Pre prints.org

Article Not peer-reviewed version

Minimization of Defect and Rejection
Rate in Convertex (Finishing Section)
Using Six Sigma DMAIC (Case Study of
Messebo PP Bag Production)

Aregawi Yemane Meresa i , Haftamu Birhanu Amare i , Tsegay Berhe Desta, Michaele Alem Gebreyohannes
, Ferry Jie , Haile Berhe Meresa, Mintesnot Hassen Yimer , Helen Emru Berihu

Posted Date: 17 March 2025
doi: 10.20944/preprints202503.1098.v1

Keywords: Six Sigma (DMAIC); Quality control; Productivity; Defect; Pareto diagram; Polypropylene bag;
Defect Per Million Opportunity; Cause and Effect Diagram

Preprints.org is a free multidisciplinary platform providing preprint service
i that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of
[=]: Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/1114856
https://sciprofiles.com/profile/1248453

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 March 2025 d0i:10.20944/preprints202503.1098.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Viinimization of Defect and Kejection Kate in Convertex
(Finishing Section) Using Six Sigma DMAIC
(Case Study of Messebo PP Bag Production)

Haftamu Birhanu Amare !, Aregawi Yemane %>*, Tsegay Berhe Desta 3, Michaele Alem Gebreyohannes 3,
Helen Emru 4, Haile Berhe Meresa >* and Ferry Jie ¢

! Wuhan University of technology, Wuhan, Hubei and China

2 Industrial Engineering, Mekelle University, Ethiopia

3 Wuhan University of technology, Wuhan, Hubei, China; tsegay167@whut.edn.cn (T.B.D.);
michaele. alem@whut. edn. cn (M.A.G.)

4 Mekelle University, Ethiopia; helen.emru@mu.edu.et

5 Mekelle University Ethiopia

¢ FCILT School of Business and Law, Edith Cowan University, Australia; f.jie@ecu.edu.au

* Correspondence: aregawi.meresa@mu.edu.et (A.Y.); haftamu.birhanu@whut.edn.cn (H.B.M.)

Abstract: Total Quality Management (TQM) projects, particularly those utilizing Six Sigma, are globally
recognized for enhancing quality and productivity in the manufacturing industry. The study applies Six Sigma's
DMAIC framework and SQC tools to improve defects in Messebo PP bag manufacturing's Convertex finishing
section. The objective is to identify and eliminate defects, reduce rejection rates, and enhance sigma levels. in the
define phase of DMAIC process, SIPOC tool, and customer questionnaires were used to map process flows and
align improvement efforts with customer requirements (VOC). The Measure phase involved analyzed of existing
data considering the performance of the Convertex section and process capability plots were generated to
understand the current process performance against requirements. A key six most dominated defects (vital few)
contributing to the majority of issues were identified through pareto analysis. The initial performance baseline
revealed a Sigma level of 3. 17, considered non-competitive, with a defect rate of 4. 73%, a Defects Per Million
Opportunities (DPMO) of 47,389, and process capability indices of 0. 55 and 0. 58 for processing quantity and
defective units respectively. This data demonstrated the urgent need for improvement. The analyzing phase
investigates the root cause of the vital few causes of defects considering team brainstormed and systematically
categorized potential causes using Fishbone diagram, in which this structural analysis helps the team to
understand past symptoms and underlying reason for the issues and develop effective solutions. Considering
analysis phase, in the improvement phase specific solutions were developed and put for improvement, as a result
the sigma level becomes 4. 00 (industry average), defect rate 0. 61%, DPMO 6174, and the process capability of
produced quantity and defect units becomes 1. 19 and 1. 26 respectively, which is very capable and led to
significant and immediate positive results in the overall quality and productivity of the Convertex section. Lastly,
the control phase was conducted to sustain the results found in the improvement phase and to keep the changes
moving forward. It has four procedures, standardization documentation, monitoring plan, and response plan,
which control the newly implemented changes and developed procedures.

Keywords: Six Sigma (DMAIC); Quality control; Productivity; Defect; Pareto diagram; Polypropylene bag; Defect
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1. Introduction

Quality in modern business areas is essential for the manufacturing or service industry [1], which assures a
sufficient market, reduces customer compline, and increases the overall process. Researchers explain quality as a
crucial dimension of products and processes. The studies discuss how quality organizations and companies
benefit from enhanced competitiveness in world markets. [2]. Manufacturing industries have continuously been
challenged to run their processes and systems in a way that delivers the required production quantities and high-
quality products [3]. The study by [4] States that integrating quality management (QM) into operations based on
reinforcement principles as a set of practices supports it. Considering the importance, “Production Quality” was
recently formulated as the field that combines quality, production logistics, and maintenance methods and tools,
which help to maintain throughput and improve over time with utilized minimum resources and materials [2,5].

Quality improvement plays a vital role in improving productivity and economic development for the
country. Total quality managem ent (TQM) functions as a management approach that focuses on maintaining
continuous cross-company efforts for quality service and fulfillment [6]. Manufacturing and service industries
have utilized TQM techniques and Quality control tools such as Flow Charts, Cheek Sheets, Histograms, Pareto
Charts, Scatter Diagrams, Control Charts, process capability plots, and Cause-and-Effect diagrams [7]. Applying
these tools in the manufacturing process helps to find and minimize the number of reworks and scrapes, which
enhances quality [8].

Many studies have determined primary quality improvement tools. Their paper discusses quality and
productivity improvement in a manufacturing enterprise through practical research [9,10]. Quality tools have
been used in many PP woven bag-manufacturing industries to boost quality, minimize defects, and increase the
sigma level, particularly in manufacturing sectors and support functions.

The principal objective of quality tools is to improve quality by reducing variation or defect [11] while
producing products that meet predetermined specifications with the minimum non-conformation rate [12].
Quality improvement measurements depend on the exact specification of measurable product quality
characteristics to decrease process defects and variations [13,14]. Products not meeting specific quality standards
are referred to as defective products. The severity of one or more defects in a product or service may cause it to
be unacceptable or defective [11,15]. The modern term for the defect is nonconformity, and the term for defective
is a nonconforming item [16]. Most laminated bag and textile industry products have a short lifespan, and new
defects arise with new products [17]. Even after knowing the products inside and out, it is tough to prevent
defects from reaching the finished products [18]. Defects are a significant concern in the polypropylene woven
bag manufacturing industry. Due to the direct interaction between the bag and the customer, a very high safety
factor must be maintained [19].

Six Sigma is an innovative quality management method introduced in Motorola by Bob Galvin and Bill
Smith in the middle of the eighties [20,21]. ‘Sigma’ is a notation taken from statistics, and Six Sigma means six
times the distance of standard deviation. A process cannot produce more than 3. 4 defects per million
opportunities to achieve Six Sigma [22-24].

DMAIC and DMADYV (define, measure, analyze, design, and verify) are two main concepts of Six Sigma that
may be considered in quality improvement methods [24,25]. According to the Deming cycle, the application is
based on process improvement, which concerns the process improvement of any area in the enterprise [26].
Implementing the TQM minimizes and controls the overall production cost due to rework and scrap rates, from
the raw material extraction to the final product output, making it a leading solution [27].

Justification and Specific Objectives of the Study

As technology is upgraded daily, implementing Six Sigma with statistical quality tools becomes important
in manufacturing companies. Messebo PP bag factory is supplying 90% of its products (laminated PP woven
packaging materials) to the Messebo cement factory, and around 10% of its products are supplied to other
companies to satisfy the demand around its local area. Different types of defects affected numerous products
across all stages of production, starting from raw material extrusion through final output, despite the section
relying on advanced machinery. This study focuses on implementing Six Sigma DMAIC and statistical quality
control methods to minimize the non-conformation rate and identify critical faults with their root causes, which
may increase the overall quality of laminated PP bag products, as the main objective of this research is to improve
an existing system.
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2. Literature Review

2.1. Total Quality Management

Total Quality Management (TQM) and Six Sigma (SS) are two important and highly effective approaches to
business management and process improvement that different organizations have widely adopted [28,29]. TQM
and SS have consistently confirmed their value in enhancing organizational performance, reducing costs,
increasing customer satisfaction, and driving growth [30]. TQM is a philosophy focused on customer satisfaction
and procedures for continuously improving all facets of an organization’s operations [31,32]. TQM promotes the
participation of all organization employees, from senior management to front-line personnel [33].

Conversely, SS is a data-driven methodology for process enhancement conceived by Motorola in the 1980s
[34,35]. Six Sigma is based on statistical methodologies and attempts to minimize the number of defects in a
process to 3. 4 per million opportunities (DPMO) [36,37]. SS uses a structured method called Define, Measure,
Analyze, Improve, and Control (DMAIC) to help identify and minimize or eliminate the root causes of process
problems [24,38]. SS stresses using data and statistical analysis to make refined decisions and analyze the success
of process improvement initiatives [39].

In sectors such as polymer manufacture, where polypropylene bag defects ranging from seal integrity
failures to dimensional inaccuracies directly affect profitability, Six Sigma tools like DPMO and process capability
indices (Cp, Cpk) evaluate baseline performance and guide improvements. Recent studies highlight how Pareto
diagrams emphasize significant flaws (e.g., 80% of difficulties deriving from 20% of cases), whereas cause-and-
effect analysis investigates root causes such as raw material impurities or extrusion temperature variations [40—
42]. For instance, DMAIC cycles reduced sealing faults by 40% in polypropylene bag lines by monitoring
thermoforming parameters in real time [43]. Concurrently, DMADV’s emphasis on design robustness has
redefined defect avoidance, where computational modeling of bag geometry lowered DPMO by 58% [44,45].

TQM'’s holistic focus on organizational culture emphasizes employee empowerment, cross-functional
collaboration, and iterative quality improvement, which complements SS data-centric consistency. Research by
[46,47] illustrates how TQM-driven training programs promoted process uniformity in polypropylene
manufacture. Zhang et al. (2024) associated leadership commitment to TQM principles with sustained decreases
in non-conformance rates [48,49]. Emerging trends further integrate Lean Six Sigma (LSS) to minimize waste [50],
which has been demonstrated in optimizing raw material use for polypropylene films, yielding 30% cost savings
[51]. Advanced statistical methods, such as machine learning-based defect prediction models and sustainability-
driven quality frameworks (e.g., Green Six Sigma), are also gaining traction [52]. These frameworks target eco-
efficiency with traditional [53,54].

The global shift toward Industry 4. 0 has further enhanced the role of real-time data analytics in quality
control. For example, smart sensors and IoT-enabled systems now enable predictive maintenance of extrusion
gear, reducing downtime-related issues by 25% [55]. Meanwhile, sector-specific adaptations, such as Six Sigma
in healthcare (reducing prescription errors) and automotive (minimizing assembly line flaws), underline its
versatility [56]. However, problems exist, including resistance to cultural change and the complexity of expanding
hybrid TQM-Six Sigma models across multinational supply chains [57]. Collectively, these developments
emphasize a paradigm shift: Quality management is no longer an isolated job but a strategic, innovation-driven
necessity, balancing precision, sustainability, and resilience in the face of growing industrial demands [58,59].

2.2. Quality Control

In manufacturing, quality control (QC) is a process that ensures customers receive products that are free of
defects and meet their needs [60-62]. QC involves manufacturing products and performing services that adhere
to defined quality criteria to meet customer specifications. However, failing to meet this requirement can put
consumers at risk [11,63]. A manufacturer that delivers high-quality products will increase customer loyalty and
build better business reputation while receiving new clients through customer referrals and keeping or
strengthening its market position alongside better safety measures and reduced liability exposure which all
positively impacts product branding [64,65]. Maintaining absolute satisfaction is difficult, but the judgment or
realization of the product or service is compared with the same standards [66,67].
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2.3. Six Sigma and Its Application in Manufacturing Process

Six Sigma is a data-driven, customer-oriented, structured, systematic, proactive, and quantitative
methodology applied company-wide to continuously improve processes by reducing defects and variability [68—
70]. Six Sigma has been generally recognized as a framework for eliminating defects at the project level and
improving performance and customer satisfaction at the corporate level [24,71].

Six Sigma is considered a process of transforming inputs into outputs in which quality excellence can be
ensured using statistical tools and methods that enhance process capability by analyzing processes with problem
identification and implementing improvements to resolve the [72,73]. It combines statistical performance
measures with quality management principles of a process or product to enhance productivity, reduce costs, and
improve quality [74,75]. It measures the degree to which the process deviates from the target and then takes
action to improve it to achieve total customer satisfaction [17,76,77]. The variations are controlled using a
hierarchical Six Sigma DMAIC approach [78], which has been derived from Deming’s improvement cycle,
PDCA ( Plan, Do, Check, Act) [79-81]. Two methodologies, DMAIC and DMADYV, can be used in Six Sigma,
which aims to reduce defects to reach the ix-sigma level [24,82]. These methodologies can be used as statistical
tools to define quality-related solutions based on data, which helps organizations succeed in achieving their
objectives [83,84].

3. Methodology

The study conducted by [85]concludes that implementing Six Sigma in any organization, at any place, and
on any platform helps decrease the frequency of errors and breakdowns and reduce waste. As a result, the study
utilized Six Sigma DMAIC and statistical quality control tools to minimize defects and reduce rework in the
Messebo laminated PP bag factory. The data related to this study was collected using both primary and secondary
methods, including unstructured interviews and direct observations of defective products and high-failure
machines, log books, databases of quality and production departments, and discussions with operators, middle
management, and maintenance staff, which helps to identify the cause of failure.

DATA collection Steps

Datq Area Conducting Collect Identify Analyses
collection lecti of Case information the and
steps selection Study problem suggestion

Figure 1. Data collection steps.

The primary purpose of this study is to improve customers' compliments regarding the quality of the
factory's products. When we find customers' complaints about a company's product, we start communicating
with the department about the defective product that causes customer complaints. Data was collected over
twenty-six weeks, including the frequency of failure and the overall production of defect-free products. At this
point, we investigated the nonconformity regarding the defective products with a negligible overall sigma level,
below the required level, and a very high DPMO. We use Six Sigma DMAIC principles, statistical quality control
tools like the Pareto Chart analysis, and a cause-and-effect diagram to mitigate this problem, which has
helped enhance the overall quality and improve the company's production. A process capability analysis through
Minitab 22 statistical software is developed with the Pareto Chart, Cause and Effect diagram, and process
capability plots. The Pareto chart analysis is utilized to prioritize the critical defects that contribute to a bigger
problem. Root cause analysis is also performed to dig into the root cause of the essential cause of defects. DMAIC
is also used to calculate the defect per million opportunities. Concerning the principle of Six Sigma DMAIC, the
study will be analyzed through the following phases.

4. Result and Discussion

Considering the problem, Six Sigma DMAIC methodologies, including the voice of customers, are discussed
in this portion, which are the most convenient and proven techniques of problem-solving methods. [86].

4.1. Defining Phase
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In the define phase, we describe the problem by considering the customers' voices, which diminishes the
quality of the products and productivity and maximizes the defective rates. The company's primary customer
(90%) is the Messob Cement Factor, which uses the bags for packing OPC, PPC, PLC, and LHHS types of cement
powder with the same shape and size. The expected customer benefit is receiving the product with the expected
overall quality, reducing the customer compline.

In this phase, SIPOC (Suppliers, input, process, output, and customers) for the case company was discussed.

Suppliers Input Process ; Outputs Customers Requirements
|
: ; *laminated bags
*SABAC Sa;udl Arebia| * yarn:PP,Caco3, see below S unlamimated *90% messebo *High quality defect
an colouring material, sequence rablinbaps semient Fcto
*South Koria *laminatimg:lowdensity} = : 10% ofh i e b.ags :
olyctlin,PP coating grad bl on time delivery
*master patch, UV companics
stabilizer, printing
ink.thinner

Tape . laminating/co : Quality ;
) Printi b ek
Mk ey Weaving Q i H Printing q Converting H S ackeging

Figure 2. SIPOC Information of The Case Company.

4.1.1. Flow Chart and Detail Expression of the Company

An initial operation during PP bag production is extrusion. The extrusion plant combines virgin
polypropylene granules along with ultraviolet inhibitor, calcium carbonate, and occasionally color pigment to
create tape products. Small bobbins receive the wound tapes according to their necessary dimensions. Tensile
strength of the tape results from the process at this stage.

The weaving process starts as circular or tubular weaving looms receive the extruded tape bobbins for
production of required specifications and dimensions then rolls the final fabric form. Polypropylene fabric
receives moisture barrier protection through its combination with semi-clear PP film which bonds to cover the
woven structure. The customer determines whether this process should be included. The automatic cutting
machine operates on rolled fabrics until they obtain their required dimensions. The automatic method delivers
more precise cut dimensions to users. A printing machine generates a printed effect on the fabric after the body
fabric panels pass through it.

The bulk bag lift loops are created through webbing production by intertwining heavy polypropylene tapes
with multifilament thread from polypropylene yarns. All manufacturing elements that build bulk bags find their
union through final sewing operations.

Proficient workers who operate under technical management build FIBCs and bulk bags from collected
materials due to their advanced skill sets. Reactively trained personnel from the quality control department check
every produced bag to confirm its safety for use. The final operation involves compacting ready bags through a
press before the manufacturing team completes their final arrangement in accordance with customer
requirements.
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Figure 3. The Process Flow Chart of Woven Plastic Bag Manufacturing.

4.1.2. Voice of Customers

Knowing the VOC (customer's voice) and the company's SIPOC and flow chart are also essential. Customer
comments, suggestions, and ideas about the product are collected through surveys and other means of
communication. This helps to understand the quality of the product and the mitigation methods used to solve
the problem, considering the customers' expectations and standards.

Also, it is helpful to control and monitor product quality inspection, from pre-production up to the
production of the finished product. Whether the products are defective or not, they should be analyzed to
understand the problem better and how to improve errors, defects, or customer dissatisfaction.

Considering the advantages of the VOC, we prepared the questionnaire format and distributed it to 20
company customers. Here, the workers in the cement packaging and bag stores in the Messebo cement factory
are among the respondents because they know the quality of PP bags through their experience, and the bag is
used practically there. The sample format is found in the appendix. Therefore, the ranges are as follows:
excellent=5, very good=4, good=3, average=2, poor=1.

As shown in (Table 1), the VOC questionnaire show that the educational level of the majority of
respondents is a college diploma (40%), followed by BA/BSC, which covers 30%, and the overall quality and
service of the company by customers perspective also around 28% of respondents rated as good, followed by an
average range of 26%. Therefore, the information is reliable, and the company's product quality and overall
service need further improvement to reduce customer complaints and survive in the competitive market.

Table 1. Result and Educational Background of Respondents.

Q/mo Excellent Very Good Good  Average Poor RespN:n(:lfen ts Education Res::n‘::en ts Total %
1 3 4 7 4 2 20 Below Diploma 5 25%
2 3 3 5 6 3 20 Collage Diploma 8 40%
3 4 5 5 4 2 20 BA/BSc 6 30%
4 2 4 4 7 3 20 MA/MSc 1 5%
5 4 4 5 6 1 20 Total 20 100%
6 6 4 6 4 20
7 1 4 7 5 3 20
Total 23 28 39 36 14
16% 20% 28% 26% 10% 140

4.2. Measuring Phase

This is the second critical phase of the Six Sigma methodology, which confirms that any change to
improvement is based on data-driven evidence. Data for analysis is systematically collected and analyzed to
understand the current performance, which helps as a baseline for improvement.

In this stage, decisions are based on accurate data, including data collection steps and data validation based
on the baseline for quality parameters, DPMO, Six Sigma levels, and the current quality level for existing
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products. A data collection plan, Pareto analysis, and baseline for performance parameters (Six Sigma) are
utilized as tools and techniques.

As the process is interconnected, this study specifically focused on the finishing section equipped with roll-
to-roll printing, Slitex machine, Converter machine, sacred machine, stitching line, and presses machine, and the
defects are identified in Convertex through inspection.

Table 2. Cumulative Percentage of Each Defect For 26 Weeks.

Types of Defects Tot. Defected Total % Cumulative (%)

Weak sealing 4196 0. 46% 0. 46%
Without valve 100303 11.10% 11. 56%
Without a top patch but folded 34417 3.81% 15. 37%
Without a bottom patch but folded 25141 2.78% 18. 15%
Punch out covered 2079 0.23% 18. 38%
Shifting top patch alignment 16334 1. 81% 20. 18%
Shifting bottom patch alignment 23975 2.65% 22. 84%
Burn on top 2421 0.27% 23.10%
Burn on bottom 3202 0.35% 23. 46%
Without a top patch and not folded 22867 2.53% 25.99%
Without a bottom patch and not folded 14648 1. 62% 27.61%
The top patch is not fully sealed 37830 4.18% 31. 79%
The bottom patch is not fully sealed 44971 4.97% 36.77%
Not perforated 2948 0. 33% 37.09%
With top patch but not folded 63894 7.07% 44.16%
With bottom patch but not folded 101395 11.22% 55. 38%
Top and bottom without patch 169019 18.70% 74.07%
Jump and draw out 234383 25. 93% 100. 00%
Total 904023

The above table is equipped with a weekly list of 18 types of defects and a total of 26 weeks of defects, which
are recorded daily by quality assistant staff from three company shifts; also, the total production and the total
defects are calculated. Also, using the above information, the defect rate and current sigma level of the company
are calculated below, after the formulation of the Pareto chart based on the 26 weeks of collected defect data
of the finishing section of Convertex to know the most frequently occurring defects.

4.2.1. Pareto Analysis

Pareto Analysis is a decision-making technique based on the 80/20 rule [87,88], which states that 80% of a
company's problems are caused by 20% of all items. This technique is essential for identifying and prioritizing
issues related to the tasks under study. It was performed to identify critical products in the PP company. Pareto
analysis was performed for individual bag defects of PP companies. In this bar chart, the various defects that
contribute to an overall failure are arranged in order according to the magnitude of the effect.
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Figure 4. Pareto bar of Bag Defects.

Based on the Pareto analysis, the critical PP defects were Jump and draw out, Top and bottom without the
patch, bottom patch but not folded, without the valve, with the top patch but not folded. The bottom patches
not fully sealed are the ““vital few’” or 20% of causes that are responsible for 80% of total defects or the
factors that warrant the most attention from the ““Trivial many.”

These are the main reasons for customer satisfaction and the overall product defects of the company, as well
as the reduction of Sigma level. That means the efforts should be solved and focus on the 20% or vital few to
achieve the most significant improvement first, but it doesn’t mean to ignore the remaining 80% of the causes.

Using this diagram helps to display the relative importance of data, direct efforts to the most significant
improvement opportunity by highlighting the vital few in contrast to the sound many, and concentrate the team's
efforts on the factors that have the most significant impact. It also helps a team focus on specific areas effectively
with an affordable solution.

Table 3. Shows the types of defects, total defects, and cumulative (%).

Types of Defects Tot. Defected Cumulative (%)
Jump and draw out 234383 25.93%
Top and bottom without patch 169019 18.70%
With bottom patch but not folded 101395 11.22%
Without valve 100303 11.10%
With top patch but not folded 63894 7.07%
The bottom patch is not fully sealed 44971 4.97%

Based on the Pareto analysis, the critical PP defects were Jump and draw out, Top and bottom without the
patch, bottom patch but not folded, without the valve, with the top patch but not folded. The bottom patches
not fully sealed are the ““vital few’” or 20% of causes responsible for 80% of total defects or the factors that
warrant the most attention from the ““Trivial many”.

Now, it is easy to highlight the vital few and the useful many. Therefore, the above six are the critical few
overall defects and significantly impact the company's quality and productivity. Thus, the team or the company's
management should focus on these specified defects and areas because these are the 20% main reasons for 80%
of company defects. If these defects are solved successfully, most will be eliminated.

4.2.2. Calculation of Current Sigma Level and CP Before Improvement

Total number of checked or inspected products = 19076713 bags

Number of nonconforming products = the sum of the 18en total defects 904023 bags

Number of conforming products = 19076713 — 904023 = 18,172,690 bags

) 904023 bags
Defect per unit(DPU) = 19076713 bags = (0.04738882
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Defect per unit(DPU)in % = 0.04739 * 100% = 4.739%
Defect per million opportunity (DPMO) = DPU = 1,000,000 = 47,388.82 bags

Current Sigma level calculation;

Table 4. 95% Confidence Interval for Defect Rate%, Yield Rate%, DPM/Dpmo and Sigma Level Before Improvement.

Process outcome-95% Confidence interval for defect rate, yield rate %, DPM/DPMO and sigma (Short and long term)

Enter the number of defects 904023
Enter Sample Size(N) 19076713
Defect rate % 4.73888 | yield rate% 95.26112 DPM 47388. 8243
Observed defect rate % 4.72936 Observed yield 95. 25157 Observed 47293. 5699
(lower limit) rate % (Upper DPM (lower

limit) limit)
observed defect rate % 4.74843 Observed yield 95. 27064 observed DPM | 47484. 26093
(Upper limit) rate % (Lower (upper limit)

limit)
Short term Sigma 3.17 Long term Sigma 1.98
Observed Sigma (lower limit) 3.17 observed Sigma (lower limit) 1.98
Observed Sigma (upper limit) 3.17 Observed Sigma (Upper limit) 1.98

Proportion of conforming unit =1 — 0.04738882 = 0.9526
Percentage of conforming unit = proportion of conforming unit * 100
Percentage of conforming unit = 0.9519 * 100 = 95.26 %

From the standard regular distribution table, the standard deviations corresponding to 0. 9526 Proportion
of conforming units is Z = 1. 67. therefore, process capability (Cp) can be calculated from the given number of

standard deviations as:

C, (process capability) = 3

Z 1.67
=T=0.557

According to the above result, the Cp value is less than 1. Consequently, it can be concluded that the process
is not capable. It needs immediate improvement to minimize defects and reduce variation to the point where it
can produce consistently within the specification. Again, the following Process Capability Six-pack report chart
was conducted to check the company's overall capability and reliability.

Process Capability Sixpack Report for Produced Quantity
Capability Histogram

LS

| Chart
1000000 A
PN Py 7N
- » ‘- e g e ¥4
= R e | Y L
500000 | "'.I / L
.
E 4 {
o E
1 4 7 10 (E] 16 19 22 25
Moving Range Chart
200000 i
1
g |I I|
{ 1
400000 |'I
: »
E a_ | \I
- - - o, L/
PN A \
o A . - - . i
1 7 7 1 B 1% 13 22 25
Last 25 Observations
1000000 -
« " " et -
. P .o P -
! 5 P
500000 =
04 -
5 10 15 20 25
Observation

usL

UCL=1124650

X=733720

LCL=342780
Normal Prob Plot
AD: 1.821, P: < 0.005

UCL=480260

MR=146093

LCL=0 - -~

Capability Plot

Within Overall
StDev 130313
Cp 0.55 + i
Cpk 030 -
PPM 191993 29 Within
+ - +*
Specs
—

Figure 5. Process Capability Plots of Produced Quantity.

Overall
— — — Within

Specifications
LSL 419750
USL 851033

1200000

Owarall
StDev 183998
Pp 039
Ppk 021

Cpm  *
PPM  305862.98



https://doi.org/10.20944/preprints202503.1098.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 March 2025

Process Capability Sixpack Report for Rejected Units

I Chart Capability Histogram
; I?i U’..\
- UCL=58445 — Overall
% 50000 FERY — Within
> - - £ - - Specifications
- = — .y = = b Ty | Reza770 LSL 18196
25000 | =a—a" - o \ S/ USL 45556
=2 LS _l'l LCL=11085
° L
1 a T 10 a 16 19 22 =
Moving Range Chart MNormal Prob Plot
5000 .‘“ AD: 1.293, P: = 0.005 ) )
L. - Z:]
- B i - UCL= 20084
2 [ [
B [\ -
= o f ') 1 - R0z
- - -—— . —
o — L - - - L LCL=0 et B i
1 a T 1w 1z 16 19 22 25 o 20000 ADODD 0000
Last 25 Observations Capability Plot
- Within Owverall Owv e all
StDev 7852 StDev 10230
" 50000 " - <p o.s8 + * * Pp 045
- - 0.46 P a1s
§ R, =L Tagkl S g ate - - PPM 10370414 NUTE C:l:" .
= 25000 @ % " - - PEM  19B4636T
+ + .
- - Specs
5 ] 5 20 2= + +

Observation

Figure 6. Process Capability Plots of Rejected Units.

4.2.3. Key Assumptions and Interpretations of the Above Chart

Process capability indices (Cp/Cpk) compare the variability of a process quality measure against product
specifications or tolerances and assume the process is under statistical control. [89,90]. Process performance
indices (Pp/Ppk) (Process performance index)) are helpful when the process is not in a state of statistical control
[91,92]. Cp and Cpk both give the process capability; while Cp talks about the data spread and width of the data
range, Cpk discusses the data points near the mean [92,93]. Though both give the process capability, Cpk (Process
capability indices) offers a more precise process capability. Since the data point has a mean, unlike Cp, which
provides the data points between the USL and LSL, Cp and Pp will always be greater than Cpk and Ppk,
respectively [94]. If the process is not stable, then we cannot calculate the process capability; we need to fix or
adjust the data to be stable. If the data is normal and stable, we can calculate the capability for capability
indices such as Cp and Cpk, compare the process variation to the customer specification, and check the process
normality [95]. They are used to determine if the variation is wider than the specifications, the process is not
centered, or both. Cp/Cpk estimates potential process performance or capability [91,92] how would the process
perform without unique variation? Pp/Ppk also offers the actual process performance, given all of the variances
currently present in the process. Pp/Ppk is generally = Cp/Cpk [96,97].

4.2.4. Chart Interpretation

The first chart of the X bar chart is used to monitor the process's mean and determine whether it is stable
enough to perform capability analysis. Therefore, as shown in (fig. 4. 4) of produced quantity at point 23, it is
below the lower control limit, and in (fig. 4. 5) of rejected units, sample number 18 is above the upper
control limit, and point 23 is also under the lower standard limit. The red points indicate subgroups that fail
at least one of the tests for special causes and are not in control. Out-of-control points suggest that the process
may not be stable and that the results of a capability analysis may not be reliable. It needs improvement and
eliminates the causes of variation.

The second Moving Range (MR) chart also plots the moving range for consecutive observations, and the
center line is the average of all moving ranges. The control limit, set at three standard deviations below and above
the center line, indicates the variation expected in the moving parts. From the above-moving range chart in (fig.
4. 4) of produced quantity at sample points 22 and 23, it is above the upper control limit, and in (fig. 4. 5) of
rejected units, sample points 17, 18, 22, and 23 are above the upper control limit the rest most of the points are
below the center line. In general, from the chart, the process is not stable enough, and the results of capability
analysis may not be reliable. It needs to identify the cause of out-of-control points and eliminate unique cause
variation before the process capability analysis.

The third chart, the last 25 subgroups plot, also shows the data points for the previous 25 subgroups and
displays a line for the overall process mean. However, in the above chart, most of the points are not randomly
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and symmetrically distributed about the process mean across the subgroups (fig. 4. 4) and (fig. 4. 5), so the process
is unreliable.

The fourth Capability Histogram also shows the distribution of the sample data; each bar of the histogram
represents the frequency of data; in these results, the process data does not appear pretty in the center, and the
process spread curve. Also very wide, the data are outside the specification limit, representing nonconforming
items in the specification spread, which suggests poor capability. All the data are inside the specification limits.
Data outside the specification limits represent nonconforming items compared to the specification spread, which
suggests poor capability.

4.3. Analyses Phase

The analysis is the third phase of DMAIC. Since the problems were already identified in the measuring
phase using the Pareto diagram, the current reasons are investigated in this step, and the root cause of the most
dominant defects is brainstormed using the Fishbone (cause and effect) diagram.

Cause and Effect Diagram of The Six Dominant Defects
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Figure 7. Cause and Effect Diagram for Jump and Draw Out Defect.
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Figure 8. Cause and Effect Diagram for Top and Bottom Without Patch Defect.
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Figure 12. Cause and Effect Diagram for Bottom Patch Not Fully Sealed Defect.

4.4. Improve Phase

This part of the DMAIC process involves brainstorming possible causes of defects, testing, and
recommending suggestions for the above-listed defects in the analysis phase. Then, effective solutions for the

investigated causes of variation are applied to improve quality, productivity, the sigma level, and the company's
defect rate.
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4.4.1. Remedies of Jump and Draw-Out Defects

In the PP bag manufacturing company, well-trained experts are vital in improving company productivity
and product quality. Quality improvement tools like Kaizen, JIT (just in time), statistical quality control tools,
and processes that grant low-cost production processes are established by the training department.

The remedies to solve the defect include checking and adjusting the gap between bags to 100mm, checking
the straightness of the steel band, and checking the availability of magnets. Adjust the stamp's pressure to a
moderate level. Stamps should not knock on the bed; the stamp should be fixed to the exact position and inspected
daily. Check the drive and roller of the chain diameter using precision measuring tools; if it is under the
specification, change the new spare and fix it at the proper tension. Use the high-speed steel bolts more than
other materials to prevent sudden broking, set the auto machine technicians up, and keep the area around the
sensor from being covered by damaged bags and wastes.

Clean and check the proper functions of the follower and magnets; if it's not working correctly, immediately
replace them, ensure the friction line and plate attachment are straight and centered,

Make proper clearance of the friction line and bed at the entrance 2mm-3mm, and beyond the second
pneumatic cylinder should be 1mm; make slight lubrication on the face of the friction line.

To prevent encoder problems, use 630-640°C temperature for cover and valve patch sealing. Set the
pressure to 30-33 bar, which will vary depending on the weather conditions. Also, take care of unlaminated bags,
which can cause the encoder to burn out. The first step of sensor prevention is to clean and adjust to
environmental conditions caused by wet optics, dust, and dirt, and change or inspect the cable break/lead
breakage, broken connectors, and damaged cable insulations on time.

Apply the Standard Operating Procedure (SOP) system, a set of step-by-step instructions prepared by the
company to help workers carry out complex routine operations and for trainee workers. Use the manufacturer's
manual and international standards to set the required pressure setup and adjust the friction line chain. Modern
inspection and measuring tools are used instead of old to keep the workers healthy and safe. Install enough
chemical fume suckers, air conditioning, and ventilation system to prevent both the machine parts like sensor
and raw material from contamination. Use safety tools like mouth musk, ear mug, steel-toed shoes, and
eyeglasses.

4.4.2. Remedies Top and Bottom Without Patch Defects

Prepare maintenance standards, especially scheduled daily, weekly, monthly, quarterly, and monthly
preventive maintenance and corrective maintenance plans, including inspection and lubrication. Proper
maintenance is essential to avoid an accident and machinery breakdown, and the production rate will
deliberately increase and adapt to on-the-job training. First, clean the suction vacuum, check the cutting sensor's
proper functions, check the blades' cutting-edge sharpness, and adjust the cutters to align position and make an
air gap b/n them. To keep the encoder, use 630-640°C temperature for both cover patch and valve patch sealing
and set the pressure to 30-33 bar to vary based on the weather conditions. And take care of unlaminated bags
because they lead the encoder to burn out. The first step of sensor prevention is to clean and adjust to the
environment caused by wet optics, dust, and dirt, and change or inspect the cable break/lead breakage, broken
connectors, and damaged cable insulations on time.

Make sure to clean the areas of the bottom opening and sensors for any debris, ensure that they are properly
blinded for unnecessary vacuum holes, check the suction pressure and suction caps, and check air control valves
and lines for any leakage. Control the required temperature and pressure by using MBC (model-based control)
(model-based control) in the Plc. This performs better than others and eliminates using a standalone temperature
controller. Apply modern inspection and measuring tools rather than old tools and install enough chemical fume
suckers, air conditioners, and ventilation systems, and wear safety tools like mouth musk, ear mug, and
eyeglasses properly should be the best way of prevention.

4.4.3. Remedies of With Bottom Patch but Not Folded Defects

The finding shows a lack of practical technical skills to enhance machine efficiency, which indicates that training
schedules must be prepared considering a preventive maintenance program that helps to fill the skill gap in every
section in both practical and theoretical aspects.
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Adjust the folding plates' forward and backward speeds as well. Make the gap between the stamp and
folding plates 4-5mm. Adjust the stamp's pressure to moderate. Check the suction pressure and suction caps,
blind unnecessary holes that affect the pressure-volume and the pneumatic cylinder filters, and maintain a
balanced pressure output. To prevent encoder problems, set the temperature to 630-640°C for both cover patch
and valve patch sealing, put the pressure to 30-33 bar to vary based on the weather condition, and take care of
unlaminated bags because of lead the encoder to burn out. The first step of sensor prevention is to clean and
adjust to environmental conditions caused by wet optics, dust, and dirt, and change or inspect the cable
break/lead breakage, broken connectors, and damaged cable insulations on time. Prepare a standard schedule of
quality inspection and production control daily. Emphasize all problems frequently occurring in every section
and record their solutions as soon as possible for further reference. Material selection for a given application
begins with studying different material selection criteria, related costs, and specific application capabilities
according to the manufacturer's details. The supply and purchase department should handle this serious issue
because wrong material selection leads to huge costs and machine inefficiency. Installing enough chemical fume
suckers, air conditioning, and ventilation system and wearing safety tools like mouth musk, ear mug, and
eyeglasses properly should be the best way of prevention and prevent machines from being affected by dust and
also keep the pipeline from free of dirty.

4.4.4. Remedies of Without Valve Defects

To solve the defect without a valve, it is recommended that more focus be placed on improving testing,
developing motivation, and acknowledging the teamwork between quality circle members. Improving cut and
sealing accuracy helps increase waste recycling rate and reduce associated costs. Considering these, the following
points are essential to solve the defect:

Check and clean the valve patch unit and fabric roll property, including a cooling cylinder, impression
cylinder, belt tension, and nip-roll thickness and smoothness.

Ensure the winder vacuum holes and solvent hose are clean with their vacuum hoses. Check the impression
cylinder for tears and wear, and the functions of the cutting sensor and blades' proper cutting-edge sharpness.
Adjust the cutters to the exact alignment position and make the appropriate gap between them. To prevent
encoder problems, set the temperature to 630-640°C for both cover patch and valve patch sealing, put the
pressure to 30-33 bar to vary based on the weather condition, and take care of unlaminated bags because of
lead the encoder to burn out. The first step of sensor prevention is to clean and adjust to environmental conditions
caused by wet optics, dust, and dirt, and change or inspect the cable break/lead breakage, broken connectors, and
damaged cable insulations on time. Emphasize problems frequently occurring in every section and record their
solutions as soon as possible for further reference. Increase customer satisfaction by carefully listening to customer
feedback and taking corrective action to identify and eliminate potential process or product failure modes by
prioritizing deficiencies.

The supervisor should take the risk of job priority, which should be done first, and be aware of his workers
sequentially before problems happen. Because problem prevention is much better than problem-fighting,
communicating and accepting the ideas raised by the employees, giving them a chance to brainstorm about some
issues, then acknowledging them, and showing courage are key ways of improving products and eliminating
defects.

4.4.5. Remedies of With Top Patch but Not Folded Defects

Apply the Standard Operating Procedure (SOP) system, which is a set of step-by-step instructions prepared
by the company for workers carrying out complex routine operations and trainee workers. Adjust the folding
plates' forward and backward speeds as well. Make the gap between the stamp plate and the folding plate 4-
5mm, and moderate the stamp's pressure. Check the suction pressure and suction caps, blind unnecessary holes
that affect the pressure volume, check the pneumatic cylinder filters, and maintain a balanced pressure output.
Maintaining and controlling the exact injection temperature allows the material to stiffen, permitting the trapped
gases to escape from the melt stream. To prevent encoder problems, set the temperature to 630-640°C for both
cover patch and valve patch sealing, put the pressure to 30-33 bar to vary based on the weather condition, and
take care of unlaminated bags because of lead the encoder to burn out. Clean and adjust sensor prevention to
environmental conditions and change or inspect the cable break/lead breakage, broken connectors, and damaged
cable insulations on time. Clean the areas of the bottom opening and sensors for debris, ensure they are properly
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blinded for unnecessary vacuum holes, check the suction pressure and suction caps, and check the air control
valves and lines for any leakage.

4.4.6. Remedies of Bottom Patch Not Fully Sealed Defects

The shift leader should record the checklist for inspection of machine parts and daily QC reports, such as
lamination, tape, loom, Convertex, etc. , its daily production, defects, and maintaining an adequate quality
standard of every section, and also notice the workers' daily progress reports on maintenance and production
status. Properly clean the hot air blowing nozzle, cooling cylinder holes, impression cylinder, the movement of
arms sliding bearings, and the functions of a pneumatic cylinder. Finally, check the direction and volume of the
air-blowing nozzle probe.

Apply the SOP, a set of step-by-step instructions prepared by the company for workers carrying out
complex routine operations and trainee workers. The hot air blowing nozzle should adjust fully open; the
position could not recommend any leakages at the stop. Make the gap between the cooling cylinder and
impression cylinder zero mm at cool and hot times, and check the heating cartage’s efficiency. The producer must
eliminate common errors like gauges, uniformity, and treatment. The incorrect polymer may have been used in
the film, perhaps due to human error in the extrusion process, so it should be taken care of in the process.

When a product film is not sealing as expected, there could be faults with the sealing equipment, or it could
require some simple adjustment to the machine settings; check for any faults on the machine that may contribute
to the bags not feeding correctly and misalignment of rollers and their tensions and other feeding or sticking
rollers that do not rotate freely stacked its bearing and due to shaft wear out.

Some common seal defects include creases in the seal, the product getting trapped in the seal, weak seals
that peal easily, and holes or thin spots appearing next to the seal.

Check and prioritize all technical aspects of every fault, such as mixing ratio, temperature and pressure
difference, density, time setup, and the quality of the raw material, ensuring it is free of contamination before and
after processing.

Adjust the exact sealing temperature setting, calibrate sealing temperature readings with the required setup,
adjust the correct sealing time and pressure setting, inspect the air supply and solenoid valve, and clean the
sealing bar from a build-up of ink and other dust particles.

4.4.7. Calculation of Defect Rate, DPMO, and Sigma Level After Improvement

Total number of checked or inspected products = 32,552,008 bags
Number of nonconforming products = the sum of the 18en total defects 200,988 bags

Number of conforming products = 32,552,008 — 200,988 = 32,351,019 bags
200,988 bags

Defect per unit(DPU) = 32,552,008 bags = 0.00617438
Defect per unit(DPU)in % = 0.00617438 * 100% = 0.62%
Defect per million opportunity (DPMO) = DPU * 0.00617438 = 6174 bags
The sigma quantity level of £1.56 is
= 0.8406 + \/(29. 37 — 2.221In(DPMO))

= 0.8406 +/(29.37 — 2.221In(6174)) = 4.008

Table 5. Confidence Interval for Defect Rate%, Yield Rate%, DPM/DPMO and Sigma Level After Improvement.

Process outcome-95% Confidence interval for defect rate, yield rate %, DPM/DPMO and sigma (Short and long term)

Enter the number of defects 200988

Enter Sample Size(N) 32552007

Defect rate % 0.61744 Yield rate% 99. 38256 DPM 6174. 3658
Observed defect rate % 0. 61475 Observed yield rate % 99. 38525 Observed DPM | 6147.51376
(lower limit) (Upper limit) (lower limit)



https://doi.org/10.20944/preprints202503.1098.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 March 2025

observed defect rate % 0. 62013 Observed yield rate % 99. 37987 observed DPM | 6201. 33447
(Upper limit) (Lower limit) (upper limit)

Short term Sigma 4.00 Long term Sigma 2.74
Observed Sigma (lower limit) 4.00 observed Sigma (lower limit) 2.74
Observed Sigma (upper limit) 4.00 Observed Sigma (Upper limit) | 2.74

After the possible solutions and corrective actions are suggested in the improvement phase of Six Sigma
DMAIC. The primary problem defects and their root causes have already been investigated. Suppose these

remedies are applied correctly in the section. In that case, the parameters are changing as shown in (Tab. 4-13) of
95% confidence interval for defect rate, yield rate DPMO, and Sigma level solver table, the defect rate is
reduced to 0. 61%, it was 4. 73% at the very beginning, and the sigma level also increased from 3.17 to 4. 00.
That means based on the standard of the Six Sigma rule, the improvement was successful, and changes were

recorded; 4. 00 means the industry average level of Sigma. Therefore, the quality and productivity of the

company increased linearly, the overall sigma level also improved, and the customer complaints about the product

quality were reduced.
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Process Capability Sixpack Report for Rejected Units
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Figure 13. Process Capability Plots of Rejected Units.

4.4.8. Chart Interpretation After Improvement

After the improvement has been made, all points or samples and numbers in the X chart are
inside the control limit, and the red points are eliminated through continuous improvement in both
(fig. 4. 12) and (fig. 4. 13). Therefore, this indicates that the process is stable and that the results of
a capability analysis should be reliable because SPC methods eliminate the causes of variation.
The second chart of Moving Range (MR) also contains the plots for consecutive observations, and the
center line is the average of all moving ranges. The control limit, set at three standard deviations
below and above the center line, indicates the variation expected in the moving parts. All sample
points are in the control limit from the above-moving range chart (fig. 4. 12) and (fig. 4. 13). Therefore,
the process is stable enough, and the results of capability analysis are also reliable. Its variations
are identified, and the cause of variation is eliminated before the process capability analysis.

The third chart, the last 25 subgroups plot, also shows the data points for the previous 25
subgroups and displays a line for the overall process mean. Furthermore, the points are randomly
and symmetrically distributed about the process mean across the subgroups (fig. 4. 12) and (fig. 4.
13), so the process is reliable after improvement.

The fourth Capability Histogram also shows the distribution of the sample data, and each bar
of the histogram represents the frequency of data. The process data appear in the center of these results,
and the process spread curve is a little broader. So that the nonconforming items are minimized.
Also, the specification spread suggests good capability, and all the data are inside the specification
limits. The processing capability of both production quality and rejected units are 1. 19 and 1. 26,
respectively, and we can say that the process is successfully capable.
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Figure 14. Comparisons Before and After Improvement.

Therefore, the process capability percentage comparison of both production quantity and defect
units between the existing and the current findings of the study after improvement are calculated as

follows;
New — 0ld
Production quantity = ————* 100% = 53.7%
New
New — 0ld
Defected units = ————— % 100% = 53.9%
New

4.5. Control Phase

Controlling is the last phase of Six Sigma DMAIC, which considers sustaining and implementing
the improvement phase's results and advancing the changes. This phase ensures that the new process
conditions or investigated improvements are well-documented and monitored via SPC methods with
their recommended solutions. There are four procedures to perform an effective controlling system.

[Standardization] [ IDocurnmcntation ] [Molﬂloring planj [ Responsce plan J

Figure 15. Controlling Steps.

Standardization means that the workers have established a well-approved process and process
parameters to eliminate quality and productivity problems on time and increase employee morale
throughout the company. This paper mentions how to successfully apply the brainstormed causes
and remedies and process capability analysis methods in the Messebo PP bag company.
Management and workers of Messebo PP bag should identify the detailed process steps of each
improvement technique and assign when and by whom these steps or techniques are performed
within a specified timetable.

The second step is Documentation. It is essential to ensure the techniques and guidelines found
from the improvement are well-documented with detailed steps, instructions, and procedures.
Afterward, it should be distributed to the QC members or responsible teams to carry out overall
process improvement activities. To perform adequate documentation, we should follow the steps:
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identify and name the process, define the process scope, explain the process boundary, identify
the process outputs, identify the process inputs, brainstorm the process steps, organize the steps
sequentially, and describe who is involved.

The third step is also the monitoring plan; in this plan, the changes are detected and well identified
in the improved process, and the improvement will indeed be carried on to meet customer
requirements and reduce complaints. Also, it helps to monitor when and how often the data is
collected and define how to gather and record improvement data.

The fourth step of the controlling phase is the Response plan. It helps to identify the next steps
and procedures for taking action. Once the improvements are detected in the monitoring phase, the
response plan helps to define each measure in the monitoring plan and decide what action to take in
the problem-solving, who to take action, where to find the troubleshooting procedures, and what
action to take for an out-of-control production or quality system.

5. Conclusions

Defect minimization is vital to ensure product quality because quality is the only way
manufacturing companies can sustain and win in today's competitive global market. The main
objective of this study was to identify the major defects, eliminate defect rate, and increase the sigma
level and CP of Convertex laminated using SSs” DMAIC farmwork and SQC tools. Therefore, from
the 18 listed defects in the section, the most dominant six, which cover 79% of the total defects, are
identified using the Pareto diagram. Namely, Jump and draw out, top and bottom without the patch,
with a bottom patch but not folded, without a valve, with a top patch but not folded, and Bottom
patch not fully sealed. These are the “Vital Few” that account for the majority effect or 20% of causes
of defects that are responsible for 80% of total defects or few contributors. The root causes of the six
significant defects have been successfully determined using a fishbone diagram. Before
improvement, the Sigma level was 3. 17 (Non-competitive), the defect rate was 4. 73 %, DPMO was
47389, and the process capability of produced quantity and defect units was 0. 55 and 0. 58,
respectively. Therefore, if the process's CP is less than one, it is incapable. After possible solutions
and corrective actions were suggested, the Sigma level became 4. 00 (industry average), the defect
rate was 0. 61%, DPMO 6174, and the process capability of produced quantity and defect units was
1. 19 and 1. 26, respectively, which is very capable. Controlling procedures are suggested to sustain
and advance the improvements. Therefore, the proposed improvement techniques and corrective
actions will be implemented depending on the strong commitment and loyalty of the higher
management of the Messebo PP bag factory.
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