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ABSTRAK

Pertumbuhan penggunaan peralatan listrik rumah tangga dapat meningkatkan
beban listrik, terutama pada rumah tangga dengan kapasitas daya rendah.
Pengoperasian pompa air secara bersamaan dengan peralatan listrik berdaya besar
dapat menyebabkan beban listrik melebihi kapasitas yang tersedia dan berpotensi
mengaktiftkan Miniature Circuit Breaker (MCB). Penelitian ini bertujuan
merancang dan membangun sistem pengendalian pompa air berbasis ESP32 untuk
mencegah beban berlebih pada rumah tangga berdaya rendah melalui pengendalian
pompa berdasarkan level air, konsumsi daya listrik, dan waktu operasional.
Metode penelitian yang digunakan adalah Research and Development (R&D) yang
meliputi tahap perancangan, pengembangan, implementasi, dan pengujian
prototype. Sistem dibangun menggunakan ESP32 yang diintegrasikan dengan
sensor ultrasonik HC-SR04, sensor energi PZEM-004T V4.0, modul RTC DS3231,
relay, LCD 20x4, keypad, dan EEPROM. Sistem menerapkan metode hysteresis,
fitur Peak Hour, Target Pengisian Awal, serta pembatasan pengoperasian pompa
berdasarkan batas daya listrik yang tersedia.

Hasil pengujian menunjukkan bahwa sensor HC-SR04 memiliki rata-rata error
sebesar 5,66% dalam pengukuran level air, dengan error yang lebih besar pada level
air rendah. Sensor PZEM-004T V4.0 memiliki rata-rata error sebesar 0,19% pada
tegangan, 10,44% pada arus, dan 15,78% pada daya. Meskipun terdapat error pada
pembacaan sensor, PZEM-004T V4.0 masih mampu memberikan informasi
perubahan konsumsi daya yang digunakan sebagai masukan pengendalian sistem.
Prototype mampu menunda pengoperasian pompa ketika konsumsi daya mencapai
batas daya aman serta menerapkan pengaturan waktu dan target pengisian awal
untuk mengatur operasi pompa. Pengujian juga menemukan keterbatasan pada
sensitivitas keypad dan kestabilan tampilan LCD yang pada kondisi tertentu
mengalami blank atau hang, terutama saat terjadi perubahan kondisi relay. Secara
keseluruhan, prototype mampu menjalankan fungsi pengendalian pompa
berdasarkan level air, konsumsi daya, dan waktu sesuai algoritma yang dirancang.

Kata kunci: ESP32, sistem pengendalian pompa air, pompa air otomatis, HC-
SR04, PZEM-004T V4.0, Peak Hour, MCB, beban berlebih.
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ABSTRACT

The increasing use of household electrical appliances can increase the electrical
load, particularly in households with low electrical capacity. Operating a water
pump simultaneously with high-power electrical appliances can cause the electrical
load to exceed the available capacity and potentially activate the Miniature Circuit
Breaker (MCB). This study aims to design and develop an ESP32-based water
pump control system to prevent excessive electrical loads in low-power households
by controlling pump operation based on water level, electrical power consumption,
and operating time.

The research method used was Research and Development (R&D), consisting of
the stages of design, development, implementation, and prototype testing. The
system was developed using an ESP32 integrated with an HC-SR04 ultrasonic
sensor, PZEM-004T V4.0 energy sensor, DS3231 Real-Time Clock (RTC) module,
relay, 20x4 LCD, keypad, and EEPROM. The system implements a hysteresis
method, Peak Hour feature, Initial Filling Target feature, and pump operation
restrictions based on the available electrical power limit.

The test results showed that the HC-SR04 sensor had an average error of 5.66% in
water-level measurement, with higher errors occurring at low water levels. The
PZEM-004T V4.0 sensor had average errors of 0.19% for voltage, 10.44% for
current, and 15.78% for power. Although errors were observed in the sensor
measurements, the PZEM-004T V4.0 was still able to provide information on
changes in electrical power consumption used as an input for the control system.
The prototype was able to delay pump operation when the electrical power
consumption reached the safe power limit and implemented time scheduling and an
initial filling target to control pump operation. The testing also revealed limitations
in keypad sensitivity and LCD display stability, where the LCD occasionally
experienced blank or hang conditions, particularly when the relay changed its
operating state. Overall, the prototype was able to perform pump control based on
water level, electrical power consumption, and operating time according to the
designed algorithm.

Keywords: ESP32, water pump control system, automatic water pump, HC-SR04,
PZEM-004T V4.0, Peak Hour, MCB, excessive electrical load.
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