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INTISARI 

 
Pengisian suplai listrik yang tidak stabil pada kendaraan, khususnya pada 

output tegangan alternator kendaraan, baik overvoltage maupun undervoltage, 

berpotensi merusak baterai dan komponen elektronik. Penyebab utamanya adalah 

kerusakan regulator atau sirkuit tegangan kontrol. Penelitian ini mengembangkan 

alat berupa sistem pendeteksi dan penstabil tegangan tidak stabil pada suplai listrik 

kendaraan secara real-time. Metode yang digunakan adalah Research and 

Development (R&D) dengan model ADDIE (Analysis, Design, Development, 

Implementation, Evaluation). Sistem dirancang menggunakan ESP32 Devkit V1, 

sensor PZEM-017 (komunikasi Modbus RTU via RS-485), relay, konverter step-up 

dan step-down, serta dilengkapi LCD, LED, dan DF Player Mini. Sistem memantau 

kondisi tegangan, di mana jika tegangan melebihi (>15 Volt), relay 3 akan aktif 

dan mengarahkan ke step-down. Apabila tegangan kurang (<13,3 Volt), relay 1 

aktif rsistem mengarahkan ke step-up, apabila sistem mendeteksi di rentang 

normal (13,7-14,7 Volt) maka relay 2 akan aktif dan mengarahkan ke aki, yang 

dalam program nanti akan diberitahukan melalui pemberitahuan pada LCD, lampu 

LED, dan suara dari DF Player Mini. Pengujian dilakukan pada alat peraga 

alternator 12 Volt dan power supply. Hasil penelitian menunjukkan akurasi sensor 

PZEM-017 mencapai 99,80% dengan error 0,27% pada kalibrasi. Sistem berhasil 

mendeteksi dan mengoreksi overvoltage (>15,0 Volt) menggunakan step-down. 

Pada undervoltage (<13,3 Volt), sistem berhasil mendeteksi, namun step-up rusak 

akibat arus yang besar karena lonjakan tegangan transien. Kesimpulannya, sistem 

cerdas ini mampu mendeteksi ketidakstabilan tegangan dengan akurasi yang 

sangat baik, tetapi dalam aspek koreksi masih membutuhkan konverter DC-DC 

yang lebih sesuai untuk diterapkan di lingkungan kendaraan atau ditambahkan 

perlindungan tegangan tinggi pada modul konverter tegangan DC-DC. 

Kata Kunci : Tegangan lebih, tegangan kurang, sistem cerdas, alternator, 

sistem suplai listrik kendaraan. 
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ABSTRACT 

 
Unstable electrical supply in vehicles, particularly on the alternator voltage 

output, whether overvoltage or undervoltage, has the potential to damage the 

battery and electronic components. The main cause is damage to the regulator or 

the voltage control circuit. This research develops a device in the form of a real- 

time detection and stabilization system for unstable voltage in vehicle electrical 

supplies. The method used is Research and Development (R&D) with the ADDIE 

model (Analysis, Design, Development, Implementation, Evaluation). The system 

is designed using an ESP32 Devkit V1, PZEM-017 sensor (Modbus RTU 

communication via RS-485), relays, step-up and step-down converters, and is 

equipped with an LCD, LEDs, and a DF Player Mini. The system monitors the 

voltage condition, where if the voltage exceeds (>15 Volts), relay 3 will activate 

and direct the current to the step-down converter. If the voltage is below (<13.3 

Volts), relay 1 activates and the system directs it to the step-up converter. If the 

system detects a normal range voltage (13.7-14.7 Volts), relay 2 will activate and 

direct the current to the battery. These conditions will be indicated in the program 

through notifications on the LCD, LED lights, and sound from the DF Player Mini. 

Testing was conducted on a 12-volt alternator simulator and a power supply. The 

results showed that the accuracy of the PZEM-017 sensor reached 99.80% with an 

error of 0.27% during calibration. The system successfully detected and corrected 

overvoltage (>15.0 Volts) using the step-down converter. In the case of 

undervoltage (<13.3 Volts), the system successfully detected it, but the step-up 

converter was damaged due to the large current caused by transient voltage 

spikes. In conclusion, this smart system is able to detect voltage instability with 

excellent accuracy, but in terms of correction, it still requires a DC-DC converter 

that is more suitable for application in a vehicle environment or the addition of 

high-voltage protection to the DC-DC voltage converter module. 

Keywords : Overvoltage, Undervoltage, intelligent system, Alternator, 

Vehicle Electrical Supply System. 


