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Abstract 

Eddy current thermography testing is an emerging technology in nondestructive testing. This technology combines 

eddy current and thermographic NDT techniques to provide a fast and efficient method for defect detection and 

characterisation over a relatively large area. The technique uses induced eddy currents to heat the sample being 

tested and defect detection is based on the changes of the induced eddy currents flows revealed by thermal 

visualisation captured by an infrared camera. This work discusses the advantages provided by the eddy current 

thermography technique and presents results from 3D FEM simulation and experimental investigations of eddy 

current thermography on defects in metallic samples. The work demonstrates the effectiveness of eddy current 

thermography in providing comprehensive and reliable defect assessment.  
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1. Introduction 
 

Improvements in infrared (IR) camera technology have allowed thermography to develop from a 

qualitative overall inspection technique which needs to be supplemented by nondestructive 

testing (NDT) techniques to a stand-alone technique able to supply quantitative information 

through the acquisition and analysis of image sequences. These technological innovations, paired 

with the development of advanced signal analysis techniques, have led to the emergence of 

thermographic defect detection as a viable industrial inspection tool which has found acceptance 

in many areas, including the safety inspection of critical aerospace structures [1]. The major 

advantage of thermographic inspection over other NDT techniques is that it is able to inspect a 

relatively wide area in a short time. Test results can then be immediately accessed to provide an 

indication of any major faults and the data sequences further analysed to provide quantitative 

information. The technique is also applicable to a wide range of materials, though selection of the 

optimal excitation parameters for the chosen application is important [2]. 

 

Thermographic NDT can be divided into two categories, the passive and active approaches. The 

passive approach tests materials and structures which are naturally at different (often higher) 

temperatures than the ambient background, while in the case of active thermography, an external 

heating stimulus is used to induce relevant thermal contrast as shown in Figure 1. The active 

approach to thermography has numerous applications in NDT. Moreover, since the characteristics 

of the required external stimulus are known, i.e. heating time applied to the sample, quantitative 

characterisation becomes possible. Two categories of heating technique are applicable to NDT 

defect detection: those that deposit heat on the material surface and then rely on the heat to 

propagate through the material to detect subsurface defects, and those that excite the material 

itself and have some direct interaction with subsurface defects.  
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Traditional thermographic inspection utilises direct deposition of heat on the material surface 

using heat lamps [3, 4]. Despite the popularity of the technique, the utilisation of this type of 

heating for thermography does have a number of potential disadvantages; the reflected heat from 

the material under inspection can interfere with the measured signal, causing signal-to-noise-ratio 

(SNR) problems, and it can be difficult to deposit a sufficient amount of heat on the material 

surface in the short time needed for pulsed thermography.  

 

Heating of the material under inspection can also be accomplished via the application of sonic or 

ultrasonic energy using a device such as an ultrasonic welding horn; this is known as 

vibrothermography, thermosonics or sonic infrared (IR) [5]. The applied excitation vibrates the 

material under inspection and leads the crack faces to rub against each other, the mechanical 

energy is converted to heat and the generated heat is detected at the material surface. 

Disadvantages include the need for contact between the test piece and the ultrasonic welding horn 

and the unreliability of this contact, which leads to the vibration spectrum produced being highly 

variable from contact to contact [5]. An alternative to heat lamp or sonic excitation is found in 

eddy current heating, where the part under inspection is heated by an inductively-generated 

current flow [6-10]. 

 

In this paper, the advantages of the eddy current thermography technique and its applications for 

defect assessments are presented. The rest of this paper is organised as follows: Section 2 

presents the advantages provided by eddy current thermography testing and the background of 

eddy current thermography as well as numerical modeling; Section 3 presents the results for the 

application of eddy current thermography investigations via FEM simulations and experiment; 

Section 4 concludes the paper with a discussion of the work and the direction of future work.     

 

 

 

Figure 1. Experimental setup for active thermography  

 

2. Eddy current thermography NDT 

 

Eddy current thermography combines eddy current and thermographic NDT techniques to 

provide a fast and efficient method for defect detection and characterisation over a relatively 

large area. This technique, also known as induction thermography [11], tone burst eddy current 

thermography [12], and thermo-inductive [13] inspection, uses induced eddy currents to heat the 

material being tested [6, 7, 8, 13] and defect detection is based on the changes of the induced 

eddy current flow revealed by the thermal distribution captured by an IR camera. Thermographic 

data and images can then be immediately assessed to provide an indication of major faults and 
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the data can be further analysed to provide quantitative information of defects inside the 

inspected sample. This technique is able to detect hidden, subsurface defects even in complex 

components, in line with other thermographic NDT techniques such as sonic [14] and laser spot 

thermography [15].  

 

Eddy current thermography involves the application of a high frequency (typically 50–500 kHz) 

electromagnetic wave to the material under inspection. For pulsed thermography [7–9] this is 

simply switched on for a short period (typically 20ms–2s), in contrast to lock-in techniques [6], 

where the amplitude of the high frequency is modulated by a low frequency lock-in signal. The 

induced eddy currents are converted to heat through ohmic heating, according to Joule's Law. 

Both direct heating and diffused heating contribute to defect detection; defects such as cracks, 

voids or delaminations which are within the range of the eddy current distribution disturb the 

current flow and thus change the temperature distribution. Defects which do not directly interact 

with the induced eddy currents may interact with the heat generated at the surface as it propagates 

through the material (as with traditional heat lamp techniques). Thus, eddy current thermography 

has many potential advantages over heat lamp and sonic excitation (the change in temperature of 

the coil itself is very small), there is a little chance of damage to the material under inspection, as 

heating is limited to a few 
o
C and for near-surface defects, direct interaction with eddy currents 

can improve detectability [10].  

 

2.1 Eddy current thermography system 
 

A typical system setup of the eddy current thermography system consists of an induction heating 

control box which supplies power to the work head. The work head contains a transformer 

coupled resonant circuit, including two capacitors and the excitation coil itself. The excitation of 

the coil is controlled by the function generator which also controls the heating duration of the 

experiment. The excitation frequency is dictated by the values of the capacitors, the inductance of 

the coil and the load of the circuit, i.e. the material, volume and proximity of the sample under 

inspection. A PC which is linked to the IR camera stores the thermal images captured by the 

camera for subsequent analysis. Figure 2 shows an example of the system setup for an eddy 

current thermography system. 

 

 
Figure 2. System setup for eddy current thermography system 
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The resultant surface heat distribution from direct eddy current heating and diffused heat can be 

easily obtained with a thermal camera but for quantitative defect characterisation, techniques for 

the determination of heating mechanisms around a particular defect are required. Consequently, 

modelling of eddy current thermography is essential if the relationship between the applied field 

and the resultant temperature distribution is to be fully understood. The modelling can also 

provide guidance on the experimental specification and configuration for the eddy current 

thermography technique. 

 

2.2 3D FEM modeling for eddy current thermography 

 

In providing the solutions for eddy current thermography, a numerical simulation software 

package which has multiphysics capability is to be utilised to simulate the eddy current and 

temperature distribution by combining the application mode for induction currents with general 

heat transfer. The predefined interaction adds the resistive heating from the induction currents as 

a heat source in the application mode for the heat transfer. 

 

When an electromagnetic field is applied to a conductive material, the temperature of the material 

increases due to resistive heating from the induced eddy current, which is known as Joule 

heating. Solving the magnetic field propagation simultaneously with the heat transfer is therefore 

crucial for an accurate description of the whole simulated system. The governing equations to be 

solved for magnetic field propagation and heat transfer for FEM numerical simulation are given 

by (1) above and (2) below [89]: 
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where ρ is the density, pC is the specific heat capacity, k is the thermal conductivity, and Q  is 

the inductive heating (heat source density). 

 

The sum of the generated heat ( Q ) is proportional to the square of electric current density, sJ . 

Current density, in turn, is proportional to the electric field intensity vector E . These relationships 

are taken into consideration when solving the numerical problem and can be expressed by the 

following equation [89]: 
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σ , which represents the temperature-dependent electrical conductivity of a material, ( )Tσσ = , is 

given by the expression: 

 

( )0

0

1 TT −+
=

α

σ
σ                         (3) 

 

where 0σ is the conductivity at the reference temperature, 0T  , and α is coefficient of resistivity, 

which describes how resistivity varies with temperature.  



 

Eq. 3 shows the dependency of conductivity on temperature change. In metals, conductivity 

decreases with increasing temperature. This will also be reflected in the eddy current propagation 

inside the sample, as the conductivity value changes with temperature, thus giving an accurate 

representation of the induction heating phenomena. The governing equations introduced above 

are solved numerically using the time-stepping method in FEM for an accurate description of the 

heating mechanism around a particular defect. 

 

 

3. Eddy current thermography testing for defect assessment 

 

Through numerical simulation and experimental study, the underlying phenomena of eddy 

current thermography on defects in metallic samples have been investigated. Since real defects or 

cracks rarely have a simple geometrical shape, the influence of a defect’s geometry 

characteristics on the thermographic information gathered by the eddy current thermography 

technique must be assessed carefully in order to avoid misinterpretation of the thermographic 

signal. The capacity to acquire quantitative information about defect geometry, i.e. angle, depth 

and length, is therefore important for the comprehensive description of a defect. 

 

3.1 Simulation results 

 

In the investigations, aluminium samples which contain defects were modelled in COMSOL via 

the multiphysics application with dimensions of 80 x 150 x 5mm. The defects have lengths l  of 

2.5mm and width of 0.25mm with angles of 0º, 22.5º, 45º and 67.5º. The depth to which each 

defect cuts the sample depends on its respective angle and length. The initial temperature is set at 

19.85 
0
C for every case of the simulation. The electrical and thermal parameters for aluminium 

used in the simulations are shown in Table 1.  

 

Table 1: Electrical and thermal parameters for aluminium  

 

Parameters Aluminium 

Electrical conductivity,δ [ ]mS  3.7736 × 10
7
 

Relative permeability 1 

Temperature coefficient [ ]1−
K  2.31 x 10

-5
 

Density, d  [ ]3
mkg  2700 

Heat capacity, pC  [ ]KkgJ .  897 

Thermal conductivity, k [ ]kmW .  237 

Thermal Diffusivity, α ( )pdCk=  [ ]sm
2

 9.7857 × 10
-5

 

 

Figure 3 shows the simulated eddy current distributions in the form of streamline plots, plot 

simultaneously a slice plot of the heating distribution at the sample surface after 100ms of 

heating for defects of length 2.5mm, with angles of 0º, 22.5º, 45º and 67.5º. The streamline plot 

represents the contour plot of eddy current density in 3-D (x, y and z-component). A heating 

period of 100ms is chosen since the thermographic distribution exhibits a reasonable level of 
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3.2 Experimental results 
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4. Conclusions 

 

The advantages and applications of eddy current thermography testing have been outlined in this 

paper along with results from 3D FEM numerical simulations and experimental investigation on 

in-service sample. The simulations have provided an understanding of the fundamental behaviour 

of eddy current heating and heat diffusion in the presence defects with different geometries. It has 

also been shown through the numerical investigations that the angular characteristic of a defect 

will influence the overall magnetic field distribution and the temperature distribution resulting 

from interaction between eddy currents and defects.  

 

Experimental eddy current thermography investigation on a rail head sample has demonstrated 

the effectiveness of the eddy current thermography technique when mapping multiple defects 

simultaneously, showing an ability to discriminate between some of the closely-spaced defects 

within an in-service sample. However, as is usual in NDT inspection, comparative measurements 

from a reference sample having known defect geometries are needed before the acquired results 

can be quantified for a quantitative characterisation of the investigated defect. 

 

Future work will focus on the evaluation of defects the use of artificial defects produced inside a 

ready-made sample. For example, the use of a Trueflaw sample which has a crack produced by 

the thermal fatigue cracking mechanism can provide a more realistic test defect. The Trueflaw 

sample investigation results can provide the reference for defect quantification by eddy current 

thermography testing to be applied to other industrial components.  
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