
FACULDADE DE ENGENHARIA DA UNIVERSIDADE DO PORTO

Application of Toyota Production
System Principles to Improve Process

Flow, Safety and Efficiency in
Automotive Final Assembly

Firmino Pinho Oliveira

Mestrado em Engenharia Mecânica

Supervisor: Prof. Eduardo Gil da Costa

July 15, 2025



© Firmino Pinho Oliveira, 2025



Application of Toyota Production System Principles to
Improve Process Flow, Safety and Efficiency in

Automotive Final Assembly

Firmino Pinho Oliveira

Mestrado em Engenharia Mecânica

July 15, 2025





Abstract

This dissertation presents a practical application of continuous improvement methodologies in an
industrial environment, within the framework of the Toyota Production System (TPS). Conducted
during a project at Toyota Caetano Portugal, the project focused on three main areas: the analysis
and redesign of the value stream (VSM), the structured resolution of a critical defect through the
Problem Solving methodology, and the implementation of several kaizen improvements based on
direct shop floor observation.

The VSM analysis enabled the identification of key improvement opportunities and supported
the proposal of a Future State Map, aiming to reduce lead time and increase value-added activity.
The Problem Solving project addressed recurrent window scratches, leading to the implementation
of effective countermeasures that improved detection flow, standardisation, and overall quality
control. Lastly, the kaizen improvements targeted safety, ergonomics, and workplace environment
through low-cost, operator-driven actions.

The results demonstrated measurable gains in efficiency, quality, and process stability, while
reinforcing the alignment with TPS principles. The project also provided an opportunity to in-
tegrate academic knowledge with industrial reality, particularly within the field of production
management and continuous improvement, contributing to the development of both technical and
operational competencies.
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Resumo

Aplicação dos Princípios do TPS para Melhorar o Fluxo do
Processo, a Segurança e a Eficiência na Montagem Final
Automóvel

Esta dissertação apresenta a aplicação prática de metodologias de melhoria contínua num am-
biente industrial, no contexto do Toyota Production System (TPS). Realizado durante um estágio
na Toyota Caetano Portugal, o projeto focou-se em três áreas principais: a análise e redesenho
do fluxo de valor (VSM), a resolução estruturada de um defeito crítico através da metodologia de
Problem Solving, e a implementação de várias melhorias kaizen baseadas em observação direta
no chão de fábrica.

A análise VSM permitiu identificar oportunidades de melhoria e suportou a proposta de um Fu-
ture State Map, com o objetivo de reduzir o lead time e aumentar as atividades com valor acrescen-
tado. O projeto de Problem Solving abordou a ocorrência recorrente de riscos nos vidros, levando
à implementação de contramedidas eficazes que melhoraram a deteção dos mesmos, a padroniza-
ção e o controlo de qualidade. Por fim, as melhorias kaizen visaram a segurança, ergonomia e o
ambiente produtivo, através de ações de baixo custo promovidas pelos próprios operadores.

Os resultados demonstraram ganhos mensuráveis em eficiência, qualidade e estabilidade dos
processos, reforçando o alinhamento com os princípios do TPS. O projeto constituiu também uma
oportunidade de integração do conhecimento académico com a realidade industrial, especialmente
na área da gestão da produção e melhoria contínua, contribuindo para o desenvolvimento de com-
petências técnicas e operacionais.
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“Problems are rolling all around in front of your eyes. Whether you pick them up and treat them
as problems is a matter of habit.”

Eiji Toyoda
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Chapter 1

Introduction

The automotive industry continues to play a central role in the global manufacturing landscape.

Although often associated with high levels of automation and mass production, there are also

operations, particularly in specialised or regional contexts, where production is characterised by

low volume, high variability, and strong reliance on manual processes, as the Center for Auto-

motive Research points out in its study [6]. In such settings, maintaining consistency, quality,

and efficiency presents a unique set of challenges that demand structured methodologies and close

engagement with shop floor realities.

To meet these operational demands, many automotive manufacturers adopt Lean Manufactur-

ing principles and, more specifically, the Toyota Production System (TPS). The TPS stands out

not only as a framework for reducing waste and improving process flow, but also for its emphasis

on human centred design, respect for people, and continuous improvement through problem solv-

ing. These principles are especially valuable in production environments where the flexibility and

insight of operators are critical to maintaining quality and stability [21].

Modern manufacturing excellence also requires attention to broader factors such as workplace

ergonomics, operational safety, and the ability to react to problems in real time. These goals are

best achieved through a combination of structured tools, such as standardisation, visual manage-

ment, and root cause analysis, and an organisational culture that empowers employees to identify

and resolve issues proactively [3].

Within this context, the present project was carried out in the Final Assembly area of Toyota

Caetano Portugal (TCAP), located in Ovar. The focus of the work was to analyse and improve

various aspects of the production process through the practical application of Toyota Production

System (TPS) principles in a real manufacturing environment.

1.1 Company Overview

Toyota Caetano Portugal, S.A. (TCAP), formerly known as Salvador Caetano IMVT – S.A. until

2006, is one of the most historic automotive companies in Portugal, originally founded in 1946.

1
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Its early activity focused on vehicle bodywork manufacturing, a legacy that continues today within

the group through CaetanoBus.

In 1968, Salvador Caetano signed an exclusive import and distribution agreement for Toyota

vehicles in Portugal, marking the beginning of a long-standing partnership with Toyota Motor

Corporation.

In 1971, the Ovar plant was inaugurated, becoming the first Toyota manufacturing facility in

Europe. Over the years, this factory has assembled some of the brand’s most recognisable models,

including the Corolla, Corona, Starlet, Land Cruiser, Hilux, Hiace, Dyna, and Optimo. In addition

to supplying the national market, the plant has served more than 16 export destinations.

Today, the Ovar plant is exclusively dedicated to the assembly of the Toyota Land Cruiser 70

Series, which is produced solely for export to South Africa. The production system is characterised

by a low-volume, highly manual operation, with a daily output of approximately 15 vehicles.

This environment places particular emphasis on standardisation, continuous improvement, and

the practical application of Toyota Production System (TPS) principles, especially in the areas of

safety, ergonomics, and built-in quality.

TCAP’s operations are split between two main locations:

• Vila Nova de Gaia, which houses vehicle import, parts logistics, technical support, and the

commercialisation of industrial equipment and minibuses;

• Ovar, home to the company’s production plant and vehicle assembly operations (Figure 1.1).

Figure 1.1: TCAP, Ovar plant

1.2 Project Overview

This dissertation presents the results of an industrial project carried out at Toyota Caetano Portugal

(TCAP), in the company’s manufacturing plant located in Ovar. The project was developed over a

five-month period and was focused on the Final Assembly area of the plant.
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The primary motivation for this project was the need to enhance key operational aspects within

the production line, namely safety, quality, efficiency, continuous improvement, and standard-
ization. Several performance indicators and observations revealed opportunities to enhance ex-

isting processes and reduce losses, especially related to material waste, ergonomics, and lack of

standardized work procedures.

To address these issues, the project was structured to deliver targeted interventions that con-

tribute to TCAP’s strategic priorities and operational excellence. The project scope was not limited

to isolated tasks. Instead, it followed a systemic approach inspired by the Toyota Production Sys-

tem (TPS) to generate value through continuous and incremental improvement.

The main problem addressed in this project was the presence of inefficiencies and inconsisten-

cies in the Final Assembly area, particularly those leading to material waste and rejection, non-
standardized operations, and ergonomic risks for operators. Additionally, a lack of structured
visibility over the factory’s value flow limited the identification of improvement opportunities

across departments.

In response to these challenges, the following objectives were established:

• Development of a complete Value Stream Map (VSM) of the factory to visualize process

flows and identify waste.

• Reduction of the number of glass windows discarded during the assembly process.

• Introduction of improvements focused on reduing safety and ergonomic risks at worksta-

tions.

• Implementation of Kaizen initiatives supporting continuous improvement.

• Ensuring standardization in final assembly operations to promote consistency and quality.

The project implies close collaboration with the engineering and production teams, with a

strong emphasis on field observation and cross-functional coordination.

1.3 Research Methodology

The research methodology applied in this project was developed based on the specific problems

and objectives identified for the project, as outlined in the previous section. These challenges,

related to value stream flows, material waste, non-standardized operations, and ergonomic risks,

guided the selection of appropriate tools and approaches.

The identification of problems and improvement opportunities within this project was guided

by the TPS principle of genchi genbutsu — going to the source to understand the actual situation.

This included regular meetings with production team leaders, direct feedback from line operators,

and coordination with the TPS support team to ensure alignment with local improvement needs.

Once the intervention priorities were defined and all subprojects aligned, each initiative fol-

lowed a structured methodology based on the DMAIC framework (Define, Measure, Analyse,
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Improve, Control). This approach provided a consistent problem solving structure across different

topics and allowed for clear communication with engineering and production teams. A strong em-

phasis was placed on analysing and documenting the current state in detail, enabling a reliable

foundation for comparisons with post-improvement conditions and facilitating objective assess-

ment of impact.

After a matured assessment of the current condition, a comprehensive review of standard fac-

tory documentation was also conducted, including internal guidelines for problem solving, TPS

process standards, and work instructions (EWS), ensuring that all proposed actions complied with

existing norms and respected the company’s operational procedures. One of the project’s key

priorities was to ensure that all analyses, improvement proposals, and implementations were
fully documented and standardised, so that results could be sustained and integrated into routine

operations over the long term.

A combination of TPS tools was used during the project and all improvements were validated

on-site through direct observation, operator feedback, and measurable data, ensuring that results

were both practical and meaningful to the organisation.

1.4 Dissertation Structure

This thesis is divided into six chapters. It begins with the Introduction, which provided the overall

framing of the project in the context of the project at Toyota Caetano Portugal’s production plant.

The second chapter presents the literature review, focusing on the methodologies related

to the development and design of a Value Stream Map (VSM), including the transition towards a

Future State Design (VSD). It also explores Lean tools adapted to the automotive industry context,

with emphasis on the Toyota Way, the Toyota Production System (TPS), and the importance of the

Kaizen mindset in promoting continuous improvement, both in product quality and in working

conditions for operators.

The third chapter initiates the core project, with an evaluation of the general current state of

the factory. This analysis serves as the starting point for the improvement actions developed in the

following chapter.

The fourth chapter presents the main improvement initiatives carried out during the project.

It is divided into three subchapters:

• 4.1 – Value Stream Mapping (VSM): development of a factory-wide value stream map

and identification of improvement opportunities.

• 4.2 – Problem Solving: analysis and mitigation of a recurring quality and safety issue

related to vehicle glass installation.

• 4.3 – Kaizen: execution of continuous improvement actions focused on safety, ergonomics,

and process stability.
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The fifth chapter consolidates the results obtained across all three project areas, highlighting

the overall impact of the project in terms of safety, quality, cost reduction, ergonomics, innovation,

and working conditions.

Finally, the sixth chapter provides the overall conclusions and final reflections on the project

experience and the project’s contributions to the company.

Additional material, such as figures, technical documents, and visual elements, is provided in

the appendices. These elements are structured according to the thesis layout and are essential to

fully understanding the scope and outcomes of the work.

This thesis ultimately reflects the ongoing effort of the factory to build and maintain a strong

and standardised operational structure, with a focus on robust processes and the consistent rein-

forcement of the Toyota mindset throughout the organisation.
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Chapter 2

Literature Review

This chapter presents the theoretical foundations that support the work developed in this disserta-

tion. It focuses on the methodologies related to Value Stream Mapping (VSM) and the design of

Future State Maps (VSD), as well as the application of Lean tools within the automotive indus-

try context. Core principles of the Toyota Production System (TPS), the Toyota Way philosophy,

and the role of continuous improvement (Kaizen) are also discussed, with particular emphasis on

their impact on operational efficiency, product quality, and working conditions. All concepts cov-

ered in this review are directly linked to the practical interventions and objectives described in the

subsequent chapters.

2.1 Lean Manufacturing and the Toyota Production System (TPS)

The evolution of Lean Manufacturing is inseparable from the Toyota Production System (TPS),

which laid the foundations for what would become a global reference in operational excellence.

More than a set of tools, TPS represents a structured philosophy for creating value, eliminating

waste, and empowering people through disciplined processes. This section outlines the historical

origins of TPS and the fundamental principles that underpin its application, particularly in contexts

of manual and low-volume production.

2.1.1 Origins and Fundamental Principles

Lean Manufacturing emerged as a systematic approach to process improvement, rooted in the

practices developed by Toyota in the post-war period. The Toyota Production System (TPS), pri-

marily shaped by Taiichi Ohno and Eiji Toyoda, was designed to cope with limited resources by

maximizing value while eliminating waste. Over time, TPS evolved into a comprehensive pro-

duction philosophy, combining technical rigor with a strong human-centered management culture

[31][20].

At its core, TPS is built on two fundamental pillars: Just-In-Time (JIT) and Jidoka (automation

with a human touch)(Figure 2.1). These principles are not merely operational but are embedded in

a broader system that values long-term thinking, respect for people, and continuous improvement.

7
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Unlike many Western productivity systems, TPS integrates process efficiency with organizational

learning and leadership development [20][16].

Figure 2.1: Simplified "House of TPS" diagram

Source: https://www.lean.org/lexicon-terms/toyota-production-system/

2.1.2 TPS in Manual and Low-Volume Production Contexts

While TPS is often associated with high volume, automated production, its principles have proven

highly adaptable to manual, low-volume contexts such as those found in specialized automotive

assembly. In these environments, the emphasis on flow, standardization, and visual control enables

consistent performance even in the absence of complex automation [5].

Standardized work, for instance, becomes a tool not only for efficiency but for safety and

learning. Even in settings where variability is high, principles like takt time and pull systems

help stabilize operations and expose problems early. Flexibility within structure is key, and TPS

provides the framework to maintain order in the face of frequent change [5][20].

2.1.3 Core Concepts: Muda, Jidoka, Pull, Heijunka, Stabilization

TPS is anchored in several interdependent core concepts:

Muda refers to all forms of waste, activities that consume resources without adding customer

value. Toyota originally classified waste into seven types: overproduction, waiting, transport, mo-

tion, overprocessing, inventory, and defects. A commonly cited eighth waste is the underutilization

of human potential, which highlights the importance of engaging employees in improvement and

decision making processes [27].

Jidoka, or built-in quality, allows processes to stop automatically when a problem occurs. This

prevents the flow of defects and promotes immediate problem resolution [20].

Pull production synchronizes workflow with actual demand. Rather than pushing inventory

downstream, parts are only produced or moved when requested by the next process, often regulated

through Kanban systems and FIFO lanes.

Heijunka (production leveling) aims to distribute workload evenly over time, smoothing out

demand fluctuations and reducing mura (inconsistency) and muri (overburden) [20].

https://www.lean.org/lexicon-terms/toyota-production-system/
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Process stabilization is achieved through standard work, takt time, and visual management.

These tools form the operational backbone of continuous improvement and are especially vital in

environments with high variability [18].

2.2 The Toyota Way and the Culture of Continuous Improvement
(Kaizen)

Toyota’s approach to excellence goes beyond processes and tools. It is shaped by a long-term phi-

losophy known as the Toyota Way, which promotes a culture of discipline, respect, and continuous

improvement across all levels of the organization.

2.2.1 Principles of the Toyota Way

The Toyota Way is the philosophical backbone of the Toyota Production System (TPS), encom-

passing not only tools and practices but also deeply held organizational values. Its principles are

structured around two core pillars: respect for people and continuous improvement. These guide

all operational decisions, leadership behaviors, and problem-solving processes [16].

A key aspect of this approach is the belief that excellence arises from the daily discipline of

structured thinking, rather than sporadic breakthrough innovation. The system favors consistency

and long-term thinking over short-term gains, and holds that leadership must model the behaviors

expected from teams. By embedding this philosophy into daily routines and leadership develop-

ment, Toyota ensures that improvement becomes a sustained, organization-wide responsibility.

2.2.2 Kaizen as a Foundational Philosophy

Kaizen, literally “change for the better”, is central to Toyota’s approach to improvement. It em-

phasizes small, incremental changes implemented regularly by those closest to the work. This

philosophy stands in contrast to Western innovation models, which often prioritize large-scale,

disruptive transformations. Kaizen focuses on low-cost, low-risk adjustments that, over time,

yield substantial organizational improvements [10][30].

Toyota’s approach to Kaizen is methodical and deeply integrated into its training and lead-

ership systems. As Kato and Smalley explain, Toyota’s internal Kaizen development program

is based on a six-step improvement cycle that includes identifying potential, analyzing current

methods, generating original ideas, creating an implementation plan, executing the plan, and eval-

uating the outcome [12]. This structured method is not only a technical framework, but also a

development tool for cultivating employee problem-solving capabilities.

Outside of Toyota, the concept of “Kaizen events”, short-term improvement workshops, has

gained popularity in Western industry [25]. While these events can lead to meaningful change, they

often lack the long-term developmental perspective that characterizes Toyota’s internal Kaizen
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practice. As noted by Martin and Osterling, the essence of Kaizen lies in developing a continu-

ous improvement culture, not in isolated activities. True Kaizen requires consistency, leadership

involvement, and integration into daily operations [19].

2.3 Lean Tools in the Automotive Context

The application of Lean thinking in industry relies on a core set of operational tools that translate

its principles into daily practice. In the automotive sector, these tools have been adapted to meet

the challenges of variability, complexity, and high-quality demands across both automated and

manual production environments.

2.3.1 Adapting Lean Tools to the Automotive Industry

The automotive sector has played a central role in the development and dissemination of Lean

practices. Originally applied in high-volume, repetitive production lines, tools such as Kanban,

Andon, and Poka-Yoke were adapted to address variability and ensure quality at the source. As

production systems evolved toward mixed-model assembly and shorter product life cycles, these

tools were refined to maintain operational control and support rapid problem detection, even in

manual, low-automation environments [4, 14].

Visual management systems like Andon have been shown to enhance line performance by

making abnormalities visible and reducing response time to faults, thus improving productivity

and quality assurance [8, 29].

2.3.2 Key Lean Tools: 5S, Standardized Work, Kanban, Andon, and Poka-Yoke

Among the most impactful Lean tools commonly implemented in the automotive industry are:

• 5S: Enhances organization, safety, and productivity, widely cited as critical for efficient

workplace performance in automotive manufacturing [22].

• Standardized Work (EWS/WSS): Creates takt-aligned work routines, serving as stable

reference points for Kaizen and ensuring repeatability in operations.

• Kanban: Regulates material flow and prevents stockouts or overproduction, particularly in

variable-demand environments.

• Andon: A real-time signaling system enabling operators to flag issues instantly; improves

reaction time, reduces downtime, and strengthens quality culture [8, 29].

• Poka-Yoke: Simple error-proofing mechanisms, mechanical, visual, or procedural, that re-

duce human error, particularly valuable in manual operations.

These tools, when used in an integrated way, reinforce Lean principles by improving visibility,

responsiveness, and standardization across manufacturing systems.
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2.4 Value Stream Mapping and Future State Design

One of the most powerful tools in Lean thinking is Value Stream Mapping (VSM), which enables

a structured analysis of how value flows through a process. By identifying inefficiencies and

designing a more effective future state, connecting improvement initiatives to concrete operational

outcomes.

2.4.1 Definition, Objectives, and Methodological Steps

Value Stream Mapping (VSM) is a Lean tool used to analyze and visualize the flow of materials

and information required to bring a product or service to the customer, in a holistic way, step

by step, from the customer request to the material suppliers [7]. It aims to expose inefficiencies,

identify non-value-adding activities, and provide a baseline for improvement. The map represents

the current state of operations and serves as the foundation for designing an improved future state

[17, 19].

The VSM process typically includes the following stages: (1) define the scope and select a

product family; (2) map the current state, capturing data such as process time, inventory levels,

and communication flows; and (3) design the future state with a focus on flow, pull systems, and

takt alignment [13].

2.4.2 Key Indicators: Lead Time, Takt Time, WIP, VA/NVA

Key performance indicators commonly used in VSM include:

• Lead Time (LT): Total time from order to delivery, including both value-adding and non-

value-adding activities [17].

• Takt Time: The rate at which products must be completed to meet customer demand, cal-

culated as available time divided by demand [19].

• Work-in-Progress (WIP): Quantifies in-process inventory, providing visibility into delays

and bottlenecks [13].

• Value-Added (VA) / Non-Value-Added (NVA): Differentiates productive from wasteful

steps, often visualized via process timelines [13].

2.4.3 Future State Design: Purpose and Construction

The Future State Design (FSD) is the central objective of VSM. It provides a vision of an optimized

flow that eliminates waste and aligns operations with Lean principles. The future state is not an

idealized end state, but rather a realistic and incremental improvement over the current process

[17].
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The design focuses on synchronizing production with takt time, introducing pull mechanisms,

reducing lead times, minimizing inventories, and improving communication. Future state maps

often challenge existing constraints and are accompanied by implementation strategies [13].

2.4.4 Kaizen Bursts and Improvement Opportunities

Kaizen bursts are visual icons placed on the future state map to highlight areas that require focused

improvement. They represent specific actions or projects necessary to close the gap between the

current and future states [19].

These improvement opportunities can include line balancing, changeover time reduction, lay-

out redesign, or standard work development. Each Kaizen burst is linked to a root cause or ineffi-

ciency identified during the current state analysis.

2.4.5 Evaluation of Proposed Improvements and Feasibility

The transition from current to future state is not automatic. It requires structured planning, re-

source allocation, and feasibility analysis. Teams must assess the impact, complexity, and re-

source requirements of each proposed improvement, often using simple prioritization matrices or

A3 problem-solving formats [17].

Success depends on aligning improvements with broader organizational goals and maintaining

cross-functional engagement throughout the implementation process.

2.5 TPS Problem-Solving methodology

At the heart of the Toyota Production System lies a disciplined approach to problem solving.

Rather than reacting to symptoms, TPS promotes structured analysis and team-based learning to

uncover and address root causes. This section presents the framework, tools, and cultural founda-

tions that support this process.

2.5.1 8-Steps structure

Problem solving in the Toyota Production System (TPS) is built around a robust and standardized

methodology known as the Eight-Step Problem Solving Process, also referred to as Toyota Busi-

ness Practices (TBP) or Practical Problem Solving. This approach emphasizes structured thinking,

clarity of problem definition, and root cause analysis based on the PDCA (Plan–Do–Check–Act)

cycle (Figure 2.2) [9, 16].

The eight steps are:

1. Clarify the Problem;

2. Describe the Current Situation;

3. Define the Target;
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4. Identify the Root Cause;

5. Develop Countermeasures;

6. Implement Countermeasures;

7. Evaluate Results;

8. Standardize / Yokoten.

This sequence reflects Toyota’s focus on careful planning before action, and on sustained

learning and improvement after implementation.

Figure 2.2: PDCA Cycle

Source: https://www.passionned.com/pdca-cycle/

2.5.2 TPS tools: Ishikawa, 5 Whys, EWS

Tools such as the Ishikawa (fishbone) diagram and the 5 Whys are deeply embedded in the TPS

approach to root cause analysis (Figure 2.3). These tools provide structure and depth to the process

of uncovering the underlying causes of problems, ensuring that solutions target systemic issues

rather than symptoms [9, 19].

Figure 2.3: Ishikawa diagram

Source: Lecture slides from Prof. José António de Sousa Barros Basto, *Implementation of Process Improvement – 4*, F.E.U.P.,
2021.

https://www.passionned.com/pdca-cycle/
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The 5 Whys technique is particularly valued for its simplicity and directness, while the cause-

and-effect diagram encourages collaborative, categorical brainstorming. Additionally, standard-

ized work (EWS – Element Work Sheets) acts as a foundation for stabilizing and sustaining im-

provements once solutions are implemented [26].

2.5.3 Alignment with TPS Principles

Problem solving in TPS is not a technical task delegated to specialists but a cultural expectation

shared across all levels of the organization. It reinforces key TPS principles such as Genchi Gen-

butsu (go and see), Jidoka (built-in quality), and Kaizen (continuous improvement). Operators are

expected to identify and resolve abnormalities at their level, with escalation structures in place for

more complex issues.

This decentralized, structured problem solving model cultivates engagement, ownership, and

learning, embedding continuous improvement in daily operations.

2.6 Improving Safety, Ergonomics, and Working Conditions

In the Toyota Production System, improving safety, ergonomics, and working conditions is not

an optional concern, but a foundational element of operational excellence. These aspects are

fully integrated into Lean practices and reflect Toyota’s commitment to respecting people while

ensuring stable, efficient, and sustainable processes.

2.6.1 Safety and Ergonomics as Pillars of Quality

Within the Toyota Production System (TPS), safety is regarded as a precondition for production.

It precedes quality, cost, and delivery in priority and is explicitly considered a foundational re-

quirement in daily operations. The principle of respect for people underlines that no improvement

can be sustainable if it compromises physical safety or exposes workers to harm [1, 16].

Toyota’s safety culture promotes proactive hazard identification, standardized risk-reduction

measures, and visual management. Practices such as andon alerts for unsafe conditions, regular

safety walks by leadership, and the enforcement of Personal Protective Equipment (PPE) reflect

this systemic approach. Moreover, 5S activities frequently begin with safety-focused inspections

to eliminate risks from the work environment [2].

Ergonomics is treated not just as comfort, but as a factor of operational performance. The

concept of raku, or making work easier, exemplifies this integration: processes are designed to

minimize strain, eliminate unnecessary motion, and ensure that operators can work safely, consis-

tently, and without fatigue [23].

Tools like standardized work (EWS), visual work instructions, and adjustable workstations are

applied to avoid musculoskeletal disorders and human error under stress. Even in highly manual

environments, such as forklift assembly or heavy logistics, Toyota implements design principles

to reduce injury risk and enhance long-term health outcomes [11].
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Ultimately, safety and ergonomics are not isolated concerns but intrinsic components of TPS

and Lean implementation. They support quality, flow, and employee engagement, and as such, are

treated as essential elements of continuous improvement and operational excellence [24].
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Chapter 3

Current Situation Analysis

Understanding the current condition of the production system is a fundamental step in any im-

provement initiative. Within the Toyota Production System (TPS) philosophy, analysing the

present state enables the identification of inefficiencies, risks, and areas of opportunity that can

be addressed through structured problem solving and continuous improvement. This chapter pro-

vides a technical assessment of the current situation at Toyota Caetano Portugal’s manufacturing

plant in Ovar, with particular focus on the Final Assembly area.

3.1 Overview of the Production Area

The factory operates as a continuous flow production system, in which vehicles are progressively

assembled from the beginning to the end of the line. The product manufactured is the Toyota Land

Cruiser 70 Series (Figure 3.1), with nine model variants derived from combinations of single and

double cab configurations and several engine types. During the period under analysis, the produc-

tion cadence was 15 units per day, corresponding to a takt time of 29 minutes per workstation.

As a low-volume facility with limited automation, especially when compared to other Toy-

ota plants in Europe, the Ovar factory relies heavily on manual operations. This makes operator

performance and consistency a central factor in maintaining quality and productivity. In this con-

text, effective communication and the transfer of operational knowledge are critical for long-term

performance stability.

The production line is currently in a mature stage, given that the LC70 is an established project.

The operational focus has therefore shifted towards process consolidation, standardisation, and

long-term sustainability, supported by continuous improvement principles and TPS methodolo-

gies.

17
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Figure 3.1: Toyota Land Cruiser 70 series

3.2 Quality and Process Risks

One of the main risks identified in the Final Assembly area concerns quality defects introduced

during operations involving fragile or sensitive components, notably vehicle glass installation.

Analysis of the defect detection process showed that most non-conformities were identified only

during the final inspection phase, with limited traceability to earlier process stages.

This inspection logic poses a risk to the plant’s built-in quality pillar. The lack of intermediate

detection opportunities allows defects to propagate downstream, leading to rework, material loss,

and increased response time. The situation underscores the need for greater alignment between

inspection points and operational risk, as well as process-level robustness to ensure defect preven-

tion. These findings contrast with the TPS principle: “I do not produce defects, I do not pass on

defects.” [28]

3.3 Safety, Ergonomics and Operator Environment

Several ergonomic concerns and safety limitations were identified across different workstations in

the Final Assembly area. While not classified as critical, these issues include tasks that require

repetitive motion, constrained posture, or physical strain, which can negatively affect operator

comfort and process stability over time.

The observed conditions highlight the importance of assessing workstation design in line with

updated safety and ergonomic standards, especially considering the factory’s integration into the

AMAP (Any Member, Any Process) framework. Improving these aspects would contribute to a

more inclusive and standardised work environment while reducing variability between operators.

3.4 System Limitations

In addition to specific process risks, the production system presents several structural limitations

that constrain its ability to sustain and scale improvement efforts:

• Lack of an updated, comprehensive Value Stream Map (VSM): The absence of a full-

system VSM limits strategic visibility and the identification of cross-functional improve-

ment opportunities.
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• Inconsistent documentation of TPS methodologies: Many problem-solving activities, in-

cluding root cause analysis and A3 reports, are handled informally or locally. This reduces

the ability to replicate successful interventions, weakens long-term learning, and increases

dependency on individual experience.

• Limited standardisation of work instructions: Key operational knowledge is often re-

tained by experienced workers and not formally recorded. This jeopardises process consis-

tency and increases the risk of performance loss due to staff turnover.

• Low digitalisation maturity: Although digital systems could support better data collec-

tion and real-time monitoring, the current strategic direction prioritises the stabilisation and

standardisation of processes before further technological integration.

3.5 Kaizen Culture and Improvement Potential

Despite the limitations observed, the plant demonstrates a strong culture of continuous improve-

ment. Kaizen is encouraged across all levels of the organisation — from line operators to adminis-

trative teams — fostering a proactive environment in which small, incremental improvements are

valued. This mindset supports the evolution of operational practices and aligns with the long-term

philosophy of the Toyota Production System.
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Chapter 4

Project Development

In order to respond to the needs identified in the Current Situation Analysis, a set of improvement

projects was developed during the project. These projects aimed not only to address specific

operational issues, but also to contribute to the factory’s long-term performance by reinforcing

key pillars such as built-in quality, safety, standardisation, and continuous improvement.

To ensure coherence and strategic alignment, the project followed the structure of a Hoshin

Kanri matrix — a policy deployment tool used within Toyota to translate strategic goals into con-

crete actions across all levels of the organisation [15]. This matrix provided a clear visualisation

of how each improvement initiative corresponded to broader priorities, established measurable

targets, and defined the overall objectives of the project. It served as a central reference for organ-

ising tasks, monitoring progress, and maintaining alignment between the proposed improvements

and the company’s operational vision.

The matrix, presented in Figure 4.1, was developed at the beginning of the project in collabo-

ration with the engineering team, and acted as the foundational structure upon which the improve-

ment projects were built. It links company priorities with project deliverables, ensuring that each

project addressed real factory needs while supporting Toyota’s long-term vision.

This matrix helped define and structure the three main improvement axes that shaped this

project:

• A factory-wide Value Stream Mapping (VSM) study to understand material and information

flows;

• A problem-solving project focused on reducing quality issues related to glass windows in-

stallation in final assembly;

• A set of Kaizen actions to address safety, ergonomics, and process variability.

21
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Figure 4.1: Hoshin Kanri matrix developed for the project, aligning project actions with strategic
objectives.

This chapter is divided into three corresponding sections, each detailing one of the core initia-

tives. The first section addresses the development of the factory’s Value Stream Map. This was

the initial focus of the project, allowing a comprehensive understanding of the production system,

flows, and interdependencies across the plant. It also served as a foundation for identifying future

improvement opportunities.

The second section presents the structured Problem Solving initiative. This project involved

applying various TPS tools to analyse and resolve a recurring defect observed in the final assembly

line, reinforcing built-in quality principles and encouraging cross-functional collaboration.

The third and final section focuses on a set of smaller-scale Kaizen improvements, developed

and implemented throughout the project. These actions, although diverse in scope, reflect the

continuous improvement mindset that underpins the Toyota Way and represent key aspects of an

engineer’s role in a lean manufacturing environment.

Together, these initiatives demonstrate the multifaceted nature of industrial engineering in a

TPS-based organisation, balancing technical analysis, team collaboration, and long-term opera-

tional thinking.
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4.1 Value Stream Mapping Development

As stated in the literature review, Value Stream Mapping (VSM) is a key Lean tool that provides a

systematic view of the production flow, from order placement to final delivery, enabling the iden-

tification of waste, improvement opportunities, and value-added vs. non-value-added activities.

At TCAP Ovar, the first task of the project within the TPS context was to develop a general

VSM of the Toyota Land Cruiser Series 70, covering the full production flow from customer order

(TSAM/TME Head Office, Brussels) to final delivery in South Africa (TSAM). To achieve this, it

was necessary to fully understand the LC70 production process within the factory, as well as all

external processes, including vehicle order placement, sales and production planning, transport of

materials and components from Japan to Ovar, and final product shipment to the customer.

The construction of the VSM followed the steps below:

• Identification of the target product and its corresponding flow;

• Data collection and validation at key stages of the production process (manpower, cycle

times, layouts, etc.);

• Current State Mapping;

• Identification of critical points and waste, along with improvement proposals;

• Discussion and development of the Future State Map (VSD), addressed in the Results Chap-

ter.

4.1.1 Target Product and Flow Identification

Although simple, this initial step is crucial as it defines the approach for developing the VSM. The

focus is on a complete unit of the Toyota LC70, and the analysis of material and information flow is

divided into two stages. First, the internal processes at the factory are examined (welding, painting,

final assembly, logistics, etc.), followed by all the external processes (planning, transportation,

etc.).

While the main focus lies on internal operations, a comprehensive view of the external pro-

cesses is essential to understand the factors that influence the overall lead time, making it possible

to identify relationships and constraints that go beyond the physical boundaries of production and

directly impact system efficiency.

4.1.2 Data Collection and Validation in Key Production Stages

The collection of relevant information for the VSM represented the most extensive and detailed

stage of its development. It was based on Gemba Walks, the analysis of standard documentation,

and continuous communication with line operators, Team Leaders, Group Leaders, and Engineer-

ing.
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To ensure consistency, it was first necessary to define the type of data to be collected. This

began with distinguishing the different production areas and identifying their main processes and

subprocesses. For each, the following key elements were recorded:

• Cycle times, distinguishing value-added from non-value-added operations;

• Lead time, per station;

• Manpower, per station;

• Work-in-process (WIP);

• Inventory/stock quantities;

• Type of flow (e.g., Push, Pull);

• Layout of each production area.

Final Assembly

The first production area analysed was Final Assembly, beginning with a review of its layout

and workstations. To support this, the Yamazumi file (detailing cycle times per station) and the

Manpower file (showing workstation layout and worker allocation) were collected and examined.

These are provided in Appendix A, Figures A.1 and A.2. Following several Gemba walks and

validation sessions with the Final Assembly team, the data was obtained and represented in Ap-

pendix A, Figure A.3.

Key details from this area include:

• The entire assembly line operates at a constant speed, defined by a conveyor system to match

the cycle time assigned to each station;

• All stations are arranged in series, forming a continuous line through which the complete

vehicle is assembled;

• The Trimming and Chassis sub-lines operate in parallel and join at the beginning of the

Final Assembly sub-line, where the cabin and deck of the LC70 are combined;

• The times used in the study reflect only value-added activities at each station;

• Idle stations (TR1, FA2, and TRANSFER), as well as Quality/Inspection stations (PA1,

PA2, PA3), are recorded with zero value-added time;

• The line is considered to operate under a Pull system, as any unresolved issue in an upstream

process leads to a complete line stoppage;

• Cycle times for different LC70 variants (suffixes) were weighted according to the production

mix defined by planning;
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• Separate time values were calculated for single-cabin and double-cabin vehicles, with an

average time also considered.

As a result, all the inputs required for the construction of the VSM in this area were success-

fully gathered, as illustrated in Figure 4.2.

Figure 4.2: Lead time - Final Assembly

Final Inspection

Following the previous analysis, the next area to examine was Final Inspection, which directly

follows Final Assembly and represents the final step before the Toyota LC70 is considered com-

plete.

The layout of this section is simpler, as it consists of a single in-series line beginning at the

last station of Final Assembly (PA3) and ending at the Rectification area, where final adjustments

to the vehicle are carried out. The analysis followed the same methodology as the previous stage,

resulting in the values presented in the table in Appendix A, Figures A.4, which were used directly

in the VSM.

Key points to consider in this analysis include:

• As before, the five stations operate under a Pull system, with a defined cycle time of 29
minutes;

• Regarding value-added classification, since inspection activities do not directly add value

to the final product, only operations that physically impact the vehicle were considered —

these are marked in green;

• The analysis was differentiated between single cabin and double cabin vehicles.

Welding

The welding process follows a methodology that closely resembles that of Final Assembly, where

each station is assigned a defined cycle time (referred to as the takt time within the factory) to

complete all required operations. It only differs from Final Assembly because it consists of two
production lines operating in parallel.
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One line is exclusively dedicated to chassis welding, beginning with material supply from

logistics and ending with delivery to the intermediate stock area between Welding and Painting

(Night Storage). The second line focuses on welding the cabin and deck of the Toyota LC70.

These begin in separate areas (body and deck), and once both welding processes are completed,

they merge into the deck and body pairing corresponding to one vehicle. These are then sent to

Night Storage at the end of the Metal Finish process.

After gaining a clear understanding of the welding process through several Gemba Walks and

interactions with operators and the engineering team, the necessary data for the VSM was collected

and summarized in table presented in Appendix A, Figure A.9. This was supported by technical

documentation such as the Manpower/Layout files and the complete list of times per operation

(WSS), all included in Appendix A, Figures A.10 and A.11.

Painting

The painting area was the next stage analysed for the VSM, requiring a more detailed study due to

specific differences compared to other areas of the factory.

Starting with the process itself, painting begins by receiving transporters carrying chassis,
deck, and cabin, previously stored in stock (six complete units) and supplied from the welding

area. The fixed input sequence is as follows: one transporter with two chassis, followed by one

with a deck, one with a cabin, another with a deck, and another with a cabin, forming the complete

input for two vehicles.

It is important to note that each operation is calculated per transporter; therefore, time-per-

vehicle values must be adjusted accordingly. The Figure 4.3 illustrates the standard transporter

input sequence in the painting area.

Figure 4.3: Chassis, Deck, and Cabin sequence

The three vehicle structures (chassis, deck, and cabin) initially undergo a sequence comprising

pre-wash, pre-treatment, and a second washing phase before reaching the first painting appli-

cation, which is performed by electrodeposition (ED). This step provides full surface protection

and results in a black coating. Upon exiting the ED tank, each structure is rinsed and passes

through a curing oven with a controlled temperature and cycle time, determined by the speed of

the conveyor system to which the transporter is attached. At the oven’s exit, the structure reaches

the Metal Repair station, which marks the end of the PT/ED phase.

Once this stage is completed, the transporter carrying the two chassis is removed from the
painting process and sent to stock near the Final Assembly area, where it enters the Chassis line.

From this point on, only the deck and cabin proceed through the remaining painting stages. The
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process then continues to the Sanding/PVC line, which involves surface treatment (sanding) and

application of sealants and PVC, followed by the Topcoat line, where the final paint colour (white
or beige) and finish are applied.

Afterwards, the deck and cabin pass through a final inspection and rectification stage, before

being transferred to FBS stock, which feeds the start of Final Assembly. Only in this last stage of

the painting process do the workstations align with the factory’s standard 29-minute cycle time, to

synchronise with the continuous flow of the downstream assembly processes.

This detailed breakdown of the painting stages was necessary due to the following factors:

• The need to establish cycle times per vehicle, consistent with the global VSM approach;

• The PT/ED section operates as a continuous line, with varying cycle times across tanks and

stations, and follows a production logic equivalent to two vehicles at a time;

• There is a functional split in the vehicle flow mid-process, requiring the VSM to follow

the longest path (deck and cabin);

• Intermediate stocks are formed due to cycle time differences across operations, which must

be accounted for in the analysis.

To define accurate cycle times and collect the required inputs for the VSM, the analysis was

supported by technical documentation such as the Paintshop Layout, Manpower files, and Work
Step Sheets (WSS) for each workstation. Examples are included in Appendix A, Figures A.5 to

A.7. Additional assumptions were made with the support of the engineering team assigned to the

painting area, ensuring alignment with the data structure used in the other sections:

• The initial Night Storage was considered to hold a standard stock of 6 complete units, cor-

responding to 3 sets of 2 chassis, 6 decks, and 6 cabins;

• For the PT/ED section, the cycle time per vehicle was defined based on the pre-wash time

(25 minutes), since the line operates as a Push system, and the tank times are significantly

shorter. The 25 minutes derive from 10 minutes per transporter, totalling 50 minutes for two

vehicles. As the bottleneck is the pre-wash operation, it was confirmed on-site that tanks

may remain idle at times;

• Whenever cycle time changes occur between stations or processes, a stock is either con-
sumed or accumulated, and must be reflected in the mapping;

• For the Sanding/PVC and Topcoat lines, such specific considerations are no longer required,

as the chassis transporter is no longer part of the system at that stage.

It was therefore possible to obtain the results presented in the Table presented in Appendix A,

Figure A.8.
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The time values were defined for each of the painting lines and their respective operations/stations,

with distinctions made between single cabin and double cabin models. Stock levels were repre-

sented based on the initial production moment, as intermediate inventories tend to shift between

stations depending on their cycle times.

With this, the remaining key data required for the VSM, including lead time, WIP levels, and

number of operators, was successfully gathered, as shown in Figure 4.4.

Figure 4.4: Lead Time - Painting

Logistics

With all Toyota LC70 production processes defined and the relevant data collected and processed,

the final step in analysing the internal factory flow was to assess the contribution of the Logistics

area to the construction of the VSM.

The internal logistics system is divided into Welding, Final Assembly (comprising Trim-
ming, Final Assembly, and Chassis lines), and Forklift operations. Within this structure are

included key support processes such as CKD unpacking, picking and delivery by Mizusumashi,

and all tasks performed by forklifts throughout the plant.

As a support area that does not add value to the product directly but is essential to ensure

continuous flow in production, it was important to identify logistics processes that trigger the
start of production, and to measure the total logistics time per vehicle. This time is considered

non-value-added within the VSM framework.
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The following processes were therefore analysed:

• Supply, unpacking and picking of material for the Welding area (starting point of the pro-

duction line);

• Unpacking and picking for the Chassis line in Final Assembly (starting point for that area).

These analyses allowed for the identification of logistics cycle times relevant to the VSM, as

summarised in table presented in Appendix A, Figures A.12 and A.13.

Interface with External Stakeholders

To conclude, it was necessary to collect information related to the processes that occur outside
the factory, specifically the flow of incoming materials to TCAP Ovar and the handling of the

finished product (Toyota LC70) in relation to its delivery to the customer.

This required coordination with the Purchasing and Sales departments, as well as the Pro-
duction Planning team, resulting in the conclusions presented in Appendix A, Figures A.14

and A.15.

4.1.3 Current State Mapping

This section presents the mapping of the current state of the VSM, following the definition of

the product and data collecting and validating it throughout the main phases of the production

process. The objective of this mapping was to provide a clear and structured view of how material

and information flow, currently, in the production system, ensuring an accurate representation of

the existing conditions.

In order to ensure a standardized and clear visual communication, the Value Stream Map

was developed using conventional VSM symbols aligned with Lean manufacturing methodology,

providing a consistent language for representing both material and information flows across the

value stream. The most used icons can be seen in Figure 4.5.
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Figure 4.5: VSM icons, used in mapping

Mapping the Internal Production Flow

Firstly, the map was created focusing on activities within the factory, including all key process

steps, from CKD storage and unpacking to final inspection and repair. This map aims to illustrate

work-in-progress units, stocks, cycle times, lead times, workforce and flow of information between

stations and control departments.

An overview of the internal production flow, including the inicial VSM representation, can be

found in Appendix A, Figures A.16 and A.17.

As illustrated in the Value Stream Map (VSM), the internal production process begins with the

unpacking of CKD (Completely Knocked Down) components, following a storage period. These

components are stored in a supermarket area until required downstream. The Kanban system
at the beginning of the production line is linked to the consumption of empty dollies, meaning

that once a dolly is emptied (typically in line with the defined cycle time of 29 minutes), material

replenishment is triggered following a First-In, First-Out (FIFO) methodology.

The process continues with the welding process, which includes Body, Deck, Frame Welding,

and Metal Finish & Inspection, and after these steps, six units are stored as safety stock in the

Night Storage area. To be noted that within the Metal Finish process, the Kanban signal refers to

specific components such as doors, hoods, grilles, and others, which are supplied into the line in

batches of five units.

This is followed by the painting process, which comprises several stages and includes inter-

mediate inventories resulting from differences in cycle times across operations (e.g. Sanding and

PVC). Unlike the welding area, in which the processes operate on a Pull system, the material flow

in painting follows a Push system. Additionally, a supermarket is maintained for painted grilles

and trims, which are supplied in batches of seven units for the final assembly. A FIFO-controlled
stock area for chassis is positioned at the output of its painting section, enabling scheduled feed-

ing into the final assembly line according to the production plan. Finally, the painting process
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concludes with the "Wax and FBS" storage area, which supplies Bodies and Decks to the initial

stages of final assembly using a Pull approach.

Similarly to the welding process, final assembly operates with a Kanban system based on

dolly consumption. Two dollies are assigned for their position in the workstation, one actively

supplying parts and the other being refilled through a picking process and then returned to the

station by the Mizusumashi routes.

Once the final assembly process is completed, which includes trimming, chassis, and final

assembly, all entirely Pull-driven, the vehicles proceed to the inspection and rectification line.

After approval, they are transferred to the yard area following a Push logic at this final stage of

the process.

The VSM also details the entire information flow related to production control and planning,

including production sequencing, daily reports, and sequence change instructions sent to the

respective area offices. It also maps all supporting data flows handled by Process Engineering,

Quality Control, and Warehouse departments, integrated within the SAP system, with informa-

tion specific to each unit. To be noted that in the VSM it is highlighted every scanning checkpoint
along the process, where the vehicle model and its production sequence are verified, ensuring val-

idation and traceability across the line.

Mapping the Inbound Flow from Suppliers

The inbound logistics illustrated on the left-hand side of the VSM represent the structured se-

quence in which CKD (Completely Knocked Down) components and related materials are sourced

from external suppliers, packed in Japan. This flow covers both the physical transport of materi-
als as well as the information exchange that supports planning, ordering, and inventory control.

This part of the VSM is illustrated in Appendix A, Figure A.18.

Material Flow: The material flow begins with CKD production and packing at the supplier’s

location (Japan), followed by international sea transport and national handling. The entire lead

time from the supplier (order) to the factory (CKD arrival) is approximately 90 to 100 days,

distributed as follows:

• CKD order: 15 days

• CKD production and packing: 1 day

• Transport to port: 1 week

• Sea travel: approximately 65 days

• Transport to TCAP: 5 days
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Once the materials are received into the warehouse, they are temporarily stored (up to 16 days)

before being unpacked and beginning the process. The storage area usually holds a stock equiva-

lent to 120 to 180 units in CKD, due to the long lead time between ordering CKD and receiving it

at the factory. This buffer helps prevent any production interruptions caused by material shortages.

Information Flow: The information flow and the entire order planning is guided by a Getsudo
Flow, a structured multi-phase scheduling framework based on backward planning principles.

It enables early material ordering while maintaining flexibility for later confirmations. The process

is divided in three steps:

Capacity Calculation (D-4): An initial assessment of production capacity, stock levels and

takt-time based constraints. This step establishes the foundation for material planning.

FSO1 – Preliminary Planning Phase: This step consists of early planning and communica-

tion with suppliers:

• D-16: Reception of CBU (Complete Build Unit) orders from the customer (TSAM and

TMC);

• D-14: Placement of preliminary CKD and PxP orders based on forecasted requirements;

• D-11: Feedback and adjustment phase, allowing revision of the initial order plan.

FSO2 – Confirmation Phase: This final step is fully integrated into the SAP system, formal-

izing the production plan:

• D-10: Final confirmation of CBU order volume;

• D-9: Final confirmation of CKD and PxP orders and conclusion of the MPC (Monthly

Production Compilation).

Although the capacity calculation begins at D–4, earlier steps such as D–16, D–14 and D–11

are initiated in advance for upcoming production periods. In practice, while the plant is at D–4 for

one planned week, it is simultaneously handling earlier planning steps for future weeks.

Information throughout this process is exchanged via SAP, Excel-based planning files and

e-mail, depending on the supplier systems.

Outbound Flow to Customer

The outbound flow of finished vehicles is illustrated on the right-hand side of the VSM, represent-

ing the logistical and informational processes involved in transporting CBU’s from the end of the

internal production line to the final customer, TSAM, located in Durban. This part of the VSM is

illustrated in Appendix A, Figure A.19.
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Material Flow: After successfully passing final inspection and being approved, vehicles are

transferred to the yard where they remain for approximately 2 days before beginning the final

transport to the client. This transport involves two stages:

• Transport, by truck, from the plant to the port (Santander Seaport) – 2 days;

• Shipping from port to Durban (TSAM), via sea freight – approximately 20 days.

This results in a total lead time of 24 days.

Information Flow: The outbound flow is supported by an information exchange framework,

granting the vehicle delivery is synchronized with customer requirements and shipping constraints.

The TCAP Sales Department operates as the coordination hub between production and distribu-

tion, gathering and combining vehicle order data, shipping schedules and transportation reserva-

tions, via SAP, Excel files and manual communication. This includes:

• Shipping plans and schedules, defining vehicle batches per shipment;

• Reservations with transportation companies (RODOCARGO, WALLENIUS WILHELM-

SEN);

• Invoices and Shipping Confirmations with TME (Toyota Motor Europe) and TSAM.

Full Value Stream Map

Finally, the full Value Stream Map is presented in its complete form in Figure 4.6. This consol-

idated view brings together all relevant material and information flows, cycle and lead times,

inventory levels, planning systems, and coordination points across the supply chain.

Figure 4.6: VSM - full version
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Up to this moment, there are some KPI’s that can be highlighted:

• Total Lead Time for a vehicle, since order to delivery – 137 days;

• Total Lead Time, in TCAP – 20 days (16 days in warehouse and 4.3 days production);

• Total WIP, in TCAP – 49 units;

• Total Added Value – 1.64 days;

• Total Non-Added Value – 3.5 days;

• Value-Added Ratio (VA/(VA+NVA)) – 32%, meaning that only a third of the total process-

ing time effectively contributes to product value from customer’s perspective;

• Total Stocks Time: 17 days.

This Value Stream Map serves as the baseline for identifying improvement opportunities and

will support the development of the future state map discussed in the following chapters, in line

with the continuous improvement principles of the Toyota Production System.

4.1.4 Analysis of Critical Points and Improvement Opportunities

Based on the current state map and the observations gathered throughout the value stream analy-

sis, this section identifies key areas with improvement potential across the production process.

Each improvement opportunity is presented using Kaizen Bursts, visually placed on the current

state VSM to highlight the critical zones. The current state VSM was displayed on a wall at the

Process Engineering Office, and inputs on improvements were given, as shown in Appendix A,

Figure A.20. These will form the foundation for the definition of the Value Stream Design, future

state map, aligned with Lean and TPS principles.

Each Kaizen Burst is described according to:

• The identified problem;

• Its impact on the process;

• The corresponding proposed improvement.

The list below presents all key improvement points identified, used as Kaizen Bursts in the

future state map.

Kaizen Burst 1 – “Reduce transport time from Japan – seek faster alternatives”

• Identified Problem: Long international transport lead time from Japan to the plant (65

days), affecting responsiveness.

• Impact: Affected responsiveness, reduced flexibility in reacting to demand changes or sup-

ply issues and high inventory levels.
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• Proposed Improvement: Analyze/update faster or more direct shipping alternatives.

Kaizen Burst 2 – “Avoid opening CKD without near-term use of all 5 units”

• Identified Problem: CKD is opened even for the less produced models, when the complete

set of 5 units is not expected to be used in a short term.

• Impact: Accumulation of unused parts, leading to storage ageing and potential degradation,

and limitations in supermarket layout optimization.

• Proposed Improvement: Improve planning to avoid opening CKD unless full consumption

is scheduled in a short term (add this constraint).

Kaizen Burst 3 – “Increase FBS stock – avoid Final Assembly line stoppages”

• Identified Problem: The Final Assembly line experiences line stoppages due to an incon-

sistent flow of vehicles from the painting area.

• Impact: Unplanned line downtime, affecting production stability in Final Assembly.

• Proposed Improvement: Increase FBS stock level (currently 2) to ensure a stable car flow

from Painting to Final Assembly.

Kaizen Burst 4 – “Improve chassis logistics and transport – ensure sequence flexibility”

• Identified Problem: Chassis are stored in pairs after the painting area. Manual handling of

heavy chassis transporters.

• Impact: Sequence changes can cause delays and occasional line stoppages. Manual han-

dling increases ergonomic risk.

• Proposed Improvement: Improve chassis logistics to allow sequence flexibility and ex-

plore automated transport alternatives, e.g., AGVs.

Kaizen Burst 5 – “Repurpose idle stations in trimming/assembly line”

• Identified Problem: Unused workstations in trimming and final assembly, located within a

continuous-flow line, which prevents their removal or rearrangement.

• Impact: Space is underutilized, leading to layout inefficiencies and missed opportunities

for process optimization.

• Proposed Improvement: Assess potential to repurpose the stations for other activities (e.g.,

repairs) or expand adjacent workstations to improve ergonomics and process flow.
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Kaizen Burst 6 – “Reduce dependence on rectification – improve First Time Right (FTR)”

• Identified Problem: Vehicles are not approved directly at inspection, requiring rectification

before final acceptance.

• Impact: Additional time and resources are consumed in rework, reducing overall process

efficiency.

• Proposed Improvement: Reinforce Built-in Quality practices during assembly to reduce

defects at source and increase FTR, aiming to reduce reliance on rectification.

Kaizen Burst 7 – “Enable real-time shop floor data collection - digitalisation”

• Identified Problem: There is no real-time data collection from the production line back to

departments, such as Engineering, Production and Logistics

• Impact: Slow and sample-based data collection limits the frequency and accuracy of pro-

cess analysis, and delay in reaction to changes in process.

• Proposed Improvement: Enable real-time data collection from the shop floor through dig-

italisation.

Kaizen Burst 8 – “Balance painting cycle times – reduce intermediate stock”

• Identified Problem: Different cycle times across painting processes result in intermediate

stocks along the line.

• Impact: Increased WIP and space occupation in the painting area.

• Proposed Improvement: Assess the feasibility of implementing continuous flow solutions

(e.g., conveyor systems, like final assembly) to reduce intermediate stocks.

The identified improvement opportunities were mapped onto the current state VSM in the form

of Kaizen Bursts, as shown in Figure 4.7.
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Figure 4.7: VSM with Kaizen Bursts

This consolidated map will be the base for the Future State Map, guiding the definition of

realistic and impactful improvement scenarios, identifying these opportunities and converting

them into actionable improvement plans within the production system.

4.2 Problem Solving in Front Side Window Defects

This section presents a practical application of the TPS problem-solving methodology in response

to a recurrent quality issue identified on the vehicle assembly line. The focus is placed on defects

affecting the front side windows, which served as a real world case to apply structured root cause

analysis and continuous improvement principles. The project illustrates how Lean thinking can be

translated into concrete actions on the shop floor, linking systematic investigation with measurable

operational results.

4.2.1 Introduction to the Problem

This project addresses the occurrence of defects detected on the outer surface of the front side

windows during the vehicle assembly process. These defects, most commonly identified as fine

scratches, were classified as non-conformities during final inspection and frequently resulted in

the rejection and replacement of the affected glass. The presence of such defects had a direct

impact on production efficiency, increased internal costs, and the perceived quality of the final

product.

The issue, although persistent over time, had not been previously investigated using a struc-
tured and data-driven approach. It was formally highlighted during a regular production meet-

ing (Seri-ichi), prompting the launch of a dedicated problem-solving initiative. At that point, no
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formal records or standardized data collection methods were in place, which made identifying the

source and frequency of the defect particularly challenging.

This case forms part of the broader scope of the thesis, which focuses on the application of

Toyota Production System (TPS) methodologies in an industrial context (Figure 4.8). It repre-

sents an opportunity to apply TPS principles, such as problem definition, root cause identifi-
cation, standardization, and continuous improvement through a practical intervention aligned

with real production needs.

Figure 4.8: Problem Solving - TCAP, Ovar

4.2.2 Methodological Framework

The approach adopted for this project is based on the 8-step Problem Solving methodology de-

veloped and widely applied within the Toyota Production System (TPS). This structured method

supports continuous improvement by guiding teams through a logical progression of problem

clarification, root cause analysis, countermeasure development, and standardization of successful

solutions. It emphasizes direct observation (Genchi Genbutsu), team collaboration, and the use

of visual and analytical tools.

The eight steps followed throughout the project are as follows:

• Clarify the Problem;

• Describe the Current Situation;

• Define the Target;

• Identify the Root Cause;

• Develop Countermeasures;

• Implement Countermeasures;

• Evaluate Results;

• Standardize / Yokoten.
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This method aligns closely with TPS values such as kaizen (continuous improvement), ji-
doka (built-in quality), and respect for people, particularly through close involvement of shop

floor operators in the development and testing of countermeasures. It also promotes the use of

supporting tools such as 5 Whys, ishikawa diagrams, and standard work forms, all of which

were integrated into this project where relevant.

Although conceptually similar to the DMAIC (Define, Measure, Analyze, Improve, Control)

methodology used in Lean Six Sigma, the 8-step structure was selected due to its direct alignment

with Toyota’s internal practices and its formal adoption in TCAP. The execution of this project

followed this sequence, and the structure of the following sections reflects the logical order of

these eight steps.

4.2.3 Step 1 – Clarifying the Problem

The specific non-conformity addressed in this project was the presence of surface scratches on

the outer face of the front side windows (Figure 4.9). These scratches were considered defects

when they could be felt with a fingernail, according to the established quality criteria. Their

classification as non-conformities led to the rejection and replacement of the glass, generating

internal cost and operational disruption.

Figure 4.9: Window Rejected - Markings from station "P"

Although already mentioned in internal discussions, the issue had not previously been ana-

lyzed or addressed using a structured approach. Detection points were not only the final Quality
Control (QC) station, but the scratches were also being identified earlier in the process: within

the trimming area, both at the TR3 workstation and the “P” quality checkpoint, and even at the

logistics stage during the picking and handling of the windows, although not registered. While

“P” is not formally part of the Inspection line, it functions as an intermediate quality gate within
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the assembly flow. Its main purpose is to detect potential issues as early as possible, helping to

prevent defects from going down the line and concentrating detection only at the final stage.

The clarification of the problem involved understanding where and how the defect was be-
ing detected, confirming the evaluation criteria used, and recognizing the need to implement

a consistent and reliable data collection system to support the next stages of investigation and

resolution.

Figure 4.10: Data collected - Defects

As shown in Figure 4.10, the only data available at the start of the problem-solving process

referred to overall scratch detections from 2022 onward, with records limited to the trimming area

(“P”) and final inspection (QC). Although defects were also being detected in Logistics, no data

was formally recorded at that stage.

4.2.4 Step 2 – Describing the Current Situation

A clear understanding of the existing process was essential to identify the conditions under which

the surface scratches were appearing. To achieve this, a comprehensive process mapping was

conducted, supported by visual documentation of each stage in the handling and assembly of the

front side windows.

A swim-lane diagram was developed to represent the complete lifecycle of the windows,

from their unpacking in the logistics area to the final quality approval of the vehicle (Figure 4.11).

This visual tool highlights responsibilities across the different functional areas: Logistics (Log),

Assembly (Assy), Inspection (Insp), and Rework (Rep), clarifying where the glass is manipulated,

inspected, accepted or rejected throughout the process and how it is handled in case of abnormal-

ities.
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Figure 4.11: Process flow and decision points in the handling and inspection of front side windows.

In parallel, photographs were taken to document the actual working conditions and handling

practices prior to the implementation of the study.

Logistics

The first handling of the glass occurs in the Logistics area, where windows are unpacked from

their original shipping crates. This is the point at which the glass leaves its supplied condition.

Once a window is picked, it undergoes an inspection to confirm its quality as received from Japan.

Afterwards, the window is placed onto internal transport dollies, with the outer face positioned

against the dolly’s inner structure.

Although a visual inspection was performed, there was no formal cleaning procedure in place.

The inspection relied on non-ideal lighting conditions and subjective operator judgement.
Additionally, no data was recorded for any defects detected at this stage, highlighting several

improvement opportunities.

For visual reference, these are represented in Appendix B, Figures B.13 to B.15, which illus-

trate the unpacking, inspection, and dolly loading operations.

Transport

During internal transport (Mizusumashi), the windows remain stored on the dollies. The outer

side of the glass, which is oriented inward toward the dolly structure, stays exposed to potential

damage throughout the entire transport process. This face of the glass is in close proximity to
other stored parts and surfaces, increasing the risk of accidental contact. Additionally, some

dollies showed visible signs of wear and lacked sufficient protective padding, which may have

been a contribution to the appearance of scratches.

For reference, in Appendix B, Figures B.16 and B.17, it is illustrated the typical dolly config-

uration and condition at the beginning of the study.
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Trimming Area (Final Assembly)

Once on the line, the glass is first handled in the trimming area, specifically at station TR3, where

the initial installation and movement inside the door take place, being one of the first high-risk

stages in terms of physical contact. The door structure is already partially assembled, and the

window is positioned inside the frame for tightening and verification of fitment and movement.

At this point, there is no protection between the glass and the surrounding elements, not

only the internal door components, but also the door frame itself. Since the door is still in a bare

metal state, the sharp edges around the glass channel represent critical contact points that increase

the likelihood of scratching during handling and assembly.

After the glass is installed, a second checkpoint exists at station “P”, a designated quality con-

trol point prior to the next step in the final assembly line. A brief visual and functional inspection

is performed here; however, when defects are identified, they are not formally recorded. The

only established procedure in such cases is the replacement of the window.

It is important to note that after the check at station “P,” the window remains fully lowered
inside the door until the vehicle reaches the final inspection area. It is only raised again at

the QC station for a last visual inspection, meaning no defects can occur during this intermediate

period.

For visual reference, in Appendix B, Figures B.18 to B.24, it is illustrated the installation at

TR3, the bare door frame condition during installation and inspection at P.

Final Inspection

After passing through the entire Final Assembly line in the lowered position, a more detailed
inspection takes place at the Quality Control station (QC1), where the window is inspected

from both the interior and exterior sides of the glass. It is at this point that the majority of defects
were being detected, as scratches became clearly visible under proper lighting and in the final

context of the fully assembled product.

As a result, any rejection at this stage leads to complete removal and replacement of the win-

dow, generating additional rework, delays, and internal cost.

For visual reference, in Appendix B, Figures B.25 and B.26, it is shown the inspection setup

and the typical glass position during the final quality check at QC1.

The mapping and analysis of the current process provided a clear understanding of how the

front side windows are handled across the different stages of production, serving as a foundation

for guiding the next steps of the structured problem-solving approach.

4.2.5 Step 3 – Defining the Target

In order to ensure a clear and structured problem solving direction, the project objectives were

defined across three levels: global, logistics, and assembly. These levels are illustrated in Fig-

ure 4.12, which outlines the hierarchy and scope of each objective.
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Figure 4.12: Structured project objectives by scope

This layered objective structure provided clarity to the investigation and served as a reference

for evaluating results in each area as the project progressed.

4.2.6 Step 4 – Identifying the Root Cause

Before implementing any countermeasures, it is essential to identify the true root causes of the
problem. Addressing only the symptoms may result in partial or temporary solutions, whereas

a proper root cause analysis allows for the development of effective and sustainable actions that

directly impact the origin of the defect.

To conduct this analysis, the full flow of the front side windows, previously mapped in this

study, was reviewed step by step and, together with team leaders and shop floor operators, a brain-

storming effort was carried out to identify all possible factors that could contribute to the occur-

rence of surface scratches throughout the process. This initial investigation focused on practical

knowledge and real working conditions observed in each workstation.

The causes identified were organized using an Ishikawa Diagram (Figure 4.13), grouping

them into five categories: Material, Man, Environment, Method, and Machine. This visual tool

allowed the team to consolidate observations and highlight potential weak points in the process.

Figure 4.13: Ishikawa Diagram with potential causes of surface scratches on front side windows.



44 Project Development

Following this identification, a review session was held with the group leader from the final

assembly area to analyse all the causes identified. The goal was to prioritize the most critical

ones, those that most directly explained the defect or had the highest impact on the process.

Once the key causes were selected, the 5 Whys method was applied to each one of them, to

dig deeper and distinguish between current symptoms and root causes. This analysis also helped

to define the most appropriate zones for implementing countermeasures later in the project as well

as defining a priority in which they should be addressed, shown in Figure 4.14.

Figure 4.14: 5 Whys analysis applied to the main causes.

The combination of shop floor collaboration, technical review, and structured analysis tools

provided by TPS ensured a comprehensive understanding of the defect’s origin, forming the basis

for the following improvement actions directly applied to the root causes, as described in the

following sections.

4.2.7 Step 5 – Develop Countermeasures

Once the root causes had been clearly identified and prioritised, the next step consisted of devel-
oping appropriate countermeasures to address each of them directly. In this phase, no action

was implemented yet, the focus was on designing solutions that were technically feasible, aligned

with the production environment, and supported by TPS, and developed with directs inputs from

operators.

Planning countermeasures plays a fundamental role in structuring a problem solving approach,

defining the path towards root cause elimination and ensuring alignment with the project’s targets,

providing a solid reference for follow-up and evaluation. Moreover, it allows the actions to be

sequenced in a logical, coordinated, and timely manner. The countermeasures were structured

across different areas of the process: logistics, assembly, and inspection, and distributed over a

defined time window (the entire month of April), with clear milestones. Planning was carried out
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in close collaboration with team leaders, operators, and supporting departments, ensuring realistic

execution and field validation.

The implementation plan was formalised in the form of a Gantt chart, as seen below, which

summarises the timeline of each action, including phases of analysis, development, implementa-

tion, and monitoring.

Figure 4.15: Countermeasure implementation plan by area and activity timeline (April 2025)

Although the majority of the planned activities were completed within the expected timeframe,

two actions required adjustments.

The first one was the Review of the glass verification method at TR3, which was ultimately

not carried out. After discussions with team leaders and the group leader of final assembly, it

was concluded that, by providing a robust inspection process ensured in Logistics, a simple and

quick verification at TR3, as already in place, would be sufficient. Once all countermeasures

were implemented, the risk of scratches occurring between Logistics and final installation was

considered negligible, therefore, a second inspection step would only duplicate effort without

adding value.

The second deviation was about the Review of the inspection method in Logistics, which

was not concluded within the initial planning window due to delayed arrival of necessary materials,

meaning that the required components could only be installed at the end of May and beginning

of June. To ensure robustness during this transitional period, a temporary control measure was

implemented: team leaders performed a parallel inspection at the TR3 station on all windows until

the end of the first half of May. This served as a safeguard to confirm that the logistics inspection

process was functioning correctly and that no defective parts entered the assembly line.

These adjustments reflect the flexibility and responsiveness of the planning process, ensur-

ing that countermeasure implementation remained aligned with quality objectives, even in the face

of unforeseen constraints.
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4.2.8 Step 6 – Implement Countermeasures

Following the structured planning phase, all countermeasures were implemented progressively

across the process. Each action was designed to address each specific root cause previously iden-

tified, ensuring a targeted and effective approach to the problem solving.

The implementation was carried out in close contact with the production environment, involv-

ing direct testing, operator feedback, and visual confirmation of results. In some cases, solutions

were tested in stages and adjusted before full deployment, ensuring the countermeasures were not

only effective in theory, but also practical and sustainable under real shop floor conditions.

Defect Registration Form

Firstly, to address the absence of structured data regarding scratch occurrences, a monthly

defect registration sheet was developed and introduced for the assembly process (Figures 4.16

and 4.17). This tool allows for the collection of detailed data on defect occurrence and location,

enabling both traceability and future analysis, particularly important for monitoring the effective-

ness of each countermeasure implemented.

This form/sheet includes the following features:

• Separation between single-cabin and double-cabin vehicles;

• Distinction between left or right side windows;

• Operators register the defect by marking the affected area directly on the schematic;

• Each defect is categorised by the station in which it was detected (TR3, P, QC);

• Updated monthly (sheet).

This approach not only standardises the way information is recorded, but also supports root

cause tracking and allows for statistical evaluation of defect trends over time.
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Figure 4.16: Defect registration sheet for as-
sembly, 1

Figure 4.17: Defect registration sheet for as-
sembly, 2

A similar sheet was also being developed in parallel for logistics to support inspection at

the picking stage, further reinforcing the standardisation of defect tracking across process areas.

Represented in Appendix B, Figure B.27.

Protection between door and glass

Root cause: Lack of protection on the outer side of the glass inside the door structure, allowing

direct contact with metallic edges and components during assembly.

Countermeasure: Development and progressive implementation of a protective barrier be-

tween the glass and the inner door frame.

To eliminate the risk of contact between the glass and exposed door surfaces/components

during assembly, a protective cover was developed to isolate the outer face of the window from

the surrounding structure. The solution was applied before window installation and remained in

place throughout the process, only removed upon window installation.

The development of the protection followed an iterative approach, tested directly on the shop

floor and refined with operator feedback:

1. Initial Prototype – Fabric positioning and first test

A fabric layer was positioned inside the door to create a buffer between the glass and the metal,

with magnets used to fix the protection to the outer door panel, as shown in Figures 4.18 and 4.19.
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Figure 4.18: Fabric layer, prototype, 1 Figure 4.19: Fabric layer, prototype, 2

Issues observed / Operators Feedback:

• Insufficient magnet strength to hold the protection;

• Dark protection made installation more difficult due to reduced visibility.

2. Magnet Reinforcement and Visual Adjustment

To improve the fixation and ease of use, a second version of the protection was developed.

The two were replaced by four stronger magnets to ensure a more stable attachment to the

door frame and the lighter side of the fabric was positioned inward, improving visibility during

the window installation (Figures 4.20 and 4.21). To be noted that each magnet was wrapped in

protective tape to avoid damaging the paint.

Figure 4.20: Magnet reinforcement
Figure 4.21: Visual adjustment on pro-
tection

Operators Feedback:

• Fixation was noticeably more consistent and reliable across repeated uses;
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• The improved visibility inside the door frame made it easier to align and install the glass;

3. Final Adjustments – Usability and Handling improvements

In the final stage of development, after proving its functionality and effectiveness, the pro-

tection was further refined to improve handling and integration into the operator’s routine,

adding a handle to one end of the cover, allowing for faster and easier manipulation, as shown in

Figure 4.22 and 4.23. This also made it possible to store the protection on the dolly when not in

use, avoiding unnecessary floor contact or misplacement.

Figure 4.22: Protection testing Figure 4.23: Handle installation

Operators Feedback:

• The handle improved control when inserting and removing the cover;

• It reduced setup time and made the process more fluid;

• Storing the cover on the dolly helped keep the station organised and avoided downtime

looking for the material.

This final adjustment ensured that the protection was not only functional, but also intuitive and

easily adopted by the operators, a key factor for long-term sustainability of the countermeasure.

4. Field Testing and Validation

Once the final version of the protection was completed, it was tested in real production con-

ditions over a sample of five vehicles, operated by two different workers. The objective was

to validate its effectiveness, usability, and overall integration into the workstation routine. Images

related to the field testing phase can be seen in Appendix B, from Figure B.28 to B.33, including

the final version of the protection in use, operator positioning, and post-use condition.

Operators Feedback:

• The protection was easy to position and did not interfere with the glass installation;

• Operators felt more confident during handling, knowing the glass was safeguarded;
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• The repetitive use showed no signs of detachment, misalignment, or process disruption.

The results confirmed that the solution was robust and compatible with the operating con-
ditions. However, a few points were identified for complete implementation:

• Define a fixed location to store the cover when not in use (granted);

• Establish a regular cleaning and condition check routine (the same as the other protections

being used);

• Monitor and update all standard information, for any time impact during the assembly op-

eration.

This field validation phase confirmed that the countermeasure was not only technically effec-

tive, but also fully aligned with shop floor realities, supporting its long-term sustainability.

Maintenance control of cleaning cloths at station P

Root cause: No maintenance or control plan existed for the cleaning cloths used at station P,

creating the risk of particle accumulation and potential scratching.

Countermeasure: Implementation of a structured cloth rotation and cleaning plan.

To ensure that cleaning cloths used during glass handling remained clean and effective, a clear

maintenance plan was introduced (Figure 4.24), defining the quantity, usage cycle, and cleaning

frequency of cloths at station P, removing the informal and inconsistent practices previously in

place.

Figure 4.24: Cloths (in use, used, and new ones)

Plan details:

• Five cloths are assigned, per week;

• One clean cloth is used, per day;

• All cloths are collected weekly and cleaned, according to internal standards;

• Team Leaders are responsible for ensuring the routine and verifying cloth condition daily.
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Operators Feedback:

• Greater confidence in handling the glass due to visibly clean cloths;

• Elimination of uncertainty around whether a cloth was safe to use;

• The routine was easy to follow and became quickly integrated into the workflow.

This countermeasure brought a simple but impactful standardisation to a previously unstan-

dardised variable, improving process consistency and reducing the risk of invisible causes of

scratches.

Protection Reinforcement of Glass Transport Dollies

Root cause: Lack of protective material inside the dollies used to transport the glass, especially

on the left-hand side (LH), where contact with other stored components could occur.

Countermeasure: Inspection and reinforcement of the two LH (left-hand) side dollies with

added protection to prevent potential impact between the glass and internal components.

An inspection was conducted on all four dollies used for transporting the front side windows,

revealing that the two LH dollies, where a significantly higher number of scratch occurrences had

been recorded, did not have any protective barrier between the stored glass and the adjacent com-

ponents placed inside the dolly (Figure 4.25). This meant that, during part handling or placement,

there was a real risk of unintended contact with the exposed surface of the window.

Figure 4.25: Dolly, before

To address this problem, custom protective panels were created and installed in both dollies, as

shown in Figure 4.26 and 4.27. The solution was developed using repurposed/residual materials
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available on-site, including scraps of polypropylene sheets and foam padding, effectively creating

an impact-absorbing surface between the window and any stored parts.

Figure 4.26: Creating protections Figure 4.27: Finished protection

The intervention was simple but highly effective, bringing the dolly condition in line with

process requirements and significantly reducing the risk of incidental damage to the glass dur-

ing transport or parts handling. The final state of the dolly with the protections can be seen in

Figure 4.28.

Figure 4.28: Dolly, after - with protection
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Redesign of lighting and cleaning routine in logistics inspection

Root cause: Insufficient lighting and lack of standardised cleaning in the logistics inspection

method, resulting in poor visibility and dirty glass surfaces entering the assembly line.

Countermeasure: The countermeasure consisted of two complementary actions:

1. Improving the lighting conditions in the logistics’ inspection area;

2. Extending the cleaning routine (previously implemented at station P) to Logistics, ap-

plying a Yokoten approach.

The initial lighting system used for glass inspection in Logistics consisted of a single 6500K,
2340-lumen lamp, positioned at the base of the inspection site, as shown in Figure 4.29.

Figure 4.29: Logistics Inspection site (before)

This setup presented several limitations:

• It illuminated only a narrow zone of the inspection area (lower section);

• The lamp’s size and position made inspection difficult, as the light shines directly from

behind the glass, and only from below (shown in Appendix B, Figure B.34, for better un-

derstanding);

• The color temperature (cold white) was not optimal for detecting fine scratches, a warmer

tone would offer better contrast;

The new lighting setup was designed to address these limitations, improving visibility and

making defect detection more reliable. The configuration consists of four LED lighting units

(shown in Appendix B, Figure B.35):

• Two horizontal lights (2250 lumens, 150 cm), one mounted on the base and one on the top;

• Two vertical lights (1400 lumens, 90 cm) installed on the corners of the back wall.

All lamps operate at a color temperature of 4000K, providing a warmer and more neutral

light compared to the previous 6500K lamp. This temperature was selected based on operator

feedback and visual trials, as it provides better contrast for detecting surface scratches.

Advantages observed with the new inspection system:
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• Full-surface illumination from all directions, eliminating shadows and improving inspec-

tion control;

• No backlighting behind the glass, which previously caused glare and reduced defect visi-

bility;

• Slim format lights positioned at the edges reduce obstruction and interference during in-

spection;

• The black background was maintained to enhance visibility of fine marks and isolate reflec-

tions.

In parallel, the same glass cleaning standard used at station P was adopted:

• Each window is cleaned before inspection using a designated cloth;

• Cloth rotation and condition control are maintained under the supervision of the Team

Leader.

As a result, all windows are properly cleaned prior to inspection and reach the assembly line

in a proper clean condition.

These improvements turned the inspection station at logistics into a controlled visual envi-

ronment, combining proper lighting and a structured cleaning routine. Together, these changes

increased the likelihood of early defect detection and reduced the chance of scratches reach-
ing assembly undetected.

Use of Residual Materials – A Practical Sustainability Approach

Several of the countermeasures developed during this project made use of materials that had been

previously discarded or considered residual within the factory, such as cardboard, PP sheets and

surplus fabric. These materials were repurposed in a practical and low-cost manner, either to

prototype solutions or to implement improvements directly on the shop floor.

While the primary objective was to eliminate defects and improve quality, this approach also

contributed to resource optimisation and waste reduction. Rather than sourcing new materials

for every test or solution, the team applied a lean mindset, using what was available, functional,

and safe, to respond quickly to problems without compromising effectiveness.

This reuse strategy reflects not an ideological stance, but a practical embodiment of TPS prin-

ciples: minimising waste (muda), maximising resource efficiency, and adapting solutions to
the reality of the production environment.

4.2.9 Step 7 – Evaluate Results

This step corresponds to the structured evaluation of the effectiveness of each implemented coun-

termeasure and their overall impact on the reduction of surface scratches on the front side windows.
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According to the TPS methodology, this phase involves the analysis of collected data, confirmation

of target achievement, and identification of remaining gaps or unexpected outcomes.

Given that the quantitative and qualitative results of this project are analysed in detail in the

Results Chapter of this thesis, this step is developed in that section to ensure clarity and avoid

redundancy.

This approach does not interfere with the logical flow or the methodological integrity of the

TPS Problem Solving structure, and allows for a more comprehensive and focused presentation of

the results obtained.

4.2.10 Step 8 – Standardization / Yokoten

Following the implementation and validation of the proposed countermeasures, attention was fo-

cused on ensuring that the improvements would be maintained over time and properly integrated

into the daily routine. This was achieved through the standardisation of work practices, the re-
vision of relevant documentation, and the establishment of regular data collection and review
routines.

A key element was the introduction and standardisation of defect registration sheets, both in the

assembly and logistics areas. These sheets are now being used regularly and consistently, allowing

for clear and structured collection of data in case defects reoccur, providing essential information

for traceability and monthly follow-up, ensuring that deviations can be quickly identified and

addressed.

All documentation related to the window installation process in Final Assembly was reviewed

and updated, including standard operation procedures (EWS) and standard times (WSS) (shown in

Appendix B, Figures B.1 to B.6 for reference). To be noted that the introduction of the protective

cover did not lead to a significant increase in operation time, although it requires placing and

removing the protection, the improved handling made installation smoother and faster overall.

In terms of Yokoten (the horizontal deployment of good practices), this project opens the

possibility for similar problem-solving approaches to be applied to other glass components. In

particular, the rear side windows and even the front windshield could benefit from a dedicated

study, if similar defects are observed. The tools and structure developed during this project can be

directly reused or adapted to investigate and address quality issues in those components.

By consolidating the improvements into standard routines and spreading the learning across

similar applications, the project aligns with the TPS principle of building quality into the process

and fostering a continuous improvement culture.

4.3 Complementary Improvements in the Production Environment

In addition to the main projects developed during this overall project, several smaller scale im-

provements were carried out across different areas of the production environment.
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Although independent from one another, these initiatives shared a common purpose: to en-
hance safety, ergonomics, process efficiency, or work conditions, in alignment with the Toyota
Production System (TPS) principles.

Some of these actions were proposed and implemented from the ground up, while others

involved collaboration with engineering and production teams or contribution to ongoing projects

already under development.

This section compiles and summarises these complementary improvements, all of which, de-

spite their scale, contributed to strengthening the overall workplace environment through a mindset

of continuous improvement (kaizen), respect for people, and built-in quality.

4.3.1 Safety Improvement: Overhead Crane Controller System

During the early stages of the project, an operational safety concern was identified in the hangar

area involving the overhead crane controller used to manoeuvre the vehicle cabin from the trim-

ming line to the chassis line. The wired controller was suspended from the crane by a long cable,

and its resting position had been recently adjusted to a lower height, following an operator’s feed-

back that it was too high to handle comfortably.

However, this new position caused the controller to hang excessively low, leading to frequent

and uncontrolled contact with surrounding structures, components, and dollies during crane move-

ment (shown in Appendix C, Figures C.9 to C.12 for better understanding). This introduced a

persistent risk of material collisions and potential operator accidents, along the process. It is im-

portant to note that, for safety reasons, the use of a wired controller is a current requirement for

this equipment, as it prevents accidental activations through wireless interference or unintended

signal transmission. Therefore, any solution should need to maintain the use of a cable-based

system while addressing the positioning issue.

To understand the contributing factors behind the unsafe behaviour of the controller, an Ishikawa
diagram (5M) was used to map possible causes, including limitations of the spring mechanism,

interference from surrounding equipment, restrictions due to operator’s height, and the need to

keep the controller accessible at all times, as can be seen in Figure 4.30.
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Figure 4.30: Ishikawa diagram, hangar controller

To complement this diagram, an Impact Effort Matrix was developed (Figure 4.31) to sup-

port the decision process between the four alternative improvements considered:

1. Replacement of the controller with a wireless system;

2. Substitution of the spring mechanism;

3. Addition of a spring balancer system;

4. Removal or reorganisation of equipment along the hangar path.

Figure 4.31: Impact Effort Matrix, controller solutions

As indicated by the priority defined in the matrix, the first solution to be considered was

the installation of a spring balancer system, which represented the best balance between low

implementation effort and high expected impact. This was selected as the most immediate and

practical option.

In parallel, the possibility of replacing the controller with a wireless system was not dis-

carded, although it required further study and technical validation before implementation.

Additionally, while the two main alternatives were being evaluated, a temporary mitigation

measure was tested in collaboration with the Maintenance department: replacing the existing
spring with an existing lower stiffness variant. The goal was to shorten the cable to reduce
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the intensity of controller impacts without affecting usability. This setup aimed to assess whether

the operator could work comfortably with a slightly shorter cable. However, in practice, the
change had minimal impact on the behaviour of the controller and did not solve the core issue,

reinforcing the need for a more effective solution.

Finally, the reconfiguration of layout and removal of equipment along the crane path was

excluded entirely. This approach would have involved significant disruption and would not have

addressed the root cause of the problem. Instead, it would simply have forced the environment to

adapt to the existing issue.

Comparison between the Spring Balancer System and Wireless Controller

As mentioned earlier these two main solutions were considered to eliminate the issue identified:

switching to a wireless controller, or installing a spring balancer system.

Wireless Controller
Advantages:

• Solves the root cause by removing the cable entirely;

• Offers full operator freedom;

• Adaptable across other similar systems.

Disadvantages:

• Raises safety concerns (false triggers, long-range activation);

• Requires dual-action safety protocols and secure resting point;

• Higher cost, complexity and technical validation needed;

Spring Balancer
Advantages:

• Easy to install and low cost;

• Retains wired control, maintaining operational safety;

• Viable for quick implementation and Yokoten.

Disadvantages:

• Effectiveness may vary with layout or environment changes;

• Controller still present along crane path, although not a risk.

While the wireless option offered a more radical solution, it introduced new safety risks and

implementation challenges, so the spring balancer system was chosen as the most practical, low
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risk, and TPS aligned solution, offering an effective solution with immediate applicability. A

summarised comparison is shown in Figure 4.32.

Figure 4.32: Wireless controller vs Spring balancer

Selection of the Spring Balancer

To guarantee the proper functionality of the spring balancer mechanism, two technical require-

ments were considered: stroke length of approximately 1.2 to 1.3 meters, based on the vertical

difference between the controller’s working position and its resting height; and weight support
capacity of approximately 4 kg (controller and cable combined). (shown in Appendix C, Fig-

ures C.13 to C.15)

Based on these parameters, a market survey was carried out and a commercial supplier was

selected, SIRA S.p.A. From all models given, two of them, from the FLEX series, were identified

as suitable candidates: the FLEX 3-6A and the FLEX-5, both compliant with the required range

and load specifications, as shown in in Appendix C, Figures C.16 adn C.17, being the first one the

chosen.

Installation of the Spring Balancer

The selected suspension unit (FLEX 3-6A) was installed on the hangar system and the anchoring

position was adjusted to allow free and stable movement of the controller while ensuring that

it returned to the selected safely elevated position when not in use, as shown in Appendix C,

Figure C.18and C.19.

Visual comparisons were made between the controller’s position before and after installation

to confirm that the equipment no longer hung within the collision zone (Figure 4.33).
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Figure 4.33: Comparison before and after balancer system

Finally, operational testing was carried out in real working conditions with the production

team and the tests demonstrated that the controller remained high enough to avoid collisions and

that its handling remained smooth and easy for the operator (Figure 4.34 and 4.35).

Figure 4.34: New system in use by the
operator

Figure 4.35: No interference with most
critical obstacle

This improvement effectively addressed a recurring safety risk through a simple and low-cost

solution, eliminating uncontrolled cable movement without compromising operability, aligned
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with TPS principles of built-in safety and standardisation. Due to its success, the solution was

replicated (Yokoten) in another hangar at Final Assembly.

4.3.2 Ergonomic Improvement: Dolly Redesign Support

In line with the continuous improvement efforts carried out during the project, a specific ergonomic

challenge was addressed in the Final Assembly area, more precisely at station FA3.

In this station, the operator works on an elevated platform to perform assembly operations

on the vehicle. Due to its position on the conveyor and the layout of the station, certain areas,

particularly the upper sections, remained with difficult access.

This limitation became particularly evident in the case of a shorter operator, who consistently

struggled to reach all required zones, despite the presence of the fixed platform. The resulting

overextension led to awkward postures, discomfort, and increased ergonomic risk, as shown in

Appendix C, Figure C.20.

In this context, a new solution was developed: a mobile support dolly designed to ensure

safe and ergonomic working conditions while maintaining compatibility with the line’s moving

conveyor (Figure 4.36). To be noted that implementing fixed steps or auxiliary supports was

not viable, as the vehicle is constantly in motion along the conveyor and any static elevation

device would create a significant safety risk, particularly in terms of balance and potential falls.

Therefore, a new approach was required to improve operator access without compromising safety

or disrupting the production flow.

Figure 4.36: Dolly FA3 design

The dolly is designed to couple directly to the rear wheel of the vehicle at the beginning of

the FA3 station. Once attached, it moves synchronously with the vehicle along the conveyor,
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maintaining a fixed relative position throughout the assembly process.

This allows the operator to step onto a stable and elevated support surface that travels with the

car, providing access to upper sections of the vehicle without requiring awkward body movements

or overreaching. At the end of the station, the dolly is uncoupled and returned to the start position

for the next vehicle.

This system eliminates the need for fixed platforms and ensures safety by removing the risk
of working on static supports while the vehicle is in motion, while also improving ergonomic

reach in a consistent and repeatable way. (Figure in Appendix C, Figure C.21 shows overall

structure design - technical drawing)

Although the project had already been initiated prior to this project, participation in the final

phase of development focused on preparing the dolly for operational readiness. This included

conducting on-site testing and identifying several improvement points based on observed perfor-

mance and operator interaction. The solution is currently validated and ready for implementation,

pending alignment with production scheduling to avoid disruption of normal operations.

Refinements and Improvements Developed

During the testing phase, several improvement opportunities were identified in collaboration with

the production team. These focused on usability, operator safety, and robustness of the system.

The following key refinements were introduced:

• Coupling mechanism redesign:
The attachment system between the dolly and the vehicle’s rear wheel was modified to facil-

itate easier engagement and disengagement, and prevent the system to contact the vehicle’s

surface (Figure 4.37).

A new opening handle was added, and the geometry of the locking system was adjusted to

allow single-handed operation while reducing hand entrapment risk.

A buffer was also added to eliminate the gap between the wheel and the coupling area and

to absorb potential shocks.

Additionally, a locking pin was installed to secure the dolly support during reverse move-

ment, preventing unintended rotation or contact with the vehicle during the return path to

the start of the station (shown in Appendix C, Figures C.22 to C.26, comparing the before

and after improvements).
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Figure 4.37: Final coupling mechanism design

• Safety lock on step support:
The original lock mechanism for the dolly step was difficult to reach and operate (shown

in Appendix C, Figure C.27). It was replaced with a simplified pin system that is both

accessible and secure in the open and closed positions (Figure 4.38).

Figure 4.38: New lock mechanism for step (open position)

• Auxiliary side platform:
A side step was added to enable the operator to stand closer to the vehicle during critical

operations (Figure 4.39). To address flexing issues caused by span length, a central sup-

port wheel was introduced to stabilise the platform during use. (shown in Appendix C,

Figures C.29 and C.28)
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Figure 4.39: Side step installed in the Dolly

• Guiding rail system:
To ensure precise alignment and stable linear motion along the station, a guiding rail was

designed and installed on the floor, preventing lateral deviation of the dolly as it moves in

sync with the vehicle, especially important during transitions at the beginning and end of

the station (Figure 4.40).

Figure 4.40: Guiding rail – testing

All improvement points were tested and validated under real working conditions, resulting in

a safe, ergonomic, and robust solution. The dolly is now fully optimised and ready for implemen-

tation, offering better usability and operator protection in line with TPS principles.
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As a potential future enhancement, the implementation of a motorised wheel system on the

dolly is currently under technical evaluation (Figure 4.41). This feature would allow automatic

return of the dolly to its initial position after decoupling, eliminating the need for manual reposi-

tioning by the operator and further improving process fluidity, safety, and ergonomics.

Figure 4.41: Motorised wheel, for dolly FA3

4.3.3 Efficiency Study: Pre-Assembly Station for Radiator System

As part of the broader objective to improve efficiency and eliminate waste across production pro-

cesses, a study was carried out on the pre-assembly station of the radiator system, since it was

needed to update its operations times (WSS). This station is responsible for preparing the radiator

pre-assembly prior to its integration into the vehicle structure further down the line (Figure 4.42).

The purpose of the study was to assess the current performance of the station, identify poten-

tial inefficiencies, and propose improvements aimed at reducing unnecessary motion, simplifying

work sequence, and optimising the cycle time.

Figure 4.42: Radiator pre-assembly station
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Methodology and Analysis

To evaluate the performance of the radiator pre-assembly station, a structured video-based time

study was conducted. The software Kinovea was used to precisely measure and analyse the dura-

tion of each operation performed by the operator.

Two video recordings were collected on-site under normal production conditions. Although

ideally three samples would be recommended minimum for higher statistical robustness, each

recording had a duration of approximately 10 minutes, requiring a detailed and time-consuming

analysis. Therefore, two full cycles recordings were considered sufficient for extracting reliable

and consistent results in this context.

Each video was reviewed to identify and break down the job elements, individual tasks per-

formed by the operator throughout the cycle. These tasks were then recorded in a Standardised
Work Recording Sheet (SWRS), where the duration of each job element was documented, and

categorised into Value-Added Work (VA), Non-Value-Added (NVA) or Waste (MUDA). Special

attention was given to identifying and classifying forms of Muda, including:

• Unnecessary operator movement between tools and parts;

• Repetitive or redundant motions;

• Excessive parts transportation within the station layout.

An example of the time study conducted in Kinovea can be seen in Appendix C, Figure C.1,

where each job element was individually segmented and timed with frame-accurate precision.

This categorisation made it possible to clearly distinguish productive and non-productive ac-

tivities. It allowed for the update of standard operation times and supported the identification of

inefficiencies (Appendix C, Figures C.2 and C.3, show complete SWRS sheet), serving as a basis

for improvements to increase workstation efficiency.

Improvement Proposals

This analysis enabled a detailed breakdown of the current process performance, revealing that

approximately 55% of the cycle time was spent on value-added work (VA), while 44% corre-
sponded to non-value-added but necessary activities (NVA). Only 1% was identified as clear
waste (Muda), identified as operations that clearly were not established as standard.

Among the NVA activities, two repetitive tasks stood out for their frequency and duration:

• Picking and placing the electric screwdriver: 26.4 seconds (4% of the total cycle time);

• Picking and placing the pliers: 13.2 seconds (2% of the total cycle time).

Together, these accounted for nearly 6% of the cycle, without contributing directly to the

product, highlighting a clear improvement opportunity. To address this, several proposals were

developed:
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• Repositioning of tools: placing the electric screwdriver and pliers closer to the radiator

fixture to eliminate unnecessary movement;

• Layout adjustments: optimising parts and tool locations to reduce unnecessary movements

and improve reachability;

• Sequence optimisation: restructuring the work sequence to improve flow and reduce un-

necessary rotations of the radiator on the dolly.

Implementing these changes would eliminate the identified inefficiencies and result in a pro-

jected efficiency gain of 6%.

Project Status and Follow-up

Although the proposed improvements were not directly implemented during the project period,

the study was fully documented and transferred to the responsible engineering teams. The data

collected, the time breakdown analysis, and the identified improvement opportunities are currently

being considered as part of a broader optimisation project led by another internal team.

This ensured that the work carried out continues to add value beyond its initial scope. The

analysis not only supported the standard time update but also laid the groundwork for structured

process improvement in efficiency of the workstation.

4.3.4 Proposal for 3D Printing Implementation in Engineering

In the context of continuous improvement and technical autonomy, a proposal was developed for

the integration of a 3D printer into the engineering department’s toolkit. This initiative aimed

to enable fast prototyping, low-cost development of internal solutions, and faster response
to shop floor needs, in line with TPS values, particularly by supporting the creation of kaizen

improvements.

Background and Problem

During a recent internal assessment to the Final Assembly area, a specific issue was raised regard-

ing the handling and protection of electronic control units (ECU’s) before installation in the

vehicle. The exposed pins of these components presented a risk of damage during handling and

logistics operations (Figure 4.43).
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Figure 4.43: ECU stored with no protections

Typically, developing a physical protection for such components would require either out-

sourcing the design or manufacturing process, which is a time-consuming and costly option. In

addition, small design changes and prototype testing are often slow and costly, and there is

frequently a lack of agility in testing experimental components before placing part orders. These

constraints delay validation cycles and reduce the engineering team’s ability to respond quickly to

improvement opportunities on the shop floor.

Proposed Solution

The proposed solution involved designing the required custom protection for the ECU (3D CAD)

and producing it using in-house 3D printing. Beyond this specific case, the goal was to demon-

strate the broader applicability and value of a 3D printer in the following contexts:

• Rapid prototyping of new ideas (e.g., supports, component testing);

• Development of temporary or emergency replacement parts (e.g., dolly protections or sup-

ports);

• Fabrication of small kaizen tools and component protections;

• Enhanced freedom to innovate and iterate internally without supplier dependence.

These examples demonstrate how additive manufacturing could enhance the engineering team’s

responsiveness, enabling the design, testing, and refinement of components or supports without

long lead times or external dependencies.

Technical and Financial Feasibility

To support the proposal, a financial and operational feasibility analysis was conducted using two

reference models, the Creality K1 and the Prusa MK4S as examples. These printers were not

pre-selected but served as realistic benchmarks to evaluate viability. The primary goal was to

assess potential cost savings and return on investment under highly conservative assumptions:
(All calculations are shown in Appendix C, Figures C.4 and C.5)

• Analysis for both printer models, with distinct pricing and capabilities;
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• Filament costs were estimated at C29.99 and C13.39, using the more expensive options for

simulation;

• The first month assumed exclusive use for printing ECU protections (30 units);

• In subsequent months, a much lower production rate was considered, simulating minimal

usage;

• Additionally, future months assumed smaller savings per part than in the first month;

• For external printing comparisons, the lowest market price available was used, deliberately

reducing the calculated savings margin.

Despite this cautious approach, the analysis indicated:

• An estimated payback time of 8 months for the Creality printer and 16 months for the

Prusa model (shown in Appendix C, Figure C.6);

• Continuous savings over time even under modest use scenarios (shown in Appendix C,

Figure C.7).

Figure 4.44: ROI for the two printers

Conclusion

The integration of a 3D printer within the engineering department was shown to be a practical and

cost-effective solution, even when evaluated under highly conservative usage and cost assump-

tions.

As a follow-up to this proposal, the next step outlined was to initiate direct engagement with

multiple 3D printer suppliers. This would allow for a broader evaluation of available technologies,

materials, and support conditions, ensuring the selection of a printer that best matches the opera-

tional needs and long-term sustainability of the engineering team. This initiative reflects the TPS

spirit of equipping teams with the right tools to build quality into the process and foster technical

creativity in solving real production challenges.
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4.3.5 Kaizen Improvements from Direct Observation

In parallel with larger projects, several small-scale kaizen improvements were identified and im-

plemented during the project. These actions did not originate from any structured problem-solving

activities, but rather from direct observation on the shop floor and informal feedback from op-
erators. Each one addressed a specific, real-world issue and was registered in the company’s

internal kaizen system, in line with its policy of encouraging every team member to contribute

actively to continuous improvement.

Kaizen: Mizusumashi Ramp for Dolly Stabilisation

During the early stages of the project, a recurring issue was observed along the route taken by

both mizusumashis. At a particular section where the dollies crossed an embedded rail track,

responsible for taking the body and deck transporters to the trimming line, the dollies would

frequently bounce excessively, causing the stored components to shift position or, in some cases,

fall to the floor.

Upon investigation, it was concluded that the geometry of the metal rail track caused a steep

transition for the dolly wheels, resulting in a high angle of approach and a noticeable impact during

crossing, as shown in Figure 4.45.

Figure 4.45: Rail track, before - dolly instability

To address the issue, a custom steel ramp was designed and welded directly onto the existing

metal track (technical drawing is shown in Appendix C, Figure C.30). This ramp reduced the

angle of approach and enabled a smoother, more gradual transition, significantly improving wheel

stability during passage. The solution eliminated the bouncing effect, reduced noise, and improved

the protection of in-process components (Figure 4.46).
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Figure 4.46: New ramp installed - smoother dolly transition

A complementary action was also proposed, which was the introduction of a defect sheet to

monitor any occurrences of fallen parts along mizusumashi routes (shown in Appendix C, Fig-

ure C.31). This would allow the team to track recurring patterns (most affected dollies) and iden-

tify further improvement opportunities.

Kaizen: Handbrake Torque Measurement Standardisation

During the assembly of the handbrake system, it was observed that torque adjustment was being

performed based on a subjective method: operators would tighten the adjustment bolt until the

handbrake lever produced a predefined number of audible “clicks” (typically 7 to 9)(Figure 4.47).

While this approach was simple and fast, it lacked objective verification and did not align with the

assembly manual, which specified a force value of 192 N.

Figure 4.47: Operation before kaizen - handbrake system

To address this, a more precise measurement method was introduced using an existing, pre-

viously unused instrument found at the factory. The device is based on a load cell connected to
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a digital pressure gauge, allowing the applied force to be read indirectly as pressure (shown in

Appendix C, Figure C.32).

The implementation steps included:

• Measuring the diameter of the load cell’s contact surface to calculate the area;

• Converting the target force (192 N) to pressure using the equation P=F/A, resulting in a

target reading range of approximately 0.200–0.210 MPa;

• Testing the device directly in the assembly process to validate usability and accuracy (Fig-

ure 4.48).

Figure 4.48: Handbrake assembly with measuring instrument in use

Once validated, this measurement method was integrated into the standard operating docu-
mentation (EWS – Element Work Sheet) for the handbrake assembly process. Operators now

follow a defined procedure that includes using the gauge to ensure consistent application of the

required force, eliminating reliance on subjective feedback (clicks) and ensuring alignment with

OEM specifications (EWS is shown in Appendix C, Figure C.8).

This improvement not only enhanced process accuracy and quality control, but also reflected

core TPS values of jidoka (built-in quality) and kaizen (continuous improvement), leveraging

available resources to eliminate variability and reinforce operational standardisation.

Kaizen: Visual Identification for Primary Adhesive Bottles

As a result of an assessment of the Final Assembly area, a small but relevant improvement opportu-

nity was identified concerning the handling of primer bottles used in the windshield application

process.

The process involved two different types of primer products, each stored in a similar-looking
bottle but serving different purposes. Previously, there was no visual aid to distinguish between
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the two beyond the cap color, which could create a risk of confusion when replenishing the bottles

on the workstation, as shown in Figure 4.49.

Figure 4.49: Primer stored, before kaizen

To address this issue, a quick kaizen was implemented: a colored visual aid matching the
bottle cap was applied around each bottle’s insertion point (Figure 4.50). This ensured instant

identification of which bottle belonged to which position, simplifying replenishment and min-
imising errors.

This low-cost solution exemplifies the value of quick kaizen actions, simple yet effective mea-

sures that, when consistently applied, improve workflow clarity and strengthen visual management

on the shop floor.

Figure 4.50: Primer stored, after Kaizen

4.3.6 Conclusion – The Impact of Small-Scale Improvements

Although individually modest, all improvements presented in this section illustrate how continu-

ous observation, collaboration with operators, and rapid action can generate meaningful impact.
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From safety enhancements to visual management and ergonomics, each intervention responded to

a real shop floor need using simple and cost-effective solutions.

These examples reinforce a core TPS principle: small improvements, consistently applied,
lead to significant long-term gains. More importantly, they promote a proactive culture of own-

ership and accountability, where every team member is empowered to contribute to a safer, more

efficient, and more stable production environment.

Such initiatives, while not tied to large scale projects, represent the daily spirit of kaizen that

sustains and elevates operational excellence.



Chapter 5

Results and Evaluation

This chapter presents the results obtained through the implementation of the three main improve-

ment efforts developed during this project: the Value Stream Mapping project, the structured Prob-

lem Solving focused on window scratches, and the set of complementary improvements applied

across different areas of the production environment.

Each section evaluates the effectiveness of the respective initiative, using quantitative data
and qualitative insights where applicable, and reflects on its contribution to the company’s con-

tinuous improvement efforts.

The chapter concludes with a summary of the three projects, highlighting their relative

scope, impact, and alignment with TPS principles.

5.1 Value Stream Design (VSD) – Future State Map

As the main outcome of the Value Stream Mapping (VSM) project, this section presents the pro-
posed Future State Map (VSD), which consolidates the improvement opportunities previously

identified during the current state analysis. The VSD represents a conceptual scenario of the ideal

process configuration, aligned with lean principles and the factory’s long-term development goals.

Although the overall structure of the value stream remains mostly unchanged, several improve-

ments are highlighted in the map, specifically marked in blue.

To be noted that this proposed future state map does not represent a complete implementation,

but rather a conceptual scenario that reflects the intended direction of process development, re-

quiring the initiation of dedicated projects and ongoing monitoring over the medium to long term,

for each improvement opportunity identified.

As such, this Future State Map, represented in Figure 5.1, serves both as a visual summary of
the identified priorities and as a strategic reference for the continuous improvement roadmap.

75
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Figure 5.1: Value Stream Design - TCAP 2025

As mentioned before, some improvement proposals for the VSD are not explicitly visible in
the map, but were considered relevant in the design process and are expected to contribute to the

system’s overall efficiency and adaptability. These include:

• Repurposing of idle workstations – Not visible in the map but considered as an opportunity

for improving efficiency in trimming and assembly lines.

• Chassis stocks and handling during sequence changes – Although the need for increased

flexibility in chassis rearrangement was recognised, there was no definitive solution ap-

proved, so this point is not visually reflected in the future state map but is considered a

relevant open topic for future development. Nevertheless, AGV solutions for chassis trans-

portation are currently under evaluation and have been represented in the VSD to reflect

ongoing efforts towards this improvement.

• Reduce transport time from Japan – Ending of Evergreen route and testing the railway

possibility via Sines, aiming to reduce the overall shipping lead time to 43 days, which was

the usual time before the war and route constraints.

This Future State Map represents a more stable and efficient production system with the inte-

gration of digitalisation — a big step for the factory — highlighting better flow control, reduced

rework, improved data collection from the shop floor, and greater alignment with Lean principles,

providing a strong foundation for continuous improvement.

Some KPIs can be compared between the VSM and VSD, shown in Figure 5.2:
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Figure 5.2: VSM vs VSD - KPI comparison

Based on the KPIs considered, the main conclusions that can be drawn relate to two key

improvements: firstly, a reduction of overall lead time by 22.5 days and secondly, the increase
in the value-added ratio within the factory by almost 5%. These results demonstrate that

even without major structural changes to the value stream map, targeted improvements and future

projects can lead to meaningful gains in efficiency.

The lead time reduction reflects the impact of optimising the inbound logistics (CKD ship-

ping routes and internal material handling), while the increase in value-added activity confirms a

shift towards leaner operations, with a higher proportion of productive time across the system

— fundamentals of TPS.

5.2 Problem Solving in Front Side Window Defects

Following the actions detailed in Chapter 4, referring to the problem solving, this section presents

the evaluation of their impact. The results confirm the effectiveness of the problem-solving process

and highlight its contribution to quality control reinforcement across key areas.

General Conclusions on Overall Results

The first step in evaluating the impact of this project was to analyse the total number of rejected

windows recorded over recent years, categorised by detection point. As shown in Figure 5.3, there

was a general downward trend in the total number of scratched windows rejected between 2022

and 2024.

However, by the first quarter of 2025 alone, the number of rejections had already nearly
equalled the totals of full previous years, which highlighted the urgency and importance of this

problem solving initiative.
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Figure 5.3: Timeline defects

Furthermore, the data revealed another crucial aspect: until 2023, all defects, regardless of

where they may have been detected, were registered only at the final inspection (QC). In 2024,

an informal, non-standard recording began to emerge in the trimming area (P), and only in 2025,

with the start of the problem solving, standardised records were introduced across all relevant
inspection points, which were QC, Trimming/P, and for the first time, logistics (graph shown in

Appendix B, Figure B.7).

Weekly Analysis – April 2025

The month of April represented a key transition period, as it coincided with the start of coun-

termeasure implementation. A detailed weekly analysis, represented in Figure 5.4, allows us to

observe not only the effect of the actions and countermeasures taken, but also how the detection

points evolved throughout the month (Appendix B, Figures B.10 to B.12, showing all defects

registered using the defect sheet implemented).

In the first week of April (W1), most defects were still being detected in Final Inspection

(QC), with a smaller portion registered in the Trimming area (P). This mirrors the pre-existing

situation, where scratches were often only discovered after full installation, leading to late stage

rework and higher internal cost.

As countermeasures were introduced, particularly those related to protection during assem-

bly, a noticeable shift occurred. In week 2 (W2), detection began to move upstream, with all

recorded defects found exclusively in the Trimming area (P), meaning they were caught earlier in

the process, before reaching final inspection.

By week 4 (W4), detections were no longer occurring in trimming or inspection, but instead

had moved further upstream to Logistics, the very first handling point in the window’s production

flow. This evolution reflects a key quality principle: detecting problems at their source before

they propagate downstream. To be noted that defects detected at logistics are highly unlikely to be

house-made, they typically indicate that the window already arrived in that condition from Japan,

most likely due to transport-related causes.

It should also be noted that no data appears for week 3 due to a planned production shutdown

for holidays during that period.
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Figure 5.4: Defects timeline, April

This reversal of the detection flow, from final inspection toward logistics, validates the effec-

tiveness of the countermeasures and confirms that the process was gaining robustness in identify-
ing issues closer to their origin, a fundamental principle of built-in quality.

Defects Distribution by Vehicle Side – April

In addition to analysing the weekly evolution of detection points, a complementary breakdown

was conducted to evaluate defect distribution between the left-hand side (LH) and right-hand
side (RH) of the vehicles. The data from April 2025 clearly showed a disproportionate number

of defects occurring on the LH side, as shown in Figure 5.5. To be noted that only production
related stations were considered (Trimming and QC).

Figure 5.5: Scratch occurrences by vehicle side and detection point – April 2025

This trend strongly correlates with one of the root causes identified: two dollies that trans-
ported the windows (LH) lacked proper protective materials, unlike the RH ones. As a result,

the left-hand windows were more exposed to incidental contact with surrounding parts during

transport and handling.

The implementation of protection elements in these LH dollies was one of the first physical

countermeasures implemented in this project. While a direct causal relationship cannot be con-

firmed, it is highly plausible that this improvement contributed to the reduction of LH-side

defects observed in the following weeks.
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Defects Timeline Throughout the Project – 2025

To better understand the progression of the problem and the impact of the implemented actions, all

defects recorded in 2025 were grouped by month and detection point, shown in Figure 5.6. This

timeline analysis helps visualise both the effectiveness of the countermeasures and the moment

in which each phase of the problem-solving had influence.

Figure 5.6: Monthly timeline of scratch detections by inspection point – 2025

As said before, in the first three months of 2025 (January to March), the number of detected

defects was already comparable to the total recorded for full previous years. Most detections

during this period occurred in the Inspection (QC) stage, reinforcing the late identification pattern

seen in previous years.

With the implementation of countermeasures starting in April, a notable drop in the number

of recorded defects is observed. Furthermore, detections began appearing more consistently in

upstream stages, such as Trimming (P) and Logistics, which is a positive indicator of improved

process control and inspection structure.

In May, although a small number of defects were still recorded, all of them were identified in

Logistics, meaning they were intercepted at the very first handling point, before entering produc-

tion. In the first week of June, a single defect was also detected at Logistics.

In these cases, since the glass is being removed from its original shipping crate for the first

time, the damage likely occurred upstream, during transport from Japan. As such, no internal

corrective action can be taken beyond early detection.

A possible next step for improvement could involve collaboration with the suppliers to in-
vestigate transport conditions and explore solutions to avoid such occurrences at the origin.

Window Side Distribution of Defects in Logistics

Since the implementation of the defect registration sheet in the Logistics area, all scratches have

been consistently recorded and monitored by side. The data collected between the last week of

April and the first week of June shows a relatively balanced distribution between left-hand (LH)
and right-hand (RH) windows, as illustrated in Figure 5.7.
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Figure 5.7: LH vs RH Scratch Occurrence - Logistics

This balanced occurrence suggests that the scratches detected at this stage, which reflect the

condition in which the glass arrives from the supplier, are not side related, but rather result from

external or transport related factors.

This observation supports the idea that the higher number of LH-side defects identified in

the early stages of the project was not related to the condition of the glass, but rather to internal

handling during assembly. The lack of protection in the LH-side dollies, combined with specific

mounting practices, likely contributed to this imbalance, which was effectively mitigated by the

countermeasures implemented.

Estimated Cost Impact and Savings

Beyond operational and quality improvements, it was also important to assess the financial impact
of the actions taken. A dedicated cost analysis was therefore performed to estimate the economic
benefits resulting from the project, based on the reduction of window rejections and associated

rework.

This allowed for a more complete evaluation of the problem-solving effectiveness, combining

technical results with measurable financial gains.

The following considerations were considered in this analysis:

• The analysis only considered defects that progressed into the assembly process, scratches
detected in Logistics were excluded, as these windows never entered production;

• The cost per rejected window includes materials, labour, process time, and urgent transport;

• The monthly rejection rate prior to countermeasures’ implementation was based on the av-

erage from the first quarter of 2025;

• The improved projections assume that the defect level remains stable after the implementa-

tion of countermeasures;

• A conservative scenario (0.5 defects/month) was included to account for small fluctuations

or isolated events.
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The total cost of a single rejected window was calculated at approximately 101.74C, which

includes not only the material cost but also the time lost in removing, preparing, and remounting

the glass, as well as all the logistics and inspection effort. (Appendix B, Figure B.8 includes a

detailed calculation model)

By projecting the average monthly rejection rate observed in early 2025 (before countermea-

sures), it was estimated that up to 63 windows could be rejected by the end of the year if no action

was taken, resulting in a total annual cost of approximately 9462C.

With the countermeasures implemented and stabilised, the number of defects would decrease

totally, and projections now indicate a total annual cost of only 3052C, which is the cost of the

actual rejected windows so far in 2025.

A more conservative estimate was also included, considering the possibility of occasional

issues, and with that the cost might reach up to 3510C, still well below the initial estimate. (Ap-

pendix B, Figure B.9 includes a detailed calculation model)

These three scenarios are summarised in Figure 5.8:

Figure 5.8: Rejected window cost, scenarios

Estimated Annual Cost Savings: 6410C.
Equivalent to a 68% reduction in defect related losses.
This financial result reinforces the value of proactive quality control and structured problem-

solving as mechanisms not only for technical improvement but also to tangible economic benefits.

5.3 Complementary Improvements in the Production Environment

Unlike structured problem-solving or large-scale projects, most of the complementary improve-

ments implemented during the project were kaizen-driven. As such, their impact is typically more

qualitative in nature, focusing on dimensions such as safety, ergonomics, process stability, and

operator working conditions.

While these initiatives may not generate direct numerical KPIs, they play a fundamental role in

sustaining a culture of continuous improvement, as encouraged by the Toyota Production System

(TPS). Their effectiveness is often reflected in reduced operational variability, improved workplace

usability, and greater involvement of frontline teams in identifying and solving problems.
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The following section highlights the main results observed for all of the main improvements

discusses in the previous chapter.

Safety Improvement: Overhead Crane Controller System
A positioning issue with the overhead crane controller was resolved by installing a spring balancer,

ensuring the controller remained at a safe, stable height. This eliminated uncontrolled swinging

and improved operator handling during crane operation.

Results observed:

• Removal of a recurrent safety hazard caused by low-hanging controller movement;

• Improved ergonomics, allowing easier and safer controller access;

• Low-cost, quick implementation with direct replication in a second hangar (Yokoten).

Ergonomic Improvement: Dolly Redesign Support
To address access limitations faced by certain operators at station FA3, a mobile dolly was de-

signed to provide a stable, elevated support that moves in sync with the vehicle. The solution

allows safe access to upper sections without the need for overreaching or static platforms.

Results observed:

• Elimination of awkward and unsafe body positions during upper-section assembly;

• Improved ergonomic conditions and comfort for operators of different heights;

• Aligned the process with the “Any Member, Any Process” principle, making it equally

accessible to all team members;

• Validated solution ready for implementation with minimal process disruption.

Efficiency Study: Radiator Pre-Assembly
A detailed time study was conducted on the radiator pre-assembly station to identify inefficiencies

and update standard operation times. Using video analysis and classification of job elements, the

study revealed repetitive handling tasks and layout issues that could be addressed to improve flow.

Results observed:

• Estimated efficiency gain of approximately 6% through proposed improvements;

• Updated standard operation times (WSS) for the station, reflecting real cycle conditions;

• Structured insights and data delivered to the engineering team to support future layout and

process optimisation.

Proposal: 3D Printing Implementation in Engineering
A proposal was developed to integrate a 3D printer into the engineering department to support

rapid prototyping, low-cost tooling, and kaizen development. The initiative aimed to increase

technical autonomy and responsiveness to shop floor needs.

Results observed:
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• Estimated cost savings of up to 70% compared to external production of specific parts;

• Significant reduction in lead times for prototype components, enabling faster testing and

implementation;

• Expanded engineering capability for internal innovation, supporting agile, low-cost experi-

mentation with new ideas;

• Financial analysis confirmed viability, with projected payback in 8 to 16 months, even under

conservative usage.

Kaizen Actions from Direct Observation
Several small-scale kaizen improvements were implemented based on direct observation and in-

formal feedback from the production floor. Though independent and simple, each action addressed

a real issue and supported the principles of built-in quality and continuous improvement.

Results observed:

• Reduced risk of part loss and instability during internal transport (ramp for mizusumashi

crossing);

• Improved process precision and standardisation using objective torque measurement (hand-

brake assembly);

• Visual poka-yoke implemented to avoid errors in primer bottle replenishment;

• All three actions contributed directly to quality improvement through defect prevention, in

line with TPS principles.

Final Consideration

When considered collectively, the improvements implemented during this project — from strategic

mapping to focused problem-solving and kaizen actions — represent a meaningful contribution to

the production environment.

While each initiative varied in scope and complexity, all shared a common goal: to strengthen

safety, quality, efficiency, and stability in line with TPS principles. Whether by reducing lead

time, preventing quality issues, standardising operations, or improving operator conditions, the

combined impact of these efforts brought tangible progress to the factory.

This section illustrates how a structured yet practical approach to improvement, rooted in ob-

servation, data and collaboration, can generate significant results, even within a limited timeframe.
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Conclusion

Conclusion on the thesis content

This work addressed three distinct yet complementary areas of continuous improvement: the value

stream mapping (VSM), the structured application of a Problem Solving methodology to a critical

defect, and the implementation of kaizen actions based on direct observation.

This combined approach enabled not only a deep analysis of improvement opportunities, but

also the implementation of solutions with visible impact on key indicators such as lead time,

quality, ergonomics, and safety.

Structuring the work into independent yet interconnected projects reinforced the logic of con-

tinuous improvement sustained by the Toyota Production System (TPS), ensuring that both large-

scale actions and simple improvements remained aligned with the principles of stability, flow, and

built-in quality.

Conclusion on the project at Toyota

The project at Toyota Caetano Portugal provided a fully immersive experience in an industrial

environment, where TPS is not merely a theoretical reference, but a living philosophy embedded

in every process and worker.

Integration into the engineering team allowed active involvement in multiple projects, always

guided by the principles of safety, quality, and respect for people. Learning directly from ex-

perienced colleagues and working on real production challenges were essential to consolidate

academic knowledge.

Beyond the application of tools, the project provided a true understanding of the Toyota Way:

improving continuously based on shop floor reality, involving teams, and building sustainable

solutions.

Academic alignment of the thesis

This thesis is part of the Master’s degree in Mechanical Engineering at the Faculty of Engineer-

ing of the University of Porto (FEUP), under the Production Management specialization, so this

85
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project enabled the practical application of key topics covered in multiple courses, such as Lean

Manufacturing, Production Systems, Work Methods, Ergonomics, and Quality Management.

It provided a strong foundation to consolidate technical and methodological skills, particu-

larly in the areas of production flow analysis, process optimisation, standardisation, continuoues

improvement and structured improvement implementation.

It also offered a deeper understanding of how these tools gain significance when applied within

a structured organisational culture that promotes stability, standardised work, and the systematic

elimination of waste.

Future work and development opportunities

The continuation of this work may be achieved through the launch of several improvement projects

identified throughout the project, through the VSM analysis, the problem solving, and through

daily interaction with the production environment , such as:

• Improve chassis logistics and transport – ensure sequence flexibility, focused on imple-

menting a robust solution for chassis resequencing;

• Repurpose idle stations in trimming/assembly line, increasing resource utilisation;

• Balance painting cycle times – reduce intermediate stock, to address a critical challenge

in flow and process balancing;

• Enable real-time shop floor data collection – digitalisation, with the potential to signifi-

cantly enhance production monitoring;

• Expansion of the structured problem-solving approach to other types of defects observed

in the process, based on the methodology applied to the window issue;

• Continued engagement in kaizen improvement activities as a natural step in contributing

to a production environment guided by TPS, where small, incremental improvements are

the foundation of operational excellence.

These opportunities reinforce the notion that continuous improvement is not a finite effort, but

a long-term process of observation, collaboration, and commitment to the sustained development

of the production system.

Ultimately, this project reaffirmed a lesson that transcends technical mastery: excellence is not

an end point, but a habit, cultivated daily through humility, discipline, and the relentless pursuit

of better ways. In an era that often celebrates speed and disruption, the Toyota Way teaches that

true progress is quiet, steady, and human-centered. To improve is to care, for the product, for

the process, and above all, for the people. And it’s in this quiet care, repeated day after day, that

greatness takes root.
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Appendix A

VSM

A.1 Tables

Figure A.1: Yamazumi - Final Assembly line

91
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Figure A.2: Manpower - Final Assembly line
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Figure A.3: Times per station, Final Assembly (per model and engine variants)
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Figure A.4: Times per station - Final Inspection
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Figure A.5: PaintShop Layout

Figure A.6: Manpower - Painting
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Figure A.7: WSS example for Pre-wash - Painting

Figure A.8: Station Times - Painting
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Figure A.9: Times and Lead time - Welding
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Figure A.10: Manpower - Welding

Figure A.11: WSS for station B1 - welding
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Figure A.12: Times - Logistics
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Figure A.13: Lead Time - Logistics

Figure A.14: Pre-process, factory
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Figure A.15: Post-Process, factory

A.2 Figures

Figure A.16: VSM - Internal, pt1
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Figure A.17: VSM - Internal, pt2

Figure A.18: VSM - Inbound
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Figure A.19: VSM - Outbound
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Figure A.20: VSM displayed at the Engineering Office
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Problem Solving

B.1 Tables, Graphs and EWS’s

Figure B.1: EWS Protection installation - 1
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Figure B.2: EWS Protection installation - 2
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Figure B.3: EWS Window installation - 1
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Figure B.4: EWS Window installation - 1
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Figure B.5: EWS Protection Removal
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Figure B.6: WSS updated - TR3
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Figure B.7: Rejected Windows - area

Figure B.8: Cost Analysis

Figure B.9: Cost Analysis - predicted costs
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Figure B.10: Defects registered - April
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Figure B.11: Defects registered - May

Figure B.12: Defects registered - June
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B.2 Figures

Figure B.13: Window unpacking - log Figure B.14: Window inspection - log

Figure B.15: Window loading to dolly
- log

Figure B.16: Window stored in dolly -
line
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Figure B.17: Dolly in Mizusumashi
route - Transportation Figure B.18: Window handling - TR3

Figure B.19: Window assembly Figure B.20: Window tightening



116 Problem Solving

Figure B.21: Components inside door
frame during window installation

Figure B.22: Window functional test-
ing

Figure B.23: Window cleaning and in-
spection

Figure B.24: Window lowered until Fi-
nal Inspection
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Figure B.25: Raising the window, QC1
Figure B.26: Final inspection window,
QC1

Figure B.27: Defect registration sheet
for logistics

Figure B.28: Protection testing - insert-
ing
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Figure B.29: Protection testing - plac-
ing

Figure B.30: Protection testing - win-
dow sliding

Figure B.31: - Protection testing – internal Figure B.32: Protection testing – removal
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Figure B.33: Protection testing – storing
Figure B.34: Window inspection at LOG, be-
fore

Figure B.35: Ligth units configuration, idea
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Kaizen Improvements

C.1 Tables, Graphs and EWS’s

Figure C.1: Time study example in Kinovea
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Figure C.2: SWRS Radiator pre-assy, 1
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Figure C.3: SWRS Radiator pre-assy, 2
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Figure C.4: Analysis assumptions/conditions - 3D printing, 1

Figure C.5: Analysis assumptions/conditions - 3D printing, 2
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Figure C.6: Financial analysis for printers – ROI

Figure C.7: Savings Over time - 3D printer solution
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Figure C.8: Updated EWS for handbrake assembly

C.2 Figures

Figure C.9: Controller contact, 1 Figure C.10: Controller contact, 2
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Figure C.11: Controller contact, 2 Figure C.12: Controller contact, 4

Figure C.13: Minimum height - con-
troller position

Figure C.14: Maximum height - con-
troller position
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Figure C.15: Controller and cable weight

Figure C.16: Balancer - flex type B
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Figure C.17: Balancer, flex type c
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Figure C.18: Balancer System installa-
tion

Figure C.19: Spring Balancer System
installed

Figure C.20: Operator strugle to reach higher positions
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Figure C.21: Dolly FA3 - technical drawing

Figure C.22: Coupling mechanism, be-
fore

Figure C.23: Coupling mechanism -
hand entrapment risk
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Figure C.24: Locking pin Figure C.25: New coupling mechanism

Figure C.26: Buffer installation
Figure C.27: Step locking system, be-
fore - Ergonomic risk
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Figure C.28: Wheel support for side
step

Figure C.29: Operator safety risk,
when close to the car – need for addi-
tional step
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Figure C.30: Mizu ramp, technical drawing
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Figure C.31: Defect sheet - fallen parts from mizu
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Figure C.32: Instrument based on a load cell - handbrake assembly
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