
Citation: Markulik, Š.; Šolc, M.; Fil’o,

M. Implementation of Quality Tools in

Mechanical Engineering Piece

Production. Appl. Sci. 2024, 14, 944.

https://doi.org/10.3390/

app14020944

Academic Editors: Dino Musmarra

and Arkadiusz Gola

Received: 18 December 2023

Revised: 15 January 2024

Accepted: 19 January 2024

Published: 22 January 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

applied  
sciences

Article

Implementation of Quality Tools in Mechanical Engineering
Piece Production
Štefan Markulik 1,* , Marek Šolc 2 and Milan Fil’o 3

1 Department of Safety and Quality, Faculty of Mechanical Engineering, Technical University of Kosice,
Letna 1/9, 04200 Košice, Slovakia

2 Institute of Materials and Quality Engineering, Faculty of Materials, Metallurgy and Recycling,
Technical University of Kosice, Letna 1/9, 04200 Košice, Slovakia; marek.solc@tuke.sk

3 ECO-Invest, Námestie SNP, Obchodná 2, 81108 Bratislava, Slovakia; milofilo@centrum.sk
* Correspondence: stefan.markulik@tuke.sk; Tel.: +421-55-602-2600

Abstract: The world is undergoing dynamic changes. For businesses, it brings positives, but also
negatives. The positive is the global market for business. The downside of the global market is the
increasing competitive pressure. Large enterprises with serial production who are setting production
for a longer period ahead are not so noticeable. Small companies are the most vulnerable. There
are various tools or overall approaches to business management that allow them to increase work
efficiency or production productivity or eliminate waste. In recent years, one can see an increase in
the popularity of Lean or Six Sigma. Their contribution to businesses cannot be disputed. Most of
the tools and approaches to support business management are oriented or based on the conditions
of serial production. Small businesses with piece production are at a disadvantage here. It was
this fact that motivated us to focus on piece production and to find space for the implementation
of supporting tools that could be helpful. Our research has shown that there are tools that can be
applied in the conditions of piece production. The application of the identified tools proved that the
results achieved in reducing production times or increasing productivity are unmistakable.

Keywords: quality tool; small companies; piece production

1. Introduction

Compared to big series production, production in small companies with piece produc-
tion is very demanding. In piece production, there is no small number of jigs or fixtures to
make it easier to manage. If they exist, they are in large numbers, unlike series production,
because of the large portfolio of products produced. Piece production is very specific and
differs in almost everything from series production [1–3]. Series production has proper
tested and established technological procedures, instructions for operators, single-purpose
tools such as molds, fixtures, templates, test fixtures for a given product type, etc. All of
this helps to streamline series production to prevent non-conformances [2]. However, what
must be ensured, regardless of the number of units produced, is a management/control
that guarantees the customer that the product conforms to the requirements. There are
several managerial approaches to streamline the management of the company.

The most well-known approaches include the implementation of a quality management
system according to the ISO 9001, Total Quality Management (TQM), World Class Manufac-
turing (WCM), the Toyota Production System (TPS), Six Sigma, Lean, and others [4,5].

According to the available literature, it could be said that Lean concepts are on the
agenda again, particularly because of high quality requirements [6,7]. Since its launch in
manufacturing, Lean has been widely recognized as a powerful management system to
improve the overall performance of an organization [8,9]. As such, Lean production is based
on the principles and working processes of the Toyota Production System and has been
defined as doing more with less [10]. In its simplest terms, lean production can be described
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as the elimination of waste [11]. Today most manufacturing companies claimed that lean is
not an option, it is mandatory for manufacturing firms operating in global markets [12,13].
Wilson defines Lean management as a philosophy for long-term growth that generates value
for the customer, society, and the economy [14]. According to Carreira, Lean management
is a philosophy of no waste [15]. Lean is a philosophy of 100 small improvements every
day. It is focused on excellence at the lowest and the highest level of detail. It is a concept
that is based on a vision for the whole system [16]. According to Womack and Jones, Lean
management is a philosophy that promotes the use of methodologies, techniques, and tools
like Kanban and the JIT (Just In Time) pull system to reduce wastes and to increase the
performances of the company ([17], pp. 112–129). Researchers have identified many tools
and techniques for quality improvement. A single tool is a device with a clear function
and is usually applied on its own, whereas a technique has a wider application and is
understood as a set of tools [18,19]. The literature review suggests that there are several
differences between quality tools and techniques. According to McQuater a single “tool”
may be described as a device which has a clear role. It is often narrow in focus and is usually
used on its own [18]. A “technique”, on the other hand, has a wider application than a tool.
This often results in a need for more thought, skill, and training, so that techniques can
be used effectively. For example, SPC uses a variety of tools such as charts, graphs, and
histograms, as well as other statistical methods, all of which are necessary for the effective
use of this technique [18,20]. Even though there are other authors who refer to these sets of
tools as methodologies, in this paper, we name them tools. Techniques and tools are vital
to support and develop the quality improvement process [20,21]. Research conducted in
Thailand on a sample of 187 companies explores the impact of Lean management practices
on the company’s performance. The results showed that when applied, Lean practices
boosted the performance of the company. When it comes to small developing countries, the
experiences are quite poor [22]. According to Karlsson and Ahlstrom, who tried to assess
changes towards Lean production, following the goal of implementing Lean production
within an operation (increase productivity, enhance quality, shorten lead times, reduce cost,
etc.), they developed a model for operationalizing the determinants of a Lean production
system [23]. Sanchez and Perez developed and tested an integrated checklist for assessing
manufacturing changes towards Lean production. Within the Lean production model,
they combined six groups of indicators from common basic Lean production practices (the
elimination of zero-value activities, continuous improvement, multifunctional teams, JIT
production and delivery, supplier integration, and a flexible information system) [24].

Lean is an approach by which a company can identify and then address internal
reserves. This reserve is perceived as a waste of, e.g., time, material, or workers. Lean is
one of the ways to become more competitive and thus achieve sustainability in business [5].
The purpose of Lean concepts is to eliminate waste in a manufacturing process. This
infers that Lean manufacturing is one of the strategies most manufacturers employ when
expanding the global market to sustain competitiveness [25–27]. According to Womack and
Jones, Lean concepts originate from the production process (Lean production) and can be
viewed as a systemic method for the elimination of wastes (Muda) within a manufacturing
process. It is worth noting that the main goal of Lean production in the construction and
manufacturing sectors is to generate a rationalized and high-quality system that produces
finished products at the leap of customer demand with limited waste ([17]; pp. 151–154).
This objective can be achieved through the adoption of diverse tools and techniques such
as JIT, Kanban, TPM, cellular manufacturing, and 5S to reduce the cycle time and remove
any form of devastation that could lead to waste in the production process [27,28]. The
above-mentioned Lean tools, techniques, and concepts have been extensively adopted
in the manufacturing and construction sectors so as to improve the performance of the
industry [29–37].

In the book The Machine that Changed the World [38], it is stated that if Lean manufactur-
ing tools are properly understood and then implemented in a company, by implementing
them, it is possible to achieve:
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• half the human labor time in production,
• reducing the number of output failures by half,
• reducing investment in machinery, tools, and equipment by 50%,
• reducing engineering by up to 60%,
• the reduction of space required by 50%,
• the reduction of inventories by 90%.

Being Lean means making more profit in less time with minimal effort. In general, the
Lean philosophy focuses on eliminating waste in the company [39]. It is the decision of
the management whether to focus only on production and related processes (purchasing,
manufacturing, and supplier management) or to cover all business processes (receiving
and processing customer requests, new product design and development, packaging,
transport, etc.).

There are many Lean tools. This article is based on 25 basic Lean tools. The aim of
this article is to analyze individual tools about the specific conditions of piece production.
Another intention is to apply the identified Lean tools in real conditions of piece production.
The output of the article is the presentation of real benefits after the application of Lean
tools. Many lean tools and techniques have been used by many factories and industries
to improve performance in the manufacturing process, for example, TPM, TQM, Kanban,
VSM, 5S, MUDA, Visual workplace, etc. [40].

2. Materials and Methods

The application of the Lean philosophy represents the implementation of several tools
that can be used to achieve results, i.e., synergistic effect. There are several tools that are
used in the application of Lean strategy [3,5]. Among the most basic tools are those shown
in Figure 1.
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Figure 1. Basic tools of Lean.

The application of any approach, philosophy, or tool must be adapted to the real
conditions of the company. Those conditions are created by the culture itself, the com-
petence of the workforce, the type of production, the size of the company, the maturity
of the management system, etc. [8,40]. The size of the company plays a key role in the
implementation of Lean (Table 1).



Appl. Sci. 2024, 14, 944 4 of 19

Table 1. Basic comparison between piece and serial production (own processing).

Piece
Production

Serial (Mass)
Production

Production
quantity

Production of unique products or
products in small series. Each

product is individual and adapted
to the needs of the customer.

Production of many of the same
products. The production process is

standardized and repetitive.

Flexibility

High flexibility. Adaptation of the
production process to the

individual needs of the customer.
Each product may be different.

Less flexible. Focus on mass
production of identical products.
There are costly and fundamental
changes in the production process.

Automatization Less automated. It depends more
on manual work or individual craft.

A large degree of automation with
the use of special machines,

conveyors, and robots.

Storage and
distribution

A minor problem with storage.
Products are made to order.

It requires a better organization of
storage and distribution due to the

larger volume of products.

Time and cost

More demanding on time and costs.
Each product is produced

individually. It is suitable for
special, unique, or customized

products.

More efficient in terms of time and
costs. The production process is

optimized to produce many of the
same products.

The result of waste reduction is multiplied with the size of series production. The
larger the production run, the greater the effect obtained from waste reduction. For small
organizations that operate in small series (up to 10 pieces) or if it is a piece production, the
application of some Lean tools is difficult or even impossible. To find answers on how and
if it is even possible to apply Lean philosophy to a small company with piece production,
the following tasks were defined:

1. To analyze the basic tools of Lean production with respect to the specifics of production
conditions in a small company with piece production and to identify those that are
applicable in the conditions of such a company.

2. To verify the applicability of the proposed tools in the real conditions of the selected
company.

Within the first task, the aim was to assess whether the given tool, about its principle
of application, can be used in the conditions of piece production, which are very specific in
comparison with series production. The team of authors examined this fact for each tool.
Twenty-five basic Lean tools were included in the analysis (Figure 1). When examining
the applicability of a given Lean tool, it was based on the team’s knowledge of individual
Lean tools. Each Lean tool analyzed has its own specifics for its application. To select
suitable Lean tools, we used our own methodology, which in individual steps gradually
analyzes the applicability of individual tools for the specifics of production conditions
in small companies with piece production. Based on the knowledge and experience of
the team, we determined the basic factors that could significantly influence the outputs
of processes in small companies with piece production. After analyzing the data and
identifying the key issues, we then used a multicriteria analysis. When determining the
criteria, we were based on consultations with the company’s management. We consulted the
individual advantages and disadvantages of the analyzed Lean tools. The basic evaluation
criteria were:

• independence from the amount of input data (which the Lean tool uses to achieve the
expected effect),

• ease of obtaining input data,
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• ease of processing input data (sophistication necessity of using software support for
processing input data),

• easy to understand principle of tool,
• the shortest time to implement a tool,
• ease of sustainability of the tool after implementation,
• economic simplicity of the tool’s sustainability after implementation.

To be objective in determining the weights of the evaluation criteria, each of the
researchers evaluated the criteria separately. The evaluation of individual criteria is based
on the experience of researchers. Each of them were asked to assign points from 1 to 7. The
highest point rating (7 points) was assigned to the criterion with the highest importance.
One point was assigned to the least significant criterion. Based on the achieved score, the
weights of the individual evaluation criteria were determined. The following table (Table 2)
shows the described determining the weights.

Table 2. Determining the weights of each evaluation criteria (own research).

Researcher
A

Researcher
B

Researcher
C Score Weight of

Criteria

Volume of input data (which
the Lean tool uses to achieve the

expected effect)
3 7 2 12 0.14

The difficulty of obtaining
input data 5 3 5 13 0.15

Method of processing input
data (sophistication necessity of

using software support for
processing input data)

4 6 4 14 0.17

Difficulty in understanding the
principle of operation of the

tool of the interested parties of
the company

6 4 7 17 0.20

Time required to implement
the tool 7 5 6 18 0.21

Time sustainability of the tool
after implementation 1 2 3 6 0.07

Economic difficulty 2 1 1 4 0.05

After determining the weights of the evaluation criteria, a multi-criteria evaluation of
individual instruments was used. The table below (Table 3) shows each tool with a point
rating expressing the degree of fulfillment of the evaluation criterion. In the second line
of each tool in the above table, there is a recalculated value considering the weight of the
given criterion.

Criteria for assessing the suitability of the Lean tool in the conditions of a small
organization with piece production:

• 2 to 1.5 points—full application,
• 1.49 to 0.9 points—limited application,
• 0 to 0.89 points—no application.

Considering the analysis of up to 25 basic Lean tools, a summary table is provided
(Table 4). This provides information on the possibility of applying a given tool, considering
the specificity of a small organization with piece production. Looking at the above table,
7 tools can be applied without limitation in the conditions of piece production, 9 tools can
be applied to a limited extent, and 9 tools cannot be applied at all.
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Table 3. Multicriterial evaluation of Lean tools (own research).

Independence
from the

Amount of
Input Data

Ease of
Obtaining
Input Data

Ease of
Processing
Input Data

Easy to
Understand
Principle of

Tool

The Shortest
Time to

Implement a
Tool

Ease of Sus-
tainability
of the Tool
after Imple-
mentation

Economic
Simplicity of the

Tool’s
Sustainability

after
Implementation

Result

Weight of
criteria 0.14 0.15 0.17 0.2 0.21 0.07 0.05 1

5S
1 2 2 2 2 2 1 12

0.14 0.3 0.34 0.4 0.42 0.14 0.05 1.79

Kaizen
2 1 2 2 2 1 2 12

0.28 0.15 0.34 0.4 0.42 0.07 0.1 1.76

JIT
0 0 1 1 1 1 1 5

0 0 0.17 0.2 0.21 0.07 0.05 0.7

PDCA
1 2 2 2 2 2 2 13

0.14 0.3 0.34 0.4 0.42 0.14 0.1 1.84

Demand
Manag.

0 0 0 0 1 1 1 3

0 0 0 0 0.21 0.14 0.05 0.4

Kanban
0 1 1 0 1 1 2 6

0 0.15 0.17 0 0.21 0.07 0.1 0.7

Andon
2 1 1 2 0 2 0 8

0.28 0.15 0.17 0 0 0.14 0 0.74

Bottleneck
Analysis

0 0 0 1 0 1 2 4

0 0 0 0.2 0 0.07 0.1 0.37

Continuous
Flow

0 1 1 1 1 1 1 6

0 0.15 0.17 0.2 0.21 0.07 0.05 0.85

Gemba
2 2 2 1 2 2 1 12

0.28 0.3 0.34 0.2 0.42 0.14 0.05 1.73

Heijunka
0 0 0 1 0 2 1 4

0 0 0 0.2 0 0.14 0.05 0.39

Hoshin
Kanri

0 0 0 1 0 1 1 3

0 0 0 0.2 0 0.07 0.05 0.32

Jidoka
0 0 0 1 1 0 0 2

0 0 0 0.2 0.21 0 0 0.41

KPI
0 0 1 2 1 1 2 7

0 0 0.17 0.4 0.21 0.07 0.01 0.86

Muda
1 2 2 2 2 1 1 11

0.14 0.3 0.34 0.4 0.42 0.07 0.05 1.72

OEE
0 0 0 1 1 1 1 3

0 0 0 0.2 0.21 0.07 0.05 0.53

Poka-Yoke
1 1 1 1 0 0 1 5

0.14 0.15 0.17 0.2 0 0 0.05 0.71

Root Cause
Analysis

0 1 1 1 0 1 1 6

0 0.15 0.17 0.4 0 0.07 0.05 0.84

SMED
0 0 0 1 1 1 1 4

0 0 0 0.2 0.21 0.07 0.05 0.53

Smart goals
2 2 1 2 2 2 2 13

0.28 0.3 0.17 0.4 0.42 0.14 0.1 1.81
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Table 3. Cont.

Independence
from the

Amount of
Input Data

Ease of
Obtaining
Input Data

Ease of
Processing
Input Data

Easy to
Understand
Principle of

Tool

The Shortest
Time to

Implement a
Tool

Ease of Sus-
tainability
of the Tool
after Imple-
mentation

Economic
Simplicity of the

Tool’s
Sustainability

after
Implementation

Result

Standarized
Work

0 1 1 1 0 2 2 7

0 0.15 0.17 0.2 0 0.14 0.1 0.76

Takt time
0 0 0 0 1 1 1 3

0 0 0 0 0.21 0.07 0.05 0.33

TPM
0 0 1 1 1 2 0 6

0 0 0.17 0.2 0.21 0.14 0 0.72

VSM
0 0 0 1 0 1 1 3

0 0 0 0.2 0 0.07 0.05 0.32

Visual
Workplace

2 2 2 2 1 2 2 13

0.28 0.3 0.34 0.4 0.21 0.14 0.05 1.72

Table 4. Applicability of Lean tools in small company with piece production (own research).

Tool of Lean Philosophy
Applicability

Yes Limited No

1 5S x

2 Kaizen x

3 Just in Time x

4 PDCA x

5 Demand Management x

6 Kanban x

7 Andon x

8 Bottleneck Analysis x

9 Continuous Flow x

10 Gemba x

11 Heijunka x

12 Hoshin Kanri x

13 Jidoka x

14 Key Performance Indicators x

15 Muda x

16 Overall Equipment Effectiveness x

17 Poka-Yoke x

18 Root Cause Analysis x

19 Single-Minute Exchange of Dies x

20 SMART Goals x

21 Standardized Work x

22 Takt Time x

23 Total Productive Maintenance x

24 Value Stream Mapping x

25 Visual Workplace x
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Within the second task, it was necessary to verify the conclusions of the analysis in
practice. The following 7 tools were applied: 5S, Kaizen, PDCA, Gemba, Muda, Smart Goals,
and Visual Workplace. It was not just a matter of applying these tools for the sake of it, it
was a matter of demonstrating real benefits for the selected company, which fulfilled the
condition of piece production. The definition of a small business, resulting from European
legislation according to 2003/361/EC, is a number of employees up to 49, annual turnover
up to EUR 10 million, and annual balance up to EUR 10 million. The company under study
has 12 employees and annual turnover up to EUR 5 million. It is focused on mechanical
engineering production with customers in various EU countries. This includes processes such
as material splitting, bending, welding, grinding, assembly, etc.

As a first tool, 5S was applied. It is probably the most basic Lean tool. It defines order
in the workplace. As the company is focused on piece production and small series of up to
10 pieces, it had many different fixtures (Figure 2). It made sense for the company to store
(keep) the fixtures because the products were repeated at certain periods of time.
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It was necessary to sort (Seiri) these fixtures in terms of their real use, label them, and
arrange them (Seiton) (Figure 3a). Cleanliness (Seiso) in a workplace where mechanical
metalworking occurs can only be achieved up to a certain level. Cabinets (Figure 3b)
were set up to accommodate smaller fixtures. This provided greater protection against
contamination of the fixtures and eliminated complicated cleaning.
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Standardization of the workplace (Seiketsu) was not realized by establishing a record
of the fixtures or their inventory. This was due to the small group of workers working with
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the same fixtures. They use them, clean them, and put them away in a designated place.
The idea behind the 5S tool is that a lot depends on the attitude and skills of the workers
themselves. Their behavior at home should not be fundamentally different from their
behavior at the workplace [41–43]. As far as the identification of the fixture is concerned,
an identification label with the drawing number and the customer for whom the fixture
was used can be used. This will help the worker to quickly identify the fixture in question.
As part of self-discipline (Shitsuke), it was necessary to train and supervise the workers to
follow the rules established by the 5S tool.

Kaizen is often freely translated as continuous improvement [40,44,45]. The appli-
cation of the Kaizen tool in the conditions of the selected company focused on the im-
provement of individual operations in production with a view to reducing overall time. Its
application involves a standardized procedure. These steps are define the problem, analyze
the problem, propose a solution, verify solution, quantify the result, and standardize. The
Kaizen tool has been applied to a product that is repeated with some regularity in produc-
tion. Specifically, it was the operation of welding two steel profiles to right angles on this
product (define the problem). The problem involved multiple manufacturing operations. It
involved bending the sheet metal, regrinding the corners, bending to ensure the corners
were cast, welding, and grinding the weld (Figure 4). The product had to be moved to
multiple workstations within the production floor for this purpose (analyze the problem).
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Figure 4. Analyze the problem.

To eliminate unnecessary movement of product around the production hall, a way to
reduce this was searched for. The proposed solution was to change the welding technology
from MIG-MAG to TIG-WIG. The changed welding technology does not require subsequent
grinding of the weld. This significantly shortened the movement of the product around
the production hall (propose a solution). The movement of the product during processing
before and after the introduction of TIG-WIG welding technology is illustrated in Figure 5.

As part of the verification of the solution, a time measurement was performed (verify
solution). The processing time was measured before and after the implementation of the
solution. The measured times are shown in the following table (Table 5).

Table 5. Measured time (own research).

Operation Time before
(s)

Time after
(s)

Reduction
(%)

Bending 25.5 21 18

Welding 45 36 20

Grinding 15 14 7

TOTAL: 85.5 71 17

The overall evaluation of the above solution resulted in 17% time savings. Standard-
ization as the last step of the Kaizen tool involved modifying the work instruction as well
as retraining the workers on these changes (standardize).
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Another tool applied was PDCA. Its application has no restriction and can be applied
anywhere and to any activity [46,47]. The idea of PDCA has been applied to the needs
of the production planning process. Since it is a piece production, the production plan
changes frequently. There are deviations between the estimated and actual production time
or in scheduling the capacity of workers. A production plan (Figure 6) has been created
and is prepared for each day in advance. The production plan is a record card in which
outsourced processes, current orders in production, and delivery times are entered.
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Figure 6. Sample of the Production plan.

The column marked as “ST” denotes the indication of the surface finish requirement of
the product in question. The columns “M, L, O” represent records of external processes pro-
vided in cooperation with suppliers. “Deli” represents the delivery date. “Expi” indicates
the remaining days until the completion of the contract or indicates a delay of the contract
beyond the delivery date. “Who” represents a column with the names of the workers who
are performing each activity within the contract. The above production schedule both
serves and secures all PDCA steps. It is about production planning, production execution,
continuous monitoring of the plan, and, if necessary, taking measures to solve problems.
This production plan has become a fixed part of production planning and management in
the company under study.

Gemba’s idea is to manage processes directly from where production takes place, not
from behind a desk in an office. It is necessary to personally walk through the workplace
so that those in charge are aware of the context, the needs, and the problems related to
production [5,48,49]. Only in this way can weaknesses or pre-existing problems be detected.
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By visiting the production area, it was concluded that the material flow can be improved.
It was necessary to analyze the nature of the production. By analyzing the history of all
the orders carried out, it was found that sheet metal was the most frequently processed
material (60%). The remaining 40% is made up of the processing of various profiles. Up
to 85% of the total production was products and only 15% was a service. A product in
the company under study is understood to be one for which all inputs are provided by
the company itself. It is a service when the customer supplies the material on which the
technological operations required by the customer are carried out. It was necessary to
rearrange the production machines to shorten the material flow. Groups of machines were
created which process the same type of material. The result of the arrangement of the
machines is shown in Figure 7.

Appl. Sci. 2024, 14, x FOR PEER REVIEW 11 of 20 
 

Figure 6. Sample of the Production plan. 

The column marked as “ST” denotes the indication of the surface finish requirement 

of the product in question. The columns “M, L, O” represent records of external processes 

provided in cooperation with suppliers. “Deli” represents the delivery date. “Expi” indi-

cates the remaining days until the completion of the contract or indicates a delay of the 

contract beyond the delivery date. “Who” represents a column with the names of the 

workers who are performing each activity within the contract. The above production 

schedule both serves and secures all PDCA steps. It is about production planning, pro-

duction execution, continuous monitoring of the plan, and, if necessary, taking measures 

to solve problems. This production plan has become a fixed part of production planning 

and management in the company under study. 

Gemba’s idea is to manage processes directly from where production takes place, 

not from behind a desk in an office. It is necessary to personally walk through the work-

place so that those in charge are aware of the context, the needs, and the problems related 

to production [5,48,49]. Only in this way can weaknesses or pre-existing problems be de-

tected. By visiting the production area, it was concluded that the material flow can be 

improved. It was necessary to analyze the nature of the production. By analyzing the his-

tory of all the orders carried out, it was found that sheet metal was the most frequently 

processed material (60%). The remaining 40% is made up of the processing of various 

profiles. Up to 85% of the total production was products and only 15% was a service. A 

product in the company under study is understood to be one for which all inputs are 

provided by the company itself. It is a service when the customer supplies the material on 

which the technological operations required by the customer are carried out. It was nec-

essary to rearrange the production machines to shorten the material flow. Groups of ma-

chines were created which process the same type of material. The result of the arrange-

ment of the machines is shown in Figure 7. 

 

Figure 7. Layout design. 

In the professional world, the Japanese word Muda covers the various kinds of wast-

age that a business can commit. The 7 types of wastage [1,2,42,50] are the most mentioned. 

These are Transport, Inventory, Motion, Waiting, Overproduction, Overprocessing, and 

Defects. Piece production is production to order. For this reason, wastage—Overproduc-

tion—does not tend to occur in a company. Inventory represents excess stock of materials, 

semi-finished goods, and components, including finished goods [2,43,51]. In the company 

under study, there were no warehouses with material. The company is stocked with ma-

terial directly for a given order. Due to the diversity of production, many different sockets 

were accumulated in the production area. These were tools, fixtures, and leftover material 

from completed orders for later use. Therefore, sorting of these items every 3 months was 

introduced. Motion represents unnecessary staff movements. The company is a logically 

arranged workplace, including the necessary materials, to minimize the movement of 

workers during work activities [42,51]. All material brought into the plant is deposited 

directly into the production area where it is processed. In the company under study, this 

Figure 7. Layout design.

In the professional world, the Japanese word Muda covers the various kinds of wastage
that a business can commit. The 7 types of wastage [1,2,42,50] are the most mentioned. These
are Transport, Inventory, Motion, Waiting, Overproduction, Overprocessing, and Defects.
Piece production is production to order. For this reason, wastage—Overproduction—does
not tend to occur in a company. Inventory represents excess stock of materials, semi-finished
goods, and components, including finished goods [2,43,51]. In the company under study, there
were no warehouses with material. The company is stocked with material directly for a given
order. Due to the diversity of production, many different sockets were accumulated in the
production area. These were tools, fixtures, and leftover material from completed orders for
later use. Therefore, sorting of these items every 3 months was introduced. Motion represents
unnecessary staff movements. The company is a logically arranged workplace, including
the necessary materials, to minimize the movement of workers during work activities [42,51].
All material brought into the plant is deposited directly into the production area where it is
processed. In the company under study, this was an arrangement of workstations for sheet
metal processing, profile processing, and assembly workstations. The result of the workstation
layout is shown in Figure 8.

Transport is a supporting activity of any production, even though it does not create
added value. The ideal transport is one that ensures the import of materials and the dispatch
of final products [45,52,53]. Transport in the present company was already significantly
modified during the implementation of Gemba (described above). After entering the
company, the material is placed in the workplace on designated shelves (Figure 9). From
there, it proceeds to the individual production activities according to the order. This
has significantly reduced unnecessary transport of material during its processing to the
final product. Waiting is a type of wastage in a process when it is interrupted. Waiting
due to machine breakdown or waiting for material can also be included [4,5,48,54]. The
above-mentioned implemented changes in the investigated company also contributed to
the reduction of waiting time. In addition, a machine card (Figure 9) was introduced to
determine the scope of inspection and maintenance activities for a given machine. The
scope and frequency of these activities were based on the use of the machine.
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Defects are part of every production. The goal is to prevent the occurrence of non-
conforming products [39,40,48,55,56]. The application of the changes described for the
5S tool above has contributed to the reduction of the occurrence of defects. Input, inter-
operational, and output inspection was implemented in the studied company. Input control
provides control of the material entering production. The inter-operational control aims to
prevent further processing of the material in the event of a defect occurrence. Output control
is used to intercept non-conforming product prior to shipment to the customer unless the
product has already been intercepted during production. Overprocessing also includes
those activities that remove a non-conformity on the product. It goes, for example, about
sorting (regrade), correction, rework, or repair [45,57–59]. In the company under study, the
focus was on the information system. There are many applications on the market ranging
from scheduling, asset registration, warehouse management, and document databases
to accounting [60–63]. However, the available information systems are focused on larger
companies or companies with series production. A small company with series production
does not need a complex solution, but a small simple support for management [2,62]. The
final solution to the problem of the lack of an information system in the company under
study was to create a custom information system using MS Access 2016 software.

Goals are necessary for any human activity. The degree to which they have been met
makes it possible to assess whether the maximum has been done to meet them. Smart Goals
are used to enable a company to correctly formulate the goals it wants to achieve [5,45,50].
In the conditions of the studied company, Smart Goals were applied in three levels. Quality
goals, goals in production (production plan), and goals to ensure operable production
machines were defined. The investigated company wants to apply a quality management
system (QMS) according to ISO 9001, where quality objectives are the required documented
information. This will also help the company in preparation for later QMS certification.
Quality objectives are formulated considering their specificity, measurability, achievability,
relevance, and time limit. For a production plan, the time bound is set at 24 h. The
production plan is largely addressed by the PDCA tool (described above). The maintenance
targets have become part of the established machine card, which is described within the
Muda tool (Figure 9).

There are situations where visualization of information is more appropriate than
written text. Visual Workplace creates workplace conditions where the worker gets quick,
relevant, and correct information. In contrast, written text can be tedious to read and runs
the risk of misinterpretation [64–70]. In the conditions of the studied company, it was
necessary to visualize most of the management documents. These were primarily work
instructions related to production, assembly, and packaging (Figure 10).
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Arranging the shelves with the components and visually displaying them made it
faster to identify their storage and it reduced the workers’ search time and, thus, the overall
assembly time (Figure 11).
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3. Results

In the following, the results that this application of the quality tools (Lean tools) in the
company under study achieved are presented.

The application of the 5S tool reduced the number of fixtures that the company under
study had at its disposal by half (−50%). Those that were retained were tagged and
organized. Figures 3 and 4 may serve as one piece of evidence. The established workplace
order reduced the inventory time by half, from the original 4 h to 2 h.

The application of the Kaizen tool reduced the production time by 17% (Table 4). The
application and evaluation of the benefits was carried out on one product type to make the
comparison of the situation before the changes were introduced and the results achieved
after the introduction relevant.

By applying the PDCA tool, a new production plan was introduced in the company
under study (Figure 6). The introduction of a system for the timely provision of external
products and processes brought about a smooth production flow. Downtime due to
waiting for undelivered material to production was reduced by approximately 98%. The
introduction of a production plan and adherence to it reduced the waiting time measured
over 3 months from 8 h to 10 min. The production process has been accelerated and the
volume of units produced per week has increased by 10 to 15%.

When the Gemba tool was applied, the percentage of processed material types in
production was determined by analysis. The analysis was the basis for the layout of the
workplace. The workplace layout divided the production area into two parts. A section
for processing profiles and a section for processing sheet metal (Figure 8). The dedicated
space for sheet metal and profiles eliminated wastage from the transport. The transport
paths for sheet metal and profiles do not cross. This eliminated transport collisions and
minor work accidents that occasionally happened before the changes were introduced. The
elimination of occupational accidents was monitored for 3 months of operation. Arranging
the machines with respect to what was described above (Figure 8) increased the capacity
capabilities of the company under study by 20%.

In applying the Muda tool, the aim was to identify all the basic types of wastage
that a company may commit. Based on the nature of piece-rate contract manufacturing,
overproduction cannot occur. Only as many units as the customer requires are produced. No
overproduction was identified in the undertaking under examination and, therefore, no
action was necessary in this respect. Overstocks (inventory) were identified in the company
under study. To reduce them, up to 50% of the fixtures were removed after the analysis
of the actual requirement. A six-monthly cycle for their sorting was introduced with the
aim of removing 10% of the stockpiled formulations. In total, 70% of the material that
was stored there as leftover material from completed orders was removed from the profile
shelves. Like the fixtures, a six-month cycle was implemented to sort and dispose of
30% of the material from completed orders. Reducing unnecessary movement (motion)
was achieved by arranging production machines and shelves in the workplace (Figure 8).
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When measuring the impact, a 13% reduction in production time was achieved for a
frequently repeated product (expressed in time, this is 16 min less). The workplace layout,
as mentioned above, also had an impact on material transport. Incoming material is shelved
directly at the entrance, eliminating previous material handling and distribution on the
production floor. From the shelves, the material goes directly to the workplace where it is
processed. The material transport is reduced to just the handling—the necessary transport.
Unnecessary transport has been eliminated by the reorganization of the workplace. Wastage
from waiting was occurring in the company under study due to machine breakdown and the
unavailability of input material for production or incomplete production documentation. It
should be noted that some of the production machines in the company under study were
more than 20 years old. Unexpected breakdowns caused an average of 25 h of waiting
per year. In the single-shift operation of the company under study, this represents more
than 3 days of production. Once scheduled maintenance measures were introduced at
weekly, monthly, annual, and bi-annual frequencies, there was an 80% reduction. The
downtime from unexpected breakdowns now amounts to 5 h in one year. Waiting due
to missing material at the input or from insufficient production documentation has been
almost eliminated with the introduction of the production schedule (Figure 6). Waiting for
3 months of impact tracking was only related to waiting for material (10 min), see PDCA
description. The wastage resulting from the number of non-conforming products (defects)
was 0.5% of the total volume of products sold in the company under study before the
introduction of Lean tools. The introduction of three levels of control (input, intermediate,
and output) reduced the number of non-conforming products to 0.3% of the total number
of pieces sold. In financial terms this amounts to EUR 2000 per 12 months. In the company
under study, there was a low level of wastage from repeated machining and repairs of
products (overprocessing) during production even before the introduction of Lean tools. The
introduction of a new information system using MS Access created a software environment
for creating or sending documents on a one-click (Push One Button) basis. It is very easy
to generate a delivery note, an invoice, or a PDF version of a document and prepare it for
dispatch with one click in this information system. The speed of administrative processes
has been doubled.

The effort in applying the Smart Goals tool was to use this to the benefit of defining
quality objectives, as the company under study was interested in implementing a quality
management system according to the ISO 9001 standard. Quality objectives are essential in
the planning of this system. The quality objectives were defined in such a way that they
were measurable, time-bound, and a person was assigned to be responsible for achieving
them. The last year of the assessment showed that the quality objectives were accepted
and fully achieved. The second place where targets were defined was in production. A
production plan was put in place in which targets were set and reviewed daily (Figure 6).
The production plan eliminated waiting due to the unavailability of input material and
a delay in the delivery of products to customers. The third place where targets were
introduced was in the maintenance of production machinery. The benefits of introducing
targets for maintenance activities are described in the section where wastage from waiting
is described.

The application of the Visual Workplace tool was an effort to make production workflows
more transparent. It was about the faster orientation of workers when performing activities
(Figure 10) and finding the necessary templates, fixtures (jigs), tools, or components assembled
at the assembly workplace (Figure 11). The visualization of the packing workplace reduced
the assembly time (including packing) by 10%. The lead time was 75 min for a single product.
After the introduction of the visual workplace, it is now 67 min.

4. Discussion

Business sustainability is important for every company so that the continuity of
business activities is maintained, and the company cannot constantly increase the prices of
its products. The competitive battle between small companies is becoming more and more



Appl. Sci. 2024, 14, 944 16 of 19

fierce. Pricing policy pushes businesses to the very edge of profit and loss. Therefore, it is
important for the company to look for ways to make its operations more efficient and thus
ensure the running of its business. One way is to use various tools that are used in mass
production and are an integral part of their business strategy. This fact was the motivation
for this research, to identify quality (Lean) tools that can be applied in the conditions of a
small company with serial production. The research confirmed two facts.

The fact that was predictable is that there are tools that could be applicable in a small
business with piece production with real benefits. By analyzing each of the quality (Lean)
tools, seven such tools were identified. To confirm the analysis, it was necessary to apply
these tools to a small business with piece production. The individual benefits are listed
above in the text.

The second fact is that the application of the ideas of the individual tools sometimes
overlapped. This means that the application of two tools complements each other or
the results obtained can be presented as the impact of two different tools. The tools
are somehow intertwined, complementary, or even like each other. Looking at each tool
separately, it is a full-fledged tool with predictable expectations (benefits) in advance. When
multiple tools are applied simultaneously, as research has shown, some of the benefits of the
individual tools merge into one. It is more difficult to say, unequivocally, that the outcome
achieved is the impact of this or another Lean tool. Or, to put it another way, a given impact
can be presented for multiple tools implemented. For the successful application of one tool,
the support of the other tool can be leveraged. One example can be presented: 5S, Muda,
and Visual Workplace tools. Their current application is really a synergy rather than just a
stand-alone application of each tool separately with the expectation of completely different
impacts for the company. A very important final note is that Lean does not mean only the
application of Lean tools. It is also about people and a learning organization. This means
that the success of applying Lean tools and the level of results strongly depends on the
knowledge of Lean tools. The limitation of the achieved worker and the practical result
is the degree of knowledge of all Lean tools, as well as the motivation of all workers in
the company.

Based on the above, efforts will be made to continue research in the application of
quality (Lean) tools in other small companies with piece production. The aim will be to find
collaborating companies, applying the same Lean tools, to confirm what has been found so
far or to identify new findings.

5. Conclusions

Small and medium companies are the pillar of the gross domestic product of every
country. They are companies without which the big ones could not exist. Businesses face
daily various challenges that are generated by changes (cultural, social, geo-political, and
competitive). Therefore, we focused our research on a small manufacturing company that
must face these changes and adapt to maintain its business. The goal of the research was to
analyze, identify, and verify the possibility of applying quality (Lean) tools used in regular
serial production in specific conditions of piece production in a small company.

This fact was the inspiration for our research, with which we wanted to support the
competitiveness of small companies. We established two research tasks. One was focused
on the analysis and identification of suitable quality (Lean) tools for piece production in
small companies. The second task was verified through an application in a real small
company with piece production.

Based on the comparison of knowledge about Lean tools and knowledge about the
specifics of piece production in a small company, we identified seven Lean tools. Through
the subsequent application of the identified Lean tools, we came to interesting findings.
There was a reduction in the movements of workers at the workplace by the better position-
ing of machines and stored material for work; production time was reduced, resulting in an
increase in the potential production capacity; the warehouse with forms and textures for in-
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dividual types of products was reduced; supply logistics were improved; and occupational
accidents were eliminated (during the monitored period).
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63. Vuković, M.; Jorg, O.; Hosseinifard, M.; Fantoni, G. Low-Cost Digitalization Solution through Scalable IIoT Prototypes. Appl. Sci.
2022, 12, 8571. [CrossRef]

64. Jiang, D.; Ni, Z.; Chen, Y.; Chen, X.; Na, C. Influence of Financial Shared Services on the Corporate Debt Cost under Digitalization.
Sustainability 2023, 15, 428. [CrossRef]

65. Sabih, M.; Farid, M.S.; Ejaz, M.; Husam, M.; Khan, M.H.; Farooq, U. Raw Material Flow Rate Measurement on Belt Conveyor
System Using Visual Data. Appl. Syst. Innov. 2023, 6, 88. [CrossRef]

66. Furman, J.; Małysa, T. The role of visual management in the organization of safe work in production companies. Prod. Eng. Arch.
2023, 29, 195–200. [CrossRef]

67. Mazur, M.; Momeni, H. Lean production issues in the organization of the company—The first stage. Prod. Eng. Arch. 2018, 21,
36–39. [CrossRef]

68. Sá, J.C.; Manuel, V.; Silva, F.J.G.; Santos, G.; Ferreira, L.P.; Pereira, T.; Carvalho, M. Lean Safety-assessment of the impact of 5S and
Visual Management on safety. IOP Conference Series: Materials Science and Engineering; IOP Publishing: Bristol, UK, 2021;
Volume 1193, p. 012049. [CrossRef]

69. Chałada, M. Sustainable supply chain on the example of the steel sector in Poland. Metalurgija 2023, 162, 164–166.
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