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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 (EATSs) and Equipamentos de Movimentacao de Carga
(EMCs), in order to control and monitor these requests. KPIs were also identified to evaluate
maintenance performance in response to requests.



Resumo

Desenvolvimento de metodologias de suporte a planeamento, processo e analitica de
manutencdo numa empresa do setor elétrico.

Este projeto foi realizado com o objetivo de melhorar a capacidade de monitorizar e controlar
as manutencOes realizadas e os pedidos de aquisi¢cdo/intervencdo recebidos, bem como
implementar a metodologia TPM, mais concretamente a manutencao autbnoma, e alargar a toda
a Efacec Power Solution uma nomenclatura de identificacdo dos equipamentos que se possui.
Cada uma das cinco unidades de negdcio que compdem a Efacec tinha a sua propria forma de
registo e identificacdo de ativos. Assim, foi definida uma forma standard e transversal a todas
as unidades, de modo a melhorar a qualidade da informacéo. Procedeu-se, entdo, ao registo
fisico de todos os ativos das unidades de negdcio de Mobilidade e Service que se enquadram
nas categorias de identificacdo criadas, aumentando o nimero de equipamentos com registo
fisico de 300 para 622, bem como a criacdo de um dashboard analitico para este processo.
Em simultaneo, foi criado um template para a elabora¢éo de manuais de manutencdo auténoma,
bem como a descricdo deste processo e a criacdo de especificacdes para uma plataforma de
gestdo de manutencdo auténoma.

Uma vez finalizada a descricdo do processo, iniciou-se a elaboracdo dos manuais de
Manutencdo Auténoma dos equipamentos, tendo sido elaborados um total de sete manuais.
A manutencdo preventiva foi também alvo de melhorias, com a criagdo de um novo ficheiro de
registo para planeamento e execucdo e a criacdo de dashboards analiticos para cumprimento do
planeamento.

Por fim, foi criada uma metodologia analitica para os pedidos de intervencdo/aquisicdo de
Equipamentos Auxiliares de Trabalho (EATS) e Equipamentos de Movimentacdo de Carga
(EMCs), de forma a controlar e monitorizar estes pedidos. Foram também identificados KPIs
para avaliar o desempenho da manutencédo na resposta aos pedidos.
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Development of methodologies to support maintenance planning, process and analytics in an electric company

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), S&o 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).

.- 2,046

|| || || Colaboradores

86% 14%

em Portugal no Mundo

Mercados 5% 69%
A'tIVOS em Portugal no Mundo

Portugal > 70
Europa > 80
Américas > 20
Africa - 44
Médio Oriente
e Asia > 10

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:

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

e Energy Products - Transformers (TRF), Service (SRV), Switchgear (AMT), and
Automation.

e 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:

e Information accessible to all employees.

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

e Data transparency and greater clarity in information.

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

e Creation and officialization of the AM template;
e Regulation of the process;

e Specification of the management platform and collaboration in its development and
implementation;

e Elaboration of autonomous maintenance manuals;
Regarding the asset register, the objectives defined are;

e 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:
o Developing a new file for registration of preventive maintenance actions;

e 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:

e Preparation of dashboards in PBI to analyze EAT and EMC (Equipamentos de
Movimentacdo 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.

[ Weeks
| February’ [ March [ April [ May | June
Tasks | 6 7 8 9] 10 il 12 13| 14 15 16 17 18 19 20 21 22| 23 24|

ggining of intemship and ge of the company
Framework of the projects ohjectives and PowerBl software
Structure and approach for each problem

gistration planning and definition

gistration on EEM

Development and oficialization of AM manuals template
Development of the PM Platform and dashboard
Development of analytic dashboards for EATs and EMCs
Definition and oficialization of AM process

Development of AM manuals for equipments

Research and preparation of the dissertation

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™.

2.1.1History 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.

“Necessary “Technical “Profit “Cooperative
evil” matter” contributor”  partnership”
I I N I R N -
1940 1950 1960 1970 1980 1990 2000
Decade

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.
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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).

- Prevent/Retain
+ Corrective \ ; « Autonomous
maintenance maintenance

» Design out
maintenance

« Preventive
maintenance
« Predictive

maintenance Coorporate/

- Repair/Restore 1
mprove

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:

e 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.

e 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.

e 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:

e 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.

e 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:

e 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);

e 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 aresult, 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 Marquez (2007).

Table 1 - Maintenance levels (Marquez, 2007)

Level Description Performer
Simple repairs and
| — Autonomous replacements, cleaning,
. . . Operator
Management inspection, adjustments, and

lubrification

Il — Corrective maintenance

Equipment cards removal,
fault diagnosis, repairs, and
equipment anomaly solving

Operator or qualified
technician

11 — 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

Specialized technician or

. o manufacturer
supplier activities

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”
(Marquez, 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):

e Total: Refers to every employee in the business, from senior management to shop floor
laborers.

e Productive: This entails minimizing waste and ensuring that all products and services
produced meet or exceed consumer expectations.

e 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).

TPM HOUSE

RBT

0 human errors, 0 equipment failure, 0 accident 0 waste

AUTONOMUS MAINTENANCE

PLANNED MAINTENANCE
TRAINING AND EDUCATION
QUALITY OF MAINTENANCE

EARLY MANAGEMENT OF

EQUIPMENT

OHS AND ENVIRONMENT

TPM IN ADMINISTRATTION

TARGETING ON IMPROVEMENT

5S METHODOLOGY / ORGANISATION OF WORKPLACE

ALL EMPLOYEES PARTICIPATION/Leadeship, Team building

Figure 6 - TPM Pillars (Pacaiova and Izarikova, 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.

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

Focused Elimination of losses helps improve OEE. Use of cross-functional teams
Improvement . o
for improvement activities.
Deals with a preventive breakdown (time base maintenance). It
establishes preventative and predictive maintenance systems for
Planned equipment and tooling. The effectiveness of the maintenance department

Maintenance

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,

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

Minimal problems and running on time on new equipment. Utilizing
learning from existing systems to new systems. Maintenance
improvement initiatives.

Development
Maintenance

Achieve zero functional losses, create highly efficient offices, and
provide effective service and support to other departments.
Office TPM 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 (10T) (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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e Measure performance;

e Compare performances with internal and external benchmarking;
e Identify strengths and weaknesses;

e Control progresses and changes;

o Define plan/strategies of improvement;

e 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).

Key
Performance
Indicator

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
Overall time of operation
MTBF =
Total number of breakdowns
Overall repair time
MTTR = -
Total number of repairs
Efective repair time
MRT - P ,
Total number of repairs
Average waiting time
MTTA =
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.

System is MT.TR Back into
s ~— —~ operation
down MRT P
\ —— /
\ ~ =~
> 1
\ A A A A J
e v v Y v
Other delay times (a) (b) (c) (d)

(a) the time to detect the failure
(b) the time spent before starting the repair
(c) the effective time to repair

(d) the time before the component is put back into operation

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).

position shape size

OmOA - 000

color line width line type

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):

e Visual genre - a tiling arrangement of basic graphs and/or huge numbers used to display
visual data (Figure 11, left);

e Functional genre - a real-time monitoring tool for dynamically updating data through an
interactive display (Figure 11, right)

Social Media Manager’s Dashboard Kl ' % (L)
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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):

e Information radiators — Dashboards designed to present the information to a big group
of people, or as an information screen in central places.

e 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.

e 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.

e Hybrid dashboards — The ones combining two or more use cases above.

15



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

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.

Diasnosis Requirements for Development of a
EHOS the dashboard dashboard template

Assuring the Implementation, evaluation
necessary resources and improvement

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
Recognize and comprehend the current situation and identify
Diagnosis the top considerations for process and equipment
improvement.
Requirements for the Knowing the organization's needs will help ensure that they
dashboard are satisfied with the finished product.

Translate the specifications into technical answers.

Development of a dashboard | Prepare the information system for the collection of data and
template the generation of information.

Iteratively design and evaluate the dashboard.

Create and enhance information records and make the

Assuring the necessary information system adequate.
resources Determine the essential elements for its administration and
operation.
To make the dashboard operational, implement it and the
Implementation, evaluation, supporting resources.
and improvement 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.

17



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

2 — Measures against

sources e Cleaning instructions;
3 — Clean-up and e Clean environment using the 5S methodology;
lubrification
standards
4 — Overall ] _ _ _
equipment inspection e Making use of visual management techniques that make it

easier for maintenance workers and operators to locating
equipment defects;

5 — Autonomous

e Using the instruction manual to locate equipment issues.
check-up

e 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.

6 — Standardization

e Developing AM check sheets to track its application;

7 — Autonomous e Providing practical guidance describing the objectives and
Management 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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Verificar eslado de colmalagdo dos| U5
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- Verificar nivel e doseamento de
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do filfro. Corrigir se necessdrio.
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e ¢ © X @ / B

Lubrificagio Substituido Chave de Bocas  KITO'Rings Chave fendas Detetor fugas

Inspegao Visual

Figure 14 — Old autonomous maintenance manual for 40VZMO010

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:
Task order (sequence);

Description;

Means (Tools to be used, spares);
Personal Protective Equipment (PPE);
Need to stop the equipment;
Estimated duration;

Photograph of the equipment;

© N o gk~ w DR

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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Ver Base Dados

Pedido intervengdo Confirmar Realizagdo

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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Qefce e 760

Plano de Manutenc&o Preventiva - PREVISTO

vt ANk | mes v IAN FEV MAR ABR MAT JUN
Equipamerto - [.]

333"‘ sem [ 1] e2Jafe]s]e]7]e]a]n]nfe]ue|u]lws][w][rv][uw][w][a[aJa[xa[a]x
10M019 Enrolador de carretas A
10M027 Bergo de virar bobines
10M033.01 Mandril expansivel de 2 fusos
10M033.02 Mandril expansivel de 2 fusos
10M033.03 Eandri\ expansivel de 2 fusos’
10M033.04 [Mandril expansivel fuso central ¢/ cunhas
10M033.07 Mandril expansivel de 3 fusos
10M033.08 Mandril expansivel de 2 fusos
10M033.09 Mandril expansivel de 2 fusos
10M033.10 Mandril expansivel de 2 fusos
10M033.12 Mandril expansivel de 2 fusos
10M033.13 Mandril expansivel de 2 fusos
10M033.14 Mandril expansivel de 2 fusos
10M033.15 Mandril expansivel fuso central
10M033.16 Mandril expansivel de 2 fusos
10M033.18 Mandril expansivel fuso central
10M033.20 Mandril expansivel de 2 fusos
10M033.21 Mandril expansivel fuso central
10M033.23 Mandril expansivel fuso central ¢/ cunhas
10M033.24 Mandril expansivel fuso central
10M033.25 Mandril expansivel fuso central
10M033.29 Mandril expansivel fuso central
10M033.30 Mandril expansivel fuso central
10M033.37 Mandril 3450 a 720mm (L=2700mm)
10M033.38 Mandril 450 a 720mm (L=2700mm)
10M033.39 Mandril $1200 2 19500mm (L=2700mm)
10M033.40 Mandril expansivel fuso central $300 a 410mm
10M033.41 Mandril expansivel fuso central ¢/ cunhas @400 a 610mm

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.

Semana
{ Imprime MANUT
2023
Area ~ |Baan ~ Equip. | Mani.T 0s obs.

|DT - Construcdo Soldada AQELV213 Ponte rolante Tegopi 2,5T N2436 A
DT - Montagem EEE 4aM310 Plataforma aérea eléctrica A
ENAT - AMT 30FZD226  Fresadora S
ENAT - AMT 38PSF756  Purificador de SF6 T
ENAT - AMT 3@RHE755 Recuperador de Helio T
ENAT - AMT 385RR234  Serrote de Corte S
ENAT - AMT 30TRN232 Torno Mecanico Grande S
ST - Bobinagem 16MB86 Miquina de bobinar galetes A
ST - Bobinagem 1aMee7 Mdquina de bobinar galetes A
ST - Bobinagem 1eMe1e Desenrolador de carretas A
ST - Bobinagem 18Ma11 Desenrolador de carretas A
ST - Isolantes 10M@22.07  Transportador pneumdtico T
ST - Isolantes 10M187 Serra fita A
ST - Isolantes 10M485 Méquina cintar A
ST - Isolantes 18M487 Prensa pneumatica de entalhes A
ST - Montagem Grupos 10P@B4 Ponte rolante T
ST - Montagem PA 10Ma77 Plataforma elevatdria (6800Kg) A
ST - Montagem PA 1eMase Plataforma elevatéria (580kg) A
ST - Montagem PA 10Ma82 Plataforma elevatéria (688kg) A
ST - Montagem PA 10M486 Esmeriladora A

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.

Cenho de Custo | N Mec. céd
Processo  Data Pedido | Més | Unidade | Divisdo Equipa Pedido . S Descrigdo Marca Modelo
(cQ) Equipamenty
- - - - - ~| Efetuad: - - -
REP_006.22 | 18/01/2022 1 TRF cr Isolantes ENCTO! 1206 Fresa para corte de réguas frapezoidais FREZITE $001.24134
REP_019.22 | 07/03/2022 3 TRF cr Isolantes ENCTO1 1206 Laminas FLAI
REP_035.22 | 27/04/2022 4 TRF cr Isolantes ENCTO1 4252 Serra de Fita FREZITE
REP_064.22 | 1%/07/2022 7 TRF cr Isolantes ENCTO1 1206 Disco de corte 450x4.0/2.8x55 HW 266/W 9863.4504006855
REP_064.22 | 1%/07/2022 7 TRF cr Isolantes ENCTO1 1206 Serra de Fita FREZITE
REP_092.22 | 14/11/2022 1 TRF cr Isolantes ENCTO! 4252 Serra de Fita FREZITE

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. EATSs (Equipment for Auxiliary Tasks):
e These are equipment used to perform specific tasks or as aids in carrying out activities;
e They are typically standard/cataloged, portable, and technologically less complex;

e They do not require specialized preventive maintenance, such as portable machine tools,
ladders, material handling trolleys, among others.

2. Equipment:

e These can be generic equipment (GEN), lifting platforms (PE), load lifting equipment
(EC), gas equipment, etc;
e 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 EATSs 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/EATSs. 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.

44EAT105 001

A B C D

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.

A) Clusters of EATs and equipment types.

EAT_MFP_SLD
EAT_MFP_CIN
EAT_MFP_CC
EAT_MFP_COR
EAT_MFP_DES
EAT_MFP_FF
EAT_MFP_RA
EAT_MFP_ILU
EAT_MFP_AL
EAT_MFP_SOPAQ
EAT_MFP_PIN
EAT_MFP_COMP
EAT_MFP_ACE

EAT_MFP_OUTROS

EAT_AE_GANC
EAT_AE_EST
EAT_AE_LINGA
EAT_AE_MAN
EAT_AE_GAR
EAT_AE_OLH
EAT_AE_PPPR
EAT_AE_ARG
EAT_AE_OUTRO

Maguina Ferramenta Portitil - SOLOADURA A
Maéguina Ferramenta Portatil - CINTAGEM

Maguina Ferramenta Portatil - COR_CRAV_DESB CABO_FIO
Maguina Ferramenta Portitil - CORTE

Mdquina Ferramenta Portatil - DESBASTE

Magquina Ferramenta Portatil - FURACAO E FIXACRO
Maguina Ferramenta Portatil - REBITAR E AGRAFAR
Maquina Ferramenta Portatil - ILUMINACAD

Méguina Ferramenta Portatil - ASPIRAKRO ELAVAGEM
Maquina Ferramenta Portdtil - SOPRADOR AR QUENTE
Maguina Ferramenta Portatil - PINTURA

Maguina Ferramenta Portatil - COMPRESSOR

Maguina Ferramenta Portitil - ACESSORIOS

Maquina Ferramenta Portatil - OUTROS

Acessorio de Elevagiio - GANCHO C

hcessério de Elevagio - ESTROPO

Acessorio de Elevagio - LINGA

Acessério de Elevagdo - MANILHA

Acessorio de Elevagic - GARRA

Acessério de Elevagdo - OLHAIS

Acessorio de ElE\lEl.;sB - PORTA PALETES PONTE ROLANTE
Acessorio de Elevagic - ARGOLOES

Acesséric de Elevagio - OUTROS

10/02/2023

3
0
a
1
0

12

o o o o wr o &

o o o o o 0o o o

1/02/2023

S © o0 o o9 0 a8 s o6 o o

© o o o o 0 e s o

12/02/2023

S ©o 0o 0o o 90 a8 s oo o o

© o o o o 0 e s o

13/02/2023 14/02/2023 15/02/2023 16/02/2023
2 1 0
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Figure 21 - Main sheet of the developed file

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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— A B C
{ Cs Caracteristi
PRGN particulares | Porticulares | Particulares |, A%
g - -
NAO BAAN NAOBAAN | NAO BAAN NAQBAAN | NAO BAAN
ome | Gmets | g | el | e s e | oot oo e
i work site info. serlal Number \-g Date. ago. ()
44EAT202 _2,87_09m_IPers 44EATI02 001 | EAT_AE_UNG. [ Armazém | [ 2001 23/03/2023 | Unga 18 [
o S e e
A4EAT202 _!5l_l!mJPer.| 44EAT202_DO3 | EAT_AE_LING. | Produgio | [ 1029 2006 27/03/2023 | Unga
A4EAT202 i 2_1,5T_03m_1Pery 44EAT202_004 EAT_AE_LING:, Produclo 1028 2006 27/03/2023 Linga 15 o3 1 ]
44EAT202 _1,57_03m_iPery  44EAT202_005 | EAT_AE_UNG. | Armazém | 1026 2006 27/03/2023 | unga
e FEv e e | T
44EAT202 _1,57_05m_1Pers  44EATI02 007 | EAT_AE_UNG. [ Armazém | [ 3033 27/03/2023 | Unga
o S o e |
A4EAT202 _2,17_0,8m_2Per s 44EAT202_009 | EAT_AE_LING: | Linha 1 5434 27/03/2023 | Unga
A4EAT202 i _1,6T_07m_2Pery 44EAT202 010 EAT_AE LING:, Armazém 27/03/2023 Linga 16 o7 2

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:

e Quantity of equipment registered per day;

e Accumulated quantity of equipment registered each day;
e Total registered by cluster/equipment type;

e Clusters/equipment types registered on a selected day;

e Total registered and daily average;

With the essential points defined, the development of the dashboard began using the PowerBlI
software. The created dashboard can be seen in figure 23.
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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.

322 16,9 Analitica do Cadastro - EEM ) efacec......

Total Cadastrado Média Diaria
Qt. Acunlada Qt. Didria

Q. Acumulada
Qt. Didria

E

Selecionar dia em Qn. Didria

Clusters Cadastrados no Dia Selecionado

Cluster

Total

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 EATSs registered before the start of the
registration process. With the process still in execution, a total of 330 equipment and EATSs 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 (Ol), which
formalizes the Autonomous Maintenance process, clarifies the following points:

e Objective and scope of application;
e Description of the process;
e Process control;
e 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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Manutencgio Auténoma

Operagies

Qualidade

Figure 26 — Flowchart of the autonomous maintenance process

4.2.3 ldentification 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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Cluster(s)/equipamento(s): 6\
f MANUAL DE’MANUTENCAO NOmeros de série: N
Q efacec AUTONOMA UN(s):

Céd. Documento: rremumia"
Frequéncia

simbologia agdo
Area/Local Acgdo / Metodologia Ferramentas
Spares/Consumiveis

Parag./

Fotos/lluskragdes
Fune.

IV SO
@ @ @' chave de bocas i,
) e

Figure 27 — Fields to be filled in the template for MMA — A

@ b ‘ x Jl Duracdo estimada (min):
Legenda da simbologia Agdo L f-
Inspecio Visual ] Lubrif a F Limpeza \1 3
Link para video de execucdo: | ] ﬂ éggir;i" Cons. r:;:;;’:éfs;
Aaniz | essus

Manval do equipamento: @

Cédigo do femplate: 01.000EFACEC-10010059-008-000-PT-00

Para a execugdo das tarefas/agdes, os colaboradores deverdo usar os Equipamentos de Protecgdo Individual previamente definidos pela Organizagdo, sejam eles
genéricos ou especificos das tarefas/agdes, assim como lambém cumprir todas as regras de Seguranga

1.

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

SIMBOLOGIA DA FREQUENCIA DA MANUTENGAO:

g O A VW

Dependente do Turno Diario Semanal Quinzenal Mensal Trimestral Semestral
evento

Figure 29 — Maintenance frequency symbology legend

Sequence Number

This is a sequential number assigned to the activities described, following the form and
color corresponding to their respective maintenance frequencies.

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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10.

11.

12.

13.

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.

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.

SIMBOLOGIA DA AGAO:

® & € ¥ il

Inspegéo Visual Lubrificagao Substituicao Ferramentas Limpeza

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

Required Tools

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

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.

Stoppage/Operation

Indication whether the equipment should be stopped or if it can be in operation during
the execution of the activity.

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.

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.

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.

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:

e 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;

e 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:

e Spares or consumables: There might be a need to procure additional parts or
consumables for maintenance activities;

e 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,;

o 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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e ldentification of improvement opportunities: While performing AM, operators may
identify areas where improvements can be made to enhance the maintenance process or
optimize equipment performance;

e 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.

Type: | v

-

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:

e Access to manuals and equipment with Autonomous Maintenance;

e 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;

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

e Knowledge of the status of suggestions and improvement opportunities.
Regarding the MIT team, they are able to:

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

e 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:

e Equipment User - can access manuals and equipment information;
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e Equipment Owner (Team Leader/Supervisor: N - 5) — can interact with and obtain
information about their own equipment;

e Area #1 Owner (Coordinator N - 4) — can interact with and obtain information about
equipment within a specific area or team;

e Area #2 Owner (Coordinator N - 3) — can interact with and obtain information about
equipment within a group of areas;

e 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

Frequéncia 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
st
Monthly 6h 2af 1% week of the All months
month
1% week of the
Quarterly 6h 2af month Mar/Jun/Sept/Dec
st
Semi-annually 6h 2af 1% week of the Apr/Oct
month

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

e 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".
e The AM manager should receive an email indicating a new suggestion/ticket;

e 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;

o M N

activities.

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

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

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

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

e By EHS, during operational visits, the indications/evidence of operators' execution of
AM should be evaluated;

) MIT

During preventive or corrective maintenance, MIT should assess the indications/evidence of
operators' execution of AM.

e 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

L . L Data
Monitoring Indicator Frequency Definition Source/Dashboard
Quantity of
Number of NCs issued AM management
Process . “
S non- Quarterly regarding platform — “under
deviation - o
Conformities process construction
compliance
Evolutlo_n of the Number of Quantity of AM AM management
quantity of manuals T
. . manuals Quarterly platform — “under
equipment with develoned developed per construction”
AM Manual P period

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
1D Activity description g g -
1 Development of AM manuals R/IA
2 Validation of activity safety conditions C/l C/l R/IA
3 Validation of periodicity C/l R/IA
4 Training of employees in performing the actions R/IA 1/C
5 Execution of the actions - R/IA
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:

e Supplier recommendations, which specify some maintenance actions that can be
performed by operators;

e Suggestions from the operators themselves, as they are most familiar with the
breakdowns they have encountered and equipment behavior;

e History of breakdowns that the equipment has experienced and that are related to
tightening issues, visual inspections, cleaning, or lubrication;

e 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.

Cluster(s)/equipamento(s): EMC - Stacker
= NUmeros de série: 17968; 17961; 17966; 17957; 17963; 18003; 17969; 17953;
Efacec MANUAL DE MANUTENCAO 17945; 17959: 17964; 17958; 17951; 18005; 17952; 17964; 17960; 18004; 17967: o

() bl ts AUTONOMA 17955; 17949; 1800&; 17956; 18007; 17962; 17950; 0098

UN(s): Geral

Céd. Documente: Semanal
Ne __Simbologia agio

Area/Local Acgdio / Metodologia ___ Ferramentas Parag./ Fotos/llushagdes

Seq. Spares/Consumiveis Func.

@

Apds carregar a bateria, verificar se os
flutuadores brancos indicadores de nivel
de dgua estdo visiveis. Caso ndo estejam,
’ Bateria ligar ao dispensador de agua destilada - P

automatico para repor o nivel.

Aconselha-se verificacdo sempre que se
efetue o carregamenteo da bateria

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:
e Maximum of 5 actions per page;
e Divide sections per area of intervention;

e 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:

e Weekly AM manual for EMCs (Stacker, Forklift, Tow Tractor, and Electric Pallet
Truck);

e 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.

Q efacec

UNs
1573 EMC_PPE Semanal TRF @
17757 EMC_EMP Semanal TRF @ ASE ‘
17761 EMC_EMP Semanal TRF @
17763 EMC_EMP Semanal TRF @ AMT ‘
17900 EMC_PPE Semanal TRF @
17916 EMC_EMP Semanal ASE @ EEM ‘
17918 EMC_EMP Semanal ASE @
17921 EMC_EMP Semanal AMT R SRV ‘
17922 EMC_EMP Semanal AMT @
17923 EMC_EMP Semanal TRF R TRE ‘
17924 EMC_EMP Semanal TRF @
17925 EMC_EMP Semanal TRF @ Cluster
17926 EMC_EMP Semanal EEM @
17929 EMC_EMP Semanal TRF @ All '
17930 EMC_EMP Semanal ASE @
17931 EMC_EMP Semanal TRF @
17932 EMC_EMP Semanal TRF @ Search Argument
17933 EMC_EMP Semanal TRF @ Al o
17934 EMC_EMP Semanal TRF @
17935 EMC_EMP Semanal EEM @

EFACEC Internal Information

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:

e Greater ease in data analysis and processing;
e Ability to maintain a historical record of different years of planning;

e Simplification of recording action completion, as both planning and execution can be
filled out on the same page;

e 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.

Service Deptjig Cluster |§d UN B¢ Descr. Cluster - Search Argument Cluster [§d
SAI00 10P00132 AMT Ponte Rolante_6,3T ELEV CARG_PR
SAI00 20ELWV002 ANT Ponte Rolante_1T ELEV CARG_PR
SAI00 20ELWV003 AMT Ponte Rolante_5T ELEV CARG_PR
SAI00 20ELW004 ANT Ponte Rolante_2T ELEV CARG_PR
SAI0O 20ELV005 ANMT Ponte Rolante_2,5T ELEV CARG_PR
SAI00 20ELWV006 ANT Ponte Rolante_2,5T ELEV CARG_PR
SAI0O 20ELWV007 ANMT Ponte Rolante_2,5T ELEV CARG_PR
SAI00 20ELv008 ANT Ponte Rolante_2,5T ELEV CARG_PR
SAI0O 20ELWV009 ANMT Ponte Rolante_1T ELEV CARG_PR
SAIO0 20GRS261 AMT Grupo de Recuperador de 5Fé GEN

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.

C D F
. . = . —— Ano semana - Semana Y
Periodicidai’_ _Equlpumenl . Descrigdo Equip. . |Unidar’ Planeat Planeadal - Ano Realiza¢” Realizada - Estado . Motive NE
Anual 3TRP1077 Plataforma Eevatdria_Docagem_T AMT 2023 10 2023 19 REALIZADA
Semestral 2 30TRN232 Torno Mecénico Grande AMT 2023 41 2023 PLANEADA FUTURO
Semestral 1 30TRN232 Torno Mecénico Grande AMT 2023 15 2023 19 REALIZADA
Anual 30TAC42? ‘e de Armazenamento de Componentes b AMT 2023 38 2023 PLANEADA FUTURO
Anual 30TAC428 ‘e de Armazenamento de Componentesh  AMT 2023 38 2023 FLANEADA FUTURO
Anual 30TAC427 ‘e de Armazenamento de Componentesh  AMT 2023 38 2023 PLANEADA FUTURO
Anual 30TAC422 e de Armazenamento de Componentesh  AMT 2023 38 2023 FLANEADA FUTURO
Semestral 2 30SRR234 Serrote de Corte AMT 2023 41 2023 PLANEADA FUTURO
Semestral 1 30SRR234 Serrote de Corte AMT 2023 15 2023 18 REALIZADA
Trimestral 1 30RHE755 Recuperador de Helio AMT 2023 2 2023 2 REALIZADA
| Trimestral 3 30RHE755 Recuperador de Helio AMT 2023 28 2023 PLANEADA FUTURO
Trimestral 2 3O0RHE7S5 Recuperador de Helio AMT 2023 15 2023 17 REALIZADA
Anual 30RHE755 Recuperador de Helio AMT 2023 50 2023 FLANEADA FUTURO
Trimestral 1 30PSF756 Purificador de SFé AMT 2023 2 2023 2 REALIZADA
Trimestral 3 30PSF756 Purificador de SFé AMT 2023 28 2023 PLANEADA FUTURO
Trimestral 2 30PSF756 Purificador de SFé AMT 2023 15 2023 17 REALIZADA
Trimestral 4 30PSF756 Purificador de SFé AMT 2023 41 2023 PLANEADA FUTURO
Anual 30PEE®72 Plataforma Elevatoria_Monta Cargas_0,5T  AMT 2023 17 2023 18 REALIZADA
Amnacl RNREE201 Platafarman Blosiotario Tocouwa 2T ALAT Llalel] 17 Lelalel] e REAILITADA

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:

e Completed: The action has already been performed;
e Future Planned: The action is scheduled but has not yet reached the due date;
e Overdue: The action was not performed within the expected timeframe;

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

e 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:
e Partner Unavailability;
e Equipment Unavailability;
e Equipment Out of Service;
e 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.

- Semana 23 Imprimir

Figure 36 — Selecting the intended week

With the planning dates filled in, the annual planning calendar was prepared, Figure 37.
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st
)
o
o Pla
Janeiro Fe Marg: Abril M Junhe
Equipamentos
v 3 4 5 6 7 8 7 10 11 12 13 14 15 16 17 18 17 20 21 22 23 24 2

10GENOO1T Anual
10GEN002 Anual
10GENO03 Anual
10GENOO4 Anual
10GENOOS Anual
10GENQQé Anval
10GENQQ7 Anual
10GENO08 Anual

10mo01 Trimestral 1 Trimestral 2

10mo02 Trimestral 1 Trimestral 2

10Mmo004 Anval Trimestral 1

10M00& Anval

10m007 Anval

1omo0s

1omoo7

1omo10 Anval

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:
e Weekly Completion - Quantities and %;
e Year-to-Date (YTD) Completion - Quantities and %;
e Quantities by status, both weekly and YTD;
e Accelerometers of weekly, YTD, and annual completion.

Q efacec Mapa MP s .

Realizagéio YTD - Quantidades

e o Semana 2023W23
% Realizagdo Semanal

(Vazio) 20

0% - ?OO%

Realizadas Semana Planeadas Semana

Realizacao YTD - %
- N % Realizagdio YTD

393 540

7720/
Realizadas YTD e

Planeadas YTD

0% 100%

% Realizagéo Anual

Realizagéio Semanal - Qu idad. 6 1157
Reafizacas Adiantadas 34% Planeadas Anual
0% 100%
393 631 62 65 6
Realizadas P. Futuro Atrasadas OnHold  Prazo Expirado

Realizagéio Semanal - %
Tipo de Equipamento UN

Tudo e

AMT TRF

EEM

EFACEC Internal Information

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:

Q) efacec

Service Dept

Week of planned action and week of executed action;

Periodicity;
Action status;
Equipment type;

Business Unit.

Planeadas /
Realizadas

Pericdicidade Semana Planeada Semana Realizada

SAIOD
SAI0D
SAI0D
SAIOD
STIOO
SAI0D
SAIOD
STIOO
STIOO
STIOO
STIOO
STIOO
STIOO
STIOO
STIOO
STIOD
SAI0D
SAI0D
STIOO
STIOO
STIOO
STIOO
STIOO
STIOO
STIOO
STIOO
STIOO
STIDD

G

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

Posto Mével_Propano
Posto Mével_Propano

Posto Mével_Propano

Posto Mével_Propano

Plataforma Elevatéria_Tesoura_6000Kg_2m
Purificador de SFe

Recuperador de Helio

Langa_500kg

Pértico Rolante_160T

Ponte Rolante 5T_

Ponte Rolante_1,6T

Ponte Rolante_2T

Transportador pneumitico

Instalagdo de decapagem

Plataforma Elevatéria_Tesoura_6000Kg_2m
Plataforma Elevatéria_Tesoura_6000Kg_2m
Autoclave Fixo

Plataforma Flevatéria_Tesoura_1T

Ponte Rolante_ 40T

Ponte Rolante 5T

Ponte Rolante_2T

Ponte Rolante_32+6,3T

Guilhctina

Maquina isolar radial (10M118)
Transpertador Master (1)

Transportador Master (3)

Carro Transfega Oleo

UN  Search Argument Cluster Equipamento Descr. Cluster
AMT GAS_POSTOS 30AQC522
AMT GAS_POSTOS 30AQC525
AMT GAS_POSTOS 30AQC526
AMT GAS_POSTOS 30AQC533
TRF  PLAT ELEV_TESOUR 10M073
AMT GEN 30PSF736
AMT GEN 30RHE755
TRF  ELEV CARG_LANCA 40ELVO11
TRF  ELEV CARG_PORT 107102
TRF  ELEV CARG_PR 10P003
TRF  ELEV CARG_FR 40ELV008
TRF  ELEV CARG_PR 40ELVO1T7
TRF  GEN 10M02207
TRF  GEN 10M055
TRF  PLAT ELEV_TESOUR 10M076
TRF  PLAT ELEV_TESOUR 10M091
AMT GEN 30GEF094
AMT PLAT ELEV_TESOUR 30PEE325
TRF  ELEV CARG_PR 10P004
TRF  ELEV CARG_PR 10P009
TRF  ELEV CARG_PR 40ELVO12
TRF  ELEV CARG_PR 40ELV131
TRF  GEN 10M099
TRF  GEN 10M118
TRF  GEN 10M22101
TRF  GEN 10M22104
TRF  GEN 10M345
TRF  GFN 10M441

Prensa AO0

Anual
Anual
Anual
Anual
Anual
Trimestral 1
Trimestral 1
Anual
Trimestral 1
Anual
Anual
Anual
Anual
Trimestral 1
Anual
Anual

Trimestral 1

Lo T R T N N T ey
o

wlw e e e

Anual

Trimestral 1

wow

Anual

Anual

wow

Trimestral 1

Trimestral 1

wow

Anual

Trimestral 1
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Anual
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Anual

Figure 39 — Planned and executed

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

- ®

de Ser
7 Cores:

C) Backlog (Figure 41)
Listing of all outstanding actions, whether they are "Planned Future™, "Delayed" or "On Hold".

The filtering capability is:

BU;

Realizada em atraso - Amarelo
Realizada adiantadamente - Azul
Atrasada - Vermelho

On Hold - Laranja

Prazo Expirado - Castanho

Realizada na semana planeada - Verde

Figure 40 — Color legend

Semana Planeada

1 53

O

Semana Realizada

1 22

O

Periodicidade

Tudo

Estado

Tudo

Tipo de Equipamento

Tudo

UN

AMT TRF

EEM

EFACEC Internal Information
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e Equipment type;
e Action status and reason for On Hold;
e Periodicity;

e Planned week.

Q efacec Backlog
Service Dept UN Tipo de Equipamento Cluster Equipamento Estado Semana Planeada Motivo Semana
SAI00 AMT ELEV CARG_LANCA 30ELV9T76 Langa_S00kg ATRASADA 19 2 5
SAI00 AMT ELEV CARG_PR 20ELV003 Ponte Rolante_5T ATRASADA 14 O O
SPI00 EEM GEN 44GEN002 Impressora jato tinta (branco) ATRASADA 21
SPIO EEM GEN 44GEN0O4 Impressora jato tinta (brance) ATRASADA 21
SPI00 EEM GEN 44GENDOS Impressors jato tint (prto) ATRASADA 21 Periodicidade
SPI00 EEM GEN 44GENOO1 Maquina de corte cabos automatica ATRASADA 21 Tudo
SPI00 EEM GEN 44GENOO3 Maquina de corte cabos automitica ATRASADA 21
SPIO EEM GEN 44GENO0S Maquina desnude de cabos ATRASADA 21
SPI00 EEM GEN 44GEND08 Maquina etiquetas ATRASADA 21 Extado da Manutengio
STI0O TRF  ELEV CARG_PR 40ELV197 Ponte Rolante_2T ATRASADA 22
STI0O TRF  ELEV CARG_PR 10P019 Ponte Rolante_32T ATRASADA 21 Tudo e
STIOO TRF  ELEV CARG_PR 10023 Ponte Rolante_5T ATRASADA 21
STIOO TRF  ELEV CARG_PR 40P264 Ponte Rolante_6,3T ATRASADA 22
STI00 TRE  GAS_ARMAZ./DIST. LABQO4 Rede_Ar Sintético ATRASADA 18 Motivo On Hold
STIOO TR GAS_ARMAZ./DIST. 10M17437 Rede_Argon ATRASADA 19 Tudo ~
STIOO TR GAS_ARMAZ./DIST. LABQO7 Rede_Argon ATRASADA 18
STI0O TR GAS_ARMAZ,/DIST. LABQOG Rede_Azoto ATRASADA 18
STI0O TR GAS_ARMAZ/DIST. LABQOS Rede_CO2 ATRASADA 18 Tipo de Equipamento
STIOO TRF  GAS_ARMAZ./DIST. 10M17438 Rede_Hélio ATRASADA 18 Tudo —
STIOO TRF  GAS_ARMAZ./DIST. LABQ02 Rede_Hélio ATRASADA 18
STI0O TR GAS_ARMAZ,/DIST. LABQO3 Rede_Hidrogénio ATRASADA 18
STI0O TRF  GAS_ARMAZ/DIST. 10M17443 Rede_Hidrogénio+Argon ATRASADA 18 UN
STIOO TRF  GAS_ARMAZ/DIST. LABQOS Rede_Oxigénio ATRASADA 18
STIOO TRF  GAS_ARMAZ./DIST. 10M17444 Rede_Protar ATRASADA 18 AMT TRF
STI0O TRF  GAS_POSTOS 10M17445 Posto Fixo_Hélio ATRASADA 18
STIOO TRF  GAS_POSTOS 10M17446 Posto Fixo_Hélio ATRASADA 18
STIOD TRE  GAS_POSTOS 10M17447 Posto Fixe_Hélio ATRASADA 18 EEM

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.

E=‘§= Requisicio de EAT

A PREENCHER PELO REQUISITANTE

A PREENCHER PELA GESTAO

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

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

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.

Q) efacec

Q efacec

Qtd. por Tipo de EAT

Ferramentas de Corte - LAMINA
Ferramentas Manuais

Magquina Ferramenta Portatil - ACESSORIOS
Magquina Ferramenta Portatil - ASPIRACAO E

LAVAGEM

Maguina Ferramenta Portatil - CORTE
Maquina Ferramenta Portatil - DESBASTE
Magquina Ferramenta Portatil - PINTURA

Acessério de Elevacido - ESTROPO

Ferramentas de Corte - SERRA CIRCULAR
Maguina Ferramenta Portatil - REBITAR E

AGRAFAR

Recursos de Medicdo e Monitorizacéo -

PAQUIMETROS

Ferramentas de Corte - FRESA/PORTA-

LAMINAS

Qtd. Pedidos

4

Pedidos em Espera

Requisicdes de EATs

10

2.14KE

Custos Ped. em Curso

Pedidos em Curso

2023 WAl v

4,.80KE

Custos Ped. Entregues

Figure 43 - Main page EATSs

H, 4 2023 ~

Qtd. por UN e CC

= AMT \
) EEM

= TRF 12

4 10

Pedidos em Espera

ID do Pedido ID do Pedido

9
95
93
91

[EFACEC Internal Information

23
Al v ﬂ
Qtd. por Més
8
6
4
2
marco abril maio
Més
(Blank) 4

Pedidos em Curso

83
84
86
87
89

Figure 44 - Quantity of requests EATSs

Pedidos Entregues

90
88
64
62

Pedidos Rececionados

ID do Pedido

EFACEC Internal Information
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X
Q etace e . A
Custo por UN e CC Custo por Tipo de EAT Custo Total by ID do Pedido
© TRF € 6,400.29 Acessorio de Elevagdo - ESTROPO € 605.40
TRF_Linha M - €579489 | © Ferramentas de Corte - FRESA/PORTA-LAMINAS | € 4,678.01
TRF_Construcao € 445.60 = TRF €4,678.01
Soldada © Ferramentas de Corte - LAMINA € 270.00
TRF_Linha M - €159.80 = TRF £€270.00
Bobinagem e FF
_ = Ferramentas de Corte - SERRA CIRCULAR € 643.63
= TRF €643.63
Custo by Més Maquina Ferramenta Portatil - ACESSORIOS €158.90
© Maquina Ferramenta Portatil - CORTE €203.25
ok = TRF €203.25
Magquina Ferramenta Portatil - REBITAR E €538.08

g £ AGRAFAR

3 2 Recursos de Medigdo e Monitorizagao - € 26.96
€2K PAQUIMETROS 92
= AMT €26.96

€0K . :
margo abril maio
s |

Custos EFACEC Internal Information

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:

e Quantity of requests by type of EMC, Month, Intervention Type, Bu, Cost Center and
equipment;

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

e MTTA (h) and MTTR (h) by type of EMC, BU, Cost Center, Intervention Type,
equipment and request;

e 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 (1)
— Date and time of request for action
MTTR (h) = Date and time of end of intervention (@)

— Date and time of start of intervention

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. (3)
N MTTR, operating equip.

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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Ano do Pedido Més do pedido

s Manutencao Industrial Transversal )

Pedidos de EMCs

32
Qtd. de Pedidos

7
Pedidos em Curso

‘Quantidade

Listagem de EMCs ~
o é:g 3.07K€ .

Custo Global

191
Indisponibilidade Total (h)

MTTA e MTTR 440 666 84
MTTA (h) MTTR (h)

Figure 46 - Main page of EMC dashboard

Ano do Pedido Més do pedido 32

Qtd. de Pedidos
E

Qtd. por UN e CC Qtd. por Tipo de EMC

Qtd. por Equipamento

UN - Localizagdo Qt. Pedidos 0098 17765
© TRF 19
Armazém TRF 5
s
Expedicao PT g U empitvedores de combustao interna | NN
) ©
Bobinagem CT 1 g Porta paletes elétrico -
Bobinagem DT nj |8
g [~ empilhadores elétricos 3 rocas [ 5 792: D
Corte Chapa DT 1
E———— X Porta paletes de grandes dimensoes -
Montagem DT 1 Tratores de reboque [
1
7 0 5 10
Qtd. por Més Qtd. por Tipo de Pedido
Int, correctiva - Anomalias associadas a bateria/carregam... [N
20 Int. correctiva - Anomalias com preus [l
8 179... [SRN179.
2 o Int. correctiva - Danos estruturais (excepto vidros) [N ==
3 he]
B 5 Int. correctiva - Erros no painel [l
£
s 10 & Int, correctiva - Fugas de cleo [l
o 3 Int. correctiva - Mau Funcionamento garfos [l
. 0
5 Int. correctiva - Mau funcionamento movimentacso [l -
o = Int. correctiva - vidro partico N 179
«© 0 Q 50 © Melhoria/alteragio de equipamento j& exstente [ 4
e ‘(\a‘(‘ a" o W« & quip: J
@ Ny Necessidade adicional de evc [
17939

LELL]

Figure 47 - Quantity of EMC requests

» 5 Ano do Pedido Més do pedido 3.07KE
S @ v e v
Custo Global
Custo por UN e CC Custo por Més Custo por Tipo de EMC
UN - Localizagdo Custo Total 2,500 €
-~ 0.08K€ (2.64%) —
= TRF 3,072.38 €
Expedicio PT 1,356.08 € 2,000 € . . 1.36KE (44.14%) —
Armazém TRF 63530€ o
Expedicio CT so0.00€ 2 1,500 € @Empilhador elétrico 4 rodas
Montagem ST 500.00 € ®Empilhadores de combust...
Bobinagem CT 81.00 € 1,000 € @porta paletes de grandes ...
500 € N
o D
z@\‘ o N 1.64KE (53.23%)
@
Custo por Equipamento Custo por Tipo de Pedido
3
<
o
'% Melhoria/alteracao de equipamento ja existente -
Int. correctiva - Anomalias associadas a bateria/carregamento .

€ 500€ 1000 € 1500€

MTTA e MTTR Qtd. Pedidos

Figure 48 - Costs of EMC requests
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® 2023 ¢ om v Q efacec
MTTA e MTTR por UN e CC MTTA e MTTR por Tipo de Pedido MTTA by Equipamento
MTTA @ MTTR 27565 17933
o TRF 549 2.8
Montagem ST 667 4.0
Expedicgo PT a5 15 g
Expedicgo CT 692 205
csoT 957 53 S o3
Bobinagem DT 490 10| o
Bobinagem CT | 158 so0 || 2
Armazém TRF 741 1.3
= ASE 1251 36.1
| oK K
MTTA e MTTR por Pedido MTTA e MTTR per Tipo de EMC MTTR by Equipamento
MTTA ® MTTR 21565 17968
62 25 1.0 i
59 405 7.0 Foria paldtes adtico
55 330 0.2 Stackers com platafor omem
54 65 2.0 o
> jor el rodas
53 809 05 b
30 2171 721 2
22 158 5.0
19 490 1.0 I
12 1509 3.5
11 667 4.0 « e k
ﬁ MTTA e MTTR EFACEC Internal Information

Figure 49 - MTTA and MTTR of EMC requests
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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 EATSs 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:

e Consolidation of theoretical knowledge and its practical application;
e Contact with an industrial organization;

e Improvement of teamwork and problem-solving skills;

e 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:

¢ Inashort-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;

e 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.

e 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

MANUTENCAO AUTONOMA - PLANO MENSAL
40VIMO10 - Instalacdo de Vazamentos

@

Inspegdo Visual

&

Lubrihoagac

¢

Substituigao

X

Chave de Bocas

Q

KIT ORIngs

/

Chave fendas

B

Detetor fugas
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APPENDIX B: Record of attendance at training

Academy

Qefacec REGISTO DE PRESENCAS
Formador: Celso Manuel P Teixeira U Formedaor Externs ) Foemador Interno | n® colaborador: 201
Curso/Accdo: TPM Vazamenta de araldite Local: Arroteis Cédigo*: 6 - Técnica
Duragdo (h): 00:30 Data: 31/mar/21 Horario: 15:00

Objectivos: Formar operadores e chefias para realizar um conjunto de actividades simples e planeadas com o objectivo de manter

o equipamento em boas candi¢des de funcionamento, asmentando o seu conhecimento tecnico e incutir responsabilidade,

Conteddo: Executar o plano de manuteéngdo primaria, identificar partes da maquina onde intrevir, sabér quais 0s produtos a utilizar e como

utilizar em condigdes de seguranca.

Mo Colab. NOME COMPLETO (EM MA)}JSCULAS) UN/Empresa y _RUBRICA
AP J’w./ T ; pn | fhu I8 P
Lf/f?’ 2(.‘.4 Ls0 L ,4»\/&/5 }/;Ja(_j /.: 4 éc’//'u ’, _/ R 07~ 0

\,za
i
_}Z

o7 )'v‘zw*r—ﬁ/»w;ﬁdv Pricet fo Fervee yir
‘J—_—' N ~

01.000EFACEC-07040001-001-001-EN-07
* Cidigos: 1 - Comportamental; 2 - QAS; 3 - Gestdo e Administragdo; 4 - Linguas Estrangeiras; 5 - Informdtica; 6 - Técnica

DATA: 31/mar/21

( i
ENTIDADE
ASSINATURA DO FORMADOR: A ’//& FORMADORA

ERTIFICADA
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APPENDIX C: Clusters created

Tipo Serialized Search argument CLUSTER Search argument ITEM Descrigdo

item group
EAT EAT EAT_MFP_SLD EAT_MFP_SLD Maquina Ferramenta Portatil - SOLDADURA
EAT EAT EAT_MFP_CIN EAT_MFP_CIN Maquina Ferramenta Portatil - CINTAGEM

EAT EAT EAT_MFP_CCDCF EAT_MFP_CCDCF Maquina Ferramenta Portatil - COR CRAV DESB CABO FIO
EAT EAT EAT_MFP_COR EAT_MFP_COR Maquina Ferramenta Portétil - CORTE
EAT EAT EAT_MFP_DES EAT_MFP_DES Magquina Ferramenta Portatil - DESBASTE
EAT EAT EAT_MFP_FF EAT_MFP_FF Maguina Ferramenta Portatil - FURAGAO E FIXAGAQ
EAT EAT EAT_MFP_RA EAT_MFP_RA Maquina Ferramenta Portatil - REBITAR E AGRAFAR
EAT EAT EAT_MFP_IAE EAT_MFP_IAE ina Ferramenta Portatil - ILUMINAGAO E ACES:
EAT EAT EAT_MFP_AL EAT_MFP_AL ina Ferramenta Portétil - ASPIRAGAQ E LAVAGI
EAT EAT EAT_MFP _SOPAQ EAT_MFP_SOPAQ Maguina Ferramenta Portatil - SOPRADOR AR QUENTE
EAT EAT EAT_MFP_PIN EAT_MFP_PIN Maquina Ferramenta Portatil - PINTURA
EAT EAT EAT_MFP_COMP EAT_MFP_COMP Maquina Ferramenta Portatil - COMPRESSOR
EAT EAT EAT MEP.ACE EAT.MFP.ACE Maquina Ferramenta Portatil - ACH
EAT EAT EAT_MFP_OUTROS EAT_MFP_OUTROS Maguina Ferramenta Portatil - OUTROS
EAT. EAT EAT_AE_GANC EAT_AE_GANC Acessdrio de Elevacdo - GANCHO C
EAT EAT EAT_AE_EST EAT_AE_EST Acessério de 30
EAT EAT EAT_AE_LINGA EAT_AE_LINGA Acessario de
EAT EAT EAT_AE_MAN EAT_AE_MAN Acessdrio de Elevacdo - MANILHA
EAT EAT EAT_AE_GAR EAT_AE_GAR Acessario de Elevacdo - GARRA
EAT EAT EAT_AE_OLH EAT_AE_OLH Acessdrio de Elevagdo - OLHAIS
EAT EAT EAT_AE PPPR EAT_AE_PPPR i 4o - PORTA PALETES PONTE R
EAT EAT, EAT_AE_ARG EAT.AE ARG Acessorio de Elevacdo - ARGOLOES
EAT EAT EAT_AE_OUTROQ EAT.AE_OUTRO Acessdrio de Elevacdo - OUTROS

EAT EAT MH. CIL. EATMH_CIL.

EAT EAT _MH BOME EAT_MH_BOMB

IRA HIDRAULICA
0.- VALVULA
o - ACESSORIOS

EAT EAT_MH.OUTRO Equ
EAT EAT EAT_EPI/C_LV_HOR EAT_EPI/C_LV_HOR Equip Prot Indiv/Coletiva - Linha Vida Horizontal
EAT EAT EAT_EPI/C_LV_VER EAT_EPI/C_LV_VER Equip Prot Indiv/Coletiva - Linha Vida Vertical
EAT EAT EAT_EPI/C_VI EAT_EPIfC_VI Equip Prot Indiv/Caletiva - Vara Isolante
EAT EAT EAT EPI/C T EAT EPI/C T E
EAT EAT EAT_EPI/C_DAT. EAT_EPI/C_DAT Equip Prot Indiv/Coletiva - Detetor Auséncia Tensdo
EAT EAT EAT E EATE CA
EAT EAT EAT_EI EAT.EEPT,

EAT EAT EAT_EI

EAT_EEPT.]

EAT EAT EAT. EAT_EEPT AND Escadas/Escadotes/Plataformas de Trabalha - ANDA|
EAT EAT EAT RMM EAT_RMM Recursos de Medicdo e Monitorizagao
EAT EAT EAT_FC_SC EAT_FC_SC Ferramentas de Corte - SERRA CIRCULAR
EAT EAT. EAT FC_F/PL EAT_FC_F/PL Ferramentas de Corte - FRESA/PORTA-LAMINAS
EAT EAT EAT FC_SA EAT FC_SA Ferramentas de Corte - SISTEMA DE APERTO
EAT EAT EAT FM EAT FM Ferramentas Manuais
EAT EAT EAT _ML_PAL EAT_ML,_PAL Meios Logisticos - PALETE DE TRANSPORTE COM OLHAIS
EAT EAT EAT_ML_CMMM EAT_ML_CMMM Meios Logisticos - CARROS/MESAS DE TRABALHO 0U MOVIMENTAGAOD DE
MATERIAIS
EAT EAT EAT_ML_CAVELETES EAT_ML_CAVELETES Meios Loaisticos - CAVALETE
EAT EAT EAT_ML_PP EAT_ML_PP Meios Logisticos - PORTA PALETES
EAT EAT EAT_ML_MESAELV EAT_ML_MESAELY Meios Loaisticos - MESA ELEVATORIA
EAT EAT EAT_ESP EAT_ESP
EAT EAT EAT_ESP EAT_ESP_IMP Equipamentos Auxiliares Trabalho Especificos - IMPRESSORA
Ei EMC. EMC_EMP EMC_EMP EMPILHADOR
E EMC EMC_PPE EMC_PPE PORTA PALETES ELETRICO
Ei EMC, EMC_REB EMC_REB REBOCADOR
Ei EMC EMC_STACK EMC_STACK STACKER ELETRICO
E ELEVCARG ELEV CARG_PR ELEV CARG_PR PONTE ROLANTE
E ELEVCARG ELEV CARG_PORT ELEV CARG_PORT PORTICO/SEMI-PORTICO
Ei ELEVCARG ELEVCARG_LANCA ELEV CARG_LANCA LANGA
Ei ELEVCARG ELEV CARG_MONOCA ELEV CARG_MONOCA MONOCARRIL
E ELEVCARG ELEV CARG_DIFER ELEV CARG_DIFER DIFERENCIAL
Ei ELEVCARG ELEV CARG_BALAN ELEV CARG_BALAN BALANCEIRO
Ei ELEVCARG ELEV CARG_CRU/AR ELEV CARG_CRU/AR CRUZETA/ARANHA DE VACUO
E ELEVCARG ELEV CARG_OUTRO ELEV CARG_OUTRO OUTROS EQUIP. ELEVAGAO CARGA
Equipamento PLATELEV PLAT ELEV_TESOURA PLAT ELEV_TESOURA PLAT ELEV - TESOURA
Equipamento PLATELEV PLAT ELEV_FUSOD PLAT ELEV_FUSOD PLAT ELEV - FUSO
Equipamento PLATELEV PLAT ELEV_ART PLAT ELEV_ART PLAT ELEV - ARTICULADA
Equipamento  PLATELEV PLAT ELEV_TELESC PLAT ELEV_TELESC PLAT ELEV - TELESCOPICA E MASTRO VERTICAL
Equipamento PLATELEV PLAT ELEV_MCAR PLAT ELEV_MCAR PLAT ELEV - MONTA-CARGAS
Equipamento PLATELEV PLAT ELEV_DOC PLAT ELEV_DOC PLAT ELEV - DOCAGEM
Equipamento GAS GAS_ARMAZ /DIST. GAS_ARMAZ /DIST. CENTRAL E REDE DE GAS
Equipamento GAS GAS_POSTOS GAS_POSTOS POSTO DE GAS
GEN GENERICO “Descrigao do equipamento” "Descrigdo do i "
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APPENDIX D: New AM Manual Template

_ Cluster(s)/equipamento(s):
0 . — MANUAL DE MANUTENCAO NGmeros de série:
et AUTONOMA UN(s):
Cod. Documento: -
"Frequéncia”
Ne Simbologia acdo
s Area/Local Acgao / Metodologia Ferramentas Parag./ Fotos/llustragdes
€q. Spares/Consumiveis Func.
chave de bocas P
Aconselha-se verificagcao
sempre que se efetue o 193 - BBB345
carregamento da bateria i -
P
P
P
chave de bocas
Martelo P
Roquete
AAA123 - BBB345
Duragdo estimada (min):
Legenda da ~ @ t} X ﬁl < (min)
imbolog Agto
simbologia Inspegio Visual & L Limpeza
Link para video de execugao: Sp?rgs/Cops. necessarios:
Codigo | Descri¢do
. AAA23 BBB345
Manual do equipamento: i
Nota
1. Para a execugGo das tarefas/agdes, os colaboradores deverdo usar os Equipamentos de Protecedo Individual previamente definidos pela
QOrganizagdoe, sejam eles genéricos ou especificos das tarefas/agdes, assim como também cumprir todas as regras de Seguranga;
2. Se surgir alguma anemalia no decurso da realizacdo das actividades, reportar, de acorde com o fipo de equipamento indusfrial em BAAN -
efsoc?500m000 ou Plataforma de gestdo de EMCs.
Cédigo do template:
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Dependente do
evento

®

Inspegéo Visual

Turno

)

Lubrificagdo

SIMBOLOGIA DA FREQUENCIA DA MANUTENGAO:

g O A

Diario Semanal Quinzenal Mensal Trimestral
SIMBOLOGIA DA AGAO:
Substituicéo Ferramentas Limpeza

Semestral
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APPENDIX E: AM Manual - Stackers

Cluster(s)/equipamento(s): EMC - Stacker
- NOmeros de série: 17968: 17941: 17966; 17957: 17963; 18003; 17969: 17953;
= MANUAL DE MANUTENCAO 17565; 17959 17954; 17958; 17951 18005; 17952; 17964; 17960; 18004; 17967 o
efacec AUTONOMA 17955 17949; 18006; 179567 18007; 17962; 17950; 0098
UN(s): Geral
Céd. Documento: Semanal
Ne __Simbologia agdo
s Area/Local Acgdo / Metodologia Ferramentas Parag./ Fotos/llustragées
eq. Spares/Consumiveis Func.

@

Apds carregar a bateria, verificar se os
flutuadores brancos indicadores de nivel
de Ggua estdo visiveis. Caso ndo estejam,
’ Bateria ligar ao dispensador de agua destilada - P

automatico para repor o nivel.

Aconselha-se verificagdo sempre que se
efetue o carregamento da bateria

e se as extremidades (zona B) estéo - P
carga

Garfos de Verificar se os garfos tém fissuras (zona A)
‘ alinhadas (paralelas).

Avaliar o estado de fenséo das correntes

Sistema de de elevacgdo. Estas devem estar
0 elevacé&o igualmente tensionadas, n&o - P
de carga apresentando folga ou tenséo
exagerada.

Verificar a integridade dos tubos e
cilindros hidréulicos, segundo os seguintes

Sistema de |passos:
‘ elevagcao - P
de carga |1. Elevar os garfos ao méximo.

2. Procurar por fugas, fissuras ou cortes,
em especial na zona do mastro.

Baixando os garfos ao minimo, verificar
na grade de encosto da carga (zona A)

’ Garfos de e dos garfos (zona B): .

Ca9a 1y Estabilidade (se esta solta).

2. Infegridade (se esta fissurada ou
partida).

Duragdo estimada (min):
Legenda da Acdo @ t> ‘ X QJ_ 02:30

simbologia

Inspegdo Visual i Lubrificaga Limpeza
Link para video de execugdo: Spares/Cons. necessdrios:
hitps://efacecpws.sharepoint. com/.v:/s/ManutenolndustriallransversalWebSite/EXUOMIUDIBFKIMnCDGKYVL0By | OhTyimQfwE4ZseEA3BNG?E=gnSams Cédigo |  Descricéio

Manual do equipamento:

Nota:

1. Para o execucdo das farefas/acdes, os colaboradores deverdo usar os Equipamentos de Proteccdo Individual previamente definidos pela
‘Crganizacdo, sejam eles genéricos ou especificos das tarefas/acdes, assim como também cumprir todas as regras de Seguranca;

2. Se surgir alguma anomalia no decurso da realizacdo das actividades, reportar, de acerdo com o fipo de equipamente industrial em BAAN -
efs0c9500m000 ou Plataforma de gestdo de EMCs.

‘Cédigo do template: 01.000EFACEC-10010059-008-000-PT-00
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Cluster(s)/equipamento(s): EMC - Stacker
NUmeros de série: 17968; 17961; 17966; 17957; 17963; 18003; 17969: 17953;

emergéncia

f MANUAL DE MANUTENCAO 17965; 17959; 17954; 17958; 17951; 18005; 17952; 17964; 17960; 18004; 17967 o
e_acec_ AUTéNoMA 17955: 17949; 18006; 17956: 18007; 17962: 17950; 0098
UN(s): Geral
Céd. Documento: Semanal
Ne __Simbologia agdo
s Area/local Accdo / Metodologia Ferramentas Parag./ Fotos/llustragdes
eq. Spares/Consumiveis Func.
Através de movimentagdes do
equipamento, verificar se:
‘ Rodas |1. Aroda motriz (a) e as rodas de apoic - F
(b) rodam sem impedimentos.
2. Se existem oscilagdes no movimento.
Travado 7
Em funcionamento, verificar @
operacionalidade da:
. 1. Travagem de servigo (largar o
Sistema de 9 ¢o (larg
acelerador).
fravagem e - F

2. Travagem de emergéncia (acionar
botdo de emergéncia).
/!, Recomenda-se arealizagdo desta
tividade diarit te, no que do turno,
ou antes de vfilizagao.

Botao de
Emergéncia

Duragdo estimada (min):

tegen A € Al

rua ¢ .

simbologia Inspegso Visual Lubrifi Limpeza 02:30
Link para video de execucéo: Spares/Cons. necessdrios:
https://efacecpws.sharepoint.com/:vy/s/ManutenolndustriallransversalWebSite/EXU OMIUDFBFKIMNCDGKYVL0BY | OhTyimQfwE 4ZseEA3bngZe=gnsams Cédigo | Descrigdo

Manual do equipamento:

Nota:

1. Para a execugdo das tarefas/agdes. os colaboradores deverdo usar os Equipamentos de Protecgao Individual previamente definidos pela

(Organizagdo, sejam eles genéricos ou especificos das tarefas/agdes, assim como também cumprir todas as regras de Seguranga;
2. Se surgir alguma anomalia no decurso da reclizagdo das actividades, reportar, de acordo com o fipo de equipamento industrial em BAAN -
efsocg500m000 ou Plataforma de gestdo de EMCs. T

Cadigo do template: 01.000EFACEC-10010059-008-000-PT-00
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APPENDIX F: AM Manual - Electric Pallet Truck

_ Cluster(s)/equipamento(s): EMC - Porta-Paletes
T — MANUAL DE MANUTENCAO NUmeros de série: 1573; 17977; 17900; 17971; 27565
s AUTONOMA UN(s): Geral
Cod. Documento:
Semanal
Ne Simbologia agao
s Area/l.ocal Acgado / Metodologia Feramentas Parag./ Fotos/llustragdes
€q. Spares/Consumiveis Func.
Apds carregar a bateria, verificar se os @
flutuadores brancos indicadores de nivel
de dgua estdo visiveis. Caso ndo estejam,
ligar ao dispensador de dgua destilada
’ Bateria automdtico para repor o nivel. - P
" Aconselha-se verificacdo sempre que
se efetue o carregamento da bateria -
Comando Movimentar o guiador em todas as
e direcoes de modo a verificar se existe R P
acionamen| algum impedimento do movimento.
fo
Verificar:
Garfos de | 1. Se os garfos tém fissuras (zona A). R P
carga |2.Se as extremidades (zona B) estéo
alinhadas (paralelas).
Verificar se: @
1. A plataforma de apoio esta fime,
colocando-se em cima da mesma e
Plataforma Ny ~ -
y confirmar que ela nGo toca no chéo.
’ de apoio e . P
barreiras . .
. 2. As barreiras laterais rodam sem
laterais | ) . s
impedimentos e bloqueiam na posicdo
de funcionamento (posicdo da
ilustracdo). -
Legenda da ~ @ t> ‘ X QJ_ Duragdo estimada (min):
; ; Acdo 01:30
simbologia Inspegso Visual Lubrifi Limpeza B
Link para video de execug@o: hitpsy/efacecpws.sharepoint.com/:v:/s/ManutencindustriallransversalWebSite /EfM30f- Spares/Cons. necessdrios:
FoFtoC 17eLY_WYBVISG SQMF_IQWvel WieudQre=gvhk2s Cédigo | Descricao
Manual do equipamento:
Nota:
1.Paraa EXECUCEO das IGIE'GS/GQ&ES_ os colaboradores deverdo usar os Equ\pcmsnros de Proveccao Individual prewameme definidos pe\c
Organizagdo, sejam eles genéricos ou especificos das tarefas/acdes, assim como também cumprir todas as regras de Seguranca;
2. Se surgir alguma anomalia no decurso da realizagdo das actividades, reportar, de acorde com o tipo de equipamento industrial em BAAN -
efsoc?500m000 ou Plataforma de gestGo de EMCs.
Cédigo do template: 01.000EFACEC-10010059-008-000-PT-00
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Cluster(s)/equipamento(s): EMC - Porta-Paletes

emergéncia |acelerador).

/! Recomenda-se arealizagGo desta
atividade diariamente, no arranque do turno, -
ou antes de utilizagdo.

Botao de
Emergéncia

Q efacec MANUAL DE MANUTENCAO  Nomeros de série: 17977: 17900; 17971 27565 0
bl AUTONOMA U"f(s)i Geral
Cod. Documento:
Semanal
N _Simbologia agdo
s Area/local Accdo / Metodologia Ferramentas Parag./ Fotos/llustragdes
eq. Spares/Consumiveis Func.
Verificar o correto funcionamento dos
comandos, afuando-os separadamente:
Comandos
’ acioneomen'r 1.Buzina. - F
o5 2. Acelerador.
3. Botdo de emergéncia do guiador.
4. Sobe/Desce.
Através de movimentagdes do
equipamento, verificar se:
’ Rodas |1. Aroda motriz (a) e as rodas de apoio - F
(b) rodam sem impedimentos.
2. Se existem oscilacoes no movimento.
Pode Travado
Em funcionamento, verificar aceleror
operacionalidade da: @
1. Travagem de emergéncia (acionar
Sistema de |botdo de emergéncia).
’ travagem e |2. Travagem de servico (largar o - F

Duragdo estimada (min):
Legenda da = @ t} ‘ X eJ. i (i
imbologi Acdo 01:30
simbologia Inspegéo Visual ] Lubrificaga Limpeza -
Link para video de execugao: https://efacecows sharepoint.comy/viis/ManutenolndustriallransversalWebSite /EfIM3O0fl- Spares/Cons. necessdrios:
FOFtoO17elV_WYBV3SG _SQMF_JQWvclWIeufQee=qvhk25 Cédigo | Descrigéo

Manual do equipamento:

Nota:

efsoc?500m000 ou Plataforma de gestdo de EMCs.
Cadige do template: 01.000EFACEC-10010059-008-000-PT-00

1. Para a execucdo das tarefas/agoes, os colaboradores deverdo usar os Equipamentos de Proteccao Individual previamente definidos pela
Organizacao. sejam eles genéricos ou especificos das tarefas/acdes, assim como também cumprir todas as regras de Seguranga:
2. Se surgir alguma anomalia no decurso da realizagdo das actividades, reportar, de acordo com o fipo de equipamento industrial em BAAN -
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APPENDIX G: AM Manual - Forklift

Cluster(s)/equipamento(s): EMC - Empilhador

Céd. Documento:

NUmeros de série: 17757; 17934; 17933; 1793¢; 17938; 17922; 17763; 17939;

efacec MANUAL DE MANUTENCAO 18056; 17929: 17925: 17916: 17924: 18060; 17761: 17918: 17923: 17917: 17932:
. AUTONOMA 17992; 17921; 17937, 17940; 17926; 17935; 17931; 17930; 17765; 18058; 8875
UN(s): Geral

o

Semanal

3. Limpar manchas de éleo resultantes da
actividade.

N° . Simbologia agcdo
Seq. Area/Local Acgdio / Metodologia Fe;rnrnenfﬂs’ : Parag./ Fotos/llustracdes
Spares/Consumiveis Func.
1. Verificar o nivel de 6leo no depdsito
hidrdulico, através da vareta graduada. @ ]
O nivel deve estar enfre o minimo e o
maximo representados na vareta.
’ ngvr,upl_o 2. Verificar a integridade dos tubos Pano de limpeza P
idraulico hidraulicos, procurando por fugas, fissuras ou
cortes.

Apds carregar a bateria, verificar se os flutuadores
brancos indicadores de nivel se encontram @
visiveis, seguindo os seguintes passos:

Grupo 1. Abrir o vidro de frds. )

‘ capot / 2. Destravar comandos manuais. ) ~ p
N 3. Destravar a trava do capot e levanta-lo.

bateria |4 verificar se os flutuadores estéo visiveis. Caso

ndo estejam, ligar co dispensador de dgua

destilada automatico para repor o nivel.

5. Fechar o capot e o vidro, certificando que

estdo bem fechados.

Verificar: @

1. Nivel de desgaste dos pneus.

O limite minimo de desgaste é o
Pneus . _ - P
marcado nailustragdo.

2. Aintegridade dos pneus, procurando
por rasgos ou ndo conformidades.

Verificar:

Sistema de

. elevagdo |1.Se os garfos tém fissuras (zona A). - P
de carga |2. Se as exfremidades (zona B) estdo

alinhadas ou com desgaste.

Avaliar o estado de tensdio das correntes
Sistema de de elevacao.

’ elevacdo Estas devem estar igualmente - P
de carga | fensionadas, ndo apresentando folga ou

tensdo exagerada.

Legenda da Acdo @ t} ‘ X il

simbologia Inspegéo Visual ituica L a Limpeza

Duragdo estimada (min):
05:30

Link para video de execug¢do:
https://efacecpws.sharepoint.com/:v:/s/ManutenolndustrialTransversalWebSite/EWYORIgkLnIKnrNUXRsVVCABOR4N3KgmYQpuulRobpBDwA?e=mydZBn

/C
Cédigo

Descricdo

Manual do equipamento:

Nota:

1. Para a execucao das farefas/agdes, os colaboradores deverdo usar os Equipamentos de Protecedo Individual previamente definidos pela
‘Crganizagdo, sejam eles genéricos ou especificos das tarefas/acdes, assm come fambém cumprir todas as regras de Seguranca;

2. Se surgir alguma anomalia no decurso da realizacao das actividades, reportar, de acordo com o fipo de equipamento industrial em BAAN -
efsoc?500m000 ou Plataforma de gestao de EMCs,

Codigo do femplate: 01.000EFACEC-10010059-008-000-PT-00
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Cluster(s)/equipamento(s): EMC - Empilhador
- Nomeros de série: 17757; 17934; 17933; 17936; 17938; 17922; 17763; 1793%;
0 efacec MANUAL DE MANUTENCAO 18056; 17929 17925: 17916; 17924: 18060; 17761: 17918; 17923 17917: 17932 0
bt b e AUTéNoMA 17992; 17921; 17937; 17940; 17926; 17935; 17931; 17930; 17765; 18058; 8875
UN(s): Geral
Céd. Documento: Semanal

_Simbologia a¢do

S:; Area/local Accdo / Metodologia Ferra Ms’ . Parag./
" Spares/Consumiveis Func.
@
Elevar os garfos ao méximo e verificar a
Sistema de intfegridade dos tubos e cilindros
‘ elevacgdo |hidraulicos, procurando por fugas, fissuras - P
de carga ou cortes, em especial na zona do
mastro.

Baixar os garfos e verificar na grade de
encosto da carga (zona A) e dos garfos

Sistema de | (Zona B):
‘ elevagdo - p
de carga |1. Estabilidade (se estd solta).

2. Integridade (se estd fissurada ou
partida).

Fotos/llustragdes

Verificar:

‘ Gerdl 1. Esfudp dos pedais. _ . b
2. Integridade exterior do equipamento,

fal como lonas rasgadas ou vidros

picados.

Verificar se as escovas e limpa-para-
brisas:

Geral - S - P
1. EstGo operacionais.
2. Apresentam algum desgaste ou

anomalia que condicione a sua fungdo.

Verificar correto funcionamento da
sinalizacdo luminosa:

1. Luzes frontais;
Luzes . - P
2. Luzes de presenca;
3. Luzes Stop;
4. Luz de marcha-atrds;

5. Pirilampo.

Legenda da Acdo @ t} ‘ X GJ.

simbologia Inspecéo Visual 5 Lubrificaca Limpeza

Duragdo estimada (min):

05:30

Link para video de execugdo:
https://efacecpws.sharepoint.com/:v:/s/ManutenolndustrialTransversalWebSite/EWYORIgkLn9KnrNUXRsVV CABOR4N3KgmYQpuulRobpBDwA?e=mydZBn

Spares/Cons. necessdrios:
Cédigo | Descricdo

Manual do equipamento:

Nota:

1. Para a execucdo das tarefas/acdes, os colaboradores deverdo usar os Equipamentos de ProteccGo Individual previamente definidos pela
Organizacao, sejam eles genéricos ou especificos das tarefas/acbes, assim como também cumprir fodas as regras de Seguranca;

2. Se surgir alguma anomalia no decurso da realizagdo das actividades, reporiar, de acordo com o fipo de equipamento industrial em BAAN -
efsoc?500m000 ou Plataforma de gestdo de EMCs.

Codige do femplate: 01.000EFACEC-10010059-008-000-PT-00

Development of methodologies to support maintenance planning, process and analytics in an electric company
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Cluster(s)/equipamento(s): EMC - Empilhador
- NUmeros de série: 17757 17934; 17933; 17936; 17938: 17922; 17763; 17939;
Q efacec MANUAL DE MANUTENCAO 18056; 17929 17925; 17916 17924: 18060; 17761 17918; 17923 17917: 17932; 0
bbb AUTéNoMA 17992; 17921; 17937; 17940; 17926; 17935, 17931; 17930; 17765; 18058; 8875
UN(s): Geral
Céd. Documento: Semanal
Ne —..Simbologla acdo.
Se Area/local Accdo / Metodologia Ferramentas Parag./ Fotos/llustragdes
Q. Spares/Consumiveis Func.

@

Verificiar correto funcionamento da

sinalizagdo sonora:
Geral -

1. Buzina;
2. Buzina de marcha atrds;

Verificar o devido funcionamento e se ouve
algum ruido andmalo de: @

A - Painel de comandos manual
1) Movimentacdo vertical;
2) Inclinagdo da torre;
. Geral 3) Movimentagao lateral. -
4) Movimentar equipamento para a frente e
para trés

B - Painel digital - Sentido da marcha, conta
horas, velocidade de frabalho, se esta
parqueado ou ndo.

1. Verificar se o cinto de seguranga ®
prende corretamente e se possui rasgos
ou cortes.

2. Com a mdaquina ligada, testar o
Geral . - -
funcionamento do botdo de

emergéncia.

Recomenda-se a realizagdo desta
atividade diariamente, no arranque do turno, -
ou antes de utilizagéo.

Duragdo estimada (min):
B S S S |

simbologia Inspegao Visual L a Limpeza 05:30
Link para video de execugdo: Spares/Cons. necessarios:
https://efacecpws.sharepoint.com/:v:/s/ManutenolndustrialTransver: ite/EWYORIgkLn9KnrNUXRsVVCABOR4AN3KgmYQpuulRobpBDwA?e=mydZBn Codigo Descricdo

Manual do equipamento:

Nota:

1. Para a execucdo das tarefas/acdes, os colaboradores deverdo usar os Equipamentos de Protecgdo Individual previamente definidos pela
Organizacdo, sejam eles genéricos ou especificos das farefas/acoes, assim como também cumprir fodas as regras de Seguranca;

2. Se surgir alguma anemalia no decurso da realizagdo das actividades, reportar, de acerdo com o fipo de equipamento indusirial em BAAN -
efsoc?500m000 ou Plataforma de gestaio de EMCs.

Cédige do femplate;: 01.000EFACEC-10010059-008-000-FT-00
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APPENDIX H: AM Manual - Rebocador

_ Cluster(s)/equipamento(s): EMC - Trator de Reboque
MANUAL DE MANUTENCAO NUmeros de série: 18024; 18025; 0024; 0578 0

efacec AUTONOMA UN(s): Geral
Céd. Documento:

Semanal

__Simbologia agdo

S:; Area/Local Acgdo / Metodologia Fenumentos’ . Parag./ Fotos/llustragées
" Spares/Consumiveis Func.
Apds carregar a bateria, verificar se os @
flutuadores brancos, indicadores do nivel
de dgua, estdo visiveis.
Caso ndo estejam, ligar ao dispensador
. Bateria de agua destilada automdatico para - P

repor o nivel.

"1 Aconselha-se verificag@o sempre que
se efetue o carregamento da bateria

. Verificar a integridade dos ganchos de
Sistema de N

reboque, procurando por fissuras e - P
reboque - "

assegurando que estéo bem fixos.

1. Verificar a integridade dos pneus,
procurando por rasgos ou ndo

conformidades.
‘ Rodas - P/F

2. Em funcionamento, movimentar o
equipamento para ver se existem
oscilagdes do movimento.

1. Em movimento, verificar se a maquina

Pedalde |pdra quando:
' homem |la. Se larga o pedal de homem morto.

morto/Tapet | 1b. Se deixa de pressionar o tapete. - F

e e botdo
de paragem |2, Verificar o correto funcionamento do
botdo de paragem, no guiador.

Em funcionamento, verificar acelerar
operacionalidade da: @

1. Travagem de servico em ambos os
. sentidos (largar acelerador).
Sistema de P .
2. Travagem de emergéncia (acionar - F
fravagem - .
botdo de emergéncia).

/!, Recomenda-se arealizagdo desta
atividade diariamente, no arranque do turno, - Boldo de
ou antes de ufilizagao. Emorgéncia

D a timad. iin):
Legenda da Acdio [©)] t> ¢ X ﬁl uragéo estimada (min)

simbologia Inspegéo Visual 5 Lubrificaga Limpeza 01:30
Link para video de execug¢do: hilps.//efacecpwssharepoint.com/:vi/sibanutenolndustriolTransversal/EUsSTWPKXSvdOjboCRAGEVAER- Spares/Cons. necessdrios:
2JSVNRzrY37Xxeq9uCSXw2e=1cNJIXE Cédigo | Descrigdo

Manual do equipamento:

Nota: !
1. Para o execucao das tarefas/agdes, os colaboradores deverdo usar os Equipamentos de Proteccdo Individual previamente definidos pela - -
Organizagdo, sejam eles genéricos ou especificos das tarefas/agdes, assim como também cumprir todas as regras de Seguranga; - I -
2. Se surgir alguma anomalia no decurso da realizac@o das actividades, reportar, de acordo com o fipo de equipamento industrial em BAAN - R | -
efsoc?500m000 ou Plataforma de gest@o de EMCs.

Codigo do template: 01 000EFACEC-10010059-008-000-PT-00 - | -
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APPENDIX I: AM Manual - Bermaq 10M337

- Cluster(s)/equipamento(s): 10M337
f MANUAL DE MANUTENCAO NUmeros de série: 10M337_00
Q efacec AUTONOMA UN(s): TRF
Céd. Documento: Tomo
Ne __Simbologia agdo
s Areu/Lo:ul Accdo / Metodologia Ferramentas Parag./ Fotos/llustragoes
€q. Spares/Consumiveis Func.
Recorrendo a aspiragdo manual, efetuar l
limpeza de: L
Mesas de 1. Mesa de trabalho do equipamento;
q trubclhp e | 5 Gabarits. Tubo de aspiragdo P
gabarits
Nota: Ter cuidado para n&o aspirar espferas
e o’rings de vedagdo.
ol
Utilizando panos de limpeza e esfregdo,
c | limpar os cones porta-ferramentas.
gg?'gse Panos de Limpeza P
2 Ferramentas Nota: Aquando da substituicGo/introducdo Esfregto
de um novo cone no carossel deve também
ser efectuada esta agdio.
ol
C.ub.ega Limpeza da superficie de encaixe dos cones Panos de Limpeza P
3 principal porta-ferramentas.
Descarregamento da presséo de ar
Cabeca - . i . P
principal comprimido do spindle (fim do dia de -
4 trabalho).
Verificar o correto funcionamento de: D
1. BotGo de emergéncia do Painel de
Botdode |confrolo; R P
5 emergéncia
2. Botdo de emergéncia auxiliar;
3. Tapetes de seguranga.

Duragdo estimada (min):
Legenda da Acdo @ t) ' X il

simbologia Inspegéo Visual Lubrificagé Limpeza

Spares/Ccns. necessdrios:

Link para video de execugdo: Cédigo | Descricéo

Manual do equipamento:

Nota:

1. Para a execugao das tarefasfiacdes, os colaboradores deverdo usar os Equipamentos de Protecdo Individual previamente definidos pela
Organizagdo, sejam eles genéricos ou especificos das tarefas/acdes, assim como também cumprir todas as regras de Seguranga;

2. Se surgir alguma anomalia no decurso da realizac@o das actividades, reportar, de acordo com e fipo de equipamento industrial em BAAN -
efsoc?500m000 ou Plataforma de gest@o de EMCs.

Cédigo do template: 01.000EFACEC-10010059-008-000-PT-01
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_ Cluster(s)/equipamento(s): 10M337
0 n— MANUAL DE’MANUTENCAO Nimeros de série: 10M337_00
AUTONOMA UN(s): TRF

Céd. Documento:

Tumo

Simbologia acdo

s Area/local Accdo / Metodologia Ferramentas Parag./ Fotos/llustracdes

eq. Spares/Consumiveis Func.

Remover a blindagem frontal e aspirar o
Cabeca . X N o L
. interior da campdnula (aspiracdo Tubo de aspiracdo P
6 principal
manual).
No sistema de aspiracdo, verificar: J‘
. 1. Integridade;
Sistema de 9

7 AspiracEo Tubo de aspira¢do P
2. Existéncia de obsfrugdes. Caso se
verifiquem, desapertar uma das

extremidades e desobstruir.

ol

Area Panos de Limpeza P

envolvente - Tubo de aspiragdo
8 2. Componentes mecdanicos (elementos pirag

de fransmissdo, esteiras porta-cabos,
percursos dos €ixos).

Na drea envolvente realizar limpeza:

1. Geral;

Legenda da Acdo @ b ‘ x BJ. Durag&o estimada (min):

simbologia Inspego Visual Lubrificaca Limpeza

Spares/Cons. necessdrios:

Link para video de execugao: Cédigo Descricdo

Manvual do equipamento:

Nota:

1. Para a execugdo das tarefas/agdes, os colaboradores deverdo usar os Equipamentos de Proteccéo Individual previamente definidos pela
Organizagéo. sejam eles genéricos ou especificos das tarefas/agdes. assim como também cumprir todas as regras de Seguranca:

2. Se surgir alguma anomalia No decurso da realizagdo das actividades, reportar. de acorde com o tipo de equipamento industrial em BAAN -
efs0c9500m000 ou Plataforma de gestdo de EMCs.

Cadige do femplate: 01.000EFACEC-10010059-008-000-FT-01
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_ Cluster(s)/equipamento(s): 10M337
efacec MANUAL DE’MANUTENCAO NUmeros de série: 10M337_00 o
0 b AUTONOMA UN(s): TRF

Céd. Documento:
Semanal

__Simbologia agdo
Area/local Accdo / Metodologia Ferramentas Parag./ Fotos/llustragdes
Spares/Consumiveis Func.

Ne
Seq.

Verificar: @
1. Se a temperatura da dgua indicada no
controlo do termostato & aproximadamente a

’ determinada como referéncia: 20°%;
Unidade de _ p

arefecimento _ .
2. Se a pressdo da bomba é a mesma que a

pressdo nominal (Pnom) indicada na placa de
caracteristicas: 4,7bar.

Nota: & admissivel uma toleréncia de 10%

Verificar:

1. Infegridade da fubagem:;

2. O nivel do liquido de refrigeraco. Pode ser
Unidade de |verificado no painel de comandos da unidade p
arrefecimento |ou diretamente no depdsito. Deve estar a

minimo 50%;

3.Se a tampa do depdsito ficou coretamente

fechada (ilustrag@o). MIT0CS0047 - Liquido

refrigeracéo
Remover o excesso de éleo nas finas da ﬁl @
seguinte forma:
s Gleo 1. Desapertar parafusos (na ilustracdo). Panos de Limpezo .
i Chave UMBRACO 3
2. Remover a fina.

3. Remover o excesso de dleo.

Calibrad Calibrar o calibrador de feramentas
a Id: or seguindo os passos indicados na R
instrucdo especifica, presente no

ferramentas N
equipamento.

D a timad. in):
Legenda da Ao @ b ‘ X il uragdo estimada (min)

simbologia

Inspegéo Visual L Limpeza

Spares/Cnns. necessdrios:
Cédigo | Descrigéo
MI10CS0047 | Liguido de refrig

Link para video de execugdo:

Manual do equipamento:

Nota.

1. Para a execugao das tarefas/agdes. os colaboradores deverdo usar os Equipamentos de Protecgao Individual previamente definidos pela
[Organizacdo, sejam eles genéricos ou especificos das tarefas/agées, assim como também cumprir todas as regras de Seguranga;

2. Se surgir alguma anomalia no decurso da reclizagdo das actividades, reportar, de acordo com o fipo de equipamento industrial em BAAN -
efsocg500m000 ou Plataforma de gestdo de EMCs.

Cédigo do template: 01.000EFACEC-10010059-008-000-PT-01
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Q efacec

MANUAL DE’MANUTENCAO
AUTONOMA

Cluster(s)/equipamento(s): 10M337

NUmeros de série: 10M337_00

UN(s): TRF
Céd. Documento:

4

Semanal

Ne

seq. Area/local

Accdo / Metodologia

Simbologia acdo
Ferramentas
Spares/Consumiveis

Parag./
Func.

Fotos/llustracdes

Bomba
‘ Sleo Smart2

Verificar a existéncia de fugas ou
presenca de bolhas de ar.

Caso se verifiquem seguir o indicado na
nota de rodapé.

@

‘ Ferramentaria

1. Limpar ferramentas e porta-laminas;

2. Verificar se as feramentas estdo afiadas,

analisando a existéncia e conformidade do
gume de corte;

3. Os problemas mais fipicos em lédminas séo
danos devido a desgaste e abrasdo. Entdo,
& necessario verificar se as laminas estGo:

a) Queimadas;

b) Danificadas;

c) Lascadas.

Caso se verifique, deve-se rodar a
lamina/gume de corte ou subsfituir.

il @ €

Pano de Limpeza
Chaves torx
Laminas

Gabarits

Verificar, nos gabarits:

1. Conformidade de vedagdo (interface
mesa/gabarit e componentes do
gabarit);

2. Bom funcionamento de patins e
elementos méveis;

3. Integridade e legibilidade de escalas;
4. Integridade dos componentes.

Circuito
Pneumdtico

Na unidade de filfragem e regulacdo de
pressao do ar:

1. PressGo do ar, cerca de 8 bar;

2. Limpeza do filtro.

Legenda da
simbologia

Acdo @ b ‘

A il

Inspegao Visual L

Limpeza

Duragdo estimada (min):

Link para video de execugdo:

Spures/Co.ns. necessdrios:
Cédigo | Descricdo

Manual do equipamento:

Nota:

1. Para a execucéo das tarefas/agdes, os colaboradores deverdo usar os Equipamentos de Proteccdo Individual previamente definidos pela

Organizagdo, sejam eles genéricos ou especificos das tarefas/acdes, assim como também cumprir fodas as regras de Seguranga;

2. Se surgir alguma anomalia no decurse da realizagdo das actividades, reportar, de acordo com o fipo de equipamento industrial em BAAN -

efsoc?500m000 ou Plataforma de gestGo de EMCs.
Cédigo do template: 01.000EFACEC-10010059-008-000-PT-01
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_ Cluster(s)/equipamento(s): 10M337
0 efacec MANUAL DE MANUTENCAO Nimeros de série: 10M337_00

AUTONOMA UN(s): TRF
Cad. Documento:

Mensal

Simbologia acdo

que o visor do depdsito (76) esteja como
o indicado na figura;

4. Voltar a inserir a valvula de escape de
ar com o anel de vedagdo na valvula;

5. Voltar a montar a fampa do cilindro
(424) e colocar o parafuso com olhal de
fransporte.

SNB Area/Local Acgdo / Metodologia Ferramentas Parag./ Fotos/llustragoes
eq. Spares/Consumiveis Func.
ol
Limpar:
. Bombas |a. Filtros, com recurso a aspirac&o; Panos de Limpeza P
vécuo Aspiracdo manual
b. Carcaga exterior do grupo, com
recurso a panos de limpeza.
Verificar nivel do dleo de dleo no visor.
Caso seja necessdrio repor: @ ‘
1. Retirar o olhal de fransporte e a tampa
(424);
2. Remover a vdlvula de escape de ar
(72);
Bomboais ) . . | MI0cso117 - Oleo
) . . P
. VécUo 3. Encher com éleo lubrificante novo até vacuo RO0OW

Oleo O nivel deve ser reposto sempre que - P

. Bomba Verificar o nivel de 6leo no depdsito.
Smart2 estiver abaixo de metade do depdsito.

MIT0CS0111 - Oleo
Fuchs RENEP

Ligar sistema de vacuo e verificar valores @ —
Jores o
obftidos: vermeho
Bombas . )
Vacuo Busch - | 1. Se 0s valores do retéingulo a) estiverem
. Ceixasde  |a vermelho - nivel conforme (sistema em - F
comando VéCUO)'
(Manémetros)

2. Se o valor do retangulo b) estiver a
verde - nivel conforme. -

Legenda da Acdio (O] t} ¢ x iJ.

simbologia Inspegao Visual F Lubrificaca Limpeza

Duragaoe estimada (min):

Link para video de execugdo:

Manual do equipamento:

Nota:

1. Para a execugdo das tarefas/agdes, os colaboradores deverdo usar os Equipamentos de Proteccdo Individual previamente definidos pela
Organizagdo, sejam eles genéricos ou especificos das tarefas/acdes, assim como também cumprir fodas as regras de Seguranga;

2. Se surgir alguma anomalic no decurso da realizagdo das actividades, reportar, de acordo com o fipo de equipamento industrial em BAAN -
efsoc?500m000 ou Plataforma de gestao de EMCs.

Cédigo do femplate: 01.000EFACEC-10010059-008-000-PT-00

Spares/Cons. necessdrios:

Cédigo Descricdo
MINEC30117_| Oleo vicuo RODOW

MITECSOIT | Olec Fuchs RENEP
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_ Cluster(s)/equipamento(s): 10M337
MANUAL DE’MANUTENCAO NUmeros de série: 10M337_00 o
AUTONOMA UN(s): TRF

Céd. Documento:
Mensal

Simbologia agdo

o
SN Area/local Accdo / Metodologia Ferramentas Parag./ Fotos/llustracdes
€q. Spares/Consumiveis Func.
Com a unidade desligada: il @
1. Limpar a unidade, tanto interior como exterior,
eliminando o pé existente, com recurso a panos de
limpeza e aspiragdo manual.
Unidade de Pano de Limpeza P
arrefecimento |2. Verificar se o medidor de caudal, ao cortar o Aspiracdo manual
caudal de liquido, alarma corretamente, garantindo
assim a vida Ufil do motor de fresagem.
Para cortar o caudal fecha-se lentamente a torneira
do liquido de refrigeracao, aparecendo o alarme
no ecra de conirolo CNC. -
Limpar o filtro de dgua seguindo os BJ_
seguintes passos:
1. Fechar os passadores indicados na
Unidade de fi . Aspi A | P
arrefecimento | 19U piragdo manual

2. Remover o copo;

3. Aspirar. _

1. Verificar a integridade;

. ;.Gblo d_o 2. Colocar pd de talco na zona - P
espoeir. : y
assinalada na figura, entre borrachas,
para reduzir atrifo de deslocamento.

P& de talco

1. Verificar se as guias e fusos dos eixos se
Guias e |encontram desobstruidas.
. fusos dos - P
eixos 2. Lubrificar manualmente na zona
indicada na figura com o spray.

MIT0CS0014 - Spray
WD-40

@

Verificar se:

’ 1. Legibilidade e integridade dos botdes
Painel . g
do painel de controlo; - F

confrolo

2. Funcionalidade e iluminacdo dos
indicadores.

Legenda da Acdo @ t) ‘ x EJ. Duracdo estimada (min):

simbologia

Inspegao Visual L Limpeza

Link para video de execugdo: Spares/Cons. necessarios:

Cédigo | Descricdo
. . MI10CS0014 | Spray WD-40
Manual do equipamento: T b de foloo

Nota: i
1. Para a execucdo das tarefas/agdes, os colaboradores deverdo usar os Equipamentos de Proteccao Individual previamente definidos pela - -
Organizagde, sejam eles genéricos ou especificos das tarefas/acdes. assim como também cumprir todas as regras de Seguranga: - | -
2. Se surgir alguma anomalia ne decurso da realizacdo das actividades, reportar, de acorde com o 1ipo de equipamento indushial em BAAN - R ] N
efs0c9500m000 ou Plataforma de gestao de EMCs.

Cédigo do iemplate: 01.000EFACEC-10010059-008-000-PT-01 - | -
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