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This British Standard is the official English language version of  
EN 15042-2:2006. 

The UK participation in its preparation was entrusted to Technical Committee 
STI/33, Electrodeposited and related coatings, which has the responsibility to: 

A list of organizations represented on this committee can be obtained on 
request to its secretary.

Cross-references

The British Standards which implement international or European 
publications referred to in this document may be found in the BSI Catalogue 
under the section entitled “International Standards Correspondence Index”, or 
by using the “Search” facility of the BSI Electronic Catalogue or of British 
Standards Online.

This publication does not purport to include all the necessary provisions of a 
contract. Users are responsible for its correct application. 

Compliance with a British Standard does not of itself confer immunity 
from legal obligations.

— aid enquirers to understand the text;
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enquiries on the interpretation, or proposals for change, and keep UK 
interests informed;

— monitor related international and European developments and 
promulgate them in the UK.
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Foreword 

This document (EN 15042-2:2006) has been prepared by Technical Committee CEN/TC 262 “Metallic and 
other inorganic coatings”, the secretariat of which is held by BSI. 

This European Standard shall be given the status of a national standard, either by publication of an identical 
text or by endorsement, at the latest by October 2006, and conflicting national standards shall be withdrawn at 
the latest by October 2006.  

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following 
countries are bound to implement this European Standard: Austria, Belgium, Cyprus, Czech Republic, 
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, 
Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, 
Switzerland and United Kingdom. 
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1 Scope 

This document describes methods for the measurement of the thickness of coatings by means of thermal 
waves generated by a radiation source. 

The method can be used for coatings whose thermal properties (e.g. thermal conductivity) are different from 
those of the substrates in a range from a few microns to some hundred microns. 

2 Normative references 

The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 

ISO/DGuide 99998, Guide to the expression of uncertainty in measurement (GUM) – Supplement 1: 
Numerical methods for the propagation of distributions 

3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

3.1 
amplitude of the thermal wave  
∆∆∆∆T0  
maximum local temperature variation of the oscillating part for periodic-harmonic heating processes 

NOTE See Equation 2. 

3.2 
penetration depth of thermal waves 
depth at which the temperature variation below a modulated heated surface is still measurable. 

NOTE In general, the penetration depth is of the order of magnitude of the thermal diffusion length 

3.3 
modulation frequency  
f 
frequency at which the intensity of the heating radiation varies periodically 

3.4 
phase (phase shift) of the thermal wave  
∆ Φ 
measure of the temporal delay of the temperature oscillation relative to the excitation for periodic-harmonic 
heating processes 

NOTE See Equation 3. 

3.5 
photothermal efficiency  
η 
proportion of the incident radiation intensity that is converted into heat 

NOTE  In most technical applications it is approximately identical to the absorption. 
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3.6 
thermal diffusion length  
µ 
characteristic length of the thermal diffusion with pulsed heating or periodically modulated heating, where the 
temperature amplitude has decreased to about 1/e or 37 %  

NOTE 1 1/e, with natural number e = 2,71828. 

NOTE 2 See Equation 4. 

3.7 
thermal diffusion time  
τ 
characteristic time that a thermal wave or a temperature pulse requires for penetrating a layer of finite 
thickness 

NOTE See Equation 7. 

3.8 
thermal diffusivity  
α 
thermal parameter characterizing heat propagation in a body with time-dependent heating 

NOTE See Equation 6. 

3.9 
thermal effusivity  
e 
thermal parameter determining the surface temperature of a body with time-dependent heating 

NOTE See Equation 5. 

3.10 
thermal wave 
spatiotemporally variable temperature field that is set up in a body (or medium) with time-dependent heating 
and is described by the heat conduction equation 

NOTE 1 see Equation 1. 

NOTE 2 The thermal wave is generated in one limiting case by a periodic-harmonic excitation, in the other limiting case 
by a pulsed excitation. 

3.11 
thermal reflection coefficient  
Rls  
thermal parameter that is a degree of the reflection of the thermal wave at the boundary interface between two 
layers of different effusivity and thus describes the heat transfer across this boundary interface 

NOTE See Equation 8. 
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4 Symbols and abbreviation 

 

Symbol Unit Description See Equation 

∆T(x,t) K amplitude of the temperature oscillation of the thermal wave 1 

∆T0(x) K amplitude of the temperature oscillation of the thermal wave at the 
surface (x = 0) 

2 

∆ Φ  rad phase of the temperature oscillation of the thermal wave  3 

µ m thermal diffusion length 4 

e Ws1/2/(m2K) thermal effusivity 5 

α m2/s thermal diffusivity 6 

τ s thermal diffusion time 7 

F0 W/m2 heat flow/excitation power density 7 

η  photothermal efficiency  

k W/(m⋅K) thermal conductivity  12 

ρ Kg/m3 mass density 13 

c J/(kg⋅K) specific heat capacity  13 

f s-1 modulation frequency  

i0 W/m2 incident radiant power density  2 

x m location below the boundary interface  

t s time  

5 Foundations of photothermal materials testing 

5.1 Physical foundations 

5.1.1 Thermal waves 

The concept "thermal wave(s)" describes a spatially and temporally variable temperature field that is 
generated in a body by time-dependent heating. Besides the concept thermal wave the term "temperature 
wave" is also used in technical literature. The excitation of the spatiotemporally variable temperature field 
mathematically described by a diffusion equation - the heat conduction equation - can occur in the one limiting 
case periodic-harmonically and in the other limiting case pulsed.  

The physical foundations [1], [5], [6], [7] can be derived both for the harmonic excitation and for the pulsed 
excitation, and are related by a Fourier transformation. This clause considers primarily the harmonic 
excitation; the derivation for the pulsed excitation can be found in [8].  
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