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A full-wave Fourier improved algorithm of filtering decaying DC component
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Abstract: Full-wave Fourier algorithm is influenced by the decaying DC component when extracting fundamental
component from the fault current. In order to solve the problem, a novel full-wave Fourier algorithm of filtering decaying
DC component is proposed and the derivation of the decaying DC component parameters calculation is given. Firstly, the
initial amplitude and decay time constant of the decaying DC component can be calculated with the sampling values in
one cycle of the fault current, and then the corrected sample values can be got by using the sampling values minus the
decaying DC component. The fundamental component can be got by the revised sampling values with full-wave Fourier
improved algorithm. The static model simulation signals and PSCAD/EMTDC simulated signals are applied to test the
performance of the algorithm separately. The simulation results illustrate that the proposed algorithm can effectively
reduce the impact of decaying DC component. Compared with traditional algorithms, the proposed algorithm only needs
one cycle of sampling data. The fundamental component is calculated accurately with a small amount of calculation.

Key words: decaying DC component; parameter calculation; time constant; full-wave Fourier algorithm; fundamental
component
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Table 1 Static simulation results of interference-free signal sampled signal when ¢,=0°, [,=1.0 A

v/ms(1y/,=0.2) v/ms(ly/,=1) v/ms(l/[,=5)
5 50 100 200 5 50 100 200 5 50 100 200

7/ms 5.2099 | 49.4189 | 97.1230 | 199.505 5.2109 50.2065 | 100.297 | 200.752 5.2114 50.2068 | 100.166 | 199.747

Io/A 0.2000 0.2000 0.2010 0.2000 1.0000 1.0000 0.9990 0.9990 4.9990 5.0000 5.0000 5.0010
I J 3t 0.9989 0.9998 0.9997 1.0000 0.9946 1.0003 1.0002 1.0001 0.9730 1.0017 1.0004 0.9998
R TE1Y 0.1100 0.0200 0.0300 0 0.5400 0.0300 0.0200 0.0100 2.7000 0.1700 0.0400 0.0200

01/(°) -0.1060 | -0.0030 | —0.0020 0 -0.5260 0 0 0 0.8490 0 -0.0010 | -0.0020
L 3t 0.5003 0.4999 0.4999 0.500 0.5014 0.5001 0.5001 0.5000 0.5075 0.5006 0.5001 0.4999
R TEY 0.0600 0.0200 0.0200 0 0.2800 0.0200 0.0200 0 1.5000 0.1200 0.0200 0.0200
I 3t 0.3300 0.3299 0.3299 0.3300 0.3298 0.3301 0.3301 0.3300 0.3293 0.3306 0.3301 0.3299
R TEY 0 0.0303 0.0303 0 0.0606 0.0303 0.0303 0 0.2121 0.1818 0.0303 0.0303
I5 3t 0.1998 0.1999 0.1999 0.2000 0.1992 0.2001 0.2000 0.2000 0.1962 0.2003 0.2001 0.200
R TEY 0.1000 0.0500 0.0500 0 0.4000 0.050 0 0 1.900 0.1500 0.0500 0
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Table 2 Static simulation results with 60 dB white Gaussian noise signal in sampled signal when ¢,=0°, I;=1.0 A
v/ms(1y/,=0.2) v/ms(ly/,=1) v/ms(ly/[,=5)
5 50 100 200 5 50 100 200 5 50 100 200

7/ms 6.3099 30.7382 | 203.847 182.571 5.3294 50.1246 89.7361 180.390 5.242 49.2223 102.234 206.726
I/A 0.1880 0.1920 0.2100 0.2010 1.0170 0.9880 1.0010 1.0140 5.0040 5.0030 4.9780 5.0130
I 3t 1.0024 0.9876 1.0192 0.9996 0.9962 1.0002 0.9936 0.9964 0.9752 0.9914 1.0062 1.0045
R TE1Y 0.2400 1.2400 1.9200 0.0400 0.3800 0.0200 0.6400 0.3600 2.4800 0.8600 0.6200 0.4500
01/(°) -0.1880 0.0580 -0.0620 0.0110 -0.9480 0.0720 -0.0040 | -0.0700 | —2.6490 | -0.0340 0.0830 -0.0800
L 3t 0.5046 0.4956 0.5056 0.4999 0.5044 0.4997 0.4980 0.4987 0.5112 0.4977 0.5025 0.5019
R ZE/% 0.9200 0.8800 1.1200 0.0200 0.8800 0.0600 0.4000 0.2600 2.2400 0.4600 0.5000 0.3800
L 3t 0.3336 0.3255 0.3359 0.3295 0.3319 0.3297 0.3281 0.3288 0.3322 0.3273 0.3321 0.3316
R ZE/% 1.0909 1.3636 1.7878 0.1515 0.5757 0.0909 0.5757 0.3636 0.6667 0.8181 0.6363 0.4848
L5 Je 3w 0.2017 0.1976 0.2039 0.1996 0.2007 0.1998 0.1984 0.1993 0.1980 0.1984 0.2014 0.2008
ZE1% 0.8500 1.200 1.9500 0.2000 0.3500 0.1000 0.8000 0.3500 1.0000 0.8000 0.7000 0.4000
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Fig. 1 Simulation model
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Fig. 2 Simulation results of the single-phase ground fault with
location at 10% of line MN and 10 Q transition resistance
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Fig. 3 Impedance calculated trajectories of the single phase
ground fault with location at 70% of the line MN

160t
R
140

120 0 10 20
100 1
o=

A
o AR

50 100 150
HEE L RL/Q

e B

4 TELIEMNRI0% AL BB & B IRt & &
it B EE
Fig. 4 Impedance calculated trajectories of the single phase
ground fault with location at 90% of the line MN
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Table 1 The results of single phase ground fault with location at 10% of the line MN

0.01Q 10 Q 100 Q2 300 Q
i
KA fijfk R KA fijfk R KA fijfk R KA fijfk R
L BH
T T Y T T Y T T Y T T %
Io/kA 31.900 10.762 0.555 0.102
7/ms 16.730 16.940 1.249 2.993 3.206 7.126 0.172 0.457 165.71 0.130 0.271 108.31
L/kA 32.410 32.390 0.057 18.915 18.940 0.533 5.939 5.938 0.026 3.550 3.550 0.005
01/(°) -79.30 -79.20 0.094 -43.80 -44.10 0.690 -6.220 -6.340 2.028 -2.250 -2.290 1.898
Mtz 2 3% MN B 50%80% 4 SRRt it B AR
Table 2 The results of single phase ground fault with location at 50% of the line MN
0.01Q 10 Q 100 Q2 300 Q
i
KA fijfk R KA fijfk R KA fijfk R KA fijfk R
i BH
T T Y T T Y T T Y T T %
Io/kA 6.4728 6.0401 1.2537 0.3552
7/ms 29.960 30.170 -0.696 8.486 8.696 2.474 1.820 2.036 11.872 0.977 1.200 22.831
L/kA 6.747 6.746 0.005 6.729 6.717 0.191 4.130 4.117 0.326 2.966 2.962 0.114
01/(°) -76.54 -76.50 0.053 -63.60 -63.51 0.090 -18.20 -18.41 1.051 -5.90 -6.00 1.752
Mtz 3 it MN B 90%8b% & SRRt it B AR
Table 3 The results of single phase ground fault with location at 90% of the line MN
0.01Q 10 Q 100 Q2 300 Q
i
KA fijfk R KA fijfk R KA fijfk R KA fijfk R
L BH
T T Y% T T Y T T Y T T %
Io/kA 6.6076 5.5346 1.1825 0.3566
7/ms 7.939 8.150 2.647 3.649 3.861 5.817 1.070 1.292 20.747 0.835 1.060 26.946
L/kA 4.740 4.722 0.392 4.429 4.399 0.679 2.870 2.860 0.348 2.473 2.470 0.129
01/(°) -94.22 -94.26 0.045 -66.11 -66.66 0.839 -15.62 -16.04 2.709 4.983 5.119 2.731
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Table 4 Static simulation results of interference-free signal sampled signal at ¢,=45° [,=1.0 A
v/ms(1y/,=0.2) v/ms(ly/,=1) v/ms(ly/[,=5)
5 50 100 200 5 50 100 200 5 50 100 200
7/ms 4.6530 45.1410 | 96.9870 159.660 5.0020 50.5140 120.710 166.880 4.9699 50.4470 98.2130 | 212.560
I/A 0.2110 0.2050 0.2010 0.2030 0.9990 0.9980 0.9860 1.0090 5.0220 4.9930 5.0080 4.9870
I Je 3t 0.9980 0.9980 0.999 0.9980 1.0020 1.0010 1.0080 0.9950 1.0010 1.0040 0.9960 1.0070
1% 0.1900 0.1900 0.0100 0.1200 0.2000 0.1000 0.8000 0.5000 0.1000 0.4000 0.4000 0.7000
01/(°) 449980 | 45.0740 | 44.9920 | 45.0700 | 45.1890 | 44.9470 | 44.6800 | 452340 45.7990 | 44.8450 | 45.2090 44.693
L 3R 0.5003 0.5001 0.4999 0.4999 0.5015 0.5001 0.500 0.5000 0.50760 0.5006 0.5001 0.4999
1% 0.0600 0.0200 0.0200 0.0200 0.3000 0.0200 0 0 1.5200 0.1200 0.0200 0.0200
I 3R 0.3300 0.3301 0.3300 0.3299 0.3298 0.3300 0.3301 0.33 0.3294 0.3306 0.3301 0.3299
ZE1% 0 0.0303 0 0.0303 0.0606 0 0.0303 0 0.1818 0.1818 0.0303 0.0303
L5 Je 3w 0.1998 0.2001 0.2 0.2000 0.1992 0.2000 0.2000 0.2000 0.1962 0.2004 0.2001 0.1999
1% 0.1 0.05 0 0 0.4000 0 0 0 1.9000 0.2000 0.0500 0.0500
M5 ¢=45°. [=1.0 A TREESHEFE 60 dB SHEREMFHTSHESR
Table 5 Static simulation results with 60 dB white Gaussian noise signal in sampled signal at ¢,=45°, ;=1.0 A
v/ms(1y/,=0.2) v/ms(ly/,=1) v/ms(l/[,=5)
5 50 100 200 5 50 100 200 5 50 100 200
7/ms 4.6530 45.1410 | 96.9870 159.660 5.0020 50.5140 120.71 166.880 4.9690 50.4470 | 98.2130 | 212.560
I/A 0.2100 0.2040 0.2010 0.2030 0.9980 0.9980 0.9860 1.0080 5.0210 4.9930 5.0070 4.9860
I Je 3w 0.9980 0.9980 0.9990 0.9980 1.0020 1.0010 1.0080 0.9950 1.0210 1.0040 0.9960 1.0060
1% 0.2000 0.2000 0.0100 0.2000 0.2000 0.1000 0.8000 0.5000 2.1000 0.4000 0.4000 0.6000
01/(°) 449980 | 45.0740 | 44.9920 | 45.0700 | 45.1890 44947 44.6800 | 452340 | 45.7990 | 44.8450 | 45.2090 44.693
L 3R 0.5025 0.5059 0.4956 0.5040 0.5036 0.4981 0.4998 0.5030 0.5112 0.4993 0.4980 0.4997
1% 0.5000 1.1800 0.8800 0.8000 0.7200 0.3800 0.0400 0.6000 2.2400 0.1400 0.4000 0.0600
I 3R 0.3317 0.3359 0.3254 0.3343 0.3317 0.3287 0.3294 0.3326 0.3322 0.3294 0.3281 0.3297
ZE1% 0.5151 1.7878 1.3939 1.3030 0.5151 0.3939 0.1818 0.7878 0.6667 0.1818 0.5757 0.0909
L5 Je 3w 0.2007 0.2039 0.1975 0.2025 0.2005 0.1989 0.1996 0.2019 0.1981 0.1997 0.1985 0.1997
ZE1% 0.3500 1.9500 1.2500 1.2500 0.2500 0.5500 0.2000 0.9500 0.9500 0.1500 0.7500 0.1500
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