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Abstract. The study was conducted to determine how the use of mechatronic systems can optimise
the operation of vibration-cleaning machines and improve their performance in agricultural processes.
Vibration accuracy measurement, automated load control, monitoring of operating parameters, wear
assessment, energy efficiency analysis, and impact assessment to minimise human intervention were
used in the study. A study conducted at BIG Harvest Group demonstrated that the introduction of
mechatronic systems in vibration-cleaning machines significantly improves the accuracy and stability
of their operation. The integration of automated control of the frequency and amplitude of oscillations
has reduced energy consumption and increased the efficiency of seed cleaning compared to traditional
methods. The study determined that the system of automatic monitoring and correction of parameters
ensures stable machine performance even under variable load conditions. Reduced wear and tear on
mechanical components ensure longer equipment life, reduced downtime and the need for manual
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intervention. In general, the results confirmed that mechatronic systems significantly increase the
efficiency of vibration-cleaning machines, which has a positive effect on the quality of cleaning and
economic efficiency in agriculture. The study also determined that automatic adjustment of operating
parameters using mechatronic systems reduces fluctuations in machine performance, resulting in
more uniform cleaning. The integrated monitoring system identified and eliminated faults, reducing
maintenance time. As a result, improvements in the overall management of seed cleaning processes
were achieved, which increased productivity and reduced equipment operating costs

Keywords: automated control; energy consumption; seed cleaning; wear of mechanical components;

economic efficiency

Introduction

In the agricultural sector, the efficiency of seed
treatment is critical to ensuring high product
quality and optimising resources. Vibration clean-
ing machines, which are used to clean seeds from
contaminants and impurities, are central to this
process. However, traditional control systems
often face problems with accuracy and stability,
which can affect cleaning quality and operating
costs. In this regard, mechatronic systems that
combine mechanical, electronic and computer
technologies have become a promising solution
for improving the efficiency of vibratory clean-
ing machines. The introduction of such systems
promises significant improvements in setup ac-
curacy, operational stability, energy efficiency and
reduced equipment wear.

In the agricultural sector, the precision and
stability of vibration-cleaning machines are im-
portant aspects for improving the quality of seed
processing and reducing operating costs. The
problem is that traditional systems often do not
provide sufficient accuracy and stability, which
affects cleaning efficiency and increases mainte-
nance costs. C. Cardona et al. (2024) investigate
how the integration of mechatronic systems can
increase the accuracy of vibration control in vi-
bration cleaning machines, which has a positive
effect on the quality of seed cleaning. Their study
shows that automating settings reduces energy
consumption and improves overall process ef-
ficiency. D. Xie et al. (2022) addressed automat-
ed oscillation frequency control, which provides

a significant reduction in energy costs. Their
research confirms that such systems increase
cleaning efficiency and reduce operating costs. .
Hassan et al. (2024) studied the impact of sensors
for monitoring vibration parameters on the sta-
bility of vibration-cleaning machines. The results
show an increase in stability under varying load
conditions due to automatic correction. L. Badi-
ta-Voicu et al.(2024) find that mechatronic systems
significantly reduce wear and tear on mechanical
components, which extends the life of the equip-
ment. This reduces the need for frequent repairs
and maintenance. E. Minca et al. (2022) noted that
the integration of mechatronic systems reduces
downtime and the need for manual intervention.
The study highlights the improvement in the over-
all performance of vibration-cleaning machines.

E. Alilev & K. Lupko (2021) demonstrated
that automatic parameter adjustment results in
more uniform seed cleaning. This helps improve
the quality of the final product and reduce pro-
cessing costs. D. Essola et al. (2022) demonstrat-
ed how reducing vibrations in vibration cleaning
machines can improve cleaning quality and re-
duce maintenance costs. Their results confirm the
effectiveness of mechatronic systems in reduc-
ing operating costs. M. Romanssini et al. (2023)
confirmed that the introduction of mechatronic
technologies increases the energy efficiency of
vibration-cleaning machines. This reduces en-
ergy costs and improves economic performance.
D. lonescu et al. (2022) determined that the
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automated monitoring system can be used for
quick detection and elimination of equipment
malfunctions. This reduces the time required for
maintenance and repairs. A. Hayat et al. (2022)
proved that mechatronic systems can significant-
ly reduce the cost of operating vibration cleaning
machines. Research shows that these systems sig-
nificantly improve economic efficiency in the agri-
cultural sector. Thus, while research has revealed
significant advantages of mechatronic systems
in improving the accuracy and stability of vibra-
tion-cleaning machines, there are gaps, particu-
larly in terms of economic benefits and specific
operating conditions, that require further study.

The study aimed to investigate the impact
of mechatronic systems on optimising the op-
eration of vibration-cleaning machines and in-
creasing their efficiency in the agricultural sector.
Research objectives:

» to consider the introduction of automated
control of vibration processes and its effect on
energy costs and quality of seed cleaning;

» to study how mechatronic systems affect
the accuracy and stability of vibration cleaning
machines;

» to evaluate the results of the integration of
sensor technologies and automatic monitoring, as
well as their impact on operating costs and over-
all equipment performance.

Materials and Methods

The study, which focuses on the impact of me-
chatronic systems on the accuracy and stability
of vibration-cleaning machines in the agricul-
tural sector, comprehensively assessed the in-
tegration of these systems. The main areas of
focus included precise adjustment of vibration
parameters, automated load control, monitoring
and correction of operating parameters, wear
reduction, energy efficiency and minimisation of
human intervention.

The study was conducted at BIG Harvest
Group (Ukraine). The study examined seeds of
several crops, including wheat, barley, corn and
peas. Each of these seed types had its unique
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characteristics that affected their behaviour dur-
ing the cleaning process.Experiments were carried
out on samples of these crops to study in detail
the effect of various vibration parameters, such as
vibration frequency, vibration amplitude and vi-
bration direction, on cleaning efficiency. This was
used to analyse how the amplitude and frequency
of oscillations affect the cleaning results of each
type of seed, as well as to identify the optimal
conditions for achieving the best performance.

To evaluate the precise adjustment of vi-
bration parameters, Toshiba Vibration Cleaner
X-1000 (Japan) equipped with mechatronic sys-
tems from Bosch Rexroth (Germany) was used.
These machines allow for precise control of the
frequency and amplitude of vibrations. Vibration
levels were measured using high-precision Kis-
tler sensors and a National Instruments data re-
cording system.

The analysis of automated load control was
carried out using Meyer Industries V-300 vibra-
tion cleaning machines (USA) equipped with
Siemens S7-1200 mechatronic systems (Germa-
ny). In this case, Endress+tHauser sensors were
used to monitor the amount of seed entering
the cleaning process. The automatic load con-
trol was evaluated using Rockwell Automation’s
FactoryTalk software, which records and adjusts
parameters in real time.

Atthis stage, the performance of the Haver Ro-
to-Packer vibration cleaning machines from Haver
& Boecker (Germany) was evaluated using Hon-
eywell (USA) integrated sensors, which were used
to monitor temperature, humidity and vibration
levels. The data were collected using a LabVIEW
data acquisition system and analysed using MAT-
LAB software for automatic parameter correction.

Alapala VIB-500 vibration cleaning machines
from Alapala (Turkey) equipped with Parker Han-
nifin mechatronic systems (USA) were used to
assess wear reduction. Wear measurements of
mechanical components were carried out us-
ing specialised Mitutoyo equipment (Japan).
Wear was assessed by analysing differences in
the physical characteristics of the components,
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including measuring material thickness, deter-
mining the volume of worn parts and conducting
dynamic vibration tests. A comparison with tradi-
tional Ocrim (Italy) machines without automatic
systems was used to determine the impact of
automatic control on equipment service life and
maintenance costs.

The energy efficiency analysis was carried
out using Satake MCH-100 vibration cleaning
machines from Satake (Japan), which were used
in tests with mechatronic systems from Schnei-
der Electric (France). Electricity consumption
was measured using Fluke energy meters (USA).
The data was compared with the energy con-
sumption of traditional Omas systems (ltaly) to
determine the effectiveness of optimising elec-
tricity consumption.

To analyse the impact of mechatronic sys-
tems on reducing human intervention, Groupe
SEMA (France) vibration cleaning machines with
Mitsubishi Electric (Japan) automated systems

were used. Operator error rates and performance
were assessed by observing the number of errors
and their impact on machine performance.

A comprehensive approach to assessing the
impact of mechatronic systems on various aspects
of the operation of vibration-cleaning machines
has provided detailed data on their effectiveness
and benefits in the agricultural sector.

Results

In the modern agricultural sector, especially in
the growing and processing of grain crops, op-
timisation of technological processes is critical.
BIG Harvest Group, which specialises in growing
and processing wheat, barley, corn and peas, has
become one of the pioneers in implementing au-
tomated technologies to improve the efficiency of
its production processes. In particular, the study
of automated control of vibration processes has
significantly reduced energy costs and improved
the quality of seed cleaning (Table 1).

Table 1. Effect of automated control of vibration processes on energy consumption
and quality of seed cleaning

Before
Parameter

After
automation automation

Improvement (%) Parameter

Power consumption (kW) 15-20 10-15 20-30 Power consumption (kW)
Electricity costs (UAH/hour) 45-60 30-45 25-33 Electricity costs (UAH/hour)
Level of seed contamination (%) 5-7 1-3 50-70 Level of seedo
contamination (%)
Seed cleaning accuracy (%) 85 95 10 Seed cleaning accuracy (%)

Source: compiled by the authors based on V. Ishchenko (2023)

The vibration processes used in the seed
cleaning process are critical to achieving high
quality in the final product. Traditional methods
of seed cleaning are often associated with high
energy consumption, which negatively affects the
overall costs of the enterprise. The BIG Harvest
Group has implemented an automated control
system that can monitor vibration parameters in
real-time. This solution is based on state-of-the-
art mechatronic systems that ensure precision
and efficiency in the seed cleaning process.

The introduction of automated control of
vibration processes has brought significant ben-
efits. It was possible to reduce electricity con-
sumption by 20-30% as a result of optimising the
operation of vibrating machines. Reducing energy
costs not only helped to increase the company’s
profitability but also had a positive impact on the
environmental component of production. The ad-
vanced system can adjust vibration to the type of
seed being processed, which also reduces unin-
tended energy consumption. Vibration frequency
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and amplitude control optimise machine perfor-
mance by preventing unnecessary vibrations that
are not required for a particular type of seed. This
reduces energy consumption as the machine op-
erates at maximum efficiency, using only as much
energy as necessary to achieve optimum results.

The automated control has also improved
the quality of seed cleaning. Precise control of the
vibration parameters achieves greater efficiency
in the process of separating impurities from the
seeds. The quality of wheat, barley, maize and pea
seeds has improved significantly, which has had
a positive impact on their marketability and con-
sumer characteristics. In particular, the company
was able to reduce the level of seed contami-
nation to the minimum permissible standards,
which increased the competitiveness of its prod-
ucts in the market.

Mechatronic systems significantly increase
the accuracy and stability of vibration-cleaning
machines in the agricultural sector by integrat-
ing mechanical, electronic and computer com-
ponents. The precise adjustment of vibration
parameters in vibration-cleaning machines is a
key factor in ensuring an efficient seed-cleaning
process in the agricultural sector. Mechatronic
systems that combine mechanical, electronic and
computer components open new possibilities for
precise control of the frequency and amplitude
of vibrations. Thanks to the introduction of such
systems, vibrating machines can operate at opti-
mal parameters, which significantly improves the
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quality of cleaning various types of seeds, even
under variable operating conditions.

The main advantage of mechatronic systems
is the automatic adjustment of vibration param-
eters depending on the type of raw material be-
ing cleaned. Each type of seed has its character-
istics - density, size, texture, and contamination
(Brown et al., 2021). For instance, smaller or light-
er grains (wheat, barley) may require less intense
vibrations, while larger or heavier grains (corn,
peas) may require higher amplitude and frequen-
cy for effective cleaning. Mechatronic systems au-
tomatically adjust these parameters, reducing the
need for manual intervention, which reduces the
risk of errors and productivity losses.

The automatic parameter adjustment system
also accounts for external factors such as humid-
ity or temperature that may affect the cleaning
process (Amertet et al., 2023). This ensures even
vibrations and, as a result, uniform seed cleaning.
By precisely controlling the frequency and ampli-
tude of vibrations, vibration cleaning machines
operate with greater stability and efficiency, which
has a positive effect on the final product quality.

In addition, precise adjustment of the vibration
parameters reduces wear on machine components
(Table 2).Vibration amplitudes that are too high or
too low can put additional stress on mechanical
parts, causing additional wear. Mechatronic sys-
tems keep vibration cleaning machines operating
within a safe range, which extends equipment life
and reduces maintenance costs.

Table 2. Precise adjustment of vibration parameters

Parameter

Vibration cleaning machines
with mechatronic systems

Vibration cleaning machines
without mechatronic systems

Oscillation frequency (Hz)

30-60

25-55

Oscillation amplitude (mm)

2-5

3-6

Sensor

Kistler sensors

Kistler sensors

Data recording system

National Instruments

National Instruments

Cleaning efficiency (%) 90

80

Source: compiled by the authors

The introduction of mechatronic systems in
vibration cleaning machines renders the seed
cleaning process not only more efficient but also

cost-effective. Automation of vibration settings
significantly improves equipment accuracy, re-
duces human error and ensures stable operation
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even under variable load conditions. This makes
mechatronic systems an integral part of modern
technological processes in the agricultural sector,
ensuring high-quality seed cleaning and increas-
ing agricultural productivity.

Automated load control is one of the key
functions of modern mechatronic systems, ena-
bling vibration-cleaning machines to maintain
stable performance even under variable operat-
ing conditions. Given the importance of precision
and efficiency in the agricultural sector, the ability
to automatically adjust the workload is crucial to
ensure the smooth operation of the equipment
and high-quality seed cleaning.

Mechatronic systems equipped with inte-
grated sensors and software allow for continuous
monitoring of the amount of raw materials enter-
ing the treatment (Kuntoglu et al., 2021). This is
especiallyrelevant in situations where the amount

of seed or grain being loaded into the machine
is constantly changing. Instead of the operator
having to constantly monitor the process, the sys-
tem automatically adjusts to the changing load
parameters to ensure the optimum performance
of the vibration cleaning machine. This reduces
the human factor and ensures consistent perfor-
mance even if the amount of seeds or grain varies.

Thanks to automated load management,
mechatronic systems also enable better manage-
ment of machine energy consumption (Table 3).
As the load changes, the system can adjust the
vibration intensity and processing speed, which
minimises energy consumption without com-
promising cleaning quality. Such adaptability
contributes to the energy efficiency of the entire
process, which is important for reducing overall
production costs and increasing the economic ef-
ficiency of an agricultural enterprise.

Table 3. Automated load management

Vibration cleaning machines with

Vibration cleaning machines

Parameter mechatronic systems without mechatronic systems
Load range (kg/h) 500-1000 400-900
Load regulation Automatic Manual
Sensors Endress+Hauser Endress+Hauser
Software Rockwell Automation FactoryTalk None
Performance stability (%) 95 85

Source: compiled by the authors

Another important advantage of automated
load management is the ability to maintain stable
machine operation regardless of external condi-
tions (Ullah et al., 2021). In real-life conditions, in
particular, in field farms, humidity, seed type and
outside temperature can vary. This can affect the
quality of the cleaning process if the machine is
not able to adapt to these changes. Mechatronic
systems can compensate for these external fac-
tors by precisely controlling the workload, which
makes it possible to maintain high machining
quality regardless of the conditions.

In addition, automated load management
systems increase the reliability of the equipment.
Vibration cleaning machines can be overloaded

or underloaded due to fluctuations in the
amount of material being processed, which can
reduce efficiency or cause breakdowns. Automat-
ic load control ensures even load distribution,
which reduces the risk of failure and helps to
extend the service life.

Thus, the automated load control implement-
ed in modern vibration cleaning machines pro-
vides several important benefits for agricultural
production. It helps maintain a stable cleaning
process efficiency, reduces the need for manual
control, and ensures energy efficiency and adap-
tation to external changes. This not only improves
the quality of seed processing but also ensures
greater reliability and stability of the equipment,
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which is an important factor for agricultural en-
terprises seeking to increase their productivity
and economic efficiency.

Monitoring and correction of operating pa-
rameters using mechatronic systems is a key as-
pect of increasing the efficiency and stability of
vibration-cleaning machines in the agricultural
sector. Integrated sensors that monitor parame-
ters such as temperature, humidity and vibration
levels enable precise control of the cleaning pro-
cess. Thus, the system can automatically adjust
the operation of the machines to ensure consist-
ent performance despite changes in environmen-
tal conditions or raw material parameters.

One of the main advantages of this feature is
the ability to collect and analyse machine perfor-
mance data in real-time. For instance, an increase
in seed moisture content can affect the quality of
cleaning, as wet raw materials are more difficult
to separate (Miller et al., 2022). Integrated sen-
sors detect this indicator and, if necessary, the me-
chatronic system adjusts the vibration frequency,
increasing or decreasing the intensity of the vi-
brations depending on the current conditions. As
such, high cleaning quality can be achieved, even
with variable material characteristics.

In addition, temperature monitoring is anoth-
er important aspect that affects process efficien-
cy. Vibration cleaning machines operating at too
high or low temperatures can lose performance
due to reduced lubrication or increased wear and
tear on mechanical components (Martinez-Par-
rales & del Carmen Téllez-Anguiano, 2022). The
monitoring system can detect temperature devia-
tions on time and implement measures to reduce
the impact of negative factors. For instance, it can
automatically reduce the load on the machine or
increase the coolant volume to avoid overheating.

Another important component is the con-
trol of vibration characteristics. If the vibration
level exceeds the permissible limits, it damages
the machine or is a reason for ineffective seed
cleaning (Sinha et al., 2023). Integrated sensors
detect such deviations in time, and the system
corrects the machine to restore stable operation.

Reva et al.

This automatic correction capability is highly rel-
evant in the agricultural sector, as it ensures high
machine performance without the need for con-
stant operator monitoring.

Automatic correction also reduces the risk of
accidents and equipment damage. Mechatronic
systems can prevent critical loads or overheating
by reacting to changing parameters in a timely
manner. This not only increases the efficiency of
the production process but also significantly re-
duces maintenance and repair costs.

Thus, monitoring and correction of operating
parameters with the help of mechatronic systems
is an important component of ensuring the sta-
ble performance of vibration-cleaning machines.
These systems automate the control process, en-
suring the uninterrupted operation of machines
even in the face of changes in external conditions
or raw material parameters. Accordingly, the in-
tegration of such technologies into the agricul-
tural sector significantly improves the quality and
reliability of the seed-cleaning process, which
contributes to the overall increase in agricultural
production efficiency.

Reducing wear and extending the opera-
tional life of vibration-cleaning machines is an
important advantage of introducing mechatron-
ic systems in the agricultural sector. One of the
main factors affecting the durability of equip-
ment is the constant load on mechanical com-
ponents. Without automated parameter control
and overload prevention, wear and tear on parts
is significantly accelerated, leading to frequent
breakdowns, efficiency losses and increased
maintenance costs. Mechatronic systems provide
automatic parameter adjustment to avoid these
problems and extend the service life of machines.

One of the key functions of mechatronic sys-
tems is the ability to continuously monitor and
correct operating parameters such as vibration
frequency and amplitude (Tsai et al., 2021). If an
overload risk is detected, the system automatically
reduces the work intensity,which reduces the load
on the machine components. This approach re-
duces the likelihood of premature wear of moving
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parts, which is necessary for stable and long-term
operation of the equipment.

Automatic parameter adjustment minimises
excessive loads on the most vulnerable parts of
the machine, such as bearings and joints. When
the vibration parameters are outside the optimum
range, the risk of damage to these components
increases dramatically. Mechatronic systems, us-
ing integrated sensors, detect these deviations
and automatically adjust the operation of the
equipment, reducing the intensity of the load on

problem areas. This can ensure a stable workflow
without the risk of serious breakdowns.

Another important advantage is the reduc-
tion in maintenance costs (Table 4). As mecha-
tronic systems monitor the condition of the vi-
bration-cleaning machine’s components and can
predict potential problems, companies are able
to carry out preventive maintenance in a more
efficient manner. This helps avoid emergencies
and unexpected downtime that could result in
serious damage.

Table 4. Reduce wear and tear and extend equipment life

Parameter

Vibration cleaning machines with
mechatronic systems

Vibration cleaning machines
without mechatronic systems

Level of wear and tear on

mechanical components 5% 10%
Service life (years) 5
Wear measurement equipment Mitutoyo Mitutoyo
Model Alapala VIB-500 Ocrim
Maintenance costs (UAH/year) 10,000 15,000

Source: compiled by the authors

Thanks to the integration of mechatronic
systems, the need to replace or maintain specific
components can be identified in time. This reduc-
es the cost of general maintenance, as businesses
can plan it in a way that minimises the impact
on the production process. In addition, extending
the service life of equipment without significant
investments in repairs allows for more efficient
use of resources.

Mechatronic systems also help optimise en-
ergy consumption, which has a positive effect on
the overall condition of the mechanisms. When
the equipment is not overloaded, its power con-
sumption is reduced, which in turn reduces the
level of heat exposure to machine parts. Heat load
reduction is another important factor in extend-
ing the service life of equipment, as constant tem-
perature changes can cause material degradation.

Thus, automatic parameter adjustment and
overload prevention by means of mechatronic
systems are central to reducing wear and ex-
tending the service life of vibration-cleaning
machines. These systems not only ensure stable

machine operation but also significantly reduce
maintenance and repair costs. Due to the effec-
tive control of operating parameters, the mechan-
ical components of the equipment receive opti-
mal conditions for long-term and uninterrupted
operation, which contributes to the overall effi-
ciency of agricultural production.

Energy efficiency is one of the key advan-
tages of implementing mechatronic systems in
vibration-cleaning machines in the agricultural
sector. Modern technologies require more and
more rational use of energy, and mechatronic
systems help to achieve this by optimising equip-
ment processes. With energy prices on the rise
and the need to reduce carbon dioxide emissions,
energy savings are becoming a strategic advan-
tage for agricultural companies.

Mechatronic systems can adapt the opera-
tion of vibration-cleaning machines to changing
conditions in real-time. This is achieved through
the integration of sensors that measure various
parameters of the seed cleaning process, such
as the amount of material being processed, its
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condition, moisture level and other indicators. The
automatic control systems analyse this data and
optimise the machine’s operating parameters to
ensure maximum productivity with minimum en-
ergy consumption. This negates excessive power
consumption when processing smaller quantities
of seed or when maximum power is not required.

Another important aspect of energy efficien-
cy is the ability to precisely control the frequency
and amplitude of vibration vibrations. This allows
the vibration cleaning machines to operate at the
power level that best suits the current process re-
quirements.This means that unnecessary energy is
not wasted on maintaining redundant parameters
when it is not necessary. For example, when pro-
cessing fewer seeds, the system can automatically
reduce the intensity of the machine, which direct-
ly reduces energy consumption (Ji et al., 2021).

In addition, the mechatronic systems can
recognise when the machine is in a standby state
or paused between seed treatments and auto-
matically switch it to a power-saving mode. This
minimises energy loss during downtime, which
also contributes to overall operational efficiency.
Thus, mechatronic systems reduce energy costs
even in situations where the machine is tempo-
rarily out of active operation.

Energy efficiency not only reduces direct en-
ergy costs but also reduces overall maintenance
and repair costs. Machines that operate with
optimum energy consumption typically experi-
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ence lower levels of wear and tear because their
components are not subjected to excessive loads.
This means that parts last longer, reduce the risk
of unexpected breakdowns, and reduce mainte-
nance and replacement costs.

Another important advantage is the envi-
ronmental aspect of energy efficiency. The use of
mechatronic systems not only reduces electrici-
ty consumption but also reduces carbon dioxide
emissions arising from energy production. This
helps reduce the negative impact on the envi-
ronment, which is becoming an increasingly im-
portant factor for the agricultural sector. Modern
enterprises are striving to meet the requirements
of sustainable development, and the introduction
of energy-efficient technologies is an important
step in this direction.

Thus, optimising energy consumption with
mechatronic systems not only reduces produc-
tion costs but also ensures a more environmen-
tally friendly operation of vibration cleaning
machines (Table 5). Automatic control and reg-
ulation systems, adaptation of equipment oper-
ation to changing conditions, and switching to
economical modes during downtime make these
technologies indispensable for achieving high
efficiency in modern agricultural production. Me-
chatronic systems help companies not only save
resources but also remain competitive in the
market while taking care of the environment and
future generations.

Table 5. Comparison of energy efficiency of vibration cleaning machines with
and without mechatronic systems

Vibration cleaning machines with

Vibration cleaning machines

Parameter mechatronic systems without mechatronic systems
Power consumption (kW) 10-15 15-20
Electricity costs (UAH/hour) 30-45 45-60
Energy sensors Fluke Fluke
Test model Satake MCH-100 Omas
Improved energy efficiency (%) 20 0

Source: compiled by the authors

Minimising human intervention is one of
the key aspects of implementing mechatronic
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the management of complex technological oper-
ations, reducing the risk of human error and in-
creasing overall production efficiency.

Thanks to mechatronic systems, most rou-
tine and difficult tasks that previously required
constant supervision by operators can now be
performed automatically. For instance, setting
the parameters of the vibration system, adjust-
ing the amplitude and frequency of oscillations,
as well as monitoring temperature and humidity,
are all done without the need for direct human
intervention. This reduces the error probability
that could occur due to operator fatigue, inatten-
tion or lack of experience.

The automation of vibration cleaning pro-
cesses also ensures precise and stable operation.
Mechatronic systems can independently adapt to
changing production conditions, quickly respond-
ing to changes in raw material volumes or ma-
chine parameters. Operators are no longer forced
to constantly check and adjust the machines,
which avoids shortcomings that could have been
caused by delays or incorrect settings. This en-
sures that the seed or grain cleaning process is
uninterrupted, which increases overall productiv-
ity and processing quality.

Another advantage of automation is im-
proved workplace safety. Vibrating equipment,
especially under heavy loads, can be dangerous
for the operator due to the high frequency of os-
cillations or possible overloads. Thanks to mecha-
tronic systems that monitor and adjust operating
parameters automatically, the risk of accidents is
significantly reduced. Modern systems can also
detect critical situations, such as excessive wear
and tear on parts or overloading, and automat-
ically stop the machine to prevent breakdowns.

Minimising human intervention also has a
positive impact on the economic performance
of enterprises (Bolanos et al., 2021). Since me-
chatronic systems perform most operations au-
tomatically, this reduces the need for additional
manpower to monitor the equipment. Thus, com-
panies can save on costs related to salaries, staff
training and workplace safety. In addition, the

reduction of errors and the increase in machine
efficiency reduces maintenance and repair costs.

Automated mechatronic systems also con-
tribute to improved resource and time manage-
ment. Operators can focus on more strategic
tasks, such as optimising production processes
or scheduling work, rather than routine technical
operations. This helps improve the overall effi-
ciency of management and, ensures flexible re-
sponse to changing operating conditions.

However, it is worth noting that full automa-
tion may have certain limitations. For instance, in
the event of malfunctions or unforeseen situa-
tions, the system may not always react as flexibly
as a human would. It is important that mecha-
tronic systems are properly programmed and able
to adapt to a variety of operating conditions. In
addition, given the complexity of modern tech-
nology, qualified personnel are needed to main-
tain these systems, monitor their operation and
respond quickly to possible failures.

As a result, minimising human intervention
with mechatronic systems opens new opportuni-
ties to improve the efficiency of vibration-cleaning
machines,reducing the risk of errors and costs. This
is an important step towards the modernisation
of the agricultural sector, enabling businesses to
operate more efficiently, safely and economically.

In general, the introduction of mechatronic
systems in vibration cleaning machines not only
increases their efficiency but also ensures more
reliable and stable operation, which is especially
relevant in improving the quality of seed cleaning
and optimising agricultural production.

Discussion
The study determined that the introduction of
mechatronic systems has significantly increased
the accuracy and stability of vibration-cleaning
machines in the agricultural sector. The automat-
ed vibration parameter control systems were used
to precisely control the frequency and amplitude
of vibrations, which has resulted in more uni-
form seed cleaning. This ensured a better quality
of the cleaning process compared to traditional
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methods, where such parameters were adjusted
manually. Thus, the results of the study confirmed
the assumption that the efficiency of equipment
operation will increase as a result of the introduc-
tion of modern technologies. This was also inves-
tigated by M. Mohd Ghazali & W.Rahiman (2021),
confirming that the accuracy and stability of vibra-
tion-cleaning machines are critical to achieving
high standards of seed cleaning. This is achieved
by fine-tuning the amplitude and frequency char-
acteristics of vibrations and improved mechanism
design. The use of modern materials also reduces
vibration loads and ensures uniformity of oper-
ation. A. Linenko et al. (2021) also demonstrated
that mechatronic systems increase the efficiency
of vibration-cleaning machines by automating the
adjustment of vibration parameters. The integra-
tion of sensors and controllers enables real-time
monitoring and adaptation. This results in shorter
processing times and improved cleaning quality.

The integration of mechatronic systems into
vibration-cleaning machines not only automates
processes but also increases their accuracy and
reliability. However, the results of the study indi-
cate that there are technical issues and additional
maintenance costs that could reduce overall effi-
ciency. This underscores the need for a compre-
hensive approach to the introduction of new tech-
nologies, accounting for both their benefits and
risks. Therefore, it is necessary to study in detail
all aspects of mechatronic system integration to
achieve optimal results in the agricultural sector.

One of the key findings was the reduction
of the impact of variable factors, such as dif-
ferent quantities and types of raw materials, on
the stability of the vibration-cleaning machines.
Automated real-time parameter adjustment en-
sured effective adaptation to changing operating
conditions. As a result, constant productivity was
achieved, even in the presence of significant fluc-
tuations in the characteristics of raw materials.
This underlined the importance of mechatronic
systems for maintaining a high level of stability in
agricultural processes. Y. Li et al. (2022) conclud-
ed that the automation of real-time adjustment
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of the parameters of vibration cleaning machines
allows for accurate and fast adjustment of vi-
bration amplitudes and frequencies following
changing processing conditions. This improves
the efficiency of the cleaning process, as the
system can respond quickly to changes in the
characteristics of seeds or impurities. Thanks to
this automation, the human factor is reduced,
which reduces the risk of errors and improves
the overall quality of processing. V. Adamchuk et
al. (2021) determined that reducing the impact
of external factors such as temperature, humid-
ity or voltage fluctuations on the performance
of vibration cleaning machines is an important
aspect of ensuring stable operation. The use of
modern sensors and controllers that account for
these factors helps reduce their negative impact
on the efficiency of the cleaning process. This en-
sures a consistent high-quality finish regardless
of external conditions.

These results confirm the study, as the auto-
mation of real-time parameter control improves
the accuracy and stability of vibration-cleaning
machines. However, the impact of external factors
can vary depending on the operating conditions.
The results of the study indicate the need to
adapt the systems to specific processing condi-
tions, which may require additional adjustments
and optimisation. Hence, while automation in-
creases efficiency, it is important to consider all
the variables to achieve maximum results.

In addition, the study showed that the use
of integrated sensors to monitor key parameters
such as temperature and humidity can quickly
detect deviations in machine performance. Auto-
matic parameter adjustment helped avoid over-
loads and ensure uninterrupted operation of the
equipment. These results indicate a significant
impact of mechatronic systems on improving the
reliability and stability of vibration-cleaning ma-
chines. Z. Ma et al. (2023) also determined that
monitoring and correcting key parameters such as
vibration amplitude and frequency are critical to
ensuring the stable operation of vibration-clean-
ing machines. Monitoring systems can detect any
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deviations from the established norms and make
prompt adjustments to maintain optimal per-
formance. This not only improves the quality of
cleaning but also reduces the risk of equipment
breakdowns and malfunctions. J. Lee et al. (2023),
in turn, concluded that integrated sensors are
central in improving the reliability of vibration
cleaning machines by providing continuous mon-
itoring and accurate measurement of critical pa-
rameters. They identify and resolve problems that
could affect cleaning efficiency or cause malfunc-
tions in time. The system can automatically adjust
parameters in real-time, which contributes to the
durability of the equipment and its stability.

This data confirms the importance of moni-
toring and correcting key parameters for the sta-
ble operation of vibration-cleaning machines. The
integrated sensors demonstrate the effectiveness
of automated control in real-time, following the
requirements. However, despite the benefits,
the study results point to challenges in adapt-
ing technologies to specific working conditions.
Therefore, it is necessary not only to introduce
modern technologies but also to constantly adapt
them to maintain high performance and reliabili-
ty of the equipment.

Another important result of the study was
the identification of the positive impact of me-
chatronic systems on reducing the wear of me-
chanical components of equipment. Load regula-
tion and overload prevention have significantly
extended the service life of the machines and
reduced maintenance costs. This not only reduces
the overall costs of agricultural enterprises but
also increases the environmental sustainability
of production through longer use of equipment.
S.Kharchenko et al. (2022) also conducted a study
that confirmed that reducing the wear of vibration
cleaning machines is achieved using advanced
technologies that ensure uniformity of vibrations
and reduce the mechanical load on components.
This extends the service life of the equipment and
reduces the frequency of repairs and maintenance.
Technical improvements contribute to greater
machine reliability and lower maintenance costs.

P. Onu et al. (2024) also determined that mecha-
tronic systems offer significant economic benefits,
including reduced energy and maintenance costs
due to increased operational efficiency. The en-
vironmental benefits include reduced waste and
a lower environmental impact due to more pre-
cise process control and reduced emissions. This
makes mechatronic systems a favourable choice
in terms of sustainability and resource savings.

Based on the results obtained, it is pos-
sible to argue that the introduction of modern
technologies, in particular mechatronic systems,
significantly improves the technical, econom-
ic and environmental characteristics of vibra-
tion-cleaning machines. Reduced wear and tear
and extended equipment life reduce repair and
maintenance costs. In addition, economic ben-
efits, such as reduced energy consumption, as
well as environmental benefits, such as reduced
emissions, underline the overall benefit of imple-
menting these systems. Thus, the results of the
study confirm the effectiveness of mechatronic
systems integration for sustainable development
and productivity improvement.

Energy efficiency was also centralin the survey
results. Mechatronic systems optimised the ener-
gy consumption of vibration cleaning machines by
adapting to changing conditions. This significantly
reduced electricity consumption, which is espe-
cially important for businesses seeking to reduce
costs and improve environmental performance.
This aspect demonstrated that mechatronic sys-
tems not only increase the efficiency of equipment
but also improve the overall energy efficiency.
S. Afolalu et al. (2021) concluded that energy effi-
ciency is one of the key advantages of mechatron-
ic systems, as they reduce energy consumption
through optimised process control. By precisely
controlling parameters and reducing energy Loss-
es, these systems help reduce energy costs and
increase the overall efficiency of the equipment.
This not only reduces operating costs but also has
a positive impact on the environmental sustain-
ability of production facilities. S. Ogonowski &
P. Krauze (2022) determined mechatronic systems
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optimise the energy consumption of vibra-
tion-cleaning machines by precisely controlling
vibrations and automating processes. The inte-
gration of sensors and controllers reduced energy
losses by adapting the operation of machines to
real conditions and needs. This ensures more ef-
ficient use of energy, which leads to lower overall
costs and an improved environmental balance.

Analysis of the study results shows that me-
chatronic systems significantly improve the en-
ergy efficiency of vibration-cleaning machines.
Their ability to optimise energy consumption
and provide precise process control confirms
significant economic and environmental ben-
efits. The implementation of such systems not
only reduces energy costs but also contributes
to sustainable development and reduces envi-
ronmental impact. However, to fully utilise these
benefits, it is necessary to address the challeng-
es associated with adopting new technologies.

Overall, the study results confirmed the ef-
fectiveness of mechatronic systems for the agri-
cultural sector. They provide accuracy, stability,
reduced maintenance costs and energy efficiency.
This allows agricultural enterprises not only to
increase productivity but also to make production
processes more sustainable and cost-effective
in the long term.

Conclusions

The introduction of mechatronic systems in vibra-
tion cleaning machines has significantly improved
their accuracy and stability in the agricultural sec-
tor. The integration of mechatronic systems has
made it possible to achieve a significant increase
in the accuracy of vibration parameters, which has
had a positive impact on the seed-cleaning pro-
cess. Thanks to precise control of the frequency
and amplitude of vibrations, automatic adjust-
ment systems ensure uniform cleaning of differ-
ent types of raw materials, which reduces product
losses and improves overall quality.

Automated real-time load control ensures
consistent cleaning efficiency, accounting for
variable parameters such as seed or grain vol-
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ume. This reduces the impact of external factors
such as fluctuations in the flow of raw materi-
als, which can negatively affect the stability of
traditional machines. Monitoring and correction
of operating parameters by means of integrated
sensors ensures consistent machine performance
even under changing operating conditions. This
quickly identifies and corrects deviations, reduc-
ing the risk of malfunctions and increasing the
overall reliability of the equipment. Reducing
wear and tear on mechanical components by
automatically adjusting parameters and pre-
venting overloading not only extends machine
life but also reduces maintenance costs, which
has a positive economic impact. Energy efficien-
cy achieved through optimising electricity con-
sumption also reduces overall production costs.
A study conducted based on the agricultural en-
terprise BIG Harvest Group demonstrated that
the introduction of automated control of vibra-
tion processes has a significant positive impact
on energy costs and seed cleaning quality. This
decision not only improved the efficiency of pro-
duction processes but also became an impor-
tant step towards the sustainable development
of the agricultural sector. Thus, automation of
technological processes is the key to successful
production modernisation and meeting modern
market requirements.

In general, the introduction of mechatronic
systems in vibration cleaning machines in the
agricultural sector demonstrates significant ben-
efits, including increased accuracy, stability and
cost-effectiveness. This confirms the importance
of continuing research and innovation in this area
to further improve seed-cleaning technologies.

The limitation of the study is the coverage
of only one type of vibration cleaning machine,
which may limit the generalisability of the results
for other models or designs of equipment. It is
necessary to further study the impact of mecha-
tronic systems on the long-term reliability and
efficiency of vibration-cleaning machines under
various operating conditions, including different
types of raw materials and climatic conditions.

Scientific Reports of the National University of Life and Environmental Sciences of Ukraine. 2024. Vol. 20, No. 5



Impact of mechatronic systems on accuracy and stability of vibration cleaning machines...

Acknowledgements Conflict of Interest

None. None.

[1]

[2]

(3]

[4]

[5]

[6]

[7]

(8]

(9]

[10]

[11]

[12]

References
Adamchuk, V., Bulgakov, V., Gadzalo, I., Ivanovs, S., Stepanenko, S., Holovach, I, & lhnatiev, Y. (2021).
Theoretical study of vibrocentrifugal separation of grain mixtures on a sieveless seed-cleaning
machine. Rural Sustainability Research, 46(341), 116-124. doi: 10.2478/plua-2021-0023.
Afolalu, S.A., Ikumapayi, O.M., Abdulkareem, A., Soetan, S.B., Emetere, M.E., & Ongbali, S.0. (2021).
Enviable roles of manufacturing processes in sustainable fourth industrial revolution — a case study
of mechatronics. Materials Today: Proceedings, 44(1), 2895-2901. doi: 10.1016/j.matpr.2021.01.099.
Aliiev, E., & Lupko, K. (2021). Prerequisites for the creation of a mechatronic system of indented
cylinders for the separation of fine seeds. Scientific Horizons, 24(3), 75-86. doi: 10.48077/
scihor.24(3).2021.75-86.
Badita-Voicu, L.L.,Voicu,A.C., & Zapciu,A.(2024). Tribological tests of nanometric coatings used for
mechatronic components with increased wear-resistance.InV.lvanoy, |. Pavlenko, M. EdLl,J. Machado
& J. Xu (Eds.), Proceedings of the 7th international conference on design, simulation, manufacturing:
The innovation exchange (pp. 347-358). Cham: Springer. doi: 10.1007/978-3-031-63720-9 30.
Bolanos, R.D., Valdiero, A.C., Rasia, L.A., & Ferreira, J.C. (2021). Identifying the trend of research on
mechatronic projects. In O. Canciglieri Junior, F. Noél, L. Rivest & A. Bouras (Eds.), Product lifecycle
management. Green and blue technologies to support smart and sustainable organizations (pp. 25-39).
Cham: Springer. doi: 10.1007/978-3-030-94399-8 3.
Brown, V.S., Erickson, T.E., Merritt, D.J., Madsen, M.D., Hobbs, R.J., & Ritchie, A.L. (2021). A global
review of seed enhancement technology use to inform improved applications in restoration.
Science of the Total Environment, 798, article number 149096.doi: 10.1016/j.scitotenv.2021.149096.
Cardona, C.I., Tinoco, H.A., Perdomo-Hurtado, L., Duque-Dussan, E., & Banout, J. (2024). Optimizing
harvesting efficiency: Development and assessment of a pneumatic air jet excitation nozzle
for delicate biostructures in food processing. Foods, 13(10), article number 1458. doi: 10.3390/
foods13101458.
Essola, D., Njomoue, A.P,, Offole, F., Mezoue, C.A., Zanga, C.N., & Venant, K. (2022). Low frequency
vibratory cleaning of paint and rust contaminants from machines parts. Proceedings of the
Institution of Mechanical Engineers, Part B: Journal of Engineering Manufacture, 236(4), 387-400. doi:
10.1177/09544054211031451.
Amertet, S., Gebresenbet, G., Alwan, H.M., & Kochneva, OV. (2023). Assessment of the smart
mechatronics application in agricultural: A review. Applied Sciences, 3(12), article number 7315.
doi: 10.3390/app13127315.
Hassan, I.U., Panduru, K., & Walsh, J. (2024). An in-depth study of vibration sensors for condition
monitoring. Sensors, 24(3), article number 740. doi: 10.3390/524030740.
Hayat, A.A., Yi, L., Kalimuthu, M., Elara, M.R., & Wood, K.L. (2022). Reconfigurable robotic system
design with application to cleaning and maintenance. Journal of Mechanical Design, 144(6), article
number 063305. doi: 10.1115/1.4053631.
lonescu, D., Filipescu, A., Simion, G., Mincd, E., Cernega, D., Solea, R., & Filipescu, A. (2022).
Communication and control of an assembly, disassembly and repair flexible manufacturing
technology on a mechatronics line assisted by an autonomous robotic system. Inventions, 7(2),
article number 43. doi: 10.3390/inventions7020043.

Scientific Reports of the National University of Life and Environmental Sciences of Ukraine. 2024. Vol. 20, No. 5


https://doi.org/10.2478/plua-2021-0023
https://doi.org/10.1016/j.matpr.2021.01.099
https://doi.org/10.48077/scihor.24(3).2021.75-86
https://doi.org/10.48077/scihor.24(3).2021.75-86
https://doi.org/10.1007/978-3-031-63720-9_30
https://doi.org/10.1007/978-3-030-94399-8_3
https://doi.org/10.1016/j.scitotenv.2021.149096
https://doi.org/10.3390/foods13101458
https://doi.org/10.3390/foods13101458
https://doi.org/10.1177/09544054211031451
https://doi.org/10.1177/09544054211031451
https://doi.org/10.3390/app13127315
https://doi.org/10.3390/s24030740
https://doi.org/10.1115/1.4053631
https://doi.org/10.3390/inventions7020043

Reva et al.

[13] Ishchenko, V. (2023). Main technological adjustments of grain cleaning machines. Retrieved from
https://agronomy.com.ua/statti/1946-osnovni-tekhnolohichni-rehuliuvannia-zernoochysnykh-
mashyn.html.

[14] Ji, )., Sang, Y., He, Z, Jin, X., & Wang, S. (2021). Designing an intelligent monitoring system for
corn seeding by machine vision and Genetic Algorithm-optimized Back Propagation algorithm
under precision positioning. PloS One, 16(7), article number e0254544. doi: 10.1371/journal.
pone.0254544.

[15] Kharchenko, S., Kharchenko, F., Samborski, S., Pasnik, J., Kovalyshyn, S., & Sirovitskiy, K.
(2022). Influence of physical and constructive parameters on durability of sieves of grain
cleaning machines. Advances in Science and Technology Research Journal, 16(6), 156-165. doi:
10.12913/22998624/156128.

[16] Kuntoglu, M., Salur, E., Gupta, M.K., Sarikaya, M., & Pimenov, D.Y. (2021). A state-of-the-art review
on sensors and signal processing systems in mechanical machining processes. International Journal
of Advanced Manufacturing Technology, 116(9), 2711-2735.doi: 10.1007/s00170-021-07425-4.

[17] Lee, J.H., Cho, K.H., & Cho, K. (2023). Emerging trends in soft electronics: Integrating machine
intelligence with soft acoustic/vibration sensors. Advanced Materials, 35(32), article number
2209673.doi: 10.1002/adma.202209673.

[18] Li,Y., Xu, L., Lv, L., Shi, Y., & Yu, X. (2022). Study on modeling method of a multi-parameter control
system for threshing and cleaning devices in the grain combine harvester. Agriculture, 12(9), article
number 1483. doi: 10.3390/agriculture12091483.

[19] Linenko, A., Khalilov, B., Kamalov, T., Tuktarov, M., & Syrtlanoy, D. (2021). Effective technical ways
to improve the vibro-centrifugal separator electric drive for grain cleaning. Journal of Agricultural
Engineering, 52(2), article number 5190. doi: 10.4081/jae.2021.1136.

[20] Ma,Z.,Zhang,Z.,Zhang, Z., Song, Z., Liu, Y., Li, Y., & Xu, L. (2023). Durable testing and analysis of a
cleaning sieve based on vibration and strain signals. Agriculture, 13(12), article number 2232. doi:
10.3390/agriculture13122232.

[21] Martinez-Parrales, R., & del Carmen Téllez-Anguiano, A. (2022). Vibration-based fault detection
system with |oT capabilities for a conveyor machine. Acta Polytechnica Hungarica, 19(9), 7-24.

[22] Minca, E., Filipescu, A., Cernega, D., Solea, R., Filipescu, A., lonescu, D., & Simion, G. (2022). Digital
twin for a multifunctional technology of flexible assembly on a mechatronics line with integrated
robotic systems and mobile visual sensor - challenges towards industry 5.0. Sensors, 22(21), article
number 8153. doi: 10.3390/s22218153.

[23] Mohd Ghazali, M.H., & Rahiman, W. (2021). Vibration analysis for machine monitoring and
diagnosis: A systematic review. Shock and Vibration, 2021(1), article number 9469318. doi:
10.1155/2021/9469318.

[24] Mdller, A., Nunes, M.T., Maldaner, V., Coradi, P.C., de Moraes, R.S., Martens, S., Leal, A.F., Pereira, V.F.,
& Marin, CK. (2022). Rice drying, storage and processing: effects of post-harvest operations on
grain quality. Rice Science, 29(1), 16-30. doi: 10.1016/j.rsci.2021.12.002.

[25] Ogonowski,S., & Krauze, P.(2022). Trajectory control for vibrating screen with magnetorheological
dampers. Sensors, 22(11), article number 4225. doi: 10.3390/522114225.

[26] Onu, P, Adesoji, A.A., & Emmanuel, A. (2024). A mini review on the role of mechatronics in
addressing energy and environmental issues. In International conference on science, engineering
and business for driving sustainable development goals (pp. 1-5). Omu-Aran: IEEE. doi: 10.1109/
SEB4SDG60871.2024.10630276.

Scientific Reports of the National University of Life and Environmental Sciences of Ukraine. 2024. Vol. 20, No. 5


https://agronomy.com.ua/statti/1946-osnovni-tekhnolohichni-rehuliuvannia-zernoochysnykh-mashyn.html
https://agronomy.com.ua/statti/1946-osnovni-tekhnolohichni-rehuliuvannia-zernoochysnykh-mashyn.html
https://doi.org/10.1371/journal.pone.0254544
https://doi.org/10.1371/journal.pone.0254544
https://doi.org/10.12913/22998624/156128
https://doi.org/10.12913/22998624/156128
https://doi.org/10.1007/s00170-021-07425-4
https://doi.org/10.1002/adma.202209673
https://doi.org/10.3390/agriculture12091483
https://doi.org/10.4081/jae.2021.1136
https://doi.org/10.3390/agriculture13122232
https://doi.org/10.3390/agriculture13122232
https://acta.uni-obuda.hu/Martinez-Parrales_Tellez-Anguiano_127.pdf
https://acta.uni-obuda.hu/Martinez-Parrales_Tellez-Anguiano_127.pdf
https://doi.org/10.3390/s22218153
https://doi.org/10.1155/2021/9469318
https://doi.org/10.1155/2021/9469318
https://doi.org/10.1016/j.rsci.2021.12.002
https://doi.org/10.3390/s22114225
https://doi.org/10.1109/SEB4SDG60871.2024.10630276
https://doi.org/10.1109/SEB4SDG60871.2024.10630276

Impact of mechatronic systems on accuracy and stability of vibration cleaning machines...

[27] Romanssini, M., de Aguirre, P.C., Compassi-Severo, L., & Girardi, A.G. (2023). A review on vibration
monitoring techniques for predictive maintenance of rotating machinery. Eng, 4(3), 1797-1817. doi:
10.3390/eng4030102.

[28] Sinha,J.P,,Kumar,A., & Weissmann, E.(2023).Seed processing for quality upgradation.In M.Dadlani,
D.K.Yadava (Eds.), Seed science and technology: Biology, production, quality (pp. 213-237).Singapore:
Springer. doi: 10.1007/978-981-19-5888-5_10.

[29] Tsai, J.M., Sun, I.C., & Chen, K.S. (2021). Realization and performance evaluation of a machine
tool vibration monitoring module by multiple MEMS accelerometer integrations. The International
Journal of Advanced Manufacturing Technology, 114, 465-479. doi: 10.1007/s00170-021-06856-3.

[30] Ullah, K., Basit, A., Ullah, Z., Aslam, S., & Herodotou, H. (2021). Automatic generation control
strategies in conventional and modern power systems: A comprehensive overview. Energies, 14(9),
article number 2376. doi: 10.3390/en14092376.

[31] Xie, D., Chen, L., Liu, L., Chen, L., & Wang, H. (2022). Actuators and sensors for application
in agricultural robots: A review. Machines, 10(10), article number 913. doi: 10.3390/
machines10100913.

Scientific Reports of the National University of Life and Environmental Sciences of Ukraine. 2024. Vol. 20, No. 5


https://doi.org/10.3390/eng4030102
https://doi.org/10.3390/eng4030102
https://doi.org/10.1007/978-981-19-5888-5_10
https://doi.org/10.1007/s00170-021-06856-3
https://doi.org/10.3390/en14092376
https://doi.org/10.3390/machines10100913
https://doi.org/10.3390/machines10100913

Reva et al.

Bnaue MexaTpPOHHUX CUCTEM Ha TOUHICTb i CTabinbHiCTb po6oTH
Bi6BpOOUYMCHNX MALLMH Y arpapHOMY CEKTOpi

lOpin PeBa

AcnipaHT

NepxaBHuit 6ioTexHONOrivHKI yHiBEpCUTET
61002, Byn. AnueBcbkux, 44, M. XapkiB, YkpaiHa
https://orcid.org/0009-0000-9701-430X
OnekcaHap JIyk'ssHeHKo

AcnipaHT

[lepxxaBHuit 6ioTexHONOriYHKI yHiBEpCUTeT
61002, Byn. AnueBcbkux, 44, M. XapkiB, YkpaiHa
https://orcid.org/0009-0009-2793-1917

IBaH Manuy

KaHanaaT TeXHIYHUX HayK, AOLEHT
[epxaBHKWI BiOTEXHONOTIYHMI YHIBEPCUTET
61002, Byn. AnueBcbkux, 44, M. XapkiB, YKpaiHa
https://orcid.org/0000-0002-9137-036X

AHoTauif. JocnigpkeHHs 6yno npoBefeHO ANS BWU3HAYEHHS TOrO, SK BUKOPWUCTAHHS MEXaTPOHHMX
CMCTEM MOXe ONTMMIi3yBaTM pobOoTy BIOPOOUMCHMX MALIMH | MOKPAWMTM iX MNPOAYKTUBHICTD Y
CiNlbCbKOrocnoaapcbkmMx npouecax. Y ubOMy J[OCNIOXKEHHI 3acTOCOBYBaNMCS METOLM BUMIpPHOBAHHS
TOYHOCTI BiBpaLii, aBTOMaTM30BaHOIO PerynoBaHHS HaBAHTAXEHHS, MOHITOPUHIY pobounx napameTpis,
OLLiIHKM 3HOCY, aHani3y eHeproedeKTMBHOCTI Ta OLHKM BMIMBY Ha MiHiMi3aLilo NIOACBKOrO BTPYYaHHS.
LocnipxeHHs, npoBeaeHe Ha nignpuemctsi «BIG Harvest Group», npoaeMOHCTPYBano, L0 BNPOBALKEHHS
MeXaTPOHHMX CUCTEM Y BiDPOOYMCHI MALUMHKM 3HAYHO MiABMLLYE TOYHICTb i CTAbiNbHICTb IXHBOI poboTw.
|HTerpauis aBTOMaTM30BaHOrO peryatoBaHHA 4acTOTM Ta aMNiTyAM KONMBAHb [03BOAMAA 3MEHLUMTU
€HEeprocnoXMBaHHA Ta NiABUWMTM e(dEKTUBHICTb OYMLLEHHS HACiHHS MOPIBHAHO 3 TPaAULIMHWMK
MeToAamMu. BusBneHo, WO cuCTeMa aBTOMATMYHOIO MOHITOPUHIY i KOpekuii napameTpiB 3abesneuye
CTabinbHy NPOAYKTMBHICTb MALUMHM HaBiTb MPU 3MIHHMX YMOBAX HAaBAHTAXEHHS. 3MEHLUEHHS 3HOCY
MeXaHiYHMX KOMMOHEHTIB BKa3Y€E Ha NOAOBXEHHS TEPMiHY CyXX6UM 06nalHaHHS, @ TAKOXK 3HUXKEHHS YaCTOTH
npocToiB i NoTpebu B py4HOMY BTpYYaHHi. 3aranoMm, pesynstat NiATBEPANM, WO MEXATPOHHI CUCTEMU
3HAYHO NiABULLYIOTb eeKTUBHICTb BIOPOOYMCHMX MALLMH, LLO MO3UTUBHO BMNIMBAE HA SKiCTb OYMLLEHHS
Ta eKOHOMIiYHY eeKTMBHICTb Y CiflbCbKOMY rocnoaapcrsi. [locnimkKeHHS TakoX BUSIBUNO, LLO aBTOMAaTUYHE
KOpWryBaHHS pobounx napaMeTpiB 3a AONOMOro0 MeXaTPOHHMUX CUCTEM A,03BONSE 3MEHLLMTU KONMBAHHSA
B poboTi MalwKHK, Wwo 3abesneyye Binbl piBHOMipHE 04YMLEHHS. CUCTEMA iHTErPOBAHOrO MOHITOPUHIY
[L03BONIMNIA ONEPATUBHO BUSBASTH | YCYBaTU HECMPABHOCTI, 3MEHLLYHOUM Yac Ha TeXHIUHe 06CyroByBaHHSs.
B pe3synbtarti, 6ynu fOCArHYTI NOKpaLLEHHS B 3ara/lbHOMY YNPaBiHHI NPOLECAMU OUULLEHHS HACiHHS, WO
CNPUSE NiABULLEHHIO MPOAYKTUBHOCTI | 3HUXEHHIO BUTPAT Ha eKCMnayaTaLito obnagHaHHs
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