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Abstract  

The study of the choice of transmission line for inspecting engineered dielectric composites is investigated here 

using open ended coaxial transmission line and waveguide operating in microwave regime. Wide band swept 

frequency measurements of the material under test (MUT) obtained using an open ended coaxial probe were 

used to identify the resonant frequency of the MUT. Material measurements gathered near and off the resonant 

frequency using an open ended coaxial probe and rectangular waveguide were analyzed to study the influence of 

the transmission line and the operating frequency for volumetric sensing of buried defects in fiber glass epoxy 

samples. Results indicate that open ended coaxial transmission line help identify the resonance frequency of the 

MUT and are well suited for volumetric inspection of thin dielectric composites with small defects due to their 

small footprint for an ultra-wide frequency band.   
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1.  Introduction 

Dielectric composites are rapidly replacing metallic structures in aerospace and automotive 

industries due to their light weight, high strength, and ease of fabrication. Thus, there is a 

need for reliable non-destructive evaluation (NDE) techniques for characterizing the 

mechanical strength, physical and electrical properties of structural components made using 

dielectric composites. Material defects such as de-lamination, air voids and foreign particles 

can influence the bulk material properties and potentially compromise the structural integrity. 

For dielectric composites, non-destructive evaluation (NDE) techniques that employ 

electromagnetic (EM) field are well suited to assess the electrical properties [1].  
 

Microwave based NDE technique with an ultra-wide band (UWB) frequency of operation 

is proposed in this work for inspecting thin dielectric composites [2]. Unlike the free space 

inspection of large specimens [3], localized inspection of thin and small dielectric composites 

is presented using transmission line based sensors. The feasibility of near field microwave 

NDE of dielectric composites is studied using coaxial and waveguide transmission lines. The 

coaxial transmission line supports UWB frequency unlike the waveguide which has narrow 

operating band width. The performance of the two transmission line sensors are evaluated on 

E-glass composite samples with and without defect. Section 2 presents the composite 

fabrication method, and section 3 presents the microwave measurement set up using coaxial 

and waveguide transmission lines. Measurements and results are discussed in section 4, and 

section 5 concludes the work.   

 

2. Sample preparation 

Defect free and defective dielectric composites were fabricated using E-glass fiber and epoxy 

resin. Epoxy resin was mixed with the hardening agent in the ratio 10:1 by weight with 

respect to resin volume for curing. The composite was fabricated by stacking six defect free 
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E-glass fiber layers and a single E-glass fiber layer with an insert using epoxy resin as the 

matrix. Epoxy resin was used as the adhesive with 1:1 ratio by weight with respect to E-glass 

fiber layer and the composite was hand laid. Fig 1 (a) shows the 0.4 mm thick single layer of 

E-Glass fiber. Fig. 1(b) shows the fiber layer with centered hole of size, 10 mm  10 mm  

0.4 mm. Fig 1 (c) shows the insert of dimensions, 10 mm  10 mm  0.4 mm that filled the 

hole in the E-glass fiber layer (Fig. 1(b)). The dielectric constant of E-glass fiber is 6.1 and 

the insert is 2.1. Fig. 2 shows the hand molding process for fabrication of the layered 

dielectric composite. Fig. 3 shows the fabricated 7 layer E-glass composite (300 mm  300 

mm  3 mm) that was cured at 60  C with pressure of 15 bars for 4 hours, and the location of 

the insert in the layered composite. Following the same procedure, defect free composite was 

also fabricated for microwave based NDE   

 

 
Figure 1. Materials used for dielectric composite fabrication. (a) 300 mm  300 mm  0.4 mm E-glass fiber 

layers , (b) single layer with 10 mm  10 mm  0.4 mm hole at the center of 300 mm  300 mm  0.4 mm E-

glass fiber, (c) 10 mm  10 mm  0.4 mm insert to fill the hole in the E glass fiber shown in Fig. 1 (b). 

 

 
Figure 2. Hand molding process for composite fabrication. (a) Stacking of defect free layers with the adhesive 

(epoxy resin), (b) defective layer with the insert.  

  
(a)                                                                                               (b) 

 

Figure 3. (a) Fabricated defective composite, (b) illustration of fabricated composite with an insert at d  2.2 mm 
 

 

 



3. Microwave measurement set up 

Fig. 4(a) shows the open ended waveguide (narrow band) measurement setup for reflection 

measurements from the dielectric composite. The aperture dimensions of the Ku band 

rectangular wave guide that was operated between 14 GHz and 18 GHz is 15.8 mm  7.9 mm.  

Fig. 4(b) shows the 3.5 mm diameter open ended coaxial probe (UWB) used for UWB 

reflection measurements. The open ended transmission line sensor was placed on the 

composite face down during measurements.  Microwave measurements were gathered from 

the composite with absorber backing to avoid reflections from the background. Swept 

frequency reflection measurements were gathered from the composite for both open ended 

transmission lines using a vector network analyser (VNA) from Agilent Technologies, USA 

(model EC5071C) with a measurement average of 32 samples per frequency. Due to the 

impedance mismatch at the end of the transmission line, a part of the incident wave is 

reflected from the material under test (MUT). The reflection measured by the VNA has 

contributions from the MUT and the measurement assembly namely, the transmission line, 

connecting cable and adapters in the measurement setup. The reflections from the 

measurement assembly were gated using time domain algorithm [4]. The time gated reflection 

from the MUT was gathered for both open ended transmission lines on defective and defect 

free samples.  

 

 
Figure 4. Microwave measurement set up for NDE of dielectric composites using open ended transmission line. 

Transmission line reflection measurements using (a) Ku band open ended waveguide (aperture size: 15.8 mm  

7.9 mm) and (b) 3.5 mm diameter open ended coaxial probe.  

 

4. Results and discussion 

4.1 Defect free composite 

Fig. 5 shows the average of the time gated power reflection coefficient measured using the 

open ended waveguide and coaxial probe for the defect free composite. From Fig. 5 (a), it is 

clear that the reflection is the minimum at 16.5 GHz for the waveguide. In Fig. 5 (b), the 

minimum reflection occurred at 15.5 GHz for the open ended coaxial probe that was swept 

over 1 to 18 GHz. The reflection minimum indicates the resonance condition,     for the MUT 

of given thickness probed by the transmission line. The deviation in the resonant frequency 

between the two transmission lines is due to the fact that both are not a plane wave and it 

depends on the near field distribution of the respective probes. The deviation in the resonant 

frequency between face 1 and face 2 of the MUT for both transmission line sensors was less 

than 0.1 GHz which is higher than the resolution of the instrument (VNA) as the data was 

gathered at every 10 MHz interval in case of coaxial probe and 1 MHz for waveguide 

measurements. Since the fabrication was hand laid, the unevenness in the resin laid would 



have caused the change in thickness and local inhomogeneity. This results in the deviation of 

resonant frequency between face 1 and face 2 of MUT. 

 

 
 
Figure 5. Time gated continuous wave power reflection coefficient from the defect free dielectric composite. (a) 

Narrow band waveguide and (b) UWB coaxial probe measurements.  

 
4.2 Defective composite 

Fig. 6 shows the time gated continuous wave power reflection coefficient measurements of 

the composites for different trials on defective and defect free regions gathered using the open 

ended waveguide. From the figure, it is clear that the waveguide reflection measurements do 

not vary significantly for the defective and defect free composites. Also, measurements do not 

vary with the inspection face. Due to the large aperture (15.8 mm  7.9 mm), the sensing 

volume of the waveguide is larger than the insert (10 mm  10 mm  0.4 mm). Thus, the 

volume average of the reflection measured by the open ended waveguide shows the least 

variation in the resonance frequency.  

 

 

Figure 6. Time gated continuous wave reflection coefficient measurements of the dielectric composites measured 

on either sides (face 1 and face 2 indicated in Fig. 3(b)) of the MUT using an open ended waveguide.  
 

Fig. 7 shows the swept frequency power reflection coefficient of the MUT gathered using the 

open ended coaxial probe over 12 GHz to 18 GHz on face 1 of the MUT.  From Fig. 7 (a), it 

is clear that there is a significant variation in the power coupled at resonant frequency for the 

defect free and defective composites. This denotes the sensitivity of the open ended coaxial 

probe for the localized embedded dielectric contrast in the defective composite due to its 

small sensing volume compared to the waveguide. Measurements were repeated thrice on face 



1 of the composite samples and the power reflection coefficient at material resonance 

frequency is shown in Fig. 7(b). Fig. 7(b) indicates measurement repeatability. Fig. 8 shows 

the open ended coaxial probe measurements gathered on face 2 of the MUT with and without 

the insert. Measurements on face 2 of the MUT also indicate significant change in the 

reflected power for the defective MUT at resonance compared to the defect free MUT. From 

the preliminary measurements in Figs. 7 and 8, it can be inferred that the UWB coaxial probe 

with small sensing volume is better suited for microwave NDE of thin dielectric composites 

than narrow band waveguide probe with larger sensing volume.  

 

 
Figure 7. Time gated continuous wave power reflection coefficient measured on face 1 of the dielectric 

composites using an open ended coaxial probe. (a) Measurements on face 1 of the MUT for the defective and 

defect free regions, (b) measurement comparison at resonant frequency     15.5 GHz for different trials.  

 

 

Figure 8. Time gated continuous wave power reflection measurements gathered on face 2 of the dielectric 

composites using an open ended coaxial probe. (a) Measurements on face 2 of the MUT for the defective and 

defect free regions, (b) measurement comparison at resonant frequency     15.5 for different trials.  

 

5. Conclusion 

The choice of transmission line was studied for microwave NDE of thin dielectric composites 

with open ended waveguide and coaxial probes using swept frequency measurements. 

Dielectric composites of identical size with and without defect were manufactured using an 

artificial insert with low dielectric contrast when compared to the surrounding host medium. 

Measurements indicated the presence of material dependent resonance in Ku band. Reflection 



measurements gathered around material resonance frequency using the open ended waveguide 

indicated no variation in the presence of the embedded dielectric contrast, and a significant 

variation for the open ended coaxial probe. The UWB operating frequency of the coaxial 

transmission line enables identification of material resonance frequency. From the preliminary 

measurements, it is concluded that open ended coaxial probe is more suited for microwave 

NDE of thin dielectric composites, measurement set up could be used further for spatial 

mapping of NDE of the dielectric composites and inhomogeneity in thickness of the dielectric 

composites. 
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