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CEKLIA XII.
ATOMATU3ALIA TANMPUNAOOBYAYBAHHA

DEVELOPMENT OF A STRUCTURAL SCHEME FOR
AUTOMATIC DOSING OF LIQUID COMPONENTS

Shrubkovskyi Yevhen Viktorovych
higher education seeker of the Faculty of ACT
Kharkiv National University of Radio Electronics, Ukraine

Sotnik Svitlana Viktorivna
ORCID ID: 0000-0002-6035-2388
PhD, Associate Professor of Department of Computer-Integrated
Technologies, Automation and Robotics
Kharkiv National University of Radio Electronics, Ukraine

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 ofa 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.
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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,
itis 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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//Po3niHoBka

const int tempPin = A@; //[aTuyuk TemnepaTypu

const int irSensorPin = 3; //IHOpayepBOHUI [AaTHYMK MepewKkos,
const int ledPin = 4; //CBiTnoaiopg

const int motorPinl = 5; //MoTop-peaykTop (+)

const int motorPin2 = 6; //MoTop-pepykTop (-)

const int pumpPinl = 7; //Hacoc (+)

const int pumpPin2 = 8; //Hacoc (-)

//0ronoweHHA 3MiHHMX

bool ledState = HIGH; //CtaH cBiTnoaiopa

bool systemRunning = true; //CTaH cuctemu

unsigned long lastTempCheck = @; //Yac ocTaHHbOl nepeBipku TemnepaTypu
unsigned long irDetectedTime = ©; //Yac BMABNEHHA nepewkoau
bool irHandled = false; //4Yu obpobneHo BMABNEHHA MNepewKoau
bool pumpRunning = false; //Yv npauwe Hacoc

unsigned long pumpStartTime = ©; //Yac 3anycky Hacocy

void setup() {
Serial.begin(9600); //Iniuianizauia nocnipgoBHoro nopTy
pinMode(ledPin, OUTPUT);
pinMode(irSensorPin, INPUT); //IHdpayepBOHMI AATUUK
pinMode(motorPinl, OUTPUT);
pinMode(motorPin2, OUTPUT);
pinMode(pumpPinl, OUTPUT);
pinMode(pumpPin2, OUTPUT);
digitalWrite(ledPin, HIGH); //CBitnopion yBimkHeHO
digitalWrite(motorPinl, HIGH); //MoTop-peaykTop yBiMKHeHO
digitalWrite(motorPin2, LOW);
digitalWrite(pumpPinl, LOW); //Hacoc BMMKHeHO
digitalWrite(pumpPin2, LOW);

void loop() {
//NepeBipka TemnepaTypu KoxHi 500 mc
if (millis() - lastTempCheck >= 500) {
float temperature = readTemperature();
lastTempCheck = millis();

//BuBip 3HavyeHb TemnepaTypu A0 MNOCNiAOBHOro MOpTYy
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Serial.print("Temperature: ");
Serial.print(temperature);
Serial.println("°C");
//NepeBipka 3Ha4YeHHA TeMmnepaTypwu
if (temperature < @ || temperature > 40) {
systemRunning = false; //3ynuHka cucTemu
stopAll(); //3ynuHKa moTopis
blinkLED(); //BnumanHsa cBiTnogiona
return; //Buxip 3 uukny
} else {
systemRunning = true; //CucTema npauwe

digitalWrite(ledPin, HIGH); //CsiTnoaios ysimkHeHo

//PoboTa cuctemm
if (systemRunning) {
//NepeBipka iHdpayepBOHOro paTuyuka
if (digitalRead(irSensorPin) == LOW && !irHandled) { //Mepewkoasy BusBNEHO
if (irDetectedTime == @) {
irDetectedTime = millis(); //MNoyvaTok Bimniky 4acy
digitalWrite(motorPinl, LOW); //3ynuMHKa MoOTOp-peayKTopy
digitalWrite(motorPin2, LOW);
digitalWrite(pumpPinl, HIGH); //YBiMKHeHHA Hacocy
digitalWrite(pumpPin2, LOW);
pumpRunning = true;

pumpStartTime = millis();

//NepeBKa 4Yacy poboTu Hacocy

if (pumpRunning && millis() - pumpStartTime >= 2000) {
digitalWrite(pumpPinl, LOW); //Bumukaemo Hacoc
digitalWrite(pumpPin2, LOW);
pumpRunning = false;
irHandled = true; //BusBneHHA o06pobneHo
//BipHoBNeHHA po6oTW MOTOp-pefyKkTopy oapasy nicna 3ynuHkM Hacoca
digitalWrite(motorPinl, HIGH);
digitalWrite(motorPin2, LOW);

//flkwo nepewkopa Bce lWe BuABMEHa nicnAa 2 cekyHa poboTu Hacocy + 1 cekyHay
if (irHandled && digitalRead(irSensorPin) == LOW) {

if (millis() - irDetectedTime >= 3000) { //3 cekyHAu Bip BuABMEHHA
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systemRunning = false; //3ynuHkKa cucTemu
stopAll(); //3ynuHka moTopiB
blinkLED(); //BnumanHa cBiTnopiopy
}
} else if (irHandled && digitalRead(irSensorPin) == HIGH) {
//CKUAAHHA CTaHy, AKWO Nepewkopa 3HWUKNA
irHandled = false;

irDetectedTime = 0;

}

//34nTyBaHHA TemnepaTypwu
float readTemperature() {
int sensorValue = analogRead(tempPin);
float voltage = sensorValue * (5.0 / 1023.0); //KoHBepTauia B BONbLTU
float temperature = (voltage - ©.5) * 100; //KoHBepTauis B rpaaycu Lenbcis
return temperature;
}
//3ynnHKa BCbOro
void stopAll() {
digitalWrite(motorPinl, LOW); //3ynuHka MoOTOp-pepyKTopa
digitalWrite(motorPin2, LOW);
digitalWrite(pumpPinl, LOW); //3ynuHKa Hacoca
digitalWrite(pumpPin2, LOW);
}
//BnumaHHa ceiTnopiopy
void blinkLED() {
unsigned long currentTime = millis();
if (currentTime % 1000 < 500) {
digitalWrite(ledPin, HIGH);
} else {
digitalWrite(ledPin, LOW);
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