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Abstract. Efficient and on-time maintenance plays a crucial role in
reducing cost and increasing the market share of an industrial unit. Pre-
ventive maintenance is a broad term that encompasses a set of activities
aimed at improving the overall reliability and availability of a system
before machinery breakdown. The previous studies have addressed the
scheduling of preventive maintenance. These studies have computed the
time and the type of preventive maintenance by modeling the total cost
related to it. Todays the engineering insurance is an appropriate and
durable protection for reducing the risks related to the industrial ma-
chinery. This kind of insurance covers a part of maintenance costs. Pre-
vious researches did not consider the effect of engineering insurance
on maintenance scheduling while it affects the total cost function of
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maintenance scheduling seriously. Given the above-mentioned remarks,
this paper introduces for the first time a new scheduling of preventive
maintenance with considering total cost and total reliability of the sys-
tem in which the effect of engineering insurance has been taken into
account. Due to the uncertainty in the input parameters, which are
very common in application, the paper proposed the application of ro-
bust design approaches. To solve this multi objective model, first it has
been transformed into a single objective model by using global crite-
rion and the resultant model is solved through genetic algorithm. The
results show the magnitude effect of engineering insurance on mainte-
nance scheduling. Therefore, neglecting the importance of engineering
insurance leads to an inefficient scheduling maintenance.

Keywords: Preventive maintenance; engineering insurance; robust op-
timization; global criterion method; genetic algorithm; Pareto set solu-
tions.

1. Introduction

In the current competitive environment managers of manufacturing and
service organizations try to make their organizations competitive by pro-
viding timely delivery of high quality products. For this purpose, mainte-
nance plays a key role in reducing cost, minimizing equipment downtime,
improving quality, increasing productivity, providing reliable equipment,
and as a result achieving organizational goals and aims [1]. Despite play-
ing such an important role, the maintenance costs are a major part of the
total operating costs of all manufacturing or production plants. Depend-
ing on the specific industry, these costs may represent between 15 and
60 percent of the costs of goods produced [2]. Recent surveys of main-
tenance management effectiveness indicate that one-third of all mainte-
nance costs is wasted because of unnecessary or improperly carried out
maintenance. The result of ineffective maintenance management repre-
sents a loss of more than 60$ billion each year [3].

Therefore, using an efficient maintenance strategy can reduces the to-
tal costs of production in manufacturing or production plants. Industrial
and process plants typically use two types of maintenance management,
run-to-failure or preventive maintenance [4]. Run-to-failure or correc-
tive maintenance is a reactive management technique that waits for ma-
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chine or equipment failure before any maintenance action is taken. It
is also the most expensive method of maintenance management. While
the Preventive maintenance encompasses a set of activities aimed at im-
proving the overall reliability and availability of a system before fault
occurs. Preventive maintenance is further divided into periodic mainte-
nance and predictive maintenance. Periodic maintenance is a time-based
maintenance consists of periodically inspecting, servicing and cleaning
equipment and replacing parts to prevent sudden failure and process
problems. Predictive maintenance is a method in which the service life
of important part is predicted based on inspection or diagnosis, in or-
der to use the parts to the limit of their service life. Compared with
periodic maintenance, predictive maintenance is condition-based main-
tenance. In general, preventive maintenance activities are categorized in
one of two ways, component maintenance or component replacement. It
is clear that preventive maintenance involves a basic trade-off between
the costs of conducting maintenance and replacement activities and the
cost savings achieved by reducing the overall rate of occurrence of sys-
tem failures. Designers of preventive maintenance schedules must prior-
itize these individual costs to reduce the overall cost of system opera-
tion. They may also be interested in maximizing the system reliability,
subject to some sort of budget constraint. In periodic maintenance the
optimum scheduling is very necessary.

Many researches have been optimized maintenance scheduling eco-
nomically. Reference [5] determined optimal cost of maintenance policies
by defining the average cost rate of system operation, in this study it
is assumed that an increasing failure rate is based on the Weibull dis-
tribution function. Reference [6] developed a model to minimize the
total costs related to preventive maintenance schedules. Exact algo-
rithms reach exact optimal solutions of mathematical models, while
approximation algorithms seek an approximation that is close to the
true optimal solutions. Reference [7] presented a model that optimizes
the preventive maintenance scheduling in semiconductor manufactur-
ing operations. They optimized this model via a mixed-integer linear
programming model. Reference [8] presented a preventive maintenance
optimization model in order to minimize the total maintenance costs
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in a production system. Reference [9] determined an optimal preven-
tive maintenance schedule by considering the time value of money in all
future costs. Reference [10] defined the summation of maintenance activ-
ities cost along with cost of unsupplied demand due to failures of compo-
nents in the objective function to optimize maintenance strategy. Refer-
ence [11] presented a model in order to optimize the maintenance policy
for a component with random failure rate. Reference [12] presented an
optimization model to schedule a preventive maintenance. He considered
the total cost relating to operations as the objective function and solved
the model using Bender’s decomposition. Reference [13] presented two
mixed-integer linear programming models for preventive maintenance
scheduling problems and use CPLEX to implement the optimization
models for a case study of railway maintenance scheduling. Reference
[14] developed an age based nonlinear optimization model to determine
the optimal preventive maintenance schedule for a single component sys-
tem. Reference [15] developed three nonlinear optimization models: one
that minimizes total cost subject to satisfying a required reliability, one
that maximizes reliability at a given budget, and one that minimizes
the expected total cost including expected breakdown outages cost and
maintenance cost.

Because of complexity of maintenance scheduling, metaheuristic al-
gorithms have been used in several researches [16]. Reference [17] used
genetic algorithms with simulated annealing in order to optimize a large-
scale and long-term preventive maintenance and replacement scheduling
problem. Reference [18] used an ant colony algorithm to optimize the
maintenance scheduling. Reference [19] proposed several techniques for
representing the decision variables in preventive maintenance schedul-
ing models and used heuristics and metaheuristics optimization algo-
rithms. Reference [20] developed a novel multi-objective genetic algo-
rithm to optimize preventive maintenance schedule problems. Reference
[21] presented a production planning model considering preventive main-
tenance which minimize the completion time of jobs and downtime of
machines. Reference [22] solved the previous model using genetic al-
gorithm and simulated annealing algorithm. Reference [23] presented
comprehensive research in area of integrating preventive maintenance



Using Genetic Algorithm to Robust Multi ... 5

and production scheduling and computed the Pareto set solution.
Insurance is a financial topic of paramount importance for every in-

dustry and is designed to protect the financial well-being in the case
of unexpected loss. One of the new types of general insurance prod-
ucts is engineering insurance. This type of insurance is an appropriate
and durable protection for reducing the risks related to the industrial
machinery. It covers a part of maintenance costs.

Previous researches did not consider the effect of engineering insur-
ance on maintenance scheduling optimization, while it affects the total
cost function of maintenance scheduling seriously. So it is necessary to
rewrite the cost function considering the cost of maintenance which is
compensated by engineering insurance. This paper introduces for the
first time a new scheduling of preventive maintenance considering total
cost and total reliability of system in which the effect of engineering
insurance has been taken into account. Due to the uncertainty in the
input parameters, which are very common in application, the paper
proposed the application of robust design approaches. Because of the
complexity of the proposed model genetic algorithm is used to compute
the Pareto set solution. The organization of this paper is as follows. In
Section II, machinery breakdown insurance is illustrated; in Section III
the preventive maintenance scheduling model is presented. Section IV
demonstrates the structure of the robust design. Section V illustrates
the multi objective optimization problem. In Section VI the proposed
genetic algorithm which is used to solve the optimization problem is ex-
plained in details and finally, Section VII concludes the research with
future researches

2. Machinery Breckdown Insurance

Engineering insurance refers to the insurance that provides economic
safeguard to the risks faced by the ongoing construction project, installa-
tion project, and machines and equipment in project operation. Depend-
ing on the project, it can be divided into construction project all risks
insurance and installation project all risks insurance; depending on the
attribute of the object, it can be divided into project all risks insurance,
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and machinery breakdown insurance. Machinery Breakdown Insurance
is designed to provide cover against unforeseen and sudden physical loss
or damage to the machinery by any cause subject to excepted risks. Ma-
chines are an integral part of all manufacturing and industrial units
engaged in production of industrial or household goods. These may be
large industrial establishments or small and medium enterprises and any
unexpected accident or breakdown to their critical machinery brings it
to a standstill adversely affecting business and causing a financial strain
towards repair or replacement of the affected machinery. The Machin-
ery Breakdown Insurance offers coverage to organization against these
sudden unforeseen accidents or events.

3. Preventive Maintenance Scheduling

Variables
N: Number of components
T: Number of periods
J: Number of intervals
λi: Scale parameter of component i
βi: Shape parameter of component i
Z: Fixed cost of system
Tri: Time required to replace component i
TMi: Time required to maintain component i
fi(t): Probability distribution function
fij : Total cost due to failure of component i in period j
Pi: Premium of component i
Reli,t: Reliability of component i at the start of period j
δi: Percent of premium which is paid when the component i is replaced
τi: Percent of maintenance cost which is compensated by engineering
insurance when the component i is maintained.
Fi: Unexpected failure cost of component i
Mi: Maintenance cost of component i
Ri: Replacement cost of component i
xij : Effective age of component i at the start of period j
yij : Effective age of component i at the end of period j
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tal cost of system is modeled considering engineering insurance. After
that, a numerical example is solved in which the cost parameters are
considered not deterministic, therefore; a robust model of maintenance
is proposed. To compute the optimal results, first the multi objective is
transformed to single objective using global criterion method; then the
genetic algorithm is used and Pareto optimal solution are computed.
Finally the effect of engineering insurance is investigated on the opti-
mal preventive maintenance and replacement scheduling. Results show
that engineering insurance affects the optimal maintenance scheduling
seriously, therefore ignorance of engineering insurance in maintenance
scheduling problem lead to inefficient scheduling plan. In future re-
searches the effect of preventive maintenance on premium of insurance
can be investigated.
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