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Abstract

This paper addresses the problem of the quantitative estimation of thermal resistance fields in multilayer
material by using a flash excitation and an IR camera for the temperature relative change measurement. The main
difficulty that arises with multilayer materials affected by thermal resistances as delamination, crack or rugosity is related
to the inverse processing method. Indeed, it is shown that the method has to be based on an iterative algorithm in order
to quantitatively retrieve the thermal resistance. Moreover techniques based on Thermal Signal Reconstruction [1, 2]
which presents the advantage to easily use the measured field are not especially quantitative and generally only address
the detection of such defects in a qualitative way. Some authors [3, 4] have proposed original approaches to retrieve
quantitative analysis. In the present study, the main idea is to link a simple method based on an asymptotic development
of the thermal contrast with an exact modelling of the heat transfer within the multilayer material. The asymptotic method
consists in a first order differential equation between a reference temperature, taken directly in a healthy area of the
sample or resulting from the exact analytical solution of the multilayer sample, and a temperature that is assumed to be
at a location affected by a thermal resistance problem, as showed by eq (1). The asymptotic development reveals two
parameters: the amplitude A and a delay t that could be linked to the thermal resistance value and related defect
thickness thanks to the analytical model.

dT(xrefryref:t) (1)
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The exact 1D transient analytical solution is calculated using multilayer quadrupole [5] where only one interface layer is
considered as a thermal resistance. The temperature response is then calculated from a given range of thermal
resistance (figure 1.b). In this case, the range goes from 10 to 4.10° K.m2W™. From this set of data, the inverse
method, based on equation (1), is implemented and the estimated parameters A and t are calibrated as function of the
imposed thermal resistance value (figure 1.c). Then with this calibrated curve (generally polynomial), experimental
processing can be done by assuming that the sample has the same multilayer assembly that the analytical one. The
inverse method consists in an autoregressive approaches along time. This part will be discussed in the paper.

Finally, to illustrate the complete process a homemade sample composed of a black painted thin layer (25 pum) of steel, a
PVC with several square hole of different thickness (100, 200, 500 and 800 um) and depth (1100, 1000, 700 and 400
pm), and a last layer thick layer of steel (3 mm) was tested by using a 1600J flash lamp and a MCT IR camera. The
results of the several steps of the method are presented figure 1. It is interesting to note that it is possible to retrieve
quantitative in depth thermal resistance by using very fast and simple inverse processing based on asymptotic
development coupled with a complete quantitative calibration.
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Fig. 1. Presentation of some results on a multilayer homemade sample: a), Front face measured thermogram at
several location, b) example of calculated thermogram from the quadrupole method for several thickness and thermal
resistance, c), calibration curve of the well-known simulated thermal resistance as function of the estimated amplitude A,
and d), resulting thermal resistance from the calibration curve c).



