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Variable inductors, which consist of magnetic cores and a primary dc and secondary ac winding, can control the
effective inductance of the secondary ac winding continuously with the primary dc current due to the magnetic
saturation effect. Therefore, they can be applied as reactive power compensators in electric power systems. Variable
inductors have desirable features such as a simple and robust structure, low cost, and high reliability. This paper
presents a novel orthogonal-core-type variable inductor composed of two types of cores: a cut core and a laminated core.
By combining them, the lamination stacking of both cores can be aligned with each other, thereby preventing short
circuits between laminations. In this paper, the basic characteristics of the proposed variable inductor are investigated

by both simulation and experiment.
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Fig. 1 Basic configuration of conventional orthogonal-

core variable inductor.
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Fig. 2 Basic circuit of orthogonal-core-type variable inductor.
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Fig. 3 Eddy currents caused on contact surface of cut
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Fig. 4 Proposed orthogonal-core consisting of cut core and
laminated core.
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Fig. 5 Appearance of prototype orthogonal-core-type
variable inductor consisting of cut core and laminated core.
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Fig.6 Shape and dimensions of prototype orthogonal-core-type
variable inductor consisting of cut core and laminated core.
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Table 1 Specifications of prototype orthogonal-core-type variable
inductor consisting of cut core and laminated core.

Primary dc winding M 296 turns, 0.460 Q
Secondary ac winding N 320 turns, 0.500 Q
Non-oriented Si steel

Thickness: 0.35 mm

Core material

Rated capacity 1.67 kVA
Rated ac voltage 200V
Frequency 50 Hz
Primary dc current 0-10 A
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Fig. 7 Comparison of reactive power characteristics according
to winding arrangement.
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variable inductor composed of cut core and laminated core.
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Fig. 9 Comparison of reactive power characteristics according
to winding arrangement.
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Fig. 10 Comparison of reactive power control characteristics by

magnetic core occupancy.
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Fig. 11 Schematic diagram of magnetic flux flowing from cut
core side winding.
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Fig. 12 10-kVA orthogonal-core-type variable inductor
consisting of cut core and laminated core.

Table 2 Specifications of 10-kVA orthogonal-core-type
variable inductor consisting of cut core and laminated
core.

Primary dc winding M 490 turns, 0.134 Q

Secondary ac winding M 78 turns, 0.050 Q

Non-oriented silicon steel

Core material Thickness: 0.35 mm

Rated capacity 10 kVA
Rated ac voltage 200V
Frequency 50 Hz
Primary dc current 0-8A
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Fig. 13 Appearénce of 10-VA prototype orthogonal-
core-type variable inductor.
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Fig. 14 Calculated and measured reactive power
characteristics.
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Fig. 15 Calculated and measured normalized distortion
factor of secondary ac current.
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