INFLUENCE OF THE HARMONIC DISTORTION DUE TO
MODERN WIND TURBINES ON THE BANDWIDTH
REQUIREMENT FOR FLICKER MEASUREMENT
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F INTRODUCTION F HARMONIC EMISSION SPECTRUM

I Harmonic currents P Interharmonic currents

Modern wind turbines commonly employ a power electronic converter as
part of the grid connection. A disadvantage of using them is the emission 7 In WT1, the emission of
of interharmonic currents and other non-characteristic harmonics. : mWTL interharmonic currents is located

The power quality characteristics of the wind turbines are mainly . - \?\r/(')l'gn&g;eer]:ltjsn?/:gelg\t/\?l frequency.

reported by the manufacturers according to the standard IEC 61400-21. it iy et o Bt W3 ,
In this standard, the procedure for evaluating the flicker caused by the IiSAECIIGS., (=0 presents

wind turbine, and not related to any fluctuations of the grid, is based on W2 a noticeable mt_erharmomc NOISE 1N
the measured current and its derivative. The new revision of this | | | | | all the frequencies, and mainly in
standard proposes an increment of the bandwidth for the flicker §- I | thil J!!!!!!!!!!!:ZB'L'!:;'!!L:i!!:::!:!;; the 8001 1400 Hz band.
characterization from 400 Hz up to 1500 Hz. It means the minimum e =
sampling rate for the flicker measurements must be increased from s . o s

800 S/s to 3200 SIs. o 1 |
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F RESULTS OF FLICKER COEFFICIENTS

E Wind turbines 1 and 2

Interharmonic spectra when evaluating the flicker emission of wind
turbines.

F SPECTRAL LIMITATIONS IN THE
APPROXIMATION TO THE DERIVATIVE

The following three differentiators were used:

I Parks-McClellan Algorithm (PMA99)

f. w1 = 25600 Hz f. = 3200 Hz

E Five-sample Taylor series based approximation (D5S) f 50000 - (d led)
SWT2 = Z ownsampie

F Three-sample Taylor series based approximation (D3S)
E Wind turbine 3 tHigher interharmonics in the 800-1400 Hz band

[
3 ——— | | T Bandwidth
T 0 Magnitude Differentiator (deviation The harmonic and interharmonic components with more than 800 Hz
___________ | e | _ |
e -  response of within 5%) would contribute to the flicker level as the phase angle of the impedance
= - -~ \ -~ each PMA99 47% of S/s increases.
i \\ differentiator D5S 18% of S/s
’ 2 L B o, L D3S 8.7% of S/s
The percentage deviation of the
module of the frequency response
. = frequency response of the ideal fs = 51200 Hz fs = 3200 Hz (downsampled)
o differentiator is shown in the figure
i ; 2 * aside. I Verification =*Processing band -limited signals (Wind turbine 3)
frequency (Hz)
Current and voltage signals filtered using a zero-phase low pass filter
E WIND TURBINES EVALUATED with a cut-off frequency of 600 Hz.

E WT1: awind turbine type 1 of 225 kW
I WT2: a wind turbine type 4 of 2 MW
I WT3: a wind turbine type 4 of 1 MW

fo = 51200 Hz f, = 3200 Hz (downsampled)

Such a bandwidth requirement should be guaranteed in all the signal
F CONCLUSIONS processing steps of the flicker procedure. Otherwise, differences could be
The Maintenance Team TC88/MT21 of IEC has been working on a new obtained when working with different derivative methods. Especially, when
revision of the standard IEC 61400-21. Taking into account the bandwidth the minimum sampling frequency is used. The origin of the differences at
requirements of the Class F1 flickermeter, the minimum sampling frequency low sampling frequencies is focused on the bandwidth of the frequency
for flicker has been proposed to be 3200 Hz. And therefore, the cut-off response of the filtering approximations to the derivative. The harmonic
frequency of the voltage and current measurements has been defined as and Inter-harmonic content above 600 Hz of the current signal affects
1500 Hz. negatively those derivative methods with lowest bandwidth.

International Workshop on Large -Scale Integration of Wind Power into Power Systems as well as on Transmission Networks for

Offshore Wind Power Plants. Berlin, Germany. 11 -13 November 2014



