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Calculation of Compressed Core Inductor Properties by

FEM Analysis of Electromagnetic Fields

Yuichiro Fujita and Kazuhisa Tsutsui

Synopsis

Inductance DC bias characteristics and loss of inductors with Fe-Si compressed core were measured in a step-down converter
circuit. These properties were also calculated electromagnetically by finite element method, and they were compared to the
experimental results. Two small ring cores with differnt resitivity showed almost same iron loss, but the lower resitivity core
inductor showed larger loss than the higher one. Calculated inter-particle eddy current loss could explain the above behavior.
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Table 1. Characteristics of Fe- 3mass%Si alloy powder.

Particle size distribution [mass%)] Apparent
Core 75~150 45~75 ~45 density
um um um (Mg/m®)
Core A 47.6 27.6 24.8 4.61
Core B 45.4 33.5 21.1 3.35
Table 2. Density of compressed cores.
Core Compacting pressure Density[Mg/m®]
[MPa] ring core CS50 core
Core A 784 6.79 6.80
Core B 1274 7.09 7.08
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Fig.1. Shape of core for test inductor.
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Fig.2. Appearance of Inductor.
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Fig.3. Step-down converter circuit for measurement.
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Fig.4. Quarter model for calculation.
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Fig.5. Calculation model for copper loss.
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Fig.6. Initial magnetization curves of cores.
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Fig.7. Loss-frequency characteristics.
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Table 3. Resitivity of Cores.

Core A Core B
Resitibity [Qm] 5.24 X107 1.12x10®
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Fig.8. Inductance DC bias characteristics.
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Fig.9. Loss DC bias characteristics.
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Fig.10. Inductance DC bias characteristics.
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Fig.11. Comparison between calclation and measurement of loss.
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Fig.12. Relationship between inter-particle eddy current

loss and resitivity.
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