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ABSTRAK

Penggerak wesel elektrik Siemens BSG-9 merupakan komponen Kkritis dalam
sistem persinyalan kereta api yang berdasarkan hasil analisis Identifikasi Bahaya
dan Penilaian Risiko (IBPR) serta Failure Mode and Effects Analysis (FMEA) di
UPT Resor Sintelis 1.14 Bekasi, memiliki tingkat risiko tertinggi dibandingkan
peralatan persinyalan luar ruangan lainnya. Selama ini pengukuran parameter
kelistrikan pada kegiatan pemeliharaannya masih dilakukan secara manual
menggunakan voltmeter dan tang ampere secara terpisah, sehingga membutuhkan
waktu lama dan rawan kesalahan pencatatan. Penelitian ini bertujuan merancang
dan membangun alat ukur daya tiga fasa berbasis mikrokontroler ESP32-S3 yang
mengintegrasikan pengukuran tegangan, arus, dan daya (menggunakan sensor
PZEM-004T), perhitungan indeks keandalan berbasis metode Reliability Centered
Maintenance (RCM), data logger, dashboard monitoring berbasis Web Dashboard
/ Progressive Web App (PWA), serta fasilitas ekspor laporan inspeksi. Penelitian
menggunakan metode eksperimental komparatif dengan pendekatan kuantitatif,
meliputi perancangan hardware dan software, pengujian fungsionalitas, serta
validasi akurasi terhadap alat ukur standar. Hasil pengujian menunjukkan bahwa
akurasi pengukuran tegangan sangat baik dengan rata-rata kesalahan di bawah
0,5%, memenuhi standar SPLN No. 1:1978, sedangkan pengukuran arus dan daya
semu menunjukkan deviasi yang masih berada dalam ambang toleransi standar IEC
62053-21 untuk meter kelas 1. Sistem juga berhasil menjalankan seluruh fungsi
yang direncanakan, mulai dari pembacaan sensor, perhitungan daya, penyimpanan
data, sinkronisasi offline-online, hingga visualisasi real-time. Secara keseluruhan,
alat ukur terintegrasi ini bisa membantu efisiensi waktu inspeksi dengan prinsip
monitoring pada pengukuran daya 3 fasa 4 wire, meminimalkan human error
melalui pencatatan langsung ke database, dan mempermudah pengelolaan data
historis pemeliharaan, sehingga mendukung keselamatan operasional perjalanan
kereta api.

Kata Kunci : alat ukur daya tiga fasa, ESP32-S3, penggerak wesel elektrik,
Reliability Centered Maintenance, efisiensi pemeliharaan
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ABSTRACT

The Siemens BSG-9 electric point machine is a critical component of the
railway signaling system that, based on the results of Hazard Identification and
Risk Assessment (HIRA) and Failure Mode and Effects Analysis (FMEA) at UPT
Resor Sintelis 1.14 Bekasi, has the highest risk level compared to other outdoor
signaling equipment. Currently, electrical parameters during maintenance
activities are measured manually using a voltmeter and a clamp meter separately,
which requires considerable time and is prone to recording errors. This study aims
to design and develop a three-phase power measuring instrument based on the
ESP32-S3 microcontroller, integrating voltage, current, and power measurements
(using PZEM-004T sensors), reliability index calculations based on the Reliability
Centered Maintenance (RCM) method, a data logger, a monitoring dashboard
based on a Web Dashboard / Progressive Web App (PWA), and an inspection report
export feature. This study employed a comparative experimental method with a
quantitative approach, comprising hardware and software design, functionality
testing, and accuracy validation against standard measuring instruments. The test
results showed that the voltage measurement accuracy was excellent, with an
average error of less than 0.5%, meeting the SPLN No. 1:1978 standard, while the
current and apparent power measurements showed deviations that remained within
the tolerance limit of the IEC 62053-21 standard for Class 1 meters. The system
also successfully performed all planned functions, from sensor readings, power
calculations, data" storage, and offline-online “synchronization to real-time
visualization. Overall, this integrated measuring instrument can improve inspection
time efficiency through monitoring-based measurement of 3-phase 4-wire power,
minimize human error through direct recording to a database, and facilitate the
management of historical maintenance data, thereby supporting the operational
safety of railway services.

Keywords: three-phase power measuring instrument, ESP32-S3, electric

point machine, Reliability Centered Maintenance, maintenance efficiency
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