
Induction Heating with FEM-BEM Coupling

Workpiece pushed through coil, the pink line shows the trajectory of a point

INTRODUCTION

Induction heating combines induced eddy currents and heat
dissipation. In many applications, the conducting workpiece
moves relative to the inductor. Owed to this relative motion
and the geometric complexity of the constellation, a numerical
analysis based on Finite Element Methods (FEM) is inhibited by
tediousmesh generation and re-meshing processes. In order to
allow for maximal modelling flexibility, we employ a boundary
elementmethod (BEM) for the non-conducting region and solve
the 3D eddy current problem bymeans of FEM-BEM coupling.
With this approach, only the solid parts of the model need a
volumemesh and re-meshing is completely avoided during the
process.

FEM-BEM COUPLING SOFTWARE

Our inhouse C++ implementation has the following features:

• Nédélec finite elements of first and second order for tetrahe-
dron, hexahedron, prism and pyramid elements

• Symmetric Galerkin BEMwith robust integration routines
• Multilevel Fast Multipole Method for the realization of the
matrix-vector products

• Optimal preconditioners for FEM and BEM parts
• Distributedmemory parallelism

APPLICATION

We consider the situation as depicted at the top of the page: a
workpiecemoves through a coil and rotates around its axis. The
coil of radius 0.35m is powered with a current of 1.2 × 104 A
at 1000Hz. The workpiece is made of metal with an electrical
conductivity of σ = 3.526× 107 Sm−1. It has an outer radius
of 0.3m and a length of 2m.

The alternating current of the coil generates an oscillating mag-
netic field which induces eddy currents J = σE in the work
piece. This phenomenon is calculated in frequency-domain
with the aforementioned FEM-BEM coupling algorithm and
yields a time-averaged volumetric heat source

q̇V = 1
2 Re{J · E

∗} .
which provides the right-hand side for a thermal analysis of
the workpiece. We solve the time-domain heat equation of the
moving workpiece using a pure FEM approach with a cooling
law as boundary condition.

Induced currents (real part) at time 5.0 s

Temperature distribution at time 5.0 s
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MULTIPHYSICS COUPLING

EM TH
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For themultiphysics coupling, the electromagnetics solver (EM)
provides nodal heat sources q̇V as input to the thermal solver
(TH) which calculates the temperature distribution andmoves
the workpiece, thereby providing a new constellationX to the
EM solver. The code coupling is organised by the open-source
library preCICE1.
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