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ABSTRACT 

The maturity of the current production systems allocates the company in 

scenarios of success or not in achieving the goals of the business. It is 

enhanced through the use of tools and methodologies to support 

decision-making in all layers and sectors of the company. In this scenario, 

researches on the maintenance management are so relevant because its 

objectives affect directly system reliability, indicators of quality, safety 

requirements, environmental impacts and operating costs. Selecting the 

right maintenance policy has become one of the most important decision-

making actions in the industry. In contemporary maintenance techniques, 

Reliability Centered Maintenance (RCM) is a systematic process that 

analyses the functions and potential failures of a physical asset, with 

focus on the preservation of the systems functions. In this context, the 

present paper investigates the RCM models in the literature concentering 

in the methodologies applied and in practical approaches.  
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Based on this, a customized deployment model was proposed combining techniques 

and tools in a structured methodology for the selection of maintenance actions. The 

steps and details of the implementing are enhanced with a practical approach in 

multiple case studies in different industrial sectors. Results of the increase of the 

systems reliability are validated by a failure rate analysis before and after each 

application. More, questions about security, environment and costs are highlighted, 

generating a new knowledge base and promoting continuous discussions in order to 

improve all the process involved. 

Keywords: Reliability Centered Maintenance, Maintenance Strategies, Failure 

analysis, Pulp mill, Fiber wood, Case Study. 

1. INTRODUCTION 

 Globalization, increased levels of automation of industrial processes and the 

ambition to production best practices increase the demand for an increasingly effective 

maintenance (SALONEN; DELERYD, 2011). According to Samet et al. (2010), the 

performance of a strategy is usually evaluated in terms of the average total cost at a 

particular horizon in terms of availability or production system. Thus, the maintenance 

policies to be employed in an industry or process should be carefully selected because 

they have a direct impact on costs. 

 For Tsarouhas (2011) the purpose of maintenance strategy is to increase the 

time between failures and reduce repair time. Thus, it is expected that effective 

maintenance policies can and, in fact, reduce the frequency of interruptions for 

maintenance and avoid the most undesirable consequences of such interruptions.  

 Traditional maintenance policies spread the belief that all faults are dangerous 

and should be avoided. However, a detailed analysis confronts this statement in two 

ways: 

 (i) often, the technical point of view, it is not feasible to avoid a failure; 

 (ii) even if all failures could be avoided, what would be the cost of this action?  

 In this scenario emerges the RCM methodology that, according to Deshpande 

and Modak (2002), provides a framework capable of reducing maintenance activities 

and costs related to them as far as possible without affecting the performance of the 

plant, product quality, safety or environmental integrity.  
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 However, for the RCM deployment success, aspects should be observed of 

each conceptual model and the specific variables of the industrial system selected. 

This perception becomes difficult for the diversity of technologies involved the MMIS 

(Maintenance Management Information Systems), the organizational aspects and the 

maintenance structure as a whole.  

 Thus, the creation of customized models with references in the RCM standards 

increases the chances of implementation successful. Still, the application of models in 

real industrial systems highlights the difficulties and explains the need for a good initial 

planning, a structured and organized deployment and a suitable program of 

continuous improvement. 

 This paper is organized as follows. Section 2 introduces a review about the 

RCM methodology, with a historical overview with emphasis in the standards created 

to different approaches. Some questions that are expected to be answered with the 

RCM methodology are commented and a generic deployment model is introduced. 

Section 3 exposes towards of the deployment model used in the present paper.  

 The evolution steps are detailed, since the study preparation until the 

continuous improvement monitoring. Finally, Section 4 presents the deployment model 

applied in a fiber wood production system. The steps are implemented detail, and the 

results are presented and discussed. 

2. RCM BACKGROUNDS 

 The Reliability Centered Maintenance emerged in the late 60s, initially targeted 

for the aviation industry, with the aim of directing the efforts of the maintenance for 

components and systems where reliability is critical. Its main objective is to ensure that 

performance, safety and environmental protection are cost-effective (MOUBRAY, 

1997; SIQUEIRA, 2009; WANG; HWANG, 2004). 

 The aviation industry has been the forerunner in research reliability and effects 

of failures in maintenance, in order to meet the requirements of the FAA (Federal 

Aviation Agency), which was concerned about the high rate of failure in the engines of 

the Era’s aircraft. In the late 60s, the ATA (Air Transport Association of America) 

created the MSG (Maintenance Steering Group), a task force to review the application 

of existing methods and maintenance techniques for aircraft maintenance 

(BACKLUND, 2003; SIQUEIRA, 2009). 
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 In the early 70s, Nowlan and Heap, subject to the ATA, published the MSG-1 

standards and MSG-2 presenting a new way in the approach to maintenance for 

aircraft, focusing on the impact of the lack of reliability in operation and safety, 

methodology that became known with Reliability-Centered Maintenance (GARZA, 

2002). 

 The MSG-3, 1980, included the previous standards, and a joint vision of the 

entire aircraft industry process being adopted as a mandatory methodology 

maintenance for new aircraft by the US Department of Defense - DoD, which is 

currently used after last reviewed in 2002 (SIQUEIRA, 2009). 

 Industrial needs of the 80s led to the implementation of RCM in other sectors 

of industry, especially in the mining and manufacturing (BACKLUND, 2003). This 

spreading of the SPC motivated the appearance of slightly different versions of the 

MSG-3. The evolution of the initiatives about the RCM methodology resulted in the 

publication of the MSG-III, as proposed by RCM-II (MOUBRAY, 1997), Classical 

Abbreviated SPC and the Experience-Centered Maintenance (ECM) (HINCHCLIFFE; 

SMITH, 2004).  It is a modern approach, now a proven and accepted methodology 

used in wide range of industries.  

 Studies have been found in the literature, generally, with combinations of 

techniques and tools around de reliability context. Some of them define a detailed 

deployment model, exploring it step by step. Dehghanian et. al. (2013) proposes a 

comprehensive scheme for RCM, with a methodology composed for ten steps that is 

applicable for Power Distribution Systems.  

 Fore and Mudavanhu (2016) applied a RCM model with seven steps and 

applicable for a Chipping and Sawing Mil. It perceives that the related works are most 

often applied for a specific system. Other initiatives are found with applications for 

different types of industry (SRIKRISHNA et. al., 1996; BAE et. al., 2009; FISCHER et. 

al., 2012; PARK; YOON, 2012; MORAD et. al., 2014; HEO et. al., 2014; SINHA; 

MUKHOPADHYAY, 2015).  

 Gupta and Mishra (2016) purposes a SWOT (Strengths, Weaknesses, 

Opportunities and Threats) analysis and applied the model in different frameworks to 

identify the important factors for RCM implementation. However, this work presents a 
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structured and detailed deployment model, with a contemporary approach and multiple 

case studies. 

 According to Moubray (1997), when deployed correctly, the RCM will reduce 

the routine maintenance tasks from 40% to 70%, with a number of advantages and 

benefits in security, logistics, operation and management of organizations. 

 The RCM approach seeks to answer seven questions presented sequentially 

on the system or process analysis (BACKLUND, 2003 and MOUBRAY, 1997): 

(i) What functions should be preserved? 

(ii) What are the functional failures? 

(iii) What are the Failure Modes? 

(iv) What are the effects of failure? 

(v) What are the consequences of failure? 

(vi) What are the applicable and effective tasks? 

(vii) What are the other alternatives? 

 Siqueira (2009) proposes an additional issue in order to optimize the frequency 

calculation of activities: 

 (viii) What is the ideal frequency for the task? 

 To answer these questions systematically, RCM implementation process in 

maintaining a device or system can be summarized in steps (MOUBRAY, 1997; 

SIQUEIRA, 2009; SMITH; HINCHCLIFFE, 2004). The process of analysis and 

possible relationships that might be present at each stage of deployment will be 

presented below. 

3. TOWARDS A RCM DEPLOYMENT 

 RCM is a methodology used in industries with strong barriers as regards users 

(human factors) and safety levels. The deployment must be performed according to 

the operational and organizational context, observing its products, processes and 

procedures. In spite of being a standard approach, the RCM can be customized to 

particular requirements and constraints of the industry where it is applied. The 
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adaptations of the RCM application are discussed here. It should be noted that risk 

studies in the RCM analysis must also be considered when defining the methodology. 

 The present study proves that the analysis of these factors is very important, 

and is highlighted to make easier and more reproductive the RCM approach.  

 Considering the above issues, is proposed a RCM deployment program, whose 

steps are shown in Figure 1. 
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Figure 1: RCM Deployment Model (Adapted from SIQUEIRA, 2009) 

3.1. Study Preparation 

 This stage of the implementation refers to the formation of technical staff, and 

allocation of responsibilities. The objectives and scope of application of study should 

have been defined in the context of plant or asset considered in the study. They are 

certain critical parameters of the plant, as well as its operating parameters. 

 Manuals and operating instructions can be used for this purpose, as well as 

performance standards, design specifications, supplier manuals, fault data, 
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maintenance requirements, operating diagrams and technical drawings of the facility 

including its interfaces with other systems (NAVSEA, 2007; SMITH; HINCHCLIFFE, 

2004). 

3.2. System Selection 

 For system selection, the standard NAVAIR 00-25-403 (2005) suggests 

considering as priority systems those with impact on safety, the environment, 

operation and cost. Smith and Hinchcliffe (2004) add as criteria the volume and cost 

of the tasks of preventive maintenance, corrective maintenance with high cost or 

frequency and systems with a large impact on production downtime. The identification 

systems is a key part of the RCM, as the functions and system failures will be based 

on the result of this step. 

3.3. Analysis of functions and failures 

 The system functions (identified by their output interfaces) define the 

maintenance activities required for each system. Moubray (1997) points out that this 

identification will be complete only when combined with a desired level of performance 

for each function. For Mobley et al. (2008), defining the role is to describe the actions 

or requirements that the system or subsystem must perform in terms of performance 

and capacity within the specified limits, identifying them for all equipment operating 

modes. 

 Moubray (1997) suggests dividing Identified system functions and its 

subsystems into two main categories: (i) primary or main functions; and (ii) secondary 

or auxiliary functions. Smith and Hinchcliffe (2004) highlight two key points in this stage 

of the process: (i) the focus of the analysis is the loss of function rather than loss of 

equipment; (ii) failures are more than just a single, simple statement of loss of function, 

because most functions have two or more loss conditions were not all are equally 

important. 

3.4. Selection of critical systems 

 For Sautter and Wessels (2009) a criticality analysis provides a final evaluation 

of the effects of a Failure Mode and may be conducted in a qualitative or a quantitative 

approach. The quantitative approach is to achieve a critical number from failure rates, 

Failure Modes of rate effects, rate of failures with known and trusted values (See MIL-

STD-1629A and IEC 60812 that presents methods and formulas to use this approach).  
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 The qualitative method is used when there is no data available on the flaws, it 

is necessary to classify the criticality by team members in a subjective way, and 

common adoption in projects or facilities in the commissioning phase. However, as the 

system matures, data collection and the use of quantitative methods are 

recommended (IEC, 2006). 

 One method for assessing criticality is the use of the Risk Priority Number 

(RPN). Jian-Ming et al. (2011) note that the RPN is used to analyze the risks 

associated with potential failures, focusing on prioritization of maintenance actions. 

The evaluation of the RPN can be performed using equation 1 or when the detection 

level used by the Equation 2 (IEC, 2006; HUADONG; ZHIGANG, 2009). 

RPN = S × F                                                            (1) 

RPN = S × F × D                                                     (2) 

 (S) expresses the severity of Failure Mode, (F) the frequency and (D) the level 

of detection. The latter measures the difficulty in detecting, by evaluating detection 

methods available and their applicability for each failure or Failure Mode analysis. A 

failure that does not allow detection receives a high value on the scale, because the 

probability of detection is low (HUADONG; ZHIGANG, 2011; MCDERMOTT et al., 

2009). 

 Once the criticality analysis is finished, whether quantitative or qualitative, 

Failure Modes should be selected through a ranking, with a decreasing presentation 

of the Failure Modes depending on the RPN. It can be used as a selection tool, the 

criticality matrix or array of values in tables (HEADQUARTERS, 2006; IEC, 2006). 

McDermott et al. (2009) note the use of the "80/20" rule associated with a Pareto 

diagram as another tool to aid in selection of the Failure Modes. 

3.5. Critical analysis of Failure Modes and effects 

 Almannai et al. (2008) define FMEA (Failure Mode and Effect Analysis) as a 

systematic approach focusing on prevention of failures of a system, project and / or 

process. It uses an approach identification, frequency and impact of Failure Modes on 

them. 

 The FMEA process is a sequence of logical steps which begins with the 

analysis of lower level elements (subsystems or components), identifying potential 
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Failure Modes and failure mechanisms, tracing its effects on various system levels 

(MOBLEY, 1999). This tool consists of a collection of information, in document creation 

and reporting. This information should be documented in a spreadsheet that will 

ensure the documentation of the Failure Modes associated with each functional failure, 

its causes and effects, helping also in the analysis of maintenance actions RCM (KIM 

et al., 2009; ZAIONS, 2003). 

3.6. Selection of maintenance activities 

 The purpose of this step is to select the preventive maintenance activities based 

on their applicability and effectiveness. It should be analyzed their ability to reduce, 

eliminate, prevent or detect a failure reconciled to economic feasibility and technical 

analysis of the same. The analysis of the consequences of failure should be held in 

the RCM as a result of the evaluation of its impact on the following factors: (i) Security; 

(ii) Environment; (iii) Operation and (iv) Economic (NAVSEA 2007; SMITH, 1993).  

 Chosen the significant functions, RCM methodology uses a structured logic 

driven through a decision flow, based on a series of questions about the functional 

failure and Failure Modes associated with it. This will help to determine the need and 

frequency of preventive and other maintenance tasks (NAVSEA, 2007; NASA, 2008). 

 Traditionally, the RCM's decision process occurs at three levels: effects, 

consequences and causes. It represents, respectively, an inquiry into: (i) the evidence 

of function loss; (ii) its consequences: safety, environmental, operational or economic; 

and (iii) analysis of tasks. 

 Zaions (2003) notes the use of a decision tree based on the evaluation of the 

evidence and consequence of failure and logical analysis of the activities. Figure 2 

(MOUBRAY, 1997) shows a decision-making flow for selecting the maintenance 

activity. The decision flow is based on a series of questions which, according to the 

answer provided by the analyst, will lead to selection of a maintenance activity.  

 The information in decision-making should be stored in a form containing: the 

responses of the Decision Diagram, detailed description of the selected activities, 

technical information, frequency and responsibility for implementation. 
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Figure 2: Decisional Diagram (MOUBRAY, 1997) 

 After this analysis, the result must be documented in a form, assisting in the 

implementation sequence, forming a historical system for future audits (NAVAIR, 

2005). 

3.7. Continuous Improvement 

 Throughout the process of RCM analysis and after its completion, is important 

the formation of a group responsible for the audit and reporting possible updates and 

fixes to improve the methodology. This study group have to be able to answer 

questions about reliability, maintainability and productivity of process studied. The 

objective is to feed back the RCM program, to optimize continuously the maintenance 

tasks and to reach a great periodicity, increasing the system performance. 

 Smith and Hinchcliffe (2004) point the following topics for the adoption of a 

continuous improvement program RCM: (i) the RCM process is not perfect, and may 

require periodic adjustments to the reference results; (ii) the system or plant may 
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change, as change projects, including equipment, technical or operational changes 

that emerge from the results of analysis; (iii) the knowledge acquired during the 

process of analysis and implementation can be useful in revalidation of results. 

 Smith (1993) points out the following steps to a continuous improvement 

program RCM process: (i) adjustment of test results, (ii) plant modification or system; 

(iii) new information; and (iv) measuring the implantation results. 

4. CASE STUDY 

 The assessment of applicability and efficacy of RCM model was performed by 

a case study. Thus, the proposed deployment model was applied in the subsystem of 

the primary cyclone and the secondary feeder of a pulp and paper industry. This 

subsystem is part of the refining process in the manufacture of CTMP (Chemical 

Thermal Mechanical Pulping), which is used as raw material for the production of 

papers and is considered one of the most critical of factory lines. They were recorded 

in a period of 6 months, 36 incidents that resulted or not functional failures, 

representing 7.13% of failures occurred in the Refining of CTMP process. 

 The group responsible for analysis was made up of maintenance and operation 

members in conjunction with security professionals. After the team definition and 

establishment of objectives, a system operation study was raised with the help of all 

the technical documentation. 

4.1. Preparation Study 

 The RCM deployment's goal was the selection and reduction in the number of 

incidents and functional failures related to the subsystem studied. Another objective is 

to create a system maintenance plan, assessing the general, carrying out a survey of 

the activities required by RCM. 

4.2. System Selection 

 The process to be studied is a subsystem of CTMP manufacturing process, 

which is used as raw material for the production of paper towels, sanitary tissue, 

napkins and cards for different types of packaging. Specifically, the present study 

analyzes the sub-system of the primary cyclone and secondary feeder type lateral cap 

from the main line of the refining system (Figure 3).  
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 The RCM methodology is deployed aiming to identification of functions, failures, 

modes of failure, effects and their consequences, for the preparation of a maintenance 

action plan. This study is based on the operational context, simplified processes and 

components, described in the sequence. 

Steam

Discharger
with Scraper

Secondary 
Cyclone

Steam

SteamPrimary 
Cyclone

Feeder with 
side entrance

Screw Feeder

Chips from Digester

Steam

Primary Refiner
Secondary Refiner

Pulp Purge Line

Pillow BlockTaper Thread

Storage
taper

Storage
input

 
Figure 3: Subsystem of cyclone primary and secondary feeder 

 The primary function of the primary cyclone and secondary feeder type cap is 

to separate the paste from the vapor, which can be verified by measuring of pulp 

consistency, and feed the secondary refiner's conveyor thread. The slurry and steam 

mixture enters the cyclone tangentially near the top. Due to the centrifugal forces, the 

fibers accumulate along the wall of the cyclone and sink by gravity. Soon below the 

cyclone is the secondary feeder which takes the pulp to the thread conveyor which is 

a compression device that will finally direct the pulp to the secondary refiner.  

 This secondary feeder has a speed control to adjust the speed of the endless 

thread, according to a production rate, in order to allow for a homogenous feed to the 

refiner, a very important issue in this process. The screw housing is tapered, with the 

large end of the inlet side and the end smaller, restrictive, discharge side. As the pulp 

is transported through the secondary type feeder, it is compressed and limited in the 

conical section. The folder compresses a cap that limits water vapor from escaping 

from the refiner.  

 The process should be subject to seasonal stops (about 3 hours), and 

scheduled stops for maintenance. 
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4.3. Analysis of the functions and failures 

 The first step performed in identifying the functions was the establishment of a 

system description sheet, which contains information about the functions and 

parameters of the subsystem components, redundancy, protection devices and 

instrumentation details. From the functional diagram and the operation flowchart, the 

limits and boundaries of the analysis systems within the refining line were defined as 

a failure in the cyclone or feeder has a direct impact on the main system function. 

 The analysis of functions and functional failures was performed under the 

operating environment where the analysis subsystem has two main functions: (i) 

separating the steam folder and (ii) feed screw conveyor. The following secondary 

functions were also identified: (i) controlling the screw speed; (ii) protecting the feeder 

and sealing; (iii) stopping the engine in case of alarm. 

 Based on the primary functions of the system, five functional flaws have been 

identified: (i) does not separate the steam folder and not feed the tape thread 

secondary refiner; (ii) does not feed the secondary refiner homogeneously; (iii) forms 

a paste buffer to prevent steam leakage of the refiner; (iv) does not control the speed 

of the thread; (v) does not protect the seal feeder. 

4.4. Selection of critical systems 

 The primary cyclone and the secondary feeder part of the refining system in the 

main line of the pulp mill being classified as subsystems that line.  

 Based on the expert’s experience, the critical parameters of the system were 

listed for the selection of the subsystems (first analysis) and components (second 

analysis). The ranking of critical subsystems and components is based on the result 

of the sum of the weights of each parameter (HEADQUARTERS, 2006; IEC, 2006).  

The critical parameters used were shown in the Table 1. 

Table I. Parameters to selection of critical subsystems and components 

Effect 
5 3 1 

High Medium       Low 

Safety 
Lesion with 

removal 
Lesion without 

removal 
No risk 

Productivity (Down-Time)  More than 2h Between 2h and 1h Less than 1h 

Quality External impact Internal impact No impact 

Environment 
External 

contamination 
Internal 

contamination 
No contamination 

MTTR More than 2h Between 2h and 1h Less than 1h 
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MTBF 
More than 6 

breakdown / year 
Between 2 e 6 

breakdown / year 
Up to 2 

breakdown / year 

Repair costs 
More than 

U$2.000,00 

Between 
U$1.000,00 e 
U$2.000,00 

Less than 
U$1.000,00 

4.5. Critical analysis of Failure Modes and effects 

 After the identification of functional failures, the FMEA analysis was held by the 

standard form. In the spreadsheet, the effects / consequences of Failure Modes were 

associated with their causes by a sequential identification due to the Failure Mode of 

each component. This identification code forms the identification of the Failure Mode. 

 By applying the FMEA analysis 16 Failure Modes were found associated with 

functional failures of the analyzed systems. The analysis was restricted to a system 

with a small amount of equipment (these being critical to the refining process), so was 

chosen to lead all Failure Modes found for the selection of maintenance activities. 

4.6. Selection of maintenance activities 

 The spreadsheet decisional and decisional scheme diagram was used for 

selection of the maintenance activities. First, the Failure Modes were classified 

according with their visibility during the operation and nature of their impact on the 

system. In worksheet, Decisional Diagram through the RPN, the applicability criteria 

and effectiveness of tasks and Decisional Diagram of Figure 8, the maintenance 

activities for each Failure Mode selected.  

 The Failure Modes with negligible risk (low RPN) were evaluated by the 

Decisional Diagram as a function of RPN, shown in Figure 4. As previously mentioned, 

the RPN is the result of the product between the severity of Failure Mode, the 

frequency and the level of detection (JIAN-MING et al., 2011; IEC, 2006; HUADONG; 

ZHIGANG, 2009). 

YESSafety 
>1?

It can be prevented 
by redesigning?

RPN 
>ou = 9?

It is economical and 
there is availability?

No 
maintenance 

actions

Improvement 
actions

RPN
> ou = 19?

Failure avoided by 
applying CBM?

Failure reduced with 
periodic review?

RPN 
> 9?

Failure reduced by 
operation action?

CBM aplication is 
viable?

Periodic review is 
feasible?

Operation is capable 
of action?

Predictive 
CBM

Review based 
on time

Autonomous 
maintenance 
activities

TBM

YES

NO

NO

YES

YES

NO

NO NO

NO

NO

NO

NO

NO

NO

YES

YES

YES YES YES

YES YES

YES

 
Figure 4: Decisional Diagram as a function of RPN 
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 Using the Decision Diagram (Figure 4), the applicability criteria and 

effectiveness of tasks were identified 18 maintenance activities, documented in the 

decision spreadsheet with another information about each Failure Mode. The 

frequency of the tasks was based on the experience of analysts and maintainers, 

historical equipment, technical documentation and information from manufacturers. 

 All selected tasks were accepted as to its applicability and feasibility: 10 failure 

detection activities (2 of them carried out the operation), 5 predictive inspection 

activities, 1 activity of preventive replacement and 2 activities of design changes. The 

classification of Failure Modes and selection of activities can be observed in the 

Decision Diagram (Figure 5). 

Figure 5: Worksheet of RCM Decision Diagram 

4.7. Discussions 

 To evaluate the RCM profits, a simple calculation methodology was defined. 

Final data was collected based on information available on Maintenance Management 

Information System (MMIS). A rational analysis was done using a Logic Model, that 

consists in a Failure Rate (λ) calculation, before and after the RCM model implantation. 

Findings are analyzed to, finally, accomplish the final evaluation. The improvement 

tasks evaluation is shown in the Figure 6. 

N.º Coordinator: Date

1 ‐ 02/22/2017

Rev. Team Page

0 RCM ‐ CTMP 1/1

F FF FM

1A1 S N N N 0 Only
Automation 

Especialist

1A2 N S N N 0 For three months
Preventive 

Maintenance

B 1B1 N N S N 0 ‐
Mechanical 

Especialist

A 2A1 S N N S 0 Only
Automation 

Especialist

B 2B1 S N N S 0
Instalation of a torque sensor in the feeder to detects the 

condition, stoping the motor and generating a alarm in 
Only

Automation 

Especialist

A

Create alarm in the SDCD to turn off the secundary feeder and stop the 

plant if occur a protection motor system actuation.

Task under condition / Monitore the motor conditions through 

preventive inspections.

Task of disposal scheduled.

..
.
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Tasks

Initial Assessment Case Study Evaluation

Data Collection

Rationale Analysis

Logic Model

Findings

Final evaluation

Failure Rate (λ) =    1       
                                  MTBF

MTBF =     Operation Time
                  Number of Failures

Figure 6: Improvement tasks evaluation 

 The information collected consists of data logs extracted from the MMIS. These 

data were processed and information was extracted for a verification of the current 

state of the studied system, as well as after the RCM deployment. In both phases, 

reliability parameters were identified and calculated as described in Table 2. 

Table 2: Reliability parameters for RCM deployment analysis 
Parameter Description Notation/Calculation 

UT Up Time of the system Hours 
DT Down Time of the system Hours 
T Total Time of operation 𝑇 ൌ 𝑈𝑇 ൅ 𝐷𝑇 
N Number of occurred failures Integer 

MTBF Mean Time Between Failures 𝑀𝑇𝐵𝐹 ൌ
𝑇𝑈
𝑁

 

MTTR Mean Time To Repair 𝑀𝑇𝑇𝑅 ൌ
𝐷𝑇
𝑁

 

A Availability of the system 𝐴 ൌ
𝑈𝑇
𝑇

 

λ Failure Rate 𝜆 ൌ
1

𝑀𝑇𝐵𝐹
 

R Reliability of the system 𝑅ሺ௧ሻ ൌ 𝑒ିఒ௧ 

 Initially, this system was monitored over a period of six months with the record 

of 36 occurrences that resulted or not in functional failures. This represents 7.13% of 

all the refining line failures. After the application of the new tasks and procedures of 

maintenance over a period of three months, 15 occurrences were recorded, equivalent 

to 5.43% of all the failures of the process. Of the all system there was a 23.7% 

reduction in the number of failures. 

 The main data collected and parameters calculated before and after the RCM 

deployment are presented on Figure 7. 
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Figure 7: Final evaluation of the RCM deployment 

 The system availability enhanced after deployment due to the proportional 

increase in machine running time. The MTTR decreased, which shows indirect 

improvements in the quality of the maintenance team, justified by the possible 

motivation of the technical team in the implementation of improvements in the studied 

system. Also, due to the reduction in the occurrence of failures, the MTBF enhanced, 

directly impacting the decrease in the failure rate and the increase in reliability, from 

approximately 81 to 84%. 

 During the review process and after its completion, a team of internal auditors 

was formed to evaluate the results and diagnose possible updates and / or deployment 

team of bug correction. As mentioned above, the RCM process, from a qualitative 

point of view, is not perfect and requires periodic adjustments after the first results. In 

addition, the system can be changed, such as by including new equipment, changing 

the procedures and redesigns, which may interfere with the implementation results. 

 As this case study, the RCM was established with the aim of creating a proper 

maintenance plan, being the audit team responsible to verify the implementation of the 

results over time, in a systematic and documented way and perform the necessary 

updates and revisions when necessary. The present system already had a 

maintenance plan defined.  

 However, it was outdated, without reference to its applicability, or historical 

and/or monitoring activities. The experience of the team, the history of the process, 

operating manuals, and technical documentation were extremely important for the 

definition of tasks. As a result, all of them were considered relevant and viable.  
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 Based on the monitoring results of the Failure Modes and evaluation of 

maintenance, updates were made in RCM analysis, mainly related to periodicities of 

tasks. 

5. CONCLUSIONS 

 Regarding the implementation of the RCM, the literature review identified the 

essential steps that will ensure the achievement of the objectives proposed by the 

RCM methodology. In this context, the customized model presented proved to be 

efficient, able to improve the selection of maintenance actions, reducing the failures 

occurrences and increasing the systems reliability. 

 During the analysis some difficulties were observed, such as the miscellaneous 

of practices in RCM methodology that generated delays and disabilities in the analysis. 

The lack of understanding of the methodology by some team members demonstrates 

the need for constant training for the analysts. 

 The identification of critical systems and components highlighted questions 

about security, environment and costs, that generates a new knowledge database that 

before was hidden and not described. The results were presented before and after the 

case study, through a Failure Rate and Reliability analysis, validating the efficiency of 

the proposed model.  

 The analysis focused on only the subsystem responsible for functional failure 

limited the failure analysis process only to the same limit. However, the maintenance 

frequency can be more effective by applying statistical methods and a deeper analysis 

of data. 

 The implementation of RCM programs is a significant step toward "taking full 

advantage" of the installed equipment. However, the heuristic approach is even, and 

its application requires experience. 
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