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Variable inductors, consisting of magnetic cores, primary dc windings, and secondary ac windings, can control the
effective inductance of the secondary ac windings by applying a primary dc current due to the magnetic saturation
effect. Therefore, they are applicable as reactive power compensators in electric power systems. In a previous study,
a novel orthogonal-core-type variable inductor with permanent magnets was proposed. The proposed variable inductor
can regulate the effective reactive power from leading to lagging by controlling the primary dc current from positive
to negative. Consequently, line voltage can be increased or decreased without using power capacitors. In this paper,
first, the iron loss characteristics of prototype orthogonal-core-type variable inductors with permanent magnets are
measured. Next, the RNA model is applied to calculate both the iron loss in silicon steel sheets and the eddy current
loss caused by the flux penetrating through the sheets. As a result, it is revealed that the proposed RNA model can
calculate iron loss accurately.
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Fig. 1 Basic configuration of orthogonal-core-type
variable inductor consisting of cut core and laminated
core.
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Fig. 2 Basic configuration of proposed orthogonal-core-
type variable inductor with permanent magnets and
conceptual diagram of reactive power characteristics.
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Fig. 3 Specifications of 3 kVA prototype orthogonal-core-
type variable inductors with permanent magnets.
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Fig. 4 Photograph of prototype variable inductor.
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Fig. 5 Measured reactive power characteristics for
various magnet thicknesses.
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Fig. 6 Measured iron loss characteristics for various

magnet thicknesses.
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Fig. 7 Three-dimensional RNA model of proposed
orthogonal-core-type variable inductor.
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Fig. 8 B-H curve of core material.
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Fig. 9 Distortion factor of secondary ac current in
prototype variable inductor with magnet thickness of 5
mm.
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Fig. 19 Details on eddy current losses (5 mm).
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