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Abstract 

This project was carried out in order to improve the ability to monitor and control the 

maintenance performed and requests for acquisition/intervention received, as well as to 

implement the Total Productive Methodology, more specifically autonomous maintenance, and 

to extend to the entire Efacec Power Solution (EPS) a nomenclature for identifying the 

equipment owned.  

Each of the five business units that make up Efacec had its own way of recording and identifying 

assets. Thus, a standard and transversal form was defined for all the units, in order to improve 

the quality of the information. The next step was to physically register all the assets of the 

Mobility and Service business units that fall into the identification categories created, increasing 

the amount of equipment with physical records from 300 to 622, and creating an analytical 

dashboard for this process. 

Simultaneously, a template was created for the preparation of autonomous maintenance 

manuals, as well as the description of this process and the creation of specifications for an 

autonomous maintenance management platform. 

Once the description of the process was finalized, the preparation of Autonmous Maintenance 

(AM) manuals for equipment began, with a total of seven manuals prepared. 

The preventive maintenance was also subject to improvements, with the creation of a new 

register file for planning and execution and the creation of analytical dashboards for planning 

compliance. 

Finally, an analytical methodology was created for intervention/acquisition requests for 

Equipamentos Auxiliares de Trabalho (EATs) and Equipamentos de Movimentação de Carga 

(EMCs), in order to control and monitor these requests. KPIs were also identified to evaluate 

maintenance performance in response to requests. 
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Resumo 

Desenvolvimento de metodologias de suporte a planeamento, processo e analítica de 

manutenção numa empresa do setor elétrico. 

Este projeto foi realizado com o objetivo de melhorar a capacidade de monitorizar e controlar 

as manutenções realizadas e os pedidos de aquisição/intervenção recebidos, bem como 

implementar a metodologia TPM, mais concretamente a manutenção autónoma, e alargar a toda 

a Efacec Power Solution uma nomenclatura de identificação dos equipamentos que se possui.  

Cada uma das cinco unidades de negócio que compõem a Efacec tinha a sua própria forma de 

registo e identificação de ativos. Assim, foi definida uma forma standard e transversal a todas 

as unidades, de modo a melhorar a qualidade da informação. Procedeu-se, então, ao registo 

físico de todos os ativos das unidades de negócio de Mobilidade e Service que se enquadram 

nas categorias de identificação criadas, aumentando o número de equipamentos com registo 

físico de 300 para 622, bem como à criação de um dashboard analítico para este processo. 

Em simultâneo, foi criado um template para a elaboração de manuais de manutenção autónoma, 

bem como a descrição deste processo e a criação de especificações para uma plataforma de 

gestão de manutenção autónoma.  

Uma vez finalizada a descrição do processo, iniciou-se a elaboração dos manuais de 

Manutenção Autónoma dos equipamentos, tendo sido elaborados um total de sete manuais. 

A manutenção preventiva foi também alvo de melhorias, com a criação de um novo ficheiro de 

registo para planeamento e execução e a criação de dashboards analíticos para cumprimento do 

planeamento. 

Por fim, foi criada uma metodologia analítica para os pedidos de intervenção/aquisição de 

Equipamentos Auxiliares de Trabalho (EATs) e Equipamentos de Movimentação de Carga 

(EMCs), de forma a controlar e monitorizar estes pedidos. Foram também identificados KPIs 

para avaliar o desempenho da manutenção na resposta aos pedidos. 
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1 Introduction 

This project, carried out in a business environment, within the scope of the Integrated Master’s 

Degree in Mechanical Engineering of the Faculty of Engineering of the University of Porto, 

had a duration of 4.5 months, between February and June 2023. The project was developed in 

Efacec Power Solutions, SA, specifically in the Department of Transversal Industrial 

Maintenance (MIT). The applied methods were based on the Total Productive Maintenance 

(TPM) methodology, as well as on Data analytics and Data visualization. 

In this first chapter, a description of the company where the project was developed will be made, 

followed by the intended objectives. Then, the methodology that will be followed to 

successfully complete the project will be addressed. Finally, the structure of the thesis is 

presented. 

1.1 Company Presentation 

The company where the project was developed is Efacec Power Solutions, SA (EPS), located 

in the business park of Arroteia (West), São Mamede de Infesta. This company is a reference 

in several areas and operates mainly in activities related to Energy, Engineering, Mobility, and 

Transport.  

EPS is a Portuguese company with an export profile and international presence in over 65 

countries, such as Argentina, Spain, Central Europe, India, Brazil, France, USA, and with about 

2000 employees, as shown in Figure 1. It is a supplier of fully integrated solutions, from 

manufacturing products to integrating systems and services (Efacec). 

 

Figure 1 – Collaborators and Active Markets 
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This company is organized in Business Units (BU) that are active in the development of the 

following areas: 

• Systems (ASE) - Energy, environment, and transportation industry. 

• Energy Products - Transformers (TRF), Service (SRV), Switchgear (AMT), and 

Automation. 

• Mobility (EEM) - Electric mobility. 

1.2 The project in EFACEC Power Solutions, SA 

The project for the preparation of the thesis was carried out in the newly created Department of 

Transversal Industrial Maintenance, a department that now takes care of the industrial 

maintenance of all equipment across all business units. Due to the fact that BUs such as mobility 

or systems did not have any kind of equipment maintenance, the need arose to create this 

department to respond to all BUs’ equipment failures. 

Currently, there are several administrative and bureaucratic processes related to maintenance, 

DL 50/2005, Calibrations, Logistics, KPI control, and digitalization of information manually, 

all of them with the potential for digitalization. 

There is, also, an intensive use of paper (8400 sheets per year only in preventive maintenance), 

manual data registration (400h per year spent only in printing and digitalizing preventive 

maintenance reports), difficult analysis and possible loss of information, and excessive 

communication via email or without registration. 

A good project management software also serves as a collaboration tool, allocating the 

following advantages: 

• Information accessible to all employees. 

• More interactive activities and on-the-job training. 

• Data transparency and greater clarity in information. 

• Greater control of time and resource usage (tools, labor, spares); 

• Better action planning; 

So, the digitalization of autonomous maintenance processes and active registration are very 

important to the company’s development and future.  

EPS is recently implementing Autonomous Maintenance (AM) policies, and digitalizing these 

processes is vital to successfully implementing them. As this way of maintenance is recently 

used, not all the equipment have AM, so it is necessary to build manuals for those who do not 

have it. 

With the creation of this new department, one of the policies established was the need to know 

all the existing equipment, so the process of active registration began. 

1.3 Project scope and objectives 

This project's main objectives are the digitalization of the autonomous maintenance (AM) 

process implemented through the TPM methodology with its performance indicators and the 

physical and systems registry of industrial equipment, accompanied by analytics to this process. 

Digitization of the maintenance system seeks to optimize workforce efficiency and accessibility 

to all data. In this way, it is possible, for example, to show faults early, enabling integrated 

interventions that maximize total asset availability and minimize total cost. 
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As more practical goals, the following were defined regarding the Autonomous Maintenance 

process: 

• Creation and officialization of the AM template; 

• Regulation of the process; 

• Specification of the management platform and collaboration in its development and 

implementation; 

• Elaboration of autonomous maintenance manuals; 

Regarding the asset register, the objectives defined are; 

• Physical and systems register of industrial equipment (Equipamentos Auxiliares de 

Trabalho (EATs), and equipment); 

• Introduction of improvements and analytics in the process; 

For the preventive maintenance, the objectives are: 

• Developing a new file for registration of preventive maintenance actions; 

• Creation of analytic dashboards of these actions, to control and analyze the performance 

and planning compliance; 

Finally, regarding the Analytics/PowerBI (PBI), the objectives defined are: 

• Preparation of dashboards in PBI to analyze EAT and EMC (Equipamentos de 

Movimentação de Cargas) requests, physical active registration, etc; 

1.4 Methodology followed in the project 

In order to carry out the project of digitalization and registration successfully, it was required 

to create a strategy with several methods. Figure 2 illustrates the steps and phases 

chronologically. 

In the first phase concerning the AM, an analyzing method of the existing manuals was 

performed to understand the need to create a new template and new manuals for equipment that 

do not have AM. Alongside this and as for the active registration, an exploratory approach was 

considered by performing several Gemba visits to the different BUs to understand the number 

of EATs and equipment that each BU possessed, and a coding approach was used to register 

the equipment. 

In the second phase, a literature review of the autonomous maintenance process and the TPM 

methodology was predesigned to establish theoretical support for the regulation of this process, 

to help create the specifications for the management platform, and to elaborate the new 

autonomous maintenance template manual for the equipment. 

For the third phase, with this new template created and in order to elaborate the new manuals, 

an exploratory approach was used again managing informal interviews with the operators that 

are more familiar with the equipment to provide the best steps to perform this maintenance 

process properly. In addition, the already built manuals were analyzed to understand if the steps 

defined were the best and rebuild them in the new template. 

Concerning Preventive Maintenance (PM) and analytics of requisitions, the first step was to 

idealize a new file for registering the preventive maintenance actions planned and performed, 

and where to register requests of EMCs and EATs so that this helps in the creation of 

dashboards. 
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The second step was to create dashboards to analyze and monitor the impact of the different 

improvements, steps, and actions that were taken during the project. 

Regarding the active registration, after the Gemba visits, the second step was to idealize a new 

nomenclature transversal to all the BUs, standardize it and begin the actual registration. 

 

Figure 2 - Gantt diagram 

1.5 Thesis structure 

To enable a better and more accurate comprehension of the themes presented, this dissertation 

is structured into five chapters, each one with sub-chapters. 

The project's framework, goals, and methods were all briefly introduced in the first chapter, 

along with a brief description of the company and the department where the project was 

established, and the rationale for the theme's creation. 

The theoretical ideas that served as a foundation for the project's development are introduced 

in the second chapter. Certain techniques, like total production maintenance and data 

visualization, are developed and presented in some detail. 

The third chapter provides an overview of the initial state of the situation. This chapter also 

introduces the primary issues found, as well as any underlying issues and the desired outcomes. 

The fourth chapter reveals the several improvement phases that were used as well as the 

methods employed to arrive at those results and the documents created to complete the 

autonomous maintenance manuals and the registration processes. 

To comprehend the project's evolution and key findings, the fifth chapter compares the project's 

starting and ending states. In addition, potential ideas for new works are offered. 
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2 Literature review 

The theoretical ideas and development processes for this project will be covered in this chapter. 

To do this, the study was done on books and articles that focused on the areas where the central 

theoretical concepts are based, such as maintenance, TPM methodology, data analytics, and 

data visualization. 

2.1 Maintenance 

Industrial processes are designed to use the least amount of capital in plant, machinery, and 

labor while yet achieving the target quality and quantity, allowing for the most possible benefits 

to be realized in a normal, non-speculative societal context. 

The most logical, effective, and economical use of the industrial facility and its workforce 

results in maximum productivity. Thus, maintaining the machinery and installations in top 

condition is one of the variables involved in achieving this goal (Mouta, 2011). 

Depending on the bibliographic reference, maintenance can have different definitions. 

According to Cabral (2013), maintenance is defined as a set of actions to ensure the proper 

functioning of machinery and facilities, being these actions performed within a correct period 

and opportunity, considering the various technical practices and legal requirements and in a 

way that does not affect, or minimally affects, productivity and yield.  

If we follow EN 13306:2010, defined by European Standard, maintenance is a “combination of 

all technical, administrative and managerial actions during the life cycle of an item and intended 

to retain it in, or restore it to, a state in which it can perform the required function”.  

Kobbacy and Murthy (2008) further define maintenance can be considered as "a set of activities 

necessary to maintain assets in the desired operating condition, or to restore them to that 

condition". 

2.1.1 History of Maintenance 

Maintenance has seen several significant advancements during history, mostly through four 

generations. 

The first generation began before the second world war, when machines were very large, slow, 

and rugged, with not many complex systems and instrumentation. Machines’ downtime was 

not a problem because the demand for production was not as severe as it is now, and 

maintenance actions were performed after these breakdowns. Maintenance was classified as a 

“necessary evil”, only performed when needed and without optimization (Pinciroli et al., 2019). 

The reconstruction of the industry after the war, the second generation, marked the start of the 

following phase in the history of equipment maintenance. The market became considerably 

more competitive, which compelled producers to raise output. Increased downtime and higher 

repair costs are the results of overworking machinery. An important development in the history 

of manufacturing industry standards resulted from this increase in production's requirement for 

better maintenance procedures. In this generation, maintenance was classified as a “technical 

matter”, with optimization of technical solutions and organization of maintenance work. 

During the 1970s, manufacturing facilities grew even more mechanized and sophisticated. 

Safety, quality, the environment, multi-skilling, reliability, availability, and maintainability 

were all seen to be of utmost importance. The industry started using maintenance management 

information systems (MMIS), condition monitoring (CM), and condition-based maintenance 

(CBM), which were developed primarily for the aerospace and defense sectors (Alsyouf, 2007). 
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Around the 1980s, still in the third generation, maintenance expenses escalated, as well as the 

demands of the cutthroat business and the intolerance of downtime. Coupled with the demands 

for better reliability, a greater understanding of failure mechanisms, enhanced management 

strategies, and new technology enabled a machine and component's health to be understood on 

a wider scale. Here, maintenance management is already a complex function. 

The fourth generation started around 2000. This phase intends to save costs for businesses by 

improving equipment dependability. Everyone in the firm is particularly interested in using 

predictive maintenance approaches, which results in more reliable and available equipment. 

The problem facing maintenance in this generation is reducing untimely failures.  

Figure 3 illustrates the maintenance evolution through the years. 

 

Figure 3 - Maintenance evolution (Kobbacy and Murthy, 2008) 

2.1.2  Maintenance objectives and importance 

One common type of waste at manufacturing companies refers to breakdowns due to machine 

failures. The best way to minimize this type of waste is the adoption of strategic maintenance 

management policies (Pinto et al., 2020). 

The introduction of Lean Manufacturing has highlighted the influence on product quality and 

process productivity, which results in a reduction in production costs and increased customer 

satisfaction (Oliveira et al., 2016).  

The principal objectives of maintenance are to improve productivity while utilizing the fewest 

resources possible and concentrating on each company's assets (Pinto et al., 2019). 

Maintenance objectives are based on four categories: quality, safety, availability, and cost.  

These goals can be influenced by several factors, showed in Figure 4. 

 

Figure 4 - Factors influencing maintenance goals (Pacaiova and Glatz, 2015) 

The kind of facility and its output have a big impact on how essential maintenance is. It is 

crucial to production management since plant failure leads to a wide range of issues. A major 
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issue is a demand for a maximum workforce due to temporary work shortages and the need for 

overtime and subcontracting. Thus, a facility may incur significant costs if planned maintenance 

management is not implemented. A plant manager and operator must understand the many 

kinds of maintenance to operate the facility effectively. 

2.1.3  Types of Maintenance 

According to Ding and Kamaruddin (2015), maintenance policies can be grouped into different 

classes according to how they deal with breakdowns and maintenance. It is usually grouped 

into five types of policies divided into three categories.  

The manufacturing industry uses corrective maintenance policies, which are the first and most 

traditional types of maintenance policies. The second policy is the preventive policy which is 

used to prevent the occurrence of failure and to retain the system in proper operating condition. 

The third one is the predictive policy that also aims to prevent failure and maintain the system’s 

operational condition but with the utilization of advanced technology (Ding and Kamaruddin, 

2015). 

The fourth and fifth policies of maintenance are autonomous maintenance and design-out 

maintenance, which are more related to an improvement category (Ding and Kamaruddin, 

2015). 

By Ferreira et al. (2020), maintenance can be subdivided into proactive maintenance and 

reactive maintenance. Any maintenance procedures carried out before the failure occurs are 

referred to as proactive maintenance. Conversely, reactive maintenance takes place 

immediately following an equipment failure. 

Some problems in maintenance routines are already clearly identified, such as lack of proactive 

maintenance, recurring problems, poorly planned maintenance activities, lack of tracking and 

vision in the maintenance program, and predictive maintenance practices (Gulati and Smith, 

2012). 

Following the NP EN 13306 (2021), the maintenance policies are divided into three groups: 

corrective maintenance (CM), preventive maintenance (PM), and improvement maintenance 

(IM), a similar structure to the one that Ding and Kamaruddin (2015), idealized. 

Figure 5 illustrates the segmentation of the maintenance policies according to Ding and 

Kamaruddin (2015). 

 

 

Figure 5 - Segmentation of maintenance policies (Ding and Kamaruddin, 2015) 

Corrective maintenance – is a maintenance procedure used to find and fix the root causes of 

a failing system (Wang et al., 2014). To identify the damaged component, fix it, and decrease 
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downtime, this maintenance procedure depends on human judgment and knowledge (Yepez et 

al., 2019). Upon the identification of a fault, maintenance is performed with the goal of 

restoring the item to its pre-required state (EN 13306, 2021).  

The different maintenance strategies can be categorized depending on the author (Gakowiec, 

2019). 

Following Erbiyik (2022) perspective, corrective maintenance strategies can be divided in: 

• Corrective repair – after identifying or seeing the breakdown, this form of equipment 

repair is carried out to restore the issue to a state where it can work normally. 

• Basic overhaul – regardless of finding any specific breakdown, this type of repair is 

done to return the equipment's overall parts to their normal operational state for 

overloaded equipment. 

• Predictive maintenance – carries on the philosophy of “execute at the right time”. 

Service actions take place only when necessary (Wang, 2016). It signals when to 

undertake maintenance, i.e., just before a component actually fails but as it is about to 

fail. Machines spend less time offline when maintenance is only performed when 

essential, and parts are only replaced when absolutely necessary (De Paz et al., 2017). 

Predictive maintenance – analyzes the condition of an item of equipment by doing both 

prediction and diagnosis, providing details on the issue's nature, its location, and its cause, as 

well as the likelihood that the item will fail (De Paz et al., 2017). 

Wang (2016) and Theissler et al. (2021) state that this type of maintenance can be classified 

into two kinds, according to the methods of detecting the signs of failure: 

• Condition-based predictive maintenance – depends on continuous or periodic 

monitoring conditions of equipment to detect the signs of failure and make a 

maintenance decision using data mining technology. 

• Statistical-based predictive maintenance – develops models for predicting failures based 

on statistical data from the meticulous recording of the stoppages of the in-plant items 

and components. 

Preventive maintenance – Preventative maintenance is based on pre-scheduled maintenance 

periods that mostly depend on predetermined time intervals, with the usage of a system 

occasionally added. Preventative maintenance does not consider the system's actual health 

status; instead, it tries to repair a system before a problem occurs (Theissler et al., 2021). 

Preventive maintenance is also divided into two types: 

• Conditioned Preventive Maintenance – “based on monitoring the functioning of the 

property and/or the significant parameters of that functioning, integrating the resulting 

actions", according to EN 13306:2021. 

Some advantages are the increased equipment availability and reduced production 

losses; reduction of non-maintenance costs; allow reduction of production defects and 

rework rates (Figueira, 2021); 

• Systemic Preventive Maintenance – according to EN 13306:2021, this technique is “a 

preventive maintenance performed at predetermined time intervals or according to a 

defined number of operating units, without prior checking of the condition of the asset”. 

The advantages are costs already stipulated for each intervention; simplified financial 

management since it is possible to identify the main interventions and the costs 

associated with them; scheduling of interventions and stops according to production 

allowing the global costs to be lower when compared with production (Figueira, 2021). 
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2.1.4  Levels of Maintenance 

The complexity of the maintenance task is a popular way to describe the level of maintenance. 

As a result, different maintenance levels are more often associated with acts of varying technical 

complexity than with actions at various indenture levels. Table 1 shows the levels of 

maintenance according to Márquez (2007). 

Table 1 - Maintenance levels (Márquez, 2007) 

Level Description Performer 

I – Autonomous 

Management 

Simple repairs and 

replacements, cleaning, 

inspection, adjustments, and 

lubrification 

Operator 

II – Corrective maintenance 

Equipment cards removal, 

fault diagnosis, repairs, and 

equipment anomaly solving 

Operator or qualified 

technician 

III – Preventive maintenance 

Training, standardization, 

overhauls, preventive and 

predictive maintenance 

Qualified technician 

IV – Maintenance 

prevention 

Improvements, early 

equipment management, 

new equipment, techniques, 

and systems 

Specialized technician 

V – Contracted maintenance 

Maintenance providers 

interventions, important 

supplier activities 

Specialized technician or 

manufacturer 

Usually, higher maintenance levels are attributed to more complex tasks, so a more specialized 

performer is required to complete the task. European standard establishes that a level of 

maintenance is “a set of maintenance actions to be carried out at a specific indenture level” 

(Márquez, 2007). 

2.1.5  TPM 

TPM is a method focused on the participation of all employees, from management to the shop 

floor, that aims to maximize equipment effectiveness during its full life cycle (Tortella et al, 

2021). The six major losses – equipment failure, setup and adjustment time, idle time and small 

stops, reduced speed, process faults, and decreased yield – are the focus of TPM activities 

(Mwanza and Mbohwa, 2015). 

TPM is one of the primary strategies for fostering production flow stability since well-

maintained equipment is less likely to break down or produce quality problems. TPM can be 

analyzed in three words, according to Mwanza and Mbohwa (2015): 

• Total: Refers to every employee in the business, from senior management to shop floor 

laborers. 

• Productive: This entails minimizing waste and ensuring that all products and services 

produced meet or exceed consumer expectations. 

• Maintenance: Maintaining machinery and plant in good functioning order, that is, in a 

condition that is equal to or superior to that of the original, at all times. 
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Eight pillars make up the structure of TPM: autonomous maintenance; focused improvement; 

planned maintenance; education and training; quality maintenance; safety, health, and the 

environment; office TPM; and development management (Figure 6). The number of pillars may 

change between approaches, although the first four pillars listed are considered the key ones 

(Tortorella et al., 2021). Yet, it is important to note that throughout the entire TPM installation, 

5S also plays a crucial role to achieve stable performance, involving the employees (Ribeiro et 

al., 2019). 

 

Figure 6 - TPM Pillars (Pačaiová and Ižaríková, 2019) 

Table 2 describes each one of the TPM pillars, to understand better how to implement them 

successfully. 

Table 2 - TPM Pillars description (Shinde and Prasad, 2018) (Adesta et al., 2018) (Jain et al., 2014) 

Pillars Description 

Autonomous 

Maintenance 

This is the mother pillar. Hands operators of equipment are responsible 

for carrying out basic maintenance of equipment. 

Focused 

Improvement 

Aims to identify and minimize waste, quality, and manufacturing losses. 

Elimination of losses helps improve OEE. Use of cross-functional teams 

for improvement activities. 

Planned 

Maintenance 

Deals with a preventive breakdown (time base maintenance). It 

establishes preventative and predictive maintenance systems for 

equipment and tooling. The effectiveness of the maintenance department 

is increased to the point where 8 big losses are not generated. 

Maintenance is scheduled using the historical failure rate of the 

equipment. 

Education and 

Training 

Boosts the morale and expertise of the operators and persons involved by 

providing soft skill training and technical training. 

Quality 

maintenance 

It monitors the factors affecting variability in product quality. It focuses 

on accomplishing zero quality defects. Quality is ingrained in the 

equipment to reduce defects. 
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Pillars Description 

Safety, Health, 

and Environment 
Providing an ideal working environment devoid of accidents and injuries. 

Development 

Maintenance 

Minimal problems and running on time on new equipment. Utilizing 

learning from existing systems to new systems. Maintenance 

improvement initiatives. 

Office TPM 

Achieve zero functional losses, create highly efficient offices, and 

provide effective service and support to other departments. 

Administrative and support departments can be seen as process plants 

whose principal tasks are to collect, process, and distribute information. 

Process analysis should be applied to streamline information flow. 

2.1.6  Autonomous Maintenance 

The goal of autonomous maintenance is to eliminate all time-consuming activities connected to 

interruptions in the productive system brought on by equipment failures, which invariably have 

a negative influence on the efficiency of processes. It is a key pillar to implement the TPM 

methodology because it permits higher production throughput and includes assistance from the 

staff of the company (Guariente et al., 2017). 

With the AM, operators get to know their equipment better and are able to intervene or alert 

maintenance technicians as soon as they detect malfunctions. This alert at an early stage is 

something that all technicians wish for and that is now possible (Ribeiro, 2009). 

When equipment breaks down, quality issues could appear, production might cease, and 

deliveries might be delayed, which affects customer service and increases costs, to which the 

costs of fixing the breakdown are added. The prevention of equipment failure is a common 

problem in every industry because it is essential to cut expenses in order to generate profits 

given the present economic climate (Ribeiro, 2009). 

The first line of defense against equipment failure must therefore be the operators for them to 

also contribute to cost reduction, in addition to creating value and generating profits. 

As for Mohan et al. (2021), there are six basic reasons for machines breakdown: 

1. Uncleaned machine; 

2. Blaming attitude of Break Down; 

3. Poor operator knowledge about equipment; 

4. Depending on the maintenance person even to tight a bolt; 

5. Premature parts failure due to poor cleaning, lubrification, inspection, and tightening; 

6. No physical support during breakdown when maintenance person needs help; 

To implement Autonomous Maintenance, or Jisu Hozen, Mohan et al. (2021) specifies a seven-

step methodology, as is shown in Figure 7. 
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Figure 7 - The seven-step methodology to implement Jisu Hozen (Mohan et al., 2021) 

2.1.7  Industry 4.0 on Maintenance Processes 

The industry entered a new phase as a result of the necessity to adapt and adopt new 

technologies. Industry 4.0 was made possible by connectivity, data volume, new devices, 

inventory reduction, customization, and managed production (Zonta et al., 2020).  

Industry 4.0 is built on the extraction of massive amounts of data from the systems and the 

utilization of improvements in robotics, sensors, and new technologies like augmented reality, 

big data analytics, and the Internet of Things (IoT) (Pinciroli et al., 2023). 

With technology evolution and the emergence of Industry 4.0, a new maintenance paradigm, 

innovative methods, and tools have to be developed. In this context, the maintenance function 

is also defined as Maintenance 4.0 or Smart maintenance (Jasiulewicz-Kaczmarek et al., 2020). 

According to Kinz et al. (2018), “Smart Maintenance stands for an intelligent and learning 

maintenance management focusing on permanent improvement”. As for Kumar and Galar 

(2016), “Maintenance 4.0 does predictive analytics and suggests a feasible solution, with major 

application in Industry 4.0 and especially on those maintenance aspects that deal with the 

collection of data, its analysis and visualization and asset decision-making”. 

In digital maintenance, the autonomous maintenance personnel is informed when the 

equipment's health condition changes so they may find the issue, troubleshoot it, and make the 

necessary corrections to prevent a breakdown. The digitalization of Cleaning, Lubrification, 

Inspection, and Tightening is a way to reduce operators working time by eliminating minor 

stoppages and breakdowns (Mohan et al., 2021). 

2.1.8  KPIs 

Using KPIs (key performance indicators) is one of the most useful methods for assessing the 

effectiveness of any system or process. KPIs can offer data on how several areas, including 

energy, raw materials, control & operation, maintenance, planning & scheduling, product 

quality, inventory, safety, etc., are performing (Lindberg et al., 2015). 

The BS EN 15341:2019 provides guidelines for defining a set of appropriate indicators that can 

be used to evaluate and improve the effectiveness, efficiency, and sustainability of maintaining 

existing physical assets, such as industrial infrastructures, facilities, civil buildings, 

transportation systems, etc., within the context of external and internal influencing factors. 

This European Standard 15341:2019 also states that the KPIs can help organizations to: 
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• Measure performance; 

• Compare performances with internal and external benchmarking; 

• Identify strengths and weaknesses; 

• Control progresses and changes; 

• Define plan/strategies of improvement; 

• Monitor the results over time. 

When tying business and market goals to production resources, indicators are crucial 

benchmarks to keep in mind at all stages of the manufacturing strategy – from product creation 

to manufacturing system design. Generally speaking, these indicators have three basic 

functions: reporting, managing, and improving, as shown in Figure 8 (Wiktorsson et al., 2018). 

 

Figure 8 - KPI purpose (Wiktorsson et al, 2018) 

An excessive number of unexpected stops due to insufficient maintenance leads to lost 

productivity and emergency maintenance. Every time necessary maintenance is performed, 

excessive maintenance results in high maintenance expenses and lost production (Lindberg et 

al., 2015). 

Regarding maintenance function, the most used KPIs are Mean Time Between Failure (MTBF), 

Mean Time To Repair (MTTR), Overall Equipment Efficiency (OEE), and Mean Time To 

Attend (MTTA) (Ferreira et al., 2020). Table 3 represents these KPIs and how to calculate 

them. 

Table 3 - KPI Formula (Gonzalez et al., 2017) (Ding et al., 2014) 

Indicator Formula 

MTBF =
𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑟𝑒𝑎𝑘𝑑𝑜𝑤𝑛𝑠
 

MTTR =
𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝑟𝑒𝑝𝑎𝑖𝑟 𝑡𝑖𝑚𝑒

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑝𝑎𝑖𝑟𝑠
 

MRT =
𝐸𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑟𝑒𝑝𝑎𝑖𝑟 𝑡𝑖𝑚𝑒

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑝𝑎𝑖𝑟𝑠
 

MTTA =
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑎𝑖𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑟𝑒𝑎𝑘𝑑𝑜𝑤𝑛𝑠
 

MTBF is used on repairable components, and it is expressed as the number of operational hours 

divided by the number of failures for a particular component. The term MTBF is usually used 

to describe reliability (Gonzalez et al., 2017). 

MTTR is known as the mean time to return a component to its functional state. The term 

"restoration" refers to either a repair or a complete replacement of the defective component. By 
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dividing the entire restoration time by the total failures, one can calculate this indication. This 

word should instead be referred to as the "mean time to restoration" given the description in the 

maintenance standards (Gonzalez et al., 2017). 

MTTR includes the time lost from the moment an alert is triggered to the start of repair – MTTA 

– and it is different from the MRT (Mean Repair Time). MRT is the actual time to repair a 

component/equipment (Ding et al., 2014). Figure 9 illustrates these definitions. 

 

 

Figure 9 – MTTR and MTR (Ding et al., 2014) 

2.2 Data Visualization 

When people visualize data, they take the data values and transform them into the visual 

components that make up the final picture methodically and logically. Although a scatter plot, 

a pie chart, and a heatmap appear to have little in common at first glance and there are many 

different types of data visualizations, all of these visualizations can be described using a 

common language that encapsulates how data values are transformed into blobs of ink on paper 

or colored pixels on screen. This is called aesthetics (Wilke, 2019). 

Aesthetic describes every aspect of a given graphical element, as is shown in Figure 10. Some 

critical aspects of graphic elements are position, shape, size, and color. All aesthetics in each 

graphic element can be divided into two groups: continuous data values and discrete data values 

(Wilke, 2019). 

 

Figure 10 - Aesthetics in Data Visualization (Wilke, 2019) 

Monitoring, regulating, and improving organization's operations are all based on the 

visualization of organizational performance. Because they are an effective tool for combining 

pertinent information in a single view that provides a graphical summary of the current 

condition, dashboards are frequently employed for this purpose (Staron, 2015). 
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In order to increase organizational performance, visual management aligns the company's 

vision, core values, goals, and organizational culture with other management systems, work 

processes, and other components, then stakeholders (Vilarinho, 2019). 

2.2.1  Dashboards 

A dashboard is a set of graphic elements or a communication tool, that displays information 

(Habidin et al., 2017). By connecting various information systems, Karami and Safdari (2016) 

highlight the significance of dashboards in aiding informed workflow decisions. 

Staron (2015) states that “a dashboard is defined as an easy-to-read real-time user interface, 

showing graphical presentation of the current status (snapshot) and historical trends of an 

organization’s Key Performance Indicators to enable decisions”. 

In addition to the traditional ideas of monitoring and decision assistance, the dashboard concept 

has developed from single-view reporting displays to interactive interfaces with various views 

and objectives, including communication, learning, and incentive (Sarikaya et al, 2019). 

There are two main design perspectives when building dashboards (Sarikaya et al, 2019): 

• Visual genre - a tiling arrangement of basic graphs and/or huge numbers used to display 

visual data (Figure 11, left); 

• Functional genre - a real-time monitoring tool for dynamically updating data through an 

interactive display (Figure 11, right) 

 

Figure 11 - Types of dashboards (Sarikaya, 2019) 

Dashboards have a variety of uses, and depending on the use cases listed below, their design, 

technology, and scope may change (Staron, 2015): 

• Information radiators – Dashboards designed to present the information to a big group 

of people, or as an information screen in central places. 

• Management dashboards – Give information to notify managers of the project's status 

and the factors that determine it, frequently in the form of desktop reports that allow for 

deeper exploration of the data. 

• Business intelligence dashboards - Built as a desktop application with the ability for 

web-based report access, it aids product managers in accessing, visualizing, and 

evaluating data relevant to product development and its surrounding market. 

• Hybrid dashboards – The ones combining two or more use cases above. 
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2.2.2  Dashboard Development Process 

Dashboards may be built in different ways, but they usually are divided into five phases, as 

illustrated in Figure 12. 

 

Figure 12 - Main phases to design a dashboard (Vilarinho, 2017) 

Table 4 specifies the goal of each step to design a good and functional maintenance dashboard, 

according to Vilarinho et al. (2017) and Staron (2015). 

Table 4 - Dashboard design procedure 

Phase Goal 

Diagnosis 

Recognize and comprehend the current situation and identify 

the top considerations for process and equipment 

improvement. 

Requirements for the 

dashboard 

Knowing the organization's needs will help ensure that they 

are satisfied with the finished product. 

Development of a dashboard 

template 

Translate the specifications into technical answers. 

Prepare the information system for the collection of data and 

the generation of information. 

Iteratively design and evaluate the dashboard. 

Assuring the necessary 

resources 

Create and enhance information records and make the 

information system adequate. 

Determine the essential elements for its administration and 

operation. 

Implementation, evaluation, 

and improvement 

To make the dashboard operational, implement it and the 

supporting resources. 

Observe and assess dashboard effectiveness and suggest any 

upgrades. 
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3 Problem framework and description 

The purpose of creating this new Transversal Industrial Maintenance department is to provide 

the possibility of intern maintenance to all Efacec's BUs. For that, it is necessary to know how 

much equipment of each type is owned in each BU, since one of the main problems encountered 

in audits is the amount of money spent on equipment that is already owned, but because it is 

not registered, its whereabouts are unknown, or it is not known that they have more equipment 

after all, so there is no need to buy it. 

Thus, a start was made to the process of registering assets, more specifically EATs and 

equipment that needs calibration, in the various BUs. 

As far as autonomous maintenance is concerned, the department was already trying to 

implement the TPM methodology in its work base, more specifically the AM, but it is still in 

the early stage of implementation. 

To implement the AM, it is necessary to build an official template, validated by the company, 

to create the different autonomous maintenance manuals for the different equipment, thus 

evolving in what concerns the digitalization of the AM process. 

Besides this, it is necessary to create a platform where autonomous maintenance can be 

managed, in order to achieve adequate control of this pillar and to describe the process itself. 

Regarding preventive maintenance, the file used in the planning of this type of maintenance is 

dated from 2009, which is already considered old for what is possible to do nowadays.  

Thus, a new file and planning method for preventive maintenance is necessary to achieve better 

control and analytical method to the process of carrying out these preventive maintenances. 

As for EATs and EMCs requisition requests, better control of them is necessary. Thus, 

dashboards will be built in order to understand the quantities and costs of the requests made by 

the different BUs, as well as monitor some KPIs. 

For the asset register and preventive maintenance planning, dashboards will also be created 

with the objective of better control, more accessibility to the information and so that other areas 

of the company, if they need the information, can quickly find it available online. 

The following sections will explain in more detail the status of each of these topics in the 

company and identify the points for improvement in each of them. 

3.1 Active registration 

As mentioned in the introduction of this chapter, the need arose to register all the assets that 

each BU has, for better control of the inventory it has. The lack of this control over the inventory 

of hand tools and machine tools owned at Efacec was the main reason for this registration action 

because without it there is no data in the equipment possessed.  

The first problem found in the way the assets were registered was the nomenclature used, which 

was not uniform and transversal to all units. Figure 13 shows the difference in the nomenclature 

used in the ASE unit and in the TRF unit. 
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Figure 13 – Label used in ASE (left) and TRF (right) 

The first step in the work plan for this topic is to define a standard nomenclature that will be 

used in all BUs. 

Next, it is necessary to know how many equipment records each BU has, in order to know how 

many new records were made. Concentrating the focus on the EEM unit, because this was 

where the monitoring was higher, the number of equipments that already had a record was 161. 

All these equipments will have to be re-registered with the newly defined nomenclature. 

A limitation in the type of registry currently used is also the detail to which one can go on 

equipment to describe the type of malfunction it suffered. For example, with the current type 

of registration, it is not possible to define in detail in which elements of the equipment the 

malfunction is located. 

The fact that there are no photographic records of the equipment or where the registered 

equipment is located can be considered another type of limitation since the company is adopting 

a philosophy of digitalization of data and processes. 

3.2 Autonomous Maintenance and Management Platform 

One of MIT's main objectives is to implement the TPM methodology, specifically AM, in its 

BUs. To begin this implementation, the department created autonomous maintenance manuals 

for some equipment, specifically for about 10, in TRF but without official process and 

registration of documentation. 

No template for the creation of manuals is yet officialized, only the manual creation process 

was defined. 

The methodology used for creating these manuals is based on the seven steps that Mohan et al. 

(2021) specifies, as shown in Table 5. 
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Table 5 -Autonomous maintenance steps description (Mohan et al. 2021) 

Stage Description 

1 – Initial Cleaning 

• Cleaning instructions; 

• Clean environment using the 5S methodology; 

2 – Measures against 

sources 

3 – Clean-up and 

lubrification 

standards 

4 – Overall 

equipment inspection • Making use of visual management techniques that make it 

easier for maintenance workers and operators to locating 

equipment defects; 

• Using the instruction manual to locate equipment issues. 

 

5 – Autonomous 

check-up 

6 – Standardization 

• The use of record sheets for anomalies or enhancements in 

the areas of production, maintenance, and safety will assist 

the employees in becoming more independent and integrated 

into the procedure. 

7 – Autonomous 

Management 

• Developing AM check sheets to track its application; 

• Providing practical guidance describing the objectives and 

significance of this implementation to every employee as 

well as those in charge of the production centers. 

The maintenance manuals already created are based on root-cause analysis, through the use of 

the 3C method. This tool is used to analyze the case, find the causes, and define 

countermeasures, thus being possible to structure the problems in a concrete and objective way 

and find possible solutions and improvement proposals, such as retrofitting and revamping. 

The results obtained through the use of this analysis method are used to proceed with the 

implementation of Autonomous Maintenance. 

The necessary interventions in the equipment are carried out by the equipment operators, after 

getting approval from the Quality, Environment and Safety (QES) department, and after 

training by the MIT members. 

Figure 14 shows one of the existing AM manuals, as well as Appendix A. Appendix B, shows 

the attendance record sheet of the autonomous maintenance training sessions. 
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Figure 14 – Old autonomous maintenance manual for 40VZM010 

After describing the methodology used to prepare the manuals, it is also necessary to know 

what should be done for each piece of equipment, as well as what information the manual should 

display. 

For each piece of equipment, an analysis must be made of its operating mode, equipment 

manual, preventive maintenance manual, and failure history, thus helping to define the most 

appropriate tasks to be performed by the operator. 

For the manual, on the other hand, it presents: 

1. Task order (sequence); 

2. Description; 

3. Means (Tools to be used, spares); 

4. Personal Protective Equipment (PPE); 

5. Need to stop the equipment; 

6. Estimated duration; 

7. Photograph of the equipment; 

8. Demonstration Video/Image; 

Another goal of the MIT department is the creation of a new AM management platform. There 

is an attempt to create this platform, but it did not meet expectations. 

The platform goal is to compile all the information in the same document, such as templates, 

execution records, and anomalies, in order to achieve better monitoring of interventions and 

have all information in one place. Through this platform, the information would be accessible 

online for anyone through a more simplified consultation. 

Figure 15 illustrates a part of the existing management platform, created in Excel. 
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Figure 15 – Autonomous maintenance management platform 

3.3 Preventive Maintenance Management 

Preventive maintenance is of utmost importance to ensure the life and longevity of equipment. 

Therefore, good planning for this type of maintenance is necessary, as well as a proper method 

of controlling this planning and its execution. 

The planning of preventive maintenance is recorded in an Excel file that has been in use for 

over 13 years. Although it still meets the requirements, it is subject to changes and 

improvements. The planning is done for 760 equipment units across 3 business units of Efacec. 

The currently used file exposes the following fields: 

1. Area; 

2. Cluster; 

3. Equipment Description; 

4. Yearly Calendar; 

The file user enters different preventive maintenance actions in the calendar for each equipment, 

depending on their frequency. The three established frequencies are quarterly, biannual, and 

annual. 

Figure 16 shows the file used for this planning. 
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Figure 16 – Preventive maintenance plan 

When operators perform a preventive maintenance (PM) action, they need to fill out another 

Excel sheet similar to the one shown in Figure 16, but with the executed actions. 

A third Excel sheet within the file organizes all the actions that need to be executed in a specific 

week established by the user, in order to determine the planned actions for that week, as shown 

in Figure 17. 

 

Figure 17 – Preventive actions planned for Week 15 

As for the analytics, the file is very limited. Some of its limitations include the lack of 

information regarding overdue actions, actions not performed, actions planned for the future, 

and the quantities planned for each week. Another limitation is the need to create a new file 

every year, resulting in a lack of continuous historical data for the PM actions. 

A fourth Excel sheet illustrates the overall execution percentage by comparing what was 

planned with what is actually being executed. However, there are also limitations in this regard, 

as it is not possible to search for this information specific to a particular business unit (BU) or 

equipment type. Figure 18 illustrates this execution percentage calculation. 
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Figure 18 - % Overall execution 

3.4 EAT and EMC requisitions 

Whenever repairs or acquisitions of EMC or EAT are required, requests are made to the 

logistics department. However, no analytical approach is undertaken to understand the 

quantities of requests made and their associated costs. 

The requisitions for this equipment are typically made without proper records, usually through 

emails or phone calls, resulting in limited control over them, failures in fulfilling the requests, 

and duplicate tool acquisitions due to the lack of information on whether the request was already 

resolved or still in progress. 

The only record of these requests is the so-called "pool," as shown in Figure 19, where the 

number of pending requests and unresolved issues could be determined, but with limited 

monitoring capabilities. 

 

Figure 19 – Pool 

The member responsible for the requisition requests in the logistics department records the 

requests considering the fields represented in Figure 19, as well as the cost, quantity, request 

launch date, and repair/acquisition date. 

However, due to a lack of time or failure to review the emails containing the requests, the 

responsible person often did not populate the file with all the requested orders, resulting in 

misleading outcomes. 

The utilized file is extensive, with numerous fields that provide limited utility, multiple sheets 

corresponding to different years of records, unnecessary sheets for the proper functioning of 

the file, and confusion regarding which fields should be filled in. 

Therefore, there are significant limitations in this area and several opportunities for 

improvement. 
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3.5 Summary of the work plan 

In summary, there are several improvement proposals that can be implemented in each of these 

areas to achieve better control and simplified access to information. The main work 

plans/objectives for each topic are as follows: 

1. Active Registration: 

• Standardize and implement a consistent nomenclature for equipment across all 

business units. 

• Create control dashboards for the registration process in each business unit. 

• Provide support for registration in the EEM and SRV business units. 

2. Autonomous Maintenance and Management Platform: 

• Develop and establish a template for the Autonomous Maintenance manual. 

• Create manuals for certain equipment and officially document them. 

• Prepare specifications for the management platform. 

• Description and officialization of the AM process. 

3. Preventive Maintenance Planning: 

• Develop a new file for preventive maintenance planning. 

• Create analytics dashboards for monitoring and analyzing the planning process. 

4. EAT and EMC Requisitions: 

• Develop analytics dashboards for EAT and EMC requisitions. 

• Establish a new area for recording and tracking the requests. 

• By implementing these improvement proposals, it is expected to achieve better 

control, standardization, and enhanced access to information in each respective area. 
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4 Project development 

In this chapter, the improvements and developments in each of the previously mentioned topics 

will be presented. Before delving into the work carried out, it is necessary to explain the new 

concepts adopted by this new department. 

After several team discussions, it was decided that assets are divided into two main categories: 

1. EATs (Equipment for Auxiliary Tasks): 

• These are equipment used to perform specific tasks or as aids in carrying out activities; 

• They are typically standard/cataloged, portable, and technologically less complex; 

• They do not require specialized preventive maintenance, such as portable machine tools, 

ladders, material handling trolleys, among others. 

2. Equipment: 

• These can be generic equipment (GEN), lifting platforms (PE), load lifting equipment 

(EC), gas equipment, etc; 

• They may or may not require specialized preventive maintenance. 

Regarding EATs, subcategories known as Clusters were created. The key concept here is that 

"each type of equipment is a cluster.", ie, clusters for EATs are groups of equipment. 

As for equipment, the adopted concept is that "each equipment is a cluster." The reason behind 

this difference in concepts is that by assigning a cluster to the equipment, we can assign serial 

numbers to the equipment components. This allows to specify which component of the 

equipment has failed, for example, when making a repair request. 

With these concepts in mind, 50 clusters of EATs and 21 equipment types were created. A table 

with the different clusters created for EATs and equipment can be found in Appendix C. 

4.1 Active registration 

Once the essential concepts were established and explained, the asset registration process 

began. The first step in this process was to define the nomenclature to be used. After long team 

discussions, serial numbers were created, which are engraved or labeled on the 

equipment/EATs. These serial numbers consist of the following components: the number 

associated with the business unit (BU), the number associated with the cluster/equipment type, 

and a sequential number. 

By implementing this standardized nomenclature, it becomes easier to identify and track each 

asset, providing a clear and consistent system for asset management and maintenance. 

 

Figure 20 – Example of a serial number defined for EATs in EEM 

A) The number is associated with the business unit (BU) to which the equipment/EAT 

belongs. 

B) Abbreviation of the equipment/EAT type. 
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C) In the case of EATs, the number is associated with the cluster. 

D) Sequential number. 

Table 6 establishes the relationship between the BU and the number assigned. 

Table 6 - Number assigned to each BU 

BU Number 

TRF 10 

AMT 17 

SRV 22 

EEM 44 

ASE 50 

Once the standardized nomenclature for asset registration was defined, an Excel file was 

developed to record the registered assets as the process progresses. 

 

Figure 21 - Main sheet of the developed file 

A) Clusters of EATs and equipment types. 

B) Dates of asset registration. 

C) Quantity of EAT/equipment registered for a certain cluster/equipment type each day. 

Each type of EAT has its own sheet where the beige fields (equipment/EAT specifications and 

characteristics) and light gray fields (fields with selectable options) are filled in, as shown in 

Figure 22. 
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Figure 22 – Example of a registration information sheet 

Fields A, B, and C are the most important fields to consider when registering in the file, as they 

provide information about the registered equipment/EAT number, the area within the BU where 

it is located, and the date of registration. This information will be used in the dashboard created 

to monitor the registration process. This sheet was replicated for the 71 clusters/equipment 

types. 

Since the registration process started in the EEM, a dashboard was developed to monitor and 

control the process as it progresses. The dashboard was designed based on the following 

requirements defined by the team: 

• Quantity of equipment registered per day; 

• Accumulated quantity of equipment registered each day; 

• Total registered by cluster/equipment type; 

• Clusters/equipment types registered on a selected day; 

• Total registered and daily average; 

With the essential points defined, the development of the dashboard began using the PowerBI 

software. The created dashboard can be seen in figure 23. 

 

Figure 23 – EEM asset management analytics dashboard 
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From this platform, various analyses can be performed. For example, by selecting a cluster, it 

is possible to determine the quantity of that cluster registered on each day. Similarly, by 

selecting a specific day, one can obtain information such as the registered quantity, accumulated 

quantity, and the clusters that were registered on that day, as shown in Figure 24. 

 

Figure 24 - Example of a possible analysis made in the dashboard 

With the development of this analytics platform, good control and monitoring of the process 

was achieved in this BU, optimizing it. 

Whenever equipment/EATs were registered, it was necessary to take a photographic record of 

the equipment and its registration label. Figure 25 provides an example of the photographic 

record that was taken. 

 

Figure 25 – Photographic record made of each registered element 

In the EEM, there were initially 161 equipment/EATs registered. After completing the 

registration process in this BU, a total of 322 equipment were registered, resulting in a 200% 

increase in the number of registered equipment. This achievement aligns with one of the main 

objectives of creating the department, which is to have greater and better control over the assets. 

Subsequently, the registration process was initiated in the other BUs, although it was not closely 

monitored as in the EEM. 
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In the SRV unit, there were 233 equipment and EATs registered before the start of the 

registration process. With the process still in execution, a total of 330 equipment and EATs are 

already registered, increasing by 142%. 

4.2 Description of the Autonomous Maintenance Process 

The Autonomous Maintenance process was not well implemented or documented in the factory. 

Another of the main objectives of creating the department is to implement this process 

throughout the entire factory. In order to achieve this, it is necessary to present and officially 

establish the Autonomous Maintenance process. The regulation of the Autonomous 

Maintenance process, along with the creation of an Operational Instruction (OI), which 

formalizes the Autonomous Maintenance process, clarifies the following points: 

• Objective and scope of application; 

• Description of the process; 

• Process control; 

• Responsibilities. 

Each of these points is further developed in this chapter. 

4.2.1  Objectives and Scope of Application 

The Instructional Order for the Autonomous Maintenance process aims to describe the 

following fields: 

1. Autonomous Maintenance process: This section outlines the step-by-step process of 

Autonomous Maintenance, providing guidelines and instructions for carrying out 

maintenance tasks independently; 

2. Maintenance support template (Autonomous Maintenance Manual): This template 

serves as a reference guide for carrying out Autonomous Maintenance tasks. It includes 

detailed instructions, checklists, and procedures specific to each equipment type or 

cluster; 

3. Information platform for Autonomous Maintenance needs: This section covers the 

development and implementation of an information platform to track and manage 

Autonomous Maintenance requirements. It may include digital tools or software 

systems for recording maintenance activities, analyzing data, and generating reports; 

4. Responsibilities of the stakeholders: This part clarifies the roles and responsibilities of 

the individuals involved in the Autonomous Maintenance process. It defines the 

responsibilities of operators, maintenance personnel, supervisors, and other relevant 

parties, ensuring clear accountability and effective collaboration. 

Regarding the scope of application, this document extends to all Business Units within Efacec 

in Portugal and applies to all equipment requiring Autonomous Maintenance. 

4.2.2  Process description 

The autonomous maintenance process can be initiated by identifying the need for a manual or 

solely by the need to perform autonomous maintenance. The autonomous maintenance 

activities are described and compiled in manuals, which will be included in the annexes, and 

their officialization follows in Figure 26. 
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Figure 26 – Flowchart of the autonomous maintenance process 

4.2.3  Identification of the need for AM 

The need for autonomous maintenance can arise from various factors, such as: 

• Analysis of 3C's countermeasures; 

• Manufacturer recommendations; 

• Contractual obligations; 

• Evidence of need resulting from interventions by the MIT team; 

• Equipment revamping; 

• Suggestions of identified needs by the BU/AC. 

Once this need is identified, the creation of the AM manual begins. To create this manual, it is 

necessary to develop an official template that will be used for the creation of all manuals. 

4.2.4  Template for Autonomous Maintenance Manual 

The execution of autonomous maintenance manuals is the responsibility of the Transversal 

Industrial Maintenance team, and all manuals are developed using the official template created 

and approved by the team, as presented in Appendix D. 

In order to develop the checklist presented in these manuals, it is important to address the 

following points related to the equipment in question: 

• History of downtime and failures; 

• Current condition and level of wear of the equipment; 

• Recommendations from suppliers; 

• Suggestions from equipment operators. 

Figures 27 and 28 show the fields that should be filled in for the development of an autonomous 

maintenance manual using the approved template. Each field in the manual is also explained. 
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 Figure 27 – Fields to be filled in the template for MMA – A 

 

Figure 28 – Fields to be filled in the template for MMA – B 

1. In this header, the following information related to the equipment should be filled 

in: 

a. Cluster: This field represents the equipment's identification; 

b. Serial number: For equipment, this code will be similar to the cluster, with the only 

differentiation of "_00". However, for EATs, this code serves as the equipment 

identifier, as the cluster refers to a specific group of EATs, as explained earlier; 

c. Business unit: This field indicates the business unit to which the document belongs; 

d. Document code: This code is generated after the official approval of the document. 

2. Maintenance Frequency 

The filling of this field should follow the symbology for maintenance frequency as 

presented in Figure 29, which can be found on the "Symbol Legend" page within the 

template itself. 

 

Figure 29 – Maintenance frequency symbology legend 

3. Sequence Number 

This is a sequential number assigned to the activities described, following the form and 

color corresponding to their respective maintenance frequencies. 

4. Intervention Area/Location 

In this field, the target of the action on the equipment should be described, that is, the 

components where the operator will perform the respective action. 
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5. Action/Methodology 

Description of the activity to be performed at this point of autonomous maintenance by 

the operator. These activities may include checks, cleaning, lubrication, minor 

adjustments, or component replacements. Instructions should be clear and objective, 

addressing the questions "How to perform it; When to perform it; Where to perform it; 

Under what conditions to perform it," leaving no room for any doubts regarding the 

action/methodology. 

6. Action Symbolism 

In this field, a brief summary of the corresponding action point is provided, indicating 

the activities to be performed using the symbolism presented in Figure 30, where each 

symbol represents a different type of action to be executed. 

 

Figure 30 – Symbolism of the types of AM actions to be performed 

7. Required Tools 

This field is used to specify the tools that need to be used in the execution of the task at 

hand. 

8. Spares/Consumables 

This field is used to specify the required spares or consumables for the task. Here, a 

code corresponding to the spare or consumable, as well as its description, is provided. 

9. Stoppage/Operation 

Indication whether the equipment should be stopped or if it can be in operation during 

the execution of the activity. 

10. Photos/Illustrations 

The field for explanatory images that provide a better understanding of the task to be 

performed, as they depict the components described and highlight the targets of action. 

11. Link to Execution Video 

If available, the link directs the user to a folder containing instructional videos 

demonstrating the execution of all steps in the manual. 

12. Equipment Manual 

Since the equipment manuals are associated with the respective equipment in the Baan 

system, which serves as the company's central database, this field contains the link to 

the SharePlace where the document is located. 

13. Estimated Duration 

The estimated time required to complete all tasks presented in the manual is in minutes. 

This time is estimated by summing up the time taken to perform each task. During the 

recording of the instructional videos, the duration of each task is timed to obtain the 

total estimated duration. 
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14. Code for Required Spares or Consumables 

A summary of all the spares or consumables needed for performing all the tasks 

presented in the manual, along with their Baan codes. The codes and descriptions of 

these spares or consumables are provided. 

4.2.5  Validation/Oficialization of the AM Manual 

After the development of the AM manual, it must go through two validation stages: 

• Environmental Health and Safety department, which validates the safety conditions, 

considering the risks associated with the activities described in the manual and the 

respective preventive measures; 

• Operations Department, which validates the recommended action frequency by MIT. 

Once the document is validated by both departments, MIT submits a request for its official 

approval to the Quality Department. 

4.2.6  Employee training 

Once the AM manual is completed and approved, a training session should be conducted for 

the operators and team leaders of the respective equipment. During this training, all activities 

described in the manual should be thoroughly explained. If possible, the trainer should be 

accompanied by a technician who can simulate and demonstrate all the operations. 

For each training session conducted, there should be a record of attendance, following the 

current procedure and using the official template provided in Appendix B, as said earlier. 

4.2.7  Execution of actions 

After the AM manual is published and the operators have received training, the guidelines 

outlined in the template should be followed. The execution of AM activities does not require 

formal records, as it is intended to instill a sense of ownership and care for the equipment among 

the operators. However, the execution and compliance of AM activities should be monitored 

and controlled according to the instructions provided in Section 4.3. 

The decision not to keep records of AM activities was made by the team with the objective of 

fostering a sense of responsibility, ownership, and care among the operators. Although formal 

records of AM actions are not maintained, there will be some verification of evidence to ensure 

that these actions have been carried out, and further details regarding this verification will be 

provided later. 

4.2.8  Needs or findings arising from the execution of AM 

During the execution of AM activities, various needs may arise, including: 

• Spares or consumables: There might be a need to procure additional parts or 

consumables for maintenance activities; 

• Corrective intervention by MIT: In some cases, the intervention of the Maintenance 

Industrial Transversal team may be required to address any corrective issues or 

unexpected problems encountered during AM; 

• Clarification of doubts: Operators may have questions or uncertainties about certain 

aspects of the maintenance activities, and clarification may be needed to ensure proper 

execution; 
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• Identification of improvement opportunities: While performing AM, operators may 

identify areas where improvements can be made to enhance the maintenance process or 

optimize equipment performance; 

• Other needs: Depending on the specific circumstances and equipment, there may be 

other needs that arise during AM, such as additional training, specialized support, or 

technical guidance. 

In the case of the need for spares or consumables, as well as the need for intervention by MIT, 

requests should be made by the team leaders via Baan for general equipment, or through the 

EMCs platform if there is a specific need for that type of equipment. 

For requests made via Baan, they should be generated in the repair request section, specifying 

that it is related to Autonomous Maintenance intervention, Figure 31. In the "Symptom" field, 

it should be indicated whether spares/consumables are required and specify which ones, or if 

MIT intervention is needed. 

The remaining fields should be filled out in the same way as a regular repair request, providing 

relevant details and information about the equipment and the specific need. 

By following this procedure, the necessary resources and support can be efficiently requested 

and coordinated to address the needs arising during the Autonomous Maintenance process. 

 

Figure 31 – Type of intervention to select, MA_INT.MIT – MIT Intervention Autonomous Maintenance 

As suggestions for improvement opportunities should be made through the information 

platform, as explained below. 

4.2.9  Specifications for the Informative Platform 

The informative platform for control and management of Autonomous Maintenance aims to 

achieve the following points: 

• Access to manuals and equipment with Autonomous Maintenance; 

• Consultation of the planning of Autonomous Maintenance activities (by work center or 

business unit, according to the user); 

• Identification of improvement opportunities from various perspectives; 

• Analytics consultation by equipment/EAT, work center, or business unit; 

• Knowledge of the status of suggestions and improvement opportunities. 

Regarding the MIT team, they are able to: 

• Add/modify/remove Autonomous Maintenance plans and manuals; 

• Interact with identified improvement opportunities, including assessing feasibility, 

status, progress, and planning. 

To facilitate and enable access management for the mentioned functionalities, each equipment 

has the following user utilization and ownership characterization: 

• Equipment User - can access manuals and equipment information; 
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• Equipment Owner (Team Leader/Supervisor: N - 5) – can interact with and obtain 

information about their own equipment; 

• Area #1 Owner (Coordinator N - 4) – can interact with and obtain information about 

equipment within a specific area or team; 

• Area #2 Owner (Coordinator N - 3) – can interact with and obtain information about 

equipment within a group of areas; 

• BU Owner – can interact with and obtain information about equipment within a specific 

business unit or department. 

Considering the above characterization, the platform is designed to send notifications for the 

need to perform AM to the respective Equipment Owner, according to Table 7. 

Table 7 – Frequency of sending notifications for the need to perform AM 

Frequência Hour Day Week Month 

Shift 6h/15h/23h Business days All weeks All months 

Daily 6h Business days All weeks All months 

Weekly 6h 2af All weeks All months 

Fortnightly 6h 2af Every 2 weeks All months 

Monthly 6h 2af 
1st week of the 

month 
All months 

Quarterly 6h 2af 
1st week of the 

month 
Mar/Jun/Sept/Dec 

Semi-annually 6h 2af 
1st week of the 

month 
Apr/Oct 

Regarding suggestions/opportunities for improvement, the operating mode is as follows: 

• The owner selects the equipment/EAT/manual and then selects: 

o "Need for clarification in action"; 

o "Suggestion for addition/modification of action"; 

o "Suggestion for improvement"; 

o "Other". 

• The AM manager should receive an email indicating a new suggestion/ticket; 

• The AM manager should analyze and provide feedback (in the respective ticket) and, 

once completed, close the ticket. 

The analytics that are intended to be available on the platform involve the following topics, 

where information can be filtered by equipment/EAT and UN: 

1. Current quantity and temporal evolution of equipment with maintenance manuals; 

2. Deviation from the process: Quantity of non-conformities issued; 

3. Quantity of Improvement suggestion tickets, "Created," "In progress," and "Closed"; 

4. Average time to close tickets (from creation to closure); 

5. Map showing quantity, frequency, and estimated time of planned maintenance 

activities. 
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4.3 AM Process Control 

a) Team Leader/Production Supervisor 

• Periodically, according to Table 8, the Team Leader/Production supervisor should monitor 

and validate the execution of an Autonomous Maintenance (AM) task. 

Table 8 – Relationship between the frequency of AM execution and the frequency of its monitoring and 

validation 

Frequency of AM execution Frequency of monitoring and validation 

Per Shift/Daily/Depending on the event 1x/week 

Weekly 1x/month 

Monthly 1x/quarter 

Quarterly 1x/semester 

 

b) EHS 

• By EHS, during operational visits, the indications/evidence of operators' execution of 

AM should be evaluated;  

 

c) MIT 

During preventive or corrective maintenance, MIT should assess the indications/evidence of 

operators' execution of AM. 

• Quarterly, compliance with the process should be verified by selecting an equipment 

with an AM plan and evaluating: 

 a) Employees' knowledge of the process; 

 b) Familiarity with the AM activity plan; 

 c) Confirmation from the team/operators of its execution; 

 d) Evidence of AM completion; 

 e) Autonomy/proficiency in performing the tasks. 

This monitoring should be recorded in the AM Monitoring platform (Forms-Lists), where any 

non-conformities resulting from process non-compliance are also recorded, if applicable. 

In the case of: 

1. Evidence of non-performance or non-compliance with AM manual activities, a non-

Conformity should be recorded in the appropriate platform; 

2. Need for clarification of doubts or reinforcement of training, they should be requested 

through the platform described in Section 4.2.9. 

It should be noted that BUs or ACs may develop additional methods of control and monitoring 

in addition to the ones indicated. 
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4.3.1  Performance Indicators 

In order to assess the performance and effectiveness of autonomous maintenance, performance 

indicators have been defined based on the non-conformities identified and the number of AM 

manuals developed during a specific period, as indicated in Table 9. 

Table 9 - Performance Indicators 

Monitoring Indicator Frequency Definition 
Data 

Source/Dashboard 

Process 

deviation 

Number of 

non-

Conformities 

Quarterly 

Quantity of 

NCs issued 

regarding 

process 

compliance 

AM management 

platform – “under 

construction” 

Evolution of the 

quantity of 

equipment with 

AM Manual 

Number of 

manuals 

developed 

Quarterly 

Quantity of AM 

manuals 

developed per 

period 

AM management 

platform – “under 

construction” 

4.3.2  Responsibilities  

Finally, regarding this process, it is necessary to assign responsibilities to the department, 

business unit, and security. The responsibilities are assigned according to the RACI matrix in 

Table 10: 

Table 10 - RACI matrix of responsibilities 

 
ID Activity description M

IT
 

B
U

 

E
H

S
 

 
1 Development of AM manuals R/A - - 

 
2 Validation of activity safety conditions C/I C/I R/A 

 3 Validation of periodicity C/I R/A - 

 
4 Training of employees in performing the actions R/A I/C - 

 
5 Execution of the actions - R/A - 

 
6 Process monitoring A R1 R2 

R1: Periodically, according to point 5; 

R2: During operational visits; 

R: Responsible for performing the task, which can be performed by oneself or a team; A: Accountable for the task - approves the task performed by R; C: 

Consulted before the task; I: Informed after the task is executed. 

4.4 Development of AM Manuals 

With the autonomous maintenance manual template defined and officialized, the creation of 

new manuals for the already referenced equipment can be started through the described 

methods. An example of the creation and development of a manual will be given since the 

process of elaboration of the different manuals is similar. 

To create an AM manual, it is necessary to define the frequencies of performing the actions, 

the targets/areas for inspection, the specific actions to be performed, the required spares, 

consumables, tools, and the types of actions to be taken. It is also important to determine 

whether the equipment needs to be in operation to carry out the action. 
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Other concerns include the organization of the manual, the language used, and the clarity of the 

instructions provided. 

As an example, the process of developing an AM manual for Stackers, which requires a manual 

due to the high number of breakdowns it experiences and supplier recommendations, will be 

shown. 

1. Definition of the target/area of action and its type: 

To define the targets of the action, various approaches can be followed: 

• Supplier recommendations, which specify some maintenance actions that can be 

performed by operators; 

• Suggestions from the operators themselves, as they are most familiar with the 

breakdowns they have encountered and equipment behavior; 

• History of breakdowns that the equipment has experienced and that are related to 

tightening issues, visual inspections, cleaning, or lubrication; 

• And others. 

Thus, the elements that will be subject to autonomous maintenance actions for the Stackers 

have been defined, namely the battery, the load forks, the load lifting system, the wheels, and 

the braking and emergency system. Regarding the types of actions to be carried out, it was 

concluded that the most recurrent and necessary actions are visual inspections. 

2. Action description and photos/illustrations 

As previously explained, the description of the actions is a crucial aspect of their correct 

execution. A well-described action is objective and addresses the questions of how, when, and 

where to perform it. The field of photos/illustrations complements the description of the actions, 

helping to understand the areas where the checks should be conducted. 

Figure 32 provides an example of an action to be performed to check the distilled water levels.  

 

Figure 32 – Example of an action to perform on Stackers 

Some actions, such as battery checks or emergency actions, although included in maintenance 

manuals with a weekly frequency, have recommendation notes within the actions to alert that 

those specific actions are recommended to be performed on a daily or even shift basis. This is 

because they involve safety checks that require special attention. 
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3. Definition of manual’s periodicity 

The frequency of the manual is determined as a team, analyzing the difficulty and criticality of 

the actions. For the Stacker manual that has been developed, a weekly frequency has been 

defined. The BU can also give their opinion about the periodicity of the manual. 

4. Creation of videos to support the execution of the actions 

In case there is still any doubt about executing the actions described in the manuals, videos have 

been created to demonstrate their execution. The videos highlight the use of Personal Protective 

Equipment (PPE). 

5. Manual organization 

In order to organize the actions in the manuals, the following rules were established: 

• Maximum of 5 actions per page; 

• Divide sections per area of intervention; 

• Execute first the cleaning actions, then the visual inspection and lubrification, 

respectively. 

During the execution of the tasks, the following manuals were created, which can be found in 

Annex E to I: 

• Weekly AM manual for EMCs (Stacker, Forklift, Tow Tractor, and Electric Pallet 

Truck); 

• Per shift, weekly, and monthly AM manual for the BERMAQ machine. 

AM Manuals consultation 

In order to be able to access the manuals online, and since the AM management platform is not 

yet available, a dashboard in PowerBI was created for this purpose. This dashboard allows users 

to access the manuals through the link provided in the table, with the ability to filter by 

equipment number (Cluster), equipment type (Search Argument), or Business Unit, as shown 

in Figure 33. 

 

Figure 33 – AM manuals consultation platform 
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4.5 Preventive maintenance 

As mentioned in Chapter 3, the analytics and monitoring of preventive maintenance could be 

improved. In order to achieve proper analysis, the root of preventive maintenance, the planning 

file, was modified. 

In the old file, each line represented an equipment, which made data analysis and processing 

more challenging. 

In the new file, it was assumed that each line represents a planned action. This principle offers 

the following advantages: 

• Greater ease in data analysis and processing; 

• Ability to maintain a historical record of different years of planning; 

• Simplification of recording action completion, as both planning and execution can be 

filled out on the same page; 

• Possibility of analyzing the planning itself. 

Therefore, applying this principle, the newly created planning file consists of five pages, with 

one being informational, two being auxiliary pages, one containing the planning itself, and one 

containing the planning calendar. 

The equipment page includes all the equipment that has planned preventive actions, with each 

equipment identified by a code, as shown in Figure 34. 

 

Figure 34 – Some of the equipment with preventive maintenance 

Next, the planning page for the preventive actions to be taken was prepared, illustrated in Figure 

35. 

 

Figure 35 – Preventive Maintenance Planning 

A) Periodicity 

Depending on the equipment, the performed preventive maintenance actions can have three 

types of frequencies: Quarterly (1, 2, 3, and 4), Biannual (1 and 2), or Annual. 
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B) Equipment description 

Set in which the equipment code is displayed for possible identification, description of the 

equipment and BU to which it belongs. 

C) Planned date 

Year and week of the PM action planning. 

D) Date of completion 

Year and week of execution of the PM action. 

E) Action state 

The team has decided that preventive maintenance actions can be in five different states, which 

are: 

• Completed: The action has already been performed; 

• Future Planned: The action is scheduled but has not yet reached the due date; 

• Overdue: The action was not performed within the expected timeframe; 

• On Hold: The action was not performed due to a specific reason but can still be 

executed; 

• Expired Deadline: The action was not performed and will not be executed because 

another action is already planned for the equipment shortly or is already overdue. 

F) On Hold reason 

Reasons for an action to be On Hold can originate from various factors, such as: 

• Partner Unavailability; 

• Equipment Unavailability; 

• Equipment Out of Service; 

• Equipment Under Repair. 

On this page, a filtering facilitator was created to view and print the actions planned for a 

selected week. The yellow cell is filled with the desired week number, as shown in Figure 36. 

 

Figure 36 – Selecting the intended week 

With the planning dates filled in, the annual planning calendar was prepared, Figure 37. 



Development of methodologies to support maintenance planning, process and analytics in an electric company 

 

42 

 

Figure 37 – Preventive maintenance calendar 

In the calendar, it is possible to filter the equipment by their Business Unit, action periodicity, 

action status, equipment type, and the week in which actions are planned. 

After the development of the new file that will be used for recording the planning and execution 

of preventive maintenance, an analytics dashboard was created for this process using Power BI. 

It was established that the analytics should highlight the following: 

A) PM Map (Figure 38) 

Summary of all planning and execution of preventive maintenance, with the ability to filter by 

Business Unit (BU) and equipment type, displaying: 

• Weekly Completion - Quantities and %; 

• Year-to-Date (YTD) Completion - Quantities and %; 

• Quantities by status, both weekly and YTD; 

• Accelerometers of weekly, YTD, and annual completion. 

 

Figure 38 – Preventive maintenance map 
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B) Planned and Executed (Figure 39) 

List of all planned and executed actions, with the ability to filter by: 

• Week of planned action and week of executed action; 

• Periodicity; 

• Action status; 

• Equipment type; 

• Business Unit. 

 

Figure 39 – Planned and executed 

In the indicator located in the upper right corner, you can observe the legend for the colors 

applied to the "Week Executed" column can be observed in Figure 40. 

 

Figure 40 – Color legend 

C) Backlog (Figure 41) 

Listing of all outstanding actions, whether they are "Planned Future", "Delayed" or "On Hold". 

The filtering capability is: 

• BU; 
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• Equipment type; 

• Action status and reason for On Hold; 

• Periodicity; 

• Planned week. 

 

Figure 41 – Backlog 

Through this analysis it is possible to analyze the performance of industrial maintenance in 

compliance with the plan defined at the beginning of the year regarding PM actions, as well as 

highlight and control information that, with the resources previously available, it was not 

possible to consult. 

4.6 EAT and EMC requisitions analytics 

In order to better control and monitor EAT acquisition and EMC maintenance requests, it was 

decided to develop an analytic. This analytic is very useful for controlling expenses, knowing 

in which BUs and cost centers there are more needs, and controlling MTTA and MTTR. 

4.6.1  EAT Requests 

Whenever there is a need to purchase or repair EATs, it is necessary to fill an order addressed 

to the industrial maintenance department. Thus, a SharePoint List was created for this purpose, 

as shown in Figure 42. 

 

Figure 42 - EAT requisition lists 
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From this record, the analytics was then elaborated. This evidences: 

• Main page with a summary of the quantity and cost of orders by order status and 

month/year; 

• Quantity of requests made by Business Unit, Cost Centre, EAT Type, Month of the 

request, State of the request; 

• Cost (cost associated with the month in which the order was made) by Business Unit, 

Cost Centre, EAT Type, Month of the Order and Order ID. 

Figures 43, 44 and 45 show the elaborated PowerBI dashboard which shows this analytic. 

 

Figure 43 - Main page EATs 

 

Figure 44 - Quantity of requests EATs 
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Figure 45 - Costs of requests EATs 

4.6.2  Requests of EMCs 

The same procedure was used in the case of EMCs. A List is also used to record the 

maintenance/acquisition requests. The difference between these and EATs is in the analytics 

developed, being that of the EMCs more in-depth. 

The EMC analytics shows the following: 

• Quantity of requests by type of EMC, Month, Intervention Type, Bu, Cost Center and 

equipment; 

• Costs by type of EMC, Month, Intervention Type, BU, Cost Center and equipment; 

• MTTA (h) and MTTR (h) by type of EMC, BU, Cost Center, Intervention Type, 

equipment and request; 

• Unavailability (h) by type of EMC, BU, Cost Centre, Intervention Type, equipment and 

order. 

Performance indicators are calculated according with Equations (1) and (2), for corrective 

interventions only: 

 𝑀𝑇𝑇𝐴 (ℎ) = 𝐷𝑎𝑡𝑒 𝑎𝑛𝑑 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑠𝑡𝑎𝑟𝑡 𝑜𝑓 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛
− 𝐷𝑎𝑡𝑒 𝑎𝑛𝑑 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑟𝑒𝑞𝑢𝑒𝑠𝑡 𝑓𝑜𝑟 𝑎𝑐𝑡𝑖𝑜𝑛 

(1) 

 𝑀𝑇𝑇𝑅 (ℎ) = 𝐷𝑎𝑡𝑒 𝑎𝑛𝑑 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑒𝑛𝑑 𝑜𝑓 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛
− 𝐷𝑎𝑡𝑒 𝑎𝑛𝑑 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑠𝑡𝑎𝑟𝑡 𝑜𝑓 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛 

(2) 

In order to calculate the unavailability of the equipment, it is necessary to consider if the 

equipment is stopped, or not, from the moment the request was made until the moment when 

the intervention started. Then, the unavailability is calculated by Equation (3): 

 𝑈𝑛𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 (ℎ)

= {
𝐷𝑎𝑡𝑒 𝑜𝑓 𝑒𝑛𝑑 𝑜𝑓 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛 − 𝐷𝑎𝑡𝑒 𝑜𝑓 𝑜𝑐𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑒, 𝑖𝑑𝑙𝑒 𝑒𝑞𝑢𝑖𝑝.

𝑀𝑇𝑇𝑅, 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑒𝑞𝑢𝑖𝑝.
 

(3) 

Once the formula for calculating the performance indicators had been established, the analytical 

dashboards were prepared, as shown in Figures 46 to 50. 
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Figure 46 - Main page of EMC dashboard 

 

Figure 47 - Quantity of EMC requests 

 

Figure 48 - Costs of EMC requests 
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Figure 49 - MTTA and MTTR of EMC requests 

 

Figure 50 - Unavailability of EMC requests 

With these dashboards, it is possible to analyze the origin of requests and the corresponding 

costs, evaluate maintenance response capacity, analyze which equipment and types of 

equipment suffer the most corrective interventions and obtain information that, previously, was 

not evident and available. 

In order to present the work developed, a MIT communication website was created in which 

the dashboards, manuals and processes developed about the topics discussed are displayed to 

the whole company. This way, any department can consult the information quickly and with 

total transparency. 
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5 Conclusions and Future Works 

The conclusions of the work done on this project are outlined in this chapter, along with a final 

revision of the status of each project area. Proposals are also made for improving other 

maintenance topics that can be subject to similar analyses and methodologies to those applied 

in the areas under study. 

5.1 Conclusions 

Positive outcomes were seen when the internship and dissertation were finished, not just for the 

organization but also for the student's personal development in terms of learning. 

The goal of this work's development was to execute changes in MIT through the provision of 

improvement tools and methodologies in order to help in the planning, process and analytics of 

different areas. 

As Efacec is a large company in Portugal and the world, the quality, availability, access, and 

monitoring of information are of great importance for its success. 

At the beginning of the internship there was very little equipment registered in the business 

units, not knowing what was owned or how much was spent on equipment. The fact that each 

BU had its own nomenclature for identifying equipment also made it difficult to organize and 

standardize the information. 

In relation to preventive maintenance actions, the lack of analytics, and the fact that the file 

used for its registration was too old and could be improved did not make it easy to monitor and 

control the process. 

The lack of description of the autonomous maintenance process, the inexistence of a manual 

template for AM and a platform to manage it resulted in a low implementation of this type of 

maintenance.  

Table 11 describes the status of each of the areas addressed in the project at the end of the 

internship. 

Table 11 - Status of each project area 

Area Status 

Active registration In progress 

Autonomous Maintenance In progress 

Preventive Maintenance Concluded 

EMC and EAT requisitions analytics Concluded 

Regarding the asset register at this point, the EEM business unit is completed, while the SRV 

is at 60%. This registration will be continued in the remaining BUs. 

In total the two units that were the target of this action, 652 equipment/EATs were registered, 

increasing the number of registered equipment by 165%. 

Autonomous maintenance will also continue to be implemented. Addressing the objectives 

defined for this theme, it is possible to state that the process is already described and made 

official, the specifications for the Management Platform are created, the manual template is 

created and made official, and some manuals are also created and made official. Another 7 

autonomous maintenance manuals for equipment have been created. 

The development and implementation of the AM management platform, defined as an objective 

in the project, ended up not being executed. Only the specifications for this management 
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platform were defined, and its development will be the responsibility of the IT systems or 

outsourcing. 

The preventive maintenance log file, as well as the elaborated analytics, are already in use. 

These provide better monitoring of the actions, as well as the possibility of an elaborate and 

concrete analysis of the compliance with the plan, and greater ease in filling it in. 

Finally, order analytics for EMCs and EATs also provide further monitoring and analysis of 

costs, order quantities and identified KPIs. This dashboard is also already in use and available 

company-wide, making information available that previously did not exist. 

The trainee also benefited personally and professionally, in addition to the company, from the 

following: 

• Consolidation of theoretical knowledge and its practical application; 

• Contact with an industrial organization; 

• Improvement of teamwork and problem-solving skills; 

• Acquiring responsibility skills. 

The dissertation demonstrated that methodologies and philosophical approaches are not always 

used in a straight line. Because each organization has unique characteristics, it can be 

challenging to determine the appropriate course of action for resolving the issues found. Since 

this project intends to improve maintenance performance while ensuring equipment efficiency, 

a TPM methodology approach plan was mostly used. 

5.2 Future works 

Although during the project improvement suggestions were found and elaborated, other 

improvement opportunities were validated, which is essential for preserving the good working 

of the tools built after the stated objectives were attained. 

Suggestions for improvement are listed below: 

• In a short-term perspective, apply the same type of analytics elaborated for the planning 

of preventive maintenance to the planning of inspections DL50/2005. This planning is 

extremely important because any equipment that does not comply with the law decree 

nr. 50, cannot be in operation; 

A new file, similar to the preventive maintenance planning, would have to be created, 

but the basis of the dashboard and analytics prepared would be the same as the 

preventive maintenance dashboard and analytics; 

• From a long-term perspective, create an online platform, based on Office 365, which 
records the DL50 inspections carried out and, through this record, is able to draw up a 
plan for the next inspections to be carried out on the various equipment. 

• As mentioned in Chapter 4, when explaining the platforms used to register requests for 

EATs and EMCs, Lists are used for this purpose. An opportunity for improvement here 

is the implementation of maintenance software to handle and manage these requests; 

• Regarding the autonomous maintenance management platform, create a section so that 

when corrective action is required on equipment, the request can be generated 

automatically and on time on the platform, saving time and facilitating the process; 

Another function to implement on this management platform is when a 

spare/consumable is required, the operator can request it through the platform, instead 

of Baan, creating a direct link with the ERP; 
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• Create a preventive maintenance management platform, similar to the one designed for 

autonomous maintenance, to record the execution of the actions instead of using an 

Excel file for that purpose. This proposal facilitates the registration of executions, it 

could inform operators of the actions that have to be executed in the different weeks, 

the overdue actions and on hold, and consultation of the analytics developed. 

• Finally, regarding the management of physical assets, the implementation of software 

that performs their management would offer a great benefit in controlling the life cycle 

of all equipment, location through georeferencing, technical data and certificates. It 

would thus be possible to solve one of the main problems that Efacec has, the lack of 

data on equipment. 
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APPENDIX A: Old AM manual for 40VZM010 
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APPENDIX B: Record of attendance at training 
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APPENDIX C: Clusters created 
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APPENDIX D: New AM Manual Template 
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APPENDIX E: AM Manual – Stackers  
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APPENDIX F: AM Manual - Electric Pallet Truck 
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APPENDIX G: AM Manual - Forklift 
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APPENDIX H: AM Manual - Rebocador 
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APPENDIX I: AM Manual – Bermaq 10M337 
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