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UDC 621.646
OPTIMISING DOSING IN IHOT SYSTEMS WITH VALVES

Kryvoplias-Volodina L.,

Doctor of Engineering Sciences, Professsor

Maslo M.,

Candidate of Technical Sciences, Associate Professor
Volodin M.,

Master

National University of Food Technology

Kyiv, Ukraine

Introductions. In the context of the Industry 4.0 paradigm, the integration of
digital technologies, in particular the Industrial Internet of Things (110T), is becoming
a decisive factor in the modernisation of production systems. The application of 10T
in the food industry, especially in dosing and packaging modules, contributes to the
formation of intelligent, flexible and adaptive production environments. Thanks to
the introduction of sensors, actuators and mechatronic components with feedback
support, each element of the production line can be integrated into a single
information system for real-time data collection, analysis and processing. This
ensures accurate dosing, proactive maintenance and rapid adaptation to changes in
production parameters. At the same time, scientific challenges arise related to
cybersecurity, standardisation and machine analysis of big data. A promising
direction is the use of electromagnetic valves in mechatronic modules with intelligent
control, which increases the accuracy and dynamic characteristics of dosing systems.

Key words: Industrial Internet of Things, mechatronic modules, dosing and

packaging systems, food industry, intelligent control.

Aim. During the development, testing and operation of packaging machines,
increasing attention is being paid to the integration of mechatronic modules into the
structure of cyber-physical systems based on Industrial Internet of Things (I1oT)

technologies. Scientific research in the US and EU countries [1, p. 1] emphasises the
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Importance of using sensor technologies and digital twins to ensure continuous
monitoring of the condition of dosing and packaging equipment. The development of
this approach is based on the use of intelligent components — pilot valves with PWM
control, which allow high accuracy and dynamics to be achieved in dosing processes
[2, p. 3]. The works of Japanese authors [3, p. 2] are devoted to the improvement of
dispensers, where the use of mechatronic drives with electro-pneumatic transducers
in real-time modes is investigated. In these systems, the feedback structure plays a
special role, maintaining stability even under conditions of pressure or temperature
changes. In works from Canada [4, p. 2], the emphasis is on adaptive control of
pneumatic drives with compensation for the nonlinearities of discrete valves.
Scientific work [5, p. 5] provides examples of the successful use of electromagnetic
pilot valves to improve the dynamic response of dosing modules, confirming the
effectiveness of PWM modulation in complex conditions. The development of this
approach is based on the use of computer modelling, which allows the creation of
digital twins to simulate various scenarios of system operation. German literature
[6, p. 4] provides a case study on the implementation of a digital twin for a packaging
line, where digital modelling made it possible to predict emergency situations and
reduce equipment downtime. At the same time, works from India [7, p. 3] note that
although the implementation of 10T in the food industry has obvious advantages, it
does not provide a sufficient basis for the development of comprehensive engineering
recommendations for the unification of modules. Despite a significant amount of
scientific research, the problem of standardising interfaces and protocols in IloT
systems limits the possibility of creating universal and optimal control systems.
According to analytical reviews by Australian researchers [8, p. 2], special attention
should be paid to solving the problem of secure and reliable data exchange between
different levels of the production hierarchy — from sensors to cloud services.
Therefore, it is important to develop an interdisciplinary approach to the development
of mechatronic modules with built-in means of self-diagnosis, self-adaptation and
intelligent control, especially in the context of product variability in the food

industry. As noted in a joint work by European and American engineers [9, p. 6], the
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creation of flexible dosing and packaging systems of the future requires the
integration of machine learning methods that provide predictive maintenance and
autonomous optimisation of parameters in real time. In conclusion, it should be
emphasised that although current research [10, p. 32] focuses on the local
optimisation of individual elements (dispensers, drives, sensors), a systematic
approach using 1loT [11, p. 18] opens up new horizons. That is why studying the
structure of mechatronic modules with pilot electromagnetic valves based on digital
twins is a promising direction that allows increasing the accuracy, speed and
reliability of new generation packaging equipment.

Materials and methods. Pneumatic drive control systems with discrete valves
are characterised by pronounced non-linearity of static characteristics, including
Insensitivity and saturation zones at the signal range limit. These features complicate
the application of proportional control methods, in particular PWM, due to limited

linearisation efficiency (Fig. 1).

Solenoid Current
at Temperature T2

PEAK

Reference for
Comparator { —+—+—" >

Reference for _
Comparator 2

Fig. 1. Typical dependence of plunger displacement

in DC electromagnetic solenoids

In cases where the nonlinearities in the characteristics of discrete valves are
overly pronounced, the use of pulse width modulation becomes ineffective. Under
such conditions, it becomes advisable to use relay control principles, which involve
binary switching of the valve between limit states, ensuring the stability and

predictability of the system dynamics. In cases of excessive nonlinearities in the static
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characteristics of pneumatic valves, the efficiency of pulse width modulation (PWM)
Is significantly reduced, which makes it advisable to use relay control laws focused
on switching actuators between two limit states. Analysis of the experimental results
(Fig. 5) obtained for Camozzi AP type electro-pneumatic valves, which are widely
used in industrial automation systems, demonstrates the presence of characteristic
zones of insensitivity at control signals within the range of 0—20% and saturation in
the range of 80-100%. At the same time, within the range of 20-80%, a pronounced
linear part of the characteristic is observed, which creates prerequisites for the use of
linearised control methods, in particular PWM. This opens up opportunities to
improve control accuracy in stability zones, provided that the individual parameters

of specific valve types are taken into account.
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Fig. 2. Experimental characteristics of the dosing mechatronic
module valve operation

To achieve optimal performance of pneumatic systems with discrete valves, it
Is necessary to carefully study the static loads that affect the dynamics of the drive. If
nonlinearities are detected, it is advisable to apply compensation methods, in
particular the use of correspondence tables or the inclusion of nonlinear correction
elements in the control loop. It should be emphasised that Camozzi AP valves are
characterised by relatively low hysteresis, which greatly facilitates the processes of
modelling, linearisation and adaptation of the control system. Thus, the choice of an
appropriate control strategy is based on an analysis of the inertial properties, the

required positioning accuracy, the speed of the system, as well as the stability and
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energy efficiency requirements of the controlled object.

Conclusion. As a result of research into the dosing process in mechatronic
modules of packaging machines, a mathematical model and digital twin have been
developed that allow modelling of operating modes, optimisation of control and
assessment of the influence of technological parameters. This ensures increased

dosing accuracy, reduced costs and effective integration into automated systems.
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