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A method to identify inrush current based on waveform characteristics of differential current

LING Guang', SU Bin®
(1. State Grid Shaoxing Power Supply Company, Shaoxing 312000, China; 2. State Grid Hangzhou Power
Supply Company, Hangzhou 310000, China)

Abstract: A new method to distinguish inrush current from fault current based on waveform characteristics of differential
current is proposed. The common characteristic of inrush currents is that they are all influenced by core saturation.
Differential current is the real magnetizing current so that it shows this character more obviously. Waveform coefficient is
defined as the percentage of current corresponding to flux unsaturated area in one cycle. If this coefficient is bigger than
set value, it would be judged as inrush current. Otherwise an auxiliary criteria of whether waveform is completely located
on one side of time axis is introduced to make a further judgment, which makes this method more reliable. The proposed
method is verified by digital simulation experiments of no-load closing. The results show that inrush currents in various
situations, and the performance of the method is superior to the second harmonic restraint principle and the dead angle
principle.
This work is supported by National Natural Science Foundation of China (No. 51177148).
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Fig. 1 Single phase equivalent circuit of transformer
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Fig. 2 Curve of magnetic flux and exciting current
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Fig. 3 Inrush current and its corresponding flux
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Fig. 4 Comparison between inrush and differential current
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Fig. 5 Differential current of whole cycle flux saturated
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Fig. 6 Flowchart of inrush current identification
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Fig. 8 Differential current with small inrush current
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Fig. 10 Traditional and real differential currents
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Fig. 11 Spectral analysis of inrush current
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Fig. 12 Real and traditional differential currents
in high residual magnetism
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Fig. 13 Spectral analysis of inrush current

I A S 7 v A% 40 22 i 1K = AH B T &R
B, ik 03564 0.437 Fil 0.452, —AHIE )y b
W, FIWTIERG. AR OGRS, A A EIE)
LA 7.31%, [RIFES51E RS,

AR TR AR R AR, LA AR AR 2%l ()
B Ry 5, ARSI A RIS, (A5 3] A
A SEBR Z2 AL S 20, i 14 Fios.

N FH AR SCIR 7 VR A5 31 S B ZE i MR 48 223
IR E k, 200 0.028 A1 0.035, ¥J/NTFBI{E

8 000 ———
— SEBRZER

- RGN

6 000

4000

IJ/A

2000

0

0 0.01 0.02 0.03 0.04
t/s

14 [@ B8RRI SERRERFANE RER
Fig. 14 Real and traditional differential current when
turn-to-turn fault occurs
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Table 1 Simulation results of inrush current identification
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