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Abstract: The coupling of the propagating stress wave with the eddy current model is 
presented. The applied stress produces magnetization in the sample that can be measured 
outside the sample by measuring the resulting magnetic flux density. The stress and flux 
density measurements are made on a mechanically excited steel bar. The problem is 
modelled with the finite element method for both the propagating wave and the eddy cur-
rent. Three aspects are considered: eddy current model using magnetization from the 
measurements, coupled wave and eddy current models, and coupled different dimensions 
in the wave model. The measured stress can be reproduced from the measured flux den-
sity by modelling. The coupled models work both for stress and flux couplings as well as 
for the different dimensionality couplings. 
Key words: coupled models, eddy-currents, finite element method, magnetostriction, 
stress-wave 

 
 
 
 

1. Introduction 
 
 Magnetostriction as a phenomenon couples the magnetic and mechanical behaviour of 
iron-based materials [1]. In the inverse magnetostriction, a change in the mechanical state of 
the matter produces a change in its magnetic state. These magnetic changes can be measured 
through contactless methods.  Measuring the changes of the magnetic state of matter in real-
time thus makes it possible to measure the stress-levels indirectly. This is an advantage 
compared to the traditional stress measurement techniques based on the strain gauges.  
 In long steel shafts, there is a need for the measurement of rapidly varying stress levels, i.e. 
measurement of rapidly moving stress-wave [2]. The propagating stress-wave produces 
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Fig. 1. The mesh of the finite element model for wave equation and eddy current model. 

Mesh generated with Gmsh 
 
Edge elements are used for the eddy current problem. The wave equation is modelled with 
nodal elements. The coupling from stress to magnetization is done by simple linear relatioship 
(Eq. 9). 
 3) Coupled dimensions for propagating stress wave 
 The stress wave can be modelled as one dimensional or two dimensional problem for 
simple cases – as stated in [3]. Thus modelling part of the problem as 1D or 2D model, the 
number of degrees of freedom can be reduced. For this purpose the 2D wave equation is 
coupled with 3D wave equation. The coupling can be done with scalar valued functions with 
Elmer for the moment. The full stress model needs tensor valued variables. However, because 
the impact wave is typically very well modelled with simple wave equation, it is worthwhile 
to show the coupling procedure for scalar equation. 

 
Fig. 2. The mesh for coupled 2D-3D model. Meshes are generated with Gmsh and ElmerGrid 

 
 The coupling is possible for scalar valued functions, like the pressure. The coupling is 
based on Mortar boundary method with the exception that the other boundary is of lower di-



                                                                      T. Peussa, A. Belahcen                                           Arch. Elect. Eng. 

 

222 

mensionality. The 3D coupling boundary is mapped to two-dimensional line. When the boun-
daries have the same dimensionality, the original 2D boundary can be used as source for the 
3D boundary (that is mapped to be 2D boundary) and periodic mortar boundary condition can 
be applied. We call boundary condition periodic because values from other side are directly 
coupled to other side. Here, however, the boundaries are attached physically. Mortar condition 
is used  for non-conformal meshes. 
 Part of the coupled 2D-3D model is shown in Figure 2. As can be seen from the figure, the 
meshes can be non-conformal too as in the general case of Mortar boundaries. 
 
 
 

4. Results 
 
4.1. Measured stress and axisymmetric eddy current model  
 The finite element model of the sample 3 m × 0.01 m is shown in Figure 3. The stress 
wave comes from the bottom of the steel bar and travels through it producing magnetic flux 
around the bar as shown in the figure. 
 

 
Fig. 3. The magnetic flux density lines around the sample (3 m × 0.01 m). The source is the 

magnetization that follows the form of stress shock wave. Modelling with Comsol multiphysics ® 
 
 An example of the measurement of the propagating stress wave and average flux density is 
shown in the Figure 4. In the figure the computed flux density from the axisymmetric eddy 
current model is shown as well as the estimated stress intensity (the estimation is explained in 
[37]). The sample is considered isotropic. The pressure wave refers to applied percussive im-
pact on the other end of the sample; inside the material the pressure wave causes stress to 
change according to material laws. Basically, the variables pressure and stress are the same.  
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tion is that the coupled variable must be scalar valued. In the coupling boundary the meshes 
can be non-conformal. 
 In Figure 6 only the steel parts are shown, which are needed for the wave equation 
solution. Adding air around the steel bar in 3D, the eddy current solution may be shown as 
well as is shown in section 4.2. 

 
Fig. 6. The coupled model for 3D and 2D wave equation. The percussive shock is applied to the 2D side 
of the model. The speed of the travelling wave is 5000 m/s and the frequency of the applied pressure is 

400 Hz 
 
 
 

5. Conclusion 
 
 The simple linear relationship between stress and magnetization seem to give reasonable 
results in the sense that the measured flux densities can be reproduced with eddy current 
model. This is the direct problem from the measured stress to the calculated magnetic flux 
density. To model the propagating stress wave, a simplified scalar-valued wave equation for 
the pressure is presented and used for coupled models with eddy current. This model can be 
used with coupled different dimensionalities as well. This part deals with scalar quantities and 
further investigations are needed to implement more comprehensive models with e.g. tensor 
valued stress variables. However, the coupling of different dimensionalities may still be 
applied, if the coupling can be done in regions where the propagating stress wave is more like 
a plane wave. The open software finite element solver, Elmer, can be freely modified and thus 
the implementation of such models is under work. 
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