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Preventive maintenance is a broad term that encesepaa set of
activities aimed at improving the overall reliabyiland availability of

a system. Designers of the preventive maintenacicedsiles attempt
to minimize the overall cost of system operatiohef® is no substitute
for perfection in maintenance to ensure zero breakd in machine;
therefore it is necessary to get a machinery bmakdinsurance
against the risks that might occur at businessvi®ue researches
didn’'t consider the effect of engineering insuramre maintenance
scheduling while it affect the cost function of mainance scheduling
seriously. Engineering insurance pays for all repabsts of

machinery, therefore the cost function of mainteeascheduling is
affected. This paper presents a new cost functannfaintenance
scheduling by considering the effects of engingemisurance. Due to
the uncertainty in the cost parameters relatedhto dost function

which are very common in application, the paperppsed the

application of the scenario-based approach for sphiesign of
maintenance scheduling. Then, genetic algorithndaseloped for
obtaining the optimal solution of the proposed sibmodel and the
effectiveness of this model is illustrated throaghumerical example.

1. Introduction

Maintenance Planning and Scheduling are key elesrtbat influence the true success of any
organization. Many times we have a planner or @atscheduler, but do not know how to
use him or her effectively or efficiently. When wadk about maintenance planning, we are
talking about higher wrench time. At this time ebaomic uncertainty, a higher wrench time
equals lower cost, which results in job security &l. The application of preventive
maintenance scheduling has been widely used in factowting and production systems. Past
studies have shown that most companies do not rpenfeaintenance planning effectively
thus impacting negatively work effectiveness, wtetiene, equipment uptime, equipment
reliability, and cost. If we were “Effective in Maenance Planning”, it would result in
higher Wrench Time and higher Equipment ReliahilRyeventive maintenance is defined as
a set of activities aimed at improving the overallability and availability of a system. All
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types of systems, from conveyors to cars to overlwanes, have prescribed maintenance
schedules set forth by the manufacturer that ainrettuce the risk of system failure.
Preventive maintenance activities generally consistinspection, cleaning, lubrication,
adjustment, alignment, and/or replacement of sulpoorants that wear-out. In general,
preventive maintenance activities can be categbrire one of two ways, component
maintenance or component replacement. It is clear preventive maintenance involves a
basic trade-off between the costs of conductinghteaance and replacement activities and
the cost savings achieved by reducing the oveea#t pf occurrence of system failures.
Designers of preventive maintenance schedules mstitize these individual costs to
minimize the overall cost of system operation. They also be interested in maximizing the
system reliability, subject to some sort of budgmtstraint. Many researches have been done
to optimize maintenance scheduling economicallyfeRace [1] determines optimal cost of
maintenance policies by defining the average ast of system operation, in this study it is
assumed that an increasing failure rate is basedhenWeibull distribution function.
Reference [2] develops a model to minimize theltotkating to preventive maintenance
schedules. Exact algorithms reach exact optimaltisols of mathematical models, while
approximation algorithms seek an approximation thatlose to the true optimal solutions.
Reference [3] presents a model that optimizes teeegmtive maintenance scheduling in
semiconductor manufacturing operations. They ope#mtihis model via a mixed-integer
linear programming model. Reference [4] presentgewventive maintenance optimization
model in order to minimize the total maintenancstean a production system. Reference [5]
determines an optimal preventive maintenance sd&day considering the time value of
money in all future costs. Reference [6] definesghmmation of maintenance activities cost
along with cost of unsupplied demand due to fadwkcomponents in the objective function
to optimize maintenance strategy. Reference [7$gts a model in order to optimize the
maintenance policy for a component with randomufailrate. Reference [8] presents an
optimization model to schedule a preventive maiaee. He considers the total cost relating
to operations as the objective function and sothhesmodel using Bender’s decomposition.
Reference [9] present two mixed-integer linear pamogning models for preventive
maintenance scheduling problems and use CPLEX péeimment the optimization models for
a case study of railway maintenance schedulinger@ate [10] develops an age based
nonlinear optimization model to determine the oplipreventive maintenance schedule for a
single component system. Reference [11] developetimonlinear optimization models, one
that minimizes total cost subject to satisfyingeguired reliability, one that maximizes
reliability at a given budget, and one that miniesizthe expected total cost including
expected breakdown outages cost and maintenante cos

Because of complexity of maintenance schedulintah®airistic algorithms have been used
in several researches ([12]). Reference [13] useetir algorithms with simulated annealing
in order to optimize a large-scale and long-terravpntive maintenance and replacement
scheduling problem. Reference [14] uses an antngolalgorithm to optimize the
maintenance scheduling. Reference [15] proposesaeechniques to represent the decision
variables in preventive maintenance scheduling tsdtiat use heuristics and metaheuristics
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optimization algorithms. Reference [16] use a genalgorithm combined with simulated
annealing to optimize maintenance scheduling. Refer [17] develops a novel multi-
objective genetic algorithm in order to optimizeyntive maintenance schedule problem.

In the area of application of preventive maintergarn manufacturing and production
systems, many researchers are done. Referencprisgnts an application of combination of
maintenance scheduling and job assignment in bligian systems. Reference [19] present
an integrated preventive maintenance and inventogtrol simulation model for a
production line with multi-component. Reference ][20esents an optimization model of
integrated preventive maintenance planning andymtomh scheduling for a single machine.
Reference [21] present comprehensive researcleadrintegrating preventive maintenance
and production scheduling.

Previous researches didn't consider the cost dueergineering insurance while the
engineering insurance in real application of indust noticeable and in many cases it affects
the decision making about the maintenance schegluingineering insurance policy pays for
all repair costs of machinery; therefore the casiction of maintenance scheduling is
affected. So, it is necessary to rewrite the costtion by assuming the cost of maintenance
which is compensated by engineering insurance. A& previous researches optimized
maintenance by considering only one scenario whitepossible that the machine faces with
different scenarios. In addition we should be awtag under these conditions, the input
parameters are not deterministic. This study revidge cost function of maintenance
scheduling and optimized it under different scevsrior input parameters using genetic
algorithm. The organization of the paper is asofe$f: In Section 2, engineering insurance is
illustrated and in Section 3 the optimization madathich minimize the total cost are
presented. The structure of the robust design nsodstrated in section 4, in Section 5 the
genetic algorithm is presented, the optimal vaesldre calculated in section 6 and finally,
conclusions and the future researches are discussedtion 7.

2. Engineering Insurance

Engineering involves significant risk — for us, obusiness, our clients and the wider
community. Building and engineering insurance cawer builder against any issues which
can arise with a construction. This type of insgeaalso covers engineering equipment that
can cost millions of dollars and liability againdte work of contractors. Engineering
insurance covers the cost of repair of those itefmplant where there is an element of
breakdown. Machinery Breakdown (MB) insurance aff@rotection against sudden and
unforeseen physical loss or damage to machinerghwihés been erected and is operational
or at rest. It is basically an accident insuranoe eannot be construed as a "life insurance”
for machines. This is because machines have ofiiyited life span due to wear and tear.
Therefore, machinery owners must depreciate thachimes annually and establish reserves
for replacement. Warranties and service contraetsnaportant but they don't cover many of
the common causes of machinery breakdowns. Maintenaontracts cover routine service
such as cleaning or adjustment, but they don'fpagamage due to operator error, the cause
of over 35% of machinery breakdowns, but machimeeakdown insurance does. Warranties
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and maintenance contracts also don't pay for bssimgerruption or income loss resulting
from breakdown. They don’'t pay for spoilage, damagesurrounding property or extra
expenses to restore operations. Machinery Breakdosurance can cover all these risks.
The amount of premium paid is calculated basistyipe of equipment insured and their
capacity. Every different machinery type attractifferent premium rate.

3. Formulation

3.1.Notation

N: Number of components

T: Number of periods

J: Number of intervals

[i: Scale parameter of component i

Bi: Shape parameter of component i

ai: Improving facter of component i when the prevesiimaintenance is done

Tri: Time required to replace component i

oi: Percent of premium which is paid when the cone i is replaced

7i: Percent of maintenance cost which is compenshyedngineering 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 efipd |

yij: Effective age of component i at the end ofipéj

mij=1 if component i at the start of period j isintained otherwise mij=0

rij=1 if component i at the start of period | iplaced otherwise rij=0

N;j;: Number of failures of component i in period

f;(t): Probability distribution function (PDF) of compemt failures

Fij: Total cost due to failure of component i irripe j

P;: Premium of component i

Rj;: Cost due to replacement of component i in period j

M;;: Cost due to maintenance of component i in period |

Z: Fixed cost of system

The interval [0, T] is segmented into J discretienvals, each of length T/J. At the end of
period |, the system is either, maintained, remace no action is taken. If the maintenance
activity occurs at the end of the period for comgran, the effective age of it at start of next
period is as follow:

Xij+1 = AYij

0<ac<l1 (1)
Whena=0 the component seems replaced, also followingtou is true:
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T
Xij+1 = 0iYij = Xij + Ty Tei + 7

(2)

To option the cost function of maintenance schedulve categorized related costs as follow:
i) Unexpected failure cost: we must account for the inevitable costs due tplammed
component failures, therefor we compute the explestenber of failures of component i in
period j, as:

Vijj
E(Nl,]) S f fi (t)dt

Xi,j
() =Apthi~t t>0 (3)
Therefore the total cost of failures attributaldedmponent i in period j is as follow:

F; = FE(N;)) 4)

i) Replacement cost: we assume that the replacement cost is the ipitiadhase price of the
component. If we replace component i in periotig, itelated cost is as follow:

R;; = ryjR; + &P, (5)
iii) Maintenance cost: if we maintain component i in period j, the relhtost is as follow:
Mj; = muM;(1 — 1) (6)
(1 — ;) Represent the percentage of maintenance cost wieabwner must be pay.

iv) Fixed cost: a fixed cost of downtime equal to Z be chargegeriod j if any component
(one or more) is maintained or replaced in thaioger

3.2.Cost function

Summation the previous costs results the finad togtion
N T N N

C= F1+R1+M1+ Zl— 1— i — Ly
ZZ[ j j il ;[ ( 1_[1:1( my; — 13;))]

i j=1

C=3L, 2, [(Fi f,Zl]] ABitPitde) + ryR; + 8P + mijMi] + X2 - [T, (1 — my — 13))] (7)

The purpose is to optimize a schedule of futurenteaince and replacement actions for each
component over the period [0, T].

4. Robust Optimization

Imprecision in the input parameters is one of teasons for lack of confidence in the
economically designed of maintenance variabless Shows the necessity of robust design
procedures for maintenance scheduling. In thise@sponsidering the impreciseness in
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estimating the parameters will reduce the coshefdperation. Specifically the maintenance
and replacement costs are not deterministic; dieopremium and other parameters of
engineering insurance may have been under diffesegnarios. Robust economic designs
aim at reducing the monetary losses occurring essalt of departure of the model from
basic assumptions. The non-availability of pre@semates of cost and process parameters
for use in the cost function indicates the needdbust designs in maintenance scheduling.
Some robust optimization methods such as simplgghiielg method considering the
probability of occurrence, regret value and min-megret model are the most significant
among others. One of the robust optimization apgres is scenario-based approach in
which cost parameters are defined by different @&ges. The scenario defines as a set of
model parameters that can be realized in the ptmauenvironment. When there is more
than one scenario, maintenance scheduling shouldbeodesigned for one particular
scenario. Since maintenance plan which is desifmedne scenario may results in higher
costs when the other scenario is realized. Themypti maintenance scheduling is to be
obtained in such a manner that the cost of oper#ti@ process with all possible scenarios is
minimized. Reference [22] proposed a framework rfyust discrete optimization, which
seeks to find a solution that minimizes the woestecperformance under a set of scenarios
for the data.

Three different designs have been suggested basddedfollowing discrete optimization
measures:

a. Absolute robustness. The absolute robustness criterion is explained aseasure that
selects the design that minimizes the objectivesacall scenarios.

b. Robust deviation: The robust deviation is explained as a measutestiacts the design
that has the smallest deviation from the best ptsgierformance for each scenario.

c. Relative robustness: Relative robustness is explained as a measurséleits the design
that has the smallest percentage deviation fromb#st possible performance for each
scenario.

4.1.Robust optimization approach
Minimize C
Subject to: my+1; <1
x;j and y;j must be positive

A; B; a; T; 8; are belong to dif ferent scenario (8)

5. Genetic Algorithm

One of algorithms to solve the cost function of manance scheduling is genetic algorithm
(GA). GA algorithm is a global search and optimizattool in biological system ([23]). The
algorithm is based on Darwin's evolutionary theand has been structured by [24].This
algorithm is different from the other optimizatitools because it considers many points in a
search space simultaneously and works directly witket of parameters characterized as
strings of chromosomes instead of parameters tHeesseln addition, it uses the
probabilistic rules for the search of solutionsc&ase of the complexity of the cost function
in the maintenance scheduling model, the GA algoritis more suitable than exact
algorithms and can lead to better results in comparwith the classical optimization tools.
The GA used in this paper is explained as follows:

Stepl. Twelve initial solutions (chromosome) areagated.
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Step2. Fitness function value for each answer cancbmputed by equation (7).
Step3. After selecting chromosomes with high figndsnction (parent), the crossover
operator is applied to the parent chromosomesliasvisi

D, = 0.4R + 0.6M
D, = 0.6R + 0.4M 9)

Where D; and D, are new chromosomes after crossover operator @n pérent
chromosomes R and M.

Step4. Operator mutation with rate of 0.1 will wank population; to do this we use a non-
uniform method.

Stepb. After repeating steps 2 to 4 for 100 tin@&sneration) we stop the algorithm.

6. Results

Results are shown in Table 1, 2 and 3.

Tablel. Optimal values of variables under firstnsce

component s B, a, N 5, FféLI);re M ai r(l:toe;ance Repl;t)::tment
1 0.000348 2.4 0.787401 0.8 0.1 200 30 210
2 0.000387 2 0.761577 0.8 0.1 190 27 220
3 0.000395 2.1 0.74162 0.8 0.1 220 60 255
4 0.000384 1.8 0.707107 0.8 0.1 160 37 190
5 0.000379 1.5 0.69282 0.8 0.1 170 45 215
6 0.000367 2.2 0.806226 0.8 0.1 230 33 245
7 0.000322 25 0.866025 0.8 0.1 150 40 185
8 0.00031 1.6 0.824621 0.8 0.1 235 25 225
9 0.000358 1.7 0.72111 0.8 0.1 225 44 220
10 0.000341 2.3 0.818535 0.8 0.1 205 50 260

Table2. Optimal values of variables under secoed&ado

component A B, @ T 5, Fzél(l)lsjtre M ai r(l:toe;ance Repl gg;ment
1 0.000274 2.6 0.687356 0.7 0.15 181 39 231
2 0.000294 2 0.672684 0.7 0.15 172 35.1 242
3 0.000297 2.15 0.661174 0.7 0.15 200 78 280.5
4 0.000292 1.7 0.640896 0.7 0.15 145 48.1 209
5 0.000289 1.25 0.632358 0.7 0.15 154 58.5 236.5
6 0.000284 2.3 0.697901 0.7 0.15 210 42.9 269.5
7 0.000261 2.75 0.730605 0.7 0.15 137 52 203.5
8 0.000255 1.4 0.708087 0.7 0.15 213 32.5 247.5
9 0.000279 1.55 0.649182 0.7 0.15 205 57.2 242
10 0.000271 2.45 0.704729 0.7 0.15 187 65 286
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Table3. Optimal values of variables under thirchsc®

Failure Maintenance  Replacement

component A B; o T 8; cost cost cost
1 0.000316 3.8 0.687356 0.8 0.2 315 30 277
2 0.000339 3 0.672684 0.8 0.2 330 24 290
3 0.000343 3.2 0.661174 0.8 0.2 3825 90 336
4 0.000337 2.6 0.640896 0.8 0.2 285 44 250
5 0.000334 2 0.632358 0.8 0.2 322.5 60 283
6 0.000327 3.4 0.697901 0.8 0.2 367.5 36 323
7 0.000301 4 0.730605 0.8 0.2 277.5 50 244
8 0.000294 2.2 0.708087 0.8 0.2 337.5 20 297
9 0.000322 2.4 0.649182 0.8 0.2 330 58 290
10 0.000312 3.6 0.704729 0.8 0.2 390 70 343

7. Conclusions

In this research, the cost function of maintenasaeeduling is revised and a part of cost
due to maintenance and replacement is compensgt@dabhinery breakdown insurance.
After that, we solved a numerical example in whilee cost parameters are considered not
deterministic, therefore; a robust model of maiatese is proposed. To compute the optimal
results, a genetic algorithm is developed. Findhg effect of machinery breakdown
insurance is investigated on structure of the ogtimpreventive maintenance and
replacement scheduling. Results show that the MachiBreakdown insurance affects the
optimal maintenance scheduling seriously.

In future researches we can utilize this approalcbnathe reliability of plant should be taken
into account and solve the model using anothemopation method. Also we can consider
the time value of money in all future costs andgevhe cost function.
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