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The Interaction of Wind Turbine
With Local Network

m Network strength (SCL or SCR)
m Voltage variations and flicker

m Harmonics

m Reactive power

m Protection

m Frequency

m Network stability
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L gystem gtrength (SCL or SCR)

SCR= 5L, SCL =

SCR: Short Circuit Ratlo
SCL:Short Circuit Level,
Py:Installed wind power,

m Strong system 20<SCR<25
m Weak system 8<SCR<10

R. Fadaeinedjad 67

= ammigitagesVariations and Flicker

Level
Flicker Planning levels Emission
severity levels
factor
MV (1-36) HV (36- MV and HV
230)
Pst 0.9 0.8 585
Pt 0.7 0.6 0.25

Plt - 12 Z Stj

Pj:Long term (2 hours) flicker severity factor,
P4:Short term (10 min.) flicker severity factor,
AV = 2%: Different for networks
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|
H armonics

IEC 1000-3-6

Guidiines Planning levels  Compatibility

level
MV HV MV
THD 6.5% 3% 8%

50 U
THD =100,| > "%
n=2 Uy

Up:Indivisual harmonic amplitude (or RMS) volt-
age,

Ui:Fundamental amplitude (or RMS) voltage
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Reactive Power

Transformer

G X
o O = o

Capacitor bank

Fixed speed WTs with an induction generator need
reactive power support.

0.9 lagging<p.f.<.95 leading, suggestion above 0.96

Variable speed WTs with converter can have unity p.f.
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F_—_——
Reactive Power Support of Network

uuJ A

n
Mvctage limit
—_——— e — == _s’; _________
e AL eperiRn ‘ g I 10% voltage dead band
e.g. const. cos ¢ P

Lower voltage limit

Required reactive
current / voltage
static characteristic

Cap. power
generation

Ireactlve/ In

i

-1.0
Static characteristic for back up voltage operation
Source: www.vdn-berlin.de
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g

Required Protection Functions
Under frequency

Over voltage

Under voltage

Loss of mains

High over currents

Thermal overload

Earth fault

Neutral voltage displacement

Rate Of Change Of Frequency (ROCOF) relay for
autonomous operation
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" -
Review of fault ride through requirements for
wind power in European grid codes
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= amm@perating Requirements

Iev‘;Tv A kv

Depending onNetwork Frequency

Power
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Operating requirements depending on network frequency
Source: E.ON Netz, a grid operator in Northern Germany
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Fault Ride-Through

Voltage dip : : ‘ ‘ ‘ .

requirements mgi_,
The effect of power _ - , A
System VOItage % o | il ‘ —)‘&REN(F:onugal) |
dips on both s . :\iZEﬁfN(iZZLZ) I
electrical and - mee |
mechanical parts T

of wind turbine ‘ AR RS

The stability of Time
W| nd tu rbine LVRTF requirements for several grid codes
controllers
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"
Some Guidelines for Grid
Connection Considering Power
Quality Issue
Based on IEC 61400-21
(Calculation Method)
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= smmSveadysState Voltage Change by
WT

Load flow as the best method:
low (high) loads and low (high) wind power

A simple method:

d= SS—GkO|cos(w — )| for cos(¢v — ) > 0.1,
Si:Short circuit Power at PCC,

Seo:Apparent power at the 1-min. active power
peak,

d:steady state voltage change of the grid at
PCC (normalised to nominal voltage),
p:Phase angle between voltage and current,
¥:Grid impedance phase angle

R. Fadaeinedjad 77

Voltage Change Due to
Switching Operations of a WT

Sh
d= Ku(wk)s—k

Si:Short circuit Power of grid at PCC,
Sn:Apparent power of WT at raterd power,
d:Relative voltage change,

Ky (¢,):Voltage change factor,

Y. Grid impedance phase angle at PCC
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Flicker Due to Continuous Operation
of a Single WT and Multiple WTs

S,
Py = C(@Dk,va)-s—n
%

Si:Short circuit Power of grid at PCC,
Sn:Apparent power of WT at raterd power,
Py Flicker distortion,

c(Yy, va):Flicker coefficient,

ve:Annual average wind speed,

Y. Grid impedance phase angle at PCC,

Plt—(nWTs) = \/ﬁ'Plt—(smgleWT)'
n:Number of wind turbines
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——— —
Flicker Due to Switching
Operations of a single WT

Sn
Py = 8.N120. K¢ (V). o
¢ ¥ A

Si:Short circuit Power of grid at PCC,
Sn:Apparent power of WT at raterd power,
P Flicker distortion,

K ¢(3y,):Flicker step factor,

N1o0:Number of switching within a 2 hours pe-
riod,

Y. Grid impedance phase angle at PCC
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Flicker Contribution of a Wind Power
Plant with Single and Multiple Turbine
Representations

L Iyplcal Wmd Turbine Spacing

>
>4RD

Tree

>4RD

mo : ‘
O The wind turbine wake I | I |

effect

00 Rotor Diameters (RD). ? ? ? ?
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; Eower ESuality and Flicker Issue

m Wind speed fluctuation can cause power variations
in a wind power system.

m FLicker and voltage variations are induced by load
flow changes in the grid.

m The flicker emission produced by a wind power plant
during normal operation is mainly caused by
fluctuations in the output power due to wind speed
variations, tower shadow effect, and wind shears.

23:18:34 83

= ammyereelastic Issues and Power
Quality

m Aerodynamic Issues
0 Wind velocity variations (Stochastic)
0 Wind shear (Periodic)
0 Tower shadow (Periodic)
O Yaw error (Periodic)

m Mechanical Issues
0 Tower and blades vibration

23:18:34 84
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|
; gystem E!onﬁguratlon
' Network ]
| |
480v  13.8kv'
: Collector] 12 |Transmission }
480v  13.8Kv | —CD —
' '| System System } ©
| |
| |
a8ov  138kvi
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= amm\WindPower Plant

Representations

m Single Turbine Representation (STR)
m Multiple Turbine Representation (MTR)

m Quasi Multiple Turbine Representation
(QMTR)
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480v  13.8kvR,, + jX,, 69%kv Ry, +JjX,,

0 The WTG units is replaced by an equivalent WTG unit.

00 The collector system is represented by an equivalent
impedance.

00 This is the worst-case assumption and the same wind
fluctuations and tower shadow effects will affect the output
power of the wind power plant and the power quality at the
PCC.

23:18:34 87

" EVRTEPIE Turbine Representation (MTR)

69kv Ry, +jX,,
0 WTs are divided in several groups and
each group is represented by a WT.

1 The wind speed file is subdivided into
several sections and each subdivision is
applied to a different group of WTs.

80y 138k 00 WTs should be simultaneously modeled.

0 Computational time.
0 Still all WTs are not modeled.
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" AN@RAsViltiple Turbine Representation

(QMTR)
T, PCC

WTG =1

480v  13.8kvR,, + jX,, 69%kv Ry, +JjX,,

= The STR is used.

= The time series of wind file is subdivided into
several sections and are applied to STR of wind
farm.

= Considering WTs as independent sources
connected to a linear network, the average of the
results for the network quantities (i.e. the voltage,
active power, and reactive power) at PCC are
calculated.

23:18:34 89

L I Ee Wma Speed Distribution

I L L L I
1000 1500 2000 2500 3000

. . . 1 .
3500 4000 4500 5000 8500 &000
time (sec.)

m The time series of wind speed is divided into 96
different files with the starting times shown by stars

*
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" ~FRE Computation Load for

QMTR and MTR Methods

C1 = Cy. Ty + Cavr, Co = N.Cy. o
C1,Cy:Computation loads for QMTR and MTR,
T4, 75:Simulation times for QMTR and MTR
N: WTs in wind farm,

Cywi:Computational load of a WT for 1 Sec.,
Cavr:Averaging computation load,

To simulate wind farm for 600 Sec. we have:
N = 96, Ty = 600 4+ 96 x 60, T, = 600, and
Cavr = Cyy 1t can be concluded that

Cr~ 9 x (1.

23:18:34
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. glmulatlon Structure

FAST
TurbSim AeroDyn

Gear Box
-4

I

R, + jX,, 69KV 13.8KV

Simulink

“—> <

23:18:34
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; gnnulatlon Steps

Task 1:Simulation of wind and aerodynamic
forces using TurbSim and AeroDyn

Task 2:Simulation of mechanical parts of
wind turbine using FAST

Task 3:Time domain simulation of the
induction generator and grid (including
transformers, collector system, and
transmission system)

23:18:34 93

L gnnulatlon Steps (contd.)

Task 5: Averaging of variables (i.e. voltage
and powers) at PCC using recorded data

Task 6: Implementing the IEEE flickermeter
to calculate the instantaneous flicker level
sensation signal using recorded data

23:18:34 94
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Simulation of lamp-eye-brain response

L I Ee IEEE (IEC) Flickermeter

23:18:34

Block 1 | Block 2 Block 3 Block 4 Block 5
Range
Detector and “g il
gain control SE AD
0.5 1% order Converter
I~ o % AV 10 SquJ(ar:ng Sliding Sam?lwng 64 Level Output
H ¢ o H H H%— 20 multiplier 4 mean rate = classifier f{ interfaces [
= with squaring \ 50 filter 50 Hz
Input volta multplies 10.0
put voltage 60
adaptor || 0 88 Hz 200
2ov- L
Sohz 35 100
Signal generator [
for calibration 120v- 4\2 1;0
checking 60Hz Weighting filters Squaring and Statistical evaluation for flicker level
smoothing
[
v
outout 1+ Square 1 minute
half :yls\:lr ms Output 2* '°&‘fr Dlegrotor Output
Inputtransformer  voltage weighted oupat3 Outut4 Output 5 data display|
voltage and recordin
indication P 1 range shorttime  recording
* Optional for extended measuring applications selection integration
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g f'the IEEE Flick t
Using Simulink
Block A Block B
2
v, v, 7.8 Butterworth
Vier L+ | filter
NG
735 kays
. : ¢ ()2 2 > 2"
1+173.8 5+ 245+ 0y s 3
I+— [ 1+—
BlockE  Block D 3 @4
Block C
3.1830989s 1
(%:)_\_, ®Bm 3.1830989s+1 7.036e-652+1.3793e-35+1
Aot High-pass Filter Polynomial 1
13800/sqrt(3) Quadratic ou
dulat
RMS reference value doimodulator 1 1
7.036e-65%+3.7667¢-35+1 7.036e-652+5.146e-35+1 T
Polynomial 2 Polynomial 3
93.2898s 0.054136s+1
Scm $2+52.368785+3252.824 10.49074e-452+0.1233255+1 ot (I)—E: @D}
Din . g Dout
Lamp-Eye-Brain-Chain 1 Lamp-Eye-Brain-Chain 2 Non-linear eye-brain perception
1
Ein 03s+1 Eout
Memorization in brain ADSIOI”“‘"
value
96
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= ammSimwiation Results for STR and

o = N

Q(var) P(wat)

A

The active, reactive powers and Voltage at PCC for STR
and QMTR.

23:18:34 97

= ammSimwiation Results for STR and
QMTR
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The active, reactive powers and Voltage at PCC for STR
and QMTR.
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. chEer gensation at PCC
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Instantaneous flicker sensation at PCC with STR and
QMIR, o0

. chEer gensation at PCC
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Instantaneous flicker sensation at PCC with different
numbers of WTs
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. chEer gensation at PCC
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