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Abstract

A set of technical, administrative and managemetiviies done during the
life cycle of equipment in order to improve its dition and functioning to a
proper and expected level is called maintenanceaganent system (MMS).
The framework and models of assessment in ordentiance effectiveness of a
MMS could be proposed in two categories: qualiwmd quantitative. In this
research, the self-assessment’s dimensions of M&ighwaffect the successful
implementation of this system in companies havenbestablished and
examined. This research uses a case study andvrev&hodology (second
hand material such as TPM, ISO 14224 and IEC 6@308-and RAMS model)
to extract dimensions, related indices and issumsitahow MMS must be
measured and self-assessed these dimensions acesinéiccording to surveys
and studies done by the authors the common dimensb frameworks and
models for evaluating MMS have been determined whicludes; maintenance
organization, training programs in maintenance, ntemiance reporting,
reliability engineering, maintenancegeneral practices, financial optimization,
asset care continuous improvement, maintenanceractingg, document
management, the safety level of work environmemtintenance inventory and
purchasing, predictive maintenance (PdM), mainte@eanvork orders,
maintenance planning and scheduling, maintenancemation(CMMS),
operations/ facilities involvement on running of intanance programs,
preventive maintenance (PM) and maintenance qualdmagement (MQM).
Additionally, this paper presented a self-assessrramework based on the
above mentioned topics for evaluation and placemoktite MMS according to
the total score obtained in a Wireman pyrariiden, according to the review of
the literature, the appropriate indicators for edchension of evaluatiohave
been extracted and the framework has been testegdetrochemical company.

Keywords: maintenance management system; self-assessmenevwfoaky
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1- Introduction

On the one hand, the increase in investment orstridlmachinery and automation, and the increasing
financial and economic value of machinery, on tfephand, made managers and industry owners think
of logical solutions that enable them maximize ukéfetime of manufacturing equipment and extend
their economic life cycle. In industrial plants, chinery is constantly being eroded, so one of tlestm
significant issues is maintenance of machinery. Teeessity of designing and implementing
maintenance systems in factories is one of thécakiand vital issues in today's industry. Savihg t
nation's funds and the high expenses of purchasiachinery and equipment warrant a rational and
planned use of machinery and demands a timely er@anice of machinery and equipment. Strengths and
weaknesses of this sector directly affect proditgtiand profitability of production (Tabatabaei al,
2007) Maintenance is a pervasive issue in an azgton / company that involves sense and operdtiona
incentives and decision-making at different levelsorganization from operators to managers of the
organization. Maintenance is an administrative avahagerial process and maintenance decisions made
must be based on management maturity and engigeérachnical sophistication in order to meet
universality and overall acceptability of the wharyanization. Thus, maintenance should be planned,
implemented, and controlled in the form of a plagndr engineering system from the very beginning of
project investment (for example, expanding the cipaf production or building a complex / refingtp
continuous productivity so as to ensure the perémee and efficiency of equipment as well as comstan
production. Therefore, the components and processemintenance system in an organization must be
clearly defined in a standardized form and the @ggees involved in maintenance must be designed from
the very beginning (Marquez, 2007).

Self-assessment models and frameworks of mainten management system are presented in two
categories: qualitative and quantitative. Most dtiative assessment models proposed in previowakestu
are based on TPM concepts or related standardsasut30 14224 and IEC 60300-3-14 standard while
guantitative models are based on indicators sucgkli@bility, availability and maintainability. Reatly,
the RAMS system including the above-mentioned iatdics along with safety issues has been
increasingly utilized

1-1- Common framework for improving maintenance

Different frameworks and techniques have been dsedissessment of maintenance management
systems. For example, Wireman proposed a set ofecative steps for  the implementation of
maintenance in order to ensure that all of the temance management functions are carried out. He
believes that there should be a preventive maintnin the first stage before moving on to the sép.
The second step is the establishment and impletmmtaf CMMS. He states that before taking
reliability-centered maintenance (RCM) and preditinaintenance programs, a well-disciplined system
to do tasks (for the right timing and implementataf the activities in order of priority) and a sy for
the management of maintenance resources are réguitee operator also must be aware of the
importance of their role in the maintenance gentrattioning. In this case, in addition to theiter@s a
regular employee of the organization, the operatassigned to perform and implement the maintemanc
processes in the next stage. It should be notadl®isl, which is an initiative of 1980, is composefd
management initiatives and interventions (like TQt can help an operator play their role and can
help promotion of the use of optimization technsjJu€PM can also prove beneficial in creating the
necessary structure for the maintenance in thenagiion and will facilitate continuous improvememt
maintenance activities. See the overall picturé/aeman model in Figure 1 (Marquez, 2007).

126



Scores Limits Grade

Continuous
Improvemen I
I TPM I I Optimization I 980-1000 lgdu‘nced

-

Ma

Secondary

turi

Pradictive Invelvemant RCM 200-380
Maintenance in Operation

I Warehouse and I WO System CMRAS I I Training I 201-900

Procuremant Swvstem

Initial

Au8ayu

601-800 ru -active PM

501-600 lActive PM
I - - . . M S W —— - — -

Preventive Mamtenance 0500 e-active PM

Figure 1. Framework and maturity level of maintenance manmeegg system based on Wireman (Marquez, 2007)

Campbell & Jardine (2001) also suggests a formalcuire for the effective management of
maintenance (see Figure 2). This process begitsdeiteloping a strategy for each asset and islglose
related to the business plan. Aspects related teahuresources that are needed to create culturabeh
have been considered in this model. Next, the drgdan gains control to ensure the proper functibn
each asset's life cycle. This is carried out byithplementation of a CMMS, a maintenance function
measurement system, and planning and schedulingaliretenance activities. In this regard, a différen
set of tactics are employed based on the seleofitihe value and risk of the asset to the orgaiginat
Among these tactics, Campbell & Jardine (2001) edthsider the following:

» Operating a machine until failure occurs,
e Duplication,

» Scheduled replacement,

» Scheduled overhauls,

* Ad-hoc maintenance,

* Preventive maintenance,

e Age or use based maintenance,

e Condition based maintenance, and

» Redesign.

Finally, Campbell & Jardine (2001) proposes the langentation of RCM and TPM as two highly
successful methods for continuous improvement. Isi@ icommends that process reengineering method
(activity-based process mapping technigues, teclesidor analysis of the process value, and innewati
and visual techniques for the process) to makeamadlic and noticeable improvement, if used step by
step.
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Figure 2. Maintenance framework based on Campbell (Cam@bé#rdine, 2001)

Pintelon and Puyvelde (1997) provide an instrunientevaluating the performance of maintenance.
The instrument consists of a control board andt @fseeports to analyze specific ratios. This instent
is used in various areas under the maintenance gaarent control: budget / cost of equipment,
personnel performance, materials management arncbttimy work priority. For each of these areas th
control board displays the ratios in different was actual or expected data, goals, necessitigls, an
requirements. Waeyenbergh and Pintelon (2002) sksthe framework that involves the main aspects of
maintenance management. This framework is madéd tnoddlocks:

» Activities related to system design, operations ageament/ maintenance management: This aspect
associates maintenance management with broaderelssstoncepts and contexts; business in which
marketing concepts, operational and financial issare interacting with each other not the type of
business in which each operation is confined tosying its own limited goals. In this study,
maintenance management has been considered amaagcfunction of operation.

» The second block concerns decision making aboutter@nce management is control and planning
which includes decisions that maintenance managinathe main three functions of (marketing,
finance and operations), resource management afatrpance reporting. Maintenance theories and
methods are technically more complex (e.g., maartea technology, the study of technical content
materials that can improve maintenance like metbbdepair or new monitoring techniques to
improve maintenance design) and they have not tieectly discussed here.

1-2- Measurement and Control of maintenance management activities
A complete set of indicators for monitoring and meying maintenance management can be found in
references Wireman (2005) and Campbell & Jardir@®1p For example Wireman defines a set of
criteria which are divided into cooperative, finabcefficiency, technical, and functional groupsthe
source (Wireman, 2005). He asserts that peoplelghme the indicators that are correctly linkedhwit
cooperative indicators. Objectives of performamzidators are as follow:
» Identifying the strategic objectives
» linking core business processes with the objectives
» Focusing on significant success factors and pugsp@rformance processes
» Identifying possible solutions to the problems
To assess the various instruments of maintenanoageaent, a group of indicators are shown in the
Wireman'’s book. Table 1 displays a summary of aousrfunctions related to maintenance engineering
unit.
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Table 1. Classification of functions within the ME methaddarquez, 2007)

Failure analysis, reliability analysis and r
analysis of the system’s operation
Design of the maintenance p
Ensure the total employees involvemen
maintenance, to pursue continuous improvement
Management of maintenance resou
Functions of the M Analysis and preparation ofliability and
Methods pillar availability data of the system
Optimization of the Analysis and preparation of maintenance finar
maintenance policy data of the system
Modelinc systems for their maintenance pol
optimization

Measurement and control of maintenance engineactigities

Design of the maintenance
plan and its process of
continuous improvement

1-3- Maintenance assessment framewor ks and models

With the emergence of various methods and techeituémprove work, we are increasingly seeing
progress in many aspects of our industry. The memd these methods is to provide strategies oohwhi
we can rely in order to identify the work detaitsdastages correctly and select the best methodrty c
out each and every stage. In the present era, mmegsihe performance is the best ways to obtain
information for decision-making in organizationsdaplays a vital role in their success. However,
majority of organizations have not developed anglegyed proper formal processes for evaluating their
performance (Tabatabaet al, 2007). The most important issue in the implemon of optimal
maintenance in industry is having sufficient daid aformation to identify the gap between the X
conditions of the organization and the idealaitin and finally take the steps needed to fill ¢herent
gap between the two situations (Jalali & Mahpeyk009). To this end, several models have been
developed to measure the performance in organimtibough each has its own advantages and
disadvantages. If we develop a unified approachudiicg a uniform set of criteria for the evaluatioh
their performance among organizations, it will,rthenable us to relatively compare organizations in
terms of their performance. Evaluating the perfarceaof organizations includes defining approprese
of criteria, taking into account the entire inpptpcedures, output, and the whole consequencdseof t
organization activities. Such evaluation would deamanagers to compare the performance of the
organization not only with other organizations bigo with the performance of their own organization
over the past years (Tabatabaeal, 2007). Various methods have been used to agsessaintenance
system both qualitatively and quantitatively. Aza@¢ al (2010) improved the maintenance process by
using a method called fuzzy inference for evalgathme failure of pumps in the petrochemical industr
Tabatabaiet al (2007) provided a practical model of BSC to emleathe performance of maintenance
system in a manufacturing plant and utilized appadg criteria for reporting of the system for eaxth
the aspects mentioned in the strategy map (Tabeitabal, 2007. Jalali & Mahpeykar, 2009) provided a
check list for audit of maintenance activities. &tet al (2005) used a preventive maintenance in
cement rotary furnace considering the availabiityyomponents in a system, Davoodi and Ghahramani
(2010) employed a reliable method for maintenanemagement of rail. (Avestakhat al, 2012)
assessed the level of safety in production envierimusing fuzzy method. One of the most significan
issues affecting the effectiveness of a maintenaystem is frameworks and models used for the
evaluation of maintenance system. Earlier resesiatlies indicated that such frameworks and models
have been offered in two categories: qualitativé gnantitative. Most qualitative evaluation modais
based either on TPM concepts or on the audit oftaragement system standards such as IEC 60300-3-
14 (reliable management system), the standard I&224l (principles for collecting reliable data and
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maintenance), etc. In some cases, however, assgtsshased on RAMS model have been proposed. In
effect, in such a model of maintenance evaluatihe, quantitative approach is mainly adopted.
Quantitative models are based on indicators ofbélty, maintainability, and availability. In rene
years, RAMS system (including safety parameteraddition to the above-mentioned indicators) has
been utilized as one of the most widely used syst@mong quantitative models.

2- Resear ch M ethodology

2-1- Completion status of the proposed framewor k
By reviewing earlier research studies, we foundtbat various dimensions influencing maintenance
were identified and dealt with by researchers. glimensions are presented in the table below.

Table 2. Frameworks and models have been studied by vaaigilors

Main topics Reference Y ear
Shankar & 2003
Reliability analysis to study the PM influence Sahani
Jalali & 2009
Provide an implementation check list for a TPM egst Mahpeykar

Provide a mechanism of fault finding, pumps by zzfuinference system Azadehetal. | 2010

Provide PM policy considering the optimal avail@pibf system Ostadiet al 2005
Using the relations of dependability in order t@ess the reliability of rail Davoodi, 2010
failure and its growth rate Ghahramani

Provide functional model of BSC to enhance maintera system ,
. tabatabaet al
performance of a manufacturing plant 2007

Develop a comprehensive approach to evaluating faetwing systems Rezaieet al

based on the dependability indices 2009
Tavakoli-
Using TPM to improve status in Babacan textile camp Moghaddanet 2013
al.

Use of maintenance quality management and presePié® technique
(optimization PM) as an efficient approach to efiate unnecessaty Ramezani &

maintenance activities Barzegar 2011

Risk assessment to determine safe levels of primiuenhvironments by fuz.

method Avestakharet al | 2012
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Table 2. Continued

Main topics Reference Y ear

Provide a framework for evaluating and improving tperformance of Ebrahimipour & 2006
shipboard equipment based on the dependability Suzuki
Presentation the approaches for predictive anabygtential human error Kim & Park 2010
Presentation PSQmodels and offer maintenance programming to éstapl

) o A Suresh &
units based on the optimization of the componestaguprobabilistic risk 2010

T Kumarappan
optimization method
Evaluation of CBM in multi component systems with the economic
relationship between the various components andiggca CBM procedure
for them based on PHM model and develop a numealcmdrithm for the Tian & Liao 2011
accurate assessment of the cost of PHM based ounltacomponent CBM
approach
Presen'gatlon a new application of virtual mainteeato maintenance safety Genget al 2013
evaluation
Improve the efficiency, reliability and safety asisted with rail maintenance
tasks using FMECA and provide new maintenance iactivased on the Jaehoon & Jeong 2013

evaluation results of preventive maintenance tasks

2-2- The proposed framework for the evaluation of maintenance management system

In Table 2, the Frameworks and models studiedvémyous authors are presented. Each of these
researchers focuses on particular aspects of dwmluaf maintenance management system. Upon
classifying these scales as well as the requinegtiisions for maintenance of this system, the faligw
pivots have been suggested. To validate these spitloé authors of this article reviewed the related

research studies to provide the correspondingesudieach pivot (table 3.).

Table 3. The authors focus on different aspects

Main topics References

The safety level of | (Avestakharet al, 2012), (Gengt al,2013), (Jie,Wensheng, 2012), (Zahara,

work environment | Mushalia, 2012) (Hinze Thurman, Wehle, 2013), (Bnp2000), (Schrors, 2010

~

Preventive
Maintenance

(Ostadiet al, 2005), ( Jalali, Mahpeykar, 2009), (Shankar,a8a2003),
(Wireman,2004), (Kolahan,Doostparast,2014), (Mefeteam,2012), (Garcigt
al., 2014), (Selvik,Aven, 2011), (Dehayem,Gharbi, P01

! particle swarm optimization
2 Condition based maintenance
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Table 3. Continuet

Main topics

References

Maintenance
inventory and
purchasing

(Zheng,Xu, 2004), (Wireman, 2004), (Van Horenbetél,2013),
(Smith,Hawkins, 2004)

Maintenance work
orders

(Wireman, 2004), (Palmet al, 2010)

Maintenance
planning and
scheduling

(Mérquez, 2007), (Wireman, 2004),(Commission |.8048), (Siener, Aurich,
2011),(Patankeet al,2009), (Fattahét al,2014), (Ming, Raghava ,2008)

Maintenance
automation (CMMS)

(Wireman, 2004), (Duran, 2011), (Jalali,Gholaamza@42), (Madera,Gotelb,
2012) ,(Bertolini et al, 2009),(Waeyenbergh, Pintelon, 2002)

Operations/ facilities
involvement on

running of (' Jalali, Mahpeykar, 2009),( Kim & Park, 2012), féfhan, 2004)
maintenance

programs

Predictive (Marquez, 2007), (Ming, Raghava , 2008), (Beebet20Bfthymiouaet al,

Maintenance (PdM)

2012), (Carnero, 2006), (Carnero Moya, 2004), (¥bal, 2010), (Gilabert,
Arnaiz, 2006)

Maintenance quality
management (MQM

(Kim & Park, 2012), (Siener,Aurich, 2011), (Wirem&®004), (Dhillon, Liu,
2006), (Singtet al., 2013), (Bevilacquat al, 2009), (Pandey, Vrat, 2011),
(Leonget al, 2012), (Zawawet al, 2011), (Lundteigert al, 2009)

Maintenance
organization

( Jalali, Mahpeykar, 2009) (Tavakoli-Moghaddatral, 2013) ,(Wireman, 2004
,(Hansson, Backlund, 2003), (Smith, Hawkins, 2qBBiman, Oedewald, 2006

Training programs in
maintenance

(Commission I.E, 2004),(Wireman,1992),(Smith, Havgk 2004)

Maintenance

(Commission I.E, 2004), (IS®4224,2006)(Pintelon, Puyvelde, 1997)

reporting ,(Burgman, Roos, 2007)
(Carnerc 2006, (Wireman 2004, (Zheng Xu, 2004 ,(Azadehet al. ,2010,
Reliability (Deshpande, Modak, 2002) ,(Hansson, Backlund, 2@@8pdoet al., 2004)

Engineering (RCM)

,(Nilsson, Bertling, 2007), (Waeyenbergh, Pinte2®02) , (Kolahan,
Doostparast, 2014), (Selvik, Aven, 2011)
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Table 3. Continued

Main topics References

gl\e/lr?g;ﬁr;)?gg'(u—ces (Commission |.E, 2004), (IS@4224, 2006)(IEC 60300, 2004)

Financial ,
optimization (Komonen, 2002), (Wireman, 2004),(Wessels, 200d)an, Haddara, 2003)
Asset care continuot (Wireman 2004, (Wireman 1992, (Azadehet al., 2007, (Delgadoet al.,
improvement 2014),(Cachay, Abele, 2012)
Maintenance (Wireman 2004, (ISO 14224 2006, (Teixeira de Almeid, 2001 ,(Kumaret al.,
contracting 2004),(Wu, 2012),(Jackson, Pascual, 2008), (Cavaliatial, 2008)
Document

(Commission |.E, 2004), (Wireman, 2004), (Durarl 20

management

2-3- Formulato calculate a system scor e and identify its placement in the Wireman
pyramid

If M is the obtained score of a company in mipn to the evaluation pivots, and MAX is thealot
score for the proposed framework, then:
1000 * M; * X;Ind(i, j)

max

MMS Self — Assesment = R = (1)

i=1, 2, ...,n; j=1, 2, ..,m; max shows the total score gained in the framewdkkshows weight ofth
dimension; (i, j) indicates the score of Indeat dimension andR is the average score of self-assessment
for a typical company.

The obtained score of a system for placement ipyn@mid = (1000 * M) / MAX 2

After calculating the scores, we can identify whierthe pyramid the system fits and find out the
placement of the system according to table (4).

Table 4. Determining a company's ranking Based on the scamd the Wireman Pyramid

Interval, the final score is calculated based enditoposed framewac Grade No.
0-50C Re-activePM | 1
501-60C active PN 2
601-80C Prc- active PN | 3
801-90C initial 4
901-980 secondar 5
981-100( advance 6

3- Implementation the self-assessment framework in a case study

In this study, a company and its relevant part$hef maintenance management were observed and
investigated in order to conduct a quantitativel@ation and audit of refinery maintenance managémen
system based on the designed checklist.
During the assessment, the units and individualse vieterviewed using questions included in the
checklist in order to carry out the evaluation glonith audits based on evidence of maintenance
management system. Summary of assessment providablé 5.
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Table 5. Summary earned refinery maintenance managemeretn

Number of Criteria

Dimension 1/2|3|4|5(6|7(8/9|10| 11| 12| 13 14 1516| 17 | 18| W, | T

1 | Maintenance )\ 5\ | 4151413\ 3(3]3| 3| 4|- |- |-|-|-|-|-|o012] 33 3
organization

2| Traning bl glalalalalal3| 3| 2|- |- |- |-|-|- |- |oo04| 40 364
program

3| Mantenance| o1 4\ g1 411 (3|0|4|0| 3| 4| 2| 2| - | -|-|- |- |005| 25 192
work orders
Maintenance

4| planningand | 4|4 |4|3|4|1|4(4|0| 4| 2| 2| - |- |-1]-]-1-10.06 36 3
scheduling

g | Preventve |t ) glala|alalo|al 4| 4| 4| 2| 4] 2 -| - |- |o0a| 52| 347
Maintenanc
Maintenance

6| inventoryand| 3| 1|0|2|4(4|4(4|4| 4| 2| 4| 4| - - - - - 0.06 40| 3.08
purchasin

7 | Mantenance| 51516\l 0|olala|2| of 2| 1| 2| 2| 2 3 2|- | 0o4| 20 171
automatiol
Operations/

8 facilities 4(0|2|2|4(2|4|4(4] 4| O - - - - - - 0.04 30| 2.73
involvemen

g | Maintenance| o1 41 51 0| 2|23 al- |- |- |- |-|-|-1|-|o0a| 17 17
reporting
Predictive

10 Maintenance 4(2|12|0(4(0|4|4(4| 4| 2] - - - - - -] 0.05 30| 2.73

11| Reliability 1o glola]1|0lo|o] of 2| 1| o 2| 12| 3 o 1| 0o7| 13 o072
enginering
Maintenance

12 —general | 413|1|3|3|4|3|3|0| 4] - - - - - - - - 0.5 28 2.8
practice

13| Fnancial ool ol ) 4 afo]aa| 1| 2| 1| 1| 2| 1| 2 - |- |o007| 32 2
optimization
Asset care

14 continuous | 4| 4 414|13|4 o 3 2 1 1 2| - -l - |- 0.06 32 2.29
improvement
Maintenance

15 contracting 3(3|13|4(4(2|3|0(3| 3| 2| 3| - - - -] - - 0.05 32| 2.67

16| Pocument | ololglalalalalalal al 2|- |- |- |-|-|- |- |o07| 38 327
management
The safety

17 | levelofwork | 4(2|3|1|2(21|3|3|3| 2| 3| 3| 3| 4 -| -| - |- | 005 37| 2.64
environment
Maintenance

18 quality 3|3(2[4(3|2|2(2|3| 4| 3| 4, - 1|-1|-1]-|-1-1©004 35| 2.92
managemel

Total score obtained 577 | 2.57

The total possible scc 904 | 4

The percentage of Considering coefficient = 620.1 regardless coedfi = 638.2

compliance

In the above tabldy; is thecorresponding weight (relative importance) of digien i and), is the
corresponding total scodimension iobtained and is the mean scomimensionl obtained.

After calculating the aboviable for each company, we will have:
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MMS Self — Assesment = R ©)

The resultsindicated that issues such performancetraining programsand RCM performance
improvement seem pessary. According to the scs and wiremarpyramid, the results of quantitati
assesment showed that total percent of compliance eefiris equal to 624.5 and the rankiof
maintenance managemesysten is in the active preventive maintenan&( prc- active). To reach the
next level of the pyramid (initi¢, the system needs to impmin those cases when the company ratit
low, especially in the training, CMMS, purchasing andeimory systemas well a agenda needed for
fundamental improvemerRADAR charts (Figure : were usedo show the resuli

) _Maintenarce vrganizalion
Maintenance gquality 5

Training programs
management Eproe

45
. 3.64
The safet.\; level ofwork 43 Maintenance work orders
environment 2.97 .

Maintenance planning and
Document management P gan

scheduling
3.27
Maintenance contracting 3.47 Preventive Maintenance
2.67 :

Asset care continuous 229 3.08 Maintenance inventory and
improvement purchasing
Financial optimization . Maintenance automation

2.8 2.73
Maintenance — general 2.73 Opcrations/ facilities
practices involvement
Reliability engineering Maintenance reporting

Predictive Maintenance

Figure 3. RADAR charts (finding from MMS seléssessmer

4- Resaults and Discussion

A set of technical, administrative and managemetivities are don in the life cycle of equipme to
put it in good condition antkt the equipmenhave proper and expecteahttioning. This procedure is
referred to agmaintenance management system (MMS). Given the riapee of this system in tl
companies, the significance fshmework: required for the assessmémcomes more obvio. Besides,
by reviewing the literature esearchers have realizthe importance and necessity of presenting a
assessment framework for theaintenance management systenhe Tframewor and models of
assessment in order to enhaetfectiveness of maintenance managemesyistem could bproposed in
two categoriesgualitative and quantitati. Most qualitative evaluatiomodels proposed in previous
research are based amtal preventive maintenance (TPM) concepts ande@latandards such as I
14224 and IEC 60300-B4. Quantitative mode, on the other handre based on reliability, availabili
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and maintainability measures. In recent years, oreagelevant to safety issues have also beendiexd!|u
in compliance with RAMS system. According to surveynd studies done by the authors, the common
dimensions of frameworks and models for evaluatiigS have been determined, which include:

* Maintenance organization

e Training programs in maintenance

* Maintenance reporting

» Reliability engineering (such as RCM)

» Maintenance — general practices

* Financial optimization

» Asset care continuous improvement

e Maintenance contracting

» Document management

e The safety level of work environment

* Maintenance inventory and purchasing

* Predictive Maintenance (PdM)

* Maintenance work orders

e Maintenance planning and scheduling

* Maintenance automation (CMMS)

» Operations/ facilities involvement on running ofimanance programs

* Preventive Maintenance (PM)

* Maintenance quality management (MQM)

In this paper, first the eighteen dimensions amdf tihdicators were reviewed and extracted. Thesgla
assessment framework was introduced to assesaline of these dimensions. Following the completion
of a self-assessment questionnaire, improvemerdrappties for MMS should be prioritized, providing
an ongoing illustration of the company’'s MMS.

Therefore, this paper will present a self-agsess framework based on the above mentioned tdpics
evaluation and placement of the MMS according #ottial points earned in a Wireman pyramid. Then,
according to the review of the literature, the appiate indicators for each dimension of evaluatiame
been extracted and the framework has been testadpietrochemical company. Also, to identify and
develop the assessment dimensions of MMS, severansglary data sources have been used by the
authors that have been shown in Figure 4
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Figure 4. Methodology to identify and develop, Evaluatiopects of maintenance management systems

One of the applications of the designed framewaakeldd on the above topics is to identify the
placement and location of a system, by using ttesiults, in the Wireman pyramid of promotion (Figur
1.). In other words, if the proportion of pointgmed by a typical company and ranking of wiremaent
the maturity level of maintenance system of a fivith be separable, according to Figure 1.

determine
Index for Assessment
each of the B | system based
topics on indicators
presented

Determine the)
rating number
for each inde

Locate the

number of Calculate the
Maturiy - system in the total assesse(
level Wireman

pyramid

Figureb5. Procedures determine the maturity level mainteeananagement system based on the topics
presented

Assessment result of this model will be based empttoposed framework. By using the average scores
indicating the system points and Wireman pyramid, can determine the ranking of the maintenance
management system. In other words, the averagessobtotal points will be presented in a rangé tf
1000. Then, the appropriate maturity level of th&intenance will be determined based on the maturity
levels outlined by Wireman.
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