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1  Introduction 
The wind and solar power is considered a promising 
alternative energy because of the limitless resources, 
pollution-free, and environmentally-friendly. Among 
them, the wind energy is a fast growing market and 
increasing at the rate of 30 % annually. However, 
large radar cross section (RCS) of wind tower and 
high tip speed of wind blades can affect surrounding 
infrastructures using commercial and military radar 
system. The rotor blades cause a Doppler problem 
and the wind installation, such as blade, tower, and 
nacelle, is enough to generate false plots by clutter 
and shadowing. Thus a number of proposed wind 
farm projects have been stopped and cancelled in the 
world [1-2]. 
These problems can be solved by development of 
stealth wind turbine blades which incorporate a radar 
absorbing structure (RAS) into the structure of wind 
blades. The RAS will allow wind blades to absorb 
incident radar signals without compromising their 
structural strength, while reducing or eliminating the 
signals received by radar system [3-5]. The purpose 
of this paper is to present the radar absorbing 
structure with periodic patterns surface (PPS) made 
by conductive paste based on PEDOT:PSS for the 
wind turbine blades in order to reduce the reflected 
signals. 
 

2  Design of RAS with PPS 

In this paper, flat-plate RAS with periodic patterns 
surface (PPS) was designed. The PPS was made by 
conductive paste based on conjugated polymer and 
polyurethane binder. The conducting polymers are 
promising candidates for electromagnetic wave 
absorber, offering advantages, such as control of 

conductivity, fabrication of various shapes, and 
effective surface coating [6-7]. 
In order to effectively design the RAS with PPS, the 
unit cell of PPS was limited to a square patch shape 
and the target frequency was decided as 10.0 GHz 
within the X-band (8.2 ~ 12.4 GHz). The variables 
of RAS design were substrate thickness, unit cell 
size and thickness of the PPS [8-10]. The complex 
permittivity of glass fiber/epoxy and conductivity of 
paste were measured, as listed in Table 1.  
 
Table 1. Design parameters and values 

Parameters Values 
Glass fiber/epoxy ε΄ = 4.7 / ε˝ = 0.16 

Conductivity of paste 3400 S/m 
Substrate thickness 3.0 mm 

Unit cell size of PPS 6 x 6 mm 
Size of patch 5 x 5 mm 

Thickness of patch 2 µm 
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Fig. 1. Detailed design of RAS with PPS 
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Figure 1 shows the detailed design of flat-plate RAS 
with PPS using conductive paste. The geometry of 
designed RAS was 147 x 147 x 3.0 mm, which 
excludes conductor thickness of 0.1 mm. The unit 
cell size of PPS was 6 x 6 mm and the patch size 
was 5 x 5 x 0.002 mm. 
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Fig. 2. Reflection loss of RAS with PPS 

 
In order to evaluate the radar absorbing performance 
of RAS, reflection loss (RL) and radar across section 
(RCS) of designed RAS with PPS were simulated by 
commercial electromagnetic field analysis program, 
CST-MWS. According to the simulation results of 
reflection loss, the designed RAS had a minimum 
reflection loss of - 39.2 dB at 10.0 GHz, meaning 
that over 99 % of incident energy was absorbed. The 
- 10 dB bandwidth, 90 % radar absorption was 
almost 4.8 GHz (7.9 ~ 12.7 GHz), covering the 
entire X-band, as shown in Fig. 2. 
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Fig. 3. Comparison of RCS at 10.0 GHz 

Figure 3 and 4 show the comparison of radar cross 
section between metal plate and RAS with PPS, 
which have a same geometric shape. According to 
the simulation results of monostatic radar, the RCS 
of designed RAS was decreased as compared with 
non-radar absorber at the all direction of 10.0 GHz. 
In the case of normal incident angle (0º), the RCS 
declined by nearly 99 %, from 9.1 to - 9.9 dBsm, at 
the target frequency of 10.0 GHz. 
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Fig. 4. Comparison of RCS within X-band 

 
Figure 4 shows the RCS of metal plate and RAS 
with PPS in the normal incident angle within X-band.  
According to the simulation results, the RCS was 
decreased more than 80 % on the whole frequency 
band. In case of 10.0 GHz,  
 

3  Fabrication of RAS with PPS 

Manufacturing process of RAS with PPS consists of 
two phases, a metal mask printing step, and a resin 
transfer step. The metal mask printing method is to 
make the periodic patterns surface using conductive 
paste and resin transfer method is to fabricate the 
load-bearing structure. The designed RAS with PPS 
was fabricated through the two steps. 
In this paper, the periodic patterns surface was made 
by screen printing method using a patterned metal 
mask and conductive paste. The patterned metal 
mask was made of SUS 304 of 100 µm thickness. 
The conducting polymer paste for resistive sheet of 
radar absorber was synthesized using water-soluble 
polyurethane binder, NPC 3600 (Nanux Co., Ltd.), 
and poly(3,4- ethylenedioxythiophene):poly(styrene-
sulfonate), Clevios PH 500 (Heraeus Co., Ltd.). 



Figure 5. shows the process of metal mask printing 
using paste and completed periodic patterns on the 
glass fiber/epoxy composite sheet, GEP 110 (plain-
weave E-glass fiber, SK Chemical Co., Ltd). 
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Fig. 5. Metal mask printing method 

 
The structure as load-bearing and spacer for RAS 
was fabricated by resin transfer method. Dielectric 
layer was made of bidiagonal-glass-fabric (NCF ± 
45º E-glass fiber, Saertex Co., Ltd.) and conductor 
layer was made of WSN 3K (plain-weave carbon 
fiber, SK Chemical Co., Ltd.). 
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Fig. 6. Resin transfer method 

Binding matrix was a mixture of epoxy resin RIM 
135 and hardener RIMH 134 (Hexion Co., Ltd.), the 
mixing ratio of infusion resin was 100 : 30. The PPS, 
NCF ± 45º E-glass fiber, and WSN 3K were stacked 
up and then the binding matrix was infused into the 
vacuum bag through the in-out line, as shown in Fig. 
6. In this case, the infusion resin was cured for 2 
days at the room temperature. Figure 7. shows the 
configuration of RAS with PPS, which was made by 
RTM process  
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Fig. 7. Configuration of RAS with PPS 
 

4  Discussion and conclusion 

In this paper, radar absorbing structure with periodic 
patterns surface was designed and fabricated in order 
to reduce the reflected signals from wind blades. 
The designed RAS had a minimum reflection loss of 
- 39.2 dB at 10.0 GHz and - 10 dB bandwidth was 
almost 4.8 GHz (7.9 ~ 12.7 GHz). The RCS declined 
by nearly 99 % at the target frequency and was 
decreased more than 80 % on the whole X-band. 
The designed periodic patterns surface was made by 
metal mask printing method using conductive paste. 
The structure as load-bearing and spacer for RAS 
was fabricated by resin transfer method using fiber 
reinforced composites and infusion resin. 
From the study on a low reflective structure against 
radar signals, RAS with PPS was suggested and 
verified. Also, the fabrication process of RAS was 
developed considering the manufacture of real scale 
wind blades and materials for wind blades were used 
to make the RAS. Finally, the feasibility of stealth 



rotor blades to minimize the signal interference with 
surrounding infrastructures was presented. 
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