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Abstract

Currently, low-voltage distribution transformers (22/0.4 kV)
frequently encounter overloading and phase unbalance issues. Traditional
manual inspections lack continuity, while Supervisory Control and Data
Acquisition (SCADA) systems incur prohibitively high installation costs. This
research article aims to develop a real-time three-phase power quality
monitoring system for low-voltage distribution transformers using Internet of
Things (IoT) technology to overcome the limitations of inspection latency.
The system architecture consists of a Schneider PM2230 meter as the primary
measurement unit, processed via an Arduino Mega 2560 microcontroller, and
transmits data through a SIM7600E module to the Firebase Cloud Database.
Laboratory calibration results indicate that the developed system achieves
high accuracy, with an average error of only 0.55% for voltage and 0.04% for
current compared to a FLUKE 115 standard reference instrument. The
highlight of this research is its ability to immediately detect phase unbalance
problems at a significantly lower installation cost than standard SCADA
systems. By providing real-time alerts, the system successfully reduces the
detection time from hours to seconds, which is highly beneficial for the
implementation of future predictive maintenance strategies for distribution
transformers.
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29062025 - Notepad

File Edit Format View Help

29.6.2025-0:0,239 55,240.73,237.83,11.37.2.58,10.42,2.64,0.57,2.38
29.62025-0:5,239 51,240.49,237 93,11.32,2.59,10.652.63,0 57:2.45
29.6.2025-0:10,239.84:240.86,238.00,5.06,2.61,10.37,1.05,0.58,2.37
29.6.2025-0:15,240.01;240 96,238.12:4.70,2.61;10.66;0.97,0 58,2 45
29.6.2025-0:20.239.78;240.64,237.85:4.72:2.60,10.42,0.97,0.57:2.38
29.6.2025-0:25:239.71:240.75:237.87:10.74:2.58,10.69;2.50,0.57:2.46
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    V  r m s =   1  n   ∑  i = 1  n    v  i 2


  % E r r o r =  |     V  r e f −   V  m e a s    V  r e f | × 100 %      


    I  N


    I  N =    I  A 2 +   I  B 2 +   I  C 2 −  (   I  A   I  B +   I  B   I  C +   I  C   I  A )


    I  A ,   I  B ,   I  C


    I  N

