
 

Creative Commons CC-BY-NC licence https://creativecommons.org/licenses/by-nc/4.0/ 

Virtual wave concept for thermal non-destructive evaluation of 
delamination in composites 

 
Günther Mayr1, Peter Burgholzer2, Gregor Stockner1, and Günther Hendorfer1 

 
1 Josef Ressel Center for Thermal NDE of Composites, University of Applied Sciences 

Upper Austria, 4600 Wels, Austria, guenther.mayr@fh-wels.at 
2 Research Center for Non Destructive Testing (RECENDT), 4040 Linz, Austria, 

peter.burgholzer@recendt.at 
 
Abstract 
 
For depth estimation and in some cases for the characterization of the thermal resistance 
between the bulk material and the discontinuity a one-dimensional (1D) thermal model is 
typically used as a state of the art thermal NDE method (1). Burgholzer et al. (2) have 
published a 3D thermographic imaging method using a virtual wave concept. A virtual 
ultrasound wave is calculated by applying a local transformation to the measured 
temperature data of the sample. The main advantage is that well developed 3D image 
reconstruction methods for ultrasonic imaging (time reversal or Synthetic Aperture 
Focussing Technique - SAFT) can be adopted for thermographic signals (3). 
The aim of this work is to apply the inverse analysis technique of the virtual wave concept 
to multi-dimensional reconstruction problems of optical-excited pulsed thermography 
measurements. Heat conduction simulations with the Finite-Element-Method (FEM) and 
experimental investigations based on pulsed thermography measurements are performed 
to validate the modified virtual wave concept. In the first step, we carried out FEM 
simulations with a 2D geometry. In Fig.1(a) the sketch of the geometric model with the 
artificial delamination is shown. The length of the sample is 16 mm and the thickness is 
L = 3 mm. The pulse heating at the upper or lower boundary is modelled as a short heat 
flux density pulse. All boundaries are adiabatic. The initial temperature is T(r, t= 0)= 0 . 
The temporal temperature distribution T(r, t) was simulated for 25 s, to reach the 
maximum of the back-side temperature.  
From the simulated transient temperature field T at z = 0 or z = L the virtual wave field 
Tvirt can be calculated using the local transformation Eq. (1):  
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where α is the thermal diffusivity and c the virtual speed of sound. 
In Fig. 1(b) und 1(c) the thermographic image reconstruction is shown for an upper (z = 
0) and lower side (z = L) heating. The Frequency Domain SAFT was applied for post-
processing the virtual wave field. The F-SAFT has improved the lateral resolution. Based 
on this, a good estimation of the size and depth of the artificial defect is possible. A 
comparison of the front- and back-side reconstruction shows that the lateral resolution is 
decreasing with increasing defect depth. The experimental results of the thermographic 
image reconstruction of a delamination in a composite component show also a good 
agreement to 3D X-ray computed tomography data. 
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Figure 1. 2D Image reconstruction of a delamination in a WPC composite based on simulated pulse 
thermography data: (a) WPC specimen with a delamination, (b) front-side image reconstruction and 
(c) back-side image reconstruction. 
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