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Harmonic analysis of power system based on Nuttall window four-spectrum-line interpolation FFT

LI Demin, HE Yigang
(School of Electrical Engineering and Automation, Hefei University of Technology, Hefei 230009, China)

Abstract: There is difficult for Fast Fourier Transform to obtain the exact harmonic parameters in situation of
non-synchronized sampling and non-interger cycle truncation. Utilization of window functions and interpolation
algorithms can improve the accuracy of FFT. The spectral characteristics of Nuttall window are analyzed and an algorithm
based on Nuttall window four-spectrum-line interpolation FFT is proposed to analyze electric power harmonic. The
algorithm has improved the accuracy of harmonic analysis by using weighted arithmetic of four spectral lines near the
peak spectrum-line frequency point. The applicable formulas are obtained by fitting of polynomials. Simulation results
verify a higher accuracy of harmonic analysis and a better effect of restraining the spectral leakage in non-synchronized
sampling by using the algorithm.
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Fig. 1 Comparison of spectrum of the two Nuttall windows
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Table 1 Sidelobe characteristics of several cosine windows

gy PPRHIOLE SRR

T BRIAL

dB (dB/oct)
Blackman % 12n/N -58 18
Blackman-Harris % 16n/N -92 6
4 TR AR5 Nuttall & 160/N -98.2 6
4 750 1 B Nuttall % 16n/N -93.3 18
4 750 3 B Nuttall % 16n/N -82.6 30
4 T50 5 B Nuttall % 16n/N -60.95 42
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Table 2 Frequency, amplitude and phase of the fundamental

wave and every harmonic signal

W HL n Wi Mz & fii/v HAEAC)
1 50.1 220 10
3 150.3 35 20
5 250.5 27 40
7 350.7 24 60
9 450.9 20 90
11 551.1 17 130
13 651.3 15 170
15 7515 12 230
17 851.7 10 280

%3 TRIMERERZMRESR
Table 3 Amplitude results of different window

interpolation algorithms

—— Blackman FREIPYI S By St Py I 5

E n N o [ T o [ T o

i FPUHELE  Nuttall P54 Nuttall 7 PU3ELE
1 220.000 00029 219.999 999 891 219.999 999 891
3 35.000 00038  35.000 000 064  35.000 000 064
5 27.00000009  26.999 999 987  26.999 999 988
7 24.000 00003 23.999999 949  23.999 999 950
9 19.99999990  19.999 999 955  19.999 999 955
11 17.000 00007  16.999 999 977  16.999 999 977
13 15.000 00002  15.000 000 004  15.000 000 004
15 12.000 00003  12.000 000 010  12.000 000 010
17 10.000 00003 10.000 000 013 10.000 000 013
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Table 4 Phase results of different window interpolation algorithms

. Blackman — FHUFIPYIN 5 i SedkRPY I s By
W n U U U
APUIEZE  Nuttall % PYH52E Nuttall % PYH5LL
1 9.999 999 91 9.999 999 96 9.999 999 96
3 19.999 999 99 19.999 999 99 19.999 999 99
5 39.999 999 87 39.999 999 96 39.999 999 95
7 59.999 999 91 60.000 000 05 60.000 000 06
9 89.999 999 87 90.000 000 09 90.000 000 07
11 130.000 000 08  130.000 000 06  130.000 000 06
13 170.000 000 15  170.000 000 13 170.000 000 13
15 —129.999 999 99 -129.999 99998 -129.999 999 99
17 -79.99999994  -80.000 000 03  —-80.000 000 03
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Table 5 Amplitude errors of different window

interpolation algorithms
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Table 8 Amplitude errors of different window interpolation

algorithms with inter-harmonics

— Blackman  #RAIPUIN S By kR PUIR 5 By F—— Blackman HHLRIPUII 5 i et AP 5 Bir
WIS Nuttall % PU3%E4E Nuttall % PU3% 2k TS Nuttall % P05k Nuttall % PU%LE
1 2.9E-7 -1.09E-7 -1.09E-7 F£4(50.1 Hz) 9.89E-5 1.67E-6 1.67E-6
3 3.8E-7 6.4E-8 6.4E-8 [ 19%(80.16 Hz) 8.9E-3 6.3E-3 6.3E-3
5 9E-8 -1.3E-8 -1.2E-8 SR (150.3 Hz)  2.2E-3 8.8E-4 8.9E-4
7 3E-8 -5.1E-8 -5.0E-8 [ i59%(175.35 Hz) 9.7E-3 3.0E-3 3.1E-3
9 -1E-7 -4.5E-8 -4.5E-8 HIRIEB(250.5Hz)  1.6E-6 1.4E-7 1.4E-7
11 7E-8 -2.3E-8 -2.3E-8 LRI (350.7 Hz)  3.4E-8 -5.1E-8 -5.0E-8
. " o BB AFAS T AR AL T 2 WS %2 7
N s e e o BT 3 U0, 3 VRN S Y I LR

% 6 TRIMERERZMBAMIRE
Table 6 Phase errors of different window interpolation algorithms

o Blackman — FRLAIPYIR 5 B ScdEPyI s By
TR n e o o
BWIURELZE  Nuttall P05k Nuttall % PUi% 2

1 -9.0E-8 -4.0E-8 -4.0E-8

3 -1.0E-8 -1.0E-8 -1.0E-8

5 -1.3E-7 -4.0E-8 -5.0E-8

7 -9.0E-8 5.0E-8 6.0E-8

9 -1.3E-7 9.0E-8 7.0E-8

11 8.0E-8 6.0E-8 6.0E-8

13 1.5E-7 1.3E-7 1.3E-7

15 1.0E-8 2.0E-8 1.0E-8

17 6.0E-8 -3.0E-8 -3.0E-8

3.3 BIEEBURILIKAY FFT SR

R RS OGN, FFT S RE A
JH 5 Ve AP % e A0 ) BB Ze EAT 4 A 20 B e 200 H
%57 Blackman & VYIS Seddi{E FFT Hi%L, S54RI
PR TS AT 0T, REEIR £=5 120 Hz,
KFE R N=1 024, 3K 8. 3 9 735 AIRAE . AHALI
MHEARZE

F1IESHE. REMMEL

Table 7 Frequency, amplitude and phase of the sampling signal

R B /Hz /HIETAY HIBLA)
Sk 50.1 220 10
IR 80.16 2.8 36
=W 150.3 35 20
IR 175.35 2.1 57
R 250.5 27 40
BRI 350.7 24 60

I, A EGE S T I AFAE ST s, AT
HIEDRT R E R . X R 5. K6 MK 8, &9
FIA TSR, BB 3. 5 IR A
AR RN R 2 ORI, 3 TR U8 A A it s
SO T FET S0 M AR REE OGE B 70 A, (RIS
FFT S0 B 0 ST RG BE 5K 5. 3R 6 TPATIEE
WKFEAIC, 40 80.16 Hz AT 5 (IR A (1 4 0t
BT 107, MR S A BEERLS 5 1 6
{H LR ZEAE 107~ 107, 342 PR R R R0 K 1) 4
B WP R 2> 52w 2 R A . LA
BT, A5 T BRI A A AR 1
I, FET S0 AR A B O A A8 H I AR
FER R RPEAR. EIE, ASCEEN Fra (s 5 1
SRR FE AR = T SCR[ 1617 LT Blackman 7
VU2t (il FFT 5002, Bl 1A SCRE A R0
9 B EIEK AR BEIARBLIIRE
Table 9 Phase errors of different window interpolation

algorithms with inter-harmonics

o Blackman HHUAIPYL 5 By Sedt Py 5 B
TPURELE  Nuttall % PURELE Nuttall 7 PU3%2E
W (50.1 Hz) -3.1E-4 1.93E-4 1.93E-4

]38 7%(80.16 Hz) 1.1E-2 9.4E-3 9.4E-3

=R (150.3 Hz)  -3.7E-2 9.0E-3 9.0E-3
83835 (175.35 Hz) 4.6E-2 2.8E-2 2.7E-2
TP (250.5 Hz) 5.0E-4 -3.2E-5 -3.1E-5
L (350.7 Hz)  -9.0E-8 5.0E-8 6.0E-8
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Fig. 5 Amplitude relative error distribution under

frequency fluctuation
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Fig. 6 Phase relative error distribution under

frequency fluctuation
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