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ABSTRAK

Pengendalian suhu air secara otomatis merupakan salah satu aspek penting
dalam sistem otomasi industri karena berpengaruh terhadap kualitas dan efisiensi
proses. Penelitian ini bertujuan untuk merancang dan membangun sistem monitoring
dan kontrol suhu air menggunakan metode Proportional Integral Derivative (PID)
berbasis PLC Mitsubishi FX3U-14MT. Sistem dirancang dengan memanfaatkan
Arduino Nano sebagai antarmuka pembacaan sensor, dua sensor suhu DS18B20 untuk
mengukur temperatur air, dua sensor ultrasonik HC-SR04 untuk mendeteksi
ketinggian air, serta komunikasi Modbus RTU RS-485 sebagai media pertukaran data
antara Arduino dan PLC. Aktuator yang digunakan meliputi water heater sebagai
pemanas, modul peltier sebagai pendingin, pompa air, dan solenoid valve yang
dikendalikan melalui relay.

Metode PID diterapkan pada PLC untuk mengatur kerja aktuator berdasarkan
nilai set point suhu yang telah ditentukan. Penentuan parameter Kp, Ki, dan Kd
dilakukan menggunakan metode trial and error sehingga diperoleh respons sistem
yang optimal. Pengujian dilakukan dengan menganalisis karakteristik respons sistem
berupa rise time, overshoot, settling time, dan steady-state error. Selain itu, sistem
dilengkapi antarmuka berbasis Python untuk memantau kondisi suhu, level air, status
aktuator, serta komunikasi secara real-time.

Hasil penelitian menunjukkan bahwa sistem mampu melakukan monitoring
dan pengendalian suhu air secara otomatis dengan respons yang stabil, akurat, dan
mampu mempertahankan suhu sesuai nilai set point. Integrasi antara PLC Mitsubishi
FX3U, Arduino Nano, komunikasi Modbus RTU, serta metode PID menghasilkan
sistem yang andal untuk aplikasi pengendalian suhu air, sehingga dapat menjadi
alternatif solusi pada sistem otomasi yang memerlukan pengendalian temperatur

secara real-time.
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ABSTRACT

Automatic water temperature control is an essential aspect of industrial
automation systems because it significantly affects process quality and efficiency.
This study aims to design and develop a water temperature monitoring and control
system using the Proportional Integral Derivative (PID) method based on the
Mitsubishi FX3U-14MT Programmable Logic Controller (PLC). The system utilizes
an Arduino Nano as the sensor interface, two DS18B20 temperature sensors to
measure water temperature, two HC-SR04 ultrasonic sensors to detect water level,
and Modbus RTU over RS-485 communication to exchange data between the Arduino
and the PLC. The actuators used in the system include a water heater for heating, a
Peltier module for cooling, a water pump, and a solenoid valve, all controlled through
relay modules.

The PID control algorithm is implemented in the PLC to regulate the actuators
according to the predefined temperature set point. The PID parameters (Kp, Ki, and
Kd) were determined using the trial-and-error tuning method to obtain the optimal
system response. System performance was evaluated based on several response
characteristics, including rise time, overshoot, settling time, and steady-state error. In
addition, the system is equipped with a Python-based graphical user interface (GUI)
for real-time monitoring of water temperature, water level, actuator status, and
communication.

The experimental results demonstrate that the proposed system is capable of
monitoring and controlling water temperature automatically with stable and accurate
performance while maintaining the desired set point. The integration of the Mitsubishi
FX3U PLC, Arduino Nano, Modbus RTU communication, and the PID control
method provides a reliable solution for real-time water temperature control

applications in industrial automation systems.
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