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Abstract

In the present research paper, proposals for improvement related to lean manufacturing will be analyzed with the aim
of standardizing production and increasing productivity in the production area of a spinning company, using
automation and plant layout tools. Initially, a high variability in production time was identified within the fiber
preparation and mixing area, which caused instability and decreased productivity in the zone. After a preliminary
analysis, it was found that increasing the amount of fibers used in the process (e.g. from 2 to 3 fibers) resulted in an
increase in total production time. Subsequently, a comprehensive evaluation was carried out in the selected company,
observing the production processes in order to select the most critical stage of the process within the area to implement
an improvement. Finally, different improvement proposals were compared, and it was determined that the most
effective and viable ones were automation and a new distribution of the work area. After implementation, an average
reduction of 31% in production time was achieved, circulation time was reduced, and monthly production in the area
was stabilized.
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1. Introduction

The textile sector has always been one of the largest sectors in Peru, largely due to the abundance of fibers found in
the country and their high quality. This sector generates around 400,000 direct jobs annually, which accounts for 2.3%
of the national employment in 2019. The sector was relatively stable in recent years, however, in 2020 it was strongly
affected by the global pandemic like many other sectors in the country. In 2020, the production of the textile and
apparel sector fell by 32.1% due to the temporary cessation of activities and the decrease in demand. The sector has
been gradually recovering throughout the years, but this blow has caused the closure of many companies.

The research will be carried out in a spinning company, where situational analysis and proposal development will be
conducted. The company has 20 years of experience in the market and operates in the field of preparation and weaving
of textile fibers, with its plant and sole headquarters located in Lurin, Lima-Peru. This is a satellite company, part of
a group of related companies, and focuses entirely on providing short fiber spinning services to the parent company
responsible for the manufacture and sale of yarns. Since the spinning company was created by the same owners to
provide services to the other company, it will be considered as the initial part of the production process of the same
entity. The group has more than 50 years of experience in yarn production and is characterized by its inexhaustible
ability to combine fibers and create new yarns. In recent years, the company has been directing its production towards
differentiated yarns based on fiber blends such as Peruvian cotton, alpaca, wool, silk, acrylic, polyester, viscose, and
other synthetic and artificial fibers. Currently, it supplies its products to prestigious garment manufacturers and
distributors in more than twenty countries in North, Central, and South America, Europe, and Asia.
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The current problem lies in the factory of the company, whose machinery was originally designed to make cotton
yarn. However, in recent years, the company has been directing its production towards differentiated yarns based on
fiber blends. According to the information obtained in an unstructured interview with the general manager, the
company has adapted its processes with a high dependence on manual labor and low levels of efficiency. This is
because operators weigh the fiber one by one to then be manually mixed in the desired proportions according to the
order. The current situation generates difficulties with complex orders of multiple fibers and makes small orders time-
consuming. For this reason, the company needs to improve and automate this process in order to reduce labor, reduce
production times, and standardize the process. The initial data provided by the company indicates the kilograms
processed in the area and the man-hours that were used monthly in 2020 and 2021 (Table 1 and Figure 1). In this way,
an indicator can be generated that measures the relationship between both data to see if there is a trend.

Table 1. Monthly production data of the Filtex company's preparation and mixing area.

2020 Jan Feb Mar Apr May Jun
kg 19,105.0 | 26,153.5 | 13,327.6 0.0 6,529.8 21,657.0
Dia 23 25 14 0 12 25
H 253 275 154 0 132 275
kg/H 75.5 95.1 86.5 0.0 49.5 78.8
2020 Jul Aug Sep Oct Nov Dec Total
kg 22,974.0 | 29,076.0 | 26,460.0 | 28,136.4 30,652.9 34,514.0 258,586.1
Dia 21 26 24 26 25 24 245.0
H 231 286 264 286 275 264 2,695
kg/H 99.5 101.7 100.2 98.4 111.5 130.7 96.0
2021 Jan Feb Mar Apr May Jun Jul Aug Total
kg 29,116.0 | 30,383.6 | 22,157.0 | 27,135.0 | 31,085.0 | 30,379.0 | 35,463.6 | 25,448.0 | 231,167.2
Dia 24 24 25 22 25 25 26 25 196.0
H 264 264 275 242 275 275 286 275 2,156
kg/H 110.3 115.1 80.6 112.1 113.0 110.5 124.0 92.5 107.2
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Figure 1. Monthly production chart of the preparation and mixing area of Filtex company.
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As can be observed, there is quite a variation between months in the kilograms produced per working hours, which
makes sense according to what has been mentioned. The different sizes and types of orders (simple or complex mixes)
generate difficulties and delays in the production line, which directly affects production time. This is where the central
problem of the investigation lies. How does the new production plan and new products (threads with mixed and varied
fibers) affect the productivity of the fiber preparation and mixing area due to the low flexibility of the current process?
Would it be advisable to make the process more flexible by automating it with a new plant layout? It is also important
to note that the variability of the productivity of the area presents, as can be seen in Figure 1, decreases in productivity
that would evidence low productivity in some months due to the lack of flexibility of the production process to adapt
to the new demands and products of the company (complexity of the order), for example the great difference between
March 2021 with 80.6 kg/h and July of the same year with 124 kg/h, data that evidence the notable drop in productivity
of the area.

1.1 Objectives

The objective of the present investigation is to standardize monthly productivity, avoiding high variations and thus
increasing production in the fiber preparation and mixing station. Therefore, the aim is to reduce production times and
the number of workers used, while maintaining these values constant regardless of the type of order being processed.
These objectives will be achieved through the implementation of partial process automation with new machinery and
an updated plant distribution to reorganize the workflow.

In order to achieve the main objective, several specific objectives were projected that would be fundamental to chart
the path of the investigation:
e Determine the causes of the decrease in productivity.
e Analyze the impact of automation and the new plant distribution on productivity.
e (Calculate indicators that measure the performance of the area before and after the proposed improvements.
e Improve the productivity of the workstation through the implementation of a machine responsible for
weighing, providing, and mixing fibers.
e Improve the productivity of the workstation through the implementation of a new plant distribution.

Subsequently, the variables involved in the problem and solution of this improvement proposal will be identified and
studied in detail. Likewise, the relationship between them will be determined and the form and measurement tools to
be used for a more exhaustive study, understanding their nature and changes over time, will be defined.

2. Literature Review

It is of utmost importance to determine the factors that directly influence the productivity values of a production area
in order to better understand it and seek a proposal for improvement. Schmenner (2015) in his article "The Pursuit of
Productivity" presents variables that have an immediate impact on labor productivity. Among these, the most
outstanding were automation, worker specialization, standardization, the factory itself and its production capacity,
distribution, the flow of the production process, Lean Manufacturing techniques, the supply chain, and costs with
profitability. Automation is highlighted as a very efficient alternative for increasing productivity, although it brings
with it defects such as the large investment in the purchase of new machinery (in addition to the training and hiring of
specialized operators to operate and maintain it) and the decrease in process flexibility. Within this set of factors, 2 of
them were identified that could be applied in our case due to their characteristics and suitability in the spinning
company: automation and plant layout. For this process of selecting variables to evaluate and work on, the general
manager of the company was consulted about the factors identified by Schmenner, who agreed with the selected
variables explaining the direct and practical relationship that exists between them.

It is worth noting that Lean Manufacturing includes both automation (lean automation) and plant layout (systematic
layout planning) and according to Leyva (2018), who conducted a case study in a textile factory in Ecuador, the
implementation of lean manufacturing tools reduced production times and gave the company the necessary capacity
(increasing the bottleneck) to meet the existing demand in their market; they were able to cover the 31% gap (reducing
it to 0%) thanks to lean techniques and tools. Likewise, Ambrus (2017), through the implementation of machinery and
lean techniques, was able to increase productivity by 30% on the production line of an automotive factory, increase
quality by 10%, and reduce labor time by 40% (saving on salaries due to the decrease in necessary labor).
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After the variable selection, a relevant study was carried out on their functioning and how they could be applied in our
case to increase labor productivity. Islam, Rashed and Hasan (2017) present a case study of a textile company that
produces garments, where productivity is improved through the application of a planned technique of systematic plant
layout distribution. This redistribution achieves improvements by eliminating unnecessary flows (referred to by the
authors as "zig-zag" due to the production process route) and better use of space in the plant. Quantitatively, an
increase in labor productivity of 20.9%, machine productivity of 8.17%, and production line efficiency of 20.91% was
calculated. These results demonstrate the direct relationship between labor productivity and plant layout (significant
increase in the former due to improvement in the latter). Due to the conclusions and real correlation between plant
layout and labor productivity, and seeing that by improving the former, an increase in the latter could be obtained, it
was decided to investigate plant layout tools.

The first approach was through the article by Fuentes, Del Solar, Samillan and Vasquez (2014), which investigated
the Theory of Constraints (TOC) and its application in a textile plant in the city of Chiclayo, Lambayeque-Pert. It is
necessary to mention that this theory was created and developed by the physicist Eliyahu M. Goldratt, who received
recognition for the speed of development and growth of his software company, which led him to publish his theory in
his novel "The Goal." This theory focuses on the study of limitations (physical, political, and/or market) of the system
to identify the bottleneck and expand its capacity to achieve a set goal or objective (Goldratt and Cox, 1985). Fuentes,
Del Solar, Samillan & Vasquez applied this theory in the spinning stage of the Textile Company S.A. to evaluate the
reduction of production time. Through this case study, the production process was streamlined by reducing downtime
and reducing workers, as an optimal number of workers was obtained for efficient and effective development of
proposed activities.

Montenegro (2020) considers the application of different methods and tools essential for better plant layout planning.
Among these is the Guerchet method, which defines the physical space occupied by machinery, work areas, and
personnel to optimize the available space in the plant (taking into account static, gravitational, and evolutionary
surfaces to calculate the required area). Likewise, the importance of relational analysis is mentioned, a technique that
analyzes the relationships between activities in the production process (considering the value or degree of proximity)
to define a relative location and optimize the arrangement of productive and administrative areas, which consists of 4
phases (sequence): relational table, relational activity diagram, relational space diagram, and general arrangement. It
is worth mentioning the relevance of line balancing, which according to Rau, Vargas, and Leén (2010), is where the
loads of workstations are balanced with the objective of reducing waiting times for work-in-progress and those waiting
for work from a previous station, in order to eliminate bottlenecks.

As previously mentioned, Schmenner (2015) indicates automation as a crucial factor in productivity. Furthermore,
through an interview with the manager of Filtex company, the relevance of this factor for plant performance was
confirmed. According to Moreno (2001), automation in an industrial process, which includes the machine, equipment,
or industrial assembly, consists of incorporating a set of technological elements and devices that ensure good control
and behavior; and its objective is to reduce production costs, increase product quality (consistent quality, meaning it
is repeated in all product units without defects), and save human beings from carrying out dangerous and/or tedious
activities. As a complement, Cordoba Nieto (2006) points out that: "Automation is essentially the convergence of
three technologies: mechanics, electronics, and informatics, which have gradually been weaving a reticular
convergence such as the specific universe of mechatronics" (p. 1).

Dong Zhai, Goodrum, Haas and Caldas (2009), after conducting a case study in the construction sector, concluded
that there is a significant correlational relationship between the implementation of automation, the use of information
technologies, and labor productivity. Greater automation was observed to have a positive impact on workers who
increased their productivity. Likewise, Ulloa, Castro and Gervasi (2012) argue, after studying the Peruvian textile
company N & P Atelier S.A.C., that the use of new technologies is allowing for increased production volumes, reduced
waste and final product cost, and facilitating diversification of products to compete internationally and meet specific
foreign requirements with a standardized and quality product. On the other hand, Schmenner (2015) concludes that
automation increases factory productivity. However, this represents less process flexibility (depending on the
machinery or equipment to be implemented) and an increase in production costs since a greater outlay is required for
the acquisition of these machines. While some labor is replaced, it prevails in other activities (especially for equipment
handling and maintenance).
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3. Methods

The type of research to be conducted is a case study. Eisenhardt (2004) defines it as a “research strategy that focuses
on understanding the dynamics present in the phenomenon under examination [...] Case studies can be used to achieve
several objectives: to provide a description, test a theory, or generate concepts.”

In this research, we will seek to determine the correlation of dependent and independent variables after the
implementation of an improvement proposal through observation, data collection, and analysis of the production
process of Filtex company (time studies and interviews) as in Figure 2. In this case, the dependent variable is the
productivity of the process, which will be related to the independent variables of automation and new plant
distribution. As Eisenhardt (2004) mentions: “Case studies typically combine data collection methods such as files,
interviews, questionnaires, and observations. Evidence can be qualitative (e.g., words), quantitative (e.g., numbers),
or both.”

The research approach is mixed because it is a case study that seeks to conduct a detailed analysis of an improvement
proposal, and it is necessary to analyze it quantitatively and qualitatively to add value compared to using a single
approach (Hernandez, Fernandez and Baptista, 2014). In the qualitative field, structured, semi-structured, and
unstructured interviews will be used to collect information related to the operation of the process, the company's
context, indicators used by the organization, among others. This will allow determining a strategy to implement the
improvement proposal optimally by seeing the problem from an external perspective. On the other hand, it will be
complemented with qualitative data collected in the production line to implement the proposal and analyze the results
obtained (prior and posterior to its implementation).

Regarding the scope, the research is correlational, whose utility is to know how a concept or variable can behave by
knowing the behavior of another or other related variables (Hernandez, 1997), as it seeks to analyze the relationship
and the impact that improvement proposals (independent variables) have with productivity (dependent variable). The
independent variables would be the partial automation of the process and the new plant distribution that would come
with it, while the dependent variable would be the productivity of the fiber preparation and mixing area process.

Likewise, the implementation of the improvement proposals will result in a smoother production process in the fiber
preparation and mixing area to provide fiber rolls in less time to the carding area, which is the next area in the total

production process.
Formulation,
Problem Formulation of Literature review selection, and Data collection Results and
identification hypotheses and inferviews implementation conclusions
of proposals

Identifying the
root cause and
main effects

Interviews with Systematic literature Table of confrontation and Data collection
workers and analysis review in 7 major ranking of factors for Lean ‘before and after
of data and categories and interviews Manufacturing proposals implementation
performance of the with employees of the and supervision by the
production process company under study plant manager (approval)

Figure 2. Methodological process flow diagram

4. Data Collection

The analyzed area is the preparation and mixing of fibers, the initial stage of the entire production process. The
following information about the area was obtained through a semi-structured interview with the plant manager of the
company.

The process begins with the weighing of the different fibers independently. If the fibers are too compressed, they have
to go through an opening machine to facilitate the rest of the process. Then, the fibers are manually stacked according
to the desired proportions, and at each layer, a sizing agent is added using a manual sprayer. The stacked fiber is then
manually transferred to the opening machine, which is connected to a mixer in order to loosen and homogenize the
sample. The fiber then moves through an air duct to one of the two specific warehouses for collection before continuing
with the process.
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Next, the mixture is removed from the warehouses to proceed to the last part of the process, consisting of four machines
connected by ducts. The mixture enters the opening loader where the fiber is released again to pass through the fine
and coarse cleaners where small debris, dust, and dirt are removed. Finally, the clean fiber mixture passes through a
roll former where metal tubes are loaded to obtain the finished fiber rolls to continue to the next carding area as shown
in Figure 3.

100kg 90 kg O kg 99 kg 00 kg
—»| Manual workstation | Opener > Beater > Feeder opener

1% l 00kg

00 kg
@—» Coarse fiber cleaner

99%ke 90 kg 90 kg

Fine fiber cleaner Roll former —
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v

Figure 3. Process block diagram

To quantitatively evaluate the performance of key processes, certain critical indicators will be used to determine the
current state of the different key processes. Among these indicators are the processing time in the different stages of
the process, the man-hours and overtime used, the number of workers in the plant, and the waste generated in the
process. The processing times in the different stages of the process were measured in the same plant for different
production batches of 200 kg of fibers shown in Table 2:

Table 2. Key Process Times

Rounds 1 2 3 4 5 6 7 Average
Manual 51.02 51.45 50.37 50.28 51.56 52.54 52.09 51.38
Workstation
Opener 518 51 525 5.02 513 516 522 515
Beater 2.49 31 3.02 2.58 2.53 3.03 3.01 2.82
Feeder Opener 8.52 8.13 8.4 8.32 8.35 8.21 8.18 8.3
Coarse Fiber 3.5 3.1 3.58 3.32 401 3.44 3.52 3.5
Cleaner
Fine Fiber 5.1 455 521 5.18 5.14 5.08 5.3 5.07
Cleaner
Roll Former 12.52 12.41 12.56 13.02 12.49 12.57 12.48 12.58
Total (min) 89.53 89.04 89.59 88.52 90.41 91.21 90.53 89.83

On the labor hours side, workers operate in shifts of 8 hours, with 1 hour of break time. However, in all shifts, workers
work an additional 4 hours of overtime, for which they are paid an extra amount. This makes the shifts quite hard and
results in gradually decreasing performance due to fatigue. This was reinforced by the head of the spinning mill, but
there is no exact value on how much performance decreases, and this can vary depending on the worker and their
health status at the time.

The next indicator is the number of workers in the plant. The head of the plant informed us that 3 workers work in the
area per shift. The first 2 workers are in charge of the manual work station, which includes weighing, providing, cake
forming, and spraying with sizing. Additionally, after finishing what is done at the manual station, they proceed to
load the mixture into the opener connected to the beater and finally to the mixture warehouses. On the other hand, 1
worker is responsible for moving the mixture from the warehouse to the opener loader connected to the rest of the
machinery. That is why this worker is only in charge of loading the first machine and removing the rolls from the last
one when they are ready.
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After conducting a detailed internal analysis of the company and the fiber preparation and mixing area, it was
determined that the key process to improve is the manual workstation. At the station, fibers are weighed and provided
manually, which is inefficient and opens the possibility of errors by the workers. Additionally, the process of manually
stacking the fibers and spraying them with sizing to form the cake is an extremely slow and tedious process when
there are several smaller orders. For these reasons, the manual workstation is the area's process with the greatest need
and potential for improvement through lean manufacturing proposals.

It is worth noting that a very important factor to consider is the complexity of orders, which can vary in both size and
components, making workers' tasks difficult and slower. Being a completely manual operation, it can be said that the
process is highly dependent on labor, resulting in little flexibility and adaptation to the constant change of order types.
Likewise, considering the workers' work hours, it is expected that their performance may decrease throughout the day
(due to fatigue, exhaustion, boredom, etc.). This is where the main complication and bottleneck lie with an average of
51.33 minutes (the second operation with the longest time is the roll forming, which averages 12.58 minutes, 4 times
less than the manual workstation).

5. Results and Discussion

5.1 Results

To determine the study process for the "Manual Workstation (MW)", a Pareto Diagram shown in Table 3 and Figure
4 was created to compare the time of different activities in order to determine which has the longest processing time,
creating a bottleneck.

Table 3. Stations of the production process to analyze.

Process Stations Ave.rrage Percentage Total Time Total
Time of Process Percentage
Manual Workstation 51.33 57.84% 51.33 57.84%
Roll Former 12.58 14.17% 63.91 72.01%
Feeder Opener 8.3 9.35% 72.21 81.36%
Opener 5.15 5.80% 77.36 87.17%
Fine Fiber Cleaner 5.07 5.71% 82.43 92.88%
Coarse Fiber Cleaner 3.5 3.94% 85.93 96.82%
Beater 2.82 3.18% 88.75 100.00%
Total 88.75 100%

Pareto Diagram
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Figure 4. Pareto diagram for time comparison
Within the fiber preparation and blending station, a greater focus will be given to the section known as the manual

workstation, which includes weighing, an initial fiber opener, cake formation, and spraying with sizing. The main
indicator for this process is the production time at different stages of the process, which will allow us to understand in
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detail the state of its parts. These activity times have a significant impact on the entire production chain, as the longer
they take to complete, the longer it takes to reach the other production processes. Improving these times will result in
lower costs for the company, as the product can be manufactured in a shorter overall time, increasing its capacity.

The dependent variable, which is the production of the process (kg/h), is directly affected by the processing times of
the manual workstation shown in Table 4, as the working time is limited by the hours in each shift. On the other hand,
the independent variables (proposed solutions) aim to reduce the overall time that fibers take to pass through this
section, thus increasing production.

Table 4. Times in the manual workstation

Rounds 1 2 3 4 5 6 7 Average
Weighing 117 1.05 1.08 1.06 1.08 102 107 1.08
Initial fiber | 0, 18.14 18.09 18.01 18.18 18.35 18.02 18.13
opener
Cake 3002 | 3016 | 2918 | 2928 | 3025 | 31.02 | 3042 | 30.05
forming
Spraying 231 21 22 2.03 2.05 215 218 215
Total (min) | 5102 | 5145 | 5037 | 5028 | 5156 | 5254 | 5209 | 5133

5.2 Proposed Improvements

To address the identified problem, a proposed improvement has been decided upon that is capable of covering the
following aspects: reduction in production time, increased bottleneck, greater reliability for consistent production over
time (reduction of variability due to orders and labor efficiency), and medium-term investment recovery capacity.

Based on the reviewed case studies for the problem solution, the following possible tools and techniques will be used
to find the most suitable ones that can satisfy the described purposes:

« Single Minute Exchange of Die (SMED)
*5S

* Automation

* Kaizen

* Systematic Layout Planning (SLP)

To have a quantitative comparison of the alternatives to be implemented, a table of criteria comparison was created
(cost, time, impact, feasibility, and risk) in order to determine the priority order of each one and subsequently a ranking
of factors to delimit the most appropriate and effective proposals to solve the problem.

The criteria weighting will be based on the importance assigned to each criterion. This will be a direct comparison
between one factor and another individually (0 will determine a lower "weight" and 1 will represent the factor with
the highest hierarchy). The total sum of scores between different factors will yield the weighted score per criterion,
which will determine the order or hierarchy of the indicators.

Table 5. Confrontation Table

Cost Time Impact Feasibility Risk Total ‘Zgl%l;g:
Cost X 1 0 0 1 2 0.182
Thme 0 X 0 0 1 1 0.091
Impact 1 1 X 1 1 4 0.364
Feasibility 1 1 0 X 1 3 0273
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Risk 0 0 1 0 X 1 0.091
Total 11 1

After sorting the comparative criteria by weight in Table 5, a comparison of alternatives will be carried out through a
ranking of factors (Table 6). To compare the possible improvement proposals, a rating will be assigned to each
alternative in relation to each comparative criterion. The values will range from 1 to 5, with 1 representing poor
satisfaction of the factor and 5 representing total satisfaction of the comparative criterion.

Table 6. Ranking of factors

\Xiﬁggj SMED 5S Automation Kaizen Plant Layout
C P C P C P C P C P

Cost 0.182 4 0.73 4 0.73 2 0.36 4 0.73 4 0.73
Time 0.091 3 0.27 3 0.27 3 0.27 3 0.27 3 0.27
Impact 0.364 1 0.36 2 0.73 5 1.82 2 0.73 3 1.09
Feasibility 0.273 3 0.82 3 0.82 4 1.09 3 0.82 4 1.09
Risk 0.091 4 0.36 4 0.36 3 0.27 4 0.36 3 0.27
Total 1 2.545 2.909 3.818 2.909 3.455

Based on the weighting of comparative criteria, it has been determined that the alternative with the highest satisfaction
of comparative criteria is automation with a total value of 3.818, an option that stands out for its impact as it involves
a reorganization of the production process and a series of improvements, but also stands out for its cost, which is
approximately $35,000 USD ($20,000 for machinery, $10,000 for programming and arrangements, and $5,000 for
installation and testing). The second option is a new plant layout with a total value of 3.455, which complements the
first option very well, as the implementation of new machinery requires a rearrangement of the plant to generate a
production flow that maximizes space utilization (a plant layout that is in line with the production process sequence).

Firstly, there is automation which involves the implementation of a fiber weighing, feeding and mixing machine that
will replace the entire manual workstation, which is the section where most labor is used and where the highest number
of problems were found, thus lightening the workload of the process.

To use the machine, the product data is first entered into the computer, for example, a batch of 600 kg with 80% cotton
and 20% wool. In the case where the order has already been produced before, there is a record of the products, so you
only need to select the desired option. Next, the modules are loaded. The machine has four loading modules where
the different types of fibers are placed separately. Once the modules are loaded, it is checked that the sprayers are full
and that the program is running correctly to start the process. When the equipment is turned on, the modules start
moving the fiber towards their respective scales, and once the specified weight is reached, the scales open, and the
fiber falls onto the conveyor belt. This process takes place approximately every 30 seconds, and all scales open
simultaneously. On the conveyor belt, the fibers move forward, and the sprayers spray them with the sizing agent
every time they pass their sensor. There are two sprayers connected to the conveyor belt. Finally, the fiber reaches the
end of the process and passes through a roller that mixes and opens it to move on to the next part of the chain.

Secondly, a new plant layout was designed with the new machinery implemented and with manual handling of the
product only at the beginning and end of the production process in the area, thanks to the knowledge acquired and
feedback from the company.

The new plant layout brings many benefits to the production process, both financial and functional. To begin with, the
investment is minimal, and it would have to be changed anyway due to the implementation of the machinery, so the
two solutions go hand in hand. The new layout would make the entire process connected, unlike the current situation
where the fiber has to be moved to the scale, workstation, opener, and loader opener depending on the warchouse
where it is being sent. In the new chain, only the fibers would be entered at the beginning of the process and the rolls
would be removed at the end, in addition to eliminating the warechouses in between. Also, by eliminating these
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warehouses and the entire manual workstation space, there would be better organization, more space, and the fiber
warehouse would increase in size and be closer to the entrance to facilitate handling. With all of this, valuable space
in the plant and transportation times would be saved, thus considerably improving the current situation.

Table 7. Dimensions of Process Stations

Process Stations Dgtrrllgt:lrllzzn DIi)srt(;l;l;)jEin Difference
Manual Workstation 24 0 -24
Proporioning Machine 0 4 +4
Opener 5 5 0
Beater 2.25 2.25 0
Feeder Opener 10.5 10.5 0
Coarse Fiber Cleaner 2.25 2.25 0
Fine Fiber Cleaner 2.25 2.25 0
Roll Former 13 13 0
Storage A & B 24 0 -24
Fiber Storage 20 45 +25
Roll Storage 84 84 0
Total Area (m2) 187.25 208.25 +21

As can be seen in Table 7, we are saving 48 square meters between the workstation and intermediate storage A and
B, and despite the fact that the new machine takes up 44 square meters, space would still be saved. In terms of the
fiber storage, it is possible to increase its capacity by 25 square meters if desired and placing it in front of the entrance
would significantly facilitate the handling of raw materials. All of this would increase the utilized floor space and at
the same time create greater order and easy traffic in the area. Additionally, time will be saved in material
transportation, especially when loading a machine manually (opener and feeder opener). The comparison between the
old and new process flow is shown in Figure 5.
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Figure 5. Comparison of plant layout

5.3 Validation
Once both proposed solutions were implemented, a considerable decrease in the times at the manual workstation was

evidenced due to automation through the new machinery as shown in Table 8. There was also a reduction in time at
the opener and loader, as loading would no longer be done manually since the new plant layout would keep everything
connected through ducts. With these implementations, the production time for the analyzed batches was significantly
reduced, not considering the time saved due to no variations in batch size or the number of fibers used.

Table 8. Production times of key processes with the implementation of solutions.

Rounds 1 2 3 4 5 6 7 Average
Weighing, Mixing and |\ o1 5053 | 2333 | 2416 | 2508 | 2542 | 24.58 25.14
Proportioning Machine

Opener 442 4.15 4.23 4.18 4.37 431 4.19 4.26

Beater 2.49 3.1 3.02 2.58 2.53 3.03 3.01 2.82
Feeder Opener 7.15 7.12 7.06 7.14 7.14 7.18 7.16 7.14

Coarse Fiber Cleaner 35 3.1 3.58 3.32 4.01 3.44 3.52 35
Fine Fiber Cleaner 5.1 4.55 5.21 5.18 5.14 5.08 5.23 5.07
Roll Former 12.52 12.41 12.56 13.02 12.49 12.57 12.48 12.58
Total (min) 63 61.47 60.32 61.03 62.13 62.38 62.12 62.18
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On the other hand, it should be mentioned that the process was standardized with a result of 150 kg/h, with a daily
production of 1200 kg. In this way, the desired limit of 100 kg/h set by management is exceeded, compared to the
previous average of 99.06 kg/h, an increase of 51.42% in the production of the area has been achieved.

After observing all the results obtained after the implementation of the improvement proposals, it can be evidenced
that the hypothesis stated: "the monthly production in the fiber preparation and mixing area will be standardized
through the use of lean manufacturing tools," is true since the process was standardized at 150 kg/h through the
implementation of new machinery (partial automation) and a new plant layout, thus giving flexibility to the process
so that it can adapt to different orders. Likewise, production capacity has increased by 51.42%, thus surpassing the
acceptable standards initially set by management through the reduction of production times and process variability.

6. Conclusion

As demonstrated by the results obtained, following the implementation of the improvement proposal, a 31% reduction
in production times was achieved at the fiber preparation and mixing station through the automation of manual
operation at the "workstation" (fiber weighing, initial fiber opener, cake formation, and ensiling spray) and a
reorganization of the plant with the new machinery. Through this automation, standardization of production in the
aforementioned station is achieved due to the constant work of the machine (being a programmable device, it does not
incur fatigue, downtime, or idle time) and in conjunction with the distribution of the plant and the savings of meters
in the productive path (which can be translated into time), compliance with the regularization and increase in
production in the fiber preparation and mixing station is achieved.

In this way, it can be affirmed that the problem of the research is solved, giving as true the principal and specific
hypotheses initially proposed since the process was standardized and the production of the area was increased through
the application of lean manufacturing (automation and systematic layout), providing flexibility in the production area
so that the production process can adapt to the different and varied types of orders that presented problems initially
due to the low flexibility and high dependence on labor (identified root causes), which could be quantitatively justified
through the indicators presented in the previous chapters.
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