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ABSTRAK

Pemantauan beban transformator distribusi diperlukan untuk mengetahui
kondisi pembebanan dan mendukung deteksi dini kondisi abnormal. Penelitian ini
bertujuan merancang prototipe sistem monitoring beban transformator distribusi
berbasis Internet of Things dan komunikasi LoRa. Sistem terdiri atas unit
transmitter dan receiver yang menggunakan ESP32 serta LoRa Ra-02 SX1278. Unit
transmitter menggunakan PZEM-004T dan PZCT-02 untuk mengukur parameter
kelistrikan. Komunikasi LoRa menerapkan mekanisme polling dengan identitas
TRAFOI. Receiver menambahkan timestamp melalui NTP, kemudian menyimpan
data pada Google Spreadsheet. Telegram Bot digunakan untuk menampilkan data
dan memberikan peringatan kondisi abnormal. Hasil pengujian PZEM-004T
menunjukkan akurasi tegangan sebesar 99,76%, arus sebesar 98,43%, dan frekuensi
sebesar 99,97%. Perhitungan persentase pembebanan menghasilkan akurasi sebesar
98,43%. Komunikasi LoRa masih menerima data pada jarak 600 m dengan RSSI
sebesar -116 dBm. Data tidak diterima pada jarak 650 m. Pengujian komunikasi
selama lima jam menghasilkan success rate sebesar 98,33%. Google Spreadsheet
dapat menyimpan data monitoring beserta identitas transformator dan timestamp.
Telegram Bot dapat menampilkan data melalui perintah /cek. Notifikasi berhasil
dikirim ketika terjadi overvoltage, undervoltage, dan pembebanan melebihi 80%.
Pengujian operasi selama 24 jam menghasilkan 283 data dari 288 polling teoritis.
Persentase data tersimpan mencapai 98,26%, sedangkan 1,74% data tidak
tersimpan. Berdasarkan kondisi pengujian, prototipe dapat menjalankan
pengukuran, komunikasi, penyimpanan, dan penyampaian peringatan secara

terintegrasi.

Kata kunci: transformator distribusi, monitoring beban, ESP32, PZEM-004T,
LoRa, Internet of Things.

vi



ABSTRACT

Distribution transformer load monitoring is required to observe loading
conditions and support the early detection of abnormal conditions. This study aims
to develop a prototype distribution transformer load monitoring system based on
the Internet of Things and LoRa communication. The system consists of transmitter
and receiver units using ESP32 microcontrollers and LoRa Ra-02 SX1278 modules.
The transmitter employs a PZEM-004T and PZCT-02 to measure electrical
parameters. LoRa communication applies a polling mechanism using the TRAFOI
identifier. The receiver adds timestamps obtained through NTP and stores the data
in Google Spreadsheet. A Telegram Bot is used to display monitoring data and
provide warnings for abnormal conditions. The PZEM-004T testing produced
accuracies of 99.76% for voltage, 98.43% for current, and 99.97% for frequency.
The transformer loading percentage calculation achieved an accuracy of 98.43%.
LoRa communication successfully received data at 600 m with an RSSI of -116 dBm.
Data could not be received at 650 m. A five-hour communication test produced a
success rate of 98.33%. Google Spreadsheet successfully stored monitoring data,
transformer identification, and timestamps. The Telegram Bot displayed monitoring
data through the /cek command. Notifications were successfully delivered during
overvoltage, undervoltage, and loading conditions exceeding 80%. The 24-hour
operation test recorded 283 data entries from 288 theoretical polling cycles. The
stored data percentage reached 98.26%, while 1.74% of the data was not stored.
Under the tested conditions, the prototype performed measurement,

communication, data storage, and warning delivery as an integrated system.

Keywords: distribution transformer, load monitoring, ESP32, PZEM-004T, LoRa,
Internet of Things.
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