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the magnetic field is aligned with the grain orientation. However, the properties deteriorate
quickly with the angle to the grain direction.
Fig. 2 (a) shows an example from the company AK Steel for TRAN-COR H, which is

commercially available Si-transformer steel. The figure illustrates that the permeability
drops rapidly for angles larger than 10◦ between applied magnetic field strength and grain
orientation.

Figure 2: Guaranteed performance of grain oriented electrical steel from AK Steel (a) and
measured magnetic permeability µr of used grain oriented steel.

To reconfirm the material properties given by the manufacturer grain oriented steel
used in a test magnet was re-measured using an Epstein frame. The table in Fig. 2 (b)
shows the measured values for various angles and fields (data from [3]). Fig.3 (a) and (b)
show graphical representations of the data. Both figures highlight the strong anisotropic
behaviour: the magnetic permeability can drop by a factor 10 or more for angles larger
than 10◦.
To predict the behaviour of iron cored magnets correctly, the data from table 2 (b) needs

to be implemented into a finite element analysis.

3 Simulation Details

3.1 COMSOL

COMSOL is a general purpose 2D/3D finite element code, which can address structural,
thermal and electromagnetic problems. A prominent feature of Comsol is its capability
to solve multiphysics problems, that is to include the various couplings between different
application modes.
The 2D/3D application mode of Comsol in principle is capable of accepting a tensor for

the magnetic permeability µr (either 2× 2 or 3× 3). In general any component (or tensor
element) of µr can either be entered as a table (with interpolation) or as a function in
MATLAB notation.
An advantage of COMSOL is that several different solvers/pre-conditioners are available,

which can help to overcome convergence problems. Another powerful feature of COMSOL
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