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Orthogonal-Core-Type Variable Inductor with Permanent Magnets
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Variable inductors consist of a magnetic core, a primary DC winding, and a secondary AC winding. Due to the
magnetic saturation effect, they can control the effective inductance of the secondary AC winding with the primary
DC current. Therefore, they can be used as reactive power compensators in electric power systems. This paper presents
a novel orthogonal-core-type variable inductor in which permanent magnets are inserted in the magnetic path of the
primary DC flux. The proposed variable inductor can generate a certain reactive power when the primary DC current
is zero, and it can control the reactive power from lead to lag by changing the primary DC current from positive to
negative.
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Fig. 1 Basic configuration of orthogonal-core variable

inductor consisting of cut core and laminated core.
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Fig. 2 Conceptual diagram of reactive power characteristic of
orthogonal-core-type variable inductor with permanent magnets.
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Fig. 3 Three variable inductors with different magnet
arrangements.

Table 1 Specifications of permanent magnets.

Neodymium sintered magnet (N42H)
Coercivity: H. = 950 kKA/m
Residual flux density: B, = 1.31T

Neodymium bonded magnet (NEOBM-9)
Coercivity: H, = 420 kA/m

Residual flux density: B, = 0.675 T
Ferrite magnet (Y30BH)

Coercivity: H, = 229 kA/m

Residual flux density: B, = 0.385 T
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—l Primary DC : 296 turns
winding 0.460 0
s Secondary AC 1320 turns
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Rated Voltage :200V
Frequency :50 Hz
Rated capacity 1 1.67 kVA
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Fig. 4 Specifications of orthogonal-core-type variable inductor.
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Fig. 5 Element dividing based on RNA

Fig. 6 Three-dimensional unit magnetic circuit of

magnetic core.
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Fig. 7 B-H curve of core material.
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Fig. 8 Three-dimensional unit magnetic circuit of permanent
magnet.
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Fig. 9 Three-dimensional RNA model of orthogonal-core-type

variable inductor.
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Fig. 10 Relationship between magnet thickness and
reactive power characteristic of variable inductor with
magnets placed inside laminated core.
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Fig. 11 Relationship between magnet thickness and
reactive power characteristic of variable inductor with
magnets placed on top of cut core.
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Table 2 Comparison of optimum combinations of magnet
arrangement, magnet material, and magnet thickness.

Place of Magnet Magnet Max Min Max-Min
magnets thickness | (kvar) | (kvar)
Inside Neodymium | 2 mm 0.06 2.41 2.35
laminated core sintered
Top of cut Neodymium 2 mm 0.06 2.16 2.10
core sintered
Side of cut | Neodymium 1 mm 0.09 2.37 2.28
core sintered
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Fig. 13 Flux flow diagram of each magnet arrangement.
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