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Six Sigma is an explicit statistical method of reducing variability and improving processes.
Our research works with internal customers within the assembly lines. This study aims to
identify and analyze the VOC of internal customers and show improvement based on the
VOC. The Six Sigma DMAIC method was followed to conduct this research. Six mobile
phone assembly lines were selected to collect wastage data for two months after
identifying the problem. Collected data were analyzed in MS Excel and this analysis
showed that the wastage rates were 91.38% in July 2024 and 80.67% in August 2024. The
average waste rate was 0.44 g/unit and 0.41 g/unit in July 2024 and August 2024. The root
cause analysis, and cause and effect diagram illustrated that most of the reasons behind
wastages were related to soldering operators. An awareness and training session was
conducted. We collected data for the next month and found the wastage was reduced to
69.27% in September 2024 which is a 24.5% reduction considering August 2024 as the
base. The average waste rate was reduced to 0.28 g/unit. The effectiveness of following
the Six Sigma method to solve quality or wastage issues is evident hereafter accomplishing

this research.

Copyright ©2025 by authors and Galileo Institute of Technology and Education of the Amazon (ITEGAM). This work is licensed
BY under the Creative Commons Attribution International License (CC BY 4.0).

I. INTRODUCTION

Manufacturing firms are concerned with reducing wastage
from the production process. Some wastages can be identified and
eliminated, and some cannot. This wastage has a great impact on
the pricing of any product. Increased wastage also increases the
cost of making products [1]. Customers always want good
products at a reasonable price [2].

Companies invest significant amounts of money to provide
the best product to the customer at a minimum price. Thus, the
market has become price and quality-competitive [3]. If any
organization fails to give the products with higher products and
lower prices, that organization is said to be out of the competition
[4].Process improvements play a vital role here that reducing the
waste in the process by eliminating process variability. This
reduction leads to a decrease in the cost of product making.

Six Sigma is one of the most effective approaches that
deals with process variability. The integration of Six Sigma and
Lean can reduce process variability and process waste. The
purpose of this research is,

= to observe the process and define the problem

= to measure the extent of the problem and find root causes

= to take required actions for improvement

n

This study explored a real problem and observed the
difference between before and after improvement scenarios. A
mobile phone company was selected for this study. The scenario
was observed and then a problem statement was generated.
Following this, five steps of Six Sigma were deployed to get
effective outcomes.
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II. THEORETICAL REFERENCE
I1.1 SIX SIGMA

Six Sigma is not a reactive or detection-based approach;
rather, it is proactive and prevention-based. A top-quality process
gives fewer than 3.4 defective parts per million and is considered
as Sigma level six. Sigma (o) is a Greek letter that stands for
standard deviation, a measurement of variance [5].

Six Sigma is a methodical approach that lets businesses
analyze their current state of operations and enhance their
procedures to cut down on variances [6]. Both the industrial and
service sectors use Six Sigma [7]. Manufacturing companies
deploy hundreds of Six Sigma projects annually, which need a
significant financial commitment and careful research to
guarantee that the benefits outweigh the initial expenditure [8].
Six Sigma offers academics and practitioners new challenges
even though it has more benefits than traditional quality
management techniques [9]. The total quality management (TQM)
procedures include Six Sigma practices [10].

Six Sigma is a process, system, or product improvement
methodology emphasizing scientific and statistical techniques to
lower the rejection or waste [11],[12]. This approach can lower
the quantity of faulty goods the business produces. DMAIC
stands for Define, Measure, Analyze, Improve, and Control, and it
is one approach to the Six Sigma methodology. The Plan-Do-
Check-Act and Juran and Gryna's Seven-Step Method are two
popular manufacturing techniques that are comparable to the
DMAIC methodology in that they both seek to enhance [13]. It
has been successfully applied to many procedures and needs in
the healthcare industry. Certain articles in the literature discuss
the use of SS, frequently in conjunction with the Lean
methodology, to enhance surgical procedures by decreasing
hospital stays and wait times or increasing the effectiveness of
operating rooms[14],[15]. Another approach is named DMADYV,
which stands for Define, Measure, Analyze, Design, and Verify.
This approach is very well-liked for creating new processes or
products [16].

I1.2 DMAIC

DMAIC is a six-sigma method that is based on the PDCA
or plan, do, act, and check developed by Deming. Define,
measure, analyze, improve, and control are the five specified
stages.

Define: During the Define phase, the team is formed, the
project's goals are defined, the process is mapped, customers are
identified, and the high impact qualities, or CTQs (Critical to
Quality), are identified.

Measure: The Measure phase entails creating and carrying
out a methodical plan for gathering data for the targeted process's
critical metrics (CTQs).

Analysis: By identifying the primary types of wastes
embedded in the production processes and their underlying causes,
the Analyze phase analyzes the data gathered in the Measure
phase to determine the underlying causes of the discrepancy
between the current performance and the goals established in the
first phase.

Improve: Identifying expected solutions, proposing a range
of alternative solutions to improve performance, and putting some

of these solutions into practice under the available budget and the
anticipated cost of each alternative are the main goals of the
improvement phase.

Control: The control phase focuses on developing and
monitoring response strategies to maintain improvements,
disseminate the results and methods throughout the organization,
and ensure the development of a new organizational culture.
Additionally, the Control phase documents and publishes
operating standards and procedures [9],[12].

I1.3 LEAN MANUFACTURING

Delivering the best quality product to customers at the
lowest cost while reducing waste from the value-adding process is
known as lean manufacturing. Here, customer needs are given
priority. To properly implement lean services, key principles must
be followed, such as ensuring that all services operate and, in
particular, collaborate to solve customers' problems; preventing
time waste; and giving customers exactly what they want, exactly
where they want it, and at the exact moment they want it [17],
[18].

I1.4 SEVEN QC TOOLS

Quality control management uses some tools within any
organization to monitor the ongoing processes and check the
process parameters whether they match the defined standards.

Check Sheet: Since data collection and measurement
serve as the foundation for any analysis, this activity must be
organized to ensure that the information gathered is thorough and
pertinent. Check sheets are instruments for collecting information.
They are made especially for the kind of data that would be
collected. Check sheets facilitate the methodical collection of data.
Daily maintenance check sheets, attendance logs, production
logbooks, and so forth are a few examples of check sheets. The
collected data must be appropriately categorized. To plan for
more analysis and provide a relevant result, this classification aids
in obtaining a preliminary knowledge of the data's relevance and
dispersion. Stratification is the process of meaningfully
classifying data. Group, location, kind, origin, symptom, etc. are
some examples of stratification [19]. Researchers used check
sheets in pharmaceutical quality control to monitor input
variabilities [20].

Histogram: A histogram is an effective tool to identify the
distribution of any dataset. This bar chart helps users illustrate the
distribution of recorded data and the degree of deviation in a
process by visualizing both variable data and attributes of a
product or process. It shows the mean, mode, and average of the
three different measurements of central tendency. It should be
appropriately constructed so that those working on the operational
process may use and comprehend it without any problem.
Additionally, a histogram can examine and determine the
variable’s distribution [21].

Pareto Analysis: A Pareto diagram is a tool that shows
which elements have the most influence by ranking them
according to the size of their contributions. In SPC and quality
improvement, this tool is used to prioritize projects for
improvement, prioritize the formation of corrective action teams
to address issues, identify the products that receive the most
complaints, determine the type of complaints that occur most
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frequently, determine the most common reasons for rejections,
and for other related purposes. An Italian economist, Vilfredo
Pareto, noticed that a significant amount of wealth was owned by
a small number of individuals. He saw that most fields shared this
distribution trend. The 80/20 rule, sometimes referred to as the
Pareto principle, is applied in materials management for ABC
analysis. 80% of the value is accounted for by 20% of the things
that a corporation purchases. These are the things that receive the
most attention. To separate the "vital few" issues from the "trivial
many," or what is now known as the "useful many," Dr. Juran
proposed using this theory for quality control [21]. Pareto charts
were used in grinding unit research [22] to determine the major
reasons for downtime, which improved maintenance plans.

Fishbone Diagram: Kaoru Ishikawa is credited for
creating and popularizing the ‘Fishbone’ diagram, also known as
the Cause-and-Effect Diagram. In 1943, Dr. Kaoru Ishikawa
introduced the cause-and-effect diagram. The diagram is also
known as the Ishikawa diagram or fishbone because of its design,
which resembles a fish's skeleton and is used to rank quality
issues according to their significance. One method for solving
problems is the cause-and-effect diagram, which methodically
examines and evaluates every possible or actual cause that
contributes to a certain outcome. However, it is a useful tool that
gives the ability to investigate potential problem reasons [23]. By
“gathering and organizing the possible causes, reaching a
common understanding of the problem, exposing gaps in existing
knowledge, ranking the most probable causes, and studying each
cause” this diagram may aid in finding solutions. Six elements or
causes typically comprise categories: environment, materials,
machine, measurement, man, and method [19].

Scatter Diagram: This diagram identifies and analyzes a
pattern relationship between two variables, as well as determines
whether a relationship exists at all and what type of relationship it
is such as weak, strong, positive, or negative. A scatter diagram is
a useful tool for drawing the distribution of information in two
dimensions. The correlation may indicate the root causes of an
issue, and the scatter diagram's form frequently illustrates the
strength and direction of a connection between two variables.
When it comes to regression modeling, scatter diagrams are quite
helpful. [24],[25]. The following correlations between two
variables can be shown by the scatter diagram: a) positive, b)
negative, or ¢) no correlation.

Flowchart: A flowchart is a diagrammatic representation
of a sequence of steps in an activity or process that shows several
symbols. In contrast, a flowchart shows the inputs, actions,
control points, and outputs in an image that is easy to use and
comprehend concerning the process's overall goal [19]. This chart
is an invaluable tool for finding and improving process quality. It
is used methodically to identify and analyze parts or points of the
process that may have had potential difficulties by documenting
and interpreting an operation. Flowcharts were used [26] to
document production workflows in a quality management system

for mining operations, streamlining processes and reducing delays.

Control Chart: Walter A. Shewhart created the control
chart, also known as the Shewhart control chart, at Bell
Telephone Laboratories in the 1920s. It is arguably the most
technically sophisticated tool for quality control [24]. A specific
type of run chart that illustrates the amount and nature of variation
in the process over time is a control chart. Additionally, it
illustrates and explains the process. Applying a control chart is

crucial because it allows for the observation and monitoring of
methods that are in statistical control following sampling that fall
between the upper control limit (UCL) and the lower control limit
(LCL). Since there is no statistical control between UCL and LCL,
the process is out of control; therefore, a control chart can be used
to identify the root causes of any quality issues. The primary goal
is to stop process flaws. Because poor products or services are
more expensive than preventing them with tools like control
charts, it is crucial for a variety of enterprises and industries [27].
A food sector case study [28] illustrated how control charts can
minimize deviations and guarantee consistent meat quality.

II1. CASE STUDY

This case study was conducted in a renowned mobile
phone and accessories manufacturer in Bangladesh. This
organization manufactures mobile phones: Feature phones,
Smartphones, mobile accessories: battery, charger, USB cable.
The capacity of production is around 17,300 phones/day and
28,000 accessories/day. Around 500 employees work in a single
shift to produce the targeted products. The management found a
huge amount of waste from solder lead in the soldering of mobile
phones in different parts. After that, this study was initiated. The
study was focused on mobile assembly lines. This study is
divided into five stages based on DMAIC and discussed in the
following subsections.

I11.1 DEFINE

Before defining our problems, we have selected our team
as an internal customer so that we can represent our problem as
VOC and identify CTQs. After observing the total processes of 6
assembly lines, we noticed a significant amount of solder lead
wastage in the assembly lines. Some of the photographs have
been given.

Figure 1: Solder Lad Watages.
Source: Authors, (2025).

Some points we raised as VOC are,

= Solder lead wastage is higher

= Unnecessary rework

=  Violation of SOP

Some points for CTQs are,

= Wastage results in lower productivity

= Recycling or reusing this waste solder lead might lower the
joint quality
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waste of solder lead by taking necessary actions.

After identifying the problem, we collected necessary data
from the floor for two months. The data have been presented in

I11.2 MEASURE

the following Tables 1, 2 and 3.

Table 1: Wastage Data for July 2024.

= Operators do not maintain proper working method soldering.
They didn’t clean the soldering bit when it was needed. That
results in longer soldering time and excess Lead for soldering.

A cause-and-effect diagram is illustrated in Figure 2 to
find the sources of the causes.

Man Machine Method

No lg used while

do ot Soldering iron g
soldering

e
‘maintain proper working =" excessive heat
method

Solder withdrawal

Operators often don’t use s 00 Jate

iz whil oldering

Solder Lead
Wastage

Inserting extra lead

while soldering

Material

Measurement

Environment

S. Lead Actual Actual Output Avg.

Line | Provided Wastage Wastage Qty Wastage
(Kg) (Kg) (%) (g/pc)
A-1 22 15.36 69.82% 63,052 0.24
A-2 57 52.679 92.42% 115,221 0.46
A-3 46 44.89 97.59% 95,586 0.47
A4 42 39.527 94.11% 81,474 0.49
A-5 37 40.51 109.49% 88,667 0.46
A-6 66 53.766 81.46% 112,889 0.48
July 270 246.732 91.38% | 556,889 0.44

Source: Authors, (2025).
Table 2: Wastage Data for August 2024.

S. Lead Actual Actual Output Avg.

Line | Provided | Wastage Wastage Qty Wastage
(Kg) (Kg) (%) (g/pc)
A-1 52 44.501 85.58% | 98,747 0.45

102,47

A-2 42 33.391 79.50% 3 0.33
A-3 57 46.367 81.35% 1156’83 0.40
A-4 54 42.327 78.38% | 78,324 0.54
A-5 19 13.8 72.63% | 41,964 0.33
A-6 49 39.84 81.31% 1026,43 0.39
A“tg“s 273 220226 | 80.67% 5395’78 0.41

Table 3: Summarized Wasta

Source: Authors, (2025).

e Data for Two Months.

Mon S. Le_ad Actual Used Actual Outpu Avg.
th Provide | Wastage (%) Wasta tQty Wastage
d (Kg) (Kg) ge (%) (g/unit)
July | 270.00 246.73 | 8.62% | 91.38 5%69’8 0.44
Aug 19.33 539,7
ust 273.00 220.23 % 80.67 35 0.41

Source: Authors, (2025).

III.3 ANALYZE

In this phase, we worked to identify the underlying reasons
for the wastage of solder lead. We performed root cause analysis
and illustrated a cause-and-effect diagram to analyze the reasons.
After analyzing the scenario on the production floor, we
found the following root causes,
= The direct reason is that the solder withdrawal is too late.
Another reason is inserting extra lead while soldering.

= Operators are maintaining proper SOP while soldering.
Operators often don’t use jigs while soldering which results
in mismatches and misalignment and increases soldering
wastages because those need to be re-soldered.

= Soldering iron excessive heat. According to SOP, the
soldering iron temperature is 350+10 °C.

= The excessive heat of soldering iron results in wastage and
reduces the soldering bit life cycle.

Figure 2: Cause and Effect Diagram of Reasons for Wastages.
Source: Authors, (2025)

This figure shows that the most responsible reasons are
from the sources man and method. We have identified the sources
for improvements.

111.4 IMPROVE

Based on the analysis phase, some measures had been
taken as follows. A session has been taken with all the soldering
people and educated about the SOP and proper handling method
while soldering to solve the problems associated with operators.

A check sheet has been maintained to ensure that every
soldering operator has appropriate jigs to maintain the optimum
temperature of a soldering iron.

Strongly follow up on all the issues related to lead wastage
by all the assembly lines concerned.

There is a problem with the machine because of the
excessive soldering iron heating issue.

A temperature controller must be mounted on the soldering
iron to eliminate this problem. After implementing the
improvement techniques, we collected data for another month.
The collected data are represented in the following Tables 4 and 5.

Table 4: Summarized Wastage Data for September 2024.
S. Lead Actual Actual Output Avg.
Line Provided Wastage | Wastage Qty Wastage
(Kg) (Kg) (%) (g/pc)
A-1 43 35.091 81.61% | 130,528 0.27
A-2 44 30.984 70.42% | 124,175 0.25
A-3 50 38.067 76.13% | 131,261 0.29
A-4 43 29.967 69.69% | 95,193 0.31
A-5 17 0 0.00% - -
A-6 43 32.143 74.75% | 119,245 0.27
Septe 240 166.252 | 69.27% | 600,402 | 0.28
mber

Source: Authors, (2025).
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Table 5: Summarized Wastage Data for Three Months.

S. Actua Actua Avg. Wastag
Lead 1 Used 1 Outp | Wast o
Month | Provi | Wast N Wast ut age
(%) . | Reduce
ded age age Qty | (g/uni d (%)
(Kg) | (Kg) (%) t)
270.0 | 246.7 | 8.62 | 91.38 | 556,8
July 0 3 % % 39 0.44 -
273.0 | 220.2 | 19.3 | 80.67 | 539,7 10.74
August 0 3 30, o 85 0.41 o
Septem | 240.0 | 166.2 | 30.7 | 69.27 | 600,4 028 24.51
ber 0 5 3% % 02 ) %

Source: Authors, (2025).

III.5S CONTROL

We observed remarkable improvements in reducing waste.
To keep an eye on the sustainability of this improvement some
controlling instructions must be followed,

= Follow the standard operating procedure or SOP strictly

*  Training of the operators regularly

= New operators should not be engaged in soldering operations
= Proper documentation of daily wastage must be ensured

IV. RESULTS AND DISCUSSIONS

The improvement phase showed that there is a significant
change in the wastage of solder lead. Figure 4 and Figure 5 show
the gradual decrease in the wastage of solder lead in soldering.
The waste rate was 91.38% in July 2024 and was reduced to
80.67% in August 2024 by consulting the operators. After
focusing on wastage and implementing improvement strategies,
the waste rate was reduced to 69.27% in September 2024 as
shown in Figure 3. In addition, solder waste per unit was 0.44
g/unit in July 2024 and was reduced to 0.28 g/unit in September
2024 as shown in Figure 4.

Actual Wastage by Month (%)

100.00%

91.38%

50.00%

80.67%

60.00%
69.27%
70.00%

60.00%
1uly

50.00%
: B August

40.00% B September
30.00%
20.00%

10.00%

0.00%
Actual Wastage (%)

Figure 3: Monthly Comparison by Waste (%).
Source: Authors, (2025).

Average Waste (g/unit)

Bluly  August B September

0.44

0.4

0.28

o/unit

AVG. WASTAGE (G)/UNIT

Figure 4: Monthly Comparison by Average Waste (g/unit).
Source: Authors, (2025).

V. CONCLUSIONS

This study has reflected the effectiveness of Six Sigma in
solving practical problems on the production floor. This study
aimed to identify the variability within the processes and take
necessary actions to eliminate or reduce the variability. After
recognizing the problem, we found that the total solder lead
wastage was 91.38% and 80.67% in July and August respectively
and the average solder waste per unit was 0.44 g/unit and 0.41
g/unit. The waste rate was way higher than our expectations. We
reduced the waste rate by 10.74% after this finding in August
2024. As a part of continuous improvement, we continued
analyzing the root causes for this unusual finding, we found that
the workers’ skills and some methodological problems aroused
this wastage rate. We arranged a training session for the soldering
operators and instructed them on the proper use of solder iron and
adjusted the solder iron temperature issue.

Then we collected data for another month and found that
in September 2024 the wastage rate was dramatically reduced to
69.27%. It is still a bit high, but the change is noticeable. The
waste rate was reduced by 24.51% as compared to the waste rate
in August 2024. Per unit, average solder waste was also reduced
to 0.28 g/unit. To sustain the improvement, we developed some
controlling strategies to keep the operators and lower
management alert.

We have some limitations to this study,

= We could not find the sigma level of the process as the unit
of solder lead wastages is not pieces.

=  We could not show the exact value of recycling the solder
lead waste.
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