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ABSTRAK

Transformator daya rentan mengalami kegagalan operasi akibat peningkatan suhu
dan tekanan internal. Mengingat sistem perlindungan mekanis bawaan hanya
bekerja secara reaktif, penelitian ini bertujuan merancang simulasi sistem deteksi
dini dan pemantauan tangki secara real-time berbasis Internet of Things (IoT).
Sistem ini dikembangkan menggunakan mikrokontroler ESP32, sensor termokopel
tipe K, dan sensor tekanan. Data pembacaan diproses untuk mengendalikan aktuator
pengaman (buzzer, relay heater, dan selenoid valve) melalui tiga batas kondisi:
AMAN, WARNING, dan DANGER. Sistem juga memvisualisasikan data
pemantauan pada website Node-RED dan mencatat riwayat secara otomatis melalui
Google Spreadsheet. Hasil pengujian menunjukkan simulasi sistem berhasil
merespons perubahan kondisi sesuai rancangan. Saat status WARNING, buzzer
aktif sebagai peringatan dini. Pada kondisi DANGER, mikrokontroler secara
otomatis mematikan heater dan membuka selenoid valve untuk menurunkan
tekanan. Uji validasi mencatat rata-rata persentase kesalahan (error) pembacaan
yang sangat rendah, yakni sebesar 0,83% untuk suhu dan rata-rata selisih 1,46 psi
untuk tekanan terhadap alat ukur pembanding. Secara keseluruhan, simulasi sistem
ini berhasil menjalankan fungsi monitoring dan proteksi jarak jauh dengan tingkat
keakuratan yang baik.

Kata Kunci: Transformator Daya, ESP32, Termokopel Tipe K, Internet Of Things,
Node-RED, Sistem Monitoring.
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ABSTRACT

Power transformers are susceptible to operational failure caused by an increase in
internal temperature and pressure. Considering that the built-in mechanical
protection system only operates reactively, this research aims to design an Internet
of Things (loT)-based simulation of an early detection and real-time tank
monitoring system. The system was developed utilizing an ESP32 microcontroller,
a Type-K thermocouple sensor, and a pressure sensor. The sensor data is processed
to control safety actuators (buzzer, heater relay, and selenoid valve) based on three
condition thresholds: SAFE, WARNING, and DANGER. Furthermore, the system
visualizes the monitoring data on a Node-RED website dashboard and
automatically logs the historical data into Google Spreadsheet. The test results
indicate that the simulated system successfully responded to the changing
conditions as designed. During the WARNING state, the buzzer is activated as an
early alert. In the DANGER state, the microcontroller automatically deactivates the
heater and opens the selenoid valve to release excess pressure. Validation tests
recorded a very low average reading error of 0.83% for temperature and a
deviation of 1.46 psi for pressure compared to the reference measuring instruments.
Overall, this system simulation successfully executed the remote monitoring and
protection functions with high accuracy.

Keywords: Power Transformer, ESP32, Type-K Thermocouple, Internet Of
Things, Node-RED, Monitoring System.
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