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Abstract: This study aims to address the challenge of implementing Lean philosophy in Small and
Medium Enterprises (SMEs) and fill the research gap regarding Lean application in vehicle seat
upholstery maintenance/repairing processes. The Lean tools applied in a case study of an upholstery
industry of vehicle seats were as follows: Value Stream Mapping, Spaghetti Diagram, Gemba, 5S,
Standardized Work, Kaizen, Kanban, and Poka-Yoke tools. A Decision Support Method using Excel
Microsoft 365 was developed for improved stock control. A GUT Matrix was formulated to prioritize
improvement opportunities, aiding prompt decision-making. This systematic approach enabled
the company to address critical areas requiring swift attention. The results of Lean tools imple-
mentation led to a process waste minimization around 47%, and the process Lead Time decreased
by approximately 26%, resulting in a 33% production increase. Thus, the Lean tools integration
leads to substantial waste reduction, shorter process time, and increased production. The Decision
Support Method enabled the company to efficiently monitor and manage its stock levels, thereby
enhancing inventory management practices. This case study outlines the successful optimization
of an upholstery production process in an SME by effectively applying Lean tools, highlighting its
feasibility and benefits.

Keywords: value stream mapping; spaghetti diagram; 5S; standardized work; Kaizen; Kanban;
Poka-Yoke; decision support system; upholstery; small and medium enterprises

1. Introduction

In an increasingly competitive business environment, companies must evaluate their
competitive stance concerning their counterparts. Distinctive market positioning must be
accomplished by adding value to the product, eliminating waste, as well as improving
productivity [1].

Lean philosophy was developed to optimize resource utilization by minimizing ineffi-
ciencies. It has garnered heightened significance within the current setting of international
industrial competition [2,3]. The main objectives of the Lean philosophy in a company
are cost reduction while upholding product/service quality, waste elimination, customer
satisfaction, and the establishment of streamlined organizational efficiency and efficacy.
Lean philosophy has progressively begun to be adopted by companies in search of greater
efficiency in their performance [4]. While certain Small and Medium Enterprises (SMEs)
acknowledge the operational advantages inherent in Lean practices and tools, it remains ev-
ident that the adoption of such techniques is constrained by the lack of information, unclear
demonstrable outcomes, and the shortage of required human and financial resources [5].
Consequently, these SMEs fall short of realizing their full operational potential.

Additionally, a gap was identified in the literature related to the tailored implementa-
tion of Lean philosophy, specifically to the optimization of vehicle seat upholstery main-
tenance and repair processes. Thus, this study considers the application of Lean tools
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to optimize the activity of a Portuguese Small Enterprise (SE) in the upholstery industry.
This SE recognizes in the Lean philosophy a suitable approach to increase efficiency in
production processes, despite the restricted knowledge about this philosophy and its tools
that are limited to collaborators on the medium management board. Thus, the importance
of this case study lies in the possibility of helping this SE achieve its competitive potential
through the optimization of its activities. For this purpose, Lean tools will be used to
identify situations that overload the process with inefficiency and/or waste and rectify the
problems identified. Henceforth, this study makes the following contributions:

• The process improvement of the company under study—by using Lean tools, the com-
pany will increase its productivity; streamline its activity; and, ultimately, contribute
to enhancing its competitiveness in its market.

• Show that SMEs can benefit in optimizing activities from the implementation of Lean
philosophy and its tools.

• Complement the lack of studies of this nature in the upholstery industry, and the
lack of studies on the optimization of the vehicle seat upholstery productive process
through Lean tools.

• Provide the literature with ideas and solutions for common wastes and inefficiency
in productive processes, developed with Lean tools and Excel, which can be adapted
according to each situation.

• For this purpose, this article starts with a literature review that allows a proper
knowledge of the Lean tools most suitable for this purpose. Next, the case study is
presented. An initial survey of the operations is described. Afterward, we present a
section dedicated to each Improvement Opportunity (IO) identified in the company’s
activity. The results of the implementation of Lean tools are presented and discussed.
Finally, some limitations and proposals for future works are detailed and a conclusion
is presented.

2. Theoretical Foundation

This article’s portion is dedicated to presenting a theoretical foundation of the article’s
subject matter. First, a review of Lean philosophy will be presented as well as some of its
tools, namely, the tools used in the development of this study. Additionally, to outline the
lack of studies of Lean implementation in the vehicle seat upholstery industry, this subject
matter is also reviewed and presented. It will also display a review of some Quality Tools
that were used.

2.1. Lean Philosophy

The term Lean Production was first used by John Krafcik, a researcher at the Inter-
national Motor Vehicle Program, according to whom production can be characterized
as Lean since it uses less human effort in the factories and, fewer engineering hours for
the development of a new product (and in less time) while at the same time keeping a
smaller amount of stock, and managing to provide fewer defects and a greater variety
of products [6]. Therefore, Lean Manufacturing (LM) prioritizes robust operations that
are responsive, flexible, predictable, and consistent, thereby generating production that
is focused on continuous improvement through a workforce driven by measures that are
production-based, and aligned with customer performance criteria, needs, and expecta-
tions [7]. It focuses on a highly responsive approach to customer demand by reducing
waste and aiming to produce products and services at a low cost and as fast as required by
the customer [8].

The LM is based on the Toyota Production System (TPS), a production system de-
veloped by Toyota at a time when the Japanese automotive industry was suffering the
consequences of World War II and facing a lack of resources, money, and skilled labor [2].
Toyota was founded around 1918, with the drive and innovation of Sakichi Toyoda, Kiichiro
Toyoda, and Eiji Toyoda, as well as Taiichi Ohno, a mechanical engineer [9]. Sakichi Toyoda
contributed by inventing a motorized loom with a specific mechanism designed to stop
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production if there was a break in the yarn being worked on the loom [10]. This mechanism
would later serve as the foundation for Jidoka, one of the main pillars on which the TPS
would be built. Jidoka is a concept that features intelligent capabilities where machines
automatically stop a process in case of an abnormality, problem, equipment malfunction, or
quality problems, among others [11]. Later, Kiichiro Toyoda realized that it was necessary
to create a fast and flexible production process to meet the requirements and demands
of customers, with high quality and reasonable price. The idea behind this approach
was that, in the market, each customer buys a different car; therefore, in manufacturing,
cars should be made one at a time. To do this, Kiichiro Toyoda began by preparing the
system to produce according to a Just-in-Time (JIT) methodology. JIT means being able to
purchase products at the right time and quantity to eliminate waste, uneven production,
and unreasonableness while improving efficiency [10,12].

Around the 1950s, Eiji Toyoda became the general director of production and was sent
to visit Ford and General Motors, bringing back ideas of implementing mass production
for Toyota. However, monetary constraints and the low volume in the Japanese market did
not justify large batch sizes. Thus, later, the person who would give a crucial push in the
development of TPS and its ability to produce a large variety in small batches economically
would be Taiichi Ohno. One of Ohno’s most notorious contributions concerns a “Kanban
supermarket” for controlling material replenishment. The result was a production system
able to produce a considerable variety of cars in low volumes and at a competitive cost,
changing the conventional mass production way of thinking and a production system that
would turn out to be a reference for production all over the world [9].

The TPS was named as the first system to work under Lean guidelines, and as such,
LM is considered a successor to TPS, adding some principles to set standards to increase
the performance of an organization [10]. Those principles are presented in Table 1. In
terms of wastes that affect a productive process, initially, the Lean philosophy identified
seven wastes; however, an eighth source of waste is now also considered. These wastes are
presented in Table 2.

Table 1. Lean Principles. (based on data available in [2,10,13,14]).

Specify Value Mapping the
Value Stream Create Flow Pull System Striving for Perfection

This principle
represents the need to

determine the
product’s value in the
customer’s eyes, i.e.,

the value the customers
are willing to pay for

the quality they receive.

This principle is based
on careful identification

of the processes
through which the

product goes, from the
start of production to
final delivery to the
customer. It means

specifying the value
chain, classifying the
respective activities,
and identifying the

value added and the
non-value added.

This principle is about
the creation of a fast

and undisturbed flow
of value, focusing on

eliminating the factors
that inhibit the

production process and
prolong the product
delivery time or the
time to provide the

service to a customer.

This principle indicates
that the company
should only start

producing the product
when the customer
demands it. At the

manufacturing level, it
means production

carried out only as a
response to a demand,

i.e., nothing will start to
be produced until there

is a signal from the
customer side. It makes
use of a JIT approach to
meet customer needs.

This principle is a
crucial concept at the
strategic level because

perfection
distinguishes an

organization from
others. Perfection is

about producing
precisely what the
customer wants in

terms of quality and
quantity at the right
time, for a fair and
adequate price, and
with minimal waste.
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Table 2. The Seven Wastes (based on data available in [2,15,16]).

Overproduction Waiting Transportation Movements

This waste refers to
production over the quantity
demanded by the market, i.e.,
the manufacture of products
well in advance or quantities
bigger than the ones sold on

the market.

This waste refers to the idle
time of workers or equipment
caused whenever work has to
stop for various reasons. Time
is wasted when a process, to
start, has to wait for another

process to finish, making
production inefficient and
disrupting the production

flow, which should be smooth
and continuous.

This waste refers to the
temporal and monetary waste

that is manifested by the
transportation of materials

from one location to another,
involving the movement of
work tools, machine parts,

and increased probability of
product damage, i.e.,

non-value added activities
(which will be reflected in

unnecessary costs).

This waste refers to any
unnecessary physical

movement that diverts
workers from actual work

such as searching for, reaching
for, or stacking parts and tools,

and long and unnecessary
walking distances,

among others.

Overstocking Defects Overprocessing Underutilization of Human
Potential

This waste exists when an
organization has

unnecessarily high levels of
inventory (of raw materials,

finished goods, or
work-in-progress stock),
causing long lead times,

obsolescence, damaged goods,
transportation costs, storage
costs, and delays, as well as

the fact that extra stock
camouflages problems

in production.

This waste concerns the
production of non-conforming

products or their correction,
i.e., in addition to defective
products, it includes repair

activities, rework, or
replacement production.

This waste refers to taking
unnecessary steps to process

parts/products due to the
poor design of tools and

products. Doing more than
what the customer requires

generates additional waste in
terms of work, materials,

labor, and assets.

This waste refers to the lack of
recognition and utilization of

workers’ talent, skills, and
knowledge. Recognizing the
value of each employee will
increase the performance of

the organization.

To reduce and/or eliminate the presented wastes, the Lean philosophy makes use of several Lean tools. Some of
these tools will be presented in the next subsection.

2.2. Lean Tools

In this article, considering the IO identified in the company’s activity, and the de-
veloped proposal for their enhancement, the following tools were used: Gemba, Value
Stream Mapping (VSM), Spaghetti Diagram, 5S, Standardized Work, Kaizen, Kanban, and
Poka-Yoke.

2.2.1. Gemba

Gemba is a term that refers to the actual place and environment where materials,
products, and product development take place [15]. The antecedents of Gemba go back
to Taiichi Ohno and Shigeo Shingo in LM, who documented many instances where they
had visited the workplace to obtain clear insights into problematic issues and associated
practices [17]. Thus, this Lean tool consists of knowing each operation and its metrics
properly, i.e., understanding the real situation, which requires going to the Gemba; this
allows for enhancing competitive advantage because, by closely monitoring operations,
the person in charge can quickly know where they stand and obtain valuable insights into
production cycle times, waiting times, inventory, and reworks [15,17,18].

2.2.2. Value Stream Mapping (VSM)

VSM allows one to describe the flow of the entire production process, including the
flow of materials, the flow of information, and the flow of products from suppliers to
customers [19]. For this reason, it allows one to visualize, identify and quantify activities as
Value Added (VA), Non-Value Added (NVA), and Necessary Non-Value Added (NNVA)
activities. VA refers to the actual part of the process that translates into effective output
and actual production for which the customer pays and integrates activities of information
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transformation, engineering transformation, and accounting, among others. NVA activities
refer to pure waste and NNVA activities refer to those that are necessary even if they do not
add value from the customer’s perspective (for example, inspections, control systems to
check that procedures are being followed, and documentation, among other activities) [15].

When value streams are analyzed, it is possible to identify activities that do not
create value (NA and NNVA, that is, waste); identify that these activities consume most
of the time and resources; and find, through their elimination, that is is possible to bring
radical improvements in time and cost and ensure a continuous flow of value-creating
processes [20]. For this purpose, the premise behind this tool is the elaboration of a VSM
of the Current State of the operations, analyzing the real value of the product, followed
by redesign (using analysis to reduce waste, shorten delivery times, and improve material
flow) and, finally, the development of a VSM of the Future State of operations [3].

2.2.3. Spaghetti Diagram

A Spaghetti Diagram, Spaghetti Chart, Spaghetti Model, or Spaghetti Plot is a method
to view the movement of an object (worker, material, and so on) in a system (production
area, part of a building or a workshop, for example) with the help of lines. The lines are
drawn in a certain layout, with various colors or types of lines depending on the different
flows, and to help identify the movement lengths, number of movements, overlapping and
crossing movements, and their characteristics according to the chosen classification. The
new layout should have lines as short as possible and without many intersections [21,22].

This tool, therefore, allows capturing the existing condition and visually displaying
what happens in the process, thereby identifying opportunities for reducing and/or elimi-
nating waste as well as identifying inefficient movements and ineffective areas, downsizing
the number of staff, and making changes to the work organization or the workstation
layout [15,21].

2.2.4. 5S

The 5S tool is a workplace organization technique used to organize and create quality
in the workplace, representing a tool for cleaning and organization to improve efficiency
by eliminating waste [23]. It is based on five Japanese words beginning with the letter “s”,
which are presented and explained in Table 3 based on data available in [24].

Table 3. 5S (based on data available in [24]).

Seiri
(Utilization)

Seiton
(Organization)

Seiso
(Cleaning)

Seiketsu
(Standardization)

Shitsuke
(Discipline)

Eliminate unnecessary
items that do not add
value and are easy to

dispose of from
the workplace.

Unnecessary materials
and equipment that are
extra or rarely used in

the workplace only
lead to reduced
work efficiency.

Selecting disorganized
products, materials, or

equipment and
arranging them in their

proper place,
avoiding jams.

The workplace should
be cleaned at regular

intervals. After use, all
tools and equipment
should be returned to
their proper places. A

dirty area is more likely
to cause injury to

workers. The aim of
this sense therefore, is

to remove and
replenish the

workplace as well as
the roof of waste, dirt,

and damage.

The organization
should develop

standardized
procedures, rules, and

expectations to
maintain continuous
activity in all areas.

Standardization
involves the creation of

visual guidelines to
keep the workplace
organized and clean

according to the senses
named above. For this
purpose, checklists can

be used.

This sense is essential
as it includes clear

understanding, correct
processes and structure,

support and
management of
employees, and

adaptability to 5S to
prevent everything

from returning to the
state before the

implementation of the
other senses. Audit

plans should be
developed in this sense.
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The continuous implementation of the 5S methodology reveals several advantages,
such as [25] improved quality of products and services; clean and productive work en-
vironment; improved maintenance and safety; cost reduction; increasing effectiveness
in the processes; discipline and better engagement in the workplace; improved sense of
responsibility and teamwork; better equipment reliability; reduced waste; less space for
storage; less wasted labor time; and reduced production and setup times, among others.

2.2.5. Standardized Work

Standardized Work is a system of detailed and documented descriptions by which
operators develop and follow a sequence of tasks that are repeated within a job used to
maintain order and consistency in operations and reduce process variation by defining
a baseline for continuous improvement [26]. The application of a standard operation
method —in other words, a work instruction—is one of the safest and most effective ways
to use resources such as people, machines, and materials efficiently; to make operations
sustainable; and, overall, to allow greater documentation and recording of each procedure,
reduction in process variability, and ease in training new workers [20,27].

2.2.6. Kaizen

Kaizen consists of two words, Kai, which means development, and Zen, which means
continuous; thus, Kaizen is the Japanese word for “continuous improvement”. It refers to a
philosophy that ensures not only continuous improvement towards the perfection of the
activity but also addresses measures to be taken to reduce and/or eliminate inefficiencies
that are identified, through logic and systematic thinking, aiding in boosting production,
quality effectiveness, resolving environmental challenges, and establishing a problem-
solving culture [2,20,28].

Kaizen equips workers with individual skills for effective work in small groups to
solve problems; document processes; and improve data collection, analysis, and self-
management within the small group. This way, it drives decisions or proposal-making by
employees, fostering debate and the involvement of all; helps the organization achieve its
goals by increasing its objectives, profits, efficiency, productivity, and competitiveness; and
reduces Muda and expenses through the involvement of each employee [15,29].

2.2.7. Kanban

A Kanban is a system of moving parts, products, or materials, whereby the movement
between workstations on a production line is based on the use of cards (when a card is
allocated to each item in production, the set of cards, is called a Kanban System) [3]. It
is essentially cards that instruct the production line to produce a certain quantity of a
certain item on the premise that parts are only delivered to the production line when they
are needed for production [15]. This allows the elimination of storage in the production
area between work phases. An E-Kanban System replaces of the physical cards with an
electronic notification (either a notification on a computer or a smart device like a barcode
scanner, for example) [30].

A Kanban process must be executed following three key principles [31]:

• Visualize the workflow: by creating a visual model of the work and its flow, splitting
the work into pieces, writing each item on a card, and putting the card on a Kanban
board, it is possible to observe the flow and increase communication and collaboration.

• Limit the work-in-progress: by limiting how much unfinished work is in process, the
team can reduce the time it takes for an item to travel through the Kanban pipeline,
avoiding problems caused by task switching and providing agility by enabling new
incoming tasks to be effectively prioritized.

• Focus on flow: smooth the flow of work and make sure the team is focused on getting
work completed.
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2.2.8. Poka-Yoke

Depending on the type of industry, the human factor is recognized as the cause of up
to 80% of failures, which means that humans more or less directly contribute to a significant
part of the failures. Thus, Poka-Yoke was developed by Shigeo Shingo, with the premise of
using simple, inexpensive but effective techniques to avoid human error [32]. So, this tool
refers to any idea, device, mechanism, or solution that allows for the detection of errors,
which later become defects that decrease the final quality of the product [18,33].

Poka-Yoke’s main advantage is that it works as process control, which allows feedback
and, therefore, decision-making and undertaking immediate actions, which can generate
a corrective measure [34]. In other words, it ensures that the appropriate conditions exist
before moving on to the next stage, thereby preventing errors from occurring at all and,
avoiding their propagation throughout the process [35].

2.3. Lean Implementation in the Upholstery Manufacturing Industry

When searching the literature for case studies that addressed the topic, several inter-
esting and relevant studies were identified, which are presented in Table 4.

Table 4. Case studies identified Lean implementation in the upholstery manufacturing industry.

Authors Title Methods Results

Hunter (2008) [36]

The Toyota Production System
Applied to the Upholstery
Furniture Manufacturing

Industry

Re-engineering of the production
line into several “D”-shaped work

cells; Kanban system for
inventory management;

production control system.

Increase in productivity by 11.2%;
reduction of direct labor by 36.4%;

reduction in walking distance; easy
communication; reduction of physical
space; reduction of the level of stock
between sub-cells; drive continuous
improvement efforts; reduction of

inventory costs of work-in-progress;
ergonomic improvements.

Stalhofer et al.
(2016) [37]

Implementation of Lean Tools
in Small and Medium-sized

Enterprises: A case study in a
furniture industry

Kaizen-derived weekly
suggestion system; 5S; Checklists
for eliminating communication

errors and Standardization;
questionnaire.

Identification of causes, effects, and
solutions; streamlining

communication; reduction in time
spent on activities caused by

inefficient organization of the factory
environment; motivation of workers

(due to a more hygienic and
organized workplace); promotion of
communication between the office
and the shop floor; elimination of

conflicts causing defects; the
questionnaire concluded that the

need for Lean strategies in the daily
life of the organization was voted as
very high by 50% of employees and

as high by the remaining 50%.

Talapatra and
Shefa (2019) [38]

Application of Value Stream
Mapping to Improve Financial
Performance of a Production

Floor: A Case Study

VSM; a Pull system combined
with a Kanban-based stock

management support system;
synchronization of cycle time

with Takt Time *; combination of
processes; modification and

simplification of activities with 5S
principles; modification of the

layout; reorganization of the work
carried out at the workstations;

training on Lean and
Kaizen approaches.

29.69% increase in process cycle
efficiency; 24.8% increase in total

added value time; 60% decrease in
non-added value time; 66.67%

decrease in production Lead Time;
and 11.25% reduction in total

weekly cost.
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Table 4. Cont.

Authors Title Methods Results

Guzel and Asiabi
(2021) [20]

Increasing Productivity of
Furniture Factory with Lean

Management Techniques
(Case Study)

VSM; frame workshop layout
study; standardization; visual

management; dividing work into
small pieces in the fabric sewing
workshop; 5S; One-Piece flow;

Kaizen.

Reduction in walking time of about
20 working days; reduction in the

number of malfunctions;
improvement of 50% in the time of

searching for materials and vehicles;
improvement of 13.94% in the process
time; reduction in the operating time
by 90 min; quick adaptation of new
workers; elimination of waiting and
stockpile problems in downstream

processes; reduction in the number of
semi-finished products and increase

in the number of finished products in
daily production; improvement of

65% in waiting times; increase of 29%
in annual labor times.

Pascu et al.
(2023) [39]

Implementation of the Lean
Manufacturing 6S

Technique—Case Study

6S (Sorting—Set in Order—
Shine—Standardization—

Safety—Sustain)

Improvement in work safety (the
dangers are more easily identified
and prevented by creating visual

management); reduction in the level
of stocks by keeping only useful

landmarks at work; improvement in
quality (through discipline);

prevention of mistakes and reduction
of the number of scraps through

visual management; reduction in the
Lead Time of a finished product

through the elimination of wasted
time looking for tools, clutter, and

inefficient movement; elimination of
unnecessary travel and

over-processing; increase in the
morale of employees.

* Takt Time refers to the cycle time, i.e., it is related to the determination of the production time [2].

As it can be concluded from this subsection, it appears that in the literature there are
few studies of the implementation of Lean tools for production optimization in the uphol-
stery industry and, more specifically, regarding the upholstery maintenance/production of
vehicle seats as most of the studies found address productive processes in the furniture
industry. However, the case studies identified and presented provide an important basis
for the best tools—namely, 5S, Standardized Work, Kanban, Kaizen, VSM, and layout
studies (Spaghetti Diagram)—and how to proceed in terms of implementation steps. They
also provide a guiding thread of methodology to follow in a practical approach similar
to the one carried out in these studies. Moreover, the reviewed studies provide a guide
in as to what kind of results to expect from the implementation of the named tools and
Lean practices mainly, the reduction of waste and, consequently, of the production Lead
Time, while improving workers’ motivation through a clean and organized workplace and
improving work ergonomics and safety.

2.4. Quality Tools

In this article, three Quality Tools were used: Flowchart and Checklist, which areboth
part of the Seven Quality Tools, i.e., appropriate tools that do not require formal training in
statistics and can be used to solve a large part of quality-related problems; GUT Matrix.
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2.4.1. Flowchart

The Flowchart is an aid diagram to allow better understanding of the problems,
clarifying the archetype of their solutions, that is, through the illustrative example of the
process, it is possible to observe the general picture and the context of a project or situation.
It contains inputs, activities, decision points, and outputs to represent the main objective of
the process and shows the process from start to end, which is stopped if any product defect
occurs. Moreover, it helps to study, plan, improve, and communicate complex processes
simply and clearly to handle defects and quality problems [40,41].

2.4.2. Checklist

This tool refers to the collection of process data. It is used to systematize and facilitate
the collection of data on a potential quality problem and one of its main applications
concerns the collection of information on an attribute during inspections to identify defects
in production. The Checklist sets up a reliable, compelling, and conservative approach that
can be applied in the auditing of quality assurance for checking on and following the steps
in particular processes, and it helps the user to organize the data for later usage [40,41].

2.4.3. GUT Matrix

This tool is used for prioritization actions in planning and decision-making, by ranking
problems against three criteria [42]: Gravity, Urgency, and Tendency. The Gravity criterion
refers to the possible damage or losses that may occur as a result of an incorrectly addressed
situation, i.e., it refers to the intensity and depth of the damage that the problem can reach
if there is no intervention. The Urgency criterion is related to the time available to correct or
solve a given problem before the results of the situation become undesirable and harmful.
The Tendency criterion refers to the pattern or tendency of worsening the situation, i.e., the
development that the problem will have in the absence of intervention [42,43].

The premise of the GUT Matrix is based on the classification of problems concerning
each of the mentioned criteria according to the classification presented in Table 5; subse-
quently, the GUT calculation is performed. This calculation is the multiplication of the
classification given to each criterion, thus indicating the higher or lower priority of the
problem compared with the others [42,43].

Table 5. GUT Matrix Classification (Adapted from [43]).

Amount Gravity Urgency Tendency

5 Extremely Serious Extremely Urgent Will Get Worse Immediately

4 Very Serious Very Urgent Will Get Worse in the Short Term

3 Serious Urgent Will Get Worse in the Medium Term

2 Not Serious Not Urgent Will Get Worse in the Long Term

1 No Gravity No Urgency No Tendency to Worsen

3. Case Study

The SE in question specializes in the maintenance, renovation, and/or repair of
upholstery for light motor vehicles and heavy motor passenger transport vehicles from
various industries.

3.1. Problems Identified

After analyzing and characterizing this SE’s activity, simultaneously with a visit to
the Gemba and observing operations on the shop floor, two major critical problems for the
company’s productivity and efficiency were identified, which will generically be named
Problem Nº1 and Problem Nº2 because they refer to two different subject matters—one
refers to stock control and the other to non-productive time—but both represent key
problematic issues that directly affect the company’s performance and its production rate.
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Also, as both problems were solved through different methodologies, this name distinction
was found to be the most adequate.

3.1.1. Problem Nº1

The first problem, Problem Nº1, refers to the lack of rigorous control of the number
of stocks in the company. This SE’s stocks are mainly fabrics and foams, however, many
other categories of products are parts of its inventory and are used/consumed daily by
the employees throughout the production process until the final product is ready to be
delivered to the customer. Nevertheless, the products are not controlled in terms of time
or quantity, which means that no control allows verifying the stocks of a given product at
any time or at the beginning of a project. This leads to the existence of one of the seven
wastes: “Overstocking” (as well as the opposite situation of insufficient stock)—due to
the lack of accurate stock control, the company ends up ordering more or less than the
necessary amount to supply a project. In addition, some fabrics have a simple identification
label, however, the remaining products (which are over 900 products), do not have any
identification or reference. This lack of a rigorous label for all of the products leads to
another Lean waste: “Movements”. The Worksheet is grouped into a sample of fabric
which is the one that must be used in the project; according to this sample, the workers
orient themselves by moving to the fabric shelves and looking for a similar fabric. The
lack of a label means that workers have to move unnecessarily between shelves to find
the fabric corresponding to the sample (which is also a waste of time). Problem Nº1 will
be solved through the development of a Decision Support System (DDS) for stock control
and management.

3.1.2. Problem Nº2

The second problem, Problem Nº2, concerns the light motor vehicle section, in which,
according to a productivity study carried out by the company, there is about 40% of non-
productive time. So, this study will use Lean tools to reduce this percentage, studying the
most critical productive process in this section. In terms of the seven wastes, this productive
process verifies the existence of the “Waiting” waste—in all the unnecessary waiting times;
“Transportation” waste—in all the unnecessary displacements; and two specific situations
of the process including the “Defects” and “Movements” wastes, which will be detailed in
a further section.

4. Improvement Proposals

This section will first present and elaborate on the DDS for stock control. Next, Lean
tools will be used to characterize the SE’s Current State and, subsequently, opportunities
will be identified. The Future State of operations will be analyzed and, using Lean tools,
improvement proposals will be explored for the identified opportunities.

4.1. DDS for Stock Control

The DDS for stock control was developed using Microsoft Excel software, a tool used
for data analysis and visualization, because it is a tool already used by companies in their
everyday activity and manages to meet the necessary functions for stock control without
implying a monetary investment while also being easy to understand and used by everyone
regardless of their academic background or professional experience. For this purpose, a
dashboard was created that contemplates the option to head to three different controls
that complement each other: “Weekly Control”; “New Project”; and “Creation of a New
Reference”. This dashboard also contemplates the option of heading to an Instructions
page where everything is explained (how to use the DDS and information about the Coding
Standard developed).

For these controls to be carried out, the first step in the preparation of DDS was the
creation of an “Inventory” sheet. This sheet contemplates a dynamic table with the fol-
lowing columns/information: “Category”; “Supplier”; “Product Description”; “Reference
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Code”; and “Contact”. The “Category” column was created to group the products so that
they are easier to control and simpler to monitor and code; thus, 17 main categories were
created. The “Supplier” column is a list of the suppliers of each product. The column
“Product Description” refers to the complete exposition of each product according to its
characteristics and specifications, for example, color and measurements. The “Contact”
column presents the telephone number or email of the suppliers of each product. Finally,
the column “Reference Code” was filled using the following standard: the initials of the
Category, the initials of the Supplier, and the initials of the Product Description, with each
set of initials being separated by a dot and, to these, numeric specifications were added.
This coding will reduce the waste “Movements” identified in Section 3.1.1 because by
knowing exactly which product the worker has to look at, there will be less displacements
between the fabric shelves looking for the fabric corresponding to the sample attached to
the Worksheet.

This “Inventory” sheet was developed so that each product can be identified by the
generated reference code and thus controlled in Excel by always referring to the respective
code. For everything to work correctly, it is proposed to label all products in stock on a
simple label, such as the one proposed in Figure 1.
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4.1.1. Weekly Control

“Weekly Control”, whose interface is shown in Figure 2, is associated with the imple-
mentation of a Control Sheet (CS) in every storage zone that the SE has.
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The proposed CS contains the following information: “Date” (dd/mm/yyyy); “Worker”
(signature); “Category”; “Reference Code”; and “Output”, which should be filled in each
time a worker removes any quantity that is in storage; and a column named “Check” to
be filled by the person responsible for stock control when adding this information in the
DDS, in the “Weekly Control”. To streamline the use of the CS by workers, a map of the
storage areas of the different categories was created, which is presented in Appendix A.
This map should be placed in each work area to allow each worker to have a quick source
of information regarding where the material they are looking for is located according to the
material’s category. Weekly, a named, responsible individual should survey the outputs



Appl. Sci. 2023, 13, 9974 12 of 29

registered in the CS, and enter this value associated with the date in the DDS as well as any
entry that has existed for that product. This way, a “History” sheet will also be created and
regularly updated.

The first step was the elaboration of the interface shown in Figure 2; afterwards,
functions were assigned to each cell. In the “Reference” cell of Figure 2, the reference
code corresponding to the withdrawn or added product should be selected. For this
purpose, a searchable list was created (with a combo box, “ActiveX Control”). The “Product
Description” (in Figure 2) cell has the function of automatically displaying the product
description associated with the code entered in the “Reference” cell using the XLOOKUP
command. The purpose of this cell is to minimize errors, for example, entering a quantity
for the wrong product. The “Input” and “Output” cells (from Figure 2) are meant to be
filled with the quantities consumed and/or acquired during the week. The “Quantity
in Stock” cell in Figure 2 will allow the visualization of the quantity in stock through
the sum of the quantities, with reference to the respective code in the “History” sheet,
using a SUMIF command. The buttons “CLEAR” and “ADD” were created with the
Excel Macros option.

To use this control, the user must follow the following order of application:

1. Select the reference code of the product being controlled;
2. Select the date;
3. Enter the input value if any quantity was purchased, or the value “0”;
4. Enter the output value, i.e., the consumption of the week;
5. Click on the “Add” button;
6. Automatically, an updated stock quantity will appear (and the information will be

added to a “History” of inputs and outputs sheet);
7. Click on the “CLEAR” button;
8. Insert new reference code;
9. Repeat steps 1 to 7.

4.1.2. New Project

The “New Project” control, whose interface is shown in Figure 3, refers to the arrival
of a new project. In this case, in the company, a planning meeting is held where the SE
estimates the needs of the project. Thus, the DDS in this control will compare these needs
with the stocks, automatically returning the missing quantity (if that is the case) according
to the “History” sheet.
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This control will eliminate the waste “Overstocking” identified in Section 3.1.1 because
the exact quantities needed to supply a project will be known, i.e., nothing will be ordered
in excess. The lack of stock in the middle of the project will also be eliminated.

The “Reference” cell from Figure 3 refers to the introduction of the reference code of
the product whose need to order is to be assessed; as in “Weekly Control”, it was developed
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using a searchable list. The “Project Need” cell is purely a fill-in cell, with the estimated
value from the planning meeting. The “Difference” cell will indicate the missing quantity,
i.e., it will find out what the existence in stock is (according to the “History” on inputs
and outputs created by the “Weekly Control”) and compare this value with the need of
the project. For this purpose, it uses IF, SUMIF, and XLOOKUP commands. To this cell,
Conditional Formatting was also added so that it assumes the color green if there is no
quantity missing or the color red if a greater quantity is needed than there is in stock. The
cells “Suppliers” and “Contact” are filled automatically when the reference code is selected
using an XLOOKUP command. These cells were developed to speed up the ordering
process of the missing quantities.

To use this control, the user must follow the following order of application:

1. Choose the reference code of the product whose quantity one is evaluating;
2. Select the date;
3. Enter the required quantity of the product in question for the project;
4. The quantity to be ordered will automatically appear, as well as the supplier associated

with that product and its contact;
5. Select the “CLEAR” button;
6. Repeat the previous steps for the products whose need for the project is to be analyzed

against the quantity in stock.

4.1.3. Creation of a New Reference

The “Creation of a New Reference” control, whose interface is shown in Figure 4,
should be used when the company is faced with the need to purchase a product that it has
never used. So, since the DDS always refers to the product reference code, a reference will
have to be generated to refer to the new product that is to be acquired.
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Two different possibilities were considered for this control: the new product will be
purchased from a supplier that the company has already used, which therefore already
exists in the DDS database, or the new project will be purchased from a supplier that is
completely new to the company and, therefore, their name and contact details must be
added to the DDS database. In the first situation, since the supplier will already be in the
DDS database for the “Supplier” cell, a searchable list was created. Since the coding of the
product is linked to its category for the “Category” cell, a searchable list was also created.
The “Product Description” cell is merely a fill-in cell, where the user must detail the new
product characteristics. The “Reference” cell is also purely for filling in, according to the
code standard proposed. In the second situation, since the supplier that the company will
use to purchase the new product will also be new, the “Supplier” and “Supplier’s Contact”
cells are fillable, to add the information to the DDS database.
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To use this control, the user must follow the following order of application:

1. Select the supplier (in the first case) or enter the new supplier’s name and contact (in
the second case);

2. Select the category of the new product;
3. Describe the characteristics of the product;
4. Insert the reference code according to the coding standard;
5. Click on the “ADD” button;
6. Click on the “CLEAR” button;
7. This reference will be ready for use (as well as the data of the new supplier in the

second case);
8. Repeat steps 1–7 to create another reference.

4.2. VSM

In Gemba, by observing and analyzing the productive process, a Flowchart of it was
developed. Then, to analyze where waste and improvement opportunities existed, the
production process of the Flowchart (the most critical process of the most representative
product repaired in this work section—a seat) was subdivided into various steps. Af-
terwards, each step was detailed in terms of the activities that comprise it, movements
made, and existing wait, and each activity was then classified as VA, NVA, and/or NNVA
according to the criteria presented in Section 2.2.2. The cycle time of the different phases
as well as the waits were measured by direct observation; timing; and, where timing was
not possible, by estimation indicated by the workers of the light motor vehicle section.
With this information, the VSM of the Current State was developed, from which the values
presented in Table 6 were obtained.

Table 6. VSM of the Current State values.

Activities Total (s)

VA 27.554

NVA 1.503

NNVA 24.423

Lead Time * 29.801
* The Lead Time was calculated according to some details, namely, the fact that some of the process’s phases
happen in parallel with each other. This particularity was accounted for.

The Lead Time corresponds to approximately 8 h and 17 min. This is the total time
that it currently takes to repair and renovate a seat upholstery in the SE allocated to the
study. Although, in this section, more products than the seats are renovated, maintained,
and/or repaired, to visualize the current situation, it will be considered that the company,
in the light motor vehicle work section, only works on the repair and maintenance of the
vehicle’s seat upholstery. Knowing that a month has 22 working days and that the company
only works on one 8 h shift, in a month, the SE works 633.600 s. Thus, theoretically, the SE
would currently be repairing about 21 seats per month according to Equation (1).

633.600
29.801

≈ 21 seats (1)

Given the Current State, proposals for improvements to reduce and/or eliminate
NNVAs and eliminate NVAs were investigated and explored. These proposals will be
detailed in the next subsection according to the Lean tool that allows their reduction and/or
elimination. Given these proposals, each cycle time will take new values. With those values,
the VSM of the Future State was developed, from which the values presented in Table 7
were obtained.
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Table 7. VSM of the Future State values.

Activities Total (s)

VA 27.554

NVA 0

NNVA 13.022

Lead Time * 22.042
* The Lead Time was calculated according to the fact that some of the process’s phases happen in parallel with
each other, also according to the proposed measures.

The Lead Time of a seat upholstery in the Future State is approximately, 6 h and 7 min
according to Table 7. Similarly to what was done for the Current State, it will be considered
that the SE, in the light motor vehicle section, only operates in the repair of the vehicle’s
seat upholstery. Attending to this consideration, in the Future State, the SE would repair
about 28 seats per month according to Equation (2).

633.600
22.042

≈ 28 seats (2)

4.3. Spaghetti Diagram

After the specification of each step of the process, a high number of displacements
were classified as NVA and NNVA; thus, regarding the waste “Transportation” identified
in Section 3.1.2, the Current State Spaghetti Diagram was elaborated. This allows a visu-
alization of all the displacements made through the representation of the flow of people
verified in the productive process of a seat, as shown in Figure 5.
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Following the opportunities for improvement that will be detailed and proposed in the
following subsections through the use of various Lean tools, it is also possible to elaborate
on the Future State Spaghetti Diagram, which is presented in Figure 6.
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4.4. Improvement Opportunities

In the light motor section, as already explained, several upholstery components are re-
paired. However, this study analyzes the productive process of repairing and maintenance
of the most representative product in terms of sales—the vehicle seat. This process starts
with the dismantling of the seat from the vehicle, followed by the removal of all accessories
and original seat capes. Then the structure is painted. Some foams might arrive somewhat
humid and wet, so there is also a phase of drying. After the foam is dried, the workers
proceed with its maintenance and repair. Afterward, the cutting and sewing of the new
covers take place. With these new capes, the structure is assembled, the seat is cleaned
and laundered, and it is assembled back into the vehicle. Lastly, there is the cleaning and
washing of the vehicle and quality control. Several IOs were identified. To present all the
opportunities explored coherently, Table 8 is elaborated to clarify the IO and the Lean tool
from which it is proposed to reduce and/or eliminate the critical point.

Table 8. IO and associated Lean Tools.

IO Description Lean Tool

1 The displacement between the workstation and the vehicle to fetch tools needed to
dismantle the seat Standardized Work

1.1 The displacement between the workstation and the vehicle to fetch tools needed to
dismantle the seat 5S

2 The waiting time for a worker to assist in the disassembly of the seat due to the
complexity of the model Kaizen

3 The waiting time for a worker to assist in transporting the seat from the vehicle to
the workstation Standardized Work
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Table 8. Cont.

IO Description Lean Tool

4 The displacements between workstations to fetch tools that are needed for
the work Kaizen

5 The waiting time for a tool that is being used by another worker and that is needed Kaizen

6 The displacement to deliver the original capes of the seats to the Cutting area Kaizen

7 The waiting time for the paint to be ready for use Kaizen

8 The displacement between the workstation and a place for the foam to
dry naturally Kaizen

9 The displacement between the workbench and the storage area to place the
work-in-progress seats whose foam had to be placed to dry out Kaizen

10 The waiting time for a worker to assist in transporting the work-in-progress seat to
the storage area Kaizen

11 Foam drying (naturally by sun exposition) Kaizen

12 The displacements to relocate the foam as the day goes on so that it has
solar exposition Kaizen

13 Collecting the foam from the drying place Kaizen

14 Displacement between the workstation and the foam shelf Standardized Work

14.1 Displacement between the workstation and the foam shelf 5S

15 Displacement between the workstation and the foam waste box (where leftovers
are placed after use) Standardized Work

15.1 Displacement between the workstation and the foam waste box (where leftovers
are placed after use) 5S

16 The displacement between the workstation and the other pavilion to pick up a
foam saw being used there, which is needed for the work Kaizen

17 The displacement between the workstation and the storage area in the second
pavilion to pick up a new can of glue 5S

18 The displacement between the workstation and the foam shelf—storage Standardized Work

18.1 The displacement between the workstation and the foam shelf—(storage 5S

19 The displacement between the workstation and the foam waste box (where
leftovers are placed after use)—storage Standardized Work

19.1 The displacement between the workstation and the foam waste box (where
leftovers are placed after use)—storage 5S

20 The displacement between the workstation and the work-in-progress storage area Kaizen

21 The displacement between the cutting bench and the fabric shelf Standardized Work

22 The displacement between the Sewing area and the upper floor storage room
when the thread stock runs out in the Sewing room Kaizen

22.1 The displacement between the Sewing area and the upper floor storage room
when the thread stock runs out in the Sewing room 5S

23 The displacement between workstations to pick up clamps and tools 5S

24 The displacement between the workstation and the storage room on the upper
floor to pick up a new box of staples (since they are stored there) 5S

25 The waiting time for a tool that is being used by another worker and that is needed Kaizen

26 The waiting time for a worker to assist in transporting the seat from the
workstation to the vehicle Standardized Work
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Table 8. Cont.

IO Description Lean Tool

27 The displacement between the workstation and the vehicle to fetch tools needed to
assemble the seat Standardized Work

27.1 The displacement between the workstation and the vehicle to fetch tools needed to
assemble the seat 5S

28 The waiting time for a worker to assist in assembling the seat due to the
complexity of the model Kaizen

29 The displacement between the workstation and the vehicle to fetch the cleaning
product and cloth Kaizen

30 Specific waste situation—Defects Poka-Yoke

31 Specific waste situation—Movements Kanban

4.4.1. 5S

IO 1.1 (as well as IO 27.1) concerns the displacement that exists when the worker who
is disassembling/assembling the seat needs a tool that is not next to them but on their
workstation. As it will be explained in Section 4.4.2, this is proposed as a work instruction,
so that the worker takes the mobile toolbox (which each worker has) with them to the
vehicle when disassembling/assembling the seat. For this to be possible, the storage and
organization of the shelves (behind every workstation) and the mobile toolbox is proposed
according to the 5S philosophy: the individual shelves should be arranged so that the tools
are arranged according to their use in each phase of the process and it is also proposed to
mark on the shelves the areas referring to each phase.

IO 14.1 (as well as IO 15.1, IO 18.1, and IO 19.1) refers to the displacements when
looking for a suitable foam to repair the original upholstery. For this situation, as will be
explained in Section 4.4.2, a work instruction is proposed. Associated with this instruction,
several 5S measures should be considered: the creation of individual storage boxes for
leftovers, exchanging the leftover box into a leftover shelf, and tidying and organizing the
foam shelves. First, it is proposed to place individual leftover boxes on each workstation,
where the leftovers are placed directly after using the foam boards. In this space, it is also
proposed to place the cans of glue in use as well as boxes of staples that each bench must
have (also solving IO 23). In Gemba, next to the workstations, there is a wooden box where
the leftover foam is currently placed and, later, where the workers search for leftovers that
can still be used. However, this method does not allow visualization of the leftovers at the
bottom of the box, representing a waste of material. Therefore, it is proposed to replace this
box with a shelf, which will also function as a shelf for stocks of staples and glue cans, to
also provide a solution to IO 24 and IO 17. Finally, workers must move to the foam shelves.
For these shelves an organization scheme is proposed that follows the fundamentals of the
5S methodology, where the foam boards are arranged and placed on the shelves according
to their density and applications (the areas should be properly identified). These shelves
should also be used to store vehicle seat molds (as will be explained in Section 4.4.3).

Regarding IO 22.1, as will be explained in Section 4.4.3, it is proposed to create a
shelf where the stocks related to the Sewing stage are arranged and organized by a 5S
methodology, for example, the ordination of needles and lines from thinnest to thickest.

To ensure that these practices are maintained they should be audited, according to
the checklists (an example of the checklists created, namely, for the 5S concerning the
workstation shelves, is presented in Appendix B). The frequency of these audits should be
established, ideally, weekly. With periodic audits, it is possible to track and monitor the
status of each 5S practice, through the “Total Rating” value. The “Total Rating” should be
assigned according to the scale adapted from [44]:



Appl. Sci. 2023, 13, 9974 19 of 29

• Score 0—No problem found;
• Score 1—Acceptable;
• Score 2—Amenable to Acceptance;
• Score 3—Acceptable within certain situations (e.g., the place on the shelf where the

stock of staples should be is partially occupied with leftover foams, as new stock has
not yet been purchased—these situations should be rectified as soon as possible);

• Score 4—Rejected;
• Score 5—Critical.

Through the sum of the score given to each parameter of the audit (the “Total Rating”),
there is the ability to check for fluctuations in the practice of the proposed 5S measures
as well as to ascertain what should be done so that the “Total Rating” value remains at a
satisfactory and adequate level that conveys the organization and tidiness in the company.
The ideal “Total Rating” value should be within range. The lower limit of the ranges is
calculated assuming a score of 0 (the ideal scenario) on all parameters. The upper limit of
the ranges shown is calculated assuming a score of 2 (the minimum acceptable value as a
score of 3 is only acceptable in specific situations) on all parameters.

4.4.2. Standardized Work

Some of the situations identified in Table 8 refer to opportunities whose solution is
proposed through the implementation of work instructions from the perspective of task
standardization. The aim of these instructions is that the workers perform their work more
properly to reduce and/or eliminate some cycle times and/or waste.

IO 1 (as well as IO 27) concerns the movement that occurs between the vehicle on
which the employee is working and his workstation, to fetch the necessary tools for the
disassembly/assembly of the seat. Therefore, the first work instruction proposed is for the
employee to take the mobile toolbox with him when he goes to disassemble/assemble the
seat (moving the box according to the position of the seat in the vehicle).

IO 3 (as well as IO 26) concerns the waiting that exists when one employee needs the
help of another employee to carry the seat from the vehicle that was dismantled to their
workstation (and the opposite situation of transporting the repaired seat to the vehicle for
assembly). Thus, the second work instruction proposed defines the use of a transportation
trolley to move the disassembled seat to the workstation without the need for assistance
from another employee who, in this way, will not have to interrupt their work (and to
perform the opposite transport when assembling). In addition, a transport trolley must
always be kept near the workstation in the light motor vehicle section. This measure will
also allow ergonomic improvements.

IO 14, IO 15, IO 18, and IO 19, concern displacements between the workstations and
the foam shelves when a damaged foam is to be repaired. In these situations, the worker
has to move to the shelf and look for foam with the characteristics required for the damage
they are repairing. There is also a shelf where the leftovers that remain are placed, as well
as a leftover box under each bench (assuming the creation of the leftover box according
to IO 14.1 explained in Section 4.4.1). Thus, the third work instruction proposed is to first
check the leftover box under the respective bench; then, the leftover shelf is checked, and
only if none of these contain a foam board with the required characteristics, move to the
foam shelves.

IO 21 concerns the situation in which the employee responsible for Cutting and Sewing
the covers moves between the workstation and the fabric shelves to collect the fabric needed
for the work. Therefore, a work instruction delegating this task to another employee, such
as the Team Leader, who, as soon as they receive the order, places the roll of fabric needed
for the job, in the Cutting area. The transport of the roll of fabric should also be carried out
using a transport trolley, producing an ergonomic improvement.

These work instructions must be standardized so that the travel and waiting related to
the IO explained can be eliminated, and/or reduced. Therefore, it is proposed that training
be provided to the workers, as well as the placement of these instructions in the Gemba.
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4.4.3. Kaizen

IO 2 concerns the waiting that occurs for another employee due to the complexity
of a seat and the need for assistance in disassembling the seat from the vehicle (IO 28
concerns the same wait but in the assembly). To rectify this situation, it is proposed to
create a Particularities Register. In other words, it is proposed that the particularities in
the disassembly/assembly of a seat are reported to the Team Leader and that associated
with the type of car and model of the seat, the details that made the mentioned phases
difficult are recorded. Upon the arrival of a new project, the Team Leader should look in
the Particularities Register to see if there is any note regarding the vehicle associated with
the order, and if so, leave the particularities noted in the Worksheet or inform the employee
responsible for that project about them.

IO 4, IO 5, IO 16, and IO 25 concern waits and displacements that occur due to the
lack of tools needed or because they are being used in Pavilion 2. To prevent this from
happening, it is proposed to duplicate certain tools needed in each workstation (because
every workstation works on a different project where all tools are needed), such as the
foam saw and the pliers.

IO 6 refers to the movement between the workbenches and the Cutting section for the
delivery of old covers to be molded and cut. IO 20 refers to the movement between the
workbenches and the work-in-progress storage area, as employees will move on to another
project while waiting for the new covers. For these two IOs, it is proposed to create molds
of the various types of seats that arrive at the company and are repaired. By creating a
mold (in cardboard or another suitable material), a work reorganization is also possible to
reduce the total Lead Time—the Cutting and Sewing phases can be carried out when the
vehicle arrives at the company while the workstation’s workers repair and maintain the
vehicle’s upholstery.

IO 7 refers to the waiting time for the paint to be ready for use. It is proposed that the
preparation of the paint and the respective waiting until it is ready to be used is carried out
immediately after disassembly of the vehicle seat.

IO 8, IO 9, IO 10, IO 11, IO 12, and IO 13 concern the natural sun-drying process
of humid foams. This phase of the process is influenced by the weather conditions and
may take more or less time accordingly. Therefore, what is proposed to make the process
continuous and not dependent on external environmental causes, is the use of a tool that
each worker already possesses: the hot-air blowing machine.

IO 22 refers to the displacement that exists between the Sewing and the upper floor
storage room. It is proposed that all fabric stock gets moved to a shelf next to the fabric
shelves, together with all stocks related to sewing machines and the Sewing phase in
general. This will reduce the amount of moving around and, in line with the 5S philosophy
and continuous improvement, the storage and organization of the Sewing phase will be
more efficient since everything related to this stage will be in the same place. This will also
allow an ergonomic improvement because, currently, to bring a box of lines from the upper
floor to the sewing room, workers must go through stairs with small lengths which is a
danger and may cause work accidents.

Finally, IO 29, which refers to the movement between the vehicle and the bench to
collect the product and cloth necessary for the internal cleaning of the vehicle, is reflected
in an extra movement. To solve this situation, it is proposed to place these items next to
the vacuum cleaner. The trip to the vacuum cleaner is certain to occur; however, in this
trip, other items necessary for the internal cleaning of the vehicle can also be collected, thus
organizing the shop floor according to the stages/phases of the process. Workers should
return the product, cloth, and vacuum cleaner to the appropriate place after use.



Appl. Sci. 2023, 13, 9974 21 of 29

4.4.4. Kanban

IO 31 refers to one of the specific situations mentioned in Section 3.1.2, where the
“Movements” waste is identified. It concerns the working moments lost between projects,
due to the high time looking for a new project to start. Through observation of work at the
Gemba, it was found that workers lost a considerable amount of time to start a different
project because the workers had to go to the different Worksheets arranged in the different
seats and try to figure out which project had the highest urgency. Thus, to solve IO 31, it
is proposed to implement the Kanban poster of Figure 7 on the shop floor, namely, in the
light motor vehicle section.
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Kanban

Level

Workstation 3 Cutting and SewingWorkstation 2Workstation 1

Urgent - 1 to 2 days Moderate Urgency - 3 to 5 days

Light Motor Vehicle Section

Lowest Priority Within CategoryHighest Priority Within Category

Instructions:

In Progress

Post the worksheets according to Urgency and Status

Less Urgent - More than 5 days

Figure 7. Kanban.

The proposed Kanban should be displayed on the shop floor, for example, using a
cork board, to which the Worksheets must be affixed using pins, according to their urgency,
which, in turn, depends on the days until delivery. It should be noted that the Worksheets
should be placed from the most urgent to the least urgent in a left to right direction. When
a worker wants to start a new project, they should observe the line related to the red card,
remove the Worksheet from the most urgent one and post it in the “In Progress” area and
on the respective workstation.



Appl. Sci. 2023, 13, 9974 22 of 29

4.4.5. Poka-Yoke

IO 30 refers to another particular situation mentioned in Section 3.1.2, where the
“Defects” waste is identified. This waste occurs due to the lack of a Quality Control step
implemented between sewing and placing the new capes on the seat. This leads to the
possibility that when placing a new cover, the workers may notice a quality flaw and have
to remove it informing the need to make another or rectify the non-conforming cover,
which involves repeating several steps that add about 4 extra hours to the process. So, the
implementation of a rigorous step of Quality Control between the mentioned phases is
proposed as well as the use of the Poka-Yoke proposed in Figure 8.
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Figure 8. Poka-Yoke.

The proposed Poka-Yoke is a simple foam mold that can fill the covers so that they take
the shape of the seat structure and allow the visualization of stitching or cutting defects at
the edges (which, due to the Poka-Yoke, will be stretched). This Poka-Yoke should only be
used by one person so that there is no need to stop the work of the workstations; should be
kept in the same place at all times; and, according to the 5S philosophy, after use, it should
be returned to its place so that it does not mix with the foams used in the upholstery. It
should also be noted that the foam should be of a low density and medium size so that it
can be adapted to various seat molds with different sizes and shapes.

4.4.6. Action Plan

The first step that the SE should take is the labeling of all existing products followed
by the implementation of the DDS as well as strict stock control using the CS.

Given that the opportunities for improvement identified for Problem Nº2 are reflected
in a long list of proposed measures to increase the company’s efficiency, an Action Plan
was drawn up using the tool GUT Matrix. This allows the company to understand what
immediate actions to take and, in general, to serve as a guide in the implementation of the
proposals. In this sense, each situation was classified according to the aspects of the GUT
Matrix and ordered in descending order concerning the GUT value. This ranking is shown
in Table 9.
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Table 9. GUT Matrix.

IO G U T GUT

3 5 5 4 100

4 5 5 4 100

5 5 5 4 100

8 5 5 4 100

9 5 5 4 100

10 5 5 4 100

11 5 5 4 100

12 5 5 4 100

13 5 5 4 100

23 5 5 4 100

25 5 5 4 100

26 5 5 4 100

30 5 5 4 100

22 4 4 4 64

22.1 4 4 4 64

31 4 4 4 64

16 3 3 4 36

17 3 3 4 36

21 3 3 4 36

1 3 3 3 27

1.1 3 3 3 27

2 3 3 3 27

6 3 3 3 27

7 3 3 3 27

14 3 3 3 27

14.1 3 3 3 27

15 3 3 3 27

15.1 3 3 3 27

18 3 3 3 27

18.1 3 3 3 27

19 3 3 3 27

19.1 3 3 3 27

20 3 3 3 27

24 3 3 3 27

27 3 3 3 27

27.1 3 3 3 27

28 3 3 3 27

29 3 3 3 27
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These classifications were based on, for example, the possibilities of situations to
induce work injuries and their frequency. It is relevant to mention that the theoretical
results presented in Table 7 are only achievable in the short medium term (due to the need
to create large information registers and the need for a wide variety of molds) and, to
achieve them, it is crucial to implement each of the situations exposed in the GUT Matrix
presented, regardless of their priority to the others.

5. Results and Discussion

Regarding Problem Nº1, the main results obtained from the DDS for stock control are
as follows: the knowledge, at any time, of how much there is in stock of every product—
with the implementation of the Control Sheet and the “Weekly Control”; the elimination of
the waste “Overstocking” (and opposite situation of lack of stock)—with the “New Project”
control; and the reduction in the “Movements” waste—due to the coding of all the products
that the company possesses.

Regarding Problem Nº2, comparing the values presented in Tables 6 and 7 (the Current
State and Future State values), it is possible to verify that through the implementation of
the Standardized Work, 5S, and Kaizen tools, it is possible to obtain a complete elimination
of the activities classified as NVA (pure waste) according to Equation (3), and a reduction of
about 47% of the necessary waste (NNVA) according to Equation (4). This way, is possible
to reduce the total Lead Time by about 26% (Equation (5)), which, consequently, allows a
theoretical increase in production of approximately 33% (Equation (6)), considering that
the company only repairs seats in the light motor vehicle section.

0 − 1.503
1.503

× 100 ≈ −100% (3)

13.022 − 24.423
24.423

× 100 ≈ −47% (4)

22.042 − 29.801
29.801

× 100 ≈ −26% (5)

28 − 21
21

× 100 ≈ 33% (6)

It should be noted that this study refers to the most critical process of seat repairing,
i.e., considering some steps that do not happen every time an upholstery is maintained and
repaired, namely, the painting of the seat structure, which only happens if the customer
specifies it, and the drying of the foam, which only occurs if the foam is damp. Thus, in
Gemba, in most repairs, these two steps are not considered, which means that the increase
in production will be higher than 33% as well as the monetary return associated with
it. Also, through the implementation of the proposed Kanban, it is possible to reduce
the lost time between projects, as well as streamline the operation of the shop floor. The
implementation of the proposed Poka-Yoke (associated with the implementation of a fixed
Quality Control) will allow the reduction of defects and the extra time associated with
their rectification.

It is relevant to mention that, despite the lack of literature regarding vehicle seat pro-
ductive process optimization, it is similar to an upholstered furniture process optimization,
and the results obtained were similar to the ones obtained in optimization studies in said
industry. Some examples of those studies were presented in Section 2.3 and a compari-
son between the results presented in this study with the ones found in the literature can
be made:
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• Similar to [36], it accomplished a reduction in walking distance and ergonomic im-
provements (through the 5S measures and work instructions proposed);

• Similar to [37], it accomplished a reduction in time spent on activities caused by the
inefficient organization of the Gemba (through the Kanban poster proposed) and the
elimination of factors causing defects (through the Poka-Yoke developed);

• Similar to [38], a decrease in NVA and a decrease in the process Lead Time was
obtained (using 5S, Standardized Work, and Kaizen measures);

• Similar to [20], the walking times were reduced and there was an improvement in the
time spent searching for materials (through the codification of all products developed
as well as the code standard proposed), a reduction in operating time, and a reduction
in waiting time (using 5S, Standardized Work, and Kaizen measures);

• Similar to [39], this study accomplished an improvement in work safety (through 5S
measures and work instructions based on Standardized Work), reduction in stock
levels (as it eliminated the waste of Overstocking and lack of stocks through the
development of the DDS for stock control), and a reduction in the Lead Time, including
the time looking for tools and elimination of unnecessary travel or movements.

The DDS developed for stock control presents a methodology that can be adopted by
companies of all industries and dimensions, as it allows for a simple solution to control
quantities in stock at all times, only needing to adapt the information on the database. The
Control Sheet, as well as the code standard and the simple label proposed, can also be
used by any company. In the upholstered furniture industry, this DDS most likely does not
need any adaptation; in other industries, the only change necessary would be the division
of stocks into other categories according to the product used in all kinds of productive
processes and activities.

Regarding the ideas and solutions proposed using the Lean tools, all can also be
adapted and used in different industries, namely, the way the tools are used to eliminate,
for example, unnecessary movements and unnecessary waiting times, which happens
in all processes; however, most importantly, they can provide a guide for SMEs of the
upholstery industry on how to improve efficiency in their activity and how Lean tools can
be implemented in their everyday life without much monetary investment. It is also very
important to notice the contribution this paper gives to a simple Poka-Yoke for companies
involved in vehicle seat upholstery production/maintenance, which can make a great
difference in not only quality rates but also in competitiveness towards the market and
demand satisfaction.

6. Conclusions

The case study shows the integration of Lean tools within a small enterprise of the ve-
hicle seat upholstery production/maintenance sector to optimize its operational processes.
The study involved the application of several Lean tools, including Value Stream Mapping
(VSM), Spaghetti Diagram, 5S, Standardized Work, Kaizen, Kanban, and Poka-Yoke within
the SE. These tools were employed to achieve multiple outcomes, such as waste reduction
by 47% and a reduction in process Lead Time by 26%, resulting in a 33% production increase
while enhancing worker safety and a corresponding boost in competitive advantage. It was
also verified that rigorous real-time stock control can be achieved with a simple and expe-
dite Excel spreadsheet without necessitating extensive training or financial investment (due
to the widespread use of this software). The study highlights the potential for Lean tool
adoption to optimize production within SMEs, thereby addressing a gap in the literature
pertinent to vehicle seat upholstery maintenance. It contributes a comprehensive literature
review, offering insights into the broader upholstery industry and serving as a pragmatic
guide for solving common industry challenges through the use of Lean tools and simple
spreadsheets for stock control. Some limitations were found throughout this study, namely,
the efficiency of the developed Excel-based stock control system that is directly dependent
on up-to-date data. Some estimated cycle times within the Value Stream Mapping process
are notable constraints, notwithstanding the inputs from Gemba workers. Further research
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work and studies will focus on assessing the feasibility of incorporating the Heijunka tool
for weekly planning in companies concurrently repairing multiple distinct products with
varying characteristics and production Lead Times. Moreover, the appropriateness of more
precise stock control methods like Material Requirement Planning should be analyzed,
taking into account the enduring relevance of upholstery manufacturing materials.
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