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ABSTRACT

ABSTRACT

The cork block production sector faces a pressing challenge due to suboptimal yield rates
compounded by inadequate loss indicators and information flow inefficiencies. This thesis
addresses the central question: "How can we enhance the equipment, tools, and human resources
involved in cork block production?" Employing an action-research methodology, this study delves
into these issues with the overarching goal of significantly improving cork block yields and
optimizing communication among industry stakeholders.

The study's findings are two-fold, emphasizing its original contributions. Firstly, it identifies
substantial enhancements in information dissemination and data utilization. Notably, the research
achieves remarkable improvements in block yield rates, introduces innovative mold refurbishment
and reconstruction techniques, and implements a novel tool for effective deviation control. These
outcomes underscore the study's significance and represent a pivotal contribution to advancing
cork block manufacturing and transformation.

Of unique importance is the fusion of academic knowledge with practical application in an authentic
industrial setting. Collaboration with seasoned industry professionals highlights the value of applied
research and underscores the author's unwavering commitment to industrial engineering. In
summary, this study underscores the tangible benefits of elevating production output and fortifying
information flow within industrial processes, thereby fostering growth within the cork block
production sector. The integration of Lean 4.0 principles underscores the forward-looking approach
taken in this research, aligning with the evolving needs of the industry. Nevertheless, itis important
to acknowledge certain limitations, including the specificity of the study's context and the need for
further validation in diverse industrial settings.
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RESUMO 11l

RESUMO

O sector da producao de blocos de cortica enfrenta um desafio premente devido a taxas de
rendimento subdptimas, agravadas por indicadores de perda inadequados e ineficiéncias no fluxo
de informacdo. Esta tese aborda a questdo central: "Como podemos melhorar o equipamento, as
ferramentas e os recursos humanos envolvidos na producdo de blocos de cortica?" Empregando
uma metodologia de investigacdo-acdo, este estudo aprofunda estas questdes com o objetivo
global de melhorar significativamente o rendimento dos blocos de cortiga e otimizar a comunicagdo
entre as partes interessadas da industria.

As conclusdes do estudo sdo de dois tipos, enfatizando as suas contribui¢des originais. Em primeiro
lugar, identifica melhorias substanciais na disseminagdao da informac¢do e na utilizacdo de dados.
Em particular, a investigacdo consegue melhorias notaveis nas taxas de rendimento dos blocos,
introduz técnicas inovadoras de renovagdo e reconstrucao de moldes e implementa uma nova
ferramenta para um controlo eficaz dos desvios. Estes resultados sublinham a importéancia do
estudo e representam um contributo fundamental para o avango do fabrico e transformacao de
blocos de cortica.

De importancia Unica é a fusdo do conhecimento académico com a aplicagdo pratica num ambiente
industrial auténtico. A colaboragcdo com profissionais experientes da industria real¢a o valor da
investigacdo aplicada e sublinha o empenho inabalavel do autor na engenharia industrial. Em
resumo, este estudo sublinha os beneficios tangiveis de elevar a producdo e fortalecer o fluxo de
informacdo nos processos industriais, promovendo assim o crescimento no sector da producdo de
blocos de cortica. A integracdo dos principios Lean 4.0 sublinha a abordagem orientada para o
futuro adoptada nesta investigacdo, alinhada com as necessidades em evolu¢do da industria. No
entanto, é importante reconhecer algumas limitac¢oes, incluindo a especificidade do contexto do
estudo e a necessidade de validagdo adicional em diversos contextos industriais

PALAVRAS-CHAVE

Lean Management; Yield; Flow; Process; Data; Cork
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1. INTRODUTION 1

1. INTRODUCTION

The persistent search of efficiency, sustainability, and superior quality is what drives the pursuit of
operational excellence across industry borders in the dynamic world of modern manufacturing. This
thesis sets out on a transformational journey within the specific field of cork block manufacturing,
a sector famous for its special problems and untapped innovative potential. This research, which is
firmly grounded in the two pillars of Lean Management and Industry 4.0 integration, reveals
prospects that resonate with real, substantial value improvements, setting a standard for
excellence across industries.

Following this, | present my master's thesis, which details my internship experience in a cork
company, a world leader in cork manufacturing, from October 6, 2022, to May 31, 2023, as part of
the Dissertation/Project/Internship (DPEST) course unit for the Master of Mechanical Engineering
in Industrial Management at the Instituto Superior de Engenharia do Porto.

The context for the subjects addressed in this dissertation, as well as its relevance and goals, are
provided in this chapter. Furthermore, the research approach and document structure will be
discussed.

1.1. Contextualization

When it comes to process modernization and, as a result, competitive evolution, company growth
has grown tremendously over time. These issues, which are brought on by development demands,
affect every industrial sector[1].

It is becoming more and more challenging to succeed in such a turbulent, uncertain, complex, and
ambiguous world given this very competitive corporate climate. Therefore, it's more important
than ever for businesses to figure out how to boost productivity, improve product quality, and cut
expenses all at once [2]. In order to do this, they have started working on digital transformation
and modernizing industrial systems, which are frequently linked to the idea of Industry 4.0.

With this technological revolution, issues with information flow inside businesses, standardization
of manufacturing techniques, and inventory variations between physical inventory and system
inventory all occur. To achieve the necessary continual improvement, it is crucial to optimize and
develop processes and tools. In order to help senior management with the control and
management of production, this paper will present and create techniques to enhance the flow of
information based on Industry 4.0 and Lean techniques, and the analysis and development of
indicators and tools to assist the top management.

It is imperative to have an increase in production capacity, a decrease in waste and production
deviations, and a cognitive shift in the operators' understanding of how to properly insert and
handle data during production.

Since the current yield is insufficient, this effort will concentrate on the area of converting blocks
into slabs (Transformation area). It is hoped that by increasing yield in this area, it will be able to
meet demand, correct errors, and cover associated expenditures.
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2 1. INTRODUCTION

Therefore, the purpose of this article is to propose strategies for enhancing information flow that
are based on Industry 4.0 and the Lean concept, data analysis, and deviation control discovered
during production.

1.2. Company Presentation

This project was carried out in a leading company in the cork industry. Thus, this chapter provides
an overview of a pioneering company in the field of sustainable material solutions. With a rich
heritage and a history deeply rooted in the cork industry, the company has emerged as a global
leader in the development and production of innovative composite materials. It is inserted in a
group of companies with around 27 000 clients, 10 raw material industrial units, 18 industrial units,
and 51 distribution firms worldwide, it is currently the largest cork transformation organization in
the world [3].

The company is driven by a mission to create sustainable, high-performance solutions that
contribute to a better and more sustainable world. It envisions a future where composite materials
play a significant role in various industries, replacing conventional materials with eco-friendly
alternatives that deliver superior performance.

The company in question, established in 1963, is a subsidiary which has grown in significance within
the business throughout time. Its goal is to recycle and create new products using only natural and
organic resources. The cork that is not used by the cork stopper industry is used as a raw material
to create materials for a variety of industries, including construction, home and office decoration,
design, and functional items that bring cork closer to the end user, as well as high-tech industries
like the automotive, aerospace, and aeronautics. Thus, the company contributes significantly to the
value addition of cork through innovation and distinctiveness.

The organization has a number of vital skills that help it maintain its position as a market leader. A
devoted staff with specialized knowledge, innovative production techniques, research and
innovation facilities, quality assurance systems, and competence in the creation of composite
materials are a few examples of these skills. The business has continually provided high-quality
products and solutions by utilizing these competencies.

Next, its industrial units will be presented in Figure 1.

Industrial Units

U1 2 U3

Cork and rubber
products

U4
High density cork

[[VE
Costumized cork

Cork granulation Only cork articles arficles

materials

Figure 1 - Company's Industrial Units
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1. INTRODUTION 3

1.3. Objectives and Thesis Relevance

The company's plan calls for improving the caliber of production data with a special emphasis in
the field of cork and rubber composites blocks transformation. This is required because yield
between production and consumption has shown unsatisfactory values recently, resulting in
negative gross margin financial outcomes and issues with current inventory. These outcomes are a
result of mistakes in data collection and insertion, a dearth of performance indicators in production,
and a lack of tools to identify deviations and problems across the board for the management team
of the cork-rubber composites (IU 3) area. In order to comprehend the work done in the factory
and weak places where action may be possible, it is therefore expected that an action will be taken
in the study of variances between consumption and daily production. Therefore, a project will be
managed to raise yield in the area, where it is anticipated that improvement measures will increase
yield in the research area through planning and management.

The different stages of the project are described below:

1. integrationinthe IU 3 area and familiarization with the production process (agglomeration
and transformation).

2. Monitoring of production activities and collection of faults that prevent the correct
insertion of data.

3. Transformation area yield project follow-up and application of Lean tools and overall
improvements.

4. Development of tools that improve and assist the area in controlling production.
5. Applying the tools.

Performing and analyzing the project's tools and its impact.

1.4. Research Methodology

The Action-Research research method was selected in order to most effectively achieve the stated
aim and objective. Essentially, Action-Research is a participatory, democratic process concerned
with developing practical knowing in the pursuit of worthwhile human purposes, grounded in a
participatory worldview. It seeks to bring together action and reflection, theory and practice, in
participation with others, in the pursuit of practical solutions to issues of pressing concern to
people, and more generally the flourishing of individual persons and their communities[4].

Action-Research, which Kurt Lewin first popularized in the 1930s, was inspired by the need for a
research strategy that could integrate theoretical and practical situations. Thus, we can distinguish
between two goals: one focuses on practice intervention, while the other is knowledge
development from problem solving[5].

This strategy, by definition, generates an activity that seeks to alter reality and results in changes
as a result of the action. The process is repeated if these alterations are unacceptable[6].

Increasing Cork Block Yield and Improving Data Flow in a Leading Company in the Cork Sector



1. INTRODUCTION

There are five main categories in which to categorize this research process. There is potential for a
diagnostic phase in the beginning, where the issue needs to be located. The strategy must then be
devised, and steps must be developed in an action planning phase in order to best solve the
problem being studied. As a result, during the "Action Taking" phase, the plans made during the
preceding phase are carried out. The effects and outcomes of the activities taken are examined in
the fourth phase, which is referred to as "Evaluating". The success of the activities taken in light of
the outcomes should then be evaluated in a concluding phase, entitled “Specifying Learning”[7].

These categories can be seen in the following figure:
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Figure 2 - The cyclical process of action research(7].

The problem or issue that needed to be resolved was first recognized in this project in order to
make sure that it was precise, manageable, and pertinent to the situation. The action plan was then
created, with specifics for the first item, taking into account the challenges we would encounter as
soon as we joined the organization. The next stage involved gathering and analyzing data in order
to better determine the action plan required for the topic-related improvement ideas. Finally, it's
critical to continuously evaluate and track the actions made in order to confirm their actual results.

1.5. Thesis Structure

The report's structure mainly consists of four parts: this introduction, which introduces the reader
to the dissertation's theme, its goals, and the approach taken to meet those goals. Additionally, a
preliminary assessment of the literature will be conducted with the goal of familiarizing the reader
with the subjects raised in this work by examining the technological and scientific advancements
that have been published in books and scientific papers specifically devoted to the topic. A third
section that deals with the development of the practical work will come after this, and it will refer
to the solutions discovered, the projects created, as well as the handling and critical analysis of the
outcomes. Finally, conclusions are reached and fresh directions for future growth are suggested.
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This chapter intends to show the results of these and how they might serve as a basis for the
approach employed in this report in order to introduce the work topics and analyze what effects
they have had on other comparable projects.

2.1. Industry 4.0

The use of Industry 4.0 as a strategic instrument in the industry's effort to address quality issues in
cork block production is of significant importance. Industry 4.0 is a revolution in manufacturing,
where connection and digitalization have a significant impact on how products are produced. In
establishing this initial link between Industry 4.0 and quality, it is critical to recognize that adoption
of these cutting-edge technologies presents a potential to significantly raise quality standards as
well as a means of technical evolution.

A more proactive and accurate approach to quality is made possible by Industry 4.0. Early detection
of quality deviations is made possible by sophisticated sensors and real-time monitoring systems,
avoiding defects and maximizing compliance with quality requirements. Large-scale data analysis
also offers a greater comprehension of the factors that influence quality, allowing for the
optimization of processes for dependable, high-quality outcomes.

As demonstrated in [8], which examined whether employees perceive the impact of Industry 4.0
on quality management and demonstrates how technology can be a potent ally in the continuous
improvement, we will investigate how Industry 4.0 and quality can be inextricably intertwined.
Forging a path that not only addresses quality issues but also elevates the manufacturing of cork
blocks to an exceptional level will need building this bridge between Industry 4.0 and quality.

2.1.1. Concept

The quick adaptability of production and the level of global competition today are important
contributors to the constantly shifting market demands. This is only possible because
manufacturing technology has made considerable advancements. Industry 4.0 is a potential
strategy that focuses on integrating all value chain participants as well as business and
manufacturing processes (suppliers and customers)[9].

Industry 4.0 (14.0), referred as 4™ Industrial Revolution, also known as “smart manufacturing”,
“integrated industry” or “industrial internet”, is considered to be the answer for the increasing
requirements and complexity in the manufacturing industry in recent years. Companies face
significant hurdles as a result of factors such intensifying global rivalry, rising market instability,
demand for more customized products, and reduced product life cycles[10].

The core concept was initially presented at the Hannover exhibition in 2011 by Henning Kagermann
and was given the moniker "Industry 4.0" after the "Industrie 4.0" industrial plan in Germany, and
since then it has served as a benchmark for businesses all across the world[11,12]. The German
government supported this program, which served to solidify Germany's status as one of the top
producers of machinery and automobiles worldwide[9].
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In Figure 3, we can see the different concepts inherent in Industry 4.0.

Figure 3 - Industry 4.0[13]

This idea is essentially a revolution that applies the ideas of cyber-physical systems (CPS), the
internet and future-oriented technologies, as well as intelligent systems with improved paradigms
for human-machine interaction. Another way to put it is that this ideology represents the ability of
the industrial components to communicate with one another [14].

This technological growth has benefited business in a variety of ways, including the development
of fresh ideas like digitalization, the Internet of Things (loT), and Cyber-Physical Systems, which
have become important within the sector [15]. Pinto [16], writes that establishing implementation
techniques that are specific to each type of firm is important to accomplish an adequate transition
to an integrated production and management system.

This theme is centered on the digital transformation of manufacturing processes, which
encompasses a number of associations, including Big Data Analysis (BD), organization, and Artificial
Intelligence (Al). The goal is to transition from Industry 3.0, where machinery was automated and
controlled individually by computers, to a system that can gather and transform data from tools
and machinery in order to produce intelligent and automatic judgments[17].

Historical perspective of different industrial revolutions is presented in Figure4.

Industrial revolution

A

Cyber-physical
connectivity

Figure 4 - Historical perspective of industrial revolutions [18]

Increasing Cork Block Yield and Improving Data Flow in a Leading Company in the Cork Sector



2. STATE OF THE ART

The Table 1 is intended to present some concepts and definitions in the area.

Table 1 — Different concepts and definitions in Industry 4.0

Reference

Concept Description

(19]

The primary goal of Industry 4.0 is the development of digital
manufacturing, also known as the "smart" factory, which entails smart
networking, mobility, flexibility of industrial operations and their
interoperability, integration with customers and suppliers, and the
adoption of novel business models. Intelligent networks built on cyber-
physical systems are what the fourth industrial revolution is known for.

(20]

The use of cutting-edge digital technology is promoted with the aim of
enhancing human interaction with products and machinery, enhancing
productivity, and enhancing work. efficiency. Therefore, depending on
the acquired data, these man-machine production systems may
enhance the reconfiguration utilizing both virtual and physical
representations. and genuine ones. This suggests that the majority of
low-skilled positions have been replaced with positions that are more
sophisticated and place a higher value on interaction.

(21]

One may argue that up until 2017, research was mostly focused on
machines without taking into account the function of humans. The
operator, however, was incorporated as a crucial component of the
system as the subject and knowledge evolved. The management of
industrial processes and the accomplishment of specific and strategic
tasks still heavily rely on human labor. In addition to the data that
operators may acquire in order to assist with work and interact with
intelligent systems, they can also produce data in order to train
equipment and improve process flows.

(22]

The concept "Industry 4.0" refers to the fourth industrial revolution,
which is characterized by a new degree of organization and control over
the whole value chain of a product's life cycle and is focused on meeting
the needs of customers who are becoming more and more individual.
Industry 4.0's primary goal is to satisfy specific client demands, which
has an impact on order administration, R&D, factory commissioning,
delivery, product use, and recycling.

(18]

The fourth industrial revolution recommends more strongly connected
businesses and nations globally through supply chains and sensor
networks, encouraging the notion of autonomous factories and
promoting the emergence of global understanding along this line day
by day.
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2.1.2. Industry 4.0 Principles and Technologies

It is claimed that Industry 4.0 represents a new paradigm for intelligent and autonomous
manufacturing. It more deeply integrates communication, information, and intelligence
technologies with manufacturing operations systems[23].

In accordance with Ibarra, [24], the fundamental guidelines for effective implementation are
Interoperability, Virtualization, Decentralization of decision making, Real-time capability, Service
orientation and Modularity. These design principles support companies in identifying possible
Industry 4.0 pilots, which then can be implemented.

We shall address each of these in the sentences that follow.

Interoperability

A key enabler of Industry 4.0 is interoperability. CPS and people are connected via the IoT and loS
in Industry 4.0 businesses. For the CPS of different manufacturers to communicate with one
another, standards will be essential [24].

Virtualization

Because of virtualization, CPS can keep an eye on physical processes. These sensor data are
connected to simulation and virtual plant models. As a result, a virtual representation of the real
world is made [25].

Decentralization

Decentralized techniques, as opposed to centralized ones, shift decision-making authority to the
components of the production system. Without the aid of a more advanced control unit, these
production system components are capable of making decisions on their own [26]. Nevertheless, it
is essential to monitor the entire system at all times for quality control and traceability.

Real-time capability

Data collection and analysis must be done in real time for organizational tasks. By doing this, the
plant's condition is continuously monitored and evaluated. As a result, the plant can respond to a
machine failure by rerouting products to a different machine[25].

Service Orientation

Other participants can use the services provided by businesses, CPS, and people over the |oS. They
may be made available both inside and outside of the organization[25].

Depending on Moghaddam [27] , the actions or tasks that make up a service may be provided by
numerous parties across the value network, and they may be carried out using a variety of
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resources, including human labor, technical systems, information, consumables, land, and other
resources.

Modularity

Other participants can use the services provided by businesses, CPS, and people over the |0S. They
may be made available both inside and outside of the organization. As a result, modular systems
are simple to modify in the event of seasonal changes or altered product qualities[25,28].

Industry 4.0 can provide manufacturing organizations with viable business models, increased
productivity, higher quality, and better working conditions, among its many other benefits. It has
received a lot of interest from academics and practitioners because of these potential benefits. The
decision to adopt and evaluate has proven difficult due to drawbacks such a lack of awareness,
costs, modifications to existing systems, and potential energy drawbacks.[29].

According to Bai [29], Physical and digital technologies can be used to categorize its technology.
Physical technologies typically refer to equipment used in manufacturing, such as sensors and
drones or additive manufacturing. Modern information and communication technologies including
cloud computing, big data analytics, and simulation are considered to be examples of digital
technology.

Figure 5 following is an illustration of Industry 4.0 technologies [30].

Autonomous Robot

JEN
Big Data Simulations

—— " DIGITAL )
W TRANSFOR- 3, Integrated
Systems

Augmented
Reality

Additive i
Manufacturing

Q

nternet of

o 4 Things

Cybersecurity

Computing

Figure 5 - Industry 4.0 Technologies [31]

The Internet of Things

The term "Internet of Things" refers to the network of physical objects, including machines,
vehicles, buildings, and other objects, that are connected to the internet and equipped with
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sensors, software, and network connectivity. These items can connect to and communicate with
other internet-enabled devices and systems as well as with one another thanks to the IoT, which
enables them to carry out a range of jobs and functions automatically or with little to no human
involvement[18,32].

As stated by Xu [33], The Internet of Things is built on a worldwide network architecture made up
of multiple linked devices that rely on technology for sensing, communicating, networking, and
processing information.

Smart appliances, connected autos, wearable fitness trackers, and smart thermostats are a few loT
gadget types. These gadgets collect and communicate data via connectivity and sensors for a range
of uses, including enhancing energy efficiency, monitoring and analyzing personal health data, and
automating numerous processes and chores.

Numerous industries and sectors, including manufacturing, transportation, healthcare, agriculture,
and energy, stand to benefit from the loT. Predictive maintenance systems, smart cities, and
connected homes are just a few examples of the additional services and applications it can offer.
loT device expansion also prompts worries about security, privacy, and the handling of massive
volumes of data [34].

Figure 6 below shows the main loT concepts.

0@

INTERNET OF THINGS
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Any Device Anybody Anywhere Any Business Any Network Anytime

Figure 6 - Internet of Things[35]

Big Data and Analytics

Large, complicated datasets that are challenging to analyze using conventional data processing
tools and methodologies are referred to as "big data." These datasets can originate from a range of
sources, including social media, sensors, and transactional data, and are frequently created by
corporations and organizations as part of their regular operations[36]. Big data can be difficult to
manage and analyze because of its amount, diversity, and velocity, but it can also give organizations
useful insights and allow them to make data-driven decisions.

Thus, big data analytics is the act of analyzing enormous and complicated databases to find
patterns, trends, and relationships, often with the aim of enhancing company performance and
decision-making. In order to extract actionable insights, this process includes gathering, storing,
and preparing the data for analysis as well as using statistical, machine learning, and other analytical
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approaches. Numerous industries, including marketing, finance, healthcare, and manufacturing,
can benefit from big data analytics[37].

Diverse types of Big Data and Analytics fields can be seen in Figure 7.

BIG DATA & ANALYTICS

i S

.

Business } Big data
Intelligence visualization
Big Data Analytics |
services a
Database
management
~ -

Figure 7 - Big Data and Analytics[38]

Cloud Computing

A computing model known as "cloud computing"(CC), Figure 8, makes use of the internet to supply
shared computing resources such servers, storage, networking, software, analytics, and intelligence

(the cloud). Users can remotely use these resources via a cloud provider to process and store data
instead of using local servers or personal devices.

In this sense, a cloud system may be capable of running anything, from common word processors

to specially created business tools created and developed for an organization. By enhancing

flexibility, lowering costs, increasing elasticity, and maximizing resource use, cloud computing has
been attributed with boosting competitiveness[39].

The most popular cloud computing platforms include Google Drive, Windows Azure, and BlueCloud

[40].

Figure 8 - Cloud Computing[41]

CLOUD COMPUTING
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Integrated Systems

An integrated system is made up of various parts or subsystems that cooperate to carry out a
certain task or function. An integrated system, in the context of technology, is often a computer
system or network that comprises hardware, software, and other components that are intended to
operate in unison.

A variety of applications, including those in business, manufacturing, healthcare, transportation,
and many other areas, use integrated systems. By automating tasks and procedures, they are
frequently utilized to increase productivity, lower errors, and streamline operations.

Manufacturing execution systems (MES), which integrate and optimize production processes in a
manufacturing environment, and enterprise resource planning (ERP) systems, which integrate and
manage various business processes like accounting, inventory management, and human resources,
are examples of integrated systems.

Integrated systems can assist firms in meeting regulatory requirements and enhancing compliance
with industry standards in addition to their many practical advantages.

Simulation

Industry 4.0 systems and processes can be designed, tested, and optimized using the potent
instrument of simulation. Engineers and designers can assess and improve the performance of
complicated systems and processes before they are created or put into use by constructing virtual
models of them. This enables the creation of more effective and efficient solutions by assisting in
the identification of possible issues and bottlenecks [42].

For Industry 4.0 applications, there are many different kinds of simulation tools and software
available, ranging from basic spreadsheet-based tools to sophisticated, multi-physics modeling
platforms. Numerous industrial processes and systems, such as those involved in manufacturing,
logistics, supply chain management, and energy systems, can be simulated using these technologies
[43]. Regarding logistics and procurement management and the implementation of Lean
techniques, in [44], it was possible to reduce the time needed to locate consumables by around
70%, promote improvements in stock control and reduce the time needed to replenish materials.

Overall, simulation is crucial to the development and application of Industry 4.0 technologies,
assisting businesses in streamlining their processes and enhancing the effectiveness and efficiency
of their systems.

Additive Manufacturing

A manufacturing technique called additive manufacturing, sometimes referred to as 3D printing,
involves piling up layers of material to create three-dimensional items. By allowing for more design
flexibility, quicker production times, and decreased waste, it has the potential to completely
transform conventional manufacturing processes.

To produce a more adaptable and effective production process within the context of Industry 4.0,
additive manufacturing can be integrated into advanced manufacturing systems. For instance,
manufacturers can employ additive manufacturing to make unique parts on demand, allowing them
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to lower inventory and streamline their supply chain. Additionally, it can be utilized to create
intricate, highly accurate pieces that would be challenging or impossible to make with conventional
techniques [45].

It is crucial to combine additive manufacturing with other cutting-edge technologies, such as the
Internet of Things (loT), artificial intelligence (Al), and machine learning, in order to fully exploit the
potential of additive manufacturing in an Industry 4.0 context. This may make it possible to monitor
and manage the manufacturing process in real-time, as well as analyze and improve output in real-
time [46].

Overall, the integration of Industry 4.0 technologies and additive manufacturing has the potential
to drastically alter current manufacturing procedures, allowing for more flexible and efficient
production of a wide range of goods.

Autonomous Robot

Robots that can function autonomously are machines that can complete tasks without direct
human supervision. They have sensors, cameras, and other technology that let them move around
and function in a variety of settings.

Autonomous robots can be utilized to boost productivity, flexibility, versatility and safety of
production operations in the context of Industry 4.0[47]. According to [48], they can be employed,
for instance, to carry out operations like material handling, assembly, and inspection, freeing up
human workers to concentrate on more difficult jobs.

Augmented Reality

The term augmented reality (AR) describes the application of technology to improve or augment a
user's perspective of the physical environment by superimposing digital data or images on their
view of it [49]. Augmented reality can be utilized in Industry 4.0 to increase productivity, decrease
errors, and improve staff training and education.

For jobs like assembly or maintenance, for instance, AR can be used to give workers real-time
direction and instructions by superimposing digital instructions and diagrams onto their perspective
of the work area. This can increase task efficiency and aid to cut down on errors[50].

Employees can receive virtual training and instruction through AR, giving them the opportunity to
learn and practice new abilities before using them in the real world. This could enhance the training
process' efficacy and safety.

Cybersecurity

Because the incorporation of cutting-edge digital technology into established manufacturing and
industrial processes creates new vulnerabilities and risks, cybersecurity is a crucial concern in the
context of Industry 4.0. Systems used in Industry 4.0 are frequently interconnected with the
Internet of Things, making them vulnerable to viruses, hacking, and data breaches [51].
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Organizations must put strong cybersecurity safeguards in place to safeguard their Industry 4.0
systems and data in order to meet these dangers. This could involve safeguards against
cyberattacks like firewalls, antivirus software, and encryption in addition to protocols for secure
data management and access control to stop unauthorized access to private data.

Organizations should also have a thorough cybersecurity plan in place that describes how they will
manage and reduce cyber threats. This could involve conducting regular security audits, educating
staff members about cybersecurity best practices, and creating incident response plans to deal with
any cyber incidents.

As it helps to protect the confidentiality, integrity, and availability of crucial data and systems,
effective cybersecurity is fundamental to the successful installation and operation of Industry 4.0
technologies [52].

2.1.3. Digitalization

Many manufacturing companies are pursuing industrial digitalization as a result of the current
economic climate, which is characterized by globalization, uncertainty, and the pressure of
competitiveness [53]. It is described as the adoption and use of these (digital) technologies in a
wider range of individual, organizational, and societal contexts. It encompasses a variety of
sociotechnical phenomena and processes[54].

This can entail automating procedures, gathering and analyzing data, and integrating technologies
throughout an industry's whole value chain. Industrial digitalization may boost productivity, cut
costs, and open up new business opportunities [55].

Furthermore, by using industrial digitalization, senior level executives can get a comprehensive and
detailed insight of the business's operations, as shown in Figure 9.

Figure 9 — Digitalization [56]

Increasing Cork Block Yield and Improving Data Flow in a Leading Company in the Cork Sector



2. STATE OF THE ART 15

Thus, as noted by Parviainen [57], digitalization is already having an impact on corporate working
environments. Neglecting digitalization could put businesses in danger of falling behind in today's
fiercely competitive marketplaces. The entire operating environment and internal operations of a
firm may be affected by digitalization. Additionally, digitization has the power to destroy existing
businesses and create new ones by altering the roles of actors in a value chain.

Identifying the effects of digitalization and its objectives for an organization can be done from three
different angles [57]:

1. Internal efficiency.
2. External opportunities.
3. Disruptive change.

The first one has to do with reorganizing internal operations and enhancing productivity through
digital means. The second one highlights potential new business ventures inside an already
established industry. The final one indicates that digitization radically alters corporate
responsibilities.

It was feasible to comprehend the significance of digital transformation and its effect on enterprises
in Portugal through a study that was conducted [58]. It allowed for the recognition of the
advantages of digital transformation in businesses, as well as how crucial it is and how much it
affects knowledge management and organizational performance.

2.2. Lean Management

Lean Management is a key component of this theory, and it deserves top priority for a number of
convincing reasons. Lean management provides a structured, tested framework for raising
operational effectiveness and fostering continuous development. Lean principles offer a tactical
road map for streamlining procedures, cutting waste, and improving overall quality in the context
of the thesis, which addresses the opportunities and challenges faced by the cork block production
business.

Lean management immediately tackles the industry's pressing need to increase cork block yields
and streamline processes by placing an emphasis on doing away with non-value-added tasks and
encouraging a culture of continuous improvement. The thesis uses lean approaches to pinpoint
important process improvement opportunities as well as provide workable solutions to increase
output and reduce waste.

It is also smoothly integrated into the larger Industry 4.0 framework, which emphasizes the use of
digital technology and data-driven decision-making. The cork block production industry is better
positioned to prosper in a time of increased competition and changing consumer needs because to
the synergy between Lean and Industry 4.0.
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2.2.1. Introduction

In the modern industrial environment, businesses seek out more means of gaining a competitive
edge by raising the caliber of their services and goods while lowering their costs. Organizations
across a variety of industries have adopted the Lean strategy as a result of this climate of
aggressiveness and constant improvement. Therefore, for any type of firm to survive, developing a
lean manufacturing system is becoming a basic capability[59].

After the Second World War, Japanese manufacturers realized they couldn't afford the enormous
investments necessary to reconstruct their destroyed facilities, which is when the lean concept first
appeared[60]. By concentrating on the creation of incremental changes that may enable continuous
operations and production variation, Kiichiro Toyoda and Taiichi Ohno of The Toyota Motor
Company stood out in this post-war context for their success and how they addressed the problems
therein[61]. They did this by drawing inspiration from Ford's production method and developing
their own strategy, known as the Toyota Production System - TPS .

However, the Lean philosophy only began to have relevance in the early 1990s, with Krafcik
mentioning the term for the first time in his master's thesis, published by MIT in 1988[62]. But the
big breakthrough for Lean came in 1990 with the publication of James P. Womack's book "The
Machine that Changed the World". This became the new production system of reference,
surpassing Ford's production system[63].

Lean philosophy is a multifaceted strategy that integrates several management techniques such as
housekeeping, quality control, work teams, cellular manufacturing, supplier management, etc. Lean
philosophy's basic tenet is that these techniques can combine to generate a streamlined, high-
quality system that produces finished goods at a rate that meets customer demand with little to no
waste[64].

2.2.2. Lean Principles

James P. Womack and Dan Jones' groundbreaking work claims that the Lean conceptis represented
and built around tenets that guarantee proper implementation [65]. These enable the detection of
industrial processes, wasteful expenditures, and incompetent or inefficient operations.
Consequently, the following Figure 10 lists the five principles.
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Figure 10 - Lean Principles [66]
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These five lean concepts, which are frequently linked to the Toyota Production System (TPS), offer
a framework for businesses to optimize their processes, cut waste, improve quality, and provide
consumers with more value.

2.2.3. Kaizen

Although it is not part of the Lean concept, kaizen and the Lean philosophy are directly related, one
being an inherent part of the application of the other. That's why it's important to address the
Kaizen term.

The Kaizen principle, which seeks harmony through constant development, is founded on old
Japanese tradition and philosophy. Modern versions of it are used to streamline and enhance
commercial operations as well as personal growth. The true meaning of this expression taken from
the Taoist and Buddhist tradition, focused on improvement for the entire society, and still present
in Japan to this day—this being the most important concept in Japanese management—is that
improvement in Kaizen should not be seen in isolation but rather in a broader context [67,68].

Kaizen is a Japanese term that refers to the practice of continuous improvement. It is a philosophy
that emphasizes the importance of small, incremental changes and the involvement of all
employees in the improvement process. Masaaki Imai, the father of Kaizen strategy, claims that it
is a methodology that, when used properly, minimizes waste in company operations, enables
individuals to quickly adjust to challenging circumstances, and removes unneeded demanding
effort, both mentally and physically [68].

The principles of kaizen can be applied in any organization or industry, and can be used to improve
processes, products, and services. The goal of kaizen is to identify and eliminate waste and
inefficiencies in order to increase efficiency, reduce costs, and improve customer satisfaction.

Kaizen involves a continuous cycle of planning, implementing, and evaluating small changes in order
to achieve incremental improvements over time[69]. This approach focuses on involving all
employees in the improvement process and encouraging them to identify and suggest
improvements. Kaizen also emphasizes the importance of continuous learning and the adoption of
a long-term perspective on improvement [70].

Kaizen is frequently given as a collection of principles in the form of rules [68]:
e Discard conventional fixed ideas.
e Think of how to do it, not why it cannot be done.
e Do not make excuses. Start by questioning current practices.
e Do not seek perfection. Do it right away even if it will only achieve 50% of the target.
e If you make a mistake, correct it right away.
e Throw wisdom at a problem, not Money.
e Ask'WHY?" five times and seek root causes.
e Seek the wisdom of ten people rather than the knowledge of one.
Don't ask workers to leave their brains at the factory gate.
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2.2.4. Lean Tools

Manufacturers must gather, manage, and analyze production data in order to make wise decisions
about their business. Production data, however, is frequently prone to mistakes, inconsistencies,
and inaccuracies, which can have a detrimental effect on company outcomes. Production data
quality may be improved using lean tools and practices, which can boost operational effectiveness,
cut costs, and boost productivity.

As they reflect the application of the Lean philosophy itself, lean tools play a crucial role in the lean
concept. They are used to cut down on waste, boost production, and encourage innovation.
Consequently, strategies, processes, and tools must be used in order to enable the adoption of the
Lean ideology in a business[71,72]. This chapter will examine five lean tools that may be used to
enhance the quality of production data.

Value Stream Mapping

The Value Stream Mapping (VSM) is used to find and get rid of waste in manufacturing processes.
Itis predicated on the notion of figuring out which phases in a process contribute value and getting
rid of the rest. The tool was created as a component of the Lean Management, and numerous
businesses all around the world have subsequently embraced it [73,74].

VSM is an effective method for examining data and material flow in a certain process. The whole
value stream, from the raw ingredients to the completed product, is mapped out using it. The
mapping procedure entails listing every step in the process along with how long it takes to finish
each one. The wasteful areas are then found, such as surplus inventory or unneeded waiting
periods, using this information[75].

One of the main advantages of VSM, example in Figure 11, is that it aids businesses in locating and
removing production-related bottlenecks[76]. When there is a lack of resources, such as staff or
equipment, the manufacturing process is delayed, creating bottlenecks. Companies may take action
to remove these bottlenecks and enhance the flow of materials and information through the
manufacturing process by identifying them through the mapping process[77].
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Figure 11 — Example VSM [78]
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55

The 5S lean tool is a tool that can help organizations to improve efficiency, reduce waste, and
promote a culture of continuous improvement in their operations.

The 5S stand for Sort, Set in Order, Shine, Standardize, and Sustain [79], Figure 12. In the Sort step,
the organization removes any unnecessary items from the work area, leaving only the essential
tools and materials. In Set in Order, the remaining items are organized in a logical and efficient
manner, making it easier for employees to find what they need when they need it. The Shine step
involves cleaning and maintaining the work area, which not only improves the appearance but also
helps to identify any maintenance issues that may be affecting efficiency[80].

The Standardize step involves creating standard operating procedures and work instructions that
ensure consistency and quality in the work that is performed. This step also helps to identify
opportunities for improvement and encourages employees to contribute their ideas and
suggestions for better ways of working. Finally, the Sustain step involves creating a culture of
continuous improvement by regularly reviewing and refining the processes and procedures and
ensuring that they are consistently followed[81].

The 5S can be applied to a wide range of industries and processes, from manufacturing and
production to healthcare and services. By promoting efficiency, reducing waste, and creating a
culture of continuous improvement, the 5S can help organizations to improve their operations and
gain a competitive advantage[79].

Figure 12 - 55 [82]
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There is numerous research that supports the use of 5S. For instance, the use of 55 was found to
be crucial in research done in a metalworking industry [83], with outcomes including improved
workstation safety, increased production, and significantly less waste. It also demonstrated a
willingness to alter the company's organizational structure.

Visual Management

Visual Management is a lean tool that uses visual cues to help people understand and manage
processes more effectively. It involves using visual aids such as signs, charts, graphs, and other
visual tools to communicate valuable information about the process, its performance, and its
status[84].

The main components of Visual Management are[85]:

1. Visual Controls - These are physical or electronic displays that provide real-time information
about the process. Examples of visual controls include status boards, work instructions, and
display screens that show data about the process.

2. Standardization -Focuses on the process of creating consistent and repeatable procedures
for tasks in the production process. This includes standardizing work instructions, tools, and
equipment to ensure that everyone follows the same process.

3. 5S - Represents a lean tool that involves organizing the work environment to optimize
efficiency and minimize waste. It includes five steps: Sort, Set in Order, Shine, Standardize,
and Sustain.

4. Andon - This is a visual signaling system used to indicate the status of a process or machine.
It can be used to alert workers to a problem or to indicate that a task is complete.

By using visual management, organizations can make it easier for employees to understand the
process and monitor its performance. Visual tools can be used to communicate key information
about the process, such as targets, goals, and metrics, making it easier for employees to identify
problems and take corrective action when needed. Additionally, visual management can be used
to standardize work procedures, reduce variability, and minimize errors[85,86].

Visual management, Figure 13, is especially useful in production environments, where it is essential
to quickly identify and resolve issues that could lead to production delays or product defects. By
using visual management tools, organizations can improve their efficiency, reduce waste, and
improve overall quality, resulting in greater customer satisfaction and a more competitive position
in the marketplace.
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Figure 13 - Visual Management [87]

TPM

Total Productive Maintenance (TPM) is a lean tool that focuses on improving the efficiency and
effectiveness of production equipment by involving all employees in the maintenance process. The
goal of TPM is to maximize the productivity of the equipment, reduce downtime, and increase the
overall effectiveness of the production process[88].

The TPM methodology has several components, as shown in Figurel4, including[89]:

e Autonomous Maintenance - In this component, operators are trained to perform routine
maintenance tasks on the equipment, such as cleaning and lubrication. This helps to
identify issues early on and prevent breakdowns and other equipment failures.

e Planned Maintenance - In this component, maintenance activities are planned and
scheduled to minimize the impact on production. This includes regular maintenance
activities, such as inspections and replacements, as well as predictive maintenance, which
uses data analysis to predict equipment failures and schedule maintenance before a
breakdown occurs.

e Quality Maintenance - In this component, the focus is on preventing defects and ensuring
that the equipment is operating within established quality parameters. This involves
monitoring key performance indicators (KPls) and implementing corrective actions as
needed to maintain quality standards.
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e Education and Training - In this component, employees are trained in the proper use and
maintenance of equipment, as well as in continuous improvement methodologies. This
helps to ensure that everyone is working together to identify and solve problems, and to
continuously improve the production process.

o Safety, Health and Environment - In this component, the focus is on ensuring that the
equipment is safe to use, and that the production process is environmentally friendly. This
involves monitoring safety and environmental performance, identifying areas for
improvement, and implementing corrective actions to minimize risks and reduce waste.

Overall, TPM can help organizations to improve the effectiveness and efficiency of their production
processes by involving all employees in the maintenance process and creating a culture of
continuous improvement. By reducing downtime, preventing defects, and ensuring that equipment
is operating at peak performance, organizations can improve their productivity, reduce costs, and
gain a competitive advantage in the marketplace[90].

World Class Results

Autonomous Maintenance Early Equipment Management
Planned Maintenance Training & Education

Quality Integration Safety, Health, Environment

Focused Improvement TPM in Administration

55 Foundation

Figure 14— TPM [91]

SMED

A lean manufacturing technique called single-minute exchange of die (SMED), Figure 15, seeks to
reduce the amount of time needed for setups or changeovers in production processes. Reduce
downtime associated with switching from one product or process to another is the main goal of
SMED. Although it is not always possible to shift over in exactly one minute, the term "Single-
Minute" refers to a significant reduction in changeover times, frequently from hours to minutes.
Internal setup operations and external setup activities are separated by SMED. External setup
chores can be finished while the machine is running, however internal setup tasks can only be
finished when the machine is stopped. SMED seeks to hasten changeovers, increase operational
flexibility, and boost overall production effectiveness by outsourcing internal setup duties.

SMED has a broad range of real-world applications in several manufacturing areas. The decrease in
downtime, which allows for more production capacity and flexibility, is one of its main advantages.
Manufacturers may adapt more quickly to changes in client demand, switch between different
product lines more effectively, and ultimately increase their competitiveness in a dynamic market
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by expediting changeover operations. Through reduced downtime, fewer labor demands, and the
opportunity for smaller batch sizes, SMED also results in cost benefits by lowering waste and
inventory expenses.

Additionally, SMED encourages worker empowerment and involvement. Employees get more
interested in enhancing operational efficiency as they actively participate in the process of
identifying and removing non-value-added operations. This increased involvement develops a
culture of continual development within the company and boosts morale[92—-96].

In a study carried out by Silva [97], when applying the SMED methodology to cutting lines, it was
possible to reduce the setup time and use fewer human resources for it.

Gt

Figure 15— SMED [98]

Gemba walks

The site where work is actually being done, such as the factory floor, shop floor, or any other
operational area, is referred to as "the real place" or Gemba, in Japanese. The Gemba walk is
travelling to the Gemba, looking at the labor procedures, and interacting with the workers
there[99].

Gaining a thorough grasp of the present condition of operations, identifying waste or inefficiencies,
and fostering a culture of continuous improvement are the goals of the Gemba walk. It enables
managers and leaders to keep a close eye on employees' job activities, ask questions to learn more,
and compile information before making judgments based on current knowledge.

The Gemba walk stimulates open communication, allows workers to express their views and
comments, and develops a feeling of ownership and accountability by actively engaging with
workers on the shop floor. It assists in locating bottlenecks, flaws, security risks, and other problems
that could obstruct output or quality.
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The objectives of lean thinking, which include waste reduction, process enhancement, and
customer value creation, are in line with the Gemba walk. It gives businesses the ability to spot
possibilities for process standardization, innovation, and optimization, which enhances overall
performance [100-103].

Daily Kaizen

Daily Kaizen, commonly referred to as daily continuous improvement, is a lean management and
Kaizen philosophy practice. It entails daily minor, incremental changes to systems and work
processes. The purpose of Daily Kaizen is to instill a culture of continuous improvement and to
provide every employee the opportunity to enhance the business [76,104].

Instead of making radical changes, Daily Kaizen emphasizes constantly minor advancements. It
encourages staff members to find little adjustments they can make that will improve their
workflow, output, quality, and safety.

Employees are the ones who are most familiar with work procedures and are frequently in a
position to identify opportunities for improvement, according to the daily kaizen philosophy. All
staff members are encouraged to take part in daily improvement activities and offer their
suggestions on how to make their jobs simpler, quicker, or more effective.

Daily Kaizen encourages an attitude for fixing problems. It encourages staff members to actively
look for issues or inefficiencies in their workplaces, investigate the causes, and put corrective
measures in place. This iterative method to problem-solving aids in creating a culture of continual
learning and progress.

The cornerstone for improvement, according to Daily Kaizen, is standardization work procedures.
Organizations may build a baseline for finding deviations, inefficiencies, and possibilities for
improvement by creating standardized work routines. Employees are encouraged to spot
deviations from the norm and suggest changes to bring workflows back in line with standards
through the daily kaizen initiative.

Daily Kaizen frequently uses visual management to make improvement efforts and progress
apparent to everyone inside the business. To convey improvement objectives, monitor progress,
and recognize accomplishments, visual tools including Kanban boards, improvement suggestion
boards, and performance measures are employed.

Leaders and managers must actively encourage and participate in daily kaizen. Leaders are essential
in fostering an improvement-friendly workplace, offering tools and training, removing barriers, and
recognizing and rewarding staff members who make improvements.
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3. PROCESS AND PROBLEM ANALYSIS

The goal of this chapter is to put the industrial unit where the project or internship took place and
the areas that include it into context. In addition, the flow of materials and the associated processes
will be characterized and examined. The action plan will then be outlined together with a

description of the original status of the region and the issues that were discovered.

3.1. Characterization of the Production Process

As presented in chapter 1, the corporation is divided into five industrial divisions, each of which
has a customer-supplier connection inside the organization. As a result, from the time raw
materials arrive until the final product phase, there is a very high flow of materials.

Composite cork materials made with other materials, such as rubber, EVA, TRW, and foams, are
the responsibility of the industrial area where the project is located.

The two processes that make up the region where the internship is located, the stage of cork
and rubber block and cylinder agglomeration and the area of their transformation into rolls and
plates, with more attention paid to this, will be covered in the following subchapters.

The material flow that creates the products in the slab transformation area is displayed in Figure
16 for better comprehension.

- ) Wastes
Raw material |
reception |

h

Intermediate Finished
Crushing —»Agglomeration—» product |—»{ Roling [ Finishing [—» Packaging — Product
storage Storage

h 4

‘;Il Expedition I

Finished Product

Figure 16 - IU 3 Process Flow

It should be noted that the process of agglomerating blocks (CR1 line) and turning them into
the slabs the customer requested was the main focus of this project. The area of operation is
in rubber and cork composite blocks, so emphasis will be given to this process and the part of
the industrial unit that focuses on the agglomeration of cylinders and their subsequent
transformation will be left aside.
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3.1.1. Block Agglomeration Process

The Industrial Unit’s Agglomeration area, which gets cork granules from another industrial unit area
and the rest of the ingredients from suppliers, which are held in the Raw Materials Warehouse, is
where blocks are first made. Cork composite blocks are created later when these components are
mixed in the agglomeration process.

In figure 17, we can see the blocks that are extracted from the agglomeration zone.

Figure 17 - Cork composite blocks

In this chapter, we'll discuss how the process of agglomerating blocks works and how it's defined.
Initially, a process diagram was created to clarify and streamline the production process,
represented in Figure 18. This outlines each step in the process that results in the manufacturing of
blocks, including operations, control, storage, and transportation.
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Figure 18 - Process Diagram
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It is important to keep in mind that the manufacturing line (CR1 Line) is placed vertically along a
steel structure with four stories owing to a shortage of available space. In essence, the following is
how the activity along this production line is distributed:

Via ducts the granulate from another business industrial area is initially carried to the cyclones,
Figure 19, in charge of extracting, separating, regulating, and dosing the cork granulate.

Figure 19 - Cyclones

Then, the granules from the industrial grinding section are moved into and kept in mini silos as we
can see in Figure 20 and each of which is designed to hold a certain kind of granule.

Figure 20 - Mini Silos
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A scale, above in Figure 21, that accepts the granules from the silos may be seen on the third floor.
The corresponding grains are placed inside the Banbury mixing chamber after being given the
appropriate weight. It should be noted that the CR1 line's chemical products are kept on the same
level.

Figure 21 - Scale

The chemical scales are on the floor below. Here, the weighing is carried out automatically and with
the use of lockers, Figure 22. The producer is then instructed to continue with manufacturing after
combining them with the mother mix (pigs). The mixing procedure starts when these ingredients
are introduced to the Banbury.

Figure 22 — Chemical scales and lockers

Increasing Cork Block Yield and Improving Data Flow in a Leading Company in the Cork Sector



30 3. PROCESS AND PROBLEM ANALYSIS

The mixture is sent to the open homogenizing mixer, as showed in Figure 23, after the formula
temperature and mixing duration have been attained. This is located on the first level and is made
up of two cylinders that chill and uniformize the mixture by rotating in opposing directions. Here, a
rheometer-assisted study is conducted to look for any quality issues.

Figure 23 - Open Homogenizing Mixer

The mixture is then moved to the guillotine on a conveyor while already in a band configuration. In
order to ensure higher success in the stacking phase, presented in Figure 24, the operators examine
any surface flaws throughout this procedure. The web is divided into sheets at the guillotine based
on the required item and size. After that, the sheets are piled to the necessary weight for the
particular manufacturing order.

Figure 24 - Stacking phase
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The finished sheet layer is then brought to the cutting press table, shown in Figure 25, where the
cutter and presser foot descended and cut and press the sheet to the required dimensions. This
results in the block being obtained, which is then measured and weighed. The waste generated by
this procedure is fed back into the open homogenizing mixer.

Figure 25 - Cutting Press Table and Process

The next process involves transporting the block from the cutting press to the mold press, as
visualized in Figure 26, with the help of a lift table and the operator. Here, the block is inserted into
the mold, where it is then joined by the mold cover exerting slight compression on the material.
Depending on the mold, the dowels are inserted and are given the order to advance to the
greenhouse entry area.

Figure 26 - Mold Press Table and Process
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The block is positioned in the chamber exit zone after vulcanization. All vulcanized blocks are
demolded (taken from the molds) and put on a pallet after being correctly labeled with the
production date (batch), reference, weight, and mold employed. Next we can see the described in
Figure 27.

Figure 27 - Finished Blocks from the Agglomeration Process

3.1.2. Slab Transformation Process

In general, the transformation Lamination area converts blocks (from the agglomeration area) into
slabs with different thicknesses that are similar in size in proportion to the base. It should be
emphasized that this method adheres to the make-to-order concept in that rolling procedures are
only carried out when orders are received, and the appropriate manufacturing order is opened. The
process type is a job shop in this sense.

The lamination of blocks into slabs is, in itself, a very challenging area that involves a lot of skill and
attention from the laminators. It is important then to know better how the process works and its
characteristics for a better understanding of the project itself.

Four major steps of a certain procedure will be detailed in this chapter.
1. Preheating in an oven in accordance with the laminate block recommendations

The cork blocks need to go through a preheating procedure in a greenhouse, presented in Figure
28, before the actual laminating. This procedure is crucial to make the blocks less humid at the
moment and more flexible, which will make lamination easier. Depending on the references of the
blocks that will be laminated, different preheating times and temperatures are used.

Increasing Cork Block Yield and Improving Data Flow in a Leading Company in the Cork Sector



3. PROCESS AND PROBLEM ANALYSIS 33

fm\ Eveape

—

‘Iﬂ vw-ﬁ “‘l'

,t‘
o il

—

Figure 28 - Preheating Kiln

The blocks are then placed at the rolling table's entrance, Figure 29. This is where a "block
grabber"—a device for situating blocks—can be used to make the process of placing them on the
table easier.

Figure 29 - Pre-lamination

2. Adding the blocks to the rolling table:

The cork blocks are carefully set on the laminating table after preheating. To guarantee consistent
lamination, it is crucial to ensure that the blocks are level and oriented correctly. These are
positioned such that cutting is optimum and wear is reduced compared to if the blocks were flush
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with the table all the way around. In this manner, the blocks are placed with a 10° inclination with
regard to the plane's side edge orientation.

The process described can be seen in figure 30.

Figure 30 - Lamination Process

3. Make the block bases clean:

The bases of the cork blocks need to be meticulously cleaned before you begin laminating. By doing
this, it is possible to guarantee the uniformity and cleanliness of the laminated slabs. This is
accomplished by laminating the upper base at a 2mm thickness until the molding paper has been
totally or nearly completely removed from the surface and the base is uniform. The process is then
repeated with the new base of the same block, by turning it around. The block is measured for
height and its yield is taken for rolling at the conclusion of this procedure. Finally, the operator must
clean the work area with compressed air and proceed to rolling.

In Figure 31 we can see the stages of the processes presented.
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Figure 31 - Cleaning, tunring and measuring of blocks

4. Start laminating to the preferred thickness in accordance with the MO:

The laminating procedure is finally initiated. A laminating machine is used to press the cork boards
together to create a single laminated board. The requirements of the customer's production order
(OF) are used to alter the laminated plate's thickness. An example can be seen in Figure 32.
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Figure 32 - Laminated sheets

In conclusion, according to the OF, the procedure for turning cork blocks into slabs by lamination
include preheating the blocks in an oven, setting them on the lamination table, cleaning the bases
of the blocks, and laminating them to the necessary thickness. This procedure is essential for
producing high-quality cork slabs that are appropriate for a wide range of uses.

The plates are finally arranged and grouped in the most efficient manner for later packing, just as
Figure 33 suggests.

Figure 33 - Placing of final product
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3.2. Initial Situation Presentation

Upon entering the organization, it became necessary to enhance and retrieve production-related
data that had either become stale or had been improperly exploited. These data could be used to
assist top management and enable the development of indicators for a better comprehension and
control of the region of cork block transformation.

In keeping with this theme, it was made evident that the area of laminating blocks in cork slabs did
not generate the anticipated amount of revenue when the financial results were shown per area of
work (Report in Index). In other words, the area's gross margin fell short of the benchmark set by
the business' engineering department, reported in the P&L (Profits and Losses) report. A research
was then undertaken in order to address this data reported to management control, and it was
found that the consumptions made in the block transformation area were significantly higher than
what was anticipated in the system for the manufacturing of slabs. In this regard, a 2022 study was
undertaken to determine the potential effects of variations in consumption on the region's gross
margin. Thus, we were able to obtain the information from the following Figure 34 by comparing
projected and actual consumption for the months of 2022:

Month_Year

Total Produced (€) Total Theoretical Consumption (€) Total Actual Consumption (€) Consumption Deviation (€) Consumption Deviation (%) Theoretical GM (€) Real GM(€)

jan/22 229491,31€ 217 283,68€ 228076,72€ 10793,04€ 4,73% 12207,63€ 1414,59€
fev/22 297159,45 € 282489,24 € 292255,76 € 9766,52 € 3,34% 14670,21 € 4903,69 €
mar/22 309 826,54 € 294 684,33 € 306 585,89 € 11901,56 € 3,88% 15142,21€ 3240,65€
abr/22 227 563,03 € 215813,66 € 223795,53 € 7981,87€ 3,57% 11749,37€ 3767,50€
mai/22 269 128,94 € 250500,35€ 264 210,28€ 13709,93 € 5,19% 18628,59 € 4918,66 €
jun/22 233135,84€ 224316,21 € 239614,27€ 15298,06 € 6,38% 8819,63 € -6478,43 €
jul/22 262 140,56 € 245735,92 € 250556,42 € 4820,50€ 1,92% 16 404,64 € 11584,14 €
set/22 248 601,13 € 229641,68€ 234725,60€ 5083,92€ 2,17% 18959,45 € 13875,53 €
out/22 254 301,08 € 235897,36 € 238636,30€ 2738,94€ 1,15% 18403,72€ 15664,78 €
nov/22 283 068,83 € 263442,46 € 274642,30€ 11199,84€ 4,08% 19626,37 € 8426,53 €

Figure 34 - Theoretical vs real financial results

As we can see, consumption fluctuations might be rather large and affect the region's monthly gross
margin. The month of June 2022 marks the maximum point of this departure, when the percentage
of deviation reaches 6.38%, which translates to a monetary deviation of 15298.06 €. Since August
and December are months of low productivity in the organization and are therefore regarded as
outliers, they were not taken into account for this study. A chart contrasting the theoretical and
real gross margin was created as analytical support, as presented in Figure 35.
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Figure 35 - Theoretical GM/ Real GM
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The yield (block height at the start of rolling process), which is below standard, and issues with
quality and quantity of rejects in the region are the primary causes of this.

As a result, a project was developed with the intention of solving this issue, the blocks vyield.
Following this yield-related theme, the anticipated block height prior to the removal of slabs from
the block is shown below.

Agglomeration Transformation
160-170 mm 150 mm

Gl >>> e

Cleaning procedure

Figure 36 - Ideal Process

As we can see in Figure 36, the blocks have heights between 160 mm and 170 mm as they leave the
agglomeration zone. As they reach the processing zone and undergo cleaning to equalize the bases
of the blocks for the best slab collection possible, it is anticipated that these blocks will have a
height/yield of 150 mm. The average yield was 145 mm, which showed that the area was already
beginning to be lost even before the rolling process, according to an examination of the variations
in the area and after actual measurements. Consequently, it was required to raise this value to the
level of the norm.

In order to increase the gross margin, the following are the project's primary areas of focus:
boosting the block yield and using unused data can enhance organizational decision-making and
information flow as represented in Figure 37.

J Block Yield increase
’ project

Gross processing margin Need for gross margin
below standard increase

' Using production data for
} decision making

Figure 37 - Project's aim

Increasing Cork Block Yield and Improving Data Flow in a Leading Company in the Cork Sector



3. PROCESS AND PROBLEM ANALYSIS 39

3.3. Problem Characterization

Even if the losses are felt in the slab processing area, the yield issue in the blocks affects them from
the time of their conception, agglomeration, and slab manufacture. In Figure 38 we can see these
2 areas of work. Thus, the processes of agglomeration, block demolding, slab rolling, and board
rolling were examined for the approach of issue discovery.

Figure 38 - Areas of work

Gemba walks were thus carried out for this research in order to comprehend the situation on the
shop floor in the two sections. There was then space for the establishment of weekly meetings to
bring together the entire industrial unit's team, including the maintenance team, process
engineering, controllers, supervisors, and industrial director—something that had not previously
occurred—and attempt to identify and categorize the issues that were inherent in the problems.
These meetings were essential and often held during the organization's months in existence. The
comments from the shop floor operators, who, with their expertise, supplied useful insights that
were distinct from those presented by other project participants, was another action done to
strengthen this preliminary study.

In a nutshell 36 issues were found that might, via yield, have an impact on the work center and cost
of the slab processing area. These issues were then separated into three categories: area,
agglomeration, and transformation, with 18 issues falling under the first category and the rest 18
under the rolling process. Having stated so, we have already recognized each of them in Table 2
and 3.
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Table 2 - AGL Problems

Problem
Misinformation about the density of the granulates in use
Blocks with regular surface, but sub-standard height
Demolding Difficulties
Limited knowledge by the Workers about Quality problems on the line
Damage to the sides in the press cutting process
Warped Molds and Covers
Blocks with missing height in the sheet position process
Lack of mold cleaning
Mismatched information on block weights
Absence of rheometer tests
Lack of uniformity in the working thickness in the Mixer for certain references
Amount of resin applied in the mix is a variable not controlled in the process
Damage to the sides of the blocks due to "block grabbing"
Passing the mix through the Mixer causes a change in density
Problem with dowel fit in automatic molds
Work rate variation causes differences in block heights
Appearance of burrs on blocks and slabs
Error in formulas

Table 3 - TRF Problems

Problem
Defective printing
Worn sandpaper
Inaccuracy of the chargebacks made and quantity produced
Crooked slabs and blocks
Non-existence of cleaning standards in the blocks during rolling
Curved blocks from the block kiln
Indefinition in procedural and planning management
Worn out rolling mill planes
Different yields when cleaning on the sander
Rounding errors and lack of validation
Rolling thickness different from packing thickness
Different yields for different references
Collage problems
Irregularities in rolling thickness
Inconsistent part measurement
Operators may not know the target yield of rolling mills
Gluing frames out of specification
No validation of table-to-plane distance

Once the problem-solving phase was complete, the Ishikawa Diagram, represented in Figure 39,
and the Lean concept were used to categorize and separate issues during the problem-segregation
and -characterization phase. The following categories apply to these "6M's":
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e Manpower;

e Materials;

e Machines;

e Methods;

e Measurements;

e Mother Nature;

Manpower

Materials

Machines

\
/

Mother Nature

As a consequence, the study and the table below show that the majority of the issues were
connected to the root methods/processes, as shown in Figure 40. The team was able to
determine from this analysis which field has the biggest influence on the effectiveness of the

\
/

Measurements

Methods

Figure 39 - Ishikawa Diagram
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blocks and, on the other hand, to prioritize resolving process-related issues. It has also been noted
that tools and machinery tend to cause quite a few problems.

Type n2

Methods/Process | 19
Machines 8
Manpower 5
Measurements 3
Materials 1
Mother Nature 0

Figure 40 - N° of problems per type
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Then there was space for work-area segregation, agglomeration (AGL), and transformation (TRF).
With this action, we realized that the most incident type of problem is independent of the work
area and that the actions would have greater representation on the process and maintenance
team, together with supervision. This kind of research and analysis focuses on how data may be
used to further the project's second goal, which is to enhance decision-making.

The following Figure 41 applies the study carried out

Problem Type AGL _ Problem Type TRF

1 p 3 4 5 1 2 3 4 5

Figure 41 - N2 of problems/type in both areas (AGL and TRF)

Following this, there was a phase of planning and executing improvement measures in the areas of
block yields and using underused data to enhance information flow and decision making, which we
will examine in the following chapter.
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4. IMPLEMENTS, RESULTS AND ANALYSIS

This chapter will outline the action plan and all related stages involved in carrying out the project.
We will discuss the development of an action plan in the first stage of the block yield and
information flow enhancement project in order to better manage priorities, tasks, and
concentrating on the factors that lead to the planning of these activities. The acts that had the
greatest influence on the project will then be discussed in separate sub-chapters, and the impact
they had on the industrial area will be confirmed using measured and validated outcomes.

4.1. Yield Improvement Project

A PDCA was conducted to assist the block yield project and the team participating in the project,
the entire team at IU 3, in order to manage the actions more efficiently, to concentrate on the
causes, to have better control over the project, and to manage priorities efficiently. Plan-Do-Check-
Act, or PDCA, is a methodical and iterative four-step management approach used for problem-
solving and continuous development. PDCA, Figure 42, offers a disciplined method for managing
projects, ensuring that they are carefully planned, successfully carried out, and continually
improved. Including PDCA in a project proposal has a number of important advantages. An initial
action plan of six months was thought of for this and began at the end of September.

Figure 42 - PDCA

For this, 42 improvement actions were counted in total divided by the 36 problems previously
identified and segregated in order to be allocated in the best way to the team members, according
to the causes of the problems, it’s level of priority and their effects, something that was also
fundamental for a better understanding of the problems. The timing of each of these operations
was scheduled such that it would not conflict with any other planned actions and that there would
be no unjustified delays that may compromise the project's objectives.

Microsoft Planner, Figure 43, which is frequently used in project management, was utilized to
ensure that all participants were aware of this action plan and that it was carried out as effectively
as possible. It was feasible for each member to carefully track the project thanks to this and a
project consultation dashboard made in Power Bl, which we will discuss later in relation to
enhancing the flow of information in the company.
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Figure 43 - Microsoft Planner

At the end of the six-month action plan, there were 30 completed actions and 12 that were still
being implemented and finished, either because they were continuous in nature or because their
original completion dates had to be revised due to their complexity and interference from outside
the organization. As a result, 71% of the project was completed by the end of the allocated time.

The four activities that had a bigger influence on the project and, in a manner, fit better with the
topic of the project will then be discussed in the sub-chapters that are provided. They are mold
recovery, information flow improvements, training and awareness of rolling process methods, and
the development of a deviation control tool.

4.1.1. Training and awareness of rolling process methods

Training and understanding of the processes in the rolling process were the first improvement
action to be handled with a major impact on the project. Since there were practices, techniques,
and activities that had never been standardized and normalized, the intention is to document some
of the shop floor operations using this. These, in a sense, were transmitted among the operators in
an unstructured and incoherent manner and required intervention. The necessity to lessen the
rejection recorded in IU 3's processing region, which is responsible for many of the exacerbated
discrepancies in consumption, is another aspect that prompted this improvement activity. Finally,
the goal of this improvement initiative was to inform and increase awareness of the current
problem with gross margin and block yield among operators and stakeholders in the agglomeration
and transformation process, improving the flow of information within the industrial area.

To match the goals of the improvement plan, three activities have been implemented for the
previously mentioned situation.

The first, as previously mentioned, was the standardization of certain procedures in the plate rolling
process and the inclusion of operators in the scope of the project. For this, OPL's were created, in
order to standardize some procedures such as cleaning, how to perform reversals, and fine-tuning
of planes for rolling. To do this, we went to the rolling mill operators with the greatest expertise
and those who had worked for the firm for a longer period of time, and we attempted to write
down their guidelines for each of these tasks on paper before sending them to the workstations
and Kaizen board located nearby the work centers. The supervisors and team leaders, on the other
hand, carried out training and awareness activities to inform the operators of the yield objective
and the gross margin problem in order to involve the entire area and to improve the sense of
alertness and reporting to those involved in the transformation process.
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N i

Figure 44 - Standardization

The establishment of a daily meeting with the supervisor, process engineer, quality technician, and
controller to discuss the rejects from the previous day on the processing line was another activity
that resulted from this improvement action. Large differences in the summaries of the OFs
prompted the need for this conference, which allowed for a case-by-case analysis to determine the
causes and reasons behind these rejections. As a result, the nonconforming slabs were daily
separated by shift and put on pallets next to the Kaizen board to be examined the following day. By
taking this move, we want to give the non-conforming slabs a second chance and explain why to
the operators, warning them of any possible weaknesses in the procedure. To benefit from this,
cutting activities were performed to remove rejection sources and, when feasible, remit the plate
to alternative dimensions. Sanding actions were also performed with the same goals, reducing
slab’s thickness.

5
O
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Figure 45 - Daily Meeting

Finally, there was room for the collection of these discovered rejections and their transportation to
the IU 3 team's alignment meeting. Then, it is the supervisor in charge of the agglomeration's
responsibility to deliver them to his region and show the operators the rejections. The operators
learn considerably more about the issues that, although being felt in the transformation area, are
a product of both current processes and should be followed in this way thanks to this continuous
improvement routine. Thus, the fight to emphasize yield and gross margin was taking place on both

@ o

Figure 46 - Area Inclusion

process fronts.

4.1.2. Mold recovery

An action plan for the recovery and reconstruction of the agglomeration line molds was the next
improvement action to be addressed, and it had a significant influence on block yield.
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Below, in Figures 47, 48 and 49, we can see from the supplied photos some samples of what these
might bring troublesome in order to better understand the influence that these can have on the
design and performance of the blocks.

-

Figure 47 - Condition of the blocks using damaged molds 1.

Figure 48 - Condition of the blocks using damaged molds 2.
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Figure 49 - Condition of the blocks using damaged molds 3.

As can be seen, the blocks can be significantly impacted by the molds used in their design, leading
to abnormalities in the block bases, inadequate block height, oval blocks with non-perpendicular
neighboring edges, and overall varying dimensions in different parts of the block. With the
emergence of these traits, the cleaning procedure undertaken prior to the extraction of slabs will
need to be more extensive and time-consuming, necessitating further cleaning passes to make the
block consistent. As a result, the block will unavoidably be shorter than blocks without these issues.
The block where the block was built has a direct bearing on how well it performs.

The molds have these issues because they have been in use for many generations, are polluted,
have warped and fractured sides, and have issues fitting dowels since they have been used
frequently and never been fixed. In the examples provided below, through Figures 50 and 51 we
can see some of these.
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Figure 51 - Condition of molds 2.

According to the information provided, a strategy was developed with the intention of making 379
interventions in these molds in order to raise the caliber of the blocks at the agglomeration's
departure. The number of molds for each dimension and feature is shown in the Figure 52 below.
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Mold Ne

CAE Aut (915x915) 60

CAE 5 Cav (915x915) 30

CAE 4 cav (915x915) 30

CAD (1270x760) 82

CAF (1000x1000) 77

CAH (1270x1040) 40

CAB (1270x660) 50

Rodas 10

TOTAL 379

Figure 52 - N2 of molds per type of molds

It was then planned the intervention in all the molds, with an estimated investment of 18 900.00¢€,

50€/mold, with an external company, in a workshop inside the company. The action plan was for 9

months and counted on a repair cadence of 10 molds per week, alignment made between the

production team and the external storage team.

In order to better manage the intervention priorities in the first stage of this mold restoration

project, an analysis was carried out to determine which blocks (size) had been most requested in

the year 2022, Figure 53. This was done prior to the intervention phase, in a needs study phase,

and with the aim of improving decision making supported by data.

1Z70X1040
oo o) ,,_.;,

s 12704660
26% 4%

12706760
5%

= 10001000

w 127061040

® 1Z270X660
1Z70X760

® 015X015

= SLAB

D15X5915
s54%

Figure 53 - Request mold dimensions study

Increasing Cork Block Yield and Improving Data Flow in a Leading Company in the Cork Sector



50 4. IMPLEMENTS, RESULTS AND ANALYSIS

Currently, the status of this mold repair and reconstruction action is 32% complete, around 120
molds have been completely repaired and €6,000.00 has been invested.

Below we see the current status per dimension in Figure 54.

i]]13,

915X915 1270X760 1000X10001270X1040 1270X660 RODAS

Figure 54 - Number of blocks intervened and still to be intervened (per dimension)

Multiple aspects that were not taken into consideration at an early design stage are the cause of
this departure from expectations. First and foremost, the weather conditions were a deciding issue
since the external firm couldn't work on the molds in bad weather because the workshop is
outdoors, has limited space, and stores the molds outside. In this fashion, there were weeks when
the plan's fulfillment was completely put at risk, causing a significant delay. The lack of coordination
between the two teams, manufacturing and maintenance, was another factor that affected the
action deadline. With the variability of production and repair capacity, and in order not to interfere
with the lead time, we had weeks in which the expected molds could not be transported to the
repair area and, conversely, in many weeks the maintenance team did not have availability to
receive the stipulated because they had other tasks pending in the factory.

though it wasn't a planned action in this project, the purchase of new molds was influenced in its
genesis thanks to this action plan in improving the performance of the blocks and
repairing/rebuilding molds. With the weekly meetings that were created with the project, the
validation of the designs and inputs for the purchase of new molds were something that emerged
after these meetings, leading to more efficient molds and with lower failure potentials than the
degraded molds. Thus, it is expected that these will have a decisive impact on the blocks and their
performance.

The purchase of these molds, Figure 55, which in total are 35, began on April 9 and counted on the
arrival of 4 molds per week during 2 months. The purchase focused on the 915X915 mm, since, as
previously discussed, they are the ones that have more output for the production and customer.
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Figure 55 - New purchased molds

We measured the blocks in three different locations—at the front of the mold, in the middle, and
in the rear of the mold—in order to better understand the effects of this mold recovery approach
and the acquisition of new molds on the blocks' final performance. This investigation was
conducted at the beginning of the transformation, with the block unaltered after it was removed
from the mold, of the blocks after the first cleaning phase, with the uniformization of one of the
block's bases, and after the second cleaning phase, with the block operational and the final yield.
Examples of these measurements, which were made over the course of a month with 200 samples
overall, are shown in Figure 56 below.

Measurement Before Rolling Measurement after the first pass Measurement after the second pass

Ref. Size N2 Mold [}

Front Middle Rear Front Middle Rear Front Middle Rear
2548 915x915 32 157 159 158 1 154 154 155 150 150 150
2548 915x915 120 158 160 160 1,15 155 156 154 150 150 150
1049 1000x1000 35 165 160 160 2,88 160 159 160 154 154 154
1521 1270X1040 25 155 157 156 1 151 152 153 146 146 146
1521 1270X1040 52 160 161 160 0,57 152 151 153 146 146 146

Figure 56 - Blocks dimensions study

With these measurements, we plot the standard deviation of the heights of the 3 different positions
in the mold, in order to verify the variability with which the heights present at the exit of the block
from the agglomeration and correlate with the final yield, after the second cleaning pass, in order
to verify the implications of the molds on the blocks.

In order to properly visualize the findings, we came to the following conclusions using Power BlI,
presented in Figure 57.
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Desvio Padrdo Medidas dos Blocos AGL
NAO INTERVENCIONADOS (mm)

1.18

Rendimento final NAO INTERVEN CION ADOS
(mm)

147,92

Desvio Padrio Medidas dos Blocos AGL
INTERVENCIONADOS (mm)

0.92

Rendimento final INTERVENCIONADOS
(mm)

150,22

Desvio Padrdo Medidas dos Blocos AGL
NOVOS (mm)

0.29

Rendimento final NOVOS (mm)

156,00

Figure 57 - Study's results

As we can see, the standard deviation in the measurements of the 3 block zones, represented at
the top, is very high in the non-intervention molds (left), with a standard deviation greater than
1mm. Following the project, the ones with intervention (center) already have a more conforming
standard deviation of less than 1mm. In turn, in the new molds, the variability is minimal, with 0.29
mm of standard deviation, which in theory will lead to a lower cleaning action, since the blocks are
already more uniform in their essence.

Consequently, at the bottom, we can obtain the average yield of the measurements for each type
of mold in which the blocks were produced. Analyzing the data, it is possible to affirm a dependency
between the standard deviation data of blocks at the exit of the agglomeration and their final yield.
With the intervention of old molds, the performance stipulated by the engineering team of 150mm
was achieved, compared to the insufficient 147.92 mm of average presented by the non-intervened
molds, justifying the bet on the recovery and intervention of molds in the IU 3 agglomeration line.
Consequently, the improvement in performance becomes even more pronounced when it comes
to the blocks manufactured using newly designed molds, surpassing the anticipated outcomes
within the field with an average height of 156mm.

As a result, this improvement initiative emerged as the primary factor that directly influenced the
production efficiency of achieving greater uniformity in blocks, thereby leading to increased yield.

4.1.3. Information flow improvements

Improving the information flow within an organization is a critical endeavor that can have far-
reaching positive effects. By streamlining and enhancing the flow of information, organizations can
promote better collaboration, decision-making, and overall efficiency.

Given the poor use of data that had never been analyzed, studied, or used as the motto for some
kind of intervention or informative character, the area felt the need to improve communication and
consultation in order to involve the area as a whole, leading to a greater focus on objectives. This
was done in conjunction with the income project that was carried out. Theoretically, this focus will
result in better opportunities and advancements.
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In this regard, a number of initiatives were created to enhance the poor information flow, which
frequently occurred between teams, departments, and senior management. These efforts
employed Power BI, a program for data presentation, as their primary tool since it is popular in
corporate settings and helps with data analysis and comprehension.

As was already mentioned, OPLs (One Point Lessons) were developed for the work centers on
specific activities and procedures like block cleaning rules, how to correctly perform reversals, and
how to tune the rolling mills in order to increase the standardization of specific processes in the
slab rolling area. Internal communication was also thought to be necessary in order to engage the
operators in the topic of intervention in block yield and gross margin. Consequently, some of these
that were discussed are shown below in Figure 58, 59 and 60.

ONE POINT LESSON (OPL)
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Figure 58 - OPL 1
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Figure 59 - OPL 2
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COMUNICACAO INTERNA s

Durante as Ultimas semanas, foram relatados alguns problemas em relagdo ao rendimento dos Blocos (Altura util), o que
se reflete em perdas considerdveis. Neste sentido, estdo a ser investigados fatores/causas que possam estar a interferir
com o objetivo planeado.

Principais acdes: Data de inicio de Projeto: 26/09/2022

+ Andlise do processo de aglomeragdo;

+ Andlise do processo de desmoldagem;

+ Andlise do processo de laminagem de placas;

+ Andlise do processo de laminagem de quadros; | Objetivo: Aumentar o rendimento dos blocos - 150 mm
apos limpezas

I1somm \/

P, =

Proc as vossas e ideias!
Contamos convosco!

Figure 60 - Internal Communication

The creation of a Power Bl dashboard that gave team members more control over it was another
move done to build and promote collaboration on information, the scheduling of tasks, and the
overall status of the block yield project. The following Figure 61 shows the interface. Together with
Microsoft Planner, this was another support tool for the project.

Estado de acdo @0 @1 @025 @05 @075
~ [ André Alves

3E12% — 1(204%) ~ [ Anténio Vendas
36,123 —,

“ [ vo Ferreira
~ [ Joaguim Margues
~ [ kristina Matos £ 0 =T &2

10

0,

100%
0%

0%

0%

0%

0%

0%

0%

0 20%
0%

[i:3

— 23 {46.84%)

19 (38.78%)

‘mompraces"‘} Famramen® pecditd

ipo @ NétodaProcesso @Femaments @ Medda @ Matériz-Frima @ Pessoas
el

31 de marco de 2023 sexta-feira
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Figure 61 — Project’s Bl dashboard

It was essential to develop a consultation dashboard in relation to the mold recovery and
reconstruction project so that the project's participants could determine if a block was made using
a mold that had been reworked, not reworked, or new by calling the number listed on the label of
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the block. With this, individuals in charge may immediately determine if the molds that led to the
manufacture of the block through the inputs supplied concerning difficulties linked to rejection,
yield, or poor production. This survey was conducted manually in the past because all of the inputs
were on paper sheets. In addition, the dashboard made it easy to track the project's progress as
well as the amount previously invested, the percentage of intervention by mold size, and the overall
% of intervention. Therefore, its interface is below in Figure 62.

Valor gasto/valoer final PDS Reparagdo de Moldes N° Intervencionados/ Total

AMORIM
18,9K CORK

12031755 COMPOSITES
14,93K
10,95K AGARO
@ N3o Intervencionsdo

697K @ Intervendonado

-—
378
258 [5B.25%)
~ N* de Intervencionados/ Dimensdo Molde
DIMENSOES Ao ~ AGhe MoLEE 2
* [ Intervencionade sz

tzrmenes I
1zrm7en (I
10001000 [N

o 20 A0 60 80

~ [ Néo Intervencionado

DMENSOES

Intervencionades/N&o Intervencionados

ACAD @imervendonado @ Mo Inervendaonado

F15:35 1270760 10001000 1270080 12701040 Rodas
DIMENSTES

Cartagem de AGAD

Figure 62 - Mold recovery Bl dashboard

As previously stated, for the measurements in relation to block yield, an excel file was created in
order to guarantee block measurements in the rolling mill according to block size and mold number
information. This database was linked to a file in Power Bl in order to provide the results of these
measurements in permanent update. With this, the following dashboard was created as we can see
in Figure 63.

Desvio Padrio Medidasdos Blocos AGL Desvio Padrio Medidas dos Blocos AGL Desvio Padrio Medidas dos Blocos AGL
NAOQ INTERVENCIONADOS (mm) INTERVENCIONADOS (mm) NOVOS (mm)

1.18 0.92 0.29

0,00 2,00 0,00 2,00 0,00 2,00
Rendimerto final NAO INTERVENCIONADOS Rendimento final INTERVENCIONADOS Rendimento final NOVOS (mm)
(mm) (mm)
147,92 150,22 156,00
Rendi to L inag (mm)
REF Dimensdes Molde Frente Meio Tras Acéo

[ Intervencionado hl .
] Nio Intervencionado | 2549 915x815 3 148 149 149 Intervencionado

2549 915x815 30 153 133 153 Intervencionado
] Nove =

2549 915x815 32 149 149 149 Intervencionado

2549 915x915 4 149 149 149 Intervencionado

2549 915%915 59 145 145 145 Intervenrinnadn

Figure 63 - Blocks yield study Bl dashboard
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All these efforts have culminated in a significant improvement in the existing flow of information in
IU 3, with greater proactivity, control capacity and intervention.

4.1.4. Development of a deviation control tool

One of the most important factors in maximizing resource use and supporting sustainable practices
is controlling consumption during manufacturing. Organizations may decrease waste, save
expenses, and improve overall operational efficiency by carefully monitoring and regulating usage.
Through data collection and analysis, organizations can identify areas of excessive consumption or
inefficiency.

It became necessary in this situation to monitor and notify any variations in the production orders
in the plate rolling area due to the yield, rejection, and data insertion issues that were affecting IU
3's processing area, utilizing data with MES (Manufacturing Execution System) assistance. By doing
this, it is possible to have a better capacity to see mistakes, a daily control of production variances,
and subsequently a better ability to respond to any quality and data insertion issues. To achieve
this, the improvement action's concept was to develop an Excel tool that could show summaries of
production at the involved work center and, in accordance with consumption and anticipated
output, look into discrepancies in the number of blocks consumed and their financial impact. In
order to ensure that this data is a regular part of the Ul's daily routine, as soon as this excel tool is
complete, a Power Bl dashboard would be established for automated updating and emailing to
upper management. As it is creative inside the organization and has the potential to be expanded
to other regions and work centers, this improvement activity will have the most influence on the
project's subject.

MES (Manufacturing Execution System) is a comprehensive software solution designed to optimize
and manage manufacturing operations on the shop floor. It serves as a bridge between the
enterprise resource planning (ERP) system and the plant floor, providing real-time visibility, control,
and coordination of various production activities. MES, Figure 64, enables organizations to
streamline their manufacturing processes, improve efficiency, and make data-driven decisions.
With real-time importing of information about production in the factory, done by the operators
through the MES, these are collected and used for shop floor analysis. Consequently, in excel they
were worked in order to generate the desired tool.

Figure 64 - MES

With real-time importing of information about production in the factory, done by the operators
through the MES, these are collected and used for shop floor analysis. Consequently, in excel they
were worked in order to generate the desired tool.
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Next we can see an example of a daily report (05/16/2023) of summary of consumptions and
productions, the tool developed, in the Rolling Blocks area of the Ul 3 in Figure 65.

1% turno 113,15 ¢
Total de Desvio 2 wrno 547,30€
3t turno 835,16¢
Consuma.
N Consumo Consumo Produgio  tedricopara  Desvio
Prod
e Real Planeado Planeada a produgio (Bly Desvio
ShiftName -T OrderSap T SystemAltName 7 |Materialker ™ MaterialName - realiz
= ACC_Geral3T_Turnal = 1600171098 sLaminadora 20 270009605 PLCR GT56 000 1270X760X2.1 NE 145300 21,00 2160 1456.00 2156 -0.56

ALC_Geral3T_Tumol = 1600206994 Laminadora 21 70013755  PLCI 5025 000 1040X1020%15 NE 133700 2230 3609 2433,00

247

ACC_Geral3T_Tumal = 1600208742 sLaminadora 20 570013740 PLCR 1521 000 1270K660%24 NE 50,00 100 50,00 -0,01
ALC_Geral3T_Tuma? 1600212215 Laminadora 21 70006248  PLCR 1047 000 1000%1 10,0 NE 146.00 10.00 600,00 0.32
ACC_Geral3T_Tume? = 1600212247 sLaminadora 21 =T0006454  PLCR NE50 000 1270X1040)8,0 NE 2,00 0,20 18,00 0,09
ACC_Geral3T_Tumna2 = 1600212250 #Laminadora 21 = 70009564  PLCR NE50 000 1270xX104043,0 NE 16,00 156 15,00 0,54
ACC_Geral3T_Tume? = 1600213217 sLaminadora 21 =T0028694  PLCR 4005 T01 915K915K1,0 NE 107,00 100 188 291,00 07 0.27
ACC_GeraldT_Turno2 = 1600213412 slaminadora 20 270010147  PLCI 5025 000 1020X1020%0,8 NE 392,00 3,00 52,78 853700 241 0,58
= ACC_Geral3T_Tume3 = 1600207026 sLaminagora 20 570006076  FLCR 1523 D00 1000X1000%3,9 NE 379,00 12,00 73,89 2925,00 10,36 1,64
ACC_Geral3T_Tuma3d 1600207026 sLaminadora 38 270006076 FL 108,00 300 7999 292500 295 0,05
ACC_Geral3T_Tume3 = 1600212215 sLaminadora 28 ST0006248  PLCR 10 118,00 2,00 42,40 500,00 B34 0,66
ACC_Geral3T_Tumo3 = 1600213217 sLaminadora 28 270028694  FLCR 2006 1.0 148,00 1,00 188 291,00 100 0,01
ACC_Geral3T_Tume3 = 1600213412 sLaminadora 20 570010147  FLCI 5025 D00 1040X1040K0,8 NE 250,00 145 5278 8537,00 155 -0,10

Figure 65 - Created daily report
Analyzing the report, we can see the following information:
e Manufacturing order number.

Reference and material number.

e Production shift.

e Plates produced.

e Consumption and planned production.

e Real consumption and theoretical consumption.
e Block variance and financial impact.

With this, we can summarize the amount of money that each shift's area made or lost in comparison
to what it should have made if consumption followed the system's predictions. If so, there would
be no variance, and each manufacturing order's value would be zero.

This tool became very important in the fight against these reported deviations, allowing us to act
and understand the causes that led to it, even for potential defects in the insertion of data by
operators that sometimes led to a deviation not congruent with reality. However, this same tool
brought to light a flaw that had not yet been resolved, which prevents the region from ever being
able to fulfill the consumption targets set out in the system. Since the maximum accuracy for the
block consumption register is done in decimals, this problem is based on the decimals that differ
between the system and the shop floor because for the majority of rolling mill production, the
planned consumption for the manufacturing orders goes to hundredths and, this is something that
the operators can't measure. For instance, the system projected that it would take 0.11 blocks to
make 2 slabs for manufacturing order 1600212247. However, the operator will invariably enter that
the consumption was 0.1 or 0.2, which will result in an incoherent divergence. The typical gross
margin prediction for the region may be affected by the variations felt in the insertion, which would
make it more challenging to achieve this objective. As a result, a study is being carried out within
the organization to confirm and assess the effect of the issue, which was discovered using this
reporting mechanism.

In the following stage of the project, we attempted to make this excel tool into something that
could function and report without human input. This idea came about since it needed to be updated
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daily and reporting was carried out in a highly ineffective manner by sending print screens to each
team member's email and the top management of the Ul 3. Along with this, we also desired
enhanced data display. Then, in order to meet these requirements, a dashboard was created using
Power Bl, a tool that is frequently used by the corporation and by companies in general. To do this,
the DAX language was introduced with the assistance of knowledgeable individuals in order to
aggregate and modify the data flowing from the MES. Below in Figure 66 is of how this activity

turned out.

AM()RIM 23-05-2023 11:18:06

CORK o

COMPOSITES
Material Cabegalho PT Soma de Produgio Soma de Soma de Sol Soma de

Consumo WonsumoPfaneado [ ol onsume IDesvioConsumolalor,
FL 0,21 e TLIE €
L 0,26 4 BY,76 €
FL 2,00 1,32 -178,41 €
FL -2,00 2,00 4 269,83 C
F, 4,00 111 524
- 15,00 = M
FE; 46,00 i 2484 C
FL 2,10 .36 186,69 C
[ 670 2e [ 143,76 €
L 2,80 i A4 -45,02 €
F 1,40 4 e -74,68 €
[ 2,20 * -13,60 €
FL 30 z 583 C
FL o -27,46 €
FL 1 718 €
L > + -32.02 €
Turna 3 minadara 20 FL 2 21,04 20,94 . + -16.78 €

< >

Balango Turno 1 Balango Turno 2 Balango Turno 3 Consumo Diario BL Balango Disrio

167.44€ -11636€ -34481€ 149,60 -293,73 €

Figure 66 - Daily control deviation production tool Bl dashboard

Currently, this dashboard is operational and flawless, requiring no human intervention to refresh
the data and deliver it to the team members.

It was necessary to provide the same daily reporting tool to the work center in order to involve the
operators in this management of consumption discrepancies in the processing area. This was crucial
so that the entire area could be involved, and the operators could comprehend the effects that
these deviations had on the area and how even a relatively minor deviation might have a big impact.
Posting the relevant information on the Slab Rolling area's Kaizen Board every day was necessary
for this. As a result of this move, the production area's routines and attitudes changed, and the
operators were forced to notify the supervisors of any deviations because of the potential effects
they might have on the area and their shift.

Thus, in Figure 67 and 68 we can see the report presented in the gemba.
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Turno 1 291,45€ Responsavel Atualizagio: Supervisio 21 23/05/2023

Turno 2 475,67T€ Periodiddade de Atualizacdo: Didria 879,85€

Turno 3 112,83€

Turno OF (40 MATERIAL MATERIAL NAME PRODUCAD PL CONSUMO BL CONSUMO TEORICO BL DESVIO BL

1 1600188874 Laminadera 21 70025608 PLCR 1028 275 1000X1000X1,2 NE n 06 063 0,03 13,97¢€
1 1600200164 Laminadora 21 70006111 PLCR 1028 275 1000X1000X1,05 NE 312 24 233 0,07 3545€
1 1600206205 Laminadora 20 70007046 PL CR 2549 000 915X915X1,5 NE 668 7 697 0,03 873€
1 1600207028 Laminadora 20 70006141 PLCR 1523 000 1000X1000X5,4 NE 12 48 431 0,29 9945E
1 1600207030 Laminadora 20 70006142 PL CR 1523 000 1000X1000X6,0 NE 14 150 0,10 -33,01€
1 1600209822 laminadora 28 70006302 PL CR 2549 T01 1270X760K 1,6 NE 1 106 0,06 -19,82€
1 1600212383 Laminadora 28 70009480 PLCRS112 PT1 1000%1000%10,0 NE 1 102 0,02 -12,26€
1 1600212708 Laminadora 28 70006174 PL CR 1237 000 1000X1000X4,8 NE 100 35 333 0,17 45,69E
1 1600212745 laminadora 28 70007013 PL CR 1237 D00 1000X1000X2,5 NE 100 17 172 0,02 -564€
1 1600213351 Laminadora 28 70007106 PL CR 2549 000 1000X1000X2,0 NE 300 a7 417 0,53 186,83
2 1600188873 Laminadora 21 70010003 PLCR 1028 PTS 1000%1000%1,0 NE 450 3,48 321 0,27 137,60
2 1600202891 Laminadora 20 70006576 PL CR NB50 PTH 1270X1040%3,0 NE 5 05 051 0,01 -6,72€
2 1600206883 Laminadora 20 70007583 PL CR RUO4 000 1270X1040%1,0 NE 128 14 099 0,41 34478€
3 1500188874 Laminadara 21 70025608 PLCR 1028 275 1000X1000X1,2 NE 30 3 270 0,30 155,59€
3 1600206205 Laminadera 20 70007046 PL CR 2549 000 915%915X1,5 NE 2028 2 2114 0,14 42,76€

Figure 67 - Deviation Control used in the daily Kaizen area

Figure 68 - Deviation Control used in the daily Kaizen area 2
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4.2. Analysis of Results

The outcomes of this project resonate with significant impact, highlighting several notable
achievements. These achievements extend beyond mere operational enhancements, firmly
aligning with the core principles derived from our extensive literature review on Industry 4.0 and
Lean methodologies. In essence, this research has manifested as a dynamic catalyst for progress,
illustrating how it amplifies the value proposition.

Primarily, the project's thrust toward improved information flow and heightened stakeholder
engagement materialized through the development of dashboards, streamlined communication,
and the standardization of critical processes within the agglomeration and transformation realm.
This trajectory, marked by substantial achievements, notably bolstered block yields, consequently
enhancing gross margins. By maximizing the utilization and extraction of finished products,
particularly in the transformation of blocks into slabs, we found ourselves achieving higher
production capacities, effectively bridging the gap between industry 4.0 and Lean principles.
Furthermore, our study spurred the introduction of novel monitoring and analysis technologies
within the plant. This innovation, serving as a testament to the project's transformative value,
empowers real-time tracking of production and resource consumption within specific areas. Such
advancements indirectly contribute to heightened intervention capabilities and more precise issue
detection. These technological leaps underscore the nexus between Industry 4.0 advancements
and the inherent benefits of Lean principles, translating into enhanced operational efficiency.

In a broader context, this project emerges as a vital contributor to the improvement of 1U 3 within
the 6 M's of Ishikawa. While tangibility in financial terms may prove elusive due to various
intertwined factors, such as ongoing mold issues, escalating quality deviations, and inflation-
induced cost increments, the value brought to the scientific community and the industry at large
remains undeniable. By seamlessly integrating Industry 4.0 and Lean principles into an industrial
context, this research advances our understanding of the practical implementation of these
concepts. Its significance reverberates not only as a testament to the potential synergies between
these two pillars but also as an invaluable resource for the scientific community, forging new
pathways toward operational excellence and innovation within the field.

[l K R

Figure 69 - Analysis of Results
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4.3. Discussion

The significance of this research goes far beyond its immediate effects on the cork block production
business, as it serves as an example of the revolutionary potential of integrating business 4.0 with
Lean Management, which can produce wide-ranging benefits with ramifications for numerous
industries.

The impressive increase in cork block yield attained through the extensive "Yield Project" carried
out in the Industrial Unit is the most notable of the value enhancements. These outcomes not only
meet predetermined expectations, but they also closely follow the prescriptions made in the
literature review. By streamlining procedures, utilizing real-time data, and fostering a culture of
continuous improvement, this study serves as a light of excellence that cuts across sector borders.
Furthermore, the standardized assets that this thesis introduces into numerous procedures via data
enhancements highlight its contribution to the field of scientific investigation. The development of
user-friendly dashboards, the improvement of data flow, and the application of the deviation
control tool provide companies with vital models for quality control and data-driven decision-
making. An indication of the disruptive potential of combining Lean and Industry 4.0 concepts in
the digital era is the emphasis on cutting-edge technologies and real-time monitoring.

In conclusion, this study offers insights into the ground-breaking possibilities of integrating Industry
4.0 with Lean Management and serves as an inspirational resource for academics, industry
professionals, and enterprises alike. Although its contributions serve as a testament to the industry
4.0 and Lean concepts' continued applicability in promoting innovation, sustainability, and
excellence on a global scale, their worth goes beyond operational improvements. This integration
has the power to transform and reinvent established sectors, ushering in a new era of productivity,
adaptability, and competition that goes beyond the confines of the cork block manufacturing
industry. This transformation is particularly important because it demonstrates how Lean 4.0
principles can be applied across a variety of industrial disciplines, highlighting their potential to
spark good change in the larger economic environment. However, it is important to recognize that
additional study and adaptation may be necessary to fully harness these principles' transformative
power in a variety of contexts, a route that presents great chances for future discovery and growth.
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5. CONCLUSION

This chapter is aimed to give a general overview of the project, as well as the added value it
generated for the participants and the company, and to make any final observations. It will also go
through any potential follow-up work | think is important for this project.

5.1. Final conclusions

In conclusion, this thesis marks a critical turning point for the cork block sector because to the
outstanding outcomes attained in a number of crucial areas. It was feasible to increase the
production of cork blocks through a collaborative improvement effort, resulting in real advantages
for the business. This accomplishment was greatly helped by the remodeling and rebuilding of the
molds, which made the process more effective and reliable. Additionally, the company's improved
information flow had a significant impact, enabling faster and more accurate access to and
consultation of data. The adoption of a cutting-edge deviation control tool has increased process
management efficiency by enabling the early detection of issues and the deployment of remedial
actions. This project, developed in an industrial setting, has a special significance for me since it
allowed me to directly use the academic knowledge | had acquired. My passion for the industrial
engineering field and the significance of applied research were reinforced by the opportunity to
work in collaboration with experienced professionals and testify firsthand to the positive results
achieved.

5.2. Limitations and future work

Limitations and future work for the thesis include the following:

Full implementation of the mold recovery plan: The ongoing process of implementing the mold
recovery plan has shown significant improvements in block yield, as demonstrated by the obtained
results. However, further efforts are needed to ensure the complete implementation of the plan,
which would lead to impactful improvements in yield for all molds in the agglomeration line.

Application of the deviation control tool to other work centers: The successful implementation of
the deviation control tool in the current context opens up opportunities for its application in other
work centers within the factory, such as the roll lamination area and other relevant industrial areas.
Extending the use of the tool to these areas could lead to additional improvements and efficiency
gains.

Periodic yield control audits: Implementing periodic audits specifically focused on yield control
would provide a systematic approach for verification and early detection of any potential issues or
deviations. Regular audits would contribute to a more efficient and timely response to any
deviations from the desired vyield levels, ensuring continuous improvement and process
optimization.

Development of a mold maintenance plan: Considering the direct impact of molds on block yield,
the creation of a comprehensive mold maintenance plan is crucial. This plan would aim to prevent
the degradation and deterioration of molds, ensuring their optimal condition and performance. By
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implementing a proactive maintenance strategy, the negative effects on block yield caused by mold
degradation can be mitigated, further enhancing overall production efficiency.

Addressing these limitations and pursuing the suggested future work will contribute to the ongoing
improvement efforts and yield optimization in the production of cork blocks. These actions will
enable the achievement of even better results and pave the way for continuous enhancements in
the manufacturing process within the cork factory.
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Figure 70 - Finacial Results and Costs per month (2022)
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