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Abstract

The plastics industry has grown in recent years due to growing demand in sectors such as construction and
transportation, contributing 4% of the industrial GDP and employing more than 200,000 workers in the country.
However, it has been identified that companies in the sector operate with low availability (70.83%) due to various
production problems, including hours lost due to lack of machine maintenance. On the other hand, because of these
problems, demand exceeds supply due to the low availability of the companies in the plastics sector. The literature
review suggests that Lean Manufacturing (SMED, Standardization of Work, 5S) and the TPM (Total Productive
Maintenance) technique are necessary tools to solve these problems. Finally, the implementation of these tools will
allow solving the mentioned problems by increasing availability by 90%.
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1. Introduction

The Manufacturing Sector is important for the Peruvian economy, with a contribution of 17% to PBI and employing
8.9% of the employed PEA. Raw materials for manufacturing production can come from various industries. The sector
is divided into Primary and non-Primary Manufacturing, with the latter made up of Consumer Goods, Intermediate
Goods, Capital Goods and Industrial Services. The manufacturing of plastic products is 18% of non-primary
manufacturing production (INEI, 2022). The production process has different activities that can have problems, such
as accidents or deficiencies in machinery, which can negatively affect production. In addition, it is mentioned that
demand is greater than supply due to low production in the plastic sector, which is partly due to the lack of maintenance
of the machines (Ames, V. et al., 2019). On the other hand, there is research that has identified problems in other
countries, such as lack of stock during tool change in a company in India (Ahmad et al., 2018), Another case study
from Portugal is presented that shows a diagnosis of the company regarding machine failures and how they affect
production processes, in this way it seeks to optimize processes and increase availability through the measurement of
indicators. MTTR, MTBF and OEE (Pinto et al., 2020), a study carried out in the United States says that the problem
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is that the machine overheats, generating cooling problems (Farahani et al., 2022) and a case study from the United
Kingdom states that the problems that the authors want to solve are to improve overall performance and increase
productivity because they have 6 drawbacks: stops, equipment breakdowns or failures, configuration and adjustment,
reduced speed, defects in the process and reduced performance (Ahmad et al., 2018). The objective of the research is
to find solutions to improve availability and reduce downtime in the plastic sector. It is crucial for companies in the
plastics industry to consider the problems detailed in this work to improve their efficiency and meet high demand. The
study focused on machinery shortages, caused by long setup times, frequent maintenance, and lack of technical
knowledge. To address these issues, an improvement model was created that combines TPM, Lean Manufacturing,
maintenance management, and work standardization, enabling employee engagement and fostering a culture of
continuous improvement. This model was based on recurring problems found in the literature and in current
organizations and is applied to a continuous production line. Since there is little research in the plastics industry, this
research offers new and valuable solutions to address these problems. The scientific articles reviewed contain little
information on “Lean Manufacturing” and “Total Productive Maintenance (TPM)” work models for this type of
companies, especially in Latin America. For this reason, the need arises to carry out this investigation.

1.1 Objectives

The study aims to demonstrate that applying the production method based on Lean - TPM increases the efficiency of
injection activity in plastic companies. Firstly, through the time study, unproductive times and machine stops will be
identified; Secondly, TPM and the 5's will be applied to the injection activity and finally the technical and operational
feasibility of their implementation will be identified.

2. Literature Review

2.1.Model or Maintenance Management in the plastics industry

Industries must take into account the maintenance model or management, as (Coérdova et al., 2022) proposes in this
work is a dual-focus optimization design aimed at improving both the production process and the operating conditions.
work and the well-being of workers. Also, motivate and recommend the application of the same approach to improve
the performance of other production lines that aim to improve the efficiency of their lines, increase the availability and
quality of their products (Bataineh et al., 2019). Likewise, to show the importance of machines regarding their
efficiency to achieve optimal production and reduction of downtime (Zennaro et al., 2018). Even show what type of
failure is generated, in order to increase availability through an experimental design with the MTTR and ANOVA tests
(Kong et al., 2021). On the other hand, explore whether a machine-to-machine approach, in which multiple work
systems share process data, can be used to improve the accuracy of the fault detection model (Vrabic™ et al., 2017).
Finally, a standard procedure is set up to perform machine calibration in the development of injection molding products
and the difference between prediction by simulation and experimental observation is discovered (Huang et al., 2020).

2.2.Lean Manufacturing (SMED, Standardized Work, 5S)

The authors propose the implementation of LEAN tools and concepts with the objective of studying the way in which
LEAN practices can contribute to improving the indicators of companies in the manufacturing of plastic packaging
(Vieira et al., 2022). Also, (Vega, Melany & Quiroz, Juan, 2022) proposes a maintenance management model based
on Lean Manufacturing, which integrates the tools of SMED, TPM, 5S and Jidoka. Furthermore, (Lopez et al., 2022)
proposes an optimization model based on the Johnson Method to optimize the productive sequence of work orders,
then implement the SMED technique and the pillars of TPM. Likewise, (Quiroz-Flores, JC & Vega-Alvites, ML, 2022)
comments that the tools that help reduce delivery times to customers are: SMED (Single Minute Exchange of Die),
TPM (Total Productive Maintenance), 5S, KAIZEN and Jidoka. On the other hand, in Turkey the implementation of
SMED in the ABC company of the electronics industry was to improve the plastic frame for television production
(Cakmakci, M. & Demirel-Ortabas, N., 2019). Even (Bidarra et al., 2018) seeks to improve configuration times by
transforming internal activities into external ones, using the SMED methodology. Otherwise, (Yazict et al., 2020)
presents a new model mixing SMED and fuzzy FMEA tools, to improve preparation times. Likewise, (Ribeiro et al.,
2019) make known the activities of each worker for the configuration of the machines, through sequential booklets.
Subsequently, SMED demonstrates its importance in optimizing production flow, eliminating bottlenecks and late
deliveries (Realyvasquez et al., 2019). In short, (Bhade et al., 2020) Lean Manufacturing is used as SMED to improve
the OEE of a machine to improve the production of any company. Finally, it allows the classification and identification
of activities that do not generate value for the company to achieve an improvement in availability and reduce costs
(Singh et al., 2020).
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2.3. Total Productive Maintenance (TPM)

Total Productive Maintenance allows reducing the main losses that are considered significant in production processes,
these include losses due to equipment failures, configuration losses, as well as adjustments due to high downtime
losses, start-up losses and losses due to defects (Peralta et al., 2020). At the same time, it has fundamental pillars such
as autonomous and preventive maintenance, which are key to achieving an increase in the efficiency of equipment in
any production process, as well as other pillars such as planned maintenance, quality maintenance, education and
training, safety, health and environment, office TPM and development management (Tortorella et al., 2021). In this
way, it is based on a Lean tool that promises continuous and rapid improvement in the manufacturing process,
involving workers by training them in the use of preventive methods with maintenance concepts (Dennis et al., 2018).

3. Methods

It is proposed to implement a model to solve low availability problems in a company in the plastics sector. Data must
be collected from the machines and operators. After analysing the data, several tools are proposed, including 5S and
SMED, to eliminate downtime and waste, standardize and reduce unnecessary activities, and improve operator
performance. TPM techniques and Lean methodologies are implemented, and the process is standardized through the
Bizagi tool.

Finally, the indicators of the model are evaluated to compare them with the initial situation and demonstrate the results
obtained. Figure 1 shows the model proposed to the company.
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Figure 1. Proposed model

3.1.Component 1: Problem analysis.

The proposal is made by collecting and evaluating the data of the different machines and the management of the
personnel that follows in the work area, for example, operating time, the available time that is available during a period
of time, the operating time, the quantity of inputs and outputs that are in the machines, how many reprocesses exist in
them, number of products that come out of the process in a defective way, as well as the operators with the days of
absenteeism, the number of operators working within the area of work (inputs) so that the indicators proposed in this
investigation can be measured and calculated, so that complete information on the current situation of the company
can be obtained.

Next, with this an analysis is made through a Value Stream Mapping with which it can be evaluated to create value,
that is, to understand the stages that are developed within the company so that the information obtained is known in
indicators. With this, the most important problem is understood for which the possible reasons that cause it must be
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evaluated so that to know its importance or relevance the Pareto diagram is used, with which the magnitude of these
can be understood and thus to be able to delve into the root causes that cause the main problem.

Finally, the problem tree is developed with which both the main problem, the economic impact, the technical gap, the
reasons and the root causes are schematized, with which the techniques and tools that can be applied can be observed
and analysed. and implement to mitigate or eliminate it.

3.2. Component 2: Intervention.

The second component of the model focuses on the application of proposed techniques such as Total Productive
Maintenance (TPM) and Lean Manufacturing (SMED, Standardized Work, 5S) which were previously selected to
solve the main problem and its root causes. In addition, these techniques will be implemented considering a certain
period of time so that their effectiveness can be reassessed within the objectives outlined through indicators, which
have also been initially evaluated, so that there is a basis for comparison and how to proposal will be developed.
Regarding the Total Productive Maintenance (TPM) strategy, this will be developed using some of its pillars such as
Autonomous Maintenance, Planned Maintenance and focused improvements (Kaizen) which will help us to apply the
main problem in the best way. On the other hand, it will be developed through the application of tools which are
important such as 5S, which helps us to improve the development and flow of processes within the work area.

With respect to Lean Manufacturing (SMED, Standardized Work, 5S), this is a transversal tool since it impacts the
entire development of the model, that is, it becomes a basis for how the other techniques will be implemented, so it
can be considered as a pillar within the entire model. All this will be applied in order to increase the availability of
machinery for the case study, which is the main problem.

3.3.Component 3: Validation

Finally, the development and implementation of the intervention focuses on the comparison between the indicators
evaluated at the beginning with the indicators obtained at the end of the implementation. To achieve this, these data
obtained at the beginning and at the end are evaluated in a simulator and thus evaluate the results and impacts of the
applied tools and techniques.

4. Data collection

The data collection consisted of obtaining and measuring information from various sources that will allow a complete
evaluation, where a series of tools such as surveys and interviews were used to receive information about the activities
and techniques carried out in the tapas production area. , as well as the Pareto to determine the most critical problems
in the area and the problem tree to identify the main causes. Once the information was collected, it was determined
that it was feasible to use tools such as preventive maintenance referring to a pillar of the TPM, 5's, standardized work
and within it the time study. Figure 2 shows the step-by-step process to obtain the results of this research.

4.1.Implementation of 5S and Preventive Maintenance

4.1.1. Pilot Plan

A pilot plan was carried out to demonstrate the validation of the 5S tool in the injection area because it is considered
a critical area where operators spend a long time looking for the tools due to considerable disorder.

Ss audit in the injection area

The initial audit was carried out in order to evaluate the level of the 5S and it was possible to identify the areas that
require improvements. As part of this methodology, a brief training was given to workshop employees about the
importance of this tool.

4.1.1.1. First S: Classify

The first phase of this tool consisted of classifying; Therefore, a red card was used to improve the management of tools
and molds in the work area. In this way, the tools that were and materials that were disordered on the worktable were
relocated without using them, in the same way, unnecessary elements were identified (items in poor condition,
unknown and that do not belong to the work area). In the following images, you can see the situation of the warchouse,
after implementing the improvement (Figure 3).
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Figure 2. Diagram of the results

Figure 3. Messy tools (before and after)

© IEOM Society International



Proceedings of the International Conference on Industrial Engineering and Operations Management

4.1.1.2. Second S: Organize

The second S deals with how the bags and sacks used to pack the lids and also the other bags that are for another
product manufactured in the same plant (201t drums) were organized. On the left side of the metal shelf, the bags will
be located to facilitate passage. In addition, some printed sheets were placed to determine the space that each material
should occupy (Figure 4).

Figure 4. Ordered metal shelf Strategic space (before and after)

4.1.1.3. Third S: Cleaning

In the third S, a cleaning plan was carried out for both the tool store and the elements found in the injection machine.
Likewise, in order to better control cleanliness in the injection area, a record sheet was prepared with the cleaning
activities according to the days and shifts in the respective area, in the same way, the benefits of keeping the area clean
and orderly were communicated. production area to the operators in a meeting(Figure 5).

Figure 5. Cleaning plan record in the injection area.

4.1.1.4. Fourth S: Standardization

The fourth phase consisted of, first, tracking the number of inspections for the maintenance of the tools and shelves.
Then, a procedure was developed to maintain the cleanliness of the injection machine and it was located on the left
side of the machine so that it is visible and within the reach of all collaborators (Figure 6).

Figure 6. Cleaning procedure in the injection area.
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4.1.1.5. Fifth S: Discipline

Finally, employees must be reminded of the 5s phases and the method to follow in order to satisfactorily meet the
objective. For this, a panel was placed that is visible to all, which indicates the meaning, objective, and steps to follow
of the 5S philosophy (Figure 7).

Figure 7. Philosophy S5s

4.1.2. Simulation

The simulation is carried out with the use of the Arena software for the implementation of the TPM tool. For this, it
was determined that the minimum sample will be used for a simulation model to be valid, which is 30 samples and, on
the other hand, also the entities and resources; as well as its own variables and attributes.

1.1.1 System scope
The scope of the system begins with the arrival of the high-density polyethylene bags requested by the production
batch until the storage of the manufactured lid bags ready for their corresponding distribution (Figure 8 and Figure 9).

Transport sacks > Inspectsacks ——— Dropsacks ——— Mix sacks — Transport mix — —~°

° —> Injection — Inspect caps Cut caps ———| Bag and weigh —— Transport bags

Figure 8. Current system

1.1.2 Simulation model in Arena software
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Figure 9. Model of the system in Arena
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5. Results and discussion
Regarding the proposed simulation, the following results were obtained (Table 1 and Table 2)).

Table 1. C.I. of the model indicators

% Efficiency Availability

Current situation [55,88%; 58,67%][67,32%; 70,83%]

Improved situation [61,85%; 64,94%] [75,87%; 78,64%)]

A diagram was prepared with the indices before and after the improvement, implying that an intervention and
improvement was needed in the indicator of each of the 5s (Figure 10).
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Figure 10. Review of 5s

Table 2. Comparison of 5S indicators

5S Assessment Results (After)

ORDER (Seiton)

*CLEANING (Seiso)

Indicators . Before After improvement
improvement
Average time to locate and access the necessary
materials and tools 10 min 2 min
Percentage of equipment and tools correctly
classified and organized 32.81% 85.94%
Number of employees trained in basic
maintenance of injection machines 2 5
Average time to carry out the scheduled
maintenance of the injection machines 4 hours 2.5 hours
Average of the 5s audit indicator 4.6 7.6

5.1. Validation

Analysis of metrics and results
With the improved scenario, a significant variation in availability was obtained, increasing from 68 min to 77 min,
which is proportional to 1.3 hours. Likewise, it can be seen that the efficiency was increased from 55.88% to 61.85%

(Table 3).

Table 3. Results of the indicators studied

Indicators Current Aim Improved
General Efficiency 55,88% 90% 61,85%
TPM Availability 67,32% 80% 75,87%
5S Average of the Ss audit indicator 4,6 8,9 7.6
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6. Conclusions

After carrying out this investigation, it can be concluded that the implementation of Lean Manufacturing techniques
can lead to an increase in efficiency in a certain area of a company in the manufacturing sector. The findings reveal
that all the parameters suggested to evaluate the current situation of the company have undergone significant
improvements. Through the use of the Problem Tree, Pareto Diagram and Value Stream Mapping (VSM), it was
possible to show that indicators such as the percentage of machinery stoppages (74.26%) and power outages (26.74%)
were the two main causes of the low availability of machinery (70.83%) which negatively influences the Total
Efficiency of the Equipment (55.88%). After analysing the main root causes, it is concluded that the injection area is
the one that presents the greatest problems in the plant that impairs the production of caps. This is because the main
unproductive hours of machinery are affected by the lack of maintenance of the same. Therefore, with the improvement
proposal using the 5s and TPM methodology in the simulation, a better result of efficiency and availability of the
machinery was obtained by 64.94% and 78.64% respectively, By properly applying the principles of 5S and
standardized work in the area of injection and tools, it was possible to reduce tool search times by 80% while the
percentage of tools and equipment classified and organized increased to 85.94%. The accuracy of the simulation model
was confirmed by testing it under three different scenarios over different time periods. The results obtained in each
scenario were favourable, indicating that the project is viable and suitable for implementation in the business
environment.
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