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Five-point Weighted FFT Algorithm for Measurement of Dielectric Loss Angle

SUN Peng, YANG Yongyue
(School of Electrical Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: Real-time detection of dielectric loss angle can provide a reliable basis for monitoring electrical equipment

insulation. When FFT algorithm is applied to measure the dielectric loss angle, the measurement accuracy is
influenced by the spectrum leakage effect due to asynchronous sampling. In this paper, the spectrum leakage effect of
FFT algorithm caused by asynchronous sampling is analyzed, and a five-point weighted FFT algorithm is proposed to
measure the dielectric loss angle. In the algorithm, five points from the Fourier transformed signal series are weighted
and calculated to reduce the spectrum leakage error and improve the measurement accuracy of dielectric loss angle.
Simulation with the proposed algorithm is conducted to observe the variation of dielectric loss angle in the cases of
varying parameters such as signal frequency, third-order harmonics, sampling frequency, sampling point number,
direct current component, theoretical value of dielectric loss angle, initial phase angle, and white noise. The simulation
results verify the effectiveness of the proposed five-point weighted FFT algorithm.
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Table 1 Influence of frequency fluctuation on

measurement of dielectric loss angle

ECRURT - i PURTS

SR H/rad  WiH/Hz ST H /rad

/(10%rad) /%
0.005 358 70  49.5  0.005 360 06  0.136 0.025 3
0.005 337 14  49.7  0.005 33853  0.139 0.026 0
0.005305 11 50.0 0.005 30638  0.127 0.023 9
0.005 273 47  50.3 0.005 274 84 0.137 0.026 0
0.005 25259  50.5 0.005 253 88 0.129 0.024 6
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Table 2 Influence of third-harmonics on measurement of

dielectric loss angle

SHNGE/rad  A4/A, ST {H/rad BRI M
(107°rad) 2%
0.005 25259 0.1 0.005 253 88 0.129 0.024 6
0.00525259 0.3 0.00525347  0.083 0.016 8
0.00525259 0.5 0.00525363  0.104 0.019 8
0.00525259 0.7 0.00525369  0.110 0.020 9
0.005 25259 0.9  0.005 253 87 0.128 0.024 4
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Table 3 Influence of sampling frequency on

measurement of dielectric loss angle

SFHIE A /rad AR ST AE rad AT AR
F/Hz (107rad) /%
0.005 25259 640 0.005 253 86 0.127 0.024 2
0.005 252 59 800  0.005 253 93 0.134 0.025 5
0.005 252 59 1280 0.005 253 88 0.129 0.024 6
0.005 25259 1600 0.005 25393 0.134 0.025 5
0.005 252 59 2560 0.005 253 87 0.128 0.024 4
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Table 4 Influence of sampling dot number on

measurement of dielectric loss angle

SPEIBAH /rad ﬂé# S5 H /rad XTI XTI
R (10~rad) ZE1%
0.005 25259 128 0.005256 68  0.410 0.078 1
0.005 25259 256 0.005254 04  0.145 0.027 6
0.005 25259 512 0.005 253 87 0.128 0.024 4
0.005 25259 1024 0.005 253 88 0.129 0.024 6
0.005 25259 2048 0.00525386  0.127 0.024 2
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Table 5 Influence of direct bias on measurement of
dielectric loss angle
YaXPERIE) AR R
(107 rad) 1%

SHUGAE/rad  AYA, SITH Al /rad

0.005 25259 0.1  0.00525390  0.131 0.024 9
0.005 25259 0.3 0.00525394  0.135 0.025 7
0.005 25259 0.5 0.00525386  0.127 0.024 2
0.005 25259 0.7  0.005 253 93 0.134 0.025 5
0.005 25259 0.9  0.005 253 88 0.129 0.024 6
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Table 6 Influence of theoretical value on measurement of

dielectric loss angle
SPLIE B /rad  STFEAE/rad 46 X152 25/(107 rad) XT3 22/%

0.001 260 63 0.001 260 93 0.030 0.023 8
0.005 252 59 0.005 253 88 0.129 0.024 6
0.010 504 89 0.010 507 71 0.282 0.026 8
0.015 756 61 0.015 760 74 0.413 0.026 2
0.021 007 46 0.021 013 05 0.559 0.026 6
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Table 7 Influence of initial phase angle on measurement

of dielectric loss angle

. STHAH T K4 X 1R S FNiEh)
SHRIEAH frad o . o
R ff/rad  2£/(107 rad) R 22 1%
0.005 252 59 0.005 254 28 0.169 0.032 2
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Table 8 Influence of white noise on measurement of

dielectric loss angle

EL- . St HAE BORGEXS R RARXT
SMiRfHad N oy

t/dB e KB /rad #2107 rad)  R2/%
10 0.005 252 59 0.044 310 73 3 906.000  743.600
30 0.005 25259 0.010 678 58 542.600 103.300
50 0.005 252 59 0.005 722 42 46.980 8.944
70 0.005 252 59 0.005 314 46 6.187 1.178
90 0.005 252 59 0.005 258 83 0.624 0.119
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