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Abstract. The growing importance of plastic and composite materials establishes 

new requirements for the quality and safety control units. Currently utilized methods 

in most cases are dedicated to metals and their usability in inspection of composite 

materials is limited. The objective of this paper is to propose advanced tool for the 

inspection of modern composite materials using selected NDT methods including 

terahertz imaging, thermography and digital radiography. This enables detailed 

analysis of the internal structure of a wide range of components. The set of samples 

made of different composites (basalt, yucca, glass fiber reinforced) and plastics 

(PMMA) with artificial defects was designed and manufactured. The selected results 

of measurements, conducted for the test samples, are presented. Special attention 

was paid to the terahertz method, which seems to be the most promising.  

Introduction  

Nowadays Non-Destructive Testing methods (NDT) of polymer composites range from 

taping to X-ray inspection, through ultrasound and structural health monitoring (SHM). 

While for metals there are many proved NDT methods, for polymer composites there is still 

an open research field. The reason is the very specific feature of polymer composites that 

product manufacturing proceeds simultaneously with creating the material. Therefore, the 

final properties of both the material and product are gained in the same technological 

process. Many product properties, such as dimensional accuracy, mechanical strength etc. 

as well as their repeatability are strongly dependent on the quality of the manufacturing 

process. The other difficulty is strong anisotropy. These are the reasons why the diagnostics 

of composites is so difficult and important. Diagnostics include: detecting methods, both 

quantitative and qualitative describing defects, classification of defects, methods of defects 

and damages repair, risk estimation for use in future and finally determination of defects 

causes as well as their prevention. What seems particularly difficult is to select an 

appropriate method for detecting and describing the defects and damage size. The testing 

method preferably should be: non-destructive, touchless (without coupling agents), high 

sensitive, possible for infield inspection, appropriate for very large structure inspection, 

appropriate for inspection of elements in operation, appropriate to use in the production 

line, able to detect and locate internal defects, able to quickly provide information, suitable 

for computerization, simple to calibrate, simple to use (result’s interpretation without the 

need of deep knowledge from a human operator), low costs of tests as well as testing 

devices, and comparable (allowing simple results comparison between different labs and 

different devices). In this paper the possibility of using a radiographic inspection, an active 

infrared thermography, and a terahertz (THz) electromagnetic waves for detection of 

composites’ defects was investigated.  

More info about this article: http://ndt.net/?id=19744
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2. Inspection methods and preliminary tests 

Three different techniques were utilised in order to evaluate the composite samples.  The 

radiographic inspection was carried out using a computer radiography (CR) system (Fig. 1). 

It consists of a low voltage X-ray source CP1201 and an imaging plate scanner having 

spatial resolution of 50 µm. A high resolution imaging plates allows to maintain the scanner 

resolution and linear respond. A novel active infrared thermography system (Fig. 2) is 

composed of an A325 thermovision camera (FLIR Systems, Inc., Wilsonville, OR, USA), a 

DC power supply, a fan and a specially prepared samples having an internal resistive 

heating mesh (the samples which will be described in the following paragraph). As a third 

testing system, a THz  time domain spectroscope, model Tray 4000 (Fig. 3) from 

Picometrix (Advanced Photonix, Inc.) was utilized. In the last years, terahertz spectroscopy 

has gained more interest because of its unique capabilities. THz radiation lies above the 

frequency range of traditional radio and microwaves but below the range of infrared waves 

[1]. The THz radiation allows achieving a very good spatial resolution and penetration 

depth. Many dry, non-metallic materials like polymers, ceramics, etc. show little THz 

absorption, which allows one to imagine their internal structure with THz. Moreover, THz 

has the potential for a higher resolution than microwaves due to its shorter wavelength. 

THz radiation is also non-ionising which makes it less risky for servicing staff. 

Fig. 1. Equipment used for radiographic inspection. 

Fig. 2. Equipment used for active infrared thermography. 

Fig. 3. Equipment used for THz inspection (time domain spectroscope T Ray 4000 from Picometrix). 
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Fig. 4. Measurement setups of the THz-TDS system used in the experiments, v-type arrangement of the 

measuring heads and collinear arrangement (bottom). 

Electromagnetic waves of terahertz frequency range (0.5 - 10 THz) are increasingly 

used in various fields of science and industry. Properties of THz radiation are creating 

unique possibility to utilize it for inspection of composites. Especially, the terahertz 

systems working in a time domain provides signals having reach information about the 

internal structure of  the tested materials. The TDS-THz system consists of a femtosecond 

laser, which generates extremely short current pulses in a photoconductive dipole antenna. 

The  antenna emits THz rays, which are focused on the tested material. The reflected waves 

are recorded by a receiver antenna. The measured signals can be presented in the form of: 

A-scan, B-scan, C-scan or D-scan. The A-scan is a time domain signal measured at a single 

position of the transducer S(x = const., y = const., td).  The B-scan is a set of A-scans 

collected during 1-D scan of the sample S(x , y = const., td). Signals collected during a 2-D 

scan of the samples allow to create images (C-scans) S( x , y, td=const.) or a 3D 

visualisations (D-scans) S( x , y, td ). The TDS-THz systems in a reflection mode can work 

in a two basic configurations. The first type of configuration with a receiver and transmitter 

mounted separately at a right angle and a second configuration (collinear), which  includes 

an additional THz beam splitter (Fig. 4). These arrangements have some advantages and 

disadvantages and therefore  all experiments were carried out using both configurations. In 

order to evaluate usability of the setups, a special phantom made of PMMA having 
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artificial defects (notches) has been utilized. One of the utilized patterns set comprises of 

two parallel slits manufactured with different distances (0.5 - 5 mm) between each other. 

Such notches can be used to evaluate lateral resolution of the system. Reliable defect 

detection, identification or reconstruction process needs preprocessing of the data. 

Commonly utilized enhancement methods in case of terahertz time domain inspection are 

low-pass filtering and wavelet analysis [3]. Therefore, all the achieved signals (images) 

were processed in order to eliminate noises and trends which hides the real structure 

(Fig. 5). The measured B-scans are shown in Fig. 6 and in Fig. 7. The results of 

experiments show that the TDS-THz system working in the collinear configuration allows 

to achieve higher lateral resolution. It is also less sensitive to the changes of the elevation of 

the measuring head moving over the test sample (Fig. 8). 

Fig. 5. Block scheme of the signal’s enhancement algorithm for a THz imaging. 

Fig. 6. B-scans collected using TDS-THz system working in the v-type configuration; a) photo of the test 

sample, b-e) results achieved for different elevation z of the transducer positioned over the test sample. 

z = z0 + 5 mm z = z0 

z = z0  - 5 mm z = z0  - 10 mm

a)

b) c)

e)d)
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Fig. 7. B-scans collected using TDS-THz system working in the collinear configuration; a) photo of the 

sample pattern, b-e) results achieved for different elevation z of the transducer positioned over the test sample. 

Fig. 8. Results of measurements collected using TDS-THz system working in the collinear configuration; a) 

selected fragment of B-scan measured for the notches placed at the distance of 0.5mm from each other; b) 

corresponding line profiles showing peaks of the signal caused by the notches; signals were measured for 

different elevation z of the head scanned over the test sample.. 

z = z0 + 5 mm z = z0 

z = z0  - 5 mm z = z0  - 10 mm
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3. Results of experiments  

After preliminary tests carried out with the THz-TDS system and PMMA phantom, the 

collinear configuration offering the highest lateral resolution was selected for further 

experiments. These experiments were conducted with the sample made of poliester resin: 

CRYSTIC2-420 PA (Scott Bader) + LUPEROX K1G with 6 layers of glassfiber mate 

900g/m², thickness 6 mm. In the 3
rd

 layer of the glassfiber mate a set of holes having 

diameters from 1 to 5 mm was manufactured. Additionally a mesh of resistance wire (JLC 

Electromet, Cu Ni 44, ϕ 0.26 mm, resistance: 9.4 Ω/m) was also added between the first 

and the second layer. The resistance wire was utilized in case of thermography to heat up 

the structure.  Photo and the internal structure of the sample is shown in Fig. 9.  

Fig. 9. Test sample made of poliester resin: CRYSTIC2-420 PA (Scott Bader) + LUPEROX K1G with 6 

layers of glass fiber mate 900g/m², thickness 6 mm, Resistance wire JLC Electromet, Cu Ni 44, ϕ 0.26 mm, 

resistance: 9.4 Ω/m. 

Fig. 10. Results of multisource evaluation of the composite sample shown in Fig. 9; a) radiogram obtained 

using the computer radiography system (Fig. 1), condition of exposition: U = 40kV, I = 1mA, t = 10s; b) C-

scan achieved from the active infrared thermography system (Fig. 2); c) C-scan obtained for specific delay 

time using the THz-TDS system (Fig. 3). 

The test sample was examined using three mentioned methods. The setup for 

radiographic inspection was shown in Fig. 1. The following factors enabled to achieve  

satisfactory results: exposure time t = 10 s, tube current I = 1 mA, tube voltage U = 40 kV, 

the distance between the radiation source and the imaging plate f = 0.7 m. The radiograms 

were recorded using high resolution imaging plate (FUJIFILM UR1). Example of the 

radiogram is shown in Fig. 10 a). In the case of active thermography, the experimental 

setup is composed of a the thermovison camera FLIR A325 and the special test sample with 

internal heating mesh (Fig. 9). In the case of large composite structures (like wind turbine 

blades)  a conventional heating (like halogen lamps, infrared radiators, hot air and so on) 

a) b) 
c) 
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may be not effective, therefore, in this study authors propose to use integrated resistive 

heating system. In the traditional active thermography, the external energy source is used to 

induce the thermal contrast inside the inspected specimen. In the proposed system the 

energy source is embedded in the specimen, what improves significantly the achieved 

image resolution. Additionally, a  fan was utilized to speed up the cooling process and  

enhance a temperature gradient. The time of heating was set to 10 seconds and the time of 

cooling was set to 15 seconds. The heating current was set to 100 mA. The fan was 

operating during the heating and the cooling process. The sample's surface was observed 

using the thermovision camera during the heating and the cooling process. In total, for each 

sample the sequences of 200 thermograms were recorded (8 thermograms per second). 

Figure 10b presents the raw thermogram acquired during the heating process. The THz 

measurements were carried out for the selected area of the test sample by scanning the head 

in x and y direction. The dimensions of the scanned area was 70x90 mm (the same area as 

presented in the radiogram). The C-scan achieved for a given time delay td is shown in Fig. 

10c. The most appropriate time delay td was selected based on the analysis of the B-scans.  

Finally, the multisource evaluation was carried out for of the glass fibre tube 

( diameter D = 170 mm, wall thickness w = 7 mm, length L = 200 mm ). Selected results 

are shown in Fig. 11. One can observe that the THz images shows internal inhomogeneity 

of the tube structure   

Fig. 11. Multisource evaluation of the glass fibre tube; a) photo of the tube; b) example of the radiogram 

achieved for the tube; c) visualisation of the results obtained using THz-TDS system; d) C-scans acquired 

using THz-TDS system for the selected time delays td

a)
b)

c) d)
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4. Conclusions  

The radiographic inspection delivers high speed of testing, high lateral resolution and 

reliability. Unfortunately some kinds of polymer composite’s defects are difficult or even 

impossible to detect (i.e. delamination). The active thermography was found as very useful 

technique and the delivers quality comparable with other techniques. The heating mesh 

integrated with the composite material is an interesting option but unfortunately may affect 

mechanical properties.  The THz pulsed time domain method applied in a reflection mode 

allowed the detection of structure flaws in composite materials containing different kinds of 

reinforcement, such as: glass, basalt as well as natural fibres. The confocal setup was found 

to be more useful especially in industrial applications. This testing method is still under 

research but already has some advantages over other NDT methods. THz imaging 

technology seems to be very promising for identifying and evaluating polymer composite 

defects and damage, however additional progress in scanning speed as well as additional 

data processing is necessary to implement THz as an effective tool. 
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