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Abstract: The aim of this case study is to implement the Lean Six Sigma methodology to reduce
the scrap rate of the edge-bending process of a metal door case used in the assembly process of
refrigeration appliances. This study was initiated because the assembly process of refrigerators does
not work at maximum capacity due to the scrap that occurs for this component. Losses have direct
effects on a company’s profits and on its competitiveness on the market. This research provides an
overview of the identification of the most optimal and useful tools that can be used in each context;
this will help to establish a protocol which can be applied in similar contexts. Although this study is
limited to one process, the results will have direct effects on the assembly line of the organization.
The purpose of this study is to increase the capability of the process and to improve the efficiency of
the delivery of the component parts to the assembly line. This case study provides further evidence
of the effectiveness of the use of the Six Sigma methodology in identifying and reducing scrap rates.

Keywords: Lean Six Sigma; DMAIC; process improvement; scrap; organization

1. Introduction

Competitiveness is a word that dominates business, and its benefits represent the
basis for the functioning and strong development of industries and organizations [1].
The development of goods exchanges and globalization have led to the establishment of
improved methods of ensuring the success of organizations across world markets, for the
higher and higher expectations of clients, while also ensuring a primary place when it comes
to competition [2]. Productivity is a word that will define the development directions of any
organization, whose aims should be to obtain adequate profits and to ensure continuous
development [3]. They need to evaluate and efficiently use all available resources, thus
offering their clients high-quality products at a fair price.

The quality tools provided by Lean management can be used to increase economic
productivity and to eliminate waste [4]. Six Sigma methodology is a common tool used in
Lean management. In the literature, there are many case studies exemplifying successful
applications of this methodology in all industrial fields and beyond [5–8].

By applying Six Sigma methodology, many organizations around the world succeed in
improving the capability of their business processes through defect reduction or elimination
and profit improvement [9].

Defining the variation in a process using statistical concepts makes Six Sigma a tool
that can determine the inherent errors in a process that can lead to the risk of scrap
occurring [10]. Six Sigma might be seen as a philosophy of management of quality as well
as a methodology concentrated on the reduction in variations by increasing the capability
of the process known as sigma levels [11].
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To facilitate the improvement of a process, Six Sigma methodology is based on going
through an interconnected phase that involves defining, measuring, analyzing, improving,
and controlling the inputs and outputs of the system process [12].

Six Sigma methodology is a robust continuous improvement strategy which uses
traditional quality management techniques, and it has gained worldwide recognition
because it helps organizations to save money [13,14].

This paper is organized as follows: Section 2 includes aspects of the improvement
process and the Six Sigma approach developed in the literature; Section 3 contains the
research methodology by which the implementation of the Six Sigma approach is achieved;
Section 4 describes the steps for the implementation of Six Sigma by using the DMAIC
approach to eliminate the scrap rate for the edge-bending process of metal door cases; and
in the last section, we present the conclusion of this paper.

2. Literature Review

Through a continuous improvement using quality tools and waste, all non-value-
added activities (known as Muda) can be identified and eliminated [15,16]. According to
Womack’s definition, “Lean gives you the ability to produce more by using less–less human
effort, equipment, time and space, while at the same time getting closer to the objective,
which is to meet the exact need of the customer” [17]. Lean can be used in a production
system to increase productivity by minimizing waste (Muda) with less human effort in the
factory, less financial resources, less space, and less equipment to manufacture the same
product [18,19]. The most commonly applied tools of Lean that are focused on eliminating
the Muda by maximizing the value are:

• 5S (sort, set in order, shine, standardize, and sustain)—can be used in a small section
of the shop floor to make the workplace more efficient by organizing the premises and
maintaining cleanliness [20,21];

• Just in time (JIT)—based on reducing flow times [22];
• Total productive maintenance (TPM)—a concept used for the maintenance of installa-

tions and equipment [23];
• Kaizen is focused on continuous improvement and involves all employees [24];
• Plan do check act (PDCA)—a four-step continuous improvement tool [25];
• Value stream mapping (VSM)—material and information flow mapping [26];
• Jidoka—describes a set of system design principles [27].

The key to satisfying the client is to understand and accurately define the term quality.
Juran says that an organization should first understand the implications of the word
quality in order to know how to obtain it [28]. The organization’s policies of a continuous
improvement of quality and productivity aim to maximize equipment and production
efficiency. Lean provides organizations with the opportunity to reduce flows [29], non-
conformities [30], costs [31], material losses [32], defective parts [33] and the subsequent
warranty costs [34], reduce the dissatisfaction of clients [35], unproductive times [36], spend
less time introducing a new product onto the market [37], increase the yield [38] and the
productive capacity [39], and to improve the performance of delivery [40].

The seven Muda are:

• Muda due to transport;
• Muda due to unnecessary movements;
• Muda due to over processing;
• Muda due to excess inventory;
• Muda due to scrap;
• Muda due to waiting.

While using a set of practices, Lean focuses on gradually eliminating waste, while Six
Sigma is a project-driven strategy.

There are two types of problem-solving methodology in Six Sigma: one is DMAIC,
and another is DMADV [41].
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DMAIC (Define > Measure > Analyze > Improve > Control) is a quality approach
based on information to improve the process according to the Deming cycle, which consists
of five interconnected stages [42].

DMADV (Define > Measure > Analyze > Design > Verify) is an information-based
quality procedure for planning items and procedures. This strategy allows the creation of
new structures of elements or procedural plans for the design of a new product [43].

The strategies of the DMAIC methodology are [10,12]:

• The define step is where we first identify the issue that needs to be fixed. This requires
time and careful, thorough planning, but it will provide a framework for the entire
improvement process. You must now draft a precise proclamation that states the issue
and establishes the parameters for the process of improvement. A project chart is
typically used to identify and record the project’s goals, define its success, describe
the anticipated effects of the project, and make responsibilities and expectations clear.
No matter the method used to record the actions taken during the DMAIC definition
stage, it is crucial to record every detail that aids in project management throughout
the following stage.

• The measurement stage, which is the second stage of the DMAIC, is where methods
are chosen to offer baseline measurements that are quantifiable and can be compared
to results and post-improvement outcomes. It is based on data-driven concepts.
Processes are now recorded, and a starting point for improvement is established. It is
crucial to comprehend how the process is currently operating to determine where to
go with improvement efforts. A project’s progress can be seen in real-time thanks to
measurement. The group should decide on the best measurement techniques and data
collection intervals. Measuring is a crucial component of the DMAIC process since it
shows whether something needs to be modified or changed and whether progress has
been made.

• Analyze, which identifies the problem’s primary cause, is the following phase in
the DMAIC process. Finding later solutions that genuinely target and address the
recognized problem requires an understanding of the real causes or reasons behind
the issue. Many issues plague many procedures. Focusing on the reasons rather than
the effects or symptoms of the problem helps ensure that the real causes become the
focus of change, keeping the process itself at the center of the DMAIC process.

• The improvement phase of the DMAIC process clarifies the steps to be taken to
solve the issue. The DMAIC model’s previously established plans and actions are
currently being carried out. Process improvement is not a straightforward, linear
process; rather, it is taking action, measuring the effectiveness of that action, and then
changing that activity as necessary to achieve progress. The relevant risks must be
recognized, documented, and addressed throughout the improvement efforts, and this
stage requires evidence to back it. To maintain effectiveness, rigor, and transparency, it
is crucial to monitor improvement initiatives throughout the project.

• Control is the DMAIC model’s final stage. The control stage decides how to keep the
improvement going and ensure it does not worsen over time. How can the advantages
be preserved, converted into best practices, and integrated into the enhanced proce-
dure? Plans for monitoring and responding are created throughout the monitoring
phase to keep track of advancements, respond to subpar performance, and guarantee
project goals are reached.

Many academics from all over the world have proposed numerous projects and/or
models to address a variety of problems utilizing LSS, Six Sigma, and Lean. The orga-
nization will deliver a Lean Six Sigma (LSS) integrated implementation that is oriented
to reduce scrap and increase productivity. By combining these two approaches, you can
increase organizational effectiveness and efficiency as well as speed up the process of
achieving a high performance [44]. We outline the technique suggested to create the case
study in the following chapter.
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3. Methodology

An LSS project will be created based on the literature to decrease scrap for the edge-
bending process of a metal door case. The implementation of the LSS methodology depends
on setting objectives at the organizational level.

The organization invests in staff training, in the development of state-of-the-art sys-
tems and equipment, and in the development of projects that lead to increased productivity
and customer satisfaction. Through its actions, it aims to be the European market leader
in the refrigeration segment. On this organization’s assembly lines, different refrigerators
models are produced and exported all over Europe. The strategic direction of the organiza-
tion is to increase the efficiency of equipment used in production systems that are used to
produce repetitive batches of specific refrigeration components.

In this article, through the systematic implementation of DMAIC steps, the mitigation
of scrap was achieved by using a specific diagnostic tool such as a project charter, VOC,
process maps, cause and effect diagram, R&R GAGE, and Pareto diagram. The objective of
this approach is to improve the process of edge bending for the metal door case.

In the definition phase, starting from a problem identified through the use of specific
tools, the identification of the root cause will be pursued. Starting from an identified
problem, describe all the inputs and outputs of the process to obtain a clearer picture
of it. In the measurement phase, the necessary data will be collected to see what the
capability of the process is. The data obtained in the measurement phase are used in the
next step to identify the actual cause of the metal door case scrap. In the fourth phase, the
necessary solutions specific to the identified problems are identified. These will be tested
and standardized. In the final phase, new measurements will be made aimed at validating
previously implemented solutions.

We concentrate on the following at the define stage:

• Identification of the issue, the aim, and the improvement opportunities;
• Determining the project’s duration;
• Determining the parties involved and affected;
• Forming the project team;
• Determining and mapping the procedures;
• A description of the parties demands that are mentioned;
• Every detail must be confirmed;
• Definition of the stage’s actions and plans must be acknowledged.

The measurement phase will be implemented to:

• Create measurement and data collection techniques to show advancements and im-
provements;

• Develop a plan for data collecting that specifies the frequency and the person or people
in charge;

• Identify the necessary data.

Following the analytical step, we will:

• Conduct a root cause analysis;
• Assess the process’s specifics;
• Measure and record data;
• Determine the underlying causes;
• Examine the issue’s root causes;
• Start preparing improvement-related actions.

Improve steps include:

• Create viable solutions;
• Specify the advantages that could create a result;
• Create updated procedures and plans;
• Create a solution, plan how it will be executed, measure the improvements made, and

share plans and updates with all parties involved;
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• Record the plans, progress, and outcomes.

The last step of the process is carried out to:

• Verify and record improvements;
• Record the improved procedure;
• Examine whether the project’s goals have been met;
• Celebrate and communicate project accomplishments;
• Keep improving and using DMAIC process lessons;
• One or more tools were used for the development of a project, in the different steps.

The instruments that can be used for each level of the Six Sigma process are listed in
Table 1.

Table 1. Tools that were used in the Six Sigma steps.

Used Tools

D
efi

ne

M
ea

su
re

A
na

ly
ze

Im
pr

ov
em

en
t

C
on

tr
ol

Project charter x

VOC x

Process maps and flowcharts x x

Cause and effect diagram x

Priority matrix x

Pareto diagram for the priority matrix x

Data collection plan x

R&R GAGE x

Process capability analysis x

Hypothesis tests, confidence intervals x

Regression analysis, other multivariate methods x

Failure modes and effects analysis x

Designed experiences x x

SPC and process control plans x x x

Implementation plan x

Before/after analysis x

Control of the main objective of the project x

Standardization x

4. Six Sigma Methodology Implementation

In this case study, we aim to use the Six Sigma approach to reduce metal waste
obtained by bending the edges of a metal component. A certain model of refrigeration
appliance’s doors is assembled using the metal part that we are examining. The 3D model
of the profile to be examined is shown in Figure 1.
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Figure 1. The metal door case.

4.1. Definition Stage

The component that is the source of the waste that we want to remove of has been
identified and examined during the defining step, along with the method utilized to obtain
the metal used for the refrigerator door.

Before starting the optimization process, it was noted that the production level had
decreased during the previous 12 months due to the metal casing of the doors of the
refrigeration in the model that was submitted for study. These flaws were discovered in the
region where the metal door case is bent laterally.

The aim of the project is to:

• Reduce door scraps from bending the edges of the analyzed models.
• Improve the execution of the metal door casing.
• Elimination of the causes of dimensional deviations for the metal door casing.

Customer feedback, in our opinion, is crucial to quality. Market research phases that
are qualitative and quantitative typically make up VOC studies.

To better comprehend the needs and wants of the client, it is typically carried out at
the beginning or conclusion of every new product, process, or service design endeavor [45].

The VOC procedure yields notable outcomes and advantages for product makers.
VOC offers the following benefits:

• A complete understanding of the client’s expectations;
• A future shared language for the team; crucial information for creating appropriate

design specifications for the novel good or service;
• An excellent starting point for the creation of new products.

To establish the demands, the team carefully studied the VOC in Table 2.

Table 2. VOC.

VOC Needs CTQ Specifications

Material Qualitative Following the technical specifications Yes

Form Geometrical stability Following the technical design Yes

Geometry Respecting the specific tasks
Following the technical
design—existing 1038.5 mm (−1 + 0.5)

Following the technical design— the
quota for the bending 4 mm (−0.1 + 0.1)

Aspect According to the norms Following the technical specifications Yes/No

Documentation technique Existing Technical documentation—work plan Yes

Dimensional control documentation Yes

By dividing the application area into small chunks, the SIPOC diagram may be used
to classify the interactions between various entities and each process.

It is a frequently used tool in the DMAIC process development phase that provides the
team with a summary of its present process so that it can establish an alternative approach.
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This diagram can also provide information on internal and external providers, as well
as the inputs and outputs of goods, services, or information.

This diagram emphasizes the inputs and outputs of the process rather than each phase
individually (Figure 2).

Processes 2023, 11, x FOR PEER REVIEW 7 of 25 
 

 

It is a frequently used tool in the DMAIC process development phase that provides 
the team with a summary of its present process so that it can establish an alternative ap-
proach. 

This diagram can also provide information on internal and external providers, as well 
as the inputs and outputs of goods, services, or information. 

This diagram emphasizes the inputs and outputs of the process rather than each 
phase individually (Figure 2). 

 
Figure 2. SIPOC Diagram. 

4.2. Measure Stage 
The inputs, actions, and outputs of a process can be represented visually using a step-

by-step process map. The approach is clarified using this graphical representation and 
illustrative descriptions. We can now view some of the process’s specifics, which can help 
us when making decisions. This graph also allows us to pinpoint the advantages and dis-
advantages of the process under study (Figure 3). 

 
Figure 3. The process map. 

The cause-and-effect diagram, sometimes referred to as the fishbone diagram or Ishi-
kawa, can aid in the definition phase by helping us comprehend the process being studied. 

Figure 2. SIPOC Diagram.

4.2. Measure Stage

The inputs, actions, and outputs of a process can be represented visually using a
step-by-step process map. The approach is clarified using this graphical representation
and illustrative descriptions. We can now view some of the process’s specifics, which can
help us when making decisions. This graph also allows us to pinpoint the advantages and
disadvantages of the process under study (Figure 3).

Processes 2023, 11, x FOR PEER REVIEW 7 of 25 
 

 

It is a frequently used tool in the DMAIC process development phase that provides 
the team with a summary of its present process so that it can establish an alternative ap-
proach. 

This diagram can also provide information on internal and external providers, as well 
as the inputs and outputs of goods, services, or information. 

This diagram emphasizes the inputs and outputs of the process rather than each 
phase individually (Figure 2). 

 
Figure 2. SIPOC Diagram. 

4.2. Measure Stage 
The inputs, actions, and outputs of a process can be represented visually using a step-

by-step process map. The approach is clarified using this graphical representation and 
illustrative descriptions. We can now view some of the process’s specifics, which can help 
us when making decisions. This graph also allows us to pinpoint the advantages and dis-
advantages of the process under study (Figure 3). 

 
Figure 3. The process map. 

The cause-and-effect diagram, sometimes referred to as the fishbone diagram or Ishi-
kawa, can aid in the definition phase by helping us comprehend the process being studied. 

Figure 3. The process map.



Processes 2023, 11, 1295 8 of 25

The cause-and-effect diagram, sometimes referred to as the fishbone diagram or
Ishikawa, can aid in the definition phase by helping us comprehend the process being
studied. At this point, the procedures listed below must be followed to create the Ishikawa
diagram:

• The problem statement needs to be succinct and understandable. It indicates the effect
that must be positioned “in the mouth of the fish”.

• The primary categories of the problem’s causes can be seen from the main arrow. They
are depicted as the primary arrow’s branches.

• BRAINSTORM is used to identify every potential root cause of the issue. A cause can
fall under a variety of headings. Primary and secondary causes for the process under
analysis are defined in Figure 4.

Processes 2023, 11, x FOR PEER REVIEW 8 of 25 
 

 

At this point, the procedures listed below must be followed to create the Ishikawa dia-
gram: 
• The problem statement needs to be succinct and understandable. It indicates the ef-

fect that must be positioned “in the mouth of the fish”. 
• The primary categories of the problem’s causes can be seen from the main arrow. 

They are depicted as the primary arrow’s branches. 
• BRAINSTORM is used to identify every potential root cause of the issue. A cause can 

fall under a variety of headings. Primary and secondary causes for the process under 
analysis are defined in Figure 4. 

 
Figure 4. Ishikawa diagram. 

To attain a high performance, we can identify priorities in a process with the aid of 
the priority matrix, also known as the Eisenhower matrix. This resource is a table listing 
all the actions that will be taken during the procedure under study. A score from 0 to 10 
will be assigned to each step for the effort made to remove scrap during the bending pro-
cess, and a score from 0 to 100 will be used to show the impact (Table 3). 

Table 3. Priority matrix. 

No. Priorities The Effort Necessaire to Eliminate the 
Flows Determined by the Bending Process Total 

1 Process parameters 3 30 
2 Daily measure 1 10 
3 Operator 6 40 
4 Process 6 50 

5 
Dimension of the 

metal sheet 3 30 

Figure 4. Ishikawa diagram.

To attain a high performance, we can identify priorities in a process with the aid of the
priority matrix, also known as the Eisenhower matrix. This resource is a table listing all the
actions that will be taken during the procedure under study. A score from 0 to 10 will be
assigned to each step for the effort made to remove scrap during the bending process, and
a score from 0 to 100 will be used to show the impact (Table 3).

It is necessary to conduct a Gage R&R analysis to estimate the system’s internal
variation. The measurement system must be validated by a calibration procedure in order
for this measurement to be taken precisely. Calibration has an impact on the measurement
system, rendering it worthless when precision is poor. This phase is crucial because an
inadequate measurement system increases the probability of incorrect Six Sigma technique
implementation.
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Two operators were chosen to carry out eight sets of measurements twice each for the
Gage R&R study. For the metal case’s sheet metal thickness, measurements were taken.
According to the product drawing, the sheet’s thickness in the measured region should be
4 mm (Figure 5).

Table 3. Priority matrix.

No. Priorities The Effort Necessaire to Eliminate the
Flows Determined by the Bending Process Total

1 Process
parameters 3 30

2 Daily measure 1 10

3 Operator 6 40

4 Process 6 50

5 Dimension of
the metal sheet 3 30

6 Quality of the
metal sheet 3 30

7
Device for

centering the
metal sheet

9 90

8 Stamping
positions 9 90

9 Deviation 9 90

TOTAL 49 490
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The measurements taken by the two operators are displayed in Table 4. Based on the
measurements, we find that the average value of the measured values is 4.75 mm.
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Table 4. Two operators’ collective measures.

No. Operator Measurements [mm]

1 Operator 1 4.83

2 Operator 1 4.75

3 Operator 1 4.78

4 Operator 1 4.75

5 Operator 1 4.71

6 Operator 1 4.70

7 Operator 1 4.81

8 Operator 1 4.79

9 Operator 2 4.76

10 Operator 2 4.77

11 Operator 2 4.75

12 Operator 2 4.74

13 Operator 2 4.72

14 Operator 2 4.71

15 Operator 2 4.79

16 Operator 2 4.73

Two crucial components of Gage R&R are repeatability and reproducibility. Repeata-
bility is the variation in the measurements made using the same tool or person on the
same object or specimen under the same conditions, while reproducibility is the variation
brought about when using different tools, operators, or laboratories to measure the same
specimen or replicated specimen [46]. The sets of values derived from the measurements
were input into Minitab to compare the two sets of data and determine their repeatability
and reproducibility (Figures 6 and 7).

We discover that there is not much of a difference in the numbers measured by the
two operators using a statistical analysis application such as Minitab. According to the
study, the measuring system is acceptable because the repeatability and reproducibility
values are less than 30%. The measuring step counts the number of visually identifiable
scraps in the examined product. Over 22 days, data were collected. The total number of
parts manufactured and the total number of scraps reported on the measurement day are
shown in Table 5 for a period of only 10 days.

Table 5. Incidence of scrap related to the number of parts produced.

Day Operation No. of Manufactured Products No. of Scrap Reported

1 Bending of the edges 782 30

2 Bending of the edges 780 20

3 Bending of the edges 781 25

4 Bending of the edges 779 15

5 Bending of the edges 780 18

6 Bending of the edges 782 30

7 Bending of the edges 781 28

8 Bending of the edges 778 20

9 Bending of the edges 783 12

10 Bending of the edges 782 29
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A percentage of 2.96 scraps was calculated in Table 6 based on the total number of
products obtained and the number of scraps recorded in the 22 days during which the
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measurements were performed. This means that for every million products manufactured,
29,629 scraps will be reported.

Table 6. Identified PPM.

Production Verified Visual Check Scrap Percent (%) ppm

17,179 509 2.96 29,629

After defining the objectives, we must set a target that we are interested in accomplish-
ing. Figure 8 shows that there are 29,629 parts per a million scraps currently. We aim to
lower that figure to 2962 parts per millions of scraps, which would indicate a reduction of
up to 90% in the amount of scrap reported.
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Figure 8. Identification of the target.

Poisson capacity analysis is used to determine if the unit failure rate (DPU) meets the
customer’s requirements. This analysis is used when scrap is registered, and each registered
part can have several scraps. The goal of this analysis (Figure 9) was to determine if the
process is controllable, to estimate the defect rate per unit for each sample and for all
samples (mean DPU), and to show that the DPU default rate is stable.

Processes 2023, 11, x FOR PEER REVIEW 12 of 25 
 

 

to lower that figure to 2962 parts per millions of scraps, which would indicate a reduction 
of up to 90% in the amount of scrap reported. 

 
Figure 8. Identification of the target. 

Poisson capacity analysis is used to determine if the unit failure rate (DPU) meets the 
customer’s requirements. This analysis is used when scrap is registered, and each regis-
tered part can have several scraps. The goal of this analysis (Figure 9) was to determine if 
the process is controllable, to estimate the defect rate per unit for each sample and for all 
samples (mean DPU), and to show that the DPU default rate is stable. 

 
Figure 9. Diagnostic report—Poisson capacity analysis for scrap door. 

Using our measurements, Figure 10 shows that we have 2.96% defaults. 

Figure 9. Diagnostic report—Poisson capacity analysis for scrap door.



Processes 2023, 11, 1295 13 of 25

Using our measurements, Figure 10 shows that we have 2.96% defaults.
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Figure 10. P Chart of scrap metal door case—identification of the number of defaults per million.

Under the given conditions, the goal is as clear as possible, that is, it is desired to
eliminate the number of scraps that appear in the process of bending the metal case. The
degree to which the data collected follow a normal distribution must be examined through
analysis. The Minitab application was used to build a normal probability graph (Figure 11).
We can use this graph to determine whether the data are regularly distributed. According
to the research, there is a 97.1% possibility of generating a part without any flaws.
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Figure 12 shows that the data are normally distributed. The cumulative probability
(pi) is associated with each data point plotted in order and can be calculated for our study
using Equation (1).

pi =
i− 0.5

n
(1)

where:

n—data points.
i—value for each of the n data points.
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The two statements that make up hypothesis testing are the null hypothesis and the
alternative hypothesis. The alternative could indicate whether at least one group is more
than, smaller than, or not equal to the other groups, while the null hypothesis indicates
that all the groups are equal. A p-value greater than 0.05 means you cannot reject the idea
that the data groups are like each other. This indicates that there is a good chance that they
are comparable or that they share the same originating source (distribution), or that you
lack the data necessary to statistically verify any potential differences. Equation (2) shows
that the p-value obtained is greater than 0.05, which means that the two groups compared
are similar.

The two statements that make up hypothesis testing are the null hypothesis and the
alternative hypothesis. The alternative could indicate whether at least one group is more
than, smaller than, or not equal to the other groups, while the null hypothesis indicates that
all groups are equal to one another. A p-value greater than 0.05 means you cannot reject the
idea that the data groups are like each other. This indicates that there is a good chance that
they are comparable or that they share the same originating source (distribution), or that
you lack the data necessary to statistically verify any potential differences. Equation (2)
shows that the p-value obtained is greater than 0.05, which means that the two groups
compared are similar.

p = 0.161 > 0.05 (2)
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4.3. Analyse Stage

It is vital to make a process map of the techniques we look at to comprehend how the
metal casing is made (Figure 13).
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Figure 13. Map of the process.

Each stage must be described in detail (Figure 14) to comprehend the process and con-
duct a better analysis of it. The selection of the best solutions for the process’s improvement
will result from a thorough investigation of it. The table format comes in from another
section and is stored on the operator’s worktable (1). The table is positioned by the operator
on the CNC press punch (2). After the punching process, the same operator places the
sheet form on the pallet. The pallet is placed on the feeder of the flexible cell, which will
center and bend the sides of the sheet format (3). After finishing the bending process in
the flexible cell, the robot places the sheet format on the evacuation conveyor (4), which is
picked up by the operator and processed on the edge bending press (5) using a device for
centering (6).
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The sheet metal plates are decentralized to the side by the DFM pneumatic cylinder;
this was discovered while examining the circumstance. Figure 15 shows the DFM pneu-
matic cylinder. The discrepancy was due to the reduced number of vacuum cups. Figure 15
shows the DFM pneumatic cylinder and the areas where the vacuum cups are located.
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the specification’s bounds. 

Figure 15. Identifying the problem of centering.

The problem is the wrong position of the pad. One problem is related to the adjustment
of the sheet metal during the punching process. When the operator removes the metal
casing from the door of the flexible cell, he has not placed it in the initial stop position
(Figure 16).
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Figure 16. The stop position of the engine.

According to the execution drawing, which is exemplified in Figure 5, the bending
dimension must be 4 mm (−0.1 + 0.1); the dimensions were not respected if we analyze
Table 5.

p = 0.006 < 0.05 (3)

Poison distribution analysis is required for the measurements made by both operators.
Figure 17 shows that the data are not normally distributed. The unit failure rate (DPU)

is 95.64% (Figures 18 and 19). Figure 19 shows that the measured data are outside the
specification’s bounds.
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4.4. Improvement Stage

In this phase, a plan of the solutions that can be implemented will be drawn up to
optimize the process (Table 7). Starting with the stated issue, the causes found in the earlier
stages will be listed. For each cause, a solution for improvement will be devised, and the
results will be presented.

Table 7. Solutions plan.

Problem Causes Solutions Advantages

Scraps from the door of the
metal case

Device for the centering of
the sheet

Elimination of the pneumatic
cylinder (for the lateral edge) Creation of the new devices

Deviation
Improve the locking force by

increasing the number of
suction cups

Creation of new devices

Position of the stamp Good adjustment of punching
matrices Ensuring a better process

Process Operation of bending using
CNC Abkant and robot

Fabrication of the device for
the final form of the metal

case of the door

Operator
Initial stop position.

Centering of the lateral edge
of the metal case of the door

Ensuring a better process

During the analysis phase, it was discovered that the press’s pneumatic cylinder,
which prevents the steel sheet from being properly centered, was used to bend steel sheets
laterally. The pneumatic cylinder was removed from the process to improve it, and a new
vacuum cup was created to increase the locking force (Figure 20). After improvement, we
achieved a good efficient centering and locking system during the edge bending operation.
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We can see in Table 8 that the corrective plan and the preventive measures required to
improve a particular stage of the analyzed process have been provided for the solutions
discovered in Table 7.

Table 8. Corrective actions.

Analyze Problems/Non-Compliant Corrective/Preventive
Actions

Bending of the edges of
the metal case

Bad positioning of the buffer Good adjustment of
punching matrices
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A new set of measurements were taken for the area where the bending happens after
all the solutions suggested during the analytical phase had been put into practice. The
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capability of the process was compared to the earlier capability analysis for the new data
set to produce a performance report (Figure 21).
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Figure 21. Before/after capability comparison.

This performance ratio shows that the standard deviation has been significantly
reduced (Figure 22). The process mean has changed too: the actual overall capacity is
what is in line with the customer’s experience, and the potential capacity is what could be
achieved if the process shunt changes were eliminated. The scarp obtained for the studied
process was observed (Table 9) after the solutions had been used for 22 days.
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Table 9. The number of scraps obtained after the implementation of the solutions.

Day No. Production/Shift Scrap Metal Door Case

1 854 0

2 845 3

3 852 0

4 851 0

5 847 2

6 846 0

7 849 0

8 850 0

9 853 1

10 844 0

11 847 0

12 855 0

13 856 2

14 847 0

15 852 0

16 853 0

17 856 1

18 851 0

19 856 0

20 849 3

21 850 0

22 852 0

Total 18,715 12

To determine whether the mentioned solutions are successful in lowering the amount
of scrap, a before-and-after comparison analysis is required. For this comparison (Figure 23),
we used two samples, and we can consider two hypotheses.

(1) The first hypothesis Ho: pBefore = pAfter
(2) The second hypothesis Ha: pBefore 6= pAfter

Minitab software was used to compare the first set of measurements with the second
set of measurements taken after the implementation of the solutions.

As we can currently see with the impact of the measures addressed, a comparison
between the groups of measures taken before and after the improvement phase is crucial.
The comparison reveals that the two sets of measurements differ in an obvious and sig-
nificant way. From the statistical check, we can conclude that the percentage defective
of the first measurements is greater than the measurements made after improvements
at 0.05 significance. We can be 90% confident that the real difference between the two
samples is between 2.68% and 3.11%, and 95% confident that it is greater than 2.68%. We
can be confident that the solutions suggested will help us achieve the goals we have set
because of this statistical analysis. The new solutions suggested must be standardized at
the organizational level to be accepted.

An extra vacuum cup has been added to the centering tool for sheet steel (Figure 24).
For the new centering device, an edge bending adjustment dimension was established for
the metal door case.
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5. Conclusions

This project’s goal was to lower the incidence of the scrap rate for the edge-bending
process of metal door cases. The authors have taken a methodical approach to this issue
by employing the Six Sigma approach under the stages that have been specified in the
specialized literature.

This project’s goal was to lower the incidence of the scrap rate for the edge-bending
process of the metal door case. The authors have taken a methodical approach to this
issue by employing the Six Sigma approach in accordance with the stages that have been
specified in the specialized literature.

The process under study was greatly enhanced by utilizing the five steps of Definition,
Measurement, Analysis, Improvement, and Control. Ishikawa diagrams, ANOVA, SIPOC,
comparative studies, capacity measurement graphs, and comparison diagrams, as well as
statistical analyses, were some of the tools that were used.
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The Six Sigma approach is not an easy procedure for anyone to develop; it takes
employees who have received some training in addition to their standard training.

The quality of employee training is crucial to the endeavor to apply the Six Sigma
approach. Since the Six Sigma method is based on data analysis, data collection and
interpretation are crucial to the successful completion of the project that has been selected
for optimization. Data from the studied process are correctly analyzed to provide decisions.
Based on the quantifiable data and impartial judgments, solutions are produced.

In this case study, the implementation of the Lean strategy in Six Sigma led to the
achievement of the objective of reducing the scrap rate for the edge-bending process of the
metal door case because the Lean methodology focused on identifying and eliminating
non-compliant steps in the process and Six Sigma focused on eliminating waste. It is a
managerial strategy with a team focus that combines several techniques and concepts into
a single effective theory in order to increase performance by removing waste.

For the process studied, a reduction in the number of wastes of up to 90% was obtained.
This means that the stated objective has been achieved and the Lean Six Sigma methodology
has been successfully implemented.

Reducing variability and enhancing process capabilities show that productivity has
grown as a result of removing the scrap-causing variables.

We suggest conducting research in the future to utilize the Six Sigma technique to
enhance other organizational processes. The organization can benefit from the application
of the Six Sigma approach. It is an approach that may be used consistently and customized
to the requirements of the organization.
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