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Abstract. This article considers the use of radio wave method for testing polymer composites used 
as structural material for manufacture of aircrafts. Measuring process, analysis and calculation by 
integral equation method are described. 
Introduction 
Since the middle of the last century polymer composite materials are gaining widespread use and 
occupy an increasingly wide scope of application across the full range of technology. The most 
important feature of these materials is that their properties depend not only on the properties of the 
components they are composed of, but also on the structure of the material being created, as well 
as on the technology of manufacturing parts from them. This leads to the steady growth of the 
range of new PCMs in order to obtain the properties most desirable for use in new areas. This 
feature also has a downside: any violations of the production process when manufacturing parts 
from PCM can lead to an undesirable change in the characteristics of future parts. In order to 
prevent this, the process of manufacturing parts from PCM includes various methods of non-
destructive testing (NDT), which allow to control the parameters of the production process of PCM 
parts manufacturing, to adjust the process itself to eliminate arising defects and to reject defect 
parts at an early stage of manufacturing, if the revealed defect does not seem possible to be 
eliminated. The most informative NDT methods are radio wave methods with the information 
parameter being the complex reflection coefficient or the complex transmission coefficient of an 
electromagnetic wave, depending on the structure of the polymer material. 

The complex dielectric constant ε of the PCM is measured by the wave guide technique 
according to the method and the measuring scheme described in [1-3]. A sample of the material to 
be measured is placed on the open end of the waveguide as a short-circuit, and the values ε and 
tanδ are calculated using the Fresnel formulas from the measured complex reflection coefficient. 

The complex reflection coefficient has the form 
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from the formula, the values of the dielectric constant - ε and the tangent of the angle of 
dielectric losses - tanδ are expressed: 
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Fig. 1. Dependences of ε and tanδ on the modulus |R| and the phase ϕ of the reflection 
coefficient 

According to the formulas (Eq.1), the dependences of the relative permittivity ε  and the tangent 
of the dielectric loss angle tanδ on the modulus of the reflection coefficient and the phase of the 
reflection coefficient (|R|, ϕ) are plotted, as shown in Fig. 1. It is seen from the analysis of the 
dependences (Fig. 1) that the phase of the reflection coefficient tends to the phase of total reflection 
ϕ→180° ; the graphs ascend very rapidly, which means that even a slight instrument error in 
measuring the phase ϕ will lead to a large final error in determining the relative permittivity ε. 

In order to improve the accuracy of calculating and processing the obtained measurement 
results, a more rigorous method from an electrodynamic point of view is applied – that is the 
method of integral equations (IEM). The procedure for deriving integral equations, specified in [1-
3], is realized by studying the surface currents induced on the surface of the PCM sample and the 
metal structure of the waveguide sensor by a probing electromagnetic wave. 

The design of the measuring sensor is determined by the capabilities of the IEM [4-8], which 
allows you to numerically calculate the complex reflection coefficient in case of a sensor created 
on the basis of a round waveguide with a conical horn (Fig. 2). It is possible to measure the 
dielectric parameters of electrically thin PCM samples (conductive carbon plastics with a thickness 
of 1-2 mm, or fiberglass used as protective caps for the radar of an aircraft) by transmitting 
electromagnetic wave through the material with a receiving antenna added at the output of the 
measuring sensor. 
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Fig. 2. Waveguide Transducer Design for Transmission Measurements: 

a) - on a round waveguide; b) - on a round waveguide with a conical horn. 
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To measure the PCM dielectric characteristics for the transmitting an electromagnetic wave 
through the material, an emitter with an increased power is used to facilitate such an intensity of 
radiation at the output from the sensor, sufficient for measuring instruments. The reason for the 
increase in the measurement power is caused by high attenuation of the electromagnetic wave in 
the PCM. 

When measuring by the transmitting electromagnetic wave, the measured PCM sample is 
represented as an electrically thin body. The measured parameter is the complex transmission 
coefficient [9,10]. 

A system of integral equations for the outer (illuminated) and rear (shaded) boundaries of a thin 
body is compiled using the equations. In integral equations the described current on the illuminated 
surface is represented as M

отр
M
пад

M JJJ += , and on the shaded surface as M
про

M JJ = . On the outer 
surface (L1) the probing wave field is created by the current, on the rear surface (L2) the 
transmitted wave will be described by the induced currents MJ2  and EJ2 . Integral equations are 
derived in the same manner as in [9, 10], taking into account the boundary conditions 
[n,E]=Z[n,[n,H]] at the boundaries L1 and L2, where n is the outward normal directed into the 

PCM sample, Z is the diagonal matrix of the surface impedance 
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character of the impedance shows that it can be different in different directions, in case of PCM 
anisotropy. The system of equations has the form: 
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where p1, q1 are points on the boundary L1, and а p2 q2 on the boundary L2. 
Equation (Eq.2) for the outer surface L1 is similar to the equations for a homogeneous semi-

infinite body. The last integral term on the left side of it considers the reflection from the rear 
surface. Equations (Eq.3) and (Eq.4) describe the field of the transmitted wave, with the first 
integral terms considering the influence of the outer surface. The boundary conditions 

[ ]EM JnZJ ,~~ −= , 00
~ εµZZ =  are satisfied on both surfaces. The resulting equations are 

Fredholm equations of the second kind. 
Integral equations are solved by a numerical method (Galerkin's method) [4,11-16]. 
The PCM sample was tested according to the proposed theory. Based on the measurement 

results, the value of the relative dielectric constant ε=940±30% and the tangent of the dielectric 
loss angle tanδ=1,3±40%, with a reflection coefficient modulus being 0.94, were determined.  
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