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Development of a magnetic-geared generator for a small-scale wind-turbine

Nakamura, Kenji
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First, support materials and methods of pole-pieces of a flux-modulated type
magnetic gear were investigated and shape and dimensions of the pole-pieces were optimized by a finite
element method (FEM). As a result, torque of the magnetic gear was improved by over 40% and efficiency
was reached to over 99%, which is better than conventional mechanical gears. Next, a magnetic-geared
motor/generator, which is composed of a permanent magnet machine and a magnetic gear, was designed by
FEM, and prototyped. As a result, the prototype machine demonstrated a good performance as designed.
Next, a 1 kW small-scale wind-turbine generator is installed and a measurement system of voltage,
current, and wind verbosity for a long-term was constructed.
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Inner pole-pairs : 3
Outer pole-pairs : 31
Number of pole-pieces : 34
Gear ratio : 10.33

Rotor axial length : 10 mm
Pole-pieces axial length : 16 mm
Air gaps : I mm each
Rotor core material : 35A300
Pole-piece material : Dust core
Magnet material : Nd-Fe-B
Remanence : 125T
Coercivity : 975 kA/m
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Rotational speed 1,000 r/min 96.77 r/min
Torque 1.36 N'm 9.84 N'-m
Mechanical power 142.42 W 99.72 W
PM eddy current loss 1.00 W 0.34 W
Yoke iron loss 0.00 W 0.76 W
Pole-pieces iron loss 036 W
Aluminum loss 40.2 W
Total loss 42.7W
Efficiency 70.0%
Scrvomotor Magnctic gear Hysteresis brake
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Inner pole-pairs : 3
Outer pole-pairs : 31
Number of pole-pieces : 34
Gear ratio : 10.33
Rotor axial length : 10 mm
Pole-pieces axial length : 10 mm
Inside air gap : 1.5 mm
Outside air gap : 0.5 mm
Rotor core material : 35A300
Pole-piece material : Dust core
Magnet material : Nd-Fe-B
Remanence : 125T
Coercivity : 975 kA/m
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PM stator
Diameter 100 mm
Axial length 20 mm
Rotational speed (PM rotor) 690 rpm
Rotational speed (PP rotor) 120 rpm
Number of turns/pole 67 turns

PM rotor magnet pole pairs 4

PM stator magnet pole pairs 19

PP rotor number of pole pieces |23

Gear ratio 5.75

Gap length 0.5 mm X 3

Magnet material Sintered Nd-Fe-B

Material of PP rotor Soft magnetic composite

Material of yoke and stator Non-oriented Si steel
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