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1. Introduction : The developments of the “stealth” 
technologies for evading radar detection have become 
increasingly more important [1-5]. By reducing the 
detectability of target such as aircrafts or missiles, they 
could evade radar detection, which affected the mission 
successful rate and survival of them in the hostile territory 
[5, 6]. When composite materials for achieving out these 
purposes, we must consider their electromagnetic (EM) 
properties: complex dielectric permittivity, complex 
magnetic permeability [7], and conductivity [8] and so on. 
Radar absorbing structures (RAS) are the structure that has 
both the function of load bearing and the EM energy 
absorbing capability, but it obviously do not interfere with 
the external profiles set by the aircraft designers. Their 
characteristic structure and properties can be utilized to 
overcome some of the shortcomings of existing RAM [9-
12]. Nowadays studies on investigating RAS using fiber 
reinforced polymeric composite materials are becoming 
popular research field [13]. Since the EM properties of fiber 
reinforced polymeric composites can be tailored effectively 
by just adding some electromagnetic powders, such as 
carbon black, ferrite, carbonyl iron, carbon nanotubes, etc., 
to the matrix of composites, they are plausible materials for 
fabricating the RAS of desired performance. And the 
construction of polymeric composite RAS could be 
achieved by regulating the electric property (complex 
permittivity) or magnetic property (complex permeability) 
of material. Also the concept of wideband, multilayer 
Jaumann absorbers, in which the incident EM waves are 
dissipated through phase cancellation and impedance 
matching, can be applicable to design the composite RAS 
with broadband characteristics. Jaumann type radar 
absorber consists of many resistive sheets, low-loss and 

low-permittivity spacers for separating those sheets and a 
conducting backup plate [14-18], polymeric composites 
with low-loss and low-permittivity can be used as spacers in 
order to match the electric requirements of the absorber. In 
order to design a Jaumann absorber with composites, their 
dielectric properties should be known precisely and could 
be regulated easily in target frequency range. 
 

 
 

Figure (1) : Scanning Electron Micrograph (SEM) of 
carbon nanotubes. 
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Radar absorbing structure laminate composites composed of glass fibers, carbon fibers and epoxy resin filled with 
carbon nanotubes were fabricated. Two optimal double-layer radar absorbing structures were obtained, the smallest 
reflection loss of them was -19.23 dB and -26.60 dB respectively, and the absorbing bandwidth was 4.2 GHz and 4.0 
GHz separately. It was possible to achieve out the reflection loss was smaller than -10 dB in whole 8.2 - 12.4 GHz by 
adopting double-layered radar absorbing structure, adjusting to the permittivity of the composites and controlling the 
thickness of each layer materials. 
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Figure (2) : The schematic drawing of the free space 
measurement system. 

 
2. Experimental :  
 
2.1 Materials : The carbon nanotubes (CNT) were supplied 
by reactive engineering lab of Tsinghua University, the 
carbon fibers were purchased from Jilin carbon product 
factory, glass fibers were afforded by Deqingguotai fire-
resistant heat preservation factory and the epoxy resin were 
bought from huadong Yuhua ltd. Fig.1 shows the SEM of 
carbon nanotubes. 
 
2.2 Specimen preparation and free space measurement 
system :  
 
For the CNT varnish preparation, the CNT were dispersed 
in an ultrasonic installation for 2h.After dispersed, the 
epoxy resin had been compounded with the CNT in a man-
made mold. And then the glass/carbon fibers/epoxy 
composites were prepared in a planar rectangular mould. 
Curing at room temperature for about 2h produced the 
flexible glass/carbon fibers/ epoxy composites specimen, 
the pressure was stabilized at 6atm. Finally, the testing 
samples were cut finely for complex permittivity 
measurement. 
Measurement was made in the frequency range of 8.2-
12.4GHz in this study. The cured composites were cut 
precisely to the dimensions of a rectangular waveguide, 
22.86x 10.16 mm2. 
  
The free space measurement system in this study is 
composed of a pair of spot-focusing horn lens antennas 
(transmit and receive antennas), a specimen holder, 
HPI8510B network analyzer, and a personal computer for 
data acquisition as shown in Fig. 2 
 

2.3 Electromagnetic wave theory of double-layered 
RAS : 
 
The back surface of the RAS was assumed to be a perfect 
conductor. And the composite was presumed to be a pure 
dielectric material, where the permeability was 0. The input 
impedance of the kth layer could be computed according to 
equation 1.  
 

)()(tanh)1()(
)()(tanh)1()()(
kdkkZinkZ

kdkZkZinkZkZin m
C

m
Cm

C •−+
•+−

=
γ

γ  

   ------------------------------(1) 

 

where kkC
fjk εμπγ 2)( =

is the propagation constant of 
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C is 
characteristic impedance of the kth material and C is the 
speed of light. 

The reflection loss R can be calculated in equation 2.  
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3. Results and consideration : 
 
The radar absorbing properties of the double-layer radar 
absorbing structure composed of glass fibers, carbon fibers 
and epoxy resin and CNT were simulated based on 
electromagnetic theory. In the two double-layer radar 
absorbing structure laminate composites, the first layer was 
CNT1.6 and the second was CNT 0, the other one was CNT 
1.2 and CNT 0.  

 
Figure (3) : The reflection loss of four kinds of double-layer 
RAS : curve A CNT1.2, 5.0 mm, CNT 0,4.0 mm; curve B 
CNT1.2, 4 mm, CNT 0,3 mm; curve C CNT1.6,5 mm, CNT 
0,3 mm; curve D CNT1.6,4 mm, CNT 0, 2 mm. 
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The thickness of the first to be simulated was restricted to 
from 4.0 to 5.0 mm and the second was limited to from 2.0 
to 4.0mm. The reflection loss of these RAS was shown in 
Fig.3 
 
The smallest reflection loss was -26.60 dB in the curve D, 
which was made of CNT1.6, with 4.0 mm of thickness as 
the first layer, and CNT 0 with 2.0 mm of thickness, as the 
second layer. And in almost entire 8.2-12.4GHz, the 
reflection loss was smaller than -10dB. In the whole 8.2-
12.4GHz, the reflection loss was lower than -10dB in curve 
A and curve C. Compared with the curves A, C and D, the 
curve B was the worst curve, and but the absorbing 
bandwidth with -10dB was almost 2.98 GHz. It may be that 
the given whole thickness of curve A was thicker than 
curve B and the stacking sequence of the curve B was 
different from curve C and D. But, by adjusting the stacking 
sequence and controlling the thickness of the RAS, the 
radar absorbing properties can be improved better and 
achieve that the absorbing bandwidth with -10dB was in the 
whole 8.2-12.4GHz. 
 
4. Conclusions : 
 
In the paper, radar absorbing structures composed of glass, 
carbon fibers, epoxy resin and carbon nanotubes were 
fabricated. By simulating absorbing properties of RAS 
based on electromagnetic transmission theory, we found out 
that it was possible to prepare a double-layer radar 
absorbing structure and achieve out that the reflection loss 
was smaller than -10dB in the whole 8.2-12.4GHz. 
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