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1. INTRODUCTION

Currently, companies constitute a support for competitiveness in the productive sector [1], [2],
companies seek to achieve competitiveness based on the use of various technologies, in order to control the
myriad of variables that determine the optimal operation of the industrial process and that guarantee quality
production of the manufactured product [3]. Moreover, it is that in the current context in which we find
ourselves, which is characterized by globalization and a highly competitive environment for companies, they
seek to achieve and show a solid operational performance [4]-[6]. Becoming tools such as automatic process
control, and fundamental means for the redesign of the evolution of industrial processes [7]-[10]. In this
competitive context, demarcated by incessant innovative technical change, it is imperative to modify and
reorient the philosophy of drive and operation of the components of a plant or production process [11]-[13].
Today, when talking about competitiveness and comparative advantages in industrial sectors, it is necessary
to inquire about the potential of a country in relation to the technological component of innovation [14]-[16];
competitiveness in industrial sectors is also associated with the possibility of inserting and developing
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technologies such as automatic process control in industry [17]-[19]. For this reason, decision-making and
the execution of actions to govern a production process goes through the use of an automatic control system
[20]; the automatic system is the one who takes into account the measurement and analysis of the variables,
to guarantee an efficient development of the industrial process [21].

Thus, in the current manufacturing industry, whose processes are continuous processes require
machines and production plants commonly controlled by programmable algorithms [22], being the
programmable algorithms those that offer the capacity of scalability and rapid adaptation to new
requirements of the production process [23]. Now, if we focus on the ceramic production industry, in the last
thirty years there has not been an authentic transformation of the ceramic tile production process [24]; in the
production of ceramic materials, there is a large percentage of companies that have been presenting problems
in their manufacturing processes, related to production time, the quantity of production and the quantity of
raw material lost due to poor quality or operation [25]. Therefore, not all ceramic tile-manufacturing
processes can be considered a technologically mature process [26], from the technological point of view,
most manufacturing processes lack tools that guarantee a productive process with quality [27]. In order to
solve the problem of the companies generated during the production process, technologies that allow the
automation and control of processes must be integrated, thus guaranteeing the improvement of the quality of
the final product and the increase in productivity [28]. There are three factors that predominate over the
quality of ceramic tiles, one is the equipment used, human resources and raw materials [29], According to
various antecedents, automatic systems are capable of controlling the various aspects that intervene in the
manufacturing process of ceramic materials, thereby influencing the improvement of the factors described [30].

Likewise, in ceramic product manufacturing companies, there are different factors related to the
quality of the production process and raw materials such as humidity, the dosage of clays and pigments,
affect the appearance of the final product [31]. It turns out, then, that it is necessary to develop new
technologies that allow improving and ensuring the quality of ceramic tiles, in order to guarantee the
homogeneity of the components to obtain the final product and avoid waste of inputs [32], even more being
known that many companies dedicated to the production of ceramic pieces generate a large amount of waste
daily due to production defects [33]. In addition, the thing is that there are many companies worldwide, but in
underdeveloped countries in the ceramic tile sector, that do not make use of automatic control technology and
industrial automation [34]. In this regard, it is pointed out that in Peru, to cite one case, there are few
companies dedicated to the production process of ceramic tiles that have technological tools that allow them
to ensure the quality of their products [35]. Thus, the companies dedicated to the production of ceramic tiles
have a great challenge, which is focused on using automated systems based on process control strategies [36],
the purpose of incorporating control technology is to achieve optimally dose the inputs used in order to avoid
production reduction and improve the quality of the final product [37].

In this context, the main problem addressed in this investigation is that currently, even when
technological progress is evident and noticeable, many companies dedicated to the manufacture of ceramic
tiles have their processes operating manually, without precision, without monitoring, without self-regulating
control capacity; which generates irreparable losses from the point of view of productivity, since when the
desired homogeneity is not achieved in the process of mixing the sand granulate, all the inputs used are
wasted, not being able to be used again, and generating lost man-hours and hours machine. As indicated in
the previous paragraphs, this article aims to determine to what extent the design of an automatic control
system for the clay sand granulation process improves the percentage of homogeneity in the manufacture of
ceramic tiles. For which initially the control strategy and its characteristics will be described; then the
quantitative results of the measurements of the indicator under study (percentage of dust moisture) will be
shown, which are directly related to the quality of the homogeneity of ceramics, achieved with the
implementation of the automatic control system. Thus, a statistical analysis of the distribution of the collected
data will also be used in order to establish the dispersion model that will help to determine if the automated
system allows achieving self-regulation of the moisture percentage of the granulated powder, once the system
is automated.

2. RESEARCH METHOD
2.1. Design and research level

The research design carried out in this article is experimental, because it seeks to generate an effect
of the indicator, percentage of humidity of the granulated powder, which is directly related to the quality of
the homogeneity of ceramics. The research level is descriptive, since the average values of the humidity
percentage obtained during a period of the work cycle will be analyzed, in order to determine the impact of
improvement obtained from the implementation of the automated system from these values.
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2.2. Data collection

Data collection was obtained from the application of a registration form, which represents the data
measurement instrument; regarding the data collection techniques to be applied, these were observation
(because an instrument called a high-precision granulometer was used) and documentary analysis, because
information from the records of the percentage of moisture in the dust was used, granulate before the
automation of the industrial process. The method used for data collection was the same before and after the
self-validation of the process; In other words, because the work cycle of the granulated process is carried out
for a period related to the capacity of clay sand in the hopper, it is so that in one day a total of 40 samples
were obtained; each sample captured every 15 minute period. In such a way that the scheme of the data
collection method will be represented by Table 1.

Where MOi represents the data observed in period i, during the manual process and MAI represents
the data observed in period i, during the automated process. Likewise, XMO represents the average of the
observations of the controlled variable before the automated process and YMO represents the average of the
observations of the variable after the application of the control strategy. Finally, AX, will represent the
impact of improving the percentage of humidity of the granulated powder.

Table 1. Outline of the data collection design

Ti T1 Tz T3 . . . . T40
MO; MO: MO, MO; MOQ4o XMO
MAi  MA; MA; MA; MAo YMO
AX YMO - XMO

3. PROCEDURE
3.1. Description of the sand granulation process

Before proceeding to describe the automated process, | will firstly need to describe the stages that
intervene in the clay sand granulation process to generate the wetted powder as the main component in the
ceramic tile production process, in order to define the analysis, of identify where the variable and indicator
addressed in this scientific article are found. The first stage begins with the verification that all the fuse
holders of the silos are connected to the electrical panel, the same one that is located in the press area; in
which you must select the silos to be unloaded to the press. It is important for this to take into account the
stock of dust in all silos, in order to make a correct distribution in the press feed.

The amount of discharge flow must be taken into account, if it is adequate in order to avoid vacuum
due to lack of powder or, failing that, excess powder, which could cause clogging of the feeding system. In
the second stage, the coarse and fine granule detection test is carried out, for which samples are taken from
the mill outlet; a total of 1 Kg. of the sample is taken and then sieved using mesh number 50; what remains
on the mesh is called fine, and this component is subjected to a granulometry test. In the last stage is the
control of the humidity percentage, this verification is carried out manually and periodically for 15 minutes,
taking as a reference the duration of a work cycle of the production process, recording the values in a
register.

As can be seen in Figure 1, in stage 3 the aspect that determines the level of wetting of the
granulated powder is focused, in order to guarantee adequate homogeneity in obtaining ceramic tiles; as part
of the control strategy and considering that the regulation of the humidity percentage can be done through the
automatic control of the sand flow that enters the granulation process and through the amount of water that is
inserted into the sand flow through the sequential actuation of electric nozzles; next, it is specified how to
proceed to improve the process of this process in order to guarantee the values defined as optimal for the
sand granulation process to generate the wetted powder. It should be noted that the control strategy that was
developed considering that the desired value for the indicator under analysis (percentage of dust moisture),
should not be outside the range between 6.9% and 7.1%, which is why the automation described.

3.2. Description of the automated process

Pressing the start button automatically produces the passage of sand composed of clay from the
hopper, duly processed; This hopper contains a lower level sensor, which, upon detecting the presence of
clay sand, will immediately activate a timer with a delay on connection; the same one that will establish, that
after five hundred seconds; that is, when the hopper reaches 75% of its storage capacity, the following
elements begin to operate automatically. A broken valve at an initial operating frequency of twenty Hertz, a
conveyor screw valve driven by a motor (motor 1), a motor pump that injects water into the humidification
stage through nine electric nozzles at a pressure of eleven bar and a motor that will drive the axis for the
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homogenization of the wetting stage. In the aforementioned stage, a microwave humidity control probe will be
used, which will be connected to the programmable logic controller, in order to establish a closed control loop,
permanently comparing the desired value for humidity (7%), with the present value; thus generating an error
signal, which will be interpreted by the programmable logic controller to send a signal either to the frequency
variator that will regulate the flow rate of the broken valve or to the electric nozzles that will inject sprayed
water, to its on or off, as the case may be.
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Figure 1. Stages of the granulation process

The initial operating conditions in the case of the roto valve is twenty Hertz in frequency, while in
the case of the water nozzles, of the nine available only five nozzles will be open. After reaching the
optimum humidity percentage for the mixture, or reaching the desirable value range, the mixture outlet
solenoid valve is opened for a period of five hundred seconds; this same time the motor of the conveyor belt
will also be on, which will transfer the mixture to the next stage. Figure 2 shows the elements and
components described in the previous paragraphs; in which it is specified that there are two scenarios on
which the automatic control system is supported; The first is when the granulated powder is very humid, in
this case it must go through some heaters to dry and return to the granulator silo; While the second scenario is
when the granulated powder is very dry, in this case it must return to the granulator silo so that they act on
the electric nozzles that inject sprayed water, and moisten the powder.

Also, we proceed to describe the partial programming of the programmable logic controller, used to
develop the control strategy. In Figure 3, it is shown in the programming that initially a start button (I11) and a
stop button (12) are used, in order to establish the activation and shutdown of the entire process, for which
use was made a reset set block (B001), whose function is to activate the entire process; When the start button
is pressed and due to the reset block, a signaling pilot (Q1) is activated, which indicates the filling of the
hopper with clay powder, after filling, a lower level sensor is established (13) ; which when closed, sends a
signal to the logic gate And (B002), which activates the timer with delay to the connection (B004), after 500
seconds, a signal is sent, the same that will start the ignition of the working bodies. (Broken valve: Q2, Screw
conveyor motor: Q3, Pump motor Q5 and Shaft motor: Q4).
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Figure 3. Programming of the start and stop stage of the sand granulation process

4, RESULTS AND DISCUSSION
4.1. Results

From the data collected, it is observed in Figure 4 that the effect of the application of the proposed control
strategy to a significant result, since it has been achieved that the oscillation ranges of the percentage of humidity
of the granulated powder, is self-regulated by the controller, within the desired limits. This effect is visibly
perceived in Figure 5, since it is possible to compare the behavior of the controlled variable of the automated
system with the oscillating behavior when the process did not respond to a control strategy, but on the contrary to a
strictly manual process. While the minimum and maximum oscillation levels turn out to be 3.4% and 7.8%
respectively in the manual process, generating a lack of homogeneity in the moistened powder as an element for
the manufacture of wax tiles; in the automated process, the oscillation is between 6.9% and 7.1%.
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Figure 4. Comparison of the levels observed with respect to the percentage of humidity of the granulated
powder (%)

From the descriptive analysis of the data a shown in Table 1, with statistical indicators obtained
from the statistical product and service solutions (SPSS) version 25 software; whose data will show the
average improvement percentage obtained between two scenarios, the first, described by a manual process
and the second described by an automated process under a control strategy. From Table 2, the impact of
improvement in the process can be obtained through the comparison of averages from the control strategy
described in this research, it is achieved that:

- The variation between the average value observed in the manual process and the set point or set point of
the percentage of humidity of the granulate powder is 0.2875.

- While the variation between the average value observed in the automated process and the set point or set
point of the percentage of humidity of the granulate powder is 0.015.

Table 2. Descriptive indicators of the variable under analysis
Descriptive statistics

N Rank Minimum Maximum Average
Percentage of humidity after the process automation 40 0.20 6.90 7.10 6,9850
Percentage of humidity with the manual process 40 4.40 3.40 7.80 6,7125

From this analysis, it is found that the improvement impact is 94.78%, compared to what was had in
the manual process. Thus, it is also possible to find through the statistical analysis of the dispersion model
and curvilinear estimation, shown in Figure 5, that the variable to control, that is, the percentage of humidity,
turns out to be independent of time or rather of the observed period; which allows us to specify as a finding
that its behavior is constant, that is, the data collected after the application of the control strategy turned out
to be statistically verified through the analysis of the curvilinear estimation model, in which it is defined that
the variation is almost null, managing to check the control of the system over the humidity percentage.

In the straight line in Table 3, the coefficients that define the equation of the behavior of the variable
under analysis are shown, which further reinforces the representation shown in Figure 5. It is specified that
since the constant “b1” is equal to zero, makes the behavior model of the controlled variable defined only by
the value of 6.983%, very close to the desired value or set point whose value is equal to 7%.

Table 3. Estimation of coefficients that define the equation for the behavior of the variable under analysis

Equation Model Summary Parameter estimates
R square F gll gl2 Sig. Constant bl
Lineal 0.000 0.011 1 38 0.919 6.983 0.000
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Figure 5. Curvilinear estimation model of the controlled variable

4.2. Discussions

In relation to the definitional objectives to be determined as part of the research, the discussions in
relation to the results obtained are detailed. In the first place, it was found that under the control strategy
proposed and implemented in the sand granulation process, it was possible to improve the percentage of
humidity, which consequently will improve the homogeneity in the manufacture of ceramic tiles, this
percentage improvement turned out to be 94.78%; In this regard, in the research carried out by [38], in which
it specifies that through an automated system it manages to improve the quality of the sand granulation
process by 55.75%, in this aspect it is from a point of view that it is a fact that industrial automation improves
various aspects in a process, however, what is relevant and outstanding is to what extent the improvement is
made, and in this aspect the strategy used is highly significant and contributes much to improving the quality
of the manufacturing process of ceramic tiles.

Another aspect that is important to highlight as part of the findings of this research is the degree of
approximation of the measured variable with respect to the set point value defined in the process; in this case, the
difference is 0.015; this value has to do with the precision of the proposed control system. In this regard, in [39] a
precision of 0.020 is achieved. In this regard, in the first case it relies on based control strategies not defined by a
PLC (programmable logic controller), but by bilateral PID controllers (proportional, integrator and derivative),
whose Tuning may be an aspect that generates that greater variation with respect to the value determined in this
investigation. While as indicated in [40] an approximation of 0.018 is achieved, in this case the control strategy
was carried out through adaptive digital regulators, whose level of precision is significantly good.

5. CONCLUSION

In relation to the results obtained, it is concluded that. Based on the proposed control strategy, that
is, controlling the sand flow through frequency variators and by sequential injection of water through valves
with nozzles, it was possible to improve the homogeneity percentage by 94.78%, compared to what was had
in the manual process; and therefore the homogeneity and quality of the elaboration of ceramic tiles will be
improved; However, every industrial process must be monitored, this leads us to recommend that a data
acquisition and supervision system should be implemented, since it is not enough to just have a process
implemented at the field level and control level, but it must also necessarily be supported by data acquisition
and supervision systems so that much necessary and important information can be provided for decision-
making for the management of the production process. Another aspect to highlight is that a significant
precision of around 0.015 was achieved in relation to the desired value or set point defined for the controlled
variable, in that sense the control strategy implemented with programmable logic controllers, with which it
can be affirmed that it is achieved the purpose of keeping the variable within the pre-established range. From
this automated system, it was also possible to improve the precision of each of the elements or inputs that
intervene in the dosage, that is, the homogeneity of inputs was achieved, with which it was possible to
improve the quality of the ceramic tiles.
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