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Automation of production processes is one of the most important trends 

in modern industry, allowing companies to remain competitive in the face of 

globalization and increasing demands for product quality [1, 2]. In modern 

production, the accuracy of dosing liquid components plays a critical role in 

ensuring product quality [3]. Inaccuracies in dosing can lead to defects, 

economic losses, and non-compliance with quality standards. Automation of 

the dosing process allows for high accuracy and repeatability of results, which 

cannot be ensured through manual dosing. 

The development of a structural diagram for the automatic dosing of liquid 

components (ADLC) is an extremely relevant topic in modern industry and 

scientific-technical progress for the following reasons: ensuring product 

quality, economic efficiency of automatic dosing systems, minimizing 

personnel contact with potentially hazardous substances, etc. 

The key goal is to develop an effective automated system  

capable of providing accurate dosing of liquid components according to 

technological requirements. One of the significant stages of this process is the 

construction of a structural diagram (Fig. 1), which defines the composition, 

relationships, and operating principles of the main elements of  

the system. 

https://orcid.org/0000-0002-6035-2388
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Fig. 1. General structural scheme of the subsystem for automatic 

dosing of liquid components 

 

The presented diagram (Fig. 1) demonstrates the architecture of the 

automatic control system, built on the Arduino Uno microcontroller as the 

central control element, the main components of the system are: 

1. The central controller – Arduino Uno serves as the main computing unit 

of the system, coordinating the operation of all connected components through 

digital and analog inputs/outputs. 

2. Sensor subsystem: 

– motion sensors – intended for detecting the operation of the conveyor, 

they transmit signals about the movement status to Arduino via bidirectional 

communication lines; 

– temperature sensors – monitor the temperature of the liquid 

component. Such sensors are critically important for quality control of the dosing 

of liquid components [4]. 

To detect the movement of the conveyor in the automatic dosing system, 

it is advisable to choose an infrared optical sensor of the TCRT5000 type. For 

the study, the TMP36 temperature sensor was chosen due to its ease of use, 

high accuracy, and stability of operation over a wide temperature range. It 

outputs an analog signal that is linearly dependent on temperature, making 
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data processing with a microcontroller simpler. The TMP36 does not require 

calibration and has low power consumption. 

3. The indication system – LED elements provide visual indication of the 

system's operating status, signaling the operating modes, errors, or completion 

of dosing cycles. 

4. The executive subsystem is the L293D driver block, which is a key 

element for controlling electric motors and provides: 

– amplification of control signals from Arduino; 

– bidirectional control of motor rotation; 

– galvanic isolation between logic and power circuits. 

The selection of the L293D driver for the ADLC system is due to its 

technical characteristics and functional capabilities, which fully meet the 

requirements of similar automated solutions. The L293D allows for controlling 

the direction and speed of DC motors, which is necessary for precise liquid 

dosing through a valve. With the ability to independently control two channels, 

it provides flexibility in implementing various operating modes of the system. 

An important factor is also the compatibility of the L293D with 

microcontrollers, which significantly simplifies integration into the overall 

architecture of the dosing control system. 

The JGB37-520 motor-reducer was chosen because it provides the widest 

range of rotations (from 10 to 1000 RPM), allowing for flexible adjustment of 

the liquid feed speed according to dosing needs. This motor also operates over 

a wide voltage range (6–24 V), which enhances its versatility in various power 

supply circuits. 

5. Block of executive mechanisms: 

– servo drive, which ensures precise positioning of system elements 

(dosing devices); 

– motor-reducer, which creates torque for the drive of the main dosing 

mechanisms. 

The SG90 servo drive was chosen for its compactness, low energy 

consumption, and sufficient positioning accuracy, which allows for effective 

control of mechanisms for opening or adjusting the flow of liquid in an 

automatic dosing system. Its compatibility with microcontrollers and ease of 

control make it convenient for integration into automated solutions. 

6. The power system includes dual-channel power supply: 

– 5V USB – for powering logic components (Arduino, sensors, LEDs); 
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– 9V battery – for powering power elements (motors through the L293D 

driver). The choice of the Hoco CS11A power supply is determined by the fact 

that it comes with a Micro USB cable, which is suitable for connecting to 

Arduino. This provides convenience of use and allows to avoid additional costs 

for purchasing a separate cable. 

Thus, the system operates on the principle of a closed-loop control, where 

the Arduino continuously polls the sensors, processes the obtained data, and 

generates control commands for the actuators. Motion and temperature 

sensors provide feedback for the correction of the dosing process, ensuring 

high accuracy and repeatability of results. 

This architecture allows for the implementation of a flexible automatic 

dosing system with the ability to adapt to different types of liquid components 

and technological process requirements. 

Conclusions. Thus, a generalized structural scheme of the automatic 

dosing subsystem for liquid components has been developed, which defines 

the architecture and principles of operation of the automated control system. 

The developed scheme is based on the use of the Arduino Uno microcontroller 

as the central control element, which provides coordination of the operation of 

all system components through digital and analog interfaces. 

The created structural scheme allows for a clear definition of the 

composition of the main functional blocks of the system, including a sensor 

subsystem for monitoring process parameters, actuators for implementing 

control actions, an indication system for displaying operational status, and a 

power supply unit to provide energy supply to all components. The choice of 

specific technical solutions for each functional block is thoroughly justified. 

The developed structural scheme ensures the implementation of the 

closed-loop control principle with continuous monitoring of the dosing process 

parameters and the formation of appropriate control commands to achieve the 

necessary accuracy and repeatability of results. Such architecture creates the 

foundation for further detailed design of the automatic dosing system for liquid 

components, with the possibility of adaptation to various technological 

requirements and types of liquid components, ensuring the universality and 

flexibility of the developed solution for a wide range of industrial applications. 
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