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ABSTRAK 

 

 Transformator distribusi berperan penting dalam menjamin 

keandalan dan efisiensi pasokan daya listrik, terutama pada fasilitas kritis 

seperti pusat data. Salah satu tantangan utama dalam pengoperasian 

transformator adalah ketidakseimbangan beban antar fasa yang dapat 

menimbulkan arus netral berlebih serta meningkatkan rugi-rugi daya 

(losses). Kondisi ini berpotensi menurunkan efisiensi sistem distribusi dan 

memperpendek umur pakai transformator. 

 

 Penelitian ini bertujuan menganalisis tingkat ketidakseimbangan 

beban, besar arus netral, dan rugi daya akibat ketidakseimbangan pada 

transformator distribusi di Gedung Pusat Data X. Metode yang digunakan 

adalah analisis kuantitatif deskriptif melalui perhitungan manual dan 

simulasi ETAP. Perhitungan manual dilakukan untuk menentukan 

parameter dasar seperti arus per fasa, arus netral, dan losses, yang kemudian 

dijadikan input dalam simulasi ETAP untuk menganalisis kondisi eksisting 

dan skenario penyeimbangan beban. 

 

 Hasil penelitian menunjukkan bahwa pada kondisi eksisting, 

ketidakseimbangan beban mencapai 16,8% dengan arus netral total 124,8 

A dan rugi daya 2,33 W (1,68 kWh/bulan). Setelah redistribusi beban, 

ketidakseimbangan turun menjadi 7,2% dengan arus netral 59,5 A dan rugi 

daya 0,53 W (0,38 kWh/bulan). Proyeksi full load tidak seimbang 

menunjukkan arus netral melonjak hingga 629,5 A dengan rugi daya 59,6 

W (42,9 kWh/bulan), sedangkan pada full load seimbang 2% arus netral 

hanya 102,2 A dengan rugi daya 1,57 W (1,13 kWh/bulan). Temuan ini 

menegaskan bahwa pengelolaan beban seimbang efektif untuk menekan 

arus netral, mengurangi losses, dan menjaga efisiensi transformator 

distribusi. 

 

Kata kunci: Ketidakseimbangan beban, arus netral, losses, transformator 

distribusi, ETAP 
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ABSTRACT 

 Distribution transformers play a crucial role in ensuring the reliability and 

efficiency of power supply, especially in critical facilities such as data centers. One 

of the main challenges in transformer operation is phase-to-phase load imbalance, 

which can cause excessive neutral current and increase power losses, thereby 

reducing the efficiency of the distribution system and shortening the transformer’s 

service life. 

 This study aims to analyze the level of load imbalance, the magnitude of 

neutral current, and the power losses caused by the imbalance in the distribution 

transformer at Data Center Building X. The research employed a quantitative 

descriptive analysis through manual calculations and ETAP simulations. Manual 

calculations were conducted to determine basic parameters such as phase current, 

neutral current, and losses, which were then used as input for ETAP simulations 

to analyze both the existing condition and load balancing scenarios. 

 The results show that, under existing conditions, the load imbalance 

reached 16.8% with a total neutral current of 124.8 A and power losses of 2.33 W 

(1.68 kWh/month). After load redistribution, the imbalance was reduced to 7.2%, 

with a neutral current of 59.5 A and losses of 0.53 W (0.38 kWh/month). A 

projected full-load unbalanced scenario resulted in a neutral current surge up to 

629.5 A with losses of 59.6 W (42.9 kWh/month), while a full-load balanced 2% 

scenario showed a neutral current of only 102.2 A with losses of 1.57 W (1.13 

kWh/month). These findings confirm that balanced load management is effective 

in reducing neutral current, lowering losses, and maintaining transformer 

distribution efficiency. 

Keywords: Load imbalance, neutral current, losses, distribution transformer, 

ETAP
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