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Abstract: This article deals with a database mode

| createctdaypputer simulation using Witness® soft-

ware. The database model was conceived as an denaimce system module and can be easily inter-
connected with any system. The database modeéds tassupport scheduling or human resource man-
agement during the course of centralized plannirgintenance. Maintenance with centralized human
control is favourable for companies supplying exgpem and special technologies (e.g. manufactures of
machine tools) or for international companies haviseveral locations in different parts of the world

(e.g. the automotive industry). The aim is to iower

the efficiency of maintenance workers and #émis

sure lower prices, quick re-planning, and decretiagel costs, accommodation costs, etc.. Random fai
ures and non-expected phenomena are also consideattiom situations or alternatives can be simu-

lated before they actually occur.
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1. INTRODUCTION

Modern equipment control and maintenance system
based largely on remote internet management akedcal

e-maintenance systems. They present a collection o

technical tools which are used to monitor machires
motely and also to perform some specific corregtion
Error-predicting analytical tools can be used famitor-
ing, the interconnection of machines, control ayste

camera systems, diagnostic systems and machine mal

agement systems.

Remote management technical support, which e
maintenance systems are largely based upon, sheuld
in accordance with direct support provided by tedin
workers: specialists on specific machines and @svic
directly on site. The e-maintenance system alsngbri
considerable savings by using a minimum number o
workers for the maintenance of machines, specialsto
and devices. The e-maintenance system also tengseto
specialists for specific machines, thus providingare

In this article we propose a decision support model
;or managers. A computer simulation module is a@at
using Witness® simulation software. It deals witte t
ptimization of the number of workers or specialist
eeded to perform maintenance of machines with com-
mon malfunctions where maintenance needs to be per-
formed. The module includes both preventive mainte-
nance and pseudo-random malfunctions of common
gperations. An optimization module is used to eatdu
the results. The complete computer support syst@m ¢
be interconnected with pre-existing basic e-maimtee
'systems. Actual data can be loaded and operatiams
be optimized to achieve maximum effectiveness. <tlas
cal measures such as time, accessibility, prodttiv
etc., are used for evaluation together with measast

fusing the multi-criteria functions.

2. CONTEXT OF THE PROBLEM

To stay competitive, companies must decrease their

professional approach to problem diagnosis and-especosts as much as possible and optimize their mefns

cially the speed with which these problems areeshlv
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production. One of the objectives of maintenanceice

is to increase the availability of equipment. Tis-
provement requires good management of the workforce
and its skills.

It is difficult to precisely determine the require
number of staff in maintenance service [5 and Th-E
ployees have different skills and different quahfion
levels. Then, the duration of a task and thus #eice
reactivity will depend on the selection of the eayges
assigned to the task.

There are various forms of maintenance management.
Indeed, if the company itself does not conduct teain
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Fig. 1. The context of e-maintenance.

ance, this can be sub-contracted. The monitorireyem-
tive, and corrective maintenance can thus be detfus
directly to the manufacturer of the equipment @hkpert
on this type of equipment) or with a company spesd
in industrial maintenance (an expert in the fieldnmni-

toring and remote maintenance for the equipment in-

volved). The equipment can also be rented, andaihim
tenance is not conducted by the user companyniatso
be sub-contracted [4].

The emergence of new technologies has changs
maintenance service management. Indeed, if equipmer
can be remotely monitored or better maintained, new

organisation can be set up. Our activity deals ik
new context. We consider an e-maintenance serkie t
has to maintain equipment in different sites (Big.

One of the problem in such a context is the manage-
ment of human resources [5]. When maintenance dhas

be performed on the equipment, one has to defiriehwh
human resource is well adapted to do the operafibis.
decision should take into consideration the avditgb
and location of the resource, the nature of theaijms,
the priority of the maintenance task, etc. Theisieo-
maker will take also take into account cost, imaoce
and other factors, such as limited resources, itwripize
the work [1, 8 and 3.

3. SSIMULATION SYSTEM AND MODEL
DESCRIPTION

INPUT

INPUT
_A DATA
e-maintenance e-maintenance —
Data Excel
DATA

Excel — Witness

OUTPUT
DATA
EXCEL -
e-maintenance

U \withness

OUTPUT
DATA
Witness — Excel

Fig. 2. Simulation data for e-maintenance-simulation safev

To address the needs of e-maintenance it is possible

{o create a model that will simulate all situations. These

are, for example, the creation of a layout of machines
anywhere in the world, respecting necessary transporta-
tion times from placé to placeB, etc. The model cre-
ated in simulation software can be directly connected
with an e-maintenance system using standard means.
The data can be inserted directly from a single database
or from Microsoft Excel, etc. The models created can
possibly be expanded for random disturbances, not only
of machines, but also of transport or other random phe-
nomena (Fig. 2).

These combinations are made by the Optimizer
module which is already implemented in the Witness

The computer simulation is based on a computesystem. Here, all combinations can be optimized (which
model that describes the behaviour of a devotedl reds time-consuming when we have many variations) or we

system. The model created serves for later exgertsn
to find reserve funds, or to simulate situationsiclith
apply to “What will happen if ...” (e.g. drop flowraw a
new machine, rebuild layout, increase production)..

can use some algorithms to lower the number of
combinations. In this case we run the risk of not figdin

the optimum combination but what is known as sub-
optimum. When performing all the combinations we
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Fig. 4. Optimizing criteria and MCF.

check the impact of k-factors havimg, g2 ..., gk of tions of several indicators with assigned imporéanc
various levels. Then, to analyze the combinatioms i coefficients. In effectiveness function we make wde
which the simulation experiment must be carried Nut quantitative as well as qualitative parameterstaod we
simulation runs would need to be preformed with thehave to quantify the qualitative units. For examplec-

simulation model. If none of the runs repeat, themN  €ss quality can be quantified usipgmindicators, num-
will be valid: ber of complaints, number of rejects, etc.

N = ql* q2* LL* C]k. (1) 5. KINDSOF MAINTENANCE

To decrease the selection of the number of combina- For the suggested model to correspond more closely
tions, the Optimizer module is able to exploit, éxam-  to reality, five kinds of maintenance are purpossay for
ple, Adaptive Thermo statistical Simulated Anneglin €ach machine (Fig. 3) [6].
Hill Climb, Random Solutions, user defined Algorith, 1) Preventive Maintenance by specialist workers -
etc. With these methods the time needed to searché ~ Planned checks - preventive checks and maintenance,
optimal variant can be decreased down to a tentheof like guarantee checks, etc.
original time. Each of the stated methods hasarsiqu- 2) Corrective Maintenance by specialist workers -

larities and their reliability is described in titerature. this covers malfunctions caused by a collision vath
machine. In the majority of cases these major maku

4. EVALUATION AND ORDINATION OF tions demar]d replacement of damaged parts by $pecia
VARIANTS ized techmuans. _ _
3) Preventive Maintenance by the machine operator
The evaluation and ordination of variants runs base this kind of maintenance is also defined as machine
on a selected parameter or value of the multiwtaite cleaning. Many companies incorporate a fixed timghe
function. In this model, we focus on the functi@&lu-  production plan for such idle time.
ating production systems or their parts from mbanta 4) Corrective Maintenance without a specialist
single point of view. Almost always they are conabin worker - this kind of operation is unscheduled aad be
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handled by local operators. It covers especialy-teear  number of specialists and the other finds the nunalbe
program corrections or the replacement of a toak if setup workers depending on an increasing number of
breaks down. machines.

5) Corrective Maintenance by an e-maintenance spe-
cialist — in this kind of e-maintenance, specialist techni- _ ((lodging cf,) + (travellingcost: cf,)
cians ana!yze the machines remotely. They intenmene MCF_1= +(scalevagé cf,) @)
the machines, programs and control systems remotely ,
(the main benefit of e-maintenance). 1

The malfunction times in the first two cases are (ZCK =1)
shortened by 1/3, compared to standard maintenance. =
The specialists are able to analyze the majoritprob-

lems beforehand. They can download error conditions (lodging* cf,) + (travellingcost* cf, ) +

directly from the machine and perform the mainteean
before actually arriving at the machine.

6. OPTIMIZING CRITERIA

The justification for using optimalization with cem
puter simulations for business processes, or ratoen-
puter simulation in e-maintenance is not rare. Triost
important consideration in computer simulationstas
find an optimal model setting, depending on theailtast
values of the of multi- criteria function. When optimiz-
ing a future state it is possible to select a dffeé num-
ber of criteria than when optimizing a critical tstan e-
maitanance (e.g. future: no. of workers and machare
variable, Critical: no. of workers are variable,. rmaf
machines is constant.). Except for the number ibéréa
it is possible to solve their priority.

Some optimizing criteria were selected to allowtas
perform advanced experiments with the model. Tte fi
criterion selected was the optimum number of sgistsa

(scalewaget cf,) +

+((max.pars, - actualparts) * cost +
(max.parts- actualparts) * cost, +
+(max.parts- actualparts) * cost, +
...+ (max.partg - actualparts) * cost )
*cf,

MCF 2= @)

@n“cfx = 1)

8. SAMPLE MODEL

The goal of the sample model is to determine the op
timal number of special workers for e-Maintenance.
Multi-criteria functions are applied to determinbet
optimum number of workers.

Witness® simulation software is developed and dis-
tributed by Lanner Group Ltd. The software is uged
the complex simulation of corporate processes.

needed for the management of machines in the model.

The function is performed using a number of workers
the value of which is a function variable in thega of

8.1. Description of simulation model
Suppose there are three separate workplaces (Paris-

1+ x. The subsequent function with a variable parameteBordeaux-Lyon) and an e-maintenance central office

is machine priority with the range of+ln, wheren is the
current number of machines in the model.

Another variable function is the quantity of maws
in the range of ¥ m where situations are simulated with
an increasing number of machines in the process.

The variable of criteria and defined priority ap-
plied to create the Multi-criteria function.

7. MULTI-CRITERIA FUNCTIONS

Multi-criteria functions are created to evaluateogn
timum variant as well as the order of the variaithen
this function features a single criteria (parametéris a
single-parameter

located in one of these cities. To find the timeded to
relocate workers from one place to another we hse t
route planning software Route66®.

Single machines in the model have five types ofcbas
malfunctions and maintenance implemented (Fig. 5).
Some of them are directly loaded from the e-maimer
system using an MS Excel spreadsheet program, while
others are produced by means of a pseudo-random gen
erator of random numbers directly implemented ie th
simulation software. The results of the simulatiame
obtained in tables and graphs of workloads on singl
workplaces, workers etc.

function with a single-parameter8.2 Setting and results model

evaluation. When we use functions made up of many 1) Preventive Maintenance with specialist worker -

parameters, we have a multi-criteria evaluatione Th
Optimizer module arranges the order of individuativ
ants according to these defined functions.

To define multi-criteria functions, we used multi-
criteria decision-making theory. Each of the multi-
criteria functions consists of individual critegad their
weights. A function must always be either maximigor
minimizing and individual criteria must be definad-
cordingly. In order to set the weight of individuaiteria,
we used expert estimation method [2].

Two multi-criteria functions are used in the model
(MCF_1 and MCF_2). The first one defines the optimu

planned checks - Extent of these checks ranges &om
hours up to a week and data is downloaded fromuyarod
tion scheduling using MS-Excel spreadsheet software
the future, a direct link to the e-maintenance esyst
database is planned.

2) Corrective Maintenance with specialist worker -
Recovery time ranges from 8 hours up to three days.
When simulating, these malfunctions are defined by
normal distribution and for random times. Malfuncis
are generated directly by the Witness® system.

3) Preventive Maintenance with machine operator
in the model itis fixed as 1 hour a week feRaday
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2 Breakdown v Mo. of Op = 172800.0
3 Breakdown I Available | 72460
4 Breakdown r Busy Tim ¥ 673.0
i) Breakdown 3 Mo. of Op = 30 = 24 =60

Fig. 5. Turning machine breakdowns in the simulation saftv

Table 1
Tablefor setting MCF
number travell cost PHM km coast SUM
Paris - Bordeaux 7 8270€ 583 678.01 €
Paris - Lyon 9 T920€ 463 79151 €
Bordeaux - Lyon 2| 103.85€/1392 308.34€
1.777 86 €]
number of parts  cost/part |cost parts Number-MAX
Bordeaux - P1 4554 020¢€ 910.80 € 5182
Lyon-P2 3339 040€ 1.335.60 € 3867
Paris - P3 3087 035€ 1,080 45 € 3323
SUM 10980 3326 85€ 12372
number of labours \cost labours/term |MCF - 1 18853.572
specialist w. - L1 1 18,000.00 €|MCF - 2 8272.406

from 15.00 to 16.00). Another case of this kindadin-

mation systems and sensor data obtained direatin fr

tenance can be resetting the machine for a new dype the machines.

production, e.g. a batch change, etc.

The Optimizer module retrieves data from a table

4) Corrective Maintenance without specialist worke processor and sends it to Witness® simulation sofiw
— the time required to clear such malfunctions esng which is carried out by computer simulation and the

from 2 minutes up to 2 hours. Malfunctions are getes
directly by the Witness® system and they are defiog
normal distribution and for random times.

partial results are re-entered into the tables. e
processor then calculates the multi-objective fiomct
with assigned weights (Table 1). The next stephit t

5) Corrective Maintenance with e-maintenance spe-Optimizer again retrieves the results of the meriieria
cialist — idle time on a machine is defined again by Wit- function and assigns a given set of results inradiog or
ness® system in the range from 5 up to 120 minuteslescending order for further evaluation. This pssces

using a random separation of approximately once
month (Fig. 5).

The link between software Witness® and MS Excel

aepeated for all variants of the set or the nunidfenp-
tions for the chosen optimization algorithm.
The selected optimal variant is then introduced int

is provided using OLE communication. It is basedson practice.

criteria variables (Travel, repair time, ...) iretsimula-
tion system, whose values are either loaded otesriio
the tables in the external software (Table faipte-
nance.xl}.

Commands in the simulation software:

XLWiteArray
("\\'mai nt enance. xI s", " Travel ", "$B$2", P_B

)

RowNunber 11 = 3
RowNR11 = 2
RowCut put 11
XLReadAr r ay
("\\' mai nt enance. xI s", "repai r- ML1", " $A$"
+ RowNunber 11, ProcessTi nell)

2

8.3. Simulation
A table processor is used for a more user-friemaly
terface and easier connections to other enterjrfee-

9. CONCLUSIONSAND PERSPECTIVES

The article describes a simulation model created f
the purpose of testing the use of computer sinariaif
corporate processes in e-maintenance, specifidally
advanced human planning taking random conditiotts in
account, their workload, the impact of the numbér o
machines on the number of specialists, etc.

The computer simulation of corporate processagusi
a multi-criteria decision-making method seems toabe
tool which usefully compliments e-maintenance syste
and is able to increase the competitiveness ofsttse
tems.

Further work can extend these results. We can com-
bine scheduling approaches with this simulation @hod
It would be interesting to define more preciselg tri-
orities assigned to each task with an adapted stihgd
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method. An efficient scheduling method for this demm
is not trivial and needs to be explored. Anothesgiae

extension could be to add the spare parts managdmen

the e-maintenance simulation model proposed.
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