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ABSTRACT

This article addresses the challenge of low overall 
equipment effectiveness (OEE) within the textile industry. 
It identifies the need to enhance equipment availability, 
quality, and performance to tackle sectoral challenges. 
The main objective of this research study aimed to 
develop and implement a management model based 
on total productive maintenance (TPM) and Six Sigma, 
using a textile company as a case study. A sample 
of 28 machines from the Weaving Department was 
taken and various tools were applied, including internal 
analysis, process flow diagram (PFD), failure mode and 
effects analysis (FMEA), Pareto analysis, cause-and-
effect matrix, 5S, TPM, I-MR charts, and control plans. 
As a result, a remarkable increase of 9.09% in OEE 
was achieved, demonstrating specific improvements of 
5.18% in equipment availability, 4.23% in performance, 
and 1.6% in quality.

Keywords: textile industry, Six Sigma, total productive 
maintenance, overall equipment efficiency.

INTRODUCTION

The textile industry pioneered the transformation brought 
about by the Industrial Revolution, significantly contributing 
to the development of many world economies and exerting 
considerable political influence over an extended period 
(Scheffer, 2012). Notably, the textile industry is characterized by 
being highly globalized within the industrial landscape (Lee et al., 
2011). As such, it is a crucial sector for both industrialized and 
less-developed economies, serving as a key driver of wealth and 
employment generation. For instance, in Europe, it employs more 
than two million people (Slović et al., 2016), while in countries 
such as Bangladesh, the textile industry is the most economically 
significant and rapidly growing sector (Rahman et al., 2022).

In the Peruvian context, the textile industry holds particular 
relevance, as it contributes to culture and enriches the country’s 
identity (Fuentes et al., 2019). It is often viewed as a developed 
sector equipped with modern, high-tech machinery, which 
enhances the efficient use of human resources, increases 
productivity, improves working methods, and reduces production 
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costs. This ultimately makes high-quality products 
available at lower prices (Salazar, 2020). According 
to Arroyo and Timaná (2022), the textile industry, 
particularly in Lima and the well-known textile hub of 
Gamarra, has played a pivotal role in Peru’s economy 
over the years, with notable technological advances 
throughout its history. However, the industry faces 
significant challenges, most notably regarding lead 
times, which are hindered by productivity issues in 
production (Slović et al., 2016). These challenges 
include limited financial resources, insufficient 
personnel and time, poor resource utilization, little 
or no experience, and limited trust in implementing 
new systems (Tangen, 2005).

Accordingly, the main objective of this research is to 
develop a model that integrates lean and Six Sigma 
methodologies, using the 5s and total productive 
maintenance (TPM) as key tools to increase the 
overall equipment effectiveness (OEE) within textile 
companies. A specific company will be used as a case 
study, primarily engaged in fabric production and 
the manufacturing of knitted garments, mostly polo 
shirts and jackets. With over 30 years of experience, 
it has achieved remarkable development and 
sustained growth in production volumes. However, 
its current performance is affected by various forms 
of waste, which have significantly reduced overall 
equipment effectiveness (OEE). 

This research paper aims to contribute new 
knowledge to the scientific community by 
developing a model that integrates the best tools of 
the Lean Six Sigma framework, specifically tailored 
to the textile industries. Through theoretical and 
practical validation of this model, we aim to ensure 
its applicability to other companies within the sector. 
This model will serve as a guide to enhance the 
overall equipment effectiveness and pave the way 
for future research seeking to implement it in similar 
contexts.

Six Sigma

Six Sigma is a statistical analysis methodology 
that enables organizations to assess their current 
operational conditions and improve process 
performance to reduce variation and maintain quality 
results. Its primary goals are to minimize defects, 
increase profits, improve product quality, and 
enhance customer satisfaction (Mittal et al., 2023). 
This methodology uses a systematic implementation 
tool known as DMAIC, which involves defining the 
problem, measuring, analyzing, improving, and 
controlling processes (Kumar et al., 2018).

DMAIC

DMAIC, which stands for define, measure, analyze, 
improve, and control, is an implementation 
methodology based on data analysis used 
to optimize procedures. It employs a quality 
improvement framework tailored to the specific 
needs of an organization or project (Hannafin et 
al., 2023). In the DMAIC implementation phases, 
the “define” phase involves identifying improvement 
projects. The “measure” phase involves collecting 
data, performing statistical analyses, and 
establishing success indicators for the process in 
question. During the “analyze” phase, the gathered 
data are processed to determine the root causes 
of any process malfunctions. During the “improve” 
phase, effective solutions are implemented to 
address the identified problem. Finally, the “control” 
phase involves developing a control plan to ensure 
the improvements achieve the desired outcomes 
and are sustained over time (Garza et al., 2016).

5S

5S is a lean management tool designed to eliminate 
non-value-added processes in manufacturing 
industries, ensuring the standardization and 
organization of methods and processes (Andrés-
López et al., 2015). Implementing this tool 
contributes to improving production efficiency 
and positively impacts workplace safety. A well-
organized environment encourages employees to 
work more effectively (Senthil et al., 2022).

Total Productive Maintenance (TPM)

Total Productive Maintenance (TPM) is a 
comprehensive strategy involving employees’ 
active participation in continuous operation and 
maintenance activities (Au-Yong et al., 2022). 
This approach focuses on enhancing equipment 
effectiveness through preventive maintenance 
to eliminate disruptions such as breakdowns, 
accidents, and defects within the production system 
while reducing associated costs (Mushtopa et al., 
2023).

Overall Equipment Effectiveness (OEE)

Overall equipment effectiveness (OEE) is a crucial 
metric for assessing sustainability improvement in a 
company’s processes compared to their initial state 
(Haddad et al., 2021). In addition to assessing the 
performance of machines and systems, OEE also 
provides valuable insights into the performance 
of personnel responsible for system maintenance 
(Sibarani et al., 2021).
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TPM and Six Sigma Model in the Textile Industry

The model designed in this research study integrates 
the TPM tool with Six Sigma to enhance overall 
equipment effectiveness in a textile company. The 
model is illustrated in Figure 1.

METHODOLOGY

The research was conducted through a case 
study approach. This article demonstrates how 
implementing the developed model increases the 
overall equipment effectiveness in a textile company. 
The case study methodology was chosen due to its 
versatility in design and its flexibility in using both 
quantitative and qualitative analyses tailored to the 
needs and context of the company (Sánchez et al., 
2020). Furthermore, this approach facilitates data 
collection through direct observation in established 
operating environments, allowing for a comparative 
analysis of the collected data (Sunder et al., 2019).

The research population was comprised of 30 
pieces of equipment from the company’s Weaving 
Department. Using probabilistic sampling with a 
confidence level of 95% and a margin of error of 5%, 
the sample was determined to include 28 equipment 
pieces. The primary data collection techniques 
were direct observation and documentary review, 
employing instruments such as data recording 
forms tailored for each variable and a documentary 
analysis guide designed to assess the current 
context of the company.

Data was collected over three months, spanning the 
first and second quarters of 2023. This time frame 
allowed for comparing the state of operations before 
and after implementing the TPM and Six Sigma 
model. In the initial phase, data were collected, a 
comprehensive mapping of all company processes 
was conducted, and an evaluation of process 
capability and sigma levels was performed to 
understand its operations thoroughly.

RESULTS

Define Phase

The company under study operates in the textile 
and apparel sector and has more than 30 years of 
experience, successfully positioning itself in the 
market. Its main economic activity is the production 
of garments for export, with vertical integration as its 
main competitive advantage.

A macro-process mapping was created to understand 
how the interconnected parts of the company 
operate and how various functions and activities are 
related (Figure 2.a). Additionally, an internal analysis 
of the company was completed by identifying the 
value chain. This helped to understand how value 
is created, pinpoint areas for improvement, and 
illustrate how the processes within the production 
macro-process can be optimized, which is the focus 
of this study (Figure 2.b).

IMPROVEIMPROVE
5S

Total Productive 
Maintenance

DEFINE
Internal Analysis

Process Mapping
FMEA

Project Charter

CONTROL
Graphics I-MR
Control Plan

ANALYZE
Pareto Diagram

FMEA
Cause-and-Effect 

Matrix

MEASURE
PFD

Capacity Analysis
Data Collection

MANAGEMENT MODEL BASED ON TOTAL PRODUCTIVE MAINTENANCE (TPM) AND SIX SIGMA TO ENHANCE OVERALL EQUIPMENT 
EFFECTIVENESS IN THE TEXTILE INDUSTRY

I
N
P
U
T
S

Textile 
Equipment 
Information

Company 
Data

Previous 
Work

Minitab 
Software

O
U
T
P
U
T

Increase in 
OEE

Figure 1. Management model based on TPM and Six Sigma Model to enhance OEE in the textile industry.
Source: Prepared by the authors.
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Following the internal analysis, a failure mode and 
effect analysis (FMEA) was conducted to determine 
which production process should be the focus of the 
study. The results are summarized in Table 1.

As shown in Table 1, the failure modes associated 
with the weaving process resulted in a higher risk 
priority number (RPN), leading to the decision to 
focus on this department. After completing the 
preliminary phase, the project was officially initiated 
with an incorporation act that defined, among other 
things, the problems, objectives, and scope of the 
project.

Measure Phase

This phase began with the creation of a process 
flow diagram (PFD) to detail and visualize 
the weaving process in the textile company, 
aiming to understand and optimize this complex 
manufacturing process. Given the intricate nature 
of weaving—from yarn selection to quality control 
of the finished product—a clear and systematic 

representation of the operations involved was 
necessary. The PFD allowed each phase to be 
broken down into individual steps, allowing for the 
identification of potential inefficiencies, bottlenecks, 
and opportunities for improvement throughout the 
process, as illustrated in Figure 3.

Subsequently, data was collected on the current 
process capability, performance, quality, and 
availability of the 28 pieces of equipment in the area 
over a three-month period. The mean values are 
displayed in Tables 2 and 3.

Finally, the overall equipment effectiveness was 
calculated by multiplying availability, performance, 
and quality. The results are found in Table 4.

Analyze Phase

A Pareto Diagram was developed during this phase 
to identify key problems, prioritize actions, and 
focus on root causes, as shown in Figure 4.
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Figure 2. Internal analysis of the company.
Source: Prepared by the authors.
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PROCESS T-Shirt Manufacturing
Process Subprocess Description Failure Mode Effect S O D RPN

Design and 
Pattern

The T-shirt design is develo-
ped either on paper or digita-
lly, along with a pattern guide.

Faulty pattern due to lack of 
maintenance Delay in the process 3 2 2 12

Inadequate use of design tools Delay in the process 2 4 4 32

Weaving

The fabric is produced throu-
gh the weaving process, 

where threads are interwoven 
to form the material.

Irregular fabric due to lack of 
maintenance

Unscheduled downtime/
Generation of defects 7 6 4 168

Wear and tear of critical parts Unscheduled downtime/
Equipment failure 7 5 8 280

Misalignment of needles or 
machine parts

Generation of defects/
Generation of waste 7 8 6 336

Dyeing Change of fabric color accor-
ding to specific requirements

Poor dyeing results due to mal-
function of the fixation equipment Generation of defects 8 6 2 96

Lack of operator training in cali-
brating parameters on the fixation 

equipment

Generation of defects/
Generation of waste 6 5 2 60

Cutting

Using the pattern as a guide, 
the fabric is cut into the sha-
pes needed for each part of 

the T-shirt.

Cutting blade wear Generation of defects 6 7 4 168

Irregular cutting due to lack of 
maintenance

Unscheduled downtime/
Equipment failure 7 6 4 168

Sewing
The cut pieces of fabric are 
sewn together to assemble 

the T-shirt. 
Wear and tear of sewing tools Generation of defects 8 6 2 96

Printing or 
Embroidery

If necessary, printing or 
embroidery can be applied.

Poor machine calibration Generation of defects/
Generation of waste 7 4 6 168

Poor quality supplies Generation of defects 6 5 4 120

Table 1. FMEA of Production Processes.

Source: Prepared by the authors.
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Figure 3. Process flow diagram of the weaving process.
Source: Prepared by the authors.
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Short-Term Capacity Long-Term Capacity Sigma Level

Week 01 0.27 0.28 0.17

Week 02 0.26 0.27 0.1

Week 03 0.25 0.27 0.11

Week 04 0.26 0.28 0.16

Mean 0.26 0.275 0.135

Table 2. Current Capacity of the Weaving Process.

Source: Prepared by the authors.

Equipment Availability Performance Quality Equipment Availability Performance Quality
1 85.83% 86.20% 96.01% 15 83.33% 84.27% 96.17%

2 87.50% 88.26% 96.37% 16 82.50% 83.82% 96.07%

3 75.00% 83.73% 96.18% 17 77.08% 83.72% 96.63%

4 68.75% 73.57% 95.98% 18 80.00% 83.37% 96.00%

5 90.00% 89.83% 96.42% 19 74.17% 83.07% 96.33%

6 88.33% 88.14% 96.02% 20 85.42% 88.06% 96.12%

7 75.00% 85.05% 96.54% 21 85.00% 87.40% 96.36%

8 82.92% 84.14% 96.27% 22 83.33% 86.80% 95.68%

9 83.33% 83.77% 96.03% 23 87.08% 88.73% 95.83%

10 84.58% 84.27% 96.05% 24 88.75% 88.48% 96.36%

11 62.50% 70.99% 94.88% 25 87.08% 88.77% 95.98%

12 85.00% 84.22% 96.00% 26 79.17% 84.07% 96.32%

13 74.17% 82.98% 95.99% 27 82.92% 86.04% 95.95%

14 74.58% 83.55% 96.22% 28 81.25% 85.10% 95.80%

Table 3. Weaving Department Equipment: Availability, Performance, and Quality.

Source: Prepared by the authors.

Equipment OEE Equipment OEE Equipment OEE Equipment OEE
1 71.03% 8 67.17% 15 67.53% 22 69.21%

2 74.42% 9 67.04% 16 66.43% 23 74.05%

3 60.40% 10 68.46% 17 62.36% 24 75.67%

4 48.54% 11 42.10% 18 64.03% 25 74.19%

5 77.95% 12 68.72% 19 59.35% 26 64.10%

6 74.76% 13 59.08% 20 72.30% 27 68.45%

7 61.58% 14 59.96% 21 71.59% 28 66.24%

Table 4. Overall Effectiveness of the Weaving Process Equipment.

Source: Prepared by the authors.

Figure 4 illustrates that 80% of the downtime is at-
tributed to issues related to corrective maintenance, 
mechanical or electrical failure, and out-of-stock 
spare parts. Since corrective maintenance often 
arises from equipment failures, addressing these 
failures directly could significantly reduce down-
time. Therefore, the next step was to find the main 
causes of electrical and mechanical failures. An 
FMEA was conducted for this purpose, as shown 
in Table 5.

Thus, the main problems were identified and 
summarized in Table 6 based on the RPN score 
assigned.

Subsequently, a causality matrix was created to 
identify causes and subcauses contributing to 
these problems. The resulting matrix is displayed 
in Table 7.
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Figure 4. Pareto Diagram.
Source: Prepared by the authors.

Problem Problem Description Failure Mode Effect S O D RPN

Fabric and 
Weft Problems

Problems related to the 
integrity and arrangement 
of warp and weft yarns 
can affect the uniformity 
and overall structure of 
the fabric.

Variation in the edge of the fabric
Deformation of the final product 
that leads to issues with adjust-
ment in subsequent processes

6 7 8 336

Threads protruding at the edges
Poor appearance and strength of 
the product that also causes pro-
blems in the subsequent stage

7 6 4 168

Short wefts missing on the entry 
or take-up side

Discontinuities in the fabric that 
affect its uniformity 6 5 5 150

Lighter areas on the fabric in 
the weft direction

Weaknesses and variations in the 
fabric that reduce its quality 6 9 5 270

Overlapping and alternating of 
the weft yarn

Incorrect pattern and irregular 
weave structure 5 4 4 80

Yarn Breakage 
and Defects

Problems related to fre-
quent yarn breakage and 
loose ends can compro-
mise fabric quality and 
lead to interruptions in 
production.

Loose ends of yarn at the edges 
and bottom

Tangling in machinery that leads 
to quality reduction 6 5 3 90

Frequent stoppages due 
to lack of weft Production delays 7 9 3 189

Frequent yarn breakage 
at the edges

Defective products and 
loss of material 7 7 3 147

Frequent yarn breakage on 
the front side Interruptions in the process 7 7 3 168

Frequent yarn stoppages in the 
harness assembly and at the 

rear of the shed

Delays and issues in quality
 fabric production 7 5 3 105

Loom 
Structure

Problems related to the 
physical structure of the 
loom and how this affects 
the shape and homoge-
neity of the fabric.

Torn fabric Destruction of fabric being woven 9 8 5 360
Fabric detachment from 

the supports
Generation of unusable 

products and delays 7 5 4 140

Visible support marks Poor appearance and quality 
of the fabric 6 8 3 144

Excessively wide edges Products out of specification 6 5 2 60
Weft insertion defect during 

transferring
Issues with the pattern and 

structure of the fabric 6 5 2 60

Mechanisms 
and 

Components 
of the Loom

Problems related to the 
internal mechanisms of 
the loom, including com-
ponents that may influen-
ce the proper operation 
of the equipment.

Threads protruding at the edges 
of the take-up mechanism Tangling and damage to machinery 7 7 3 147

The shuttle system does not 
stop the machine

Operator safety risks and potential 
damage to machinery 9 7 4 252

The machine stops for no 
apparent reason

Delays in production and loss 
of efficiency 7 7 2 98

Table 5. FMEA in the Weaving Process.

Source: Prepared by the authors.
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Code Problem RPN
P1 Torn fabric 360

P2 Variation in the edge of the fabric 336

P3 Lighter areas on the fabric in the weft direction 270

P4 The shuttle system does not stop the machine 252

P5 Frequent stoppages due to lack of weft 189

P6 Threads protruding at the edges 168

P7 Frequent yarn breakage at the front of the loom during the shed formation process 168

P8 Short wefts missing on the entry or take-up side 150

P9 Frequent yarn breakage at the edges 147

Table 6. Main Problems in the Weaving Department..

Source: Prepared by the authors.

Causes
Main Problems

P1 P2 P3 P4 P5 P6 P7 P8 P9

Cause Roller 
blockage

Excessively 
high warp 
tensions

Insufficient 
braking of 
the weft 

yarn

The machi-
ne brake 
force is 

insufficient.

The war-
ping take-
up gear 
has play.

The com-
pression 
force is 

insufficient.

The pro-
jectile 

gripper has 
inadequate 

tension.

The selva-
ge gripper 
has accu-
mulated 

dirt.

The shed 
exhibits 

insufficient 
dimen-
sions. 

Lubricant 
residue in 

the selvage 
mechanism

The binding 
threads are 
improperly 

placed.

Subcause 1
Excessive 

pressure on 
the fabric 

edge

Unwinding 
speed is 
too slow

The feeler 
blades 
apply 

insufficient 
pressure.

The machi-
ne brake is 
contamina-
ted with oil.

The bolt 
and nut fail 
to secure 
the pinion 

gear effecti-
vely.

The pres-
sure regu-
lator does 

not operate 
effectively.

The pro-
jectile firing 
mechanism 

housing 
shows 

signs of 
obvious 

wear

The lint 
suction 

hose does 
not receive 

airflow.

The hou-
sing of the 

opener 
mechanism 

shows 
signs of 
wear.

The regula-
ting valve is 
defective.

The re-
threading 

box tuck-in 
box does 

not secure 
the inco-

ming thread 
properly.

Subcause 2
The edge 

of the fabric 
is curling 

up.

Worn loom 
sprockets

Accumu-
lation of 
tangled 

weft lint on 
the feeler 

blades

Oil leak
The nut is 
missing a 
washer.

The elec-
tronic 

component 
is dama-

ged.

The system 
is expe-
riencing 

excessive 
resistance.

The suction 
motor is not 
operational.

The system 
is expe-
riencing 

excessive 
resistance.

Lack of 
electrical 
power for 
activation

There is 
excessive 
friction in 

the rethrea-
ding box.

Subcause 3
Selvage 
supply is 
tangled 
with lint

Lack of 
lubrication 

in the trans-
mission 
system

Contamina-
ted feeler 

blades

Excess oil 
in the stora-
ge system

The 
threads are 
worn due to 
spilled oil.

The 
electrical 

connection 
between 

the pins is 
not establi-

shed.

The me-
chanism 

lacks 
proper ad-
justment.

The electri-
cal switch 
does not 
activate..

The 
harness 
selection 

mechanism 
housing 

lacks lubri-
cation.

Circuit 
fuses have 
blown due 

to overload.

The re-
threading 
box lacks 

lubrication.

Subcause 4
Insufficient 
cleaning of 
the supply

A lubrica-
tion system 
needs to be 
implemen-

ted.

Lack of 
cleaning

Inadequate 
monitoring 
of oil level

Failure to 
perform a 
complete 

and thorou-
gh inspec-
tion of oil 

levels

Welding of 
the pins to 
the circuit 
boards is 
required.

A main-
tenance 
system 

needs to be 
implemen-

ted.

Circuit 
fuses have 
blown due 

to overload.

A grease 
and lubrica-
tion system 
needs to be 
implemen-

ted.

The valve 
is incorrect-

ly groun-
ded.

A grease 
and lubrica-
tion system 
needs to be 
implemen-

ted.

Table 7. Matrix of Causes and Subcauses.

Source: Prepared by the authors.
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Figure 5. Failure Procedure.
Source: Prepared by the authors.

Figure 6. Sorting Process.
Source: Prepared by the authors.

Improve Phase

After completing the analysis phase, it became 
evident that many of the problems stem from a 
lack of supervision and maintenance, negatively 
impacting all equipment. Therefore, the company’s 
existing maintenance procedure was mapped 
to propose and implement improvements, as 
illustrated in Figure 5.

As can be seen in Figure 5, the company has a 
very inefficient procedure for handling failures. 
Although maintenance is performed, it is exclusively 
corrective. This reactive strategy leads to an increase 
in unexpected failures, resulting in unplanned 
downtime, additional costs, urgent repairs, and a 
decline in overall equipment effectiveness.

To address this issue, we proposed implementing the 
total productive maintenance (TPM) methodology 
in conjunction with the 5S. This recommendation 
is based on the synergy between TPM and 5S, 
two continuous improvement methodologies with 
a comprehensive approach to enhance efficiency 
and quality within the operational environment. 
TPM focuses on maximizing equipment reliability 
through preventive maintenance and employee 
involvement, while 5S promotes organization, 
cleanliness, and standardization of the workplace. 
This convergence strengthens the identification 
and proactive resolution of problems, ensures the 
sustainability of improvements, and fosters team 
commitment, thereby establishing a solid foundation 
for operational excellence in the industry.
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Implementation of the 5S

In the sorting stage (seiri), a meeting was held with 
the workers in the Weaving Department to explain 
to them the tasks involved in this activity. The flow 
chart shown in Figure 6 was used for this purpose.

The sorting process was implemented under the 
joint supervision of the production manager and 
the department manager. During this process, 
unnecessary objects were labeled with a red tag. 
This practice not only sped up the work but also 
encouraged the active participation of the workers 
in the area.

By the end of the red tag sorting process, 132 
objects did not add value to production. Of these, 
39 were eliminated, 75 were relocated, and 18 were 
assessed for repair.

Following this, in the set-in-order stage (seiton), the 
next step was organizing the essential elements 
efficiently, enabling operators to locate, use, and 
replenish them more effectively. The items were 
selected and arranged based on specific criteria.

After completing the first “S”, a motivational effect 
is expected to emerge in the Weaving Department, 
fostering active participation among employees and 
their commitment to change. This commitment is 
crucial for the execution of this stage, especially 
considering the large number of elements involved. 
Consequently, frequently used items were arranged 
following the established guidelines. Labels, 
signage, and signs were used to designate specific 
areas, making it easier to identify the required items. 
In addition, items needed at all times were arranged 
on work tables located around the operators, paying 
special attention to the equipment technician. This 
setup allowed the technician to quickly visualize 
the spare parts and tools necessary to deal with 
breakdowns, and to verify the availability of spare 
parts in stock.

In the third stage, shine or seiso, the main objective 
is to eradicate dirt from the work area, which is a 
primary cause of failures; dirt makes it difficult to 
detect abnormal situations and accelerates the 
deterioration of components (Madariaga, 2013). 
The fundamentals of this stage were established 
during a brief meeting, which included the following 
key points:

1.	 Focus on identifying and eliminating sources 
of dirt, such as leaks and waste generators.

2.	 Control and prevent the spread of dirt by using 
oil containers to prevent spills and plastic 
screens to prevent the yarn from falling to the 
ground. 

3.	 Implement measures to prevent dirt from ente-
ring hard-to-clean areas.

4.	 Properly manage waste generated during acti-
vities involving office materials.

5.	 Replace damaged or broken items.

To facilitate this process, the operators in the 
Weaving Department filled out improvement 
opportunity cards designed to detect and record 
any instances of soiling in the area. These cards 
were also used to track completed and pending 
cleaning tasks and were subsequently handed over 
to the Engineering Department.

Furthermore, a cleaning program was implemented 
for the equipment and areas organized during the 
seiton stage to promote discipline and maintain 
cleanliness. In this program, operators are 
responsible for cleaning their designated areas 
and exteriors, while technicians are responsible for 
cleaning the equipment. This approach aimed to 
reduce the likelihood of breakdowns caused by dirt 
accumulation.

To monitor the cleaning program, a checklist was 
created, and will be overseen by the person in 
charge of the Weaving Department. Their role will 
be to verify that the scheduled cleaning activities 
are performed effectively and efficiently.

During the fourth stage, standardization or seiketsu, 
a periodic review plan was implemented to maintain 
and preserve the improvements achieved in the 
sorting phase. This plan ensures that unnecessary 
items do not accumulate again in the work area, 
contributing to sustained organization and efficiency 
in the long run.

The periodic review plan that was implemented 
was supported by weekly monitoring to ensure 
the sustainability of the improvements established 
in the first three stages. Additionally, constant 
measurements were taken to evaluate progress 
and compliance, facilitating the control phase. 
Daily 15-minute meetings were also held to 
address questions, motivate action, and encourage 
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commitment from all participants in the project. 
As part of the continuous improvement strategy, 
biannual training sessions were scheduled to 
emphasize the importance of the 5S methodology 
and discuss how to extend the benefits of the project 
to other areas both inside and outside the company.

Finally, in the last stage, sustain or shitsuke, efforts 
were focused on ensuring the sustainability of the 
standards established in the previous phases. 
To achieve this, periodic audits were conducted, 
and corrective actions were applied to ensure 
compliance with the desired sigma level objectives. 
Limitations in the implementation of 5S often stem 
from a lack of control, rigor, and consistency on the 
part of management, as noted by Madariaga (2013).

To promote discipline in the implementation of 5S 
in the weaving process, audits were established to 
allow for an in-depth analysis of application status, 
measurement of progress, and verification of 
significant improvements in the area. An audit format 
was designed to evaluate participation and the 
degree of 5S implementation among those involved.

Following the first audit, a compliance level of 76% 
was achieved, which demonstrates a significant 
commitment from the workers toward continuous 
improvement. However, areas for improvement 
were identified, including non-compliance issues in 
the first two stages. It was also noted that a fixed 
cleaning schedule needed to be established to 
prevent disorder in the area, and that weekly follow-
up should be reinforced.

The significance of the initial implementation of 
the 5S methodology in this research lies in its role 
as a fundamental starting point for any company 
aiming to improve its processes through lean 
manufacturing. According to Madariaga (2013), 
before introducing any lean tools, implementing 
5S is crucial as these practices provide a solid 
foundation for building a culture of organization 
and cleanliness. They also prepare personnel 
to address problems and opportunities for 
improvement efficiently and effectively. Once 5S 
has been successfully implemented, organizations 
will be fully equipped to introduce and adopt more 
advanced Lean techniques.

Implementation of TPM

After successfully applying the 5S methodology and 
establishing a solid foundation, which, although in 
its initial state, serves as a basis, we decided to 
move forward with the implementation of TPM. The 
first and arguably most crucial pillar of TPM is the 

implementation of an autonomous maintenance 
program. According to Madariaga (2013), the main 
purpose of this pillar is to train operators to perform 
simple yet frequent preventive maintenance tasks, 
such as cleaning, adjustment, inspection, and 
lubrication. These tasks, while small, are essential 
for the overall success of the implementation. 
Consequently, the implementation of TPM in this 
research study centered around the development 
of cleaning, lubrication, and inspection procedures 
and programs.

In the initial stage, a team was formed comprising 
the project leader, seven operators, four technicians, 
and the supervisor of the Weaving Department. As 
an initial task, with the assistance of the technicians, 
two pilot machines were selected: a J710 and a 
D4S. These machines were used to train operators 
on their structure, as well as the procedures for 
cleaning, adjustment, lubrication, and inspection, 
along with their overall operation.

Following the initial training, sources of dirt, cleaning 
points, and broken items were identified. Hence, a 
deep cleaning program was established, specifically 
targeting the internal structure of the equipment. 
Additionally, a weekly lubrication program was 
introduced to ensure the proper functioning of 
the machines. An inspection program was also 
implemented to verify that oil levels are adequate 
and that the entire electrical system is in optimum 
condition.

After implementing the 5S and TPM integrated 
model, favorable results were obtained. Figure 
7 illustrates the improvements in performance, 
quality, and availability variables, which ultimately 
contributed to an increase in overall equipment 
effectiveness.

Control Phase

During the control phase, following the 
implementation of improvements, data was 
collected five times a week over a three-week 
period to evaluate performance and ensure that all 
metrics remained within control limits. To monitor 
data stability and plan for potential emergencies, 
a control plan was developed, which is outlined in 
Table 8.

After obtaining the previously described results, a 
normality test was conducted to determine whether 
the collected data followed a normal distribution. 
For this purpose, Minitab 2019 statistical software 
and the Shapiro-Wilk test (applicable for sample 
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Figure 7. Results after model implementation.
Source: Prepared by the authors.

Control Plan

Parameter Formula Limit Tools Unit Sample 
Size Frequency Person in 

Charge Action Rules

Availability 
Loss

Increase in 
downtime due 
to corrective 
or unplanned 
maintenance

Less than 
11 hours per 
machine per 

week

I-MR Chart Hours 4 Monthly Production 
Analyst

5S audit 
and TPM 

implementation 
checklist

Performance 
Loss

Decrease in 
production 

volume

More than 5100 
meters of fabric 
produced per 
machine per 

month

I-MR Chart Meters 8 Bimonthly Production 
Analyst

5S audit 
and TPM 

implementation 
checklist

Quality Loss
Increase of 

defects in fabric 
production

Less than 130 
meters of fabric 

wasted due 
to defects per 

month

I-MR Chart Meters 2 Weekly Production 
Analyst

Collecting data, 
identifying 

root causes 
and proposing 

targeted 
improvements

Table 8. Control Plan.

Source: Prepared by the authors.

sizes of less than 50 units) were used to verify the 
following assumptions:

•	 If the p-value ≤ α, data do not follow a normal 
distribution.

•	 If the p-value > α, data follow a normal 
distribution.

The analysis yielded a p-value > 0.100. Since this 
value exceeds the significance level established for 
this study (0.05), it can be stated that the data exhi-
bit a normal distribution.

Once the distribution of the data was confirmed, 
the Student’s t-test was conducted to evaluate 

the acceptance or rejection of the hypotheses 
proposed:

•	 H0 = There is no significant difference in OEE 
improvement after model implementation.

•	 H1 = There is a significant difference in OEE 
improvement after model implementation.

The test conducted yielded a p-value of 0.000. 
Therefore, the null hypothesis (H0) is rejected and 
the alternative hypothesis (H1) is accepted. There is 
a significant difference in the improvement of overall 
equipment effectiveness after the implementation of 
the model.
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DISCUSSION

Following the implementation of the model that inte-
grates Six Sigma and TPM, the company achieved 
a remarkable 9.09% increase in OEE. This improve-
ment was driven by significant enhancements in 
key performance indicators. Specifically, availabili-
ty increased by 5.18%, performance increased by 
4.23%, and quality improved by 1.6%. These re-
sults demonstrate that the model successfully met 
its objective of enhancing overall equipment effec-
tiveness in the textile company. These findings are 
consistent with previous research conducted in tex-
tile companies, such as that by Leon-Ludena et al. 
(2023), which reported a 30% increase in OEE as 
a result of implementing TPM in a Peruvian textile 
SME, attributed to preventive maintenance strate-
gies and daily records. Similarly, Ortiz et al. (2022) 
observed a 2% increase in availability, while Yash-
ini (2020) noted a 1.77% increase in performance. 
Additionally, Sakti et al. (2019) documented a 3% 
improvement in quality as a result of implementing 
TPM. These consistent findings support the effec-
tiveness of the approach adopted in this research 
study.

CONCLUSIONS

This research addressed the question: How can 
the overall equipment effectiveness (OEE) in a 
textile company be increased? The answer seems 
straightforward: through TPM. However, the textile 
industry has several intrinsic characteristics that 
make its implementation challenging. For instance, 
the fast-paced nature of production in this sector, 
driven by tight deadlines and intense competition, 
makes effective time management crucial. The 
complexity and diversity of equipment in textile 
processes add another layer of difficulty to the 
implementation of TPM, as meticulous coordination 
is required to perform maintenance activities without 
disrupting operational efficiency. Additionally, 
variability in demand and product types further 
complicates the establishment of maintenance 
routines.

Nevertheless, the literature indicates that applying 
methodologies such as Lean and Six Sigma in the 
textile sector can provide strategic approaches to 
address its complexities. Lean focuses on waste 
elimination and process optimization, which can 
enhance operational efficiency and reduce lead 
times in response to accelerated production and 
intense competition. Meanwhile, Six Sigma focuses 
on continuous improvement and variability reduction, 
helping to mitigate the challenges associated with 
machine diversity and fluctuating demand.

Therefore, the main objective of this study was to 
develop and implement a model that integrates 
lean and Six Sigma methodologies, utilizing 5S and 
TPM as the primary improvement tools to increase 
the overall equipment effectiveness (OEE) of the 
Weaving Department in a textile company. As a 
result of the implementation, there was a remarkable 
increase of 9.09% in OEE, 5.18% in availability, 
4.23% in performance, and 1.6% in quality.

In conclusion, the results support the feasibility 
and effectiveness of adopting methodological ap-
proaches such as lean and Six Sigma in the textile 
industry. However, it should be noted that the im-
plementation was conducted within a specific con-
text described in the paper. This research opens the 
door for future studies to explore the application of 
the model in other areas of textile production, such 
as cutting, sewing, assembling, and embroidery. 
Expanding into these areas could provide greater 
practical validity to the model, enhancing outcomes 
and highlighting the relevance of its implementation 
in various stages of the textile production process.
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