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ABSTRACT

The subjecbf thispaper is voltage flickepredictionand
mitigation in thewind farm Wind energy conversion
systems prodee fluctuating output power, which may
cause voltage fluctuations arfticker. Accurate models
for voltage flicker prediction are required so that large
wind turbines may be connectem weak utility networks,
in the confidence that excessive flicker Isweill not occur.
The problem ighat flicker prediction in networks may be
difficult since its evaluation requires lonfield testing
timeThis paper presents an analysis and the modading
the flicker emission of wind turbines. Measurements
comparedwith international standard$EC 610004-15
and 6140021) are discussedt giveserror analysis and
correction methodof the model In addition, the eror
analysis of the demo model in MATLAB/SIMULINK is
also dscussed

1.INTRODUCTION

The wind farm grid wid power, wind conditionghe wind
turbine characteristics and grid position will cause the
voltage fluduation and flicker influential This article
discusses the problem of voltage fluctuation and flicker
caused Ronraa distributed wind field gridThrough the
main transformewhich changs the voltage from 690V to
20kV, the wind farm connected to the statiowhich
changs the voltagefrom 20kV to 110kV by theoverhead
lines The PCC(point of the common connectignof the
short circuit capacitys 27MVA. Theimpedance angles
702 As the shortcircuit capacityof the systemis only
about three timesf the installed capacity of the wind farm
which is about 9MVA it produces voltage fluctuationadc
flicker seriougy. In order to ensure that it meets the
network requiremest the need to calculate the actual
flicker severityis thebasisof the engineering of the design
capacity of reactive power compensation.

According to the IEC6140021 and IEC610004-15
standardsas well as GBI 203202006 for wind fam
voltage fluctuations, the simulati system consists of two
parts modelling of flickermeter based on EC and
modellingof the virtual grid systerBased orthe coutry's
wind turbine test datdhe simulation systemcalculages the
flicker value at thé>CC of
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2. |EC FLICKER TEST SYS TEM MODELING

2.1 The principle of the IEC Flicker

The IEC610084-15 givesthe flicker test simulation system
complete block diagrarandsimulaesthe dain of Alamp-
eyebraim. According to the block diagrar(shown as
Fig.L1), we @n designthe flickermeter based onlEC
standardvhichtess frequency range of 0.685Hzand has
the most #ective testat thenearbyof 8.8Hz

Theflicker meterconsists of three parts

Thefrist part ofthe module 1 is composed of voltage ihpu
adapted to be suitable for theoltage value of the
instrument and the standard modulation wave vgdtefor
the instrument sellest

The second part of Module 2, Module 3 and Module 4
consiss of the dainof flamp-eye-braind. Among themthe
role of he module Zimulaeslamp with square detection
method; the module 3 simulaes the human eye
characteristicsthe module 4 of the simulates the human
brain for visal reflecting the memory effect

The third part of module 5 statistical analysisthe
instartaneous flicker sensation kel
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Fig. 1.1Functional diagram of IEC flickermeter

2.2 Analysisthe feature of the blocks

Voltage fluctuations can be regardedthe carrier voltage
wave modulateby a voltage fluctuation component. For
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any waveform amplitde modulated wave can be seen as
the synthesis ofhe various frequency componenthe
following analysis of the wave contains only a single
frequency carrier. The wave analytic formulsi®own as
formula(2.1):

v(t) =V, (1 +mcosw; t)cosyyt (2.1

The resilt of squaringthe voltage wave ishown as

formula (2.2)

Vi) =

VZ(1+2mcosw, t 1t cod wt)cos yit
V2

:7”‘(1 %) W mcosw, t

2 2 2
V’"mzcosszt +V—é" @ %)costgt I+

2.2

=+

As m << 1, amplitude wave voltage multiplier component
is smaller than the amplitude of the voltage of the
modulated waveso it can be negligibleand when it is
passed through a band pass filter whichdheomponent
and thehigh-frequency component was filtered olitwill

be describedy the S-function and its requencydomain
characteristics

0.05~35Hz band pass filter consists byigh-passfilter
whose cutoff frequencyis 0.05Hz and alow-passfilter
whosecut-off frequencyis 35Hz

The1* orderhigh-passilter transfer functiorwhose at-off
frequencyis 0.05 Hz is shown agormula(2.3) :

w.
HP(s) = s (2.3
1+s/w,
Where
w=23p 6.05
0.05
—~ 1.
E 1
o
g 1
&
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Fig. 2.1The 1% order highpass ifter

The 6™ order Butterworth lowpass filterwhosethe cutoff
frequencyis 35Hz is shown aformula( 2.4 ) :

HL(s) = a

Sib6 odods & 16

Where
w,=23p 35 a 1= @b 386 I
c=7.46% d 9.14 #
e=746% f 3886 W
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Fig. 22 The6™ Butterwath low-pass ifter

Visual sensitivity weghting filter transfer functionis
shownas formula (2.5), it can be further dividedarttvo
parts: a second order lepass ifter and the compensation
part

kws 1+s w
K(9) = = 3
O s +iy (+sm)l s w) (29
Where
k=1.74802 / =2 3p 4.05981

W=23p 915494 w 2 p2.2797
w,=23p B22535 w 2 p21%9

0/A76 0.44

Impedance(Ohm)

0.3083

Frequency(n)

Fig. 2.3the sensitivity weighting filter transfer function

Block 4 having al* order lowpass filter plays a smoothed
effect It can be used to simulateethuman brain 's memory
effect The 1% order low pass filter transfer functicis
shown agormula(2.6):
HL(S) = ;

2.6
1+s O (2.9

Where
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Fig. 2.4 A first-order lowpass filter

The instantaneous flicker sensitivity of the output time
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interval samplingis divided into L:level, then based othe
probability of the data distribution histograme can make
the histogram ofvhich callsCPF. The worth thaistogram

of CPFis that itreflecs the percentage of the instantaneous
flicker value exceeds a certain linsit time. The ortterm
flicker severity valuescan becalculatedby the formula
2.7

pst =‘\/K0A1P0.1 +K:LF):I. K3P3 K"ioplo Kg-OPS(
Where

2.7)

K,,=0.0314K, =0.052¢
K, =0.0657K,, =0.28,
K, =0.08,

2.3The error analysisof the model

Standard test data (asitaneous visual sensitivity S{1))
is thebasisfor testing The curve of the datais shownas
Fig.2.5:
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Fig. 2.5 The curveof the sandardest data

According to the formuld2.7), the error is smadlr as the
Pst closerto the \alue of 0.714, otherwisethe error is
larger.

Matlab comes withtwo exampés of Flickermder mode|
which divided into S-domain simulationanalyzermethod
and the Zdomain Z-domain simulatioranalyzermethod
They arebothin accordane with IEC standardhis paper
compare the error of the two flickermetes alsa the test
resultsare shown siFig.2.6 andFig.2.7:

1) selfbuilt simulation model in this paper compared to
the model that comes with Matlathe calculated value is
slightly higher , closer to the thedict calculation value of
0.714

2) these three models can be fitted wellhivita range of
3-25Hz by IEC test data , buat the low frequency band

there is a certain error , this can be compensated by adding

low frequency correctiofunction

rectangular fluctuation
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Fig. 2.6 Therectangular voltage fluctuations

CIRED2013 S&ior2 Paper N@491

sinusoidal fluctuation
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Fig. 2.7 Thesinusoidal voltage fluctations

3. CHANGES BASED ON VIRTUAL GRID
WIND POWER GRID FLAS H TEST

As the acquired test daia based on domestic test field
when the wind turbineonnecs to theactual power system
the flicker valuerelated tothe capacity of the systeand
the line inpedance angleThis paper ssesss the grid
voltage flicker preby the programof virtual grid mehod
recommended by IEC614011.

Virtual grid consistsof an ideal voltage source , a resistor
and an inductor in series constituted an@iaalogueoutput

chaaderistics of the current sourcas shown in (3.1).

Rﬂc Lﬁc
%

+
U (1) () i (1)

Py
&

Fig. 3.1 Virtual grid

+

o (1) ()

IEC 1298/08

The instantaneous valuef the ine current of the wind
turbineoutputis measuredn 10 minutes. Thewaveformof
theline currentis shownasFigure (3.2 shows.

Fig. 3.2 Thecurrent wavefornof out-side (10mirs) .

1) The ideal voltage sourda deinedasequation (3.1

uO(t) = Jgun Sin(am (t))

The neasuring the electrical anglef the fundamental
voltageis as definecdsformula (3.2):

a,() =207) f ()dt +3 (3.2

The ideal voltage source should have following two
characteristics
a. ldeal voltage sourcghould not be any fluctuations

(3.1)
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b.The ideal voltage source must have the saieetrical

angle of the fundamental with the measured voltage , thus

ensurng correct the phase andig PLL

2) When the short circuit capaciof the systemsand the
impedance angl&nown, we can use Equation (3.3)
calculatedhe S ;. andtanf/, ) :

é u,

TS0 = T

1 Rie + X

: 2, 16 X 59
’;\tanyk): p g c  _““fic

| Rfi(: Rfic

3) Finally, according to this model, the instantaneous value

of the voltage wave can be obtaineldy using Equation
(3.4):

u®=0() R i) Ly T2 @9

The paper modek the fluctuation of the voltage in
Matlab/Simulink environmentit is shownasFigure (3.3 .

In this module the PLLis usedto correctthe phase angle.
The the line current source of the wind turbine voltage

fluctuations can be obtained by analog fluctuations .
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Fig. 3.3 The moduleof analog fluctuations in voltage

5) Thevoltage fluctuation instantaneous valogthe PCC
is obtainedrough a virtual grid methodhe Wecan get
theinstantaneous visual sensitivitytpcurveshownas Fig.
3.4. Thenthe Pst valuecan be obtainedy the CPF curve of
theprobability and statistics
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tfs

Fig. 3.4 A phase irtantaneous visual sensitivitftls

4. CONCLUSION

The installed @pacityof the wind powerof Grid hasan

increasing trendso thevoltage fluctuations and flicker

issues wil become increasingly prominent should be
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consideed seiously. This paperdiscusgshow tosimulae
the ficker value of the wind farm dsed on virtual grid
simulation It estimates amuch complete simulation
reference flicker for wind farmsnd thegives thefollowing
conclusions:

1) Based on the IEC 6100815 standardthe simulation
model can be used for dffie voltage fluctuations flicker
analysis, buthelow frequency bandhould becorrected In
addition, there are some lewand errordn the modek of
Matlab.

2) The use of virtual grid approachrceffectively solve
the problenthatassesshereactive power compensation of
wind farm capacity.

REFERENCES

[1] IEC Standard 6100@715 Ed. 1.1 (2003)
Electromagnetic compatibility(EM®) Part4 Testing
and measurement technigdeSection15
Flickermeter:lanctional and design specifications

[2] IEC Standard 614G@1 Ed. 2.0 (2008) Wind

turbinesi Part 21: Measurement and assessment of
power quality characteristics of grid connected wind

turbines
[8] Wei Chun Han Minxiao, Yan Wenli, fiVoltage

fluctuation and flicker assessment of a weak system

integrated wind fary Power and Energy Society
General Meeting, 2011 IEEE

[4 Sun T, Chen Z, Blaabjerg HiFlicker study on
variable speed wind turbines with doubly fed
induction generatots Energy Conversion, IHE
Transactions on. 2005, 20(4): 8965.

[5] Hu W, Chen Z, Wang Y, et afiFlicker study on

variable speed wind turbines with permanent magnet

synchronous generator Power Electronics and
Motion Control Conferenc2008.

[6] Fadaeinedjad R, Moallem M, Mdsopoulos G, et al.

Paper N®491

fiFlicker Contribution of a Wind Power Plant with
Single and Multiple Turbine Representations
Electrical Power Conference, 2007. EPC 2007. IEEE
Canada.

[7] Dan A M, Dan G M, Rios S Milmproved method for

flicker evaluatiom,Electric Paver Engineering, 1999

[8] Gutierrez J J, Ruiz J, de Gauna SiRnearity of the

IEC Flickermeter Regarding Amplitude Variations of
Rectangular FluctuatiotBower Delivery, |IEEE
Transactions on. 2007, 22(1): #Z91.



