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ABSTRAK

Pemahaman komprehensif mengenai karakteristik operasional DC-DC Boost
Converter serta perbedaan mendasar antara sistem kendali Open Loop dan Closed
Loop merupakan capaian pembelajaran krusial dalam kurikulum elektronika daya.
Namun, keterbatasan alat peraga di laboratorium kerap menyulitkan mahasiswa
dalam mengamati fenomena fisik seperti penurunan tegangan akibat regulasi beban
(load regulation). Penelitian ini bertujuan untuk merancang dan merealisasikan
modul pembelajaran Dual-Mode DC-DC Boost Converter berbasis mikrokontroler
Arduino Nano yang kompak, akurat, dan terintegrasi dalam sasis koper portabel.
Sirkuit daya dibangun menggunakan MOSFET /logic-level IRLZ44N, Dioda
Schottky SR3150 (150 V/3 A), induktor toroid 330 uH, dan kapasitor filter
47 uF /160 V yang beroperasi pada frekuensi pensaklaran PWM 62,5 kHz. Sirkuit
kontrol disuplai mandiri oleh charger HP 5V DC via port USB Arduino Nano.
Sistem mengintegrasikan sakelar toggle SPDT untuk perpindahan mode instan
antara operasi manual Open Loop dan operasi otomatis Closed Loop PID (K, =
1; K; = 3; K; = 0,01) guna mengunci tegangan keluaran target (12 V — 50 V DC)
dari masukan catu daya variabel (3 V — 24V DC).Pengujian eksperimental
dieksekusi pada empat variasi pembebanan (tanpa beban, 220 k), 22 k), dan
1 k€)) dengan perekaman data transien interval 10 ms sebanyak 1.500 sampel.
Hasil pengujian menunjukkan sirkuit umpan balik pembagi tegangan (K = 101)
memiliki tingkat akurasi tinggi dengan rata-rata persentase error sebesar 0,88%.
Evaluasi respons transien menghasilkan nilai Mean Square Error (MSE) sebesar
33,82 pada kondisi tanpa beban; 35,95 pada beban 220 kQ; 36,10 pada beban
22 kQ; dan 46,80 pada beban terberat 1 k(). Kendali PID terbukti sangat andal
mengompensasi penarikan arus hingga 55,0 mA tanpa mengalami steady-state
error, sehingga modul ini sangat layak digunakan sebagai sarana praktikum
interaktif di laboratorium.

Kata Kunci: Boost Converter, Dual-Mode, Arduino Nano, IRLZ44N, Dioda
SR3150, Kendali PID, Mean Square Error.
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ABSTRACT

A comprehensive understanding of the operational characteristics of a DC-DC
Boost Converter and the fundamental differences between Open-Loop and Closed-
Loop control systems is a crucial learning objective in the power electronics
curriculum. However, the limitation of laboratory demonstration kits often makes
it difficult for students to observe physical phenomena directly, such as voltage drop
due to load regulation. This study aims to design and construct a compact, accurate,
and integrated Dual-Mode DC-DC Boost Converter educational module based on
the Arduino Nano microcontroller housed within a portable briefcase chassis. The
power stage is constructed using an IRLZ44N logic-level MOSFET, an SR3150
Schottky diode (150 V/3 A), a 330 uH toroid inductor, and a 47 uF/160 V filter
capacitor, operating at a high-speed PWM switching frequency of 62.5 kHz. The
control circuit is independently powered by a 5 V DC smartphone charger via the
Arduino Nano USB port. The system features an SPDT toggle switch for instant
mode selection between Open-Loop manual operation and Closed-Loop PID
automatic control (K, = 1; K; = 3; K; = 0.01) to regulate target output voltages
(12 V=50V DC) under variable input voltage conditions (3 V — 24V DC).
Experimental testing was performed under four load variations (no-load, 220 k(},
22 kQ, and 1 k) with dynamic transient data logged at a 10 ms sampling interval
across 1,500 discrete samples. The results demonstrate that the voltage divider
feedback network (K = 101) achieves high precision with an average measurement
error of 0.88%. Transient response evaluation yielded Mean Square Error (MSE)
values of 33.82 for no-load; 35.95 for 220 k; 36.10 for 22 kQ; and 46.80 for the
heavy 1 kQ load. The PID control effectively compensates for current load demands
up to 55.0 mA without steady-state errors, making this module highly suitable as
an interactive practical teaching tool in laboratories.

Keywords: Boost Converter, Dual-Mode, Arduino Nano, IRLZ44N, SR3150 Diode,
PID Control, Mean Square Error.
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