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ABSTRACT

In many applications, direct current (DC) motor speed regulation is essential and requires accurate and effective
functioning. The creation of a DC motor speed control system with an Arduino Uno microcontroller is presented in
this paper. The motor's average voltage is regulated by the system using Pulse Width Modulation (PWM), which also
controls the motor's speed. This project shows how simple and efficient it is to use Arduino to control the speeds of
DC motors in a variety of applications.
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1. INTRODUCTION

The modern world is becoming more and more dependent on motors with high efficiency, high torque, wide and
variable speed ranges, and relatively cheap maintenance costs.

Nevertheless, these needs have not been satisfied because DC and induction motors are now the only types of motors
that are produced on a global scale. The motor drive in DC motors employs the rotor's DC voltage.

Conversely, DC motors necessitate high maintenance expenses. The fact that brushes are used in DC motors for
commutation results in high maintenance expenses. The brush will soon become destroyed because of the commutation
process, which causes the brush to arch when the motor switches back on. Compared to DC motors, induction motors
are faster and require less maintenance

2. DESIGN OF PID CONTROLLER
PID CONTROLLER:

The PID controller calculates a control signal (output) based on the difference (error) between the desired speed
(setpoint) and the actual motor speed (feedback). The control signal is then sent to the motor driver, regulating the
power delivered to the motor and influencing its speed.

PID Controller Tuning :

PID control is a popular and adaptable feedback control method utilised in many different automation systems, such as
motor speed control. The difference (error) between a planned setpoint and the actual system measurement (feedback)
is used to calculate a control signal, or output. After that, the system's behaviour is modified with the help of this control
signal to get it closer to the intended state.

Table.1 The Table of PID Values

Kp WHICH KD Rise Time Overshot (Mp) | Peak Time | Settling Time |Error
(Tr)

15 0.87 0.27 0.9925 1.3333 3 2.7368 0

2.2 0.85 0.85 0.8824 1.3333 16 4.5000 0

2.0 1.0 0.7 1.0301 3.3333 3.3333 7.4000 0

1.0 0.91 0.21 0.9925 1.3333 3 2.7368 0

PID control results in addition to the rotation results on the DC motor, this study also displays the PID control results
through a graph displayed by the serial monitor, data from the serial monitor will later be processed to in the application
MATLAB will be used to calculate the results of the PID controller so that the values of the PID control parameters are
obtained, such as the calculation of risetime, settling time, overshoot, undershoot and its peak value.
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Fig 1Block Diagram of Simulation Model
PID Controller :

The proportional, integral, and derivative control actions are combined by the PID controller to produce the intended
system response. Based on the current error, the proportional term makes a quick correction; over time, the integral term
reduces steady-state error; and the derivative term predicts future error patterns, improving stability and responsiveness.

Motor Driver :

In order to efficiently drive motors, control systems require a motor driver, which converts control inputs into power
outputs. In order to precisely control motor speed and torque, it is essential for controlling voltage, current, and
direction. H-bridge and brushed or brushless DC motor drivers are two examples of the several types of motor drivers
available; each is made for a particular kind of motor and its control requirements.

Arduino UNO :

Arduino is an open-source electronics platform that empowers users to create interactive projects. It consists of easy-to-
use microcontrollers (mini computers) and a beginner-friendly software environment for writing code (sketches) that
controls how these boards interact with electronic components like sensors, motors, and LEDs. Arduino's open-source
nature fosters a large community that shares project ideas and makes it a great platform for learning electronics and
programming, particularly for beginners.

DC Motor :

DC motors, known for their simplicity and controllability, are workhorses in many applications. They convert electrical
energy into mechanical energy through the interaction of magnetic fields in a stationary part (stator) and current-
carrying coils in a rotating part (armature). A commutator and brushes ensure continuous current flow and
unidirectional rotation. By varying the voltage or using pulse width modulation (PWM), DC motors offer precise speed
control, making them suitable for power tools, robotics, consumer electronics, and even some electric vehicles

MatLab :

MATLAB is a software powerhouse for technical computing. It tackles complex math with ease, analyzes and
visualizes data to reveal patterns, empowers you to design and implement algorithms to solve problems, and lets you
build models to simulate real-world systems - all in a user-friendly environment geared towards engineers, scientists,
and mathematician.

4. METHODOLOGY
Simulation of controller model in Matlab:
o Develop the controller model using Simulink, Integrate it with the system being controlled.

e  Configure simulation settings and scenarios, Analyze results to evaluate controller performance.
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Process parameters analyzing:

e Through the utilization of MATLAB, we acquire and analyze the process parameters of our simulation model.

e Through this process, we can calculate the performance of the controller and identify areas for improvement to

achieve a more stable controller model.

e Monitoring and Maintenance: Monitor the performance of your deployed system and address any issues or
anomalies that arise. Periodically update your models and algorithms with new data and improvements to maintain
their effectiveness over time.Continuously gather feedback from users and stakeholders to refine and enhance the

system's functionality and usability.

Hardware Design :

e The Arduino Uno controller, which manages all sensors and actuators, is the foundation of this DC motor's angular

velocity control system's hardware architecture.

e The design of this DC motor angular velocity control system uses an Arduino UNO microcontroller to regulate a

DC motor that has an encoder in it

e Arduino will send a voltage signal to the driver motor to be subsequently discharged to the DC motor according to

the voltage calculation results of the PID controller.
e  The voltage value in the DC motor is influenced by the PID controller, depending on the setpoint value.
Tinker Cad :

e Tinkercad is a web-based platform that simplifies 3D design, electronics simulation, and coding for beginners.

e a user-friendly online tool where you can drag-and-drop geometric shapes to create 3D models, virtually connect

electronic components to design circuits, and write code using graphical blocks or text for various applications.

e Tinkercad is a free resource, perfect for students, educators, hobbyists, and anyone interested in exploring these

creative and technical fields without needing complex software

5. RESULTS
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Fig 3. Simulation Model of Arduino Wiring Program
Table. 1 Input And Output of Arduino Pins
No. Pi Information

1 + Driver + Driver to motor Encoder +
2 - Driver - Driver to Motor Encoder -
3 GND GND Arduino to GND Encoder
4 D3 Battery D3 to Battery Encoder Chanel B motor DC
5 D2 Pin D3 to pin Encoder Chanel A motor DC
6 3,3 VCC 3,3 Volt Encoder
7 5 VCC Motor Driver 5 Volt
8 GND Ground Motor Driver & Ground Encoder
9 Wire VCC 12 Volt Motor Driver
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CONCLUSION

Based on the discussion and test results of the research controller of the angular velocity of the DC motor using
the Arduino UNO-based PID method, conclusions were obtained.

For the work of the DC motor control tool system that has been designed and can be controlled so that it reaches
the rotation that is in line with the reference value that has been given.

From the parameters that have been tested, the system response is obtained from the values of the Kp, Ki,

Kd parameters that correspond to software testing where the value of Rise Time = 0.9925, settling time = 2.7368,
overshoot = 1.3333 and steady state error =0
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