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Abstract
The increasing numbers of complexities in

production systems have a major impact on the
maintenance service. In recent years, there have
been many attempts to develop methods and tools
in order to improve the availability, reliability and
maintainability of production resources. In this
respect, our main goal is to develop a method of
audit in maintenance within manufacturing
companies; we are keening also to have a major
role in the continuous improvement of this field.
This research is also a complementary section of
our work regarding the development and
selection of measure indicators as well as the
observation of indicators used in monitoring the
performance of the maintenance function [EIf
03]. Our approach is based on the a functional
analysis of the maintenance (known as the APTE
method), thus we will use a set of tools which
will help us to develop a set of audit standards
and create a set of indexes to analyze the results.
This of course will allow us to elaborate a
diagnosis of the maintenance function within
each company.

Keywords: Maintenance, Audit, functional
analysis, APTE, maintenance index, referential.

1. Introduction

Nowadays, the industrial company undergoes
major and profound changes. It is constantly
confronted to a world of ruthless competition
which always seeks to improve the quality and

prices of products as well as the production time.
Therefore, manufacturing companies have

123

same time, more powerful and more fragile [ZWI,
96]. However, they undergo unexpected
disruptions related to the availability of
production facilities, the non-generated quality,
and safety concerns about people and goods or
even problems related to the environment respect.
All the above mentioned reasons demonstrate the
urgent need and the importance of the
maintenance to all equipments throughout their
life cycle.

According to the French standard NF EN 13306,
maintenance stands for a set of all the technical,
administrative and management activities during
the life cycle of an entity, these activities are
designed to maintain or restore it to a certain state
to perform a required function. The current
activity of maintenance goes under the
framework of participating in the achievement of
productivity goals, next to profitability and
business growth. It is therefore crucial to ensure
the well-functioning of the maintenance service.

This study aims at elaborating diagnosis and
measuring the performance of maintenance
function within the company. We used a
functional approach to divide the maintenance
function into a set of sub-functions, in order to
elaborate a referential as well as to define a set of
efficiency indexes that help to examine the case
under study and evaluate the performance of the
maintenance function. Using this method will
help us determine a well positioning in
accordance with a reference rather than an
interior situation in the frame of a continuous
improvement process.
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2. Brief History of the audit of
maintenance:

Since the beginning of the industrial era,
maintenance has become more organized and
developed. Now the simplest act of maintenance
has become an important factor to improve
quality, guarantee safety, respect deadlines and
productivity or the competitiveness of big
companies [Mon 00]. Moreover, it is clear that
maintenance has experienced throughout this
evolution important improvements under the aim
of making it both effective and optimum. In this

respect, we can mention: the systematic
preventive  maintenance, the  conditional
preventive  maintenance, the  predictive

maintenance, the integrated maintenance in the
design, the overall cost of lifecycle, the total
productive maintenance, maintenance based on
reliability, the computer-assisted maintenance,
aid expert systems for diagnosis , or even
maintenance audit [Zwe 96], [Mon 00], [Fra 99],
[Lav 92], ...

According to the international standard 1SO
9000: 2000, an audit stands for a methodical,
independent and documented process to obtain
audit proofs to be evaluated objectively in order
to determine to which extent the audit criteria
were satisfactory». An audit enables us to
compare between plans and achievements as well
as to characterize the suitability between the
referential and the target goals [Lav 98].

In this context, several studies have been carried
out in the field of maintenance audit. In addition
to that, many companies have developed their
own internal audit methods of their production
systems. However, only few studies have been
published. In this respect we can mention the
studies carried out by Y.LAVINA and those of
I’ADEPA and CETIM [lav 92], [Ade 95].
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3. Functional APTE

method

analysis:

The standard X50-150 defines:

- The Functional analysis is an approach used to
identify, characterize, organize, prioritize and
enhance the functions of a product,

- Functions as well as actions of a product or
even one of these components are expressed
exclusively in terms of finality.

The product can be:

*A material (existing or new,
sophisticated, repetitive or unique)
* A process (industrial or administrative)

e Or a service (within the company or for
external sell).

simple or

During this study, we opted for an inventory
method from the external environment (APTE
Company’s property), this method fits the
organization and the description of the
company’s performance and uses a different
vocabulary:

- Service functions (SF) are called basic
functions; they include main functions (MF) and
constraint functions (CF):

= The main functions (MF) represent the purpose
of the maintenance service (product) and reflect
the urgent needs. Each MF should be connected
to at least two external services (satellites) via
the maintenance service (the central pole). They
are translated by verbs expressing the action of
the maintenance service regarding external
Services.

=Constraint functions (CF) reflect the actions
and/or reactions of the maintenance service
performance compared to the different external
services and being used in a system (company)
and in a certain environment. Each CF should be
connected to the maintenance service (the central
pole) and an external service (Satellite).
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- Technical functions (TF) cover both the
elementary functions and design features [Del
91].

The application of this method requires the
following three steps:

* Looking for the fundamental need,
* Looking for exterior environments,
« Looking for different functions.

4. proposed model: implementation of
the APTE method to the maintenance
function:

4.1 Searching for the fundamental need:

It consists of discovering the basic need of the
maintenance service.

4.2 Searching for exterior environments

Generally speaking, external services of the
maintenance service in any manufacturing

business are the following: Management,
Finance  Department, Sales Department,
Purchasing and Suppliers Department, IT,

Health and Safety Department, Human
Resources Department, The Production Methods
Department, Department of Outsourcing, Quality
Department, Environmental department,
Production Department, Stores and Stocks
Department, After sales Services, and Training
services.

4.3 Searching for different sub-functions
(components) of the maintenance function:

The implementation of the APTE method in the
maintenance department in order to determine
functional diagram bloc that demonstrates the
internal mapping of the maintenance function
requires determining; firstly; all of its internal
and connected components (sub-functions)
which are justified by the design of the
maintenance department [EIf 03]. They are
determined as follows:
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A recording function, management and
decision: It is the unit of receiving the various
orders soliciting the different maintenance
services; it is also the center of making
decisions and management and it includes:
management of maintenance  activities,
materials management, management of stocks
and supplies, the economic management, the
investment management, the management of
human resources, conflict management [Ber
96] and security management,...

A historical function, databases and
feedbacks: This function contains all the
information about the maintenance department.
Its main role is to ensure the control of
documentation that are related to the
maintenance department (the input,
measurement, control, storage, processing,
distribution ...) [Ber 96]

Analysis and studies function: This function
deals with the study of reports, the analysis
historical interventions. It used to identify,
classify and codify all production equipments,
carry out studies and researches (AMDEC
machine, fault-tree analysis, FMDS...) on
strategic  equipment to  prevent their
dysfunction and develop a set of indicators
which allow the orientation and evaluation of
the maintenance function ...

Methods function: its mission is to define the
policies and maintenance rules as well as the
relevant procedures (based on certain data,
analysis, diagnosis and expertise...).

A preparation function: it’s responsible for
planning, defining and providing the best
conditions for the execution of maintenance
work. Its main mission is making procedures,
determining needs and publishing business
records [Mon 00].
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Planning and scheduling function: this
function is responsible for managing time for
maintenance works and makes schedules for
them with the major program of production
(cutting, detection of links between various
tasks, and finally detecting priorities).

Stocks and spare parts function: it’s
responsible for maintaining an acceptable
threshold level of spare parts and stored tools.
Its main role is to find a compromise in order
to obtain the positive role of indicated
regulations for minimal costs [Cou 95].

An execution function: it is the achieving
component of the maintenance function. Its
mission is to use the means at its disposal and
following the given procedures (that have been
already established) and guidelines to maintain
or restore the equipment to the indicated state.

The control and operating function: Its
mission is to control the well-functioning of the
equipments that went under maintenance
interventions and provide suitable conditions
for their performance.

Staff and training section: Due to continuous
technological progress and in order to make the
maintenance staff acquires new diagnostic
skills, this section is designed to provide a
continuous training to agents and to implement
update programs [Smi 94].

Outsourcing function: this function aims to
determine the maintenance interventions to
outsource, choosing subcontractors, developing
the relevant contracts and launching an
intensive and continuous control to tasks
progress.

Accounting and valorization function: Its
mission is to enhance the different solutions
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adopted through calculating the overall costs in
order to compare them with estimated figures.
In the case of a given device, when there are
several maintenance policies, this function
enables the user to choose between the various
equipments from the same given program in
order to enhance the maintenance policy of the
equipment in use, it is used also to determine
the optimal age for replacing equipments and
estimating the maximum of the allowable
budget for maintaining the necessary
equipments [Bou 98].

4.4 The determination of the basic functions:

As we have mentioned above, we used the same
approach for the implementation of indicators
for measuring the performance of the
maintenance function [EIf 03] as illustrated by

Human
resource
S

the new diagram below:

Purchasing
and

suppliers

Subcontracting
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Fig 1: Main functions diagram

Table 1: Main functions and constraints
generated functions
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Main functions (MF) Constraint
functions (CF)
MF1: allows production to |CF1: collaborates

meet the requirement of the
commercial and marketing
function (quality, amount,
costs and deadlines).

MF2 : allows the
production function to meet
quality requirements

MF3: allows the
production function to
respect environmental
requirements.

MF4: allows function of
storing management to
indicate the needed
equipments of production
in terms of spare parts.
MF5 :along  with  other
functions such as the
production function,
management, human
resources, and contracting
and finance function, this
function  contributes to
specify the needed
maintenance tasks to be
subcontracted, and helps to
choose subcontractors and
also to develop the relevant
contracts

MF6 : enables the
production function to
function in accordance with
health and safety
requirements

with the production
function to achieve
the main plan of
production (MPP)
CF2: collaborates
with the production
function in order to
specify and
integrate
maintenance
proceedings in the

main plan of
production (TPM)
CF3: involves
production staff in
data collection
regarding the
equipments
performances.
CF4: involves
production staff
when analyzing
errors.

CF5: participates
in a new or an
updated
implementation  of
production
equipments

CF6: works in
collaboration  with
the production
function in
identifying,
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Main functions (MF) Constraint
functions (CF)
MF7 : contributes along prioritizing
with the purchasing and equipments as well
suppliers function to as in collecting

defining specification,
selecting suppliers,
purchasing suitable
equipments and
participating in their set up
MF8: sets a budget to the
maintenance function in
order to maintain
production tools.

MF9 : Contributes to the
computerization of all tasks
including the maintenance

of  production  means
(archive, processing,
planning)

MF10 : Contributes to the
improvement of products,
processes and production
means (ameliorative
maintenance, integrated
maintenance in design)
MF11: Along with the
human resources function,
this function contributes to
the coaching, employment,
training and integration of
the production staff within
maintenance programs
MF12: Together with the
function of after sales,
commercial and marketing
function, this  function
makes sure that the
company’s customers are
satisfied (reparation,
availability of spare parts
and other services).

basic and matching
data.

CF7: works with
the  function of
storing on providing
the  best  stock
service for spare
parts.

CF8: collaborates
with the human
resources function
to recruit, train and
motivate the
maintenance
function staff.

CF9: works with
methods department
on comparing the

company's
maintenance tools to
those of similar

enterprises or to
those proposed by
technology.

CF10 :undertakes
corrective actions of
maintenance on the
production means

CF11: applies
conditional

measures while
maintaining the

production tools
CFi2: applies
systematic
maintenance
measures on means
of production

CF13: applies
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Constraint

Main functions (MF) !
functions (CF)

maintenance
improvement

of production

measure on means

At this stage of our methodology, we have
developed all the basic functions. They establish
a general representation to the different
situations where maintenance is valid in the
frame of fulfilling its purpose within the
company. In other words, how it responses to the
requirements of its environment (external
environment: production, quality, environment,
after sales ...). They describe all situations where
actions take part in the maintenance function:
preventive maintenance, corrective maintenance,
ameliorative maintenance, outsourced
maintenance, repetitive maintenance. Hence, the
technical functions (elementary functions and
design functions) will describe the internal
mechanisms (internal maps) of the maintenance
function whenever this latter is valid [Ric 96],
[Ade 95], [Lav 92], [Fra 99], [Lav 98], [Per 96],
[Lee 94], [Bou 98], [Smi 94].

The main goal of this approach is to detain a
referential ~ through  established technical
functions which form a detailed and an
exhaustive representation (description) of the
logical functioning of various activities of the
maintenance function when performing a basic
function in a certain given situation.

Once the set of standards is gathered, the
auditor has the right at first to ask questions
allowing  understanding the  maintenance
function through using and implementing the
collected data. Then comparing the obtained
results to our set of standards as well as
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identifying the level of conformity and
evaluating differences. This approach can be also
applied for placement in an internal situation in
the frame of a process of continuous
improvement of maintenance function.

During this audit approach, the auditor is free to
ask questions that are considered useful to
estimate effectiveness (progress, performance ...)
of each technical function. He/she can therefore
add or subtract questions in accordance with the
particularities of each company. The auditor can
also remove some basic functions if their use is
not necessary. Therefore, the audited company
will not be charged for the unused of the
functions.
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Maintenance
fiinectinn

APTE METHOD

Basic functions: main and
constraints ones

Technical functions:
- Basic functions
-Design features

» Referential related to technical
functions
»A (uestionnaire for the
assessment of each function: basic

or technical
Optimization

Audit
Referentia

[ Conformity ]

Continuous
improvement

Fig 2: Summary diagram of the proposed
model

5. Application:

129

ISSN: 2395-3470
Www.ijseas.com

The industrial implementation of our approach
of maintenance audit, as well as the elaboration
of indicators for measuring the performance took
place in a company of plastic and textiles that is
certificated 1SO 9000 and owns both very old
and modern equipments.

In the following, we will give a detailed
presentation about the gathered results during the
processing of the main function MF1: that
enables production to meet the requirements of
the commercial and marketing function in terms
of quality, quantity, costs and deadlines.
Therefore we will consider the following
situations:

» Deferred corrective maintenance

» Urgent corrective maintenance (in case of
delayed)
maintenance and

*Preventive (conditional

systematic).

After checking, we will be working on the case
of deferred corrective maintenance:
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&

Recording, management

and decision making

History, databases
and feedback

FE1

Formation

[ Commercial function ]

Fig3. Functional diagram of non-urgent
corrective maintenance

The technical functions arising are (See Fig3):

e FE1: Receive record and
maintenance intervention requests.

e FEZ2 : archive recording and decisions

determine

: : | Control and initiation '-
)
°
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FE3 : launch the preparation of requested
task

FE4: identify the equipments in question.

FES5: use (consult) the documents related to
equipments (machines files).

FE6: consult (use) documents related to
analysis and specific studies related to the
equipments in question.

FE7: wuse (enable) the procedures of
maintenance interventions that are pre-
established by method function.

FES8: specify tools and spare parts in need.
FE9 : specify staff in need

FE10: specify external services to solicit.
FE11: evaluating costs.

FE12: planning maintenance tasks.

FE13: launch the established procedures
related to the safety instructions.

FE14: supply the tools and predefined spare
parts.

FE15: perform maintenance works according
to the schedule.

FE16: control and set up equipments.

FE17: report the effectiveness of
maintenance (development, causes, duration,
used means, controls, setting up machines and
remarks ...).

FE18: restart production.
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We then assume the part of our relative set of
standards for non-urgent corrective maintenance,
as well as the performance index for assessing
the effectiveness of its functioning as the

following:

Table 2. Referential (set of standards) related to
the status of non-urgent corrective maintenance.
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Constitutive Technical Functions of

Note

the main function (MF1) (Ni/10)

Weight
(Wi)

causes, duration, used means, control,
remarks...).

- Re

-launching of production.

6. Evaluation system proposed:

1.

Constitutive Technical Functions of
the main function (MF1)

Note
(Ni/10)

Wei Cﬁr

I3

- Reception, recording and making
maintenance intervention requests.

- Recording archiving and undertaken
decisions.

- Launching preparation of requested
tasks.

- ldentification of equipments
question.

- Consulting documents related to the
equipments in question (machines
folders...).

- Consulting documents related to
analysis and specific studies of
equipments in question.

- Launching procedures related to
maintenance interventions that are
made by the method function.

- Specifying tools and spare parts in
need.

- Specifying personal in need

- Specifying external services needed.
- Estimating time needed for a certain
operation.

- Estimating costs

- Planning for prepared tasks.

- launching procedures which go in
conformity with safety instructions.

- Supply tools and spare parts in need.
- Executing tasks according to the
schedule.

- Checking and restarting equipments.
- Making reports (about functioning,

in

sco
rels
fun

Exarn
tech
relaté
recof
effeg
decis
ques
anottf
estah
parti
in co

Ques

Every technical function is assigned to a
e Ni between 1 and 10, which represents an
mation of the degree of achievement in
tion with the reference. Determining this
re was achieved through a questionnaire
ted to the achievement of the technical
ction in question.

nple of the evaluation of the first
nical function: possible questions are
2d to the way and practices of receiving and
ding requests (supports, procedures,
tiveness...), as well as how to make
ion (concentration, prior evaluation) .These
lions may differ from one company to
ner; they depend on the history, the
lishment, the activity section and
cularities or characteristics of the company
ncern.

stions used in the case of our company:

All these questions are related to methods and

requ

Q1.
recei
S0, W

Q2:
decis
orde

Q3:
estin
this?

rements of applying the standard 1SO 9000:

Is there a procedure which describes
ving mode of maintenance work orders? If
ho’s responsible for 2And how?

Is there a procedure which describes
ion-making  concerning maintenance
s? If so, who’s responsible for? And how?

Are tasks orders evaluated (nature,
ation, deadlines)? If so, who is in charge of
And how?
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Q4: Are those decisions made based on
assessments? If so, who is in charge of that? And
how?

Q5: Is there a procedure which describes
recording management mode (tasks orders and
decisions)? If so, who is in charge of that? And
how?

Q6: Are those records established, maintained,
legible and easy to identify? If so, who is in
charge of this? And how?

Q7: Are retention periods defined and enforced?
If so, who is responsible for that? And how?

Q8: Do computer  backups  perform
appropriately? If so, who’s in charge for that?
And how?

2. Each technical feature is assigned to a
weight Wi between 1 and 5; it is an estimation of
its degree of relevance and importance.

3- We determine the assessment of the
realization degree of the deferred corrective
maintenance in case of the main function MF1
by calculating the overall average of estimations
of the technical functions (sub-functions) that
compose it:

@)

This approach can be applied on other situations
of the main function MF1 (urgent corrective
maintenance, predictive maintenance) and other
basic functions (the main functions and
constraint ones) constituting the maintenance
function. This will determine the strongest and
effective points as well as the unfulfilling or
unsatisfactory ones.

M = SINi*Wi) / ZWi

Thereafter, we will apply this same approach to
the overall maintenance function:
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Table 3. Evaluation of basic functions

Note
(Mi)

Items of maintenance
function

Weight
(Ki)

- Main function 1
Situationl
Situation2

- Main function 2

- Main function 12
- Constraint function 1

- Constraint function 2

- Constraint function 13

In order to evaluate the effectiveness of the
overall maintenance function, we can proceed as
follows:

1- For each basic function (main function or
constraint function), we assess its achievement
degree by calculating its average Mi as it’s
already explained. It represents an estimation of
its progress effectiveness.

2- We affect to each basic function a weight Ki
between 1 and 5; it represents an estimation of
its degree of relevance.

3- We determine the evaluation of the well-
functioning of the overall maintenance function
progress by calculating the overall average of the
basic functions (Table 3):

MG = Z(Mi*Ki) / £ Ki
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These various indexes will allow to evaluate the
performance of the maintenance function within
manufacturing companies as well as to estimate
differences in comparison to the reference. They
can also help in assessing the effectiveness of
each of these internal components.

Results of the audit in the case of our
company:

- Lack of life-cycle cost,
- Lack of studies AMDEC,
- Lack of environmental protection procedures,

- Lack of tracing regarding some performed
tasks,

- Lack of check listing related to certification,

- Bad management of documents related to
equipments,

- Lack of knowledge in terms of maintenance
management.

7. Conclusion

Being exposed continuously to severe
constraints in terms of cost, quality, delivery,
and safety, industrial production systems have
become more complicated and sophisticated.
This makes the maintenance function facing
daily complicated problems that need a set of
concepts, tools and methods to be solved as well
as to enhance and improve the maintenance
service. In line with this, this study is based on
the functional approach (APTE method) to audit
the maintenance function in the frame of a
continuous improvement process. This is an
original approach which let to determine all
situations  which  necessitate acting and
elaborating an audit referential of the
maintenance function.

Using this approach will enable us to evaluate
the performance of each component of the
maintenance function. It will also help in terms
of detecting and correcting dysfunctions,
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preventing errors, and optimizing the use of
resources in order to have a dynamic and a
continuous improvement with significant gains
in terms of performance, deadlines and cost.

8. Bibliography

[Ade 95] ADEPA-CETIM-UTC «Auto
diagnostics de la fonction maintenance »,
Publication du CETIM, 1995.

[Ber 96] Bergot M., «Une vision systémique de
la fonction maintenance », Travail & méthodes,
n°525, 1996.

[Bou 98] Boucly F., « le management de la
maintenance évolution et mutation », Edition
AFNOR, 1998.

[Cou 95] Courtois A., Bonnefous C.M., Pillet
M., «Gestion de production », Les éditions
d’organisations, Paris, 1995.

[Del 91] Delafolie G., « Analyse de la valeur »,
HACHETTE Technique, 1991.

[EIf 03] Elfezazi S., Mokhlis A., Benmoussa R.,
Hachkar M., Talbi A., Bouami D., « Vers un
outil, basé sur I’analyse fonctionnelle, pour
la mise en ceuvre des indicateurs de mesure de
performance de la fonction maintenance »,
Revue Francaise de Gestion Industrielle, Vol 22,
N° 3, 2003.

[Fra 99] Francastel J-C., «La fonction
maintenance de I’expression a la satisfaction du
besoin », Afnor, 1999.

[Lav 92] Lavina Y., « Audit de la maintenance »,
Editions d’organisation, 1992.

[Lav 98] Lavina Y., Perruche E., « ISO 9000 /
EAQF : Maintenance et assurance de la qualité,
guide pratique », Editions d’organisation, 1998.



International Journal of Scientific Engineering and Applied Science (IJSEAS) — Volume-2, Issue-4,April 2016

IJSEAS
[Lee 94] Leenaerts R., «conception et
élaboration du dossier machine, université

catholigue de Louvain»

[Mok 01] Mokhlis A., Elfezazi S., Bouami D.,
«Une  approche  fonctionnelle de la
maintenance », Actes du Colloque International
Conception Production Integrée CPI’01. Fes,
Maroc, 24-263 Octobre 2001, pp 25.

[Mon 00] Monchy F., « Maintenance, méthodes
et organisations », Editions DUNOD, Paris,
2000.

[Per 96] PERES F., «outils d’analyse de
performance pour stratégie de maintenance dans
les systemes de production », Thése de
doctorat de [I’université de bordeauxl, 1996.
Imprimerie  DEROUAUX ORDINA, Liege
Editions, 1994.

[Ric 96] Richet D., Gabriel M., Malon D.,
Blaisson G., « Maintenance basée sur la fiabilité,

un outil pour la certification», Collection
Organisations Industrielle, Editions Masson,
Paris, 1996.

[Smi 94] Smit K., Slaterus W. H., « Gestion de
I’information pour le management de la
maintenance, le modéle MIMM », Edition
AFNOR, 1994.

[Zwe 96] Zwengelstein G., « La maintenance
basée sur la fiabilitt. Guide pratique
d’application de RCM », Editions Hermes, Paris
—1996.

9. Authors biographies:

Ahmed MOKHLIS is a professor in the
Department of Industrial maintenance at the
Higher School of Technology of Safi. He is
member of the Research Team in Industrial

134

ISSN: 2395-3470
Www.ijseas.com

Engineering at Cadi Ayyad University. Dr
Mokhlis’s research interests in the area of

measuring the performance of industrial
processes, and industrial indicators.
Said ELFEZAZI is a professor in the

Department of Instrumental Techniques and
Quality Control at the Higher School of
Technology. He is currently responsible for the
Research Team in Industrial Engineering at Cadi

Ayyad University. Dr Elfezazi’s research
interests in the performance of industrial
processes, project management, industrial

indicators, and logistic.

Asmaa ELMORTADA is a member of the
Research Team in Industrial Engineering at Cadi
Ayyad University, her research focuses on
human resources management within industrial
enterprises.



	Weight (Wi)
	Methods
	M = ((Ni*Wi) / ( Wi  (1)

