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Design and Prototyping of 100 kVA Concentric-Winding type Three-Phase
Variable Inductor based on Reluctance Network Analysis
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Variable inductors consist of a magnetic core and primary dc and secondary ac windings. The effective
inductance of the secondary ac winding can be controlled quickly and continuously by the primary dc current due to a
magnetic saturation effect. Thus, the variable inductors can be applied as a reactive power compensator in electric
power systems. The variable inductors have several desirable features including a simple and robust structure, low
cost, and high reliability. In a previous paper, a concentric-winding type three-phase variable inductor was proposed,
and it was demonstrated that the proposed variable inductor had good controllability and a low distortion current.
This paper describes the design of a 6.6 kV-100 kVA concentric-winding type three-phase variable inductor based on
reluctance network analysis (RNA) and reports the results of prototype testing.
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Fig. 1 Basic configuration of a concentric-winding type
three-phase variable inductor.
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(b) Three-dimensional unit magnetic circuit.
Fig. 2 Three-dimensional RNA model of the concentric-
winding type three-phase variable inductor.
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Fig. 4 Electric- and magnetic-coupled model of the concentric-
winding type three-phase variable inductor.
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Fig. 5 Shape and dimensions of 6.6 kV-100 kVA concentric-
winding type three-phase variable inductor.

Table 1 Specifications of 100 kVA concentric-winding

type three-phase variable inductor.
Primary dec winding : M
Secondary ac winding :
Nu, Ny, Nw

560 turns, 2.16 Q
1300 turns, 9.8 Q

Non-oriented silicon steel

Core material Thickness: 0.35 mm

Rated capacity 115 kVA
Rated line voltage 6.6 kV
Frequency 50 Hz
Primary dc current 0-33.3A
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Fig. 6 Calculated reactive power characteristics of the 6.6 kV—
100 kVA concentric-winding type three-phase variable inductor.
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Fig. 7 Normalized distortion factor of the output current of the
100 kVA variable inductor calculated by RNA and FEM.
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Fig. 8 Comparison of the reactive power per weight.
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Fig. 10 Photograph of experimental scene.
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Fig. 11 Measured reactive power characteristics of the
prototype 6.6 kV-100 kVA variable inductor.
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Fig. 12 Normalized distortion factor of the output current of

the prototype 6.6 kV-100 kVA variable inductor.
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