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A weak grid impedance detection method based on windowed Fourier transformation

YUAN Xiaoping, HU Xiujuan, SUN Yingzhou, WU Zhongwen, LU Pengfei
(China University of Mining and Technology, Xuzhou 221116, China)

Abstract: In order to solve the error of the weak grid impedance measurement based on the traditional Fourier transform,
which is caused by the grid background harmonic interference and the fundamental frequency fluctuation, an improved
detection method is proposed. By analyzing the mathematical characteristics of Fourier transform and window function, it
is concluded that the slow frequency response attenuation speed of the traditional Fourier transform and signals’
asynchronous sampling is the main cause of the error. On this basis, a windowed Fourier transform algorithm is applied to
greatly improve the Fourier transform attenuation speed from the main lobe to side lobe as well as from side lobe to side
lobe. At the same time, the frequency resolution of Fourier transform is increased to avoid the main lobe interference

caused by wide main lobe after windowing. Matlab simulation and experimental results verify that the method proposed is

effective to improve calculation precision and anti-interference ability of grid impedance detection.
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Fig. 1 Grid impedance measurement system model
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Fig. 2 Normalized amplitude frequency spectrum
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Table 1 Effect of grid frequency changes on 200 Hz

signal detection
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Fig. 3 Frequency/amplitude characteristics of the Fourier

transform under the resolution of 25 Hz and 5 Hz
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Table 2 Performance of several window functions
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Fig. 4 Schematic of spectrum interference caused
by 150 Hz signal to 200 Hz signal
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Fig. 5 Frequency response of traditional Fourier transform

and Fourier transform with Blackman-window
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Table 3 Grid impedance test values under ideal conditions

el 1 2 3 4

Ry SZBRH/Q 0.50 1.00 1.50 2.00
R, MBE 1/Q 0.56 1.09 1.57 2.07
R, MAE 2/Q 0.54 1.05 1.55 2.03
R MR 1/% 12.48 9.58 4.99 3.77
R MR 2/% 8.34 4.60 327 1.63
Ly SEFR{E/mH 0.50 1.00 1.50 2.00
Ly WA 1/mH 045 0.94 1.39 1.92
Lg WAAH 2/mH 0.46 1.01 1.45 1.97
L 522 1/% 10.84 6.17 7.45 3.84
Ly IR 2/% 9.48 0.72 3.62 1.33
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Table 4 Grid impedance test values under voltage

containing harmonic conditions

gl 1 2 3 4

Ry SZBH/Q 0.50 1.00 1.50 2.00
R MIRAE 1/Q 0.61 1.15 1.60 2.08
R, MR E 2/Q 0.56 1.08 1.58 2.04
R M ERZE 1/% 22.03 15.21 6.68 4.87
R W LR ZE 2/% 12.43 11.43 5.46 2.08
Ly 52BMH/mH 0.50 1.00 1.50 2.00
L WA 1/mH 0.43 0.91 1.38 1.90
Lg WA AH 2/mH 0.45 1.06 1.44 1.96
Lo MR ZE 1/% 13.87 9.13 8.14 522
Lo W22 2/% 10.01 6.57 427 2.82
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Table 5 Grid impedance test values under grid

frequency variation conditions

el 1 2 3 4

Ry SZBHE/Q 0.50 1.00 1.50 2.00
R WA 1/Q 0.60 0.25 0.33 0.85
R WA 2/Q 0.52 0.93 1.45 1.94
Ry MHIRTE 1/% 219.70  124.99 78.17 57.50
Ry MR VE 2/% 33 6.98 3.49 2.78
Ly 2BR{E/mH 0.50 1.00 1.50 2.00
L MRAE 1/mH 0.01 0.56 0.99 1.57
Ly WA {E 2/mH 0.49 1.05 1.46 1.95
L MEHRZE 1/% 97.78 43.74 34.35 21.38
Ly WIEHRE 2/% 1.00 5.20 2.80 2.26




- 100 -

® LRGP B R

L R BRI LU DU Y, BSOSk
FE LR T 00 T #RRESEEL L P BHLGT IR, L
&5 R0 L AR SRV EA L E AT RIS B v BT
ERHINER

3 FMMMEMAELENRESER

BIR T S 6 2 A1 TG B A3t AR L 1 vl s (P Y
RELE), SRR, RIAERIAG T OIS T
FD) - LGRS H P BT, R ki
BELHTRVEAL A BT A PERE . AR BTN &
S T B NARFRAE A 1 Q+2 mH [ B BT fn A
PRI BE ST, RGERERE 20 AN TAUA 101(0.4 s)ill
KRBT, AEBAHTE I 50 LB ST
(B AL G LIS 1) H X BEL TG I SR A Xt 1
BrAAE YIS R TS AR W 6 s, i
I SRR ZE U 6 PR o

3

=] y
= 2f NSNS
# Y
E Iy f‘\
2 \
# gl i : | :
0 0.3 10 1.5 20 2.5\\\ 30 35 40 45
T 4 ! —
g 3 i ,\; " b w
= % PRS-
& T" R Tl L ““--\-r..t:v'u'.s:i_zr:i;m'u,-ja-:.;fJ
3 00 VAR W -

0 05 10 15 20 25 30 35 40 45
I's
(a) Gk AT

gt S a A et

2r /

e SNISGASUUPN ,p\
Ot

0 05 10 15 20 2.5\ 30 35 40 45

r—mk___.-..,A, e P
e oy S L P ]

0 05 10 15 20 25 30 35 40 45

L ELH /O

L[4 L% 'mH
[Tl O NPV S

s

(b) et /s
6 DU A AR AT F A9 R N PR HT AR
Fig. 6 Grid impedance detection based on traditional

and improved Fourier transform
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Table 6 Grid impedance test value and error based on conventional
and improved grid impedance detection algorithm
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Table 7 Grid impedance test value and error based on conventional
and improved impedance detection algorithm under variable

frequency condition
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