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Radar cross characteristics calculation and analytical formula
fitting of wind turbine blade

He Weikun,Ji Chaodi, Wang Xiaoliang, Wu Renbiao
( Tianjin Key Lab for Advanced Signal Processing, Civil Aviation University of China, Tianjin 300300 ,China)

Abstract: As a kind of tall moving obstacle, wind turbines have an inevitable impact on weather radar performance. The analysis of
electromagnetic scattering characteristics of wind turbine is significant for the identification of wind farm disturbing and the evaluation of
influence on weather radar. In this paper,considering the effect of the dielectric constant for cylindrical blade on the radar cross section
(RCS), an analytical formula of the RCS calculation for cylindrical blade is proposed based on numerical theory, and the results are
validated by simulation. Meanwhile, a real blade is modeled by using software UG in consideration of airfoil section. Therefore, the
electromagnetic scattering characteristics including RCS and time-frequency domain analysis are established. Simulation results
demonstrate the validity of the modelling method in comparison with the measured data. Finally, an analytical formula of real blade’s
RCS is adapted with a certain range.

Keywords : wind turbines; weather radar; electromagnetic scattering characteristics; analytical formula; blade modelling
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Fig. 1  Spherical coordinate used in RCS calculation
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Fig.2 Cylinder blade model
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Fig.3 Maximum RCS of cylinder blade

corresponding to relative permittivity
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Table 1 Parameters of cylinder blade

S ECN 3 M4 i/ m it I 24/ m
FLAY 1 20 0.8
iR 2 24 1
i3 32 1

®2 EHEMABSER(NEERH3)
Table 2 Results of simulation and analytical
formula of blade( relative permittivity is 3)
(dB)

R 1 T 2 R 3
$iZ/GHz
PO #EG PO A POWE WA
2.7 31.00 30.94 33.49 33.49 36.01 35.99
4.0 32.67 32.64 35.21 35.20 37.74 37.70

x3 EAHMAUSER(NEEHAN4)
Table 3 Results of simulation and analytical

formula of blade( relative permittivity is 4)

(dB)
1 1T 2 13
Ji %/ GHz
POk & POIL WME POW UG
2.7 32.88 32.83 35.39 35.38 37.93 37.88
4.0 3456 34.53  37.11 37.09 39.62  39.59
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Fig.4 NACA4412 airfoil
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Table 4 Blade element parameters of a real

wind turbine blade

A= %K C/m HEff 6/(°)
1 2.250 18.797
2 2.198 15.807
3 2.143 13.614
4 2.061 11.779
5 1.971 11.11
6 1.912 9.301
7 1.838 7.663
8 1.754 6.317
9 1.651 5.427
10 1.552 5.432
11 1.453 4.653
12 1.342 4.287
13 1.220 3.837
14 1.103 3.165
15 0.982 2.937
16 0.978 2.789
17 0.860 2.131
18 0.761 2.134
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Fig.5 3D model of real blade
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Fig. 6 Electromagnetic scattering characteristics

of blade in 2.7 GHz
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Fig.7 Electromagnetic scattering characteristics

of blade in 4.0 GHz
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Fig.8 Time-frequency analysis of turbine measurement

data with 1:160 scaled model
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Fig.9 Maximum RCS of real blade corresponding
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Table 5 Peak RCS results of real blade

(dB)
12 m 16 m 20 m
$5i %/ GHz
POE: WA PO WG PO A
3.0 14.35 14.16 16. 49 16.58 19.26 19.17
4.0 14.52 14.78 17.50 17.21 19.71 19.80
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