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ABSTRAK

KARAKTERISASI EKSPERIMENTAL MOTOR BLDC TIPE
OUTRUNNER TERHADAP VARIASI PEMBEBANAN
BERBASIS ANALISIS VIBROAKUSTIK DAN TERMAL

DI ANECHOIC CHAMBER

Karakteristik motor Brushless Direct Current (BLDC) tipe outrunner 4.000 Watt
dianalisis secara simultan dalam domain kinerja vibroakustik, termal, dan mekanik.
Eksperimen dilakukan di anechoic chamber untuk meminimalkan interferensi
kebisingan latar belakang dan memastikan validitas data akustik. Hipotesis utama
menyatakan bahwa peningkatan pembebanan menyebabkan eksitasi elektromagne
tik yang lebih besar, yang pada gilirannya meningkatkan respons vibroakustik dan
disipasi termal akibat peningkatan rugi-rugi daya. Pengujian dilakukan dengan
variasi beban menggunakan rem magnetik dan sistem transmisi reduktor planet
pada rentang kecepatan 500 hingga 5.000 RPM. Analisis spektral menggunakan
metode Fast Fourier Transform (FFT) menunjukkan bahwa peningkatan beban
mekanis berkorelasi dengan nilai root mean square (RMS) vibroakustik, dengan
pengecualian anomali lonjakan amplitudo pada kondisi tanpa beban akibat
fenomena resonansi struktural pada 4.000 RPM, dengan nilai amplitudo —4,97
dBfs. Hasil penelitian menunjukkan bahwa efisiensi tertinggi sebesar 82,16%
tercapai pada torsi 3,40 Nm (3.400 RPM), namun kondisi tersebut disertai
akumulasi panas tertinggi (57,2 °C) dan profil termal yang belum mencapai kondisi
tunak (steady-state), serta kenaikan konsumsi arus sebesar 55% dibandingkan
kondisi beban sebelumnya. Berdasarkan evaluasi komposit terhadap efisiensi,
stabilitas vibroakustik, dan validitas sinyal melalui fungsi koherensi, kondisi 2,40
Nm (3.100 RPM) teridentifikasi sebagai titik kerja dengan karakter performa
optimal secara aktual, ditandai dengan nilai koherensi tertinggi (0,92) serta
keseimbangan antara efisiensi (79,16%) dan beban termal-akustik yang lebih
terkendali. Dengan demikian, kondisi 3,40 Nm lebih tepat diposisikan sebagai batas
atas operasional (upper operational limit) ketimbang titik kerja rekomendasi.
Temuan ini menunjukkan korelasi yang kuat antara disipasi energi sebagai emisi
akustik dan peningkatan laju degradasi termal pada motor. Data yang dihasilkan
berfungsi sebagai referensi bagi pengembangan sistem propulsi drone pengangkat
berat yang membutuhkan keseimbangan antara efisiensi energi dan keandalan
struktural.

Kata Kunci: Motor BLDC Outrunner, Vibroacoustic Analysis, Distribusi Termal,
Anechoic Chamber, Karakterisasi Eksperimental.
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ABSTRACT
EXPERIMENTAL CHARACTERIZATION OF BLDC MOTORS
OUTRUNNER TYPE TO LOAD VARIATION BASED ON
VIBROACOUSTIC AND THERMAL ANALYSIS

IN THE ANECHOIC CHAMBER

This study conducts a comprehensive experimental investigation of the multiphysics
characteristics of a 4,000 Watt outrunner-type Brushless Direct Current (BLDC)
motor through simultaneous analysis in the vibroacoustic, thermal, and mechanical
performance domains. Experiments are performed in an anechoic chamber to
minimize background noise interference and ensure the validity of acoustic data.
The primary hypothesis posits that increased mechanical load leads to greater
electromagnetic excitation, which in turn increases both vibroacoustic response
and thermal dissipation due to elevated energy losses. Testing is conducted with
load variation using a magnetic brake and a planetary reducer transmission system
across a speed range of 500 to 5,000 RPM. Spectral analysis using the Fast Fourier
Transform (FFT) method demonstrates that increased mechanical load is generally
correlated with higher vibroacoustic root mean square (RMS) values, with an
exception due to a local structural resonance phenomenon identified under no-load
conditions at 4,000 RPM, reaching a peak amplitude of —4.97 dBfs. The results
indicate that the highest efficiency of 82.16% is achieved at 3.40 Nm (3,400 RPM),
however, this condition is accompanied by the highest heat accumulation (57.2 °C),
a thermal profile that has not yet reached steady-state, and a 55% increase in
current draw relative to the preceding load condition. Based on a composite
evaluation of efficiency, vibroacoustic stability, and signal validity through the
coherence function, the 2.40 Nm (3,100 RPM) condition is identified as the actual
optimal performance point, characterized by the highest coherence value (0.92)
and a more balanced trade-off between efficiency (79.16%) and controlled thermal-
acoustic loading. The 3.40 Nm condition is therefore more appropriately regarded
as the upper operational limit rather than the recommended working point. These
findings demonstrate a strong correlation between energy dissipation as acoustic
emissions and an increased rate of thermal degradation in the motor. The resulting
data serve as a reference for the development of heavy-lift drone propulsion systems
that require a balance between energy efficiency and structural reliability.

Keywords: BLDC OQOutrunner, Vibroacoustic Analysis, Thermal Distribution,
Anechoic Chamber, Experimental Characteristics
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