TexHika, eHepreTHka,
Ne 3 (134) /2026 TpaHcnoprt AIIK

)z Technology, energy,
ISSN: 2520-6168 Vol. 134,Ne 3 / 2026 agriculture transport AIC

UDC 631.362:62-83
DOI: 10.37128/2520-6168-2026-3-4

MICROPROCESSOR SYSTEM FOR DIGITAL CONTROL OF ELECTRIC DRIVES OF
WORKING ELEMENTS OF GRAIN CLEANING MACHINES

Serhii STEPANENKO, Doctor of Technical Sciences, Associate Professor
Daryna VOLYK candidate of technical sciences, Acting Senior Research Fellow
Alvian KUZMICH, candidate of technical sciences, senior researcher
Ilhor POPADYUK, Junior Researcher
Institute of Mechanics and Automation of Agro-Industrial Production,
National Academy of Agrarian Sciences of Ukraine

CTEINAHEHKO Cepriii [lerpoBuy, 1.T.H., CT.H.C
BOJIUK /Jlapuna AnaroaiiBHa, 1okTop (inocodii, B.o. CT.H.C.
KY3bMMUY AabBian SIpociaBoBuY, K.T.H., CT. JOCTITHUK
MNOMAAIOK Irop CemenoBuY, HAyKOBUi CIIIBpOOIiTHHK
[HCTUTYT MEXaHiKM Ta aBTOMAaTUKHU arpoONpPOMHUCIOBOTO BUPOOHHUIITBA
HarmionanpHOi akagemii arpapHux HayK YKpaiHu

This paper addresses the development and experimental validation of a digital control system for the
electric drives of grain-cleaning machine working units based on the SAKO SKI1780 frequency converter, the
Arduino Uno microcontroller platform and the Modbus RTU communication protocol. The proposed system
is intended to improve the accuracy, flexibility and reliability of electric-drive control during grain-cleaning
operations. The general architecture of the control system, the principles of interaction between its main
hardware components, the control algorithm for generating and transmitting commands through the RS-485
interface, and the corresponding software implementation of the microprocessor-based control system are
presented.

Particular attention is paid to ensuring stable and reliable data exchange between the microcontroller
and the frequency converter, as well as to the correct formation of control commands for regulating rotational
speed and other operating parameters of the electric drive. The developed software makes it possible to set
the required operating modes, transmit control signals, process feedback data and coordinate the operation
of individual machine units. Experimental studies confirmed the stable operation of the proposed control
system and its ability to accurately reproduce specified speed modes under varying load conditions.

The obtained results demonstrate that the use of digital control makes it possible to reduce transient
response time compared with conventional analog control methods, thereby improving the stability of electric-
drive operation and the consistency of grain separation. The developed system also provides flexible
adjustment of rotational speed and facilitates centralized control of individual working units. The proposed
approach can be considered a promising solution for the automation and modernization of grain-cleaning
equipment. Further development may involve the integration of sensors for monitoring grain quality, drive
load and material flow, enabling adaptive control algorithms and automatic adjustment of operating
parameters in response to changing technological conditions. The obtained results provide a scientific and
practical basis for improving the energy efficiency, reliability and technological performance of modern grain-
cleaning machines.

Keywords: grain separation, frequency converter, RS-485, Arduino, asynchronous electric motor,
Modbus RTU, grain cleaning machine.
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1. Problem formulation

Most existing grain-cleaning machines (such as the OVS-25, SM-4, and similar models) employ non-
adjustable electric drives [1]. Consequently, the operating modes of the separation process are often adjusted
only through the mechanical replacement of pulleys or by regulating the fan dampers, which is an inherently
slow and inaccurate approach [2].
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With the rapid development of automated technological processes in both industry and agriculture,
increasing demands are being placed on the accuracy, energy efficiency, and reliability of electric drive
systems [3]. Frequency converters are widely used for controlling induction motors because they provide
smooth speed regulation, reduce energy consumption, and improve the operational performance of industrial
equipment [4].

The transition to independent control of screen vibration frequency and fan rotational speed using
frequency converters enables grain-cleaning machines to be adapted to the physical and mechanical properties
of a particular grain batch [5].

However, conventional methods of frequency converter control based on analog signals or discrete
inputs are characterized by limited accuracy and functionality [6]. Such approaches complicate the integration
of electric drives into modern distributed control systems and do not provide sufficient flexibility for
implementing advanced automation algorithms.

The application of digital communication interfaces, particularly RS-485 employing the Modbus RTU
protocol, offers significant opportunities to improve control accuracy and communication reliability under
industrial operating conditions [7]. Nevertheless, the development of an efficient, reliable, and easy-to-
implement control system for frequency converters based on affordable microcontroller platforms remains
insufficiently investigated.

Therefore, the development of a microprocessor-based control system for the frequency converters of
grain-cleaning machine working units represents an important scientific and practical task. Such a system
would enable precise adjustment of screen vibration frequency and aspiration fan speed, which is essential for
adapting the separation process to the physical and mechanical characteristics of a specific batch of grain
material.

2. Analysis of recent research and publications

Recent studies have devoted considerable attention to improving the efficiency and reliability of
frequency converter control in electric drive systems. In particular, the authors of [8] investigated fault-tolerant
vector control methods for induction motors. Their study proposed algorithms for compensating motor
parameter asymmetry caused by stator winding faults, thereby significantly reducing electromagnetic torque
oscillations and ensuring stable drive operation even under fault conditions. The reported results demonstrate
that the reliability of frequency converter-based drive systems can be substantially improved through the
enhancement of control algorithms.

Study [9, 17-20] focused on frequency control strategies for traction electric drives operating under
demanding conditions. The authors demonstrated that conventional control algorithms do not always provide
optimal energy performance and proposed modified control approaches capable of reducing current loading
while improving drive efficiency. These findings highlight the importance of adapting frequency converter
control strategies to specific operating conditions.

A modern approach to integrating frequency converters with microcontroller-based control systems
was presented in [10]. The authors implemented motor control via the Modbus RTU communication protocol
using an ESP32 microcontroller and developed a real-time remote monitoring system for drive parameters.
Their results showed that the integration of variable-frequency control with Internet of Things (loT)
technologies enhances system flexibility while enabling efficient real-time supervision of electric drive
operation.

A significant contribution to the development of high-precision control techniques was reported in
[11], where field-oriented control (FOC) was investigated as part of a frequency converter system. The study
demonstrated that coordinate transformation enables independent regulation of motor flux linkage and
electromagnetic torque, resulting in highly accurate speed control and improved dynamic performance of the
electric drive.

In [12], a comparative analysis of open-loop and closed-loop vector control systems was carried out.
Simulation results showed that the closed-loop configuration provides significantly better speed stability and
shorter transient response, confirming the advantages of incorporating feedback into frequency converter
control systems.

The analysis of recent publications indicates that current research on frequency converter control
systems is primarily aimed at improving the accuracy, energy efficiency, and operational reliability of electric
drives. Nevertheless, despite the widespread adoption of vector control techniques and microcontroller-based
solutions, their adaptation to the specific operating requirements of grain-cleaning machines remains
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insufficiently explored. In particular, further research is required to develop high-precision digital control
methods for screen vibration drives and aspiration fans in order to ensure stable grain separation performance
under variable operating conditions.

3. The purpose of the article
The aim of this study is to develop and experimentally validate a microprocessor-based control system
for the electric drives of grain-cleaning machine working units based on the SAKO SKI780 frequency
converter and the Arduino platform. The system enables precise digital control of screen vibration frequency
and aspiration fan speed through the Modbus RTU communication protocol. The study also assesses the
stability and repeatability of the prescribed operating modes under experimental conditions.

4. Results and discussion

Experimental investigations were carried out using a laboratory test bench equipped with an induction
motor driven by a SAKO SKI780-1D5G-1 frequency converter. The experimental procedure involved
stepwise setting of the output frequency within the range of 10-50 Hz, followed by recording the actual motor
speed. The experiments were performed under both no-load conditions and under a load close to the rated
operating value.

The performance of the proposed control system was evaluated in terms of frequency tracking
accuracy, operational stability of the electric drive, and communication reliability. The experimental results
were analyzed by comparing the prescribed operating parameters with the measured values, which made it
possible to determine the control error and evaluate the dynamic characteristics of the proposed system.

The control object was a SAKO SKI780-1D5G-1 frequency converter rated at 1.5 kW, intended for
controlling three-phase induction motors [13]. The converter supports digital communication via the RS-485
interface using the Modbus RTU protocol and provides the following functions [14-18]:

- starting and stopping the electric motor;

- digital setting of the output frequency;

- reading operating status and diagnostic parameters.

The availability of a standard RS-485 communication interface makes this frequency converter
suitable for implementation in both automated control systems and laboratory research installations.

The developed automated control system consists of the following main components:

¢ SAKO SKI780-1D5G-1 frequency converter;
three-phase induction motor;

Arduino Uno microcontroller platform;
RS-485 communication interface converter;
personal computer serving as the supervisory control unit.

The structural diagram of the automated electric drive control system for the grain-cleaning machine

is shown in Figure 1.

Frequency Converter
SAKO SKI780-1D5G-1

RS-485 Transceiver Module
(MAX485)

L

v Personal Computer
(Supervisory Control Unit)

s 4 Arduino UNO
Three-Phase (Microcontroller)
Induction Motor
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v

Fig. 1. Block diagram of the automated electric drive control system
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The control algorithm for the frequency converter via the Modbus RTU protocol consists of the
following principal stages.

1. System initialization (Setup)

This stage is executed once after the Arduino controller is powered on and includes:

configuration of the serial communication port by setting the baud rate (e.g., 9600 bps) and the
communication frame format (8N1);

configuration of the DE/RE control pin of the RS-485 transceiver to switch between transmission and
reception modes;

initialization of the operating parameters by assigning the initial frequency reference (e.g., 0 Hz) or
loading predefined settings corresponding to a particular crop (wheat, rapeseed, etc.).

2. Main control loop

The main control loop continuously performs the following operations in real time:

verification of operating conditions, including detection of new frequency commands and Start/Stop
control signals;

generation of a Modbus RTU request frame containing:

the frequency converter slave address;

the Modbus function code (e.g., 06 — Write Single Register);

the destination register address used for frequency or drive control;

the corresponding data value representing the required operating frequency;

calculation of the CRC-16 checksum to ensure data integrity;

transmission of the command by switching the RS-485 interface to transmission mode (DE/RE =
HIGH), sending the data frame, and subsequently returning the interface to reception mode (DE/RE = LOW).

3. Response and error processing

After transmitting a command, the controller performs response verification according to the following
sequence:

waiting for a reply from the frequency converter within the specified timeout period (100-200 ms);

validation of the received CRC-16 checksum to verify communication integrity;

processing of the received data. If the response is valid, the current operating status is updated.
Otherwise, the command is retransmitted or a communication error message is generated in the event of a
connection failure.

The flowchart of the control algorithm for the frequency converter based on the Modbus RTU protocol
is presented in Figure 2.
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Fig. 2. Flowchart of the frequency converter control algorithm based on the Modbus RTU protocol
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The main stages of software development included the following:

Communication initialization. Configuration of the serial communication parameters (9600 bps, 8 data
bits, 1 stop bit, no parity) according to the frequency converter settings.

Generation of Modbus RTU frames. Software implementation of requests for writing data to the
Holding Registers, including register 2000H for frequency reference and register 2001H for start, reverse, and
stop commands.

Data integrity verification. Implementation of the CRC-16 cyclic redundancy check algorithm to
prevent the execution of corrupted commands caused by electromagnetic interference generated by the motor
power cables.

Response processing. Decoding of the status frames returned by the frequency converter to confirm
successful command execution and monitor the current operating parameters of the drive, including output
frequency and motor current.

Before operation, the SAKO SKI780-1D5G-1 frequency converter is configured to receive both
start/stop commands and frequency references exclusively through the RS-485 communication interface. The
automatic control sequence consists of the following stages:

- initialization of the Modbus RTU communication channel;

- transmission of the motor start command;

- digital assignment of the required operating frequency;

- continuous monitoring of the drive status;

- transmission of the stop command.

The digital communication architecture ensures high repeatability of the operating modes while
significantly reducing the influence of electromagnetic interference on data transmission.

Experimental studies were conducted using a laboratory test bench equipped with an electric drive
incorporating a SAKO SKI1780-1D5G-1 frequency converter (Figure 3). The tests were performed under both
no-load conditions and loading conditions close to the rated operating mode.
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Fi. 3. General view of the experimental test bench

Based on the experimental results, the relationship between the time required for the frequency
converter to reach the prescribed operating frequency under analog and digital control was obtained (Fig. 4).
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Fig. 4. Time required for the frequency converter to reach the prescribed operating frequency under
analog (1) and digital (2) control

Analysis of the experimental results presented in Figure 4 revealed a substantial difference in the
dynamic performance of the electric drive depending on the selected control method.

Under conventional analog control (curve 2), the drive exhibited pronounced inertia. The time required
to reach the maximum technological operating frequency of 45 Hz was approximately 3.45 s. This behavior is
primarily attributed to delays introduced by the analog signal filtering circuitry and the discrete analog-to-
digital conversion processes within the frequency converter.

In contrast, digital control implemented via the RS-485 interface (curve 1) reduced the acceleration
time to the same operating frequency to 1.15 s, representing approximately a threefold reduction in transient
duration compared with the conventional analog approach.

Such a reduction in transient response is of particular importance for grain-cleaning machines
operating under continuously changing technological conditions. Rapid adaptation of the screen vibration
frequency and aspiration fan speed minimizes periods of unstable separator operation during transitions
between processing modes.

Furthermore, the frequency response obtained under digital control is considerably smoother and more
predictable than that achieved using analog control. This characteristic enables the implementation of precise
automation algorithms capable of adjusting the operating parameters according to variations in grain moisture
content, contamination level, and other physical properties of the processed material.

The theoretical analysis also demonstrated that reducing transient duration directly improves the
technological efficiency of the grain-cleaning process. For a grain-cleaning machine with a processing capacity
of 650 kg h™', the additional amount of material processed during a single transition is approximately 0.04 kg
when accelerating to 10 Hz, increasing to approximately 0.20 kg when reaching 45 Hz.

Consequently, depending on the selected operating frequency, the expected technological benefit of
the proposed digital control system ranges from 0.04 to 0.20 kg of additional processed material during each
transient process. These results confirm the practical effectiveness of the proposed approach and demonstrate
the feasibility of applying digital control to electric drive systems of grain-cleaning machines.

5. Conclusion

The experimental results confirmed that the proposed digital control system based on the Modbus RTU
communication protocol reduces the duration of transient processes by approximately three times compared
with conventional analog control. In particular, the time required to reach the operating frequency of 45 Hz
decreased from 3.45st0 1.15s.

The rapid response of the electric drive achieved through digital parameter transmission ensures stable
screen vibration and a uniform airflow within the aspiration system. Consequently, unstable grain separation
zones arising during operating mode transitions are significantly reduced, thereby improving the quality and
purity of the cleaned grain.

The proposed control architecture is flexible and readily scalable, making it suitable for integration
into automated smart grain-cleaning systems. Furthermore, the Arduino- and Modbus RTU-based platform
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provides a reliable foundation for future implementation of closed-loop control using sensors for monitoring
grain separation quality.
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MIKPOITPOLHECOPHA CUCTEMA IU®POBOI'O KEPYBAHHA EJIEKTPOIIPUBOJAMU
POBOYUX OPTAHIB 3EPHOOYNCHUX MAIINH

Y emammi poszensnymo po3pobky ma excnepumeHmanviy anpooayiro yudpoeoi cucmemu Kepyeans
eNeKMPOnpUBOOAMU  POOOUUX OP2AHI8 3EPHOOYUCHUX MAWUH HA OCHOBI Nepemeopreaya yYdacmomu
SAKO SKI780, mixkpoxoumponepnoi naamgpopmu Arduino Uno ma npomoxony 36’°a3xy Modbus RTU.
3anpononosana cucmema cnpAMO8aHA HA NIOBUWEHHS MOYHOCMI, 2HYYKOCMI Md HAOIIHOCMI Kepy8aHHs
eneKmponpueodamy nio uac BUKOHAHHA MEXHOAO2IYHUX Onepayiti ouuwjeHHss i cenapayii 3epHo6020
anapamuux KOMNOHEHmMi8, aneopumm Qopmy8anHs ma nepedasanHs Kepyroyux KOMano yepes inmepgeiic RS-
485, a makodc npozpamuy peanizayiio MiKponpoyecopHoi cucmemu KepyeaHHsi.

Ocobnugy ysazy npudinenHo 3abesnedenuro cmabiibHo20 ma HAOIHO20 O0OMIHY OaHUuMU Midc
MIKDOKOHMPONEpOM 1 nepemeoprosavem Hacmomu, a maxKoxic QOPMYBaHHIO Kepyruux CcueHauie o
Pecymliosants  uacmomu 0OepmanHa ma IHWUX poooyux napamempie enekmponpusody. Pospobnene
npoepamue 3abe3neuennss 0a€ 3Mo2y 3a0asamu  HeoOXIOHI pedcumu pobomu, nepeodasamu KOMAaHOu
KepysaHus, obpobasmu ingopmayiio 360pOmMHO20 383Ky MA KOOPOUHYBAMU (DYHKYIOHYE8AHHSA OKpPEMUX
pobouux opearnie mawunu. Excnepumenmanvui 0ocuiosxcenns niomeepounu cmabitbHicmv pobomu cucmemu
ma ii 30amuicmes MoO4YHO 8i0MEOPIOBAMU 3A0AHI PENCUMU 30 PIZHUX YMO8 HABAHMANCEHHS.

Bcmanoesneno, wo 3acmocysanns yugposozo Kepysawus Oae 3mMo02y CKOPOMUMU MPUBALICMb
nepexioHux npoyecie NOPIBHAHO 3 MPAOUYIUHUMU AHATO208UMU MEMOOaMU, WO NO3UMUBHO 6NIUBAE HA
cmabineHicmy eleKmponpusooy ma axicme cenapayii 3epHa. Pospobnena cucmema 3abesneuye emyuyke
Pe2YNI0BAHHS WUBUOKOCIT 0OEPMAHHS A MONCIUBICMb YEHMPATI308AHO20 KEPYBAHHS OKPEMUMU POOOUUMU
opeanamu. ITlodanvwuii  po3sumok cucmemu nepeddayac iHmezpayilo OAMUUKIE AKOCMI 3epHA,
HABAHMAICEHHS eIeKMPONpUB00i6 i NOMOKY Mamepiany 0 peanizayii a0anmueHUX aieopummis KepyesaHHsi.
Ompumani pesyromamu CmMEOPIOIOMb OCHOBY 0/ NIOGUWEHHS eHepeoepheKmusHocmi, HadiuHocmi ma
MEeXHON02IYHOI eqheKMUBHOCTT 3ePHOOUUCHUX MAULUH.

Kniouosi cnosa: cenapayis zepna, uacmomuuii nepemeopiosad, RS-485, Arduino, acunxponmuii
enexmponpugood, Modbus RTU, 3eproouucna mauuna.
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