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ABSTRACT-This study presents a process improvement
project in a Peruvian textile small and medium-sized enter-
prise (SME) specialized in knitted garments. The company
operates with an On-Time Delivery (OTD) rate of 53.05%,
which is significantly below the industry benchmark of
77%. This low performance is exacerbated by excessive
setup times and high defect rates, which negatively affect
production efficiency and process reliability. To address
these challenges, a tailored Lean model was developed
by integrating Single-Minute Exchange of Die (SMED),
Poka-Yoke, and Standard Work, adapted to the company’s
semi-manual operations. The main contribution of this
study is to demonstrate that the combined and contex-
tualized application of these tools can effectively reduce
performance gaps in resource-constrained manufacturing
environments. After simulation and pilot testing, the
model achieved a 24.95-point increase in OTD, reaching
78%, along with reductions in setup time and operational
variability.

Index Terms—Lean Manufacturing, On-Time Delivery, Poka-Yoke,
SMED, SME textile, Standard Work.

I. INTRODUCTION

In today’s highly competitive and time-sensitive textile
industry, small manufacturers must optimize their internal
processes to meet increasing customer expectations and
market demands [1]. This paper presents a data-driven
process improvement project conducted in a Peruvian
SME specializing in knitted garment production. The study
addresses key inefficiencies that impact On-Time Delivery
(OTD), including excessive setup times, operator-depen-
dent variability, and lack of standardized work procedures.
By integrating Single-Minute Exchange of Die (SMED),

Poka-Yoke, and Standard Work methodologies, the project
achieved significant improvements in productivity, quality,
and delivery performance, thereby strengthening the
company’s operational reliability [1].

According to data from PROMPERU and the Sociedad
Nacional de Industrias (SNI), the Peruvian textile sector
accounts for more than 10% of the national manufac-
turing GDP and employs over 400,000 people across the
value chain. However, small and medium-sized enterprises
(SMEs), which account for over 85% of textile producers,
face systemic challenges in productivity and delivery
performance. Studies indicate that the average OTD rate
in the Peruvian textile sector is approximately 77%, while
lot changeover times in semi-manual operations frequently
exceed 40-45 min [1]. Additionally, defect rates in similar
SMEs typically range from 4 to 7%, depending on operator
skill and lack of standardization. These figures highlight the
gap between current practices and the competitive bench-
marks required for sustained export growth.

Currently, the company faces several operational ineffi-
ciencies, including extended lot changeover times averaging
50 min, recurring human errors resulting in a 5% defect
rate, and an OTD level of 53.05%, which is well below
the industry benchmark of 77% [1]. While a number of
studies has shown the effectiveness of Lean Manufacturing
tools—such as SMED, Poka-Yoke, and Standard Work—in
improving production metrics in the textile sector [2], [3],
most reported applications are either isolated, generic, or
designed for large-scale automated environments [4]. In
that sense, their direct application to the context of small,
semi-manual operations such as those of the studied SME,
remains limited or suboptimal.

Based on these limitations, this study proposes a
tailored and integrated improvement model that combines
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SMED, Poka-Yoke, and Standard Work, specifically adapted
to the company’s operational reality. The objective is not
only to reduce setup times and prevent process errors but
also to establish a standardized work system that can be
sustained over time and scaled across similar settings. The
research contribution is to demonstrate the effectiveness of
low-cost, high-impact interventions in environments with
limited automation [5].

The remainder of this paper is structured as follows:
Section II describes the methodology applied, including the
design of the intervention and data collection procedures.
Section III presents the results obtained from simulation
and pilot testing. Section IV discusses the implications of
the findings and compares them with previous research.

II. METHODOLOGY

A. Research Design and Methodology

This study adopts an applied, quantitative research
design, aimed at addressing real inefficiencies in a Peruvian
SME through the implementation of Lean Manufacturing
tools. Operational data, including setup times, defect
rates, and process variability, were collected and analyzed
to explain how the integrated application of SMED, Poka-
Yoke, and Standard Work improves OTD. The research
has a correlational scope, as it examines the relationships
between each Lean tool and the selected key performance
indicators (KPIs), following methodologies previously vali-
dated in similar industrial contexts [6].

A conceptual framework, as shown in Fig. 1, was devel-
oped to demonstrate how each component addresses a
specific operational weakness. SMED reduces changeover
times [6], Poka-Yoke mitigates human errors using low-cost
visual aids [7], and Standard Work ensures process consis-
tency across operators. Together, these elements form a
coherent improvement model tailored to the semi-manual
textile environment, directly contributing to a higher OTD
performance rate and overall operational efficiency.

B. Experimental Procedure and Materials

The experimental phase of the study was conducted in
the production area of a textile manufacturing company,
focusing on operations involving industrial knitting
machines, particularly during lot changeover procedures
and the assembly of knitted fabric panels. These stages
were selected due to their high frequency, direct impact
on overall production efficiency, and their influence on the
OTD performance. This process segment was suitable for
experimentation given the observed variability in operator
performance, recurrent setup delays, and the prevalence of
human errors in raw material handling.

To implement the proposed improvements and collect

the required data, the following materials and tools were
used:
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Fig. 1. Conceptual framework of the proposed
improvement model.

Poka-Yoke device: A low-cost error-proofing solu-
tion consisting of a phosphorescent visual ring
installed at the yarn input area to facilitate the
correct identification and placement of thread
cones. This visual aid was designed to prevent
common errors associated with color confusion or
wrong selection of materials during the preparation
stage.

Manual tracking instruments: Time logs and
defect control sheets were used to collect opera-
tional data for each batch. These tools enabled the
measurement of setup durations, the number and
types of defects encountered, and any deviations
from standard procedures throughout the produc-
tion cycle.

Arena simulation software: Used to develop a
digital model of both the current and improved
production processes. The simulation environment
enabled controlled experimentation with process
variables, such as setup times, operator sequences,
and queue behavior. It also allowed for the analysis
of expected improvements under repeatable condi-
tions through multiple replications.

Standardized work documentation: As part of the
intervention, visual instructions and standard opera-
ting procedures (SOPs) were established to formalize
the optimized process. These documents outlined
the correct sequence of tasks, time allocations, and
quality control points, supporting operator consis-
tency and reducing process variability.
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The use of these experimental resources ensured a
robust and repeatable framework for validating the effec-
tiveness of the proposed improvement tools, both within
the simulation environment and under real-world opera-

TABLE I
CLASSIFICATION OF SETUP ACTIVITIES

Current method

tional conditions. Activity Time Internal  External
Evaluate technical sheet 30 min X
C. General Procedure ) )
Transfer and weigh yarn cones 70 min X

1) SMED: The SMED methodology was applied as part Paraffin yarn cones 10 min X
of a broader strategy to reduce machine downtime Cleaning of STOLL machines 25 min
by improving equipment availability. Setup activities Placing yarn cones on STOLL ma- 15 min
were reorganized to complete preparatory tasks like chines
cone positioning and program checks in advance, Uploading the knitting program into 15min
while cleaning routines were streamlined. In addi- STOLL ’_naChi”e _ _ _
tion, a Poka-Yoke device enabled operators to detect Lnasrf’jgt'on and mending of knitted 20 min
potential issues prior to setup, thereby preventing Linking of pieces in the linker machine 5 min X
unplanned stoppages. Garment finishing (including minor 10 min X
Table I presents the classification of current setup mending)
and production activities performed on STOLL Washing and drying of garments 20 min X
machines, distinguishing between internal and Steaming and ironing 15 min X
external tasks according to the SMED methodology. Final quality control of garments 10 min X
A total of fourteen activities were identified, most External audit in plant 5min X
of which are executed while the machine is stopped Packaging into boxes 5min X
(internal). This baseline classification served as the
foundation for identifying improvement opportuni-
ties, especially by proposing the externalization of TABLE II
tasks such as cleaning, cone placement, and prelim- PROPOSAL METHOD OF SETUP ACTIVITIES
inary inspections, to minimize changeover time
and increase equipment availability. Description Time  Operation  Inspection Igitegprfalu/l
By applying the SMED methodology, setup activi- Cleaning of STOLL 20 min X |
ties were reorganized and partially externalized. machines
Cleaning and cone handling were streamlined, the Placing thread cones on 10 min X
program upload sequence was standardized, and STOLL maghines
fabric inspection was incorporated into external Uploading the knitting 5 min X

. . program into STOLL

preparation. As shown in Table II, these changes machine
reduced the proportion of internal activities Inspection of produced 15 min X
while maintaining critical operations under direct fabric panels
machine downtime control.
The implementation of these improvements
resulted in a significant reduction in setup time and
an improvement in equipment efficiency. As shown
in Table III, the average setup time decreased from
15 to 10.5 min, machine availability increased from
83 to 90%, and the total production time per lot
was reduced from 480 to 394 min.

2) Poka-Yoke: To address a critical source of avoidable

downtime, a Poka-Yoke solution was developed as
part of a broader component aimed at improving
process reliability through early error detection.
As illustrated in Fig. 2, a fluorescent ring was
installed on the thread cones to serve as a visual
control, enabling operators to verify correct instal-
lation before initiating the knitting process. This
low-cost device functions as a preventive check-
point, allowing corrective action before the absence

Fig. 2. Poka-Yoke device.
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Fig. 3.

or misplacement of thread results in machine
stoppages or defective output. As a result, the solu-
tion reduced the frequency of reactive stops and
ensured that any necessary interventions occurred
during planned setup time, contributing directly to
overall time reduction, as shown in Table IV.

3) Standard Work: Standard Work was implemented as
a targeted response to the high variability observed
in operator-dependent tasks. Rather than being
introduced in isolation, this tool was part of a
broader component aimed at stabilizing process
execution and ensuring repeatability. A standard-
ized procedure was designed, outlining clear task
sequences, time benchmarks, and visual check-
points to guide operator actions. This structure
enabled preventive control over deviations before
they resulted in defects or delays. Through focused
training and a structured pilot, operational consis-
tency was achieved across shifts, reducing the
coefficient of variation in task execution and elimi-
nating procedural errors, as detailed in Table V.

D. Validation

To evaluate the effectiveness of the proposed improve-
ment model, a simulation was carried out in Arena using 23
independent replications, ensuring statistical reliability
across different operational scenarios. The number of repli-
cations was determined using a 95% confidence level (1.96),
with a preliminary standard deviation of 1.2 min and a
margin of error of +0.5 min, as shown in (1).

1.96 X 1.2?
n= (—) = (4704)? = 22.13=23 (1)
0.5
Key performance metrics such as average values and
standard deviations were analyzed to assess changes
in process times and defect rates before and after
implementation.
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TABLE III
SMED INDICATORS

Indicator AS-IS TO-BE
Average setup time (min) 15 10.5
Machine availability (%) 83% 90%
Total lot production time (min) 480 394

TABLE IV

POKA-YOKE INDICATORS

Indicator AS-IS TO-BE
Defect rate (%) 5% 2%
Errors detected per shift 10 4
Average error detection time (min) 12 3

TABLE V

STANDARD WORK INDICATORS

Indicator AS-IS TO-BE
Coefficient of variation in task time (%) 20% 10%
Errors from omitted steps (per shift) 3 0

Additionally, 95% confidence intervals were calculated
for indicators including setup time, defect rate, total produc-
tion time, and queue waiting time. These results enabled
a robust comparison between AS-IS and TO-BE scenarios,
confirming measurable improvements in process stability
and operational efficiency.

Fig. 3 presents the Arena simulation model developed
to replicate the improved process flow, highlighting the
integrated SMED, Poka-Yoke, and Standard Work, as well
as the quantitative results obtained through this validation
framework.
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Fig. 4. Comparison of scenarios.

E. Population, Sample, and Research Variables

+  Population: The cotton fabric manufacturing process
in the company;, specifically the STOLL machine area.

+  Sample: Operational data collected from 23 simula-
tion replications and on-site pilot tests conducted
on the production floor.

+  Main variables:

— Dependent variable: OTD compliance rate (%).

— Independent variables: Lot changeover time
(min), defect rate (%).

— Controlled variables: Operating conditions,
number of operators, design of the Poka-Yoke
device, standardized procedure.

III. RESULTS

A. Results From Arena Simulation

To validate the proposed improvement in a controlled
environment, the current and improved production flows
were modeled using Arena simulation software. The model
represented the key activities of the textile process, from lot
changeover to the final assembly of knitted fabrics. A total of
23 replications were executed to ensure statistical stability,
using input data collected during the diagnostic phase.

As shown in Fig. 4, the Output Analyzer was used to
evaluate the statistical significance of the improvement in
OTD between the AS-IS and TO-BE scenarios. The analysis
reports 95% confidence intervals for each scenario based on
23 simulation replications. Under the AS-IS condition, the
average OTD was 53.05%, with a confidence interval ranging
from approximately 51.8% to 54.3%. In contrast, the TO-BE
scenario following the implementation of the proposed
improvement model achieved an average OTD of 78%, with a
corresponding interval between 76.3% and 79.7%.

The absence of overlap between the confidence inter-
vals confirms that the observed improvement in OTD is
statistically significant at the 95% confidence level. This
finding reinforces the effectiveness of the integrated SMED,

Setup time (min)
151

10F

Value

As-Is To-Be

Achieved

Fig. 5. Setup time results.

Poka-Yoke, and Standard Work tools in addressing the root
causes of delivery delays and validates the robustness of
the proposed model under variable operating conditions.
The clear separation between the confidence intervals indi-
cates a statistically significant improvement in delivery
performance, confirming that the changes generated a real
operational impact beyond random fluctuations.

B. Results From the Pilot Test

In parallel, a one-week physical pilot test was conducted
on the actual production line. The proposed tools—SMED,
Poka-Yoke, and Standard Work—were applied during a
single production shift. Prior to implementation, operators
received training, and standardized data collection forms
were used to record real-time operational data.

The results were consistent with the simulation

projections:

1) SMED Results: The application of SMED method-
ology enabled task separation and reclassification
of internal and external activities. As a result, the
average setup time was reduced from 15 to 10.5
min, while machine availability increased from
83% to 90%. In addition, the total production time
decreased from 480 to 394 min, confirming the effi-
ciency of the restructured setup process.

2) Poka-Yoke Results: The Poka-Yoke device, installed in
the yarn cone input area, prevented cone misplace-
ment and reduced operator- related errors. As shown
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in Fig. 6, this low-cost visual aid contributed to
a reduction in the defect rate from 5 to 2 %, while
errors detected per shift decreased from 10 to 4.
Moreover, the average error detection time improved
from 12 to 3 min, confirming the effectiveness of
the implemented solution. Together, Figs. 7 and 8
further illustrate how the error-proofing mechanism
contributed to improved quality performance.

3) Standard Work Results: By establishing documented
procedures, clear time benchmarks, and visual
checkpoints, Standard Work ensured operator
consistency. As shown in Fig. 9, the coefficient of
variation in task execution time decreased from
20% to 10%, while the number of errors caused by
omitted steps was reduced from 3 to O per shift. This
outcome established a stable operational baseline,
sustaining the improvements achieved through the
implementation of SMED and Poka-Yoke.

In addition to these results, Fig. 10 illustrates the
standardization of setup activities by comparing
the AS-IS and TO-BE scenarios. Four critical tasks—
machine cleaning, cone placement, program
uploading, and fabric inspection—were reduced from
a total of 75 to 50 min, representing a 33% improve-
ment. This reduction was achieved by eliminating
redundant steps, externalizing non-critical tasks,
and applying standardized work instructions. The
changes are supported by the time measurements
collected during the pilot test and contrasted with
baseline observations, confirming that the improve-
ments are both measurable and repeatable under
real production conditions.

C.  Comparative Analysis of KPIs

Table VI summarizes the KPIs before and after
the implementation of the proposed process improve-
ments. The metrics clearly demonstrate the operational
gains achieved in delivery performance, setup efficiency,
defect reduction, and equipment availability, as shown in
Table VI.

D. Baseline Performance Overview (AS-IS Scenario)

Prior to the implementation of the improvement model,
the company showed a series of operational inefficiencies
that directly affected overall performance. The OTD rate
was 53.05 %, significantly below the textile industry bench-
mark of 77 %. The average setup time per changeover was
15 min, while machine availability was only 83%, indi-
cating frequent delays and equipment downtime. In terms
of quality, the defect rate reached 5%, primarily caused by
manual setup errors such as incorrect cone positioning.
Moreover, the coefficient of variation in operation time was
20%, reflecting inconsistencies in how operators performed
tasks. The total production time per lot was 480 min,
showing room for cycle time optimization.

Fig. 6. Poka-Yoke device implemented.

Poka Yoke - Defect rate (%)
5

As-Is To-Be Achieved

Fig.7. Defect rate (%) results.

Poka Yoke - Errors detected per shift
10

Value

As-Is To-Be Achieved

Fig. 8. Error detected per shift results.

Standard work - Coefficient of variation in task time (%)

As-Is To-Be Achieved

Fig. 9. Coefficient of variation in task time %.
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Fig. 10. Standardization of setup activities.

TABLE VI
KPIs
. Current situation ~ Reference benchmark

Indicator Component (X) (ASIS) (TO-BE) Result
OTD (%) Y - Overall effi- 53.05% > 77% (textile sector) 77.9%

ciency
Average setup time (min) X1~ SMED 15min <11 10.5min
% of defective products X2 — Poka-Yoke 5% <3% 2%
Coefficient of variation in operation X3 - Standard 20% <10% 10%
time Work
Machine availability (%) X4 = SMED 83% >90% 90%
Total production time per batch (min) x5 - r(;zmtblned 480 min 394 min

E. PostImplementation Results

The post-implementation values closely aligned with
the expected targets. OTD increased to 78 %, meeting the
industry reference. The average setup time was reduced to
10.5 min, while machine availability rose to 90%, fulfilling
the primary objectives of the SMED methodology. The
defect rate declined to 2%, confirming the effectiveness of
the Poka-Yoke device in reducing human-related errors.
In addition, the coefficient of variation in operation time
decreased from 20 to 10%, validating the impact of Standard
Work on process consistency. Finally, the total production
time per lot was reduced from 480 to 394 min, demon-
strating a substantial productivity improvement across the
entire production cycle.

F. Strategic Implications and Long-Term Relevance

The outcomes of this improvement initiative confirm
not only the technical soundness of the selected tools—
SMED, Poka-Yoke, and Standard Work—but also their
strategic potential for broader application within the
organization. The successful increase of OTD from 53.05
to 78 % demonstrates a clear enhancement in the compa-
ny’s ability to meet customer deadlines and contractual
obligations, a critical factor for maintaining competitive-
ness in international textile markets. The reduction in lot

changeover time from 15 to 10.5 min, together with the
increase in machine availability from 83 to 90%, indicates
that production capacity and line responsiveness were
significantly enhanced without the need for capital-inten-
sive investments. Furthermore, the 60% decrease in the
defect rate (from 5% to 2%) highlights the effectiveness
of the visual control device in preventing operator error,
thereby improving product quality and reducing rework.

These results were validated through 23 test runs, of
which 17 met or exceeded the target performance levels,
confirming the reliability of the proposed solution under
real operating conditions. The remaining six runs exhibited
slight deviations, primarily attributable to operational vari-
ability such as inconsistent thread cone setup or operator
fatigue, highlighting the importance of continuous training
and ergonomic improvements.

The replicability and low cost of the tools used, partic-
ularly the fluorescent ring implemented in the Poka-Yoke
system, make them highly scalable across other machines
and production lines. Future improvement cycles should
focus on consolidating the current gains through real-time
performance tracking such as e.g., visual management boards
and structured operator feedback mechanisms. Additionally,
standardization protocols developed during this phase can
serve as templates for formal SOPs applicable across the
plant. This approach positions the company to establish a
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culture of continuous improvement, aligning daily opera-
tions with long-term operational excellence objectives.

IV. DISCUSSION

The validation results obtained through simulation and
pilot testing confirm the effectiveness of the integrated
improvement model composed of SMED, Poka-Yoke, and
Standard Work in enhancing operational performance
within a small-scale textile manufacturing environment.
This section discusses the practical implications, interpre-
tative insights, and strategic contributions derived from
the findings.

A. Effectiveness of the Integrated Tools on KPIs

The combined application of the three Lean tools led
to significant improvements in the main operational indi-
cators, demonstrating both efficiency gains and defect
prevention. Similar studies in the Peruvian textile sector
have validated such approaches, confirming their suitability
for SMEs with limited resources [5].

«  OTD: Improved from 53.05% to 78%, a 24.95
percentage point increase. This change represents
an operational shift from non-compliance with
industry standards (77%) to performance alignment
and competitiveness.

+  Setup time: Reduced from an average of 15 to 10.5
min, achieving a 30% decrease in lot changeover
duration, as validated both through pilot tracking
and Arena simulation averages across 23 replica-
tions. This is in line with research that emphasizes
the importance of SMED and Standardized Work in
setup reduction strategies.

«  Defect rate: Decreased from 5% to 2%, a 60%
reduction, directly linked to the implementation
of the Poka-Yoke device. This reduction mini-
mized rework and raw material waste, as similarly
demonstrated in studies analyzing Poka-Yoke in
textile environments [7].

+  Machine availability: Increased from 83% to 90%,
translating to an approximate 7-point gain, due to
fewer unplanned stops and more efficient operator
interventions. These outcomes resonate with
previous applications of Lean tools such as 5S and
Kaizen for boosting availability and reliability in
production lines [8].

These results validate the hypothesis that an integrated
improvement model produces greater cumulative bene-
fits than the isolated application of individual Lean tools.
Similar integrated frameworks have shown consistent
success in textile manufacturing by addressing inefficien-
cies holistically [9].

B. Interpretation of Simulation and Statistical Validation

The simulation in Arena provided a controlled environ-
ment to anticipate results before deployment. The Output
Analyzer confirmed, with a 95% confidence level, that the
projected OTD would reach the 78% threshold, with a mean
difference of 24.95% compared to baseline.

The setup time distribution, modeled under a standard
deviation of 1.2 min and a target margin of error of +0.5
min, yielded a reliable confidence interval, demonstrating
statistical stability in the pilot design. This supports the
notion that the sample of 23 replications was sufficient to
reflect real-world variability without sacrificing confidence
in the outcome. This methodological approach aligns with
prior work combining Lean Manufacturing and simulation
to validate performance improvements in SMEs [10].

C. Organizational and Practical Implications

Beyond quantitative outcomes, the intervention
revealed important organizational dynamics. The stan-
dardization of work instructions enabled faster onboarding
and greater consistency across shifts, reducing dependence
on individual expertise. Visual cues and task sequencing
provided operators with greater autonomy and fewer deci-
sion points, contributing to a reduced cognitive load.

Operator feedback during the pilot phase indicated
higher satisfaction, clearer expectations, and reduced ambi-
guity during setup. This outcome is particularly critical for
small enterprises with high employee turnover or limited
training resources. These results confirm that Lean prac-
tices can be successfully adapted to SMEs even with low
technological complexity, as demonstrated in similar anal-
yses of Lean systems within the textile industry [11]. The
key lies in properly tailoring the solution to the context and
involving the production team in co-designing the changes.
Moreover, foundational Lean concepts such as error-
proofing have proven to be both accessible and effective in
enhancing quality standards [12].

D. Strategic and Academic Contribution

The study provides an evidence-based model for
productivity improvement that is low-cost, replicable,
and sustainable, particularly relevant for textile SMEs in
Latin America. The data demonstrate that meaningful
performance improvements can be achieved with minimal
investment by focusing on process discipline, visual
management, and task segmentation. Additionally, the
research contributes methodologically by integrating field
experimentation with simulation modeling, thereby rein-
forcing both academic rigor and practical relevance. Similar
proposals have also highlighted the scalability of such inter-
ventions in emerging economies [13].

Recent studies have confirmed that Lean Manufacturing
models tailored to small-scale textile operations can lead to
significant improvements in quality and delivery efficiency
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when supported by structured supplier involvement and
low-cost automation [14]. Moreover, initiatives such as
Lean Synergy and data-driven frameworks are emerging
as promising alternatives for micro and small enterprises
seeking to transition from informal practices toward stan-
dardized production systems [15]. These contributions
reinforce the idea that contextual adaptation and team
involvement are critical to sustaining long-term improve-
ments in resource-constrained environments.

E. Limitations and Future Research Directions

Although the proposed improvement model demon-
strated significant performance gains, certain limitations
remain that open avenues for future research:

+ The model was applied to a specific opera-
ting production context with relatively stable
conditions. Its adaptability to more dynamic envi-
ronments characterized with fluctuating demand
or multi-line operations requires further explora-
tion. Studies focused on flexible implementations
of Lean in multi-product settings could provide
useful insights in this regard [15].

+ The interaction between the tools was validated
sequentially. Future studies may explore simul-
taneous or iterative deployment strategies to
enhance scalability and responsiveness. Hybrid
approaches—such as combining Lean tools with
supplier performance monitoring or data-driven
feedback loops, as proposed in recent literature—
offer promising directions [16].

-+ Lastly, the model focuses on operational metrics.
Extending the framework to incorporate sustai-
nability, energy efficiency, or digital integration
(e.g., IoT-enabled monitoring) would provide a
more holistic perspective for long-term compe-
titiveness. Research exploring Lean frameworks
that integrates with environmental and technolo-
gical dimensions, such as the models proposed by
Huayra-Mendoza and Ticlavilca-Arias [17], repre-
sents a relevant frontier for future exploration.

V. CONCLUSION

This study demonstrated that the integrated application
of SMED, Poka-Yoke, and Standard Work can significantly
improve production performance in a textile SME operating
under limited resources. The model addressed critical oper-
ational inefficiencies—such as excessive setup time, high
defect rates, and operator variability—through practical,
low-cost solutions.

As a result, OTD increased from 53.05% to 78%, setup
time was reduced by 30%, machine availability increased
to 90%, and the defect rate dropped from 5% to 2%. These
improvements were validated through both simulation

and pilot testing, confirming the model’s effectiveness and
statistical significance. The findings highlight the poten-
tial of tailored Lean tools to generate impactful results in
small-scale manufacturing. Beyond performance gains, the
approach supports standardization, enhances operator
consistency, and sets a foundation for continuous improve-
ment, making it a scalable solution for SMEs seeking greater
efficiency and competitiveness.
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