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Abstract

The case study is situated in a SME in the primary manufacturing sector and focuses on increasing its
productivity using lean manufacturing tools. First, productivity was identified at 15%, while the average for
the sector was 25%, causing a negative economic impact of approximately U$301,309 per year. Through the
diagnosis, it was found that the main reasons were machine downtime, caused by various factors such as
unplanned downtime and maintenance; the second reason was inadequate sorting of raw material, due to the
lack of standardized procedures, lack of protocols and disorder in the sorting area. To address these problems,
an improvement model was developed based on 5S tools, standardized work and TPM (autonomous and
preventive maintenance). To validate the model, a pilot project of 5S tools and standardized work was carried
out through an internal audit conducted before implementing the tool and after its application, an increase in
5S compliance from 29% to 84% was evidenced. Likewise, the standardized work pilot reduced the cycle
time of the raw material classification activity from 708 to 539 seconds thanks to the implementation of a
procedures format that standardized the process and eliminated activities with no added value. Regarding
TPM, it was validated using Arena software, achieving a 2% improvement in OEE and therefore a 19.4%
increase in productivity.
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1. Introduction

The manufacturing sector is made up of those economic activities that transform the chemical or physical
composition of raw materials into new products. It is subdivided into two: manufacturing, which corresponds
to the production activities of primary products that are generally used as raw materials, and non-primary
manufacturing, which is made up of food and beverages; textiles, leather and footwear; chemicals, rubber
and plastics; and non-metallic minerals, among others [1]. Peru is one of the world's largest producers of
fishmeal, which is used to formulate balanced feed for activities such as aquaculture, poultry farming,
livestock, etc [2].

Fishmeal production has been increasing by 19% on average since 2019, in addition, the contribution of the
manufacturing GDP until 2021 had a growing trend reaching up to 13%, likewise it is considered of great
importance in the generation of employment since until 2021 it has represented approximately 8.75% of the
national Economically Active Population (EAP) [3][4][5]. The present case study has analyzed the non-
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primary manufacturing subsector because it studies the production of fishmeal from hydrobiological
resources.

According to the literature reviewed, it was found that the main problem lies in low productivity due to
various factors such as raw material selection, quality, equipment operation, reprocessing, among others. A
case study identified as the main problem the amount of waste in the process, due to the lack of quality
controls and inadequate transportation of raw material, which was countered with their proposal to apply
lean tools such as VSM, Standardized Work and 5S, which reduced on average 33% the cycle time [6].
Similarly, in another case study, they found that their main problem was low productivity due to quality and
waste or MUDAS throughout the process, once the waste and its causes were identified, it was proposed to
organize the plant and reduce material search times, apply 5S. To achieve a continuous flow in the processes,
minimize overproduction and reduce in-process inventories, the Heijunka tool was proposed [7]. Finally, the
use of Jidoka was proposed to reduce quality problems and reduce costs due to defective products. In
addition, a case study on an SME producer of giant squid concluded that its low productivity was directly
related to plant downtime, so it sought to implement the TPM tool to reduce machine breakdowns and
improve its production capacity, then apply the tool resulted in the reduction of such times by 39%, increased
machine availability by 14% and improved the time between failures by 40% [8].

This case study presents a study carried out in a company that produces waste flour for export from
hydrobiological residues. The company's main issue was low productivity, which is present in a similar way
in other companies of the Peruvian manufacturing sector. According to a diagnosis carried out, the high
number of machine failures, lack of standardized procedures and lack of organization at the workstation
were identified as causal factors. These factors caused a slowdown in the production flow, resulting in less
production than planned. Productivity was determined throughout the year by the ratio between the tons of
finished product and the amount of raw material used, obtaining an average value of 0.15 (Tons of Finished
Product / Tons of Raw Material). This value was contrasted with the ratio obtained by the leading company
in the sector, which was 0.25 (Tons of Finished Product / Tons of Raw Material). In this way, a technical
gap of 0.10 was obtained, thus demonstrating a significant difference in productivity. Additionally, it was
identified that the economic impact amounted to U$301,309 per year, primarily due to the unproduced tons
of finished product and excessive labor time paid.

This article is composed as follows: introduction, which presents the situation of the sector with emphasis
on the main problems, literature review to verify success cases related to the proposal, the methodology of
the contribution, validation and finally conclusions.

2. Literature Review

2.1 Improved productivity in the manufacturing sector

Within the manufacturing industry, several improvement models have been developed, applying different
methodologies and tools, with the objective of increasing productivity and reducing waste in the different
stages of the process. In this sector, low productivity caused by a high level of waste and machine stoppages
is recurrent. Therefore, among the solution alternatives, tools such as TPM can be implemented to reduce
the frequency of machine stops and tools such as standardized work and SLP to reduce production cycle
times, thus increasing productivity and reducing economic losses [9]. On the other hand, a study conducted
in the food industry shows as a result a reduction of waste to optimal levels for the industry, thanks to the
application of a model based on lean manufacturing tools such as 5S, Standardization and Kanban [10]. In
another case study, a low production capacity and the disorder in different areas of the company were
evidenced. After implementing the SMED, TPM and 5S tools, the model allowed a reduction of 25% in
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maintenance times and, at the same time, the training of more qualified personnel to deal with the problem,
thus achieving a higher production capacity [11].

2.2 58S

The implementation of the 5S tool promotes cleanliness and order, which has a positive impact on work
quality and efficiency. In addition, it helps reduce waste generated during manufacturing processes. By
implementing 5S effectively and efficiently, organizations experience significant improvements in
productivity. Also, this implementation results in higher profits and increased competitiveness globally in
both manufacturing and non-manufacturing sectors [12]. A case study developed in an assembly line,
presents the implementation of the tool, where it was possible to reduce the search time from 8.6 hto 3.1 h,
thus improving the total process cycle efficiency [13]. Similarly, the 5S were applied with the objective of
improving the organization of consumables, which caused a great impact on the efficient operation of
workshops and maintenance activities. Thanks to it, a 70% reduction in the time required to locate materials
was achieved, which went from 45 seconds to 15 seconds [14].

2.3 Standard Work

Standardized work is a tool used to improve the overall productivity of a company, since it helps to identify
areas for improvement by highlighting waste in a process and specifies exactly how work can be performed
to gain a competitive advantage [15]. A study conducted in the automotive sector focused on standardizing
operations, reducing or eliminating the number of activities that do not generate added value and increasing
productivity. Thanks to the implementation of this tool, it was possible to balance the activities, achieving
similar execution times. In addition, the new operating methods made it possible to reduce the number of
workers required and shorten the distance between operations on the line [16]. Similarly, in another
investigation, the tool was applied for reducing activities that do not add value to the product, managing to
increase the workstation’s capacity, saving 31.6 seconds per cycle, and increasing process productivity by
up to 6.5 [15]. In another study, this tool was applied in an assembly line of agricultural machinery, resulting
in an improvement in the continuous flow of materials and a significant increase in speed and quality in
meeting the assembly line's needs [17].

2.4 Total Productive Maintenance

The TPM tool is defined by some authors as a system designed to eliminate waste such as downtime,
unscheduled stops, production slowdowns and defective products [18]. A study conducted in an auto parts
machining line implemented TPM in the bottleneck, where a reduction of lost hours due to unplanned
maintenance, a 33.21% reduction in lost production and a 10.7% increase in production capacity were
achieved [19]. Similarly, the productivity level of an organization was improved by applying a methodology
based on the Autonomous Maintenance pillar, with which it managed to reduce the MTTR from 17 to 9
hours and maximize the OEE by 30% [20]. On the other hand, it was designed and applied a sequential
scheme to implement TPM in a bottling line, which allowed increasing OEE by 62.6% during after 9 months
[21]. Another relevant study, a training plan was carried out to improve workers' skills, resulting in the
increase of the MTBF value from 124 to 155, the reduction of MTTR from 5.26 to 4.56 and a remarkable
increase in OEE from 95.9% to 97.1% [22]. This tool also allowed the absolute increase in yield by 6.83%
and OEE by 6.45% [23]. Finally, a 23% decrease in breakdowns was obtained in the CNC lathes sector and
there was an increase in machine availability and OEE of approximately 5% [24].

3. Contribution

To develop an improvement model, a literature review was conducted to find case studies covering problems
related to machine downtime, lack of standardized procedures and lack of organization. Unlike other
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research, the present model applies the TPM, Standardized Work and 5S tools. These tools were selected
with the objective of covering some of the main problems of the sector. Likewise, it was identified that there
are no studies applied to fishmeal processing SMEs. Table 1 shows the articles selected and the tools used
to solve the problems identified.

Table 1: State of the art vs. main problems comparison matrix

Authors Unplanned shutdowns Maintenance shutdowns Lack of standardized
procedures

Coppo et al. (2022) Preventive and Autonomous

Maintenance
Mor et al. (2018) Standardized Work
Bataineh et al. (2019) Autonomous Maintenance
Pinto et al. (2020) Autonomous Maintenance Preventive Maintenance
Santos et al. (2021) Standardized Work
Rojas et al (2021) Standardized Work
Proposal Autonomous Maintenance  Preventive Maintenance  Standardized Work

3.1 Proposed Model

Based on the literature review, an improvement model was proposed to increase productivity in a company
of the primary manufacturing sector through the use of three lean manufacturing tools: 5S, Standardized
Work and TPM. These tools will be implemented together, with the objective of obtaining a greater impact
on productivity improvement, reducing the time lost due to machine stoppages and inadequate raw material
classification. As can be seen in Figure 1.1, the proposed model consists of 3 components: Execute protocols
and order in the organization, implement standardized procedures and Reduce machine stoppages.
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Figure 2: Proposed model

3.2 Model components

The proposed model consists of three components, which are clearly related to the tools to be used for the
improvement proposal as shown in Figure 1, each of these will be detailed in greater depth for its subsequent
application.

3.2.1 Component 1: 5s

The first phase consists of implementing the 5S tool in the raw material selection area, since it became
evident that the operators do not have an adequate and clean space in which they can carry out their activities.
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Also, this tool will be used as a basis for implementing the following tools in a more orderly and efficient
manner, since, according to the literature reviewed, 58S is responsible for laying the groundwork for applying
other tools that can have a greater impact on improving processes.

32.2 Component 2: Standardized Work

In this second component, it is proposed to implement Standardized Work, which is one of the tools that
allows increasing productivity in companies and is defined as the specific instructions that help to make a
product in the most efficient way [15]. This tool consists of elaborating determined procedures, to
standardize the execution of operations and previous activities, with the objective of improving the
productivity of the operators. At the beginning of this phase, the operations to be improved must be identified
and a work sequence must be established so that the operators have a single way of working, as well as
determining the standard time and carrying out a continuous control to validate compliance.

323 Component 3: TPM (preventive and autonomous)

The TPM tool will be implemented with the objective of having an established procedure for the prevention
of equipment failures to foresee losses that will affect productivity in the future. From this tool, only 2 of the
TPM pillars will be implemented, which are preventive maintenance and autonomous maintenance. For the
first pillar, it is necessary to evaluate the equipment in question and diagnose the current situation of them,
what they need and identify the causes of this problem. Then the operators will be helped to restore the
deterioration of the equipment, correct design weaknesses and extend the life of the equipment through good
planning and scheduling of maintenance, schedules for spare parts, lubrication, and the necessary technical
information such as data sheets, operating manuals, types of materials and lubricants used by each
equipment, etc. Finally, the aim is to standardize maintenance techniques to reduce the frequency of failures
of equipment and its parts in order to extend its useful life and make the best possible use of it without losing
the quality of the final product.

3.3 Model indicators

To measure the results of the implementation with respect to the initial state of the company, the following
indicators will be used.

Productivity: Used to evaluate the number of tons of finished product obtained for each ton of raw material
used.

Objective: To increase the productivity level by at least 10%.

Metric Tons of Residual Flour

Productivity = €))

Metric Tons of Hydrobiological Residues

OEE: Used to evaluate the overall efficiency of the machines involved in the production process.

Objective: To achieve an OEE of at least 85%.
OEE = Availability x % Yield x % Quality )

Cycle time: Used to measure the time it takes to classify a batch of residual flour.

Objective: Reduce cycle time by at least 30%.

CT = ).(Total Classification Time) 3)
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4. Validation

This chapter will show the results obtained throughout the realization of the case study. First, after a
diagnosis of the current situation of the company, the productivity was 15%, which was below the
productivity of the sector obtained from the ratios of a leading company in the sector that has a productivity
of 25%, which shows the existence of improvements. After implementing the proposed tools, a productivity
ratio of 19.3% was obtained, which translates into a productivity increase of 4%. On the other hand, the
factors that were related to low productivity were machine stoppages and deficient classification of raw
material.

4.1 Initial Diagnosis

Regarding the diagnosis made, Figure 1 shows the trend of the productivity indicator of the case study
throughout the year 2022, which was between 10% and 15%, a result below the sector value of 25%, which
shows the existence of a technical gap to be improved. The following are the first results to be improved for
the identified causes: Deficient classification of raw material and machine stoppages.

Productivity (Finished Product / Raw Material)
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Figure 2. Technical gap in productivity

Table 2 details the activities sequentially for the selection and classification of raw material, which has a
cycle time of 708 seconds.

Table 2. Activities of the raw material classification process

N° Activity VA/ Cycle time per operator (seconds)
NVA 1 2 3 4 Average
1 Receive raw material VA 304 365 258 350 48.75
2 Load the raw material into VA 22 26 19 25 23.034
the hopper
3 Visually inspect and remove VA 260 242 299 312 278.2
contaminants and unsuitable
material.
5 Dispose of contaminants and | NVA 40 38 51.2 36 41.3
unsuitable material in the
deposition area
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6 Collect waste from | NVA 160 184 144 200 172.0
deposition area and place in
container

7 Take waste to disposal area VA 167.5 116.58 134 160.8 144.72

Total: 708.00

On the other hand, in the case of machine stoppages, a record of the frequency of failures was obtained for
each piece of equipment over the course of a year, as shown in Table 3, which provided a clearer view of
the availability and operability of the equipment.

Table 3. Machine stoppages in a year

Equipment Frequency
Mixed stove 40
Rotary pre-strainer 40
Double screw press 40
Wet grinding mill 44
Rotary tube dryer 100
Purifier 32
Dry grinding mill 44
Antioxidant hopper 44
Bagging machine 37

Finally, Table 4 shows the OEE calculation made to verify the current situation of the equipment in use, with
a result of 64% below the recommended OEE.

Table 4. OEE case study

Productive hours Available hours Availability index
2374 2880 82%
Designed production Produced capacity Yield index
2883.65 3351.62 86%
Good production Designed production Quality index
2595.29 2883.65 90%
OEE 64%
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4.2 Implementation for the pilot plan

According to what was previously described, with respect to the proposed model, it is known that 3 lean
tools have been implemented, which are 5S, standardized work and TPM. For the 58S tool, an internal audit
was conducted on the current situation of the raw material reception and selection area, which allowed
measuring the degree of opportunity for improvement in the mentioned area. It is evident that there is an
improvement in the order of the area together with improvements to identify the tools that should be used in
the process, since the tool has not been implemented, it can be observed that the organization has a 5S score
of 29%, which is very low compared to other companies. Likewise, a minimum score of 85% was defined
to be reached after its implementation, however, it reached a value of 84% after applying each one of the 5S
in the organization, a training program was carried out for all the collaborators, a team was formed in charge
of the implementation and the pilot test was started with the elimination of everything that was not used in
that area and occupied space that it should not, A general cleaning of the area was carried out in order to
have a cleaner and more hygienic environment, and the health of the workers was also prioritized by placing
trash cans that are constantly changed so that waste does not accumulate. The company also seeks to
implement measures to ensure that organization and order are complied with following the 5S methodology,
which is why a checklist will be used to validate implementation. Finally, activities were established to verify
that the 3S already implemented persist over time and reinforce good habits when necessary, through the
last 2S.

58S evaluation achieved

SEIRI
1009

809

SHITSUKE SEITON

SEIKETSU SEISO

Figure 3. Qualification achieved after implementation

For the standardization of the work, the steps for the selection of raw material were identified, as well as the
activities without added value that proceed to be eliminated to speed up the process, without altering the
quality of the raw material that will enter the production. In addition, a document was designed to provide a
visual presentation of the procedure, facilitating understanding by the operators, and always guaranteeing
the application of the new procedure. Figure 4 shows the mentioned document.

183



Standard procedure sheet
AREA PROCESS RESPONSIBLE
. N Classification and selection of Production Manager
Raw material reception area .
raw material | Plant Manager
Personal Protective Equij (PPE)
Safety footwear Safety Helmet Protective gloves | Protective rlorhmg PVC apron Mask
~ A [ :f \
i
< iﬂi * AR~
Work Method
3. Loading the ra 4. Visually inspect and 5. Disposal of
1. Receiving raw 2. Conduct Pre- ' g‘ raw il pe‘ ﬂ ! 6. Take waste to the
. ) material into the remove contaminants | contaminants and )
materials selection 5 > N disposal area
hopper and unsuitable matter | unsuitable material
1395 605 ci8s [ 223 | i3 [ 1165

Figure 4. Procedure for raw material classification

Based on the document, the activities were carried out as a pilot test, omitting those that have no added value,
thus reducing the initial cycle time. Table 5 shows the most efficient activities and their respective time.

Table 5. Implementation of the standardized procedure

No. Activity VA/NVA Average observed
time (seconds)

1 Reception of raw material VA 44.35

2 Preselection VA 69.43

3 Load Raw Material into hopper VA 26.47

4 Visually inspect and remove contaminants and VA 235.24

unsuitable material

5 Deposit contaminants and unfit material in VA 36.1
container
6 Take waste to disposal area VA 127.37
Total 538.96

Regarding the improvement proposal for recurring machine stoppages, the TPM tool is implemented in the
autonomous and preventive pillars, firstly, the autonomous pillar aims to train operators so that they can
perform inspections and adjustments of the equipment when required and have a faster response capacity to
any eventuality, A training session was held to introduce the employees to the principles of autonomous
maintenance and explain its importance for maintaining high levels of productivity, after which theoretical
and practical training is provided in a more specialized way and focused on each of the equipment used in
the production process.
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Table 6. Autonomous Maintenance Training Program

AUTONOMOUS MAINTENANCE TRAINING

User profile

Methods

Aimed at all production and maintenance related
workers: production manager, plant supervisor,
maintenance manager, technicians, and operators.

Lectures, slide presentations, videos, group
dynamics, presentation of success stories, question
and answer session.

Objectives

1. To introduce the concepts and principles of autonomous maintenance.
2. To raise awareness of the benefits and advantages of autonomous maintenance in the

improvement of production efficiency.

3. To learn the steps and activities to be performed for the implementation of the

autonomous maintenance program.

o v

Maintenance.

To learn how to inspect and detect machine failures.
Acquire knowledge about corrective actions for the solution of failures.
Understand the critical success factors in the implementation of Autonomous

Description of contents

1. Introduction and awareness:
e Concept of autonomous maintenance
e Characteristics of an AM program
e Benefits of its application
e Objectives of the program
e Show success stories
2. Program implementation

4. Audit of the AM program

e Evaluation of standards and procedures
e Program performance indicators and
metrics.

e Checklist to measure compliance with
activities.

5. Actions to sustain the AM

e Description of the detailed steps for e Evaluation and follow-up of activities
implementation e Development of corrective actions
e Define the tasks of the operators e Ongoing establishment of clear goals and
3. Technical training objectives.
e Fault detection 6. Success factors of the AM
e Root cause analysis e Explain the importance of leadership and
e Corrective Actions commitment.
e Training in equipment cleaning, lubrication,  Promote active participation of operators
adjustments, and calibration activities. e Establishment of clear standards and
procedures

Program duration

From 06/01/2023 to 06/30/2023

The procedure detailed in Table 6 will allow the operators to be able to solve any unforeseen failure, to the
extent that they can solve it by verifying everything that is stated in the form. Otherwise, the maintenance
team should be called to solve major failures.

On the other hand, the preventive pillar of TPM was implemented, with the objective of reducing the
frequency of failures so that they operate in the best conditions and do not cause production stoppages, in
the same way as for the autonomous pillar, all operators must be trained, and a team must be formed to
follow the schedule that will be established. In addition, operating manuals and instructions are required so
that operators can detect small failures in time and even act in advance. After implementing these pillars, a
38% reduction in machine stoppages was estimated, an average calculated from a review of case studies
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where the tool was applied [6][25], so Table 7 shows the new data to be used in the simulation on the
reduction of machine stoppages.

Table 7. Machine stops after pilot test

Equipment Frequency
Mixed stove 24
Rotary pre-strainer 25
Double screw press 24
Wet grinding mill 27
Rotary tube dryer 62
Purifier 19
Dry grinding mill 27
Antioxidant hopper 27
Bagging machine 22

4.3 Simulation improvement proposal

To validate the model proposed in the previous chapters, the simulation software Arena was used to run the
results obtained in the pilot test and see the impact it would have on the main indicators which are
productivity and OEE. The simulation shown in Figure 5 was designed for the entire production process,
from raw material to the production of 50 kg bags of fishmeal. In the first instance, the Input Analyzer
software was used to determine the number of samples necessary for the replications in the simulation, of
which 30 were used since it is the minimum recommended value for case studies, using a confidence level
of 95% and a percentage of error of 10%, and allows obtaining the adjusted distribution for the duration time
of each of the operations. On the other hand, two scenarios were considered for the development of the
simulation, firstly, with the current machine stops and secondly, the number of stops and repair time reduced
after the pilot plan, the purpose of being able to simulate both scenarios is to see the impact on productivity
and availability in the mype, as well as to obtain an improvement in the OEE result.

| | | |
1 1 1 1

0

Batch arrival »—=  Assign 1 »———= Classification——=  Cooking »—— Pre_strainer ———= Pressing
0 0 0 0 T

L | | | | |
1 I 1 1 1
Wet Miling »————=  Drying »———= DryMiling »——= Purification ~——= Cooling *>+. Record?2
0 0 0 0 0 ’—‘

S
LSeparate into j‘—-o Assign2 »——= Bagging »—= Record1 »— Dispose 1
0

bags
g 0

Duplcate

Figure 5. Simulation model of the process in Arena
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Next, Table 8 will present the indicators proposed to measure the impact of the implementation of the tools
used, with the objective of making a more precise comparison between the initial situation and the scenario
obtained after having implemented the proposed tools, through pilot tests for the case of the 5S tools and
standardized work and simulation for the TPM tool.

Table 8. Results metrics

Measurement of the improvement project

Problem Current  Objective Enhanced  Indicators Current Objective ~ Enhanced
OEE 64% 85% 66%
Cycle Time 708 sec. 489 sec.  538.96 sec.
Low 15% 25% 19.3%
Productivity 38
compliance 29% 85% 84%
level

5. Discussion

From the literature reviewed it has been possible to verify the existence of various problems in the sector,
however a problem constantly mentioned is the amount of wastage [6], in the present case study it is not
supposed to be a problem since the case study company manufactures the product from hydrobiological
resources therefore, the wastes can be reprocessed in the next batch as raw material.

To develop the proposal, case studies were investigated where the problems present in the sector have been
solved and have had quantitative and significant improvements in the companies. Such is the case of a
Peruvian company that used the TPM tool to reduce machine stops, managing to reduce the frequency of
these stops by 40%, managing to increase OEE by 4%, and improve productivity by 4.3% [23]. Furthermore,
in a plastic company, the 5S tool was applied on the assembly line, which allowed them to improve the
efficiency of the activities involved and increase the 5S score, from 20% to 80% [13]. Finally, with the
objective of eliminating activities that do not generate value in the system, the Standard Work tool was used,
where study cases were identified that validate an improvement in their activities after applying it, the case
of a line of pre- assembly in a gearbox manufacturing company managed to reduce its total cycle time from
67.53 to 64.69 hours for demand per day [26]. Based on the studies reviewed, it was possible to identify that
the results obtained both in the literature and in the present research are consistent, obtaining favorable results
in improving productivity. These findings demonstrate the importance of implementing lean tools in the
peruvian manufacturing sector to overcome the recurring problems of the sector. In this way, the proposed
model can serve as a framework for the application of these tools in other MSEs in the sector.

The research project has proposed the use of TPM tools (preventive and autonomous pillars) and
standardization of work to increase productivity, although it is true that a slight improvement was obtained,
it is recommended to maintain and further investigate the other problems that occur in the case study
company and make use of other Lean tools such as Kaizen to work together with those already proposed. In
a case study it could be evidenced that the use of TPM plus Kaizen contributed to reduce the number of
losses due to machine stoppage, with this, the OEE increased by more than 10%, this tool would allow to
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maintain a culture of continuous improvement in the company and thus greater commitment to comply with
the standardized work procedures and TPM that were applied in the improvement project [27].

Likewise, one of the main limitations in developing the proposal was the implementation of a lean culture
within the case study company because it involved a new way of working and changing the traditional
methods to which the workers were accustomed. Often, they tend to resist changes due to uncertainty and
lack of confidence in the new methodologies, especially when the workers are not familiar with the benefits
that the application of new tools would bring. To counteract this obstacle, training was developed regarding
the lean tools to be implemented so that they feel involved and part of the project.

Another significant limitation of this study is that the validation of the TPM was based on a simulation to
evaluate and compares the initial and final scenario. However, this could have limited the ability to obtain
results that accurately reflect the actual conditions and challenges that could arise during TPM
implementation in an everyday work context. Therefore, it is recommended that future research delve into
the empirical evaluation of the application of TPM, through its step-by-step implementation and the
recording of the corresponding indicators for impact assessment.

6. Conclusion

This study proposes the use of lean tools such as Standardized Work and TPM (autonomous and preventive)
to mitigate the identified problem of low productivity. The main causes were identified through engineering
tools such as Ishikawa diagram, Pareto diagram and TIS analysis to know them in detail and directly attack
each of them. Therefore, a literature review related to the proposed topic was carried out to validate the use
of the proposed tools. Based on the improvement model, the tools specified therein were applied.

First, it was possible to demonstrate that the application of 5S allowed to improve order and cleanliness in
the area, obtaining a substantial improvement in the level of compliance with 5S, which went from 29% to
84%, since at first the lack of order in the space could be observed with the naked eye. However, thanks to
an initial audit it was possible to specifically detect which areas were causing the greatest problem, to be
solved and finally evaluated in a final audit. In addition, this tool made it possible to lay the foundations for
the implementation of the Standardized Work and TPM tool. Subsequently, a standardized procedure was
implemented that detailed the steps to be followed to perform the activity correctly and in the shortest
possible time, thus eliminating downtime, thus reducing the cycle time by 23. 88%. Finally, the TPM tool
was implemented in the autonomous and preventive maintenance pillars, resulting in a 38% reduction in the
number of machines stops.

Regarding the validation of the results, the Arena software and the pilot test allowed the comparison of the
results before and after its application. It was also possible to verify that the reduction of machine failures
generated an impact on the increase of OEE indicators of 2% and an increase of 4. 3% in productivity.
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