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An approach for electrical harmonic FFT analysis based on Hannning self-multiply window

CHEN Jian', WANG Wei', WANG Shaohua®’, YANG Shihai**
(1. College of Mechanical and Electrical Engineering, China Jiliang University, Hangzhou 310018, China;
2. State Grid Jiangsu Electric Power Company Research Institute, Nanjing 210013, China;
3. State Grid Key Laboratory of Electric Energy Measurement, Nanjing 210013, China)

Abstract: The key of accuracy of current harmonic analysis is the window function with good sidelobe characteristics.
This paper proposes Hanning self-multiply window for the first time, which is constructed by the self multiply of
Hanning window in time domain, and it has the advantage that its sidelobe characteristics is increasing with the
increase of times of self multiply. At the same time, it puts forward four-spectrum-line interpolation FFT power
harmonic analysis method based on five terms cosine window, and applicable rectification fomulas of
four-spectrum-line are obtained by using polynomial curve fit function. Comparison with Hanning window, Nuttall 4
terms 5 order window four-spectrum-line interpolation FFT method is carried out by simulation, which verifies this
window function has higher precision of analysis at amplitude, phase and frequency. Harmonic analysis for Nanjing
Chemical Industrial Park thermoelectric secondary current further verifies the effectiveness of the proposed window
function.
This work is supported by the State Grid Program of China.
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Table 1 Components of the side-lobe characteristic of the

cosine composite windows

T R AL S IEEAY HF-/dB AT £ 9314 %6/ (dB/oct)
Hanning -32 18
Blackman -58 18
Black-Harris -92 6
4 35 1 Bt Nuttall -93.3 18
4 35 3 it Nuttall -82.6 30
4 51 5 B Nuttall -61 42
TR S ~74.6 48
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Table 2 Parameters of input harmonic signals
BN 1 2 3 4 5 6 7 8 9 10 11
IHIETAY 220 0.5 25 0.4 6 0.3 4 0.002 2 0.01 0.003
AHAZ/ (°) 60 60 30 60 60 60 60 60 60 45 36
BN 12 13 14 15 16 17 18 19 20 21
RETAY 0.005 0.01 0.08 0.9 0.001 0.003 0.001 0.008 0.003 0.1
FIRLA®) 30 25714 225 20 18 -60 -90 -60 -45 -36
% 3 IREIRELLR
Table 3 Comparisons of errors in calculating amplitude
v
T R 1 2 3 4 5 6 7 8 9 10 11
Haming ~ 6.64E-5  —00185 2.068E-4 7.245E-5 4.572E-5 1318E-5 -157E-5 -860E-4 -136E-6 -1.53E-5  4.5E-7
Nuttall ~ -12E-7 3.575E-5  23E-8  1.14E-6 7E-8 129E-6  -1E-8 5.7E-7 0 9E-8 0
FiI 1.IE-7  -104E-5  -2E-8  -32E-7  -1E-8  -3.1E-7 1E-8 -1.7E-7 0 3E-8 0
T R 12 13 14 15 16 17 18 19 20 21
Hamning ~ 491E-6  236E-6  6.97E-6  5.188-6 -406E-5 -67E-7 -124E-6  9.8E-7 7.5E-7 3.4E-7
Nuttall 0 2E-8 8E-8 2E-8 -4E-8 0 0 0 1E-8 0
TiIm 0 1E-8 2E-8 0 1E-8 0 0 0 0 0
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Table 4 Comparisons of errors in calculating frequency
Hz
T R 1 2 3 4 5 6 7 8 9 10 11
Hanning -5.11E-5  3.958E-1 1.752E-4  6.149E-2  3.345E-4  2.374E-2 1.95E-4 1.533 5.3E-6 —245E-2  5.982E-2
Nuttall —2E-8 3.468E-4 4E-8 -1.22E-5 SE-8 2.349E-5 0 1.134E-2 —2E-8 -9.85E-5 2.19E-6
FI0 0 7.818E-4 2E-8 -3.79E-6 1E-8 9.45E-6 0 2.099E-4 0 -2.2E-7 2.8E-7
T R 12 13 14 15 16 17 18 19 20 21
Hanning  2.536E-2  -4.11E-5 -1.8E-5 1.136E-4 -441E-1 -226E-2 -128E-2 -356E2 -127E2 -1.1E-4
Nuttall 1.84E-6 ~6.66E-6 -6.2E-6 7E-8 -541E-3 4.23E-4 4.5E-7 2.01E-6 -1.68E-4 0
HI0 2.7E-7 -3.24E-6 -6.9E-7 4E-8 6.7E-6 1.5E-7 1.74E-6 1E-7 -2.53E-6 1E-8
5 MIAGLRE LR
Table 5 Comparisons of errors in calculating phase
©)
T R 1 2 3 4 5 6 7 8 9 10 11
Hanning 3.03E-4 ~7.12E-1 2.463E-2 -248E-1 -73E-2 -2.81E-1 -1.2E-2 32.514 1.053E-2  -3.97E-1 -3.066
Nuttall 3.6E-7 2.161E-2 5.27E-6 5.449E-4 2.96E-6 1.265E-2 -1.6E-6 9.194E-2 1.58E-6 5.525E-4 -1.8E-5
HI0 0 -9.78E-3 -1.07E-6 1.356E-4 -136E-6 -8.19E4 2.6E-7 -3.38E2 -1.1E-7 5.784E-4 —4E-5
T R AL 12 13 14 15 16 17 18 19 20 21
Hanning  —6.09E-1 1.463E-1 1.346E-1  -1.35E-1 6.477 3.791E-1  -8.73E-1 1.786E-1  6.947E-1 -0.859
Nuttall -4.62E-5  6.002E-4 4.6E-4 7.16E-6 —6E-2 1.11E-2 ~726E-6  —-8.03E-5  1.164E-2 2.7E-7
HI0 -1.85E-5  6.178E-5 -9.5E-6 -34E-6 4.474E-3  -332E-6 —839E-5 1.22E-6 ~7.85E-5 -9.5E-7
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Table 6 Secondary current parameters of Nanjing Chemical Industrial Park

T L 1 2 3 4 5 6 7 8 9
B {E/A 0.14 42E-5 3.36E-4 5.6E-5 2.38E-4 9.8E-5 1.4E-5 42E-5 8.4E-5
HIE/) 0 154.61 36.93 38.34 27.16 7.43 12.08 0.03 32.44

R SHIRELR

Table 7 Comparison of parameter errors

B 1 2 3 4 5 6 7 8 9
TEAH/A 0 1E-8 0 0 0 0 0 0 0
HBLA©) -1E-8 3.3516E-2 -1.316E-5 -2.375E-4 1.1E-6 -1.673E-4 -3.73E-6 -1.08E-4 9.15E-5
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