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High-Speed SR Motor Made of Soft Magnetic Composite
for Electric Power Tools
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A switched reluctance (SR) motor has a simple and robust structure, is low in cost, and operates without the need
for maintenance. The motor is expected to be put to use in various fields, especially for high-speed applications such
as electric power tools. This paper focuses on a new kind of soft magnetic composite (SMC) that is superior in terms of
high-frequency characteristics than conventional non-oriented Si steel. The basic characteristics of a 12/8-pole SR
motor made of the new SMC were calculated by using the finite element method (FEM) and compared with a previous
prototyped 12/8-pole SR motor made of non-oriented Si steel. The usefulness of the proposed SR motor is proved in the

high-speed region.
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Fig. 1 Appearance of SR motor.
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Fig. 2 Asymmetric half bridge converter of one phase.
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Fig. 3 Phase inductance according to rotor position angle,
and exciting voltage and current waveforms.
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Exciting voltage: 14.4V
Gap length: 0.5mm
Winding turns/phase: 25turns
Winding space factor: 24.0%
Core material: 35A300
Magnet material: Nd-Fe-B

Fig. 4 PM motor used in present electric power tools.
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Gap length: 0.2mm
Winding turns/phase: 25turns
Winding space factor: 44.3%
Core material: 35A300

Fig. 5 Specifications of prototype 12/8 SR motor.
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Fig. 6 Comparison of winding current density versus torque
characteristics.
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Fig. 7 Comparison of efficiency characteristics.
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Fig. 10 Comparison of torque versus speed characteristics.

0.2 T
/é L
= 05 [| 354300
~ ——New SMC
(o]
% 0.1 A
S /
-
& 0.05
©
~
g [
R S ..

5 10 15 20
Current density (A/mm?)

Fig. 11 Comparison of winding current density versus torque
characteristics.
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Fig. 13 Comparison of copper and iron losses.
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Fig. 14 Comparison of torque versus speed characteristics.
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Fig. 15 Comparison of mechanical output versus efficiency.
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Fig. 16 Comparison of loss characteristics.
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