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ABSTRACT - REZUMAT

Process improvement and quality management in the textile industry using Lean Six Sigma
methodologies and tools

An important part of global manufacturing is the textile industry, which produces a wide range of products. In this
research, 3 primary textile hubs in Tamil Nadu were selected for data collection: Karur, Tiruppur, and Coimbatore. This
study investigates the optimisation of production processes in industry by incorporating the Lean Six Sigma (LSS)
methodology. It also examined 5 key theories that addressed crucial issues such as production, defect rates, process
inefficiencies, and cycle times. This research also used statistical tools such as Microsoft Excel and Minitab to conduct
capacity assessment and process-control defect-rate analysis. This study also used Value Stream Mapping (VSM) and
Measurement System Analysis (MSA) for rectifying the above defects. The Lean Six Sigma (LSS) techniques improved
productivity in the textile industry by reducing cycle time from 62.5 to 563.1 minutes (15% improvement), lowering defect
rates from 19.43% to 12.38% (36.3% improvement), and increasing the sigma level from —3.36 to 0.41 (3.77-unit
improvement). The outcomes showed that, when supported by advanced statistical analysis and process mapping, LSS
can dramatically boost productivity, product quality, and process reliability in the textile sector.

Keywords: Lean Six Sigma, textile industry, DMAIC framework, cycle time, defect rate, process optimisation, quality
improvement

imbunatatirea proceselor si managementul calitatii in industria textila utilizand metodologii si instrumente
Lean Six Sigma

O parte importanta a productiei globale la nivel mondial este industria textila, care realizeaza o gama larga de produse.
In cadrul acestei cercetdri, au fost selectate cele trei centre textile principale din Tamil Nadu pentru colectarea datelor,
si anume Karur, Tiruppur si Coimbatore. Acest studiu investigheaza optimizarea proceselor de productie din industrie
prin incorporarea metodologiei Lean Six Sigma (LSS). De asemenea, au fost analizate 5 teorii importante care
abordeaza aspecte cruciale precum productia, ratele defectelor, ineficientele proceselor si duratele ciclurilor. Aceasta
cercetare a utilizat, de asemenea, instrumente statistice precum Microsoft Excel si Minitab pentru a determina evaluarea
capacitétii si analiza ratei de defectare a controlului proceselor. Acest studiu a utilizat, de asemenea, Cartografierea
Fluxului de Valoare (VSM) si Analiza Sistemului de Mé&surare (MSA) pentru remedierea defectelor mentionate mai sus.
Tehnicile Lean Six Sigma (LSS) au imbunatatit productivitatea in industria textild prin reducerea duratei ciclului de la
62,5 la 53,1 minute (imbunététire de 15%), scdderea ratelor defectelor de la 19,43% la 12,38% (imbunététire de 36,3%)
si cresterea nivelului sigma de la —3,36 la 0,41 (imbunététire de 3,77 unitati). Rezultatele au examinat modul in care,
atunci cdnd este sustinut de analize statistice avansate si cartografierea proceselor, LSS poate creste semnificativ
productivitatea, calitatea produselor si fiabilitatea proceselor in sectorul textil.

Cuvinte-cheie: Lean Six Sigma, industria textila, cadrul DMAIC, durata ciclului, rata defectelor, optimizarea proceselor,
imbunatatirea calitatii

INTRODUCTION

The goal of lean manufacturing in the textile sector is
to maximise customer value by reducing waste and
increasing productivity at every stage of production.
By implementing Lean principles, textile manufactur-
ers hope to reduce excess inventory, streamline pro-
cesses, and eliminate non-value-added activities.
This led to faster delivery, lower costs, and better
quality. Kaizen, Just-in-Time (JIT), Total Productive
Maintenance (TPM), and Value Stream Mapping
(VSM) are among the primary Lean tools used in the
textile industry. Businesses can use value stream
mapping to see the entire production process, from
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acquiring raw materials to shipping the finished prod-
uct, and identify inefficiencies such as lengthy wait
times and transportation bottlenecks. Just-in-time
(JIT) production methods ensure materials and prod-
ucts are produced only when needed by preventing
overproduction and reducing the need for large inven-
tories. A more responsive production environment
results in lower storage costs and better cash flow.

In the textile industry, where delivery schedules and
notable variations in product demand are common-
place, lean manufacturing has become increasingly
important. Lean emphasises employee involvement
and continuous improvement to foster a culture of
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problem-solving and waste reduction at all organisa-
tional levels. One of the main advantages of lean
manufacturing is its capacity to increase product
quality while reducing production costs. In lean
approaches, tools such as Total Quality Management
(TQM) and Six Sigma are frequently used to improve
defect prevention and reduce process variability.
Furthermore, lean manufacturing gives textile com-
panies greater flexibility, allowing them to respond
more skillfully to shifting market trends and consumer
preferences. At last, implementing lean techniques
makes the textile sector more competitive in a fast-
moving global marketplace, enhances customer sat-
isfaction, and builds more sustainable operations.
Figure 1 depicts the types of apparel.

Fig. 1. Apparel types

In the textile industry, lean manufacturing is increas-
ingly used to increase productivity, reduce waste, and
improve efficiency. Its adoption can be facilitated by a
structured framework that helps textile manufacturers
improve operational performance and product quality
while systematically eliminating non-value-added
activities. Understanding the different lean tools and
practices, such as value stream mapping, 5S, and
continuous improvement, is a major challenge. All
organisational levels must be committed to the imple-
mentation for it to be successful, with a focus on staff
training and involvement. Manufacturers can improve
their competitiveness, streamline operations, and
reduce operating costs by focusing on waste reduc-
tion and workflow optimisation. This will result in long-
term success and sustainable growth in the textile
industry [1]. To promote a more sustainable produc-
tion process, green lean production in the textile sec-
tor seeks to combine lean manufacturing concepts
with environmental sustainability. To assess the
effectiveness of green lean production, a hybrid fuzzy
decision-making framework that accounts for both
environmental and economic factors has been devel-
oped. In addition to increasing operational efficiency,
this strategy helps textile companies identify and
implement eco-friendly practices such as waste
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minimisation, water conservation, and energy con-
servation. Fuzzy logic is utilised in the decision-mak-
ing process to account for environmental uncertainty,
providing a framework that is adaptable and flexible
enough to be customised for various organisational
contexts. This framework’s implementation promotes
the development of an eco-friendly, sustainable, and
productive production environment in the textile sec-
tor, supporting the sector’'s overall environmental
responsibility [2].

Several obstacles could prevent the textile industry
from successfully implementing lean principles.
Organisational culture, inadequate training, change
aversion and the difficulty of integrating lean prac-
tices with current procedures are frequently the caus-
es of these challenges. Adopting lean strategies is
further complicated by the textile industry’s reliance
on manual labour and antiquated technologies.
Overcoming these obstacles requires an all-encom-
passing strategy that aligns lean practices with busi-
ness goals, fosters strong leadership, and engages
employees. To successfully implement lean, which
eventually boosts output quality and customer satis-
faction in the textile industry, these obstacles must be
recognised and removed [3]. The apparel industry in
Bangladesh has been greatly impacted by lean man-
ufacturing, which has been used to improve opera-
tional performance. The adoption of lean methods,
such as cutting waste, shortening lead times, and
improving process flow, has improved resource utili-
sation and reduced costs. Research in the clothing
industry shows that businesses that use lean manu-
facturing report higher profitability, productivity, and
efficiency. Additionally, because the emphasis on col-
laboration and ongoing improvement fosters a posi-
tive corporate culture, lean practices have been
linked to higher employee satisfaction. However, to
ensure the long-term viability of lean initiatives in the
apparel industry, issues such as supply chain disrup-
tions and fluctuating demand need to be carefully
managed [4].

Six Sigma techniques have been successfully
applied in the textile industry to improve productivity
and quality. A case study illustrated how operational
processes were significantly improved by fusing the
lean concepts with Six Sigma’s emphasis on min-
imising variation. This strategy reduces errors and
increases customer satisfaction by addressing both
product quality consistency and production process
efficiency. Organisations can streamline processes,
improve efficiency, and produce high-quality goods at
competitive prices by implementing Lean Six Sigma,
which emphasises data-driven decision-making and
strict process control [5]. Using lean manufacturing
techniques has greatly improved the textile industry’s
operational performance. Waste reduction, produc-
tion process optimisation, and continuous improve-
ment are examples of lean practices that have been
shown to lower costs and boost overall productivity in
textile manufacturing operations. Industry data indi-
cate that businesses that use lean manufacturing
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experience improvements in key performance met-
rics, including lead time, production costs, and prod-
uct quality. Furthermore, the emphasis on employee
empowerment and engagement in lean manufactur-
ing fosters an innovative, problem-solving culture that
supports textile companies’ long-term competitive-
ness and success [6]. One of the main goals in
enhancing operational effectiveness and environ-
mental sustainability in the textile sector has been to
develop a waste-reduction model based on lean
manufacturing principles. Businesses can significant-
ly lower their operational costs and environmental
impact by implementing lean strategies, such as
reducing material waste, using less energy, and
streamlining production processes. This strategy not
only increases output but also fits in with the textile
industry’s growing focus on sustainability.
Businesses that use lean manufacturing to reduce
waste are better positioned to meet consumer
demand for eco-friendly products and regulatory
requirements, resulting in a more sustainable and
lucrative future [7].

With a focus on the sewing sector, a lean manufac-
turing model based on production management has
been suggested for small textile businesses to
increase efficiency and reduce waste. By focusing on
the sewing department, which frequently encounters
bottlenecks in small textile businesses, the model
seeks to improve productivity, reduce operating
expenses, and streamline processes. By putting this
lean model into practice, small textile businesses
could become much more profitable and competitive,
helping them compete in a fast-moving market [8].
Changes in consumer demand, workforce manage-
ment and supply chain disruptions are just a few of
the major issues the COVID-19 pandemic has
brought about for the textile sector. An integrated
approach to examining the obstacles to lean manu-
facturing in this setting emphasises the necessity of
a flexible and robust supply chain, the importance of
preserving worker safety, and the role technology
plays in facilitating remote work and production pro-
cesses. The importance of sustainability in manufac-
turing has been highlighted by the pandemic, which
has led textile companies to prioritise both long-term
environmental responsibility and operational efficien-
cy. By addressing these issues, textile companies
can overcome obstacles to lean implementation and
emerge stronger in the post-COVID world. One
important element in enhancing operational agility
during the COVID-19 era in the textile industry has
been the combination of lean practices and quick-
response manufacturing. Textile companies have
been better equipped to adapt to shifting demand
patterns and pandemic-driven supply chain disrup-
tions by combining the flexibility and speed of quick-
response manufacturing with the waste-reduction
principles of lean manufacturing. This strategy gives
businesses a competitive edge in a rapidly changing
market by enabling them to shorten lead times, man-
age inventory more effectively, and increase overall
production efficiency. However, to prevent potential
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problems such as overproduction or more complex
production systems, combining these practices
requires careful planning and coordination [9].

In the textile industry, lean layout design is essential
for increasing the productivity of production process-
es. A textile manufacturing facility’s layout was
redesigned in a case study using lean principles, with
an emphasis on increasing worker productivity,
reducing movement waste, and optimising material
flow. The company shortened lead times, increased
operational efficiency, and improved overall product
quality by rearranging the layout to facilitate a steady,
uninterrupted flow of materials. The lean layout
design enhances operational and employee well-
being by promoting a safer, more ergonomic work-
place and increasing production efficiency [10].
Estimates of the effectiveness and growth of lean
production in textile companies indicate substantial
advantages, including lower costs, higher quality, and
increased output. By reducing waste, optimising
workflows, and increasing resource utilisation, apply-
ing lean principles streamlines operations.
Additionally, the emphasis on employee involvement
and ongoing improvement fosters an innovative and
efficient culture in textile businesses. The predicted
effects of lean production underscore its potential to
enable more profitable, efficient, and sustainable
manufacturing processes as the sector further devel-
ops, positioning textile companies for long-term suc-
cess [11].

In fact, textile companies can achieve greater effi-
ciency, customer satisfaction, and competitive
advantage in a demanding global market by using
this integrated approach [12]. A model focusing on
optimising waste-reduction processes and standard-
ising work practices is proposed to enhance produc-
tivity in the textile industry by applying lean manufac-
turing techniques. The model highlights the impor-
tance of aligning lean concepts with the specific
requirements and features of the textile sector to
ensure that implemented practices are suited to the
challenges faced by textile producers. Lower produc-
tion costs, higher-quality products, and increased
operational efficiency are the anticipated results of
implementing this model. Textile companies can
greatly increase their productivity and profitability in
the market by strategically implementing lean tech-
niques [13]. Productivity and layout design in the
sewing portion of the apparel industry have been sig-
nificantly impacted by lean manufacturing. An analy-
sis of the effects of lean methods in this field empha-
sises the significance of resource efficiency, waste
reduction, and process optimisation. Redesigning the
layout and implementing lean techniques such as
value stream mapping and standardised work can
help clothing manufacturers reduce cycle times,
improve quality, and increase overall productivity. In
addition to improving operational performance, the
adoption of lean manufacturing by the sewing sec-
tions promotes employee collaboration and a culture
of continuous improvement, which boosts productivi-
ty and competitiveness over the long run [14].

2026. vol. 77. no. 2



METHODOLOGY

Data collection and demographic analysis

The three main textile manufacturing centres in Tamil
Nadu were the focus of the study’s extensive data
collection strategy: Coimbatore, Tiruppur, and Karur.
These areas were selected for their diverse opera-
tional profiles and significant contributions to the tex-
tile industry. Overall, 300 product quality evaluations
focused on defect rates, production durations, and
resource usage were included in the data, along with
500 process observations covering different produc-
tion stages. An analysis of the manufacturing units’
attributes, such as their size small, medium and
large, the number of employees, product types such
as apparel, home textiles and technical textiles, and
yearly production volume was conducted using
demographic profiling in table 1. The demographic
data supplied important background information for
interpreting differences in process performance and
quality metrics.

Data analysis tool

In this study, Minitab and Microsoft Excel were
essential for statistical analysis and process control
in textile manufacturing. Minitab was

by adjusting operational parameters. The integration
of Minitab for statistical validation and Excel for data
handling ensured a comprehensive, data-driven
approach to process improvement, optimising quality
and productivity in textile manufacturing. Utilising
sophisticated instruments such as Value Stream
Mapping (VSM), inefficiencies throughout the pro-
duction process were identified [16, 17]. Key perfor-
mance metrics such as cycle time, sigma levels, and
defect percentages were validated, and data reliabil-
ity was evaluated using measurement system analy-
sis (MSA).

Proposed methodology

The suggested approach for applying Lean Six
Sigma (LSS) in the textile industry, adhering to the
DMAIC framework, is shown in figure 2.

Critical-to-quality (CTQ) factors, including cycle time,
defect rates, and production efficiency, were the
focus of stakeholder consultations and process map-
ping using SIPOC diagrams to establish project
objectives during the Define phase. A total of 300
product quality evaluations and 500 process obser-
vations from textile units in Coimbatore, Tiruppur, and
Karur were used to gather data for the Measure

used for advanced data analysis [15],

including capacity assessment, sigma g
level estimation, and Statistical Process SHafts
Control (SPC), employing control charts
(X-R, I-MR), capability histograms, and
Pareto analysis to monitor defect rates Back rail
and process variation. It also facilitated
hypothesis testing (ANOVA, t-tests,
chi-square) and regression analysis to Wass b

identify inefficiencies. Microsoft Excel,
on the other hand, was used for data
aggregation, preprocessing, and visu-
alisation through trend analysis, scatter
plots, bar charts, and pivot tables. It
computed statistical metrics such as
mean, standard deviation, and correla-
tion coefficients, and used conditional
formatting to highlight defects and
cycle-time variations.

Picce beam

Breast Beam

Woven fabric

The solver tool was applied for prelimi-
nary optimisation, improving efficiency

Fig. 2. LSS in the textile sector

Table 1
DEMOGRAPHIC PROFILES
Redqi No. of units | Employee Annual Primary Process Prodyct Product
egion surveved ranae output products observa- quality evaluated Processes
y 9 (tons) tions |assessments
Coimbatore 10 50-200 | 1,200 | @PParel | 5gg 100 cotton
yarn shirts handling,
) knitwear, T-shirts, | weaving/knitting,
Tiruppur 12 100-300 1,800 hosiery 180 120 innerwear | dyeing, cutting,
home sewing, finishing,
Karur 8 30-150 | 900 | textiles, | 120 80 betcc’)s\‘,t‘;zts' and packaging
fabrics
industria textila 188 2026. vol. 77. mo. 2




phase. When initial metrics were
assessed, they showed a defect
rate of 19.43%, a sigma level of
-3.36, and an average cycle
time of 62.5 minutes. The
DMAIC architecture is shown in
figure 3.

In the Improve phase, the
improvement strategies centred
on retraining staff on quality con-
trol standards, implementing
preventive maintenance sched-
ules for machinery, and optimis-
ing production layouts to reduce
material transportation time.
Before these changes were fully
implemented, pilot projects and
simulations were conducted to
validate them. Ultimately, a sys-

DMAIC

Define

* Definition of proyect charte
* Process mapping (SIPOC)

* Value stream mapping diagnostic

+ Evaluation of quality and
productivity indicators of the system

+ Capability analysis

+ Identification of critical
variables (MUDAS)
* Cause-effect analysis

* Desing and implementation
of improvement strategies
based on Lean and quality
tools

* Establish a control plan

tematic control plan was created

during the Control phase, which

included employee incentive

programs, recurring audits, and real-time monitoring
dashboards to ensure sustainability and sustain the
gains. This comprehensive strategy guarantees a
strong, scalable framework for increasing output and
quality in the textile sector.

Hypothesis testing

The study investigates key factors affecting manufac-
turing efficiency and product quality, focusing on
defect rates, production cycle time, and process opti-
misation. Elevated defect rates indicate that product
quality does not meet industry standards, which may
result from inconsistencies in raw materials, inade-
quate process control, or equipment inefficiencies.
Additionally, significant deviations in production cycle
time suggest operational inefficiencies, potentially
caused by bottlenecks, unoptimized workflows, or
machine downtime. The presence of such inefficien-
cies, coupled with variations in raw materials, con-
tributes to increased defect rates and overall produc-
tion challenges. Implementing Lean Six Sigma
methodologies can address these issues by identify-
ing root causes, optimising workflows, and standard-
ising processes, thereby reducing defects and
improving cycle time. Furthermore, sustaining these
improvements through robust control measures
ensures long-term operational efficiency and consis-
tent product quality, ultimately aligning manufacturing
performance with industry benchmarks.
H,: The defect rate exceeds industry standards,
impacting product quality.
H,: The production cycle time deviates significantly
from the target, indicating inefficiencies.
Hjs: Process inefficiencies and raw material variability
drive high defect rates.
H,: Lean Six Sigma tools will reduce cycle time and
improve product quality.
Hs: Control measures will sustain improvements in
efficiency and quality.
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Fig. 3. DMAIC framework

RESULTS AND DISCUSSION
Define phase

H;: The defect rate exceeds industry standards,
impacting product quality.

Figure 4 presents an integrated framework for the
manufacturing process of sports sweaters, outlining
the supply chain, inputs, processes, outputs, and
customer segments. The supply section involves
providers, supply chain management, maintenance
management, human resources management, finan-
cial management, and marketing management to
ensure seamless operations. In the input stage,
essential resources such as workers, machinery,
equipment, information systems, work orders, and
textile materials are consolidated for efficient produc-
tion. The process phase encompasses critical activi-
ties such as picking, cutting, assembly, and packing,
all of which contribute to producing high-quality
clothes of all types. The output stage delivers manu-
factured garments, along with release orders and
bills of sale, to document and facilitate transactions.
Lastly, the customer section focuses on distribution,
financial management, customer service, and cater-
ing to corporate and individual clients, ensuring com-
prehensive service and satisfaction. This intercon-
nected system ensures a streamlined and efficient
manufacturing workflow, promoting quality and cus-
tomer-centric outcomes.

Table 2 presents an analysis of the Define phase for
Hypothesis 1, focusing on initial defect rates, cycle
times, and observations across three regions:
Coimbatore, Tiruppur, and Karur. This study identifies
defects in textile products, including stitching issues
(skipped stitches, seam puckering), colour inconsis-
tencies (shade variation, fading), fabric flaws (holes,
knots, wrinkles), and finishing problems (loose
threads, uneven trims). Cycle time is the total dura-
tion of production, including raw material processing,
cutting, sewing, dyeing, printing, and packaging.
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Fig. 4. SIPOC diagram for garment manufacturing in the textile industry
Table 2
ANALYSIS OF DEFINE PHASE (HYPOTHESIS 1)
Parameter Region Observation count Defe::t rate Cy(_:le time
(%) (minutes)
Coimbatore 100 20.1 64.2
Initial defect rate Tiruppur 80 19.2 61.8
Karur 70 18.6 60.4
Benchmark defect rate - - 10.0 50.0

Observations involve real-time monitoring of produc-
tion lines to detect inefficiencies, bottlenecks, and
quality variations.

Coimbatore recorded the highest observation count
at 100, with an initial defect rate of 20.1% and a cycle
time of 64.2 minutes. Tiruppur followed with 80 obser-
vations, a defect rate of 19.2%, and a cycle time of
61.8 minutes. Karur, with 70 observations, showed
the lowest defect rate at 18.6% and the shortest cycle
time of 60.4 minutes. These figures are compared
against a benchmark defect rate of 10.0% and a
cycle time of 50.0 minutes, highlighting the gap
between current performance and the desired stan-
dard across all regions. This analysis underscores
the need for process improvements to align with
benchmark metrics.

Measure phase

H,: The production cycle time deviates significantly
from the target, indicating inefficiencies.

Figure 5 compares initial cycle time (CT) perfor-

mance with the new process status after implementing
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improvements. The data is represented using a his-
togram overlaid with a probability density curve and
trend line. This study applied Lean Six Sigma
improvements, including process optimisation using
Value Stream Mapping (VSM), preventive mainte-
nance, employee training, defect reduction through
Statistical Process Control (SPC), and workstation
layout modifications. These strategies minimised
downtime, reduced defects, streamlined workflows,
and enhanced production efficiency. The initial per-
formance shows greater variability and higher CT val-
ues, whereas the post-improvement results exhibit a
more concentrated distribution around the optimised
CT range. The probability density curve peaks near
the target mean CT, signifying a significant reduction
in deviation and enhanced consistency. This visual
evidence confirms the effectiveness of process
improvements in achieving streamlined, efficient
operational performance.

Table 3 presents an analysis of the Measure phase
for Hypothesis 2, evaluating cycle time and sigma
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control measures

level across regions using statistical metrics. In
Coimbatore, the mean cycle time was 64.2 minutes,
with a standard deviation of 5.2, and a 95% confi-
dence interval of 63.1 to 65.3 minutes. Tiruppur had
a mean cycle time of 61.8 minutes and a standard
deviation of 4.8, with a confidence interval of 60.7 to
62.9 minutes.

Karur recorded the shortest mean cycle time at 60.4
minutes, with a standard deviation of 5.1 and a con-
fidence interval of 59.3—-61.5 minutes, as illustrated in
figure 6. All regions showed statistically significant
results (p < 0.05). Additionally, the overall sigma level
was measured at —3.36 with a standard deviation of
0.2 and a 95% confidence interval of —3.38 to —3.34,
indicating a need for significant process improve-
ments to reduce defects and enhance efficiency.

Table 3
ANALYSIS OF MEASURE PHASE (HYPOTHESIS 2)
Metric Region Mean value Standard P-value Confidence interval
9 (Pre) deviation (95%)
Coimbatore 64.2 minutes 5.2 <0.05 63.1 — 65.3 minutes
Cycle time Tiruppur 61.8 minutes 4.8 <0.05 60.7 — 62.9 minutes
Karur 60.4 minutes 5.1 <0.05 59.3 — 61.5 minutes
Sigma level Overall -3.36 0.2 <0.05 -3.38 - -3.34
T L} T T 45 T T
L Histogram o Rate of defectives
54 35 \
B 4 : . - °
;"_ N Target g =
z 3+ a » - = ]
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15 L L . .
| 1:- [ ] - ]
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Targt: 5.00
PPM Def: 194313
- O rowect 157634
Upper Ct 233341
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4 o Lower C1 0.7214
18 4 14 Upper CE 1.0042

Fig. 6. Binomial process analysis of garment defects

industria textila

ﬂ

2026. vol. 77. no. 2




Analyse phase
Hjs: Process inefficiencies and raw material variability
drive high defect rates.

Table 4 and figure 7 outline the evaluation of the
Analyse phase for Hypothesis 3, identifying key root-
cause categories, their frequencies, and their impact
on defects. Variations in equipment performance,
workforce experience, and automation levels led to
differences in defect rates and process efficiency
across textile companies in this phase. Workflow
inefficiencies, including bottlenecks and poor work-
station layouts, increased cycle times, while environ-
mental factors like humidity affected fabric quality.
Addressing these challenges through optimised
scheduling, better maintenance, and controlled envi-
ronmental conditions can enhance productivity and
quality. Machinery issues were the most significant,
occurring 120 times and contributing to 35.0% of
defects, with a highly significant p-value (<0.01).
Workforce errors accounted for 90 occurrences, rep-
resenting 25.0% of defects, and were statistically sig-
nificant (p-value < 0.01).

Material inconsistency, with a frequency of 80 and a
20.0% impact on defects, similarly had a significant
p-value (<0.01). Workflow inefficiency was identified

in 60 cases, accounting for 15.0% of defects, and
was statistically significant (p-value < 0.05).
Environmental factors, though less frequent (40
cases) and contributing only 5.0%, were also statisti-
cally significant (p-value < 0.05). These findings
emphasise the critical need to address machinery
issues and workforce errors as primary areas for
defect reduction.

Improve phase

H,: Lean Six Sigma tools will reduce cycle time and
improve product quality.

The study applied Lean Six Sigma strategies, includ-
ing Value Stream Mapping (VSM), preventive main-
tenance, employee training, Statistical Process
Control (SPC), and workstation optimisation, to
improve efficiency. Table 5 and figure 8 are based on
real-time observations and statistical analysis, show-
ing reductions in cycle time, defect rates, and pro-
cess variability, validated through hypothesis testing
and control charts. Figure 8 compares the initial cycle
time (CT) performance with the new process status
after improvement, focusing on the mean CT, devia-
tion, and probabilities. The improved process has a
mean CT of approximately 55 minutes, with a proba-
bility of 0.28 and a standard deviation of 0.1, high-
lighting its optimised performance. The probability
decreases significantly at lower CT values (50 min-
utes: probability 0.15, deviation 0) and at higher CT
values (60 minutes: probability 0.15, deviation 0.2).
Extreme CT values, such as 45 and 70 minutes, are
absent in the improved process, reflecting a signifi-
cant reduction in variability. This analysis under-
scores the success of the improvements in stabilising
CT and enhancing overall process efficiency.

The cycle time was reduced from 62.5 minutes to
53.1 minutes, reflecting a 15.0% improvement with a
statistically significant p-value (<0.05), as shown in

rate fell from 19.43% to 12.38%, repre-
senting a 36.3% improvement, with a significant
p-value (<0.05). Additionally, the

sigma level improved dramatically

from —3.36 to 0.41, representing a
3.77-unit improvement with high sta-

. tistical significance (p-value<0.01).
Figure 9 displays the VSM. These
results demonstrate the effective-
. ness of the implemented measures
in enhancing operational efficiency
and quality control.

Control phase

Hs: Control measures will sustain

. improvements in efficiency and
quality.

Table 6 presents the evaluation of

the Control phase for Hypothesis 5,

Table 4
EVALUATION OF ANALYSE PHASE (HYPOTHESIS 3)
Root cause Frequenc Impact on P-value
category a Y| defects (%)
Machinery issues 120 35.0 <0.01
Workforce errors 90 25.0 <0.01
_ Material 80 20.0 <0.01
inconsistency
Workilow 60 15.0 <0.05
inefficiency table 5.
Environmental 40 50 <0.05 The defect
factors
T ' T " T q
Environmental Impact on defects, %
factors [ Frequency
o ~ Workflow
GOD inefficiency
)
=
] P
© Material
2 inconsistency
<
&) -
S}
Dcé Workforce errors
Machinery issues
0 20 4 6 80 100 120

focusing on key metrics to assess

Fig. 7. Hypothesis 3 analysis

industria textila

EI

stability and consistency after the
improvement. The cycle time
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Table 5

EVALUATION OF IMPROVED PHASE (HYPOTHESIS 4)
Metric Pre-improvement value Post-improvement value | Improvement (%) P-value
Cycle Time (minutes) 62.5 53.1 15.0 <0.05
Defect Rate (%) 19.43 12.38 36.3 <0.05
Sigma Level -3.36 0.41 3.77 <0.01

increased slightly from 53.1 minutes to

53.4 minutes, with minimal variance ol ' ‘:Maximum(l:'l'=55 s '
(0.6%) and a statistically insignificant p- —#— Mean |
value (>0.05). Similarly, the defect rate | (=@ Deviation
increased by a negligible 0.3% from 02
12.38% to 12.42%, which is statistically
insignificant (p-value > 0.05). The sigma 0.20 1
level declined slightly from 0.41 to 0.40,
with a variance of —-0.2% and no statistical
significance (p-value > 0.05). These find-
ings suggest that the process improve-
ments achieved in earlier phases have
been effectively sustained, with only
marginal variations in the evaluated
metrics.

Figure 10 presents the I-MR P control 9.004]
chart used to monitor cycle time (CT) after T 1 —————T———
the finalisation process, detailing both € = o 80 ¥ L
individual values and moving ranges Mean CT, min

0.15

Probability

0.10

0.05

across observations. The individual val-
ues show cycle times fluctuating between
50 and 55 minutes, with peaks at obser-
vations 7 (55 minutes) and 13 (55 minutes), and the  from 0 (observation 3) to a maximum of 4.5 (obser-
lowest value at observation 11 (50 minutes). The vation 11), reflecting significant process variability at
moving range highlights variations in CT, ranging certain points. Observations like 9 and 13 indicate

Fig. 8. Initial CT performance compared with the enhanced process

Production

Dml_v management

orders

Daily
orders

..-:‘."’. . HABBERY a=t 7 p—_, Pl s u

Oragewa | CTI0Mun| G'l‘wuh E!T-Ulhh e L cmmm cmmm >m4.40m (OT-L30mn CA-1.30 min

scrap=5% | scap=3% | serap=3%  scrap=35% srp=S% | smp=S% scap=5%  scip=5%  semp=35%  scap=S% scrap=

Waorker | Waorker | Waorker 1-2 Waorker 1-2 Waorker 1-3 Worker 3-4 Worker 34 Worker 34 Waorker | Waorker | Worker |

Cycle time 530 min

Fig. 9. Value stream mapping enhancements for textile manufacturing

industria textila l93| 2026. vol. 77. mo. 2



Table 6

EVALUATION OF ANALYSE PHASE (HYPOTHESIS 5)
Metric Baseline value Post-control value Variance (%) P-value
Cycle time (minutes) 53.1 53.4 0.6 >0.05
Defect rate (%) 12.38 12.42 0.3 >0.05
Sigma level 0.41 0.40 -0.2 >0.05

notable shifts, suggesting potential deviations that may require
further analysis. This chart provides valuable insights into pro-
cess stability and highlights areas for improving consistency in

cycle time performance.

Figure 11 illustrates the P control chart used to monitor the pro-
portion of non-conforming (NC) products after the finalisation
process. The chart plots the proportion of NC products across 15
samples, highlighting variations in the production process. The
proportions range from 0 (samples 4 and 20) to a peak of 0.4

o)

LCL= 48.39
X-53.07
UCL=57.76

] o I e ]
LCL=0
MR=1.761
UCL= 51?54

y U ¥ 1 b L
[ Moving range
I Individual value | |

) E
= ]
g =
g =
= E
Observation
Fig. 10. Monitoring CT performance using the I-MR p chart
0.5 T T T T T T T T X
044
0.3
= —
=
=
g 02 P=0.1238
=)
(=9

=

10 15 20 25 30

Sample

Fig. 11. Monitoring the NC product percentage with a P chart
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(sample 14). Notable fluctuations include
higher proportions in samples 2 (0.25), 10
(0.3), and 18 (0.25), while lower propor-
tions are observed in samples 22 (0.05),
12 (0.12), and 28 (0.12). The data high-
lights significant variability in the NC prod-
uct percentage, with some samples meet-
ing acceptable quality standards (near
zero) while others exceed typical control
limits. This analysis emphasises the need
for continuous monitoring and corrective

actions to maintain consistent product

quality.

DISCUSSION

This study outlines the specific improve-
ments achieved through Lean Six Sigma.
These include a 15% reduction in cycle
time (from 62.5 to 53.1 minutes), a 36.3%
decrease in defect rate (from 19.43% to
12.38%), and an improvement in the
sigma level from -3.36 to 0.41. The
impact of process changes — such as
Value Stream Mapping (VSM), Statistical
Process Control (SPC), and preventive
maintenance — will be explicitly linked to
these results to clarify the connection
between interventions and outcomes.

CONCLUSION

The implementation of Lean Six Sigma in
the Tamil Nadu textile sector has demon-
strated significant improvements in both
operational efficiency and product quality.
The study addressed critical inefficiencies
using a structured approach that included
the DMAIC framework, resulting in a 15%
reduction in cycle times and a 36.3%
reduction in defects. Hypothesis testing
was used to validate the data-driven
improvements, and p-values verified that
the changes were statistically significant.
These findings demonstrate not only how
well Lean Six Sigma streamlines textile
production but also how it can raise textile
companies’ competitiveness.

Manufacturers can increase their market
share, lower operating costs, and improve
customer satisfaction by optimising pro-
duction schedules and quality control.
The results highlight the importance of
incorporating Lean Six Sigma and other

ﬂl
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quality management systems into the daily opera-
tions of textile manufacturing facilities. The post-con-
trol phase shows that the gains are long-lasting, as
the metrics remain steady and there are few devia-
tions. The gains in cycle time and defect reduction
will be maintained through ongoing monitoring and
recurring audits, which will also enable the identifica-
tion and implementation of any necessary additional

improvements. Overall, the study shows how Lean
Six Sigma can be scaled to address broader opera-
tional issues in the manufacturing sector and offers a
roadmap for enhancing textile production processes.
Businesses that adopt these approaches can build
resilience and long-term growth in an increasingly
competitive global market.
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