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ABSTRACT—The metal-mechanic sector plays an
important role for the Peruvian economy, repre-
senting approximately 1% of total GDP and 6% of
manufacturing GDP. It is particularly relevant for its stra-
tegic role in providing essential components and services
for sectors such as mining, construction, and agribu-
siness. The problem that motivates this study focuses
on the need to reduce the waste of resources in metal-
working companies where operational performance is
affected, and in this sense, the research was carried out in
a factory producing fans with the objective of developing
an operations management model to improve compliance
with the production plan. An empirical study was conduc-
ted using Lean Manufacturing techniques—specifically
5S, Standardized Work, and Single-Minute Exchange of
Dies (SMED)—to develop a model that was functionally
validated through a pilot test and process simulation. The
results showed that production plan compliance reached
60.7%, non-productive time was reduced by 92.8%, cycle
time decreased by 3.46%, and setup time was reduced
by 25.2%. The contribution of this research demonstra-
tes that integrating the applied engineering techniques
results in a robust and effective combination for impro-
ving industrial processes.

Index Terms—5S, fan manufacturing, metalworking industry, SMED,
standardization.

I. INTRODUCTION

This research addresses the problem of low production
plan compliance in a Peruvian metalworking company
dedicated to the manufacture of axial fans. The importance
of this study lies in the strategic role of the metal-me-
chanic industry in the Peruvian economy, as it accounts
for approximately 1% of the country’s total Gross Domestic

Product (GDP) and 6% of manufacturing GDP, with an esti-
mated annual turnover of 13 billion soles [1]. Beyond its
economic contribution, the sector plays a strategic role by
supplying components, metal structures, machinery, and
specialized technical services that enable the operation and
development of key industries such as mining, construc-
tion, agribusiness, and manufacturing in general. In this
context, it was identified that the company under study
has a production plan compliance rate of only 23.3%, which
is significantly lower than the 70% achieved by leading
plants in the sector [2]. This results in an annual economic
impact of 573,804 soles—equivalent to 23% of the compa-
ny’s revenue— and highlights the need for a solution model
aimed at addressing this type of issue.

The implementation of Lean Manufacturing techniques
has shown significant benefits in industrial processes,
particularly in enhancing efficiency within the metalworking
sector, as underscored by various authors. In [3], issues such
as high levels of non-productive time, disorder in the work
area, lack of standardization in tool changes, and inefficient
physicallayout were identified. To address these issues, meth-
odologies such as Sort, Set in order, Shine, Standardize, and
Sustain (5S), Single-Minute Exchange of Dies (SMED), and
Systematic Layout Planning (SLP) were applied, achieving a
6.79% reduction in lead time. Similarly, another study in the
same sector found that low productivity resulted from work-
space disorganization, the absence of standard times, and a
lack of visual control. To mitigate these issues, tools such as
5S, Andon, and standard time were implemented, achieving
an increase in productivity from 0.26 to 0.33 tons per sol
over a five-month period [4].

In this context, the relevance of this study lies in its
practical and applicable nature, as it proposes a model
that not only enhances operational efficiency and reduces
waste but also lays the foundation for a culture of contin-
uous improvement within the sector, generating value and
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contributing knowledge at both the business and indus-
trial levels.

Based on the analysis conducted, the general objective
of this research is to develop an operations management
model that improves the production plan compliance
in a metalworking factory through the application of
Lean Manufacturing techniques. The specific objectives
are to reduce material search times in the painting area,
decrease variability in welding tasks, and optimize setup
times in laser cutting and pressing machines. The scope
of the research includes the improvement of operational
processes in the painting, welding, cutting, and pressing
areas in the production of axial fans. These areas were
selected as the exclusive focus of intervention because
they concentrate the main problems identified in the initial
diagnosis, such as unnecessary delays, lack of standard-
ization, and excessive setup times. The study followed a
structured approach comprising an introduction and back-
ground review to define the objectives, a description of the
methodology and tools, a presentation of the results with a
before-and-after comparison, and a discussion contrasting
the findings with the literature.

II. LITERATURE REVIEW

Various relevant academic sources published in recent
years were analyzed and retrieved from databases such as
SciELO, ScienceDirect, Dialnet, and Google Scholar.

A. 5S Methodology

According to a study conducted in a plant dedicated to
the production of aqueous adhesives, significant improve-
ments in productivity were achieved. Initially, major issues
related to workplace disorder, the accumulation of unneces-
sary materials, and a lack of process standardization were
identified. The initial diagnosis revealed a low 5S compli-
ance score, averaging 2.8 points, which motivated the
implementation of improvement strategies. These actions
included removing non-essential materials, assigning
specific locations for tools, introducing regular cleaning
routines, designing standardized procedures, and training
personnel to promote effective organizational practices. As
a result, the 5S compliance score increased to an average of
4.03 points, leading to optimized time and space usage and
an increase in average productivity from 4.37 kg/labor hour
in 2019 to 5.58 kg/labor hour in 2020 [5].

B. Standardization

In an agricultural machinery manufacturing plant,
waste and defective products were reduced through the
implementation of standardization across six stages:
current-state design, data collection, takt time calculation,
preparation of the Operator Balance Chart (OBC), future-
state design, and development of a Work Standard Sheet for
each operator. The results showed time savings of 49.5 min

per day and approximately 18 h per month, and a signifi-
cant reduction in the variation of returned boxes, with the
coefficient of variation for “Bin A” boxes decreasing from
31.44% to 7.4% [6].

C. SMED

The implementation of this technique in a vacuum
cleaner manufacturing company led to a significant
reduction in model changeover times on the injection
line, decreasing from 459 to 189 min, which represents
an improvement of over 58% and a 68% achievement of
the expected results [7]. Similarly, in a plastic products
manufacturing company, the application of this technique
reduced mould changeover time from 1 h and 23 min to
approximately 49 min, representing a 36.79% improvement
[8]. As a result, operational efficiency improved, failures
related to the lack of procedures were reduced, and process
stability was enhanced.

III. PROPOSED SOLUTION MODEL

A. Background

In the metalworking sector, small and medium-sized
companies that manufacture equipment such as axial
fans face important challenges related to their production
processes efficiency. One of the main issues is the limited
ability to meet established delivery deadlines, which
directly affects customer satisfaction and business profita-
bility. The average on-time delivery rate in this sector
is only 70% [2], indicating shortcomings in operational
management and in the effective use of available plant
time. This situation highlights the need to implement
improvements aimed at optimizing resource availability
and reducing non-productive time.

Table I presents a matrix that links the identified root
causes with the selected Lean Manufacturing techniques,
including the main authors and the years in which their
studies were carried out.

B. Model Components

The following solution model was developed, by inte-
grating the data obtained during the diagnostic phase and
linking the proposed actions for each selected technique,
as shown in Fig. 1, to provide a structured and comprehen-
sive view of the improvement proposal across its different
phases and components.

Phase 1 - Diagnosis: This phase of the study corresponds
to a quantitative, applied, and empirical research design,
as it is based on the collection of real data and their anal-
ysis to identify opportunities for process improvement.
Compliance with the production plan is identified as the
dependent variable and cycle times, model changeover
times, work area organization, and variability in task



Operations Management Model to Improve Compliance With the Fan Production Plan / P. Pérez, E. Rivera, C. Lizarraga, J. Castillo

Low Production Plan « Data collection .5

CONTINUOUS IMPROVEMENT j'

i

OUTPUT

High Production Plan

| @

Model of the

Compliance
+ Operation Process Chart (OPC)

+ Process Flow Chart (PFC)
« Cause and Effect Diagram
« Pareto Chart

+ SMED
Frequent unnecessary
delays in the painting area

« Standardization

Compliance
process using Arena sofware

and Pilot test

* KPI's Evaluation Reduction of unnecessary

- Results Comparison delays i the painting area

+ KPI's Analysis
* Problem Tree
High cycle times in the Decrease in cycle times in
welding area the welding area
DIAGNOSTIC R VALIDATION
Frequent prolonged delays Reduction of prolonged
in the cutting and pressing mm delays in me cutting and
areas pressing areas
A T
- J
Fig. 1. Proposed solution model for an axial fan manufacturing company.
execution are identified as the independent variables. The TABLE I
unit of analysis is an axial fan. MATRIX LINKING ROOT CAUSES AND ANALYZED
The sampling strategy used was non-probabilistic ARTICLES
convenience sampling, with data collected through direct
observations in the plant. Causes
. . . Long times High task .
Accordingly, instruments such as the Outline Process dg 4 J bilit Long setup times due
Authors ueto varia oty to manual calibrations
Chart (OPC) and the Process Flow Chart (PFC) were used disorder due to lack of without external
for data collection and analysis, enabling the mapping of andvisible - standardized preparation
. . . . waste sequence
the current sequence of operations and the identification
of non-value-adding activities. Analytical tools such as the 2,151 58
Cause-and-Effect Diagram and the Pareto Chart were also [3],[9], 1] 58 SMED
applied to identify and prioritize the root causes of the
PP fy P - [41,00l 58 Standardization
problems. In addition, key performance indicators (produc-
tion plan compliance, productivity, cycle time, and model [l Standardization
changeover time) were analyzed, and a problem tree was 7] SMED
developed to visualize cause-effect relationships (Fig. 2).
) ) te] 55 Standardization SMED
Phase 2 - Implementation of the Integrated System: The imple-
mentation of the 5S in the painting area is done through 02 Standardization SMED
several steps. It begins with the elimination of unnecessary Proposal 53 Standardization SMED

materials, followed by the organization of the workspace
through the classification and labeling of containers and
tools. Subsequently, specific locations are assigned to facil-
itate accessibility and maintain order. Thorough cleaning
activities are then performed, and organization is standard-
ized through the consistent use of visual controls. Finally,
discipline is promoted among personnel through training,
ensuring that the improvements are sustained on a contin-
uous and long-term basis. As a result, workspace utilization
is optimized, unnecessary movements are reduced, and
overall operational efficiency is improved.

In the standardization stage, data are collected on
the available production time and customer demand.
These data are used to calculate the Takt time for the
activities. Subsequently, the OBC is developed, which is
a Lean Manufacturing tool used to visualize and improve

workload balance among operators on a production line.
This diagram shows the time each operator dedicates to
their assigned tasks, facilitating the identification of work-
load imbalances. For its analysis, it is necessary to measure
the execution times of each workload and to redistribute
tasks in order to achieve a better balance. The final step
consists of developing a Work Standard Sheet for each
operator, which includes specific activities, assigned times
and sequence of operations.

SMED implementation starts with the identification
of all operations related to the production cycle change-
over, differentiating between internal activities, which are
performed while the machine is stopped, and external activ-
ities, which can be performed while the machine is running.
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These activities are then classified to determine which can
be carried out in parallel with the production process. Based
on this classification, as many internal tasks as possible are
converted into external ones in order to reduce downtime
by preparing the tools and materials required for the next
production cycle in advance.

Finally, the machine settings are optimized by elimi-
nating non-value-adding activities and simplifying those
that are necessary, in order to improve the efficiency of the
setup process.

Phase 3 - Validation: The improvement proposal made it
possible to identify and validate optimization opportunities
at different stages of production. Validation is carried out
through a pilot test of the 5S methodology, together with
a simulation model also for the Standardization and SMED
tools. As a result, a more orderly, balanced, and produc-
tion-aligned operational scenario was designed. These
improvements enhance operational efficiency and could be
replicated in other areas of the shop floor, provided they are
properly adapted to the specific process conditions.

C. Model Indicators

Indicators are proposed to measure production
performance in terms of efficiency, time utilization, and
responsiveness to demand. The formulas used, as well as
the interpretation of their variables, are presented below:

- Compliance with the production program (CPP):
Actual production corresponds to the volume effec-
tively completed, while planned production refers to
the assigned target; the result is multiplied by 100
to express it as a percentage.

Actual production

CPP =

" Planned production

100 (1

KPI: Setup time

ST = £ aser cutting) + Es (pressing)

Identification of problems, root causes, and solutions in axial fan production.

+ Unproductive time: Actual time corresponds to the
total observed duration, including delays, while
standard time refers to the reference established by
methods engineering; the difference represents the
portion of the shift that does not generate value
and can be reduced through the application of 5S.

UT = Actual time — Standard time (2)

+  Cycle time: Each t, represents the manufacturing
time of the part in the hull, bases and spider opera-
tions. As long as this sum exceeds the Takt time, the
line will not meet the demand, making it essential
to standardize work paths and reduce variability.

(T = tcasing + tbases+spider (3

+  Setup time: Each represents the setup time of the
cutting and pressing areas, measured from machine
stoppage to the production of the first conforming
part after setup.

TS = ts (laser cutting) + & (pressing) 4

IV. RESULTS

A problem tree was developed to break down the
main problem into its causes and root causes. This anal-
ysis tool provides a clear and detailed understanding of the
factors involved, facilitating the identification of specific
corrective actions (Fig. 2). To complement this diagnosis,
the OPC was used, which translates the identified pro-
blems into the production flow and enabling the visualization
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of the specific stages where they occur (Fig. 3). Its develop-
ment enabled the identification of the points at which the
different product components are incorporated, providing
an overall view of the manufacturing and assembly process
of axial fans. Likewise, it proved useful for understanding
the process structure and for visually documenting the activ-
ities required for the development of the simulation model
in Arena, as it provides the logical and detailed sequence of
operations needed to construct the system flow.

To validate the effectiveness of the proposed improve-
ments, two scenarios were developed in Arena software:
one representing the current situation of the production
process and the other one reflecting the system with the
integrated improvements.

A. Modeling of the Current Situation

A base model representing the current situation was
constructed and simulated using the Arena software. This
model was built using data collected directly from the plant
through on-site observations, interviews with operating
personnel, and time measurements. The collected data were
statistically analyzed to ensure their reliability and accuracy
for use in the simulation.

The AS-IS model enabled the visualization of the actual
behavior of the production flow, allowing the identification
of constraints, delays, and sources of inefficiency. Among
the main findings, long setup times were detected in the
cutting and pressing stations, resulting in availability losses

Mechanical components __|
Shaft ——¢

Pulleys—

Belts—¢

1 )To assemble

To perform
vibration and
amperage
test

Axial Fan

OPC for the axial fan production process.

that affect process continuity. At the welding station, high
variability in execution times was observed, leading to an
unbalanced line and making it the most time-consuming
operation. Likewise, in the painting area, disorder in the
handling of materials and tools was identified, causing
unnecessary movements and rework.

The current conditions of the tools that would later be
intervened were incorporated into the simulation model.
Setup times were represented as currently recorded,
reflecting the lack of separation between internal and
external activities during changeover processes. At the
welding station, tasks without standardized procedures
were simulated. Finally, the current behavior of the painting
area was included, where no organized or structured system
exists for the storage and use of materials.

B. Design of the Improved Model

The improved model incorporates three key tools: 58S,
Standardization, and SMED. The 5S methodology was phys-
ically implemented in the painting area, following each
of its stages. This intervention produced visible improve-
ments in organization, tool accessibility, and reduction of
non-value-adding time, which were replicated in the simu-
lation. Standardization was validated through simulation in
Arena at the welding station, where improvements in task
sequence and distribution were proposed. These actions
reduced operational variability and balanced work times
with respect to customer demand, enhancing consistency
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in task execution. Finally, SMED was simulated on the
machines, identifying activities that could be performed
outside of machine downtime.

The integration of these tools enabled the validation,
in a virtual environment, of the positive impact these
improvements would have on the production system. The
resulting model represents a more organized process, with
reduced variability and greater capacity to meet production
requirements.

After the implementation of 5S, a comparative eval-
uation of the initial and final states of the system was
conducted through inspections, with the participation
of operators. The scores were grouped by category and
compared against a maximum of 25 points for each “S”
representing optimal conditions. In the initial condition,
the results showed a poor overall performance, reaching
only 27% of the total possible score. Shine achieved a score
of 44%, while the pillars of Standardize (16%), Set in order
(24%), Sustain (24%), and Sort (28%) exhibited worryingly
low levels. These results indicate a disorganized plant, with
few standardized practices and no well-established culture
of sorting or maintaining order.

Table II lists significant improvements across all pillars,
reaching 69.6% of the total score. Remarkable progress was
observed in Sustain (84%), Shine (80%), and Sort (68%),
reflecting increased staff awareness, improved operational
practices, and a more structured work environment.

These results are graphically presented in a radial
diagram designed to comparatively visualize performance
before and after the intervention (Fig. 4). The diagram
clearly shows the growth in each dimension evaluated,
validating the effectiveness of the implementation and
highlighting the positive impact of 5S on the plant’s organi-
zational culture.

Theresults obtained validate the fulfillment of the general
objective of the study: to develop an operations manage-
ment model to improve compliance with the fan production
plan through standardization in the metalworking sector.
The implementation of the model increased the produc-
tion plan compliance from 23.3% to 60.7%, demonstrating
that the standardization applied in the different areas of the
process had a direct and positive impact on the company’s
ability to meet its production goals.

In relation to the specific objectives, the results were also
consistent. First, the application of the 5S methodology in
the painting area led to a significant reduction in unproduc-
tive time, from 82.1 min to just 5.89 min. This improvement
was achieved by eliminating time wasted searching for
materials and tools, and by optimizing the work environ-
ment. Secondly, the standardization of a work sequence in
the welding area reduced variability in task execution, which
was reflected in a decrease in the total cycle time, which
went from 3,180 to 3,070 min. This enhanced the overall
efficiency of the production process and contributed to
increased compliance with the production plan.

TABLE I1
5S INITIAL AND FINAL INSPECTION RESULTS

Concepts AS-IS TO-BE Maximum A(So/;I)S T((JO/;?E
Sort 7 17 25 28 68
Set in order 6 16 25 24 64
Shine 11 20 25 44 80
Standardize 4 13 25 16 52
Sustain 6 21 25 24 84
Total 34 87 125 27 69.6

Classification
90
80

Discipline Order

Standardization Cleaning

Fig. 4. Comparative radial diagram of the initial and final
state of 5S.

TABLE III
COMPARISON OF RESULTS

Indicators Units AS-IS TO-BE
Production program Percentage 23.3 60.7
compliance
Non-productive time Minutes 82.1 5.89
Cycle time Minutes 3,180 3,070
Setup time Minutes 151 113

Finally, Table III demonstrates that with the implemen-
tation of the SMED methodology on the laser cutting and
pressing machines, the setup time was reduced from 151 to
113 min, which favored greater machine availability and
faster preparation between production batches. Overall,
these results demonstrate that the proposed model is
effective in improving operational efficiency and ensuring
compliance with the production plan.
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V. DISCUSSION

To enrich the analysis, a comparison of the results
obtained and those reported in other studies is presented.
In our case study, the 55 methodology reduced nonpro-
ductive times from 82.1 to 5.89 min, which represents
an improvement of 92.8%. This result contrasts with the
study conducted in the plastic products manufacturing
plant, where the technique was applied in the injection
and painting areas, achieving a 65% reduction in the time
spent searching for tools and materials [8]. Similarly, in a
metalworking company dedicated to the production of light
metallic structures, the methodology was implemented in
the lathe and milling stations, as well as in the warehouse,
materials yard, and dispatch area, achieving a 75.2% of idle
times related to the location of inputs and equipment [9].
In both cases, the intervention covered several areas of
the process, which required more resources and time. In
contrast, this study focused only on the painting area, which
enabled a higher percentage of improvement.

Regarding Standardization, its application reduced
the total cycle time from 454.29 to 428.57 min per unit,
which represents an improvement of 3.46%. Although the
percentage improvement is not high, this result contrib-
utes positively to the overall production performance. This
is consistent with a study reporting the implementation
of standardized work in an H-beam factory, showing that
the cycle time was reduced from 294.99 to 286.92 min per
unit produced, equivalent to an improvement of 2.74%.
When comparing the results, it can be observed that the
improvement achieved in this study is slightly higher, which
reinforces the effectiveness of the applied technique. In both
cases, despite being processes with long cycles, the improve-
ments in the welding area are significant, as this operation
represents the main bottleneck of the system [10].

In relation to SMED, the setup time reduced from 151 to
113 min, representing a significant improvement of 25.2%.
This result is comparable to that reported in a study on a
metalworking factory, where a reduction of 30.11% was
achieved. Although both studies applied the separation of
internal and external activities, the difference lies in the fact
that this study complemented this strategy with complete
standardization of procedures through clear instructions,
defined sequences, and checklists, which explains its higher
percentage of improvement [11]. In contrast, an auto parts
assembly line achieved a greater reduction of 36%, mainly
due to an effective reorganization of the workspace [12],
an aspect not addressed in the present study, which also
contributes to the difference in the results.

VI. CONCLUSIONS

The results obtained show significant progress in line
with the objectives set. The implementation of the 5S meth-
odology in the painting area reduced downtime by 92.8%
by optimizing the organization and location of materials;

the standardization of welding tasks decreased cycle time
by 3.46%, promoting a more continuous workflow; and
the application of the SMED methodology in cutting and
pressing reduced setup times by 25.2%, by converting
internal activities into external ones and improving machine
availability. These improvements, integrated into an oper-
ations management model, increased production plan
compliance to 60.7%, thereby reducing the gap with the 70%
recorded in the industry’s leading plants and demonstrating
the potential of Lean tools to close performance gaps and
improve productivity.

It is recommended to implement the 5S methodology
throughout the plant, as its comprehensive application
would optimize overall organization, reduce nonproductive
time in other areas, increase safety, and reinforce oper-
ational discipline across all processes. This would help
consolidate a culture of order and cleanliness that promotes
a more efficient work environment prepared for future Lean
improvements. It is also advisable to gradually expand the
scope of SMED and standardization to other areas, accom-
panying this process with training and monitoring plans to
ensure its sustainability, and use specialized software to
simulate changes prior to their physical implementation.
Finally, future studies could take this Lean Manufacturing
model as a basis for validating its effectiveness in different
production contexts, optimizing processes in specific envi-
ronments, and generating applied technical knowledge
that strengthens the competitiveness of the metallurgical
sector and its strategic role in key industries such as mining,
construction, agribusiness, and manufacturing.
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