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Introduction

In this paper the use of the mortar element method (MEM) is presented to take into account the coil displacement in a three-dimensional finite element simulation of eddy current non-destructive testing (EC-NDT). The MEM is a non-overlapping, non-conforming domain decomposition method that allows for non matching grids at the sliding interface. To solve the three dimensional EC-NDT problem by finite element method (FEM) a magnetic formulation in term of combined T-ϕ potentials is used.

Results

Current Testing (ECT) Problem

ECT configuration objective: reduction of the meshing process and of the matrix generation time

Interest Conclusion

This method allows to reduce the time for the mesh generation and for the matrix computation. It is then a very useful method in a computer-aided numerical simulation environment. Investigations are in progress to increase accuracy on the interface (use of high order elements) and to have an optimized mesh. Use of more efficient conjugate gradient preconditioner are investigated to reduce the inversion matrix time. 

Matrix Form

The weak coupling condition can be written in a matrix form :

Γ = ∫ Γ d C S j S k kj ϕ ϕ Γ = ∫ Γ d D S j M i ij ϕ ϕ
Q is the coupling matrix Q=C -1 D at the sliding interface. It is computed by using a quadrature formula on the slave side

Cϕ Γ S =Dϕ Γ Μ C F Q B T R M = + + φ ) ( F Q Q K Q T B Q t t ' ' ' = + φ ϕ Γ S =Qϕ Γ Μ
The building of the final system leads to a sparse non-symmetric block matrix. To solve this system, a bi-conjugate gradient method is used.

• The tetrahedral elements are well adapted to mesh the inductor and air domains

• The hexahedral elements are well adapted to mesh the plate and the defect domain.

In particular, they can support more distortion than the tetrahedral elements and they are more appropriate to mesh a fine defect..

• The Mortar Element Method allows to glue mesh with different element shapes.

• During the scan only the plate has to be remeshed. Structured meshing allows to have easy algorithm to execute this task which can be made directly in the C++ program. The matrix of the fixed part are not recalculated. 



  Non-overlapping, non-conforming domain decomposition method  Useful for non matching grids at the sliding interface  The essential transmission condition at the sliding interface is weakly imposed by means of chosen Lagrange multipliers.  Geometry of the problem is decomposed in two domains  At the interface between the two independent meshed domains a weak coupling condition is imposed:. ψ is a test function, member of the Lagrange multiplier space and ϕ are the nodal first order 2D interpolation functions defined on the slave interface ΓS and on the master interface ΓM, respectively.

  Non Conform mesh ∆R=-0.18 Ω ∆R=2.15Ω Induction magnetic field B in the cut plane y=0 Eddy current density in a cut plane in the plate Tetraedral Mesh of the coil part Tetraedral Mesh of the plate part