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The B-H Curve, Permeability, and Differential Permeability

Magnetic soft iron steels are widely used as core materials in motors, transformers, and
inductors. If they are placed in a region without magnetic fields, they will remain without a
magnetic field; they do not have an “intrinsic” magnetization. The B-H curve is usually used
to describe the magnetization properties of such materials by characterizing the
permeability », which is defined as:

B
fe = ﬁ
where B and 1 represent the magnetic flux density in tesla (T) and the magnetic field

intensity in ampére per meter (A/m), respectively.

COMSOL Multiphysics has more than 200 built-in materials with B-H curves. Specifically,
the Nonlinear Magnetic material library covers most of the widely used nonlinear magnetic
materials. COMSOL Multiphysics usually uses an interpolation function with a local table to
define the B-H curve. You can also plug in your own B-H curves by adding the B-H Curve
material property to a new magnetic material.

The B-H curve of a material can be measured in the l[aboratory by following standards and
procedures. However, it is difficult to perform a direct measurement when B is above the
saturation induction, which is referred to as the overfluxed region. Generally, it is difficult
for test equipment to reach such a high level of stable B; for instance, 1.8 T. Even if the test
equipment can do so, the measured data will typically be inaccurate due to the test frame
getting overheated. For this reason, the B-H curve data in the overfluxed region is usually
obtained using extrapolation methods; for example, the simultaneous exponential
extrapolation (SEE) method (Ref. 1).
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The schematic diagram of a typical B-H curve and the corresponding differential permeability as a
function of magnetic field intensity.
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The convergence plot of the simulation with a linear and constant B-H curve extrapolation.
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