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Axial-gap Motor Using Thin Wire of Soft-magnetic Pure-iron
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Abstract

Since the wires of soft-magnetic pure-iron have high magnetic flux densities, they are used for the iron cores
of electromagnetic parts for DC-driven components such as electromagnetic relays and solenoids. It has been
difficult, however, to apply them to AC-driven components, such as motors, due to the skin effect and eddy
current caused in the material. The application to a motor has been examined by decreasing the diameter of the
wire of soft-magnetic pure-iron to reduce the eddy current loss. This paper reports the results of a prototype of
an axial-gap motor with a new structure using a wound-on iron core of the hexagonal thin-wire of pure iron.
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Fig.1 B-H curves of pure iron hexagonal thin wires

pure iron thin wire

CAD model
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Table1 The example of magnetic properties of pure iron
hexagonal thin wires

Magnetic flux density (T) Iron loss
. (W/kg)
Material Bys Bso Bigo W15/50
2500 A/m | 5,000 A/m | 10,000 A/m | |

Pure iro(réi?;io;frlnt)hin wire 165 175 187 11

Pureron hexagona fnnwire | 163 | 1.71 | 1.84 | 5.35
35A300 (JIS)
50A600 (JIS)

> 1.49
> 1.57

> 1.60
> 1.66

>1.70 <3.0
>1.76 <6.0

Rotor

Stator

Axial gap type

Motor type (2 Rotor, 1 Stator)
Poles /slots 10 poles/ 12 slots
Core size ® 101 x 37 mm
Core volume o8 Cm3.
(-20% downsized)
Weight 1.41 kg

Radial gap type

6 poles / 9 slots
®82 x 70 mm
370 cm3

1.68 kg
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Fig.2 Specification of the axial gap motor and a commercial radial gap motor
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Fig.3 Photograph of the axial gap motor
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Fig.4 Bulk core model of the AGM for FEM simulation
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Fig.5 Measurement system of motor property
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Fig.6 Efficiency of the axial gap motor
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Fig.7 Motor power and loss at each operating point
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Fig.8 Motor efficiency calculated by FEM simulation
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Fig.10 Simulation results of (a) motor efficiency, (b) iron loss and (c)
torque for the axial gap motor (1,600 rpm, Irms=6.3 A)
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