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Abstract

Estimating the size of hidden defects remains a key industrial challenge. We have previously applied optically
excited lock-in infrared thermography to characterize infinite and semi-infinite uniform delaminations. Here, we extend
this approach to more realistic wedge-shaped defects with gradually varying width, depth, and thickness. Given that
these variations are gradual, the analytical 2D model for semi-infinite delaminations remains applicable. Experimental
thermograms from stainless steel samples with calibrated wedge defects are fitted to the model, enabling accurate
geometric reconstruction. The strong agreement with true parameters highlights the robustness of lock-in infrared
thermography for quantifying hidden defects.

1. Introduction

Delaminations are flat subsurface defects that compromise structural integrity and are effectively detected
using optically excited lock-in infrared thermography (IRT), a hon-contact, nhon-destructive technique. In our previous
work, we first addressed infinite homogeneous delaminations, successfully retrieving their depth and thickness using
analytical models [1]. We then advanced to semi-infinite delaminations with finite width, extending the analytical
framework and validating it experimentally. Building on this progression, we now study more realistic wedge-shaped
delaminations, considering successive cases of gradually varying width (w), depth (d), and finally thickness (t). This
stepwise approach preserves analytical tractability while increasing geometric complexity. Owing to the gradual nature
of these changes, the analytical model for semi-infinite delaminations remains valid, enabling accurate characterization
while increasing geometric complexity. As an example, a scheme of the U-shaped delamination with wedge width is
shown in figure 1a.
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Figure 1. (a) Scheme of the U-shaped delamination with wedge width. (b) Experimental temperature
amplitude and phase images for an AISI-304 sample containing a wedge thickness delamination at f = 0.3 Hz with
the following geometrical parameters: w = 2 to 10 mm, d = 1.02 mm and t = 20 ym.
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Experiments on calibrated metallic samples, combined with model fitting, demonstrate accurate recovery of
defect parameters, confirming lock-in IRT as a robust tool for characterizing increasingly realistic subsurface defects.

2. Theory

The theoretical framework is based on a two-dimensional model describing a delamination embedded in an
opaque sample of infinite lateral extent. The defect, assumed infinite in the y-direction, is characterized by its width,
depth, and thickness. The sample is excited by a harmonically modulated laser beam, and the resulting oscillatory
surface temperature is obtained by solving the heat diffusion equation under adiabatic boundary conditions at the
sample’s surfaces. The delamination is modelled as a spatially bounded thermal contact resistance, introducing a
temperature discontinuity while preserving heat flux continuity.

The solution is derived semi-analytically by combining the cosine Fourier transform along the lateral direction
with the thermal quadrupole formalism. This approach provides the surface temperature in terms of the defect
geometry and thermal properties. Finally, normalized surface temperature profiles are used to estimate the
delamination parameters by fitting the model to experimental data. In this work, the model is extended to wedge-
shaped delaminations with slowly varying width, depth, or thickness providing the slopes in the samples are smaller
than ten degrees.

3. Experimental results and conclusions

The consistency of the results was checked on each sample by fitting the data taken at different frequencies.
As an example, figures 1b and 1c show the raw thermograms of amplitude and phase of the surface temperature
oscillations at 0.3 Hz for the U-shaped delamination with wedge width shown in figure 1a. Figure 2 shows the x-profiles
across the delamination of normalized amplitude and phase at 0.4 Hz for the same sample. Dots are the experimental
data and the continuous lines are the fits to the model, showing a very good agreement. Moreover, the retrieved values
of the geometrical parameters of the air gap fit the real values very well.
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Figure 2. Results for a delamination featuring constant depth (d = 1.02 mm) and thickness (t = 20 um),
but varying width from 2 to 10 mm. Five experimental x-profiles of normalized amplitude and phase, across the
delamination (dots) at f = 0.4 Hz and fittings (solid lines).

It has been found that in AISI 304- stainless steel, the depth of delaminations down to 3 mm can be sized
accurately. The length of the delaminations has been obtained with accuracies better than 10% and the thickness
remains the most challenging parameter to be determined. In AlSI-304, delaminations up to 50-60 microns thick can
be sized accurately but sizing thicker delaminations is difficult because the contrast between damaged and sound
regions saturates and the sensitivity decreases [2]. This maximum sizable thickness would be higher (lower) in
materials of lower (higher) thermal conductivity. We think that these findings boost IRT as a reliable technique for the
characterization of real delaminations.
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