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Abstract - One of the environmental effects of determine the delay and the interferereguirements
wind farms is the electromagnetic interference from a single turbine tanaintaina good analog TV
due to the scattering produced by the wind reception quality

turbines on the electromagnetic waves of different

radio communication services propagating 2. Scattering Model

through them. A previous work [4] is updated
here and the scattering models for the nacelle and
the wind turbine are shown and validated. Radio
wave propagation losses are estimated more
precisely through a parabolic equation approach.
Finally, a comparison between theoretical and
measured values for the Power Delay Profile
(PDP) of the multipath channel through a wind
farm is showed.

An essential element in considering the effect of a
wind turbine over the TV signal is the strength of the
echoesfrom the turbine. This is measured llye
wind turbine RCS, which is measured in square
meters.

It is known and a well established fact [1] that the
Radar Cross Section RCS is defined for plane wave
excitation only. The limit condition R implies that

explicitly.
. . . . ' 1&
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1. Introduction In order to estimate de RCS of a wind turbine the full

_ ) ) turbine is modeled as a set phrts or scattering
Nowadays, wind power is one of the more important centers

renewable energy sources (it allows a sustainable
exploitation of the resources witkelatively low
costs). Compared to the environmental effects of
traditional energy sources, the environmental effects
of wind power are relatively minotnlike fossil fuel
power sourcdf2]]wind powerdo notconsumes fuel,
anddo notemit no air pollution,

Despite its high profitableness and low
environmental effects, plannedstallations ofwind
turbines or wind farms have to be approved by Figure 1: Main Scatter centers of a wind turbine
building authorities b the base of statements tbe

wind turbinesprovidersor the utilities thamay run  In a previous worl[4]] a scattering model of the
the systems. For that, safeguarding zones areblades and the tower of a wind turbine was
intended to be defined on the basis of the predicteddeveloped. In this sectionnaanalytical (physical
interference effecfis]] optics basedmodel ofthe nacelle ispresentedThe

In this paper, the interference caused by wind farmsnacellehas been considered as a metallic rectangular
over the broadcast TV service will be analyzsdan boxandeach face is modelexba different scattering
example Wind turbines act as scattering devices of centre. The shadowing effect (which depends on the
the electromagneticadio waves, producing signal incidence direction) among the scattering centers has
echoes. These echoes potentially degrade the TVbeen taken into account

signal reception.

This phenomenon on analogical TV has been studied

by the ITU that established the recommendation-ITU

R BT. 805 .This recommendation gives a method to
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Figure 2: Model of a nacelle w0 |
The RCS has been calculatasithe sum of the field s e it a0

—Ho

scattered by each of tlseattering centeysaking into
accountalsotheir relativephase.
The shows a comparison between the  Figure 4: Analytical versus simulated bistatic RCS

theoretical (analytical) RCS values of a nacelle of values of a wind turbine
15x5x5 m3 and that obtained from the Feko
electromagneticsimulaton software. The RCS has 3. 3D Scattering Model

been studied for two different incidence directions:
B! '( and B! )(, and for the scattering plane To obtain a more accurate value of the RCSaof
+1 +(. It can be observed the good agreementwind turbine requires detailed geomnieal
between both results. information so that a computer aided design (CAD)
model of the turbinecan becreated.The electrical
properties of the construction materiéifsnot made

RCS T™: =60 | =113 from meta) areaso required.
ig Two CAD mode$ were made one of them with a
, ) \ curved nacelle and ¢hother with a rectangular one.
° ) M A Il ) They wereused with the EM analysis software and
2 RYANNT i) | the resultscompared withthe obtained using the
g s | P ‘ 'n‘ .
B I analyticalmodes.
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Figure 3: Analytical versus simulateblistatic RCS \
values.
From theRCSmaodels of the different parts of a wind
turbine is possible to obtain itstal RCS according @) ©
to the following equation: i (b)
' & Figure 5: Rectangular (a), curved (b) 3D model and
Pl | yB. F0Fuas0 LEY simplified (c) model.
# - Next, a comparison betweenthe analytical

(simplified) and CAD models o& wind turbine will
be shownThe use of an analytical model will allow
carrying out a more accurate EM analysis of a wind

To validate the full model, thanalyticalRCS values
of a wind turbine have been compared witiose

calculatedwith the software FekaVe usedawind — t5:m 7o importcorrectlythe CAD modés into Fekg
turbine that had a 80m hightower and 40m long  he sjze of these orevasslightly modified. The new
blades (the nacelle had the same size than thej e is: 38m long blades 15m long x 15m wide
previous one)Results are shown in figure 4. nacelles and 72m londower @Bm radiu3. The
incidence direction of the plane wave is normal to the
blade surface and its frequency is 827MHz.
In the[Figure6]the two smallest curves belong to the
RCS of the 3Danalyticalmodels and the otheexe
the obtained with the EM numerical cod&he
differercesbetween them can be due to the geometry
of the tower in the 3D model is a cone while in the
idealized model itis a cylinder. In any case, the
analyticalRCS can be seen as a worst qaseilt
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Figure 6: Conparison between the RCS of the

simplified (analytical)and 3D(humerical)model.

Range (Km)
4. Parabolic Equation Figure 8:.Path loss prediction calculated via
In a previous worK[4]] Reconmendation ITUR parabolic equation (flat terrain).
P.1546 was used to estimate the field attenuation in Path Loss (dB): fo=600MHz, 'z=1 Q D30, htx=50
the propagation path(from the transmitter/wind 1200 ‘ T 350
turbine to the receiver/wind turbipelt provides a
o . 100 300
“method for point-to-area predictions for terrestrial
services in the frequency ran@® MHz to 3000 E so0f 250
MHz”. Specifically, it is a step-by-step method for 5 200
predicting field strengths in VHF and UHF poiot £ 60 150
area terrestrial radio links based on propagation 40
curves (measured data). In order to improve the 100
accuracy and to estimate the phase ok th 50
electromagnetic field (which may be used to Range (Km)
calculate the surface current ouee obstacle} the
split-step formulation of the parabolic equation has Figure 9: Path loss prediction calculated via
been implemented in Matlab. Parabolic equation parabolic equation (terrain pri).

techniques have been used extensively in radio wav ) )
propagation modeling since the mi®80s. It is an LEigure 10| shows the propagation factor (ratio
approximation of the wave equation which models Petween estimated and free space field) over a path
energy propagating in a cone centered on a preferredsom hlgh_ fr_om the transmitter to th_e wind turbine.
direction, the paraxial directi The proximity of the ITUR P.1546 field values to

The results presented in this sectwware obtained ;T?;r? ?ﬁgﬂ%d 'r?a\j;eiesé%a%evesrgg;wg:;eéh:&;evlgr
for a wind farm located close to a TV transmitter. 9

The transmitter antenna is placad50 m over the (for the same pa)_h‘ield yalues estimated_taking into
ground, operatingroundthe central frequency of the account the terrain profilg{gured] showhighrange

UHF band (600 MHz). Vertical axis (heightiis ~ QcPendence. @ @@ @ e

sampled at‘’A” meters, and horizontal axis ai.00 m. 50

A standard atmosphere profile is considered. I |

Next, a comparison between the path loss estimate in o/ I i

a realistic “transmitter - wind turbine” link via ITU-R g . ::TLEJ(F;erE:G

P.1546 andbarabolic equatioris shown. As can be w WWV\/“ PE (flat ground)

observedfor this scenario characterized by a smooth .

profile) the ITU-R P.1546 prediction valud&igurd] s

are closer to those obtaingt parabolic equation -150

assuming flat terraigRigure8). ? ! Pange (K 0 ”
Path Loss (dB): fo=600MHz, 'z=30 Q htx=50 Figure 10: Propagation factor comparison (range).

1200
The application of the parabolic equation to calculate
the blockage of the signal caused by an obstacle
placed along the propagation path is straightforward.
In this case, due to the lack of flexibility of the split
step method to impose the boundary ctiods over

an arbitrary geometryobstacle a wind turbine
located at different positions from the transmitter has
beenmodeledas a 120 m long vertical knHedge.
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The following figures show the path loss estimated in
a link with a rough terrain profile. Wile[Figure 11
shows the pat loss over a free obstacle @ re]
[12]andFigure 13|make evident how these values are

changing when a wind turbine is placati4.5 km
and 8.5 km far away from the transmitter antenna.

The closer the obstacle is placed, the higher path

lossesare.

Path Loss (dB)

: fo=600MHz,
=

'z=1 Q D=30, htx=50

Figure 11: Path loss (free obstacle path).

'z=1 Q D=30, htx=50

1200
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Figure 12: Path loss (wind turbine located at 8.5
km).

1200

Figure 13: Path loss (wind turbine located at 4.5
km).

[Figure 14]show the propagation factor versus height
at 14 km far away from the transmitter. For a free
obstacles scenario (“flat terrain” and “profile terrain”
curves) the field strength is higher than the cases
where a wind turbine was placedthe middle of the
path. When the wind turbine is far enough from the
transmitter (see “black™ curve) the blockage of the
signal is negligible (the blockage is also height
dependence).
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Figure 14: Propagation factor comparison {get).

5. Measurements

In a previous wo as a mechanism to predict the
RCS of wind turbines and understand the interaction
of TV transmitter energy and turbines, a computer
model was developed. This model was designed to
predict anl simulate the wanted to unwanted power
signal ratio as a function of the delay between them
(segFigure15).

shows a comparison between the
theoretical narrow band profile and measured values
taking into account the change in the received power
due to the rotation of the blades and gatierihe
echoes with similar delays (horizontal line represents
the maximum C/I value allowed by the receiver).
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Figure 15: Wanted to unwanted ratio vs.
Measurements.

In order to carry out a more realistic comparison
between both values, the wideband PDP was
calculate. In this way, the time length of the echoes is

considered.
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Figure 16: Wideband PDP vs. measurements.

6. Conclusions

In this wak a scattering model for a nacelle have
been proposed and validated with results obtained by
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simulation software (Feko). From the scattering
model of the scattering centers of a wind turbine we
have obtained its RCS which also was validate with
Feko softvare. A comparison between the
Recommendation IT4R P.1546 and the parabolic
equation is shownFinally, the wideband power
delay profile of the propagation of the TV signals
over a wind farm has been estimated and compared
with measurements.
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