marginal running costs if

He Expected Downtime
We assume that if at any moment there are less
than s units in the system then system downtime
starts i.e. ir the system has been up for more than U
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a unit has age T, then during an uptime the average
running costs per unit are
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