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Abstract:- Lean six sigma is gaining prominence as a methodology for quality improvement in manufacturing industries
since it helps to reduce quality defects and eliminate waste from the production process. This article presents a case study
that demonstrates how Lean Six Sigma can be used to minimize waste during the production of eyeglasses. This article
discusses in great detail the selection of the project and the use of the Lean Six Sigma methodology. It also shows how
different tools and techniques from the Six Sigma methodology have been used to get big financial benefits, one of which
is an increase in the company’s profits.

Using Pareto analysis, overall equipment efficiency measurement, and cause-and-effect analysis, the production process
was examined. The results showed that dust and other factors related to the work environment, such as contaminants
linked to the liquid particles on the surface of the eyeglass frame products, which settle on the surface after drying and
cause quality defects, are the main causes of electrophoresis quality defects.

Throughout the electrophoresis process, less time was required for drying in the oven, which is attributable to the
implementation of 5S and lean six sigma tools. The failure rate dropped to 7.16%, a decrease of 3.34%, and the
improvement rate was 31.82% as a result of the considerable decline in the number of electrophoresis quality faults. The
electrophoresis failure rate exceeded the goal for improvements, which resulted in a significant reduction in rework
waste and had a positive impact on order delivery schedules.
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1.0. INTRODUCTION

The global economy's competitive market environment has driven industrial enterprises to seek out workable solutions that wil
provide them a competitive advantage over their immediate competitors. As a result, many industries are looking for contemporary
management approaches that will enable them to improve the quality of their products and/or services, streamline their
manufacturing processes, drive down costs, increase financial performance, and, most significantly, enhance client satisfaction.
This has been striven for using lean manufacturing techniques, six-sigma techniques, and their combination of strategies in
management and manufacturing processes. Lean manufacturing techniques focus on eliminating waste, while Six Sigma
methodologies focus on process control and variability reduction using statistical process control tools. [1]

The most well-known process improvement strategies for delivering bottom-line advantages are Lean and Six Sigma [2]. The
term "Lean Six Sigma" was first used to describe a coupled strategy to enhance the performance of the business in the late 1990s
and early 2000s [3]. A company's in-process variability will be reduced [4], lead time will be reduced, and company profit will
be increased [5] if the lean six sigma framework is implemented properly.

Lean, also known as lean manufacturing, is a set of principles adopted by industrial organizations to enhance manufacturing and
customer satisfaction while reducing waste [6]. The goal of excellence in Lean is to ensure that the ideal process occurs step by
step as continuous improvements and preventative measures on the root causes of quality control issues and waste in industry
[7]. Mechanical failures, setup and changeovers, idle and minor stoppages, lower speed operation, and rework costs are all
examples of operational losses that can be reduced using lean techniques [8].

Waiting, defects, overproduction, and stockpiling are some of the waste problems that many companies face in their
manufacturing lines [9]. Waste problems cost the company a lot of money, which includes lost revenue. As a result, increasing
production line efficiency is the key to increasing profit [10].
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To address problems with uncertain root causes and uncertain solutions, the Six Sigma methodology employs a structured DMAIC
(Define-Measure-Analyze-Improve-Control) approach [11]. The DMAIC structure is similar to the traditional Plan-Do—Check-
Act (PDCA) cycle, but Six Sigma specifies which quality management methods should be used at each step [12]. Implementing
Six Sigma, which uses particular, ambitious targets, can increase the capacity for significant improvement, reduce process
variability, and increase employees’ participation in improvement efforts and dedication to quality [13]. Six Sigma combines the
performance of the business, criteria for measuring it, and project metrics into a quantifiable management system that managers
may use to achieve strategic and operational goals [14]. When a company's operations are linked to its scorecard or key
performance indicators, they bring in a lot of money [15].

Six Sigma provides a framework for process improvement as a statistical and non-statistical toolkit integrated within the DMAIC
method [16]. It's a technique that's widely used in production and logistics management, but it has only lately been adopted by
other discrete industrial companies [17]. As demand for products escalates, maintaining quality and dependable performance has
become a priority for manufacturing businesses in order to obtain client satisfaction. To keep up with market competition,
businesses must identify, monitor, evaluate, enhance, and regulate their present production systems. For continual productivity
and quality improvements, several methodologies, approaches, and technologies are used [18].

Although downtime and inconsistencies are unavoidable during the production of any product, the primary purpose of process
control or process capability analysis in any company is to explore the causes of downtime during the product's manufacturing
process [19]. This enables manufacturing companies to track and measure the capability of their processes [20].

The combination of the two tools (Lean and Six Sigma), known as Lean Six Sigma (LSS), enables an organization to accomplish
zero defects and quick delivery at minimal cost, as well as produce an optimal outcome that would not be possible if either
technique were used alone [21]. When the Lean Six Sigma model was created, it demonstrated how Six Sigma can be used to
improve process effectiveness first, and then lean to improve overall efficiency. It is preferable to use both at the same time to
realize the concept of integration [22]. To fully implement lean and Six Sigma, organizations must use a comprehensive
improvement process in which lean and Six Sigma work in tandem.

As a result of the pandemic crisis, manufacturing emphasis has shifted toward cost reduction through drastic measures such as
factory closures, amalgamations, and perhaps even quality reduction [23], rather than refocusing on manufacturing re-engineering
with a tilt toward Lean systems of production, waste elimination, and quality enforcement at all different phases [24]. Prior to the
1980s, production systems faced the additional challenge of low productivity due to a lack of work standardization. It was found
that most of the old manufacturing processes did not add much value, which usually made the production cycle longer [25].

Several studies on the application of lean six sigma by various authors have been published, and they are not confined to the
textile manufacturing industry. In a study by Fu-Kwun Wang and Kao-Shan Chen [26], lean six sigma methodology was used in
the service sector as a strategy to improve banking services. Furthermore, Soti et al. [27], Costa et al. [28], and Nabhani et al. [29]
reported on the implementation of Lean Six Sigma (LSS) approaches in the food industry for improving productivity and
performance.

Although there has been little research on the application of lean six sigma in the textile manufacturing industry, this study
proposes that lean six sigma be used as an alternative approach to reducing waste in the textile industry. As a result, the lean six-
sigma approach allows businesses to assess their current state and make improvement decisions based on situation analysis [30].
The study findings address the existing gaps in the literature by demonstrating the how, when, why, and how Lean Six Sigma
may be applied to reduce waste in the manufacture of eyeglasses. In this article, the researcher step-by-step discuss how to utilize
the DMAIC methodology to eliminate waste during the production of eyeglasses. The identity of the company, however, cannot
be disclosed in the paper because of a non-disclosure agreement between the author and the company. With the main goal of
minimizing quality defects in terms of manufacturing wastes and improving the efficiency of the production process, this study
is designed to examine the contributions of lean six sigma to the production process.

2.0. METHODOLOGY

A case study methodology was used in this study. This method demonstrates how lean six sigma is used to evaluate an eyeglasses
manufacturing company's current production process based on productivity and manufacturing wastes. With the DMAIC
approach, these two methods were be used in the study. The case study technique was chosen because it allows researchers to
investigate the production chain's multifaceted and crucial operations [31, 32]. Another benefit of this method is that it allows for
direct observations, data collection in a situational setting, and comparison so that the generated data can be accepted [33]. The
information that was gathered was based on how well the machines work (uptime, downtime, and cycle time) and how the
materials move through each step of the manufacturing process.
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2.1. Define Procedure
The operations involved in the production process were identified at the "define” step. To visualize the outcomes of the
identification, the researcher will use the Value Stream Mapping (VSM) method. Machine (MC), manpower (MP), cycle time
(CT), and available time are among the data required for the VSM approach (AT). The use of the VSM approach resulted into the
determination of the entire manufacturing process time across the value stream. Value stream mapping is a lean manufacturing
tool for analyzing and planning the flow of materials and information needed to deliver products to customers [34]. It can also
help with significant waste reduction during the manufacturing process.

2.2. Measure Procedure
The "measure" stage is concerned with the "define" stage's follow-up. At this point, the process's performance is assessed. The
process performance was used to assess overall performance in order to meet production targets. Initially, the lean function was
used in this study to identify waste using the questionnaire [35].

The purposive sampling method was used for data collection. The next step was to use critical-to-quality specifications to identify
the major waste. The critical-to-quality specifications was chosen using a Pareto diagram [36]. The Defect Per-Million
Opportunities (DPMO) method [37] was then be used to calculate the sigma value.

2.3. Analyze Procedure
The lean six-sigma integration process was used to identify and analyze the causes of waste. Value Stream Analysis Tools
(VALSAT) will be used in the study to calculate and determine the appropriate tools based on measurement [38]. The fault tree
analysis approach was used to identify the sources of waste. At this step, the fault tree analysis will serve as a visual representation
of the issues and circumstances that led to the waste. Quantitative and qualitative assessments was undertaken based on the fault
tree analysis.

2.4. Improvement Procedure
In order to find solutions to the major problem of manufacturing waste linked to high setup time and changeover of manufacturing
orders, the implementation of single-minute exchange of die (SMED) and 5S techniques were proposed and carried out.

In order to find a solution to the major problem of downtime as manufacturing waste linked to high setup times and changeovers
of manufacturing orders, the implementation of 5S techniques was proposed and carried out [39].

2.5. Control Procedure
The "control" stage is the final stage of the DMAIC methodology. This study used the Standard Operational Procedures [40] of
the chosen company to do control based on the available solutions.
3.0. Results
Large eyeglass factories primarily produce, develop, create, and market metal and plastic eyeglass components. The majority of
the materials are exported, going to places like Southeast Asia, Japan, Australia, Europe, and the United States. To prevent the
electroplating layer from breaking off or being damaged by the environment and human perspiration, the electrophoresis
procedure must cover 30% of the metal glasses frame. In addition, it can lessen skin damage brought on by the discharge of nickel
metal from the electroplating layer.

For quite a long time, electrophoresis process quality problems in factories have been numerous, and the product failure rate has
occasionally reached 20% or higher. This has caused significant rework waste and impacted order delivery schedules. Regarding
the factors that may be influencing the quality of the electrophoresis process, the researcher presumes that the environment of the
manufacturing workshop plays an important role; other researchers attribute it to the different seasons and weather patterns; while
still others believe there are technical difficulties within the electrophoresis procedure itself.
3.1. Define stage.

In order to identify the underlying cause of the quality issues spurred on by electrophoresis, the researcher primarily used the
production flow chart (as illustrated in Figure 1) during the entire project. The quality defects of electrophoresis are primarily
found to be associated with dust and other contaminants associated with the liquid particles on the surface of the eyeglass frame
products, which precipitate on the surface after drying to generate quality defects.
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Figure 1. Flow chart of electrophoresis production
3.2. Measure Stage

To identify significant quality defects and confirm the veracity of electrophoresis quality defect data. There are only two criteria
for determining the quality of an electrophoresis: qualified and unqualified, making it a qualitative challenge. Only the finished
product is inspected during the entire electrophoresis process; there is no in-process inspection. Therefore, the quality inspector's
efficiency will have a direct impact on the data regarding the electrophoresis rate of failure. To evaluate the work capacity of
quality inspectors, the researcher utilized Measurement System Analysis (MSA). After the researcher put the data into MINITAB
to analyse it, Table 3 shows the results.

Table 1: MSA analysis results of electrophoresis quality inspectors

Quality The quality inspector’s own comparison Comparison between quality inspectors and | All quality inspectors are compared to
inspectors standardisation standards
Number  of | Matching Percentage Number  of = Matching Percentage Number  of = Matching Percent
quality number quality number quality number age
inspections inspections inspections
Employee A 50 38 76% 50 26 52% 50 18 36%
Employee B 50 43 86% 50 34 68% 50 24 48%
Employee C 50 37 74% 50 33 66% 50 21 42%
Employee D 50 37 74% 50 30 60% 50 20 40%

The information in Table 3 demonstrates that the four quality inspectors' operational standards clearly weren't met, which has a
significant impact on the reliability of the quality inspection data. The researcher suggested that senior members of the quality
control department be asked to organize an on-site training for the electrophoresis quality inspection operation. The goal was to
help the four quality inspectors understand product qualification standards better, increase the system Kappa value of the quality
inspection team, and reduce the chance of contamination.

The operational skills of the four quality inspectors got better after training, but to different degrees, and they can now do the
work of quality inspection. The researcher modified the data collection form in order to more thoroughly and objectively assess
the quality inspector's inspection data. Furthermore, the researcher used a Pareto chart to identify the primary quality faults in
electrophoresis (see Figure 2 below). Figure 2 demonstrates that the three low-quality defects of line wool, particles, and
watermarks account for 81.43% of all defects.
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Figure 2. Plato of electrophoretic quality defects

3.3. Analysis stage

After evaluating the primary electrophoresis quality faults, the researcher brainstormed with the workers on the front lines of
the production line. The researcher then used fishbone diagrams (Cause and Effect Diagram and C&E Matrix) to identify
potential causes of the issue, as shown in Figures 3, 4, and 5 below.
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Figure 3: Line-haired fishbone diagram
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Figure 4: Fishbone diagram of particulate matter
Table 2: Causal matrix of electrophoresis quality defects

Process Name Electro glue Customer needs Total
2 Output Quality bubble scratch Print Colour Wrinkled skin
3 Input importance 10 6 5 4 1 2
Steps Process
1 Receiver
2 Material substrate quality 1 10 | 3 13 |5 2519 36 1 1|1 2 92
3 Surface cloth 3 30 |1 6|1 511 411 111 2 48
4 Surface imprinting 1 10 |1 6|7 35 (9 36 |7 711 2 96
5 Cleanliness of the rack 9 Q0 |1 6|1 511 411 1|1 2 108
6 Electro glue operation skills 1 10 |3 13 |5 2511 411 113 6 64
7 Degreasing time / temperature 1 10 | 5 301 51 4|5 511 2 56
8 Electrolysis time cycle/ temperature 1 10 | 5 303 15 |1 4|5 511 2 66
9 Activation time 1 10 | 3 131 51 413 31 2 42
10 Cleanliness of the rubber cylinder 9 90 | 3 131 511 411 111 2 120
11 Glue cylinder parameters 9 9 | 7 42 |1 5|3 12 |1 113 6 156
12 Electrolysis Time Temperature 1 10 |1 6|1 51 4 11 1 5 10 36
13 Bake time temperature 1 10 | 5 30 |1 5|1 413 3|1 2 54
14 Oven cleanliness 9 0|1 6 |1 511 4|1 1)1 2 108
15 Oven performance 5 50 | 3 301 5|1 411 1|1 2 80
16 Air cleanliness 9 Q0 |1 6|1 511 411 111 2 108
17 Proficiency of employees 1 10 | 1 6|7 3B |1 411 1 1 2 58
18 Inspection standards 9 90 | 9 54 | 7 35 1 415 5 5 10 198

Total 710 318 225 140 39 58 1490

The researcher reached the conclusion that the unqualified electrophoresis outcomes are primarily caused by quality control
problems generated by contaminants stuck to the surface of the eyeglass frame after evaluating the fishbone diagram and causal
matrix diagram. In order to streamline data, the researcher referred to threading wool and particles together as impurities. The
major impurity components are thread hair or granular dust, and the watermark is produced by the high temperature and short
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heating time during drying following electrophoresis. Due to these two factors, the researcher chose to develop methods for
lowering dust contaminants in the atmosphere and creating suitable drying conditions.
3.4. Improvement stage

The researcher implemented 5S and standard operating procedures in accordance with the findings from the analysis stage to carry
out a number of improvement measures on the electrophoresis workshop, such as maintaining and improving electrophoresis
equipment, optimizing the production process for electrophoresis, and filtering air supply and discharge in the electrophoresis
workshop. The electrophoresis production line layout has been modified, and the U-shaped process layout has been set to reduce
the amount of time needed to wait for drying in the oven after the electrophoresis process is complete, as shown in Figures 5 and
6 below. The system, on-site work environment, and microgravity environment have all undergone extensive necessary
adjustments.

K

-
Figure 5. Electrophoresis workshop

Figure 6. Electrophoresis workshop
(Before improvement) (After improvement)

At this stage, the inspection information of the electrophoresis products the researcher observed on the job site was a surprise.
The unqualified electrophoresis data occasionally increased to 20%. It was less than a month until the project's conclusion at this
point in time. The frequency of watermarks and other significant problems had greatly decreased, and impurities continued to be
the primary source of quality defects, according to an ongoing study on the quality issues associated with electrophoresis
performed locally. After investigation and analysis, the researcher concluded that human clothing is the "main cause."

The researcher then hypothesized that there should be guidelines for the control of staff clothing at this precise moment for the
clean room spraying operation. So, the researcher searched the pertinent data, and it turned out that staff members brought in 80%
of the dust and pollutants in the clean room, proving that our assumption was accurate! The researcher also made the prompt
decision that the staff in the electrophoresis workshop should change their attire and standardize the entrance and exit processes.
After two weeks of several checks, the number of problems with the quality of electrophoresis has dropped by a lot, and the failure
rate is now only 7.79%.

3.5. Control stage
During the review phase in April, when compared to the project baseline of 10.5%, the electrophoresis failure rate in April was
7.16%, a drop of 3.34%, and the improvement rate was 31.82%. The failure rate for electrophoresis has surpassed the goal for
improvement. A number of standard documents, including electrophoresis workshop environmental maintenance specifications,
electrophoresis equipment maintenance specifications, electrophoresis workshop air duct system maintenance specifications,
electrophoresis workshop personnel access specifications, and others, have been developed in order to integrate and optimize the
results. In addition, routine training plans for staff have been developed. These plans include MSA testing and training for new
product inspection workers, induction training for electrophoresis operators, and others. The electrophoresis failure rate was
consistently kept within the target value after three consecutive months of monitoring, as illustrated in Figure 7 below.
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Figure 7: Trend chart of unqualified rate of electrophoresis quality in April

4.0. CONCLUSION
Lean Six Sigma implementation cannot succeed without the steadfast backing of the company's top executives as well as their
commitment to ongoing improvement. A project’s success is influenced by three factors: concept (30%), performance (40%), and
serendipity (30%). These elements are also necessary for the accomplishment of electrophoresis quality improvement efforts.

Despite not being a thorough study, the electrophoresis quality improvement project in this paper is a typical Lean Six Sigma
improvement effort with significant historical importance for organizations. This study set a precedent for future research on Lean
Six Sigma quality improvement efforts at the organization. Lean Six Sigma is an obvious notion that everyone on the
electrophoresis production line, from the manager to the staff at all levels, has hands-on experience with, which shows the spirit
of teamwork and complete participation in improvement.
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