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ABSTRACT

Modelling of induction heating processes requires the coupling of the magnetic field and the
thermal field. The alternating magnetic field induces eddy currents in the electrically conductive
work piece, which produce heat due to restistive (Joule) losses. This is used as a source term to
model the temperature distribution. If the material properties governing the magnetic field in
the work piece depend on temperature, this back-coupling must be considered.

The magnetic system is periodically excited, thus we aim to compute its harmonic steady state
solution. In order to correctly take into account the magnetic non-linearity of the magnetic
system, typically caused by the non-linear magnetic permeability, we employ a harmonic balance
approach. By using a multi-harmonic ansatz with a defined number of harmonics and employing
the usual finite element discretisation of the eddy current problem one obtains a non-linear
algebraic system [1], which may be solved iteratively using an alternating time frequency scheme.
By the use of non-conforming grids [2] we can efficiently couple domains with different meshing
requirements, e.g. large elements in the air and small in the electrically conductive regions.

Often the excitation frequency of the magnetic system is high, i.e. the excitation period is much
shorter than the typical thermal response time of the system. Thus, the thermal process can
be considered as stationary. To account for heat transport by the stationary motion of the
work piece we model the temperature distribution by the convection-diffusion equation, which
is solved by the finite element method. In an iterative scheme, the obtained temperature field
is used to re-compute the magnetic problem, and thus the coupled solution.

The described modelling strategy is applied to an example problem: The induction heating pro-
cess of a moving steel sheet. We demonstrate the numerical efficiency of the modelling approach
by comparing to traditional transient computations for the coupled, non-linear problem. We
investigate the influence of both numerical parameters like necessary discretisation, number of
harmonics or required iterative coupling iterations, as well as the influence of physical parame-
ters like influence of thermal boundary conditions, influence of the material non-linearities and
electric excitation parameters.
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