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The modeling principle combining a magneto-elastic model 

with a finite element analysis 
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Magnetic Permeability under applied stress load

NDT-EC Powerful and widely used method for the reliability

EC are strongly influenced by the magnetic properties

Magnetic properties on the other hand significantly depend on the mechanical

stress in the inspected specimen

Introduction

2-Dolmen : Dedicated finite Element Analysis Tool

 Conductive Magnetic Material (Very thin skin depth)

→ Use of prism elements

 Map building

→ Use parallel computing

→ Automatic geometry and mesh generation

 Error Estmation based on the two dual FEM formulations

4-Numerical results

In conclusion we can Trumpet that the distribution of the currents are dramatically modified when the mechanical stress state is

introduced. The results confirm also that stress has a strong effect on the field distribution and that the mesh of the FEM model has to

be carefully designed in order to take into account properly this influence. The modelling approach provides some promising leads to

identify stress states by an Eddy Current testing approach.

Conclusion

A dedicated finite element tool

is used to solve the ECT Problem

3-Finite Element method formulations

Frequency Effect

3d Anisotropic stress effect

on the electromagnteic fields

Eddy-Current Probe
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Mechanical load effect on the magnetic behavior of an iron
polycristal [Cullity et Graham] (Villari Effect)

Multi-scale modeling 

of magneto-mechanical coupling

Polycrystal

Material parameters (single-crystal) :

• Elastic Coefficients

• Magnetic Constants

• Magneto-elastic Constants

Texture data (SEM measurement)

T
µ (H, T)

Single-crystal (Grain)Domain

(stress N/m2)

1-Modelling principle
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Magnetic formulation t-f Electrical formulation a-y

t : electric vector potential – edge dof

f : magnetic Scalar potential _ node dof

a : magnetic vector potential – edge dof

 : electric Scalar potential _ node dof
Whitney Finite Element

3d dual potential combined formulations 

The purpose of this work is to develop a trump numerical tool to model the

Eddy Current (EC) signal provided by an EC probe inspecting a material

subjected to stress. The effect of stress on the permeability is predicted using a

multiscale model.

s (electrical conductivity)

 (magnetic permeability)

Eddy Currents

Eddy Currents

Magnetic induction Fields

Magnetic induction Fields

Z = R + j Lω

PJ  = R I²eff
Wmag= ½ L I²eff

Post-Processing

values


