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Method for Measuring Incremental Magnetic
Permeability of Magnetic Materials and Construction
of a DC Superposition Estimation Flow by Using It

FUKUDA Masaya and YAMADA Takashi

Magnetic materials like ferrite, which is used in power supply circuits that handle high currents such as DC/DC
converters, exhibit a rapid decrease in inductance due to the influence of the magnetic flux generated as the DC
current component increases. This phenomenon is called DC superposition, and it adversely has a negative impact
on the efficiency of electrical energy conversion, there has been a need for a property prediction technique to
determine the current limit value prior to design.

The Play Model is well known as a mathematical model that can accurately represent this phenomenon". How-
ever, the poor availability of the model, the difficulty of making actual measurements for the model, and the large
computational load have become bottlenecks when trying to perform the analysis in reality.

In this study, we investigated an alternative method that uses the slope of the minor loop, called incremental
permeability. Although this method limits the superimposed current to a sinusoidal wave, it has a feature of light
computational load, and by deriving the material constants using a combination of actual measurement and analy-
sis using a toroidal core, it can be evaluated more quickly and accurately than the play model method. Due to this
advantage, a practical application study was conducted.

As a result, we were able to obtain the expected results with a light computational load of only a few tens of
minutes and an estimation error of less than 5%, and we were able to make a prospect for practical application. In

this paper, we report on the practicality of the method through a concrete example.
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