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Examination of Restarting Torque of Induction/Synchronous Magnetic Gears
Y. Mizuana, K. Nakamura, Y. Suzuki, Y. Tachiya, K. Kuritani
(Tohoku University, *Prospine Co., Ltd.)
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Gear ratio

Inner pole-pairs
Outer pole-pairs
Number of pole-pieces

Axial length
Outer diameter

Air gap

Pole-piece length

Magnet scale

Core material

Bar material

Pole-piece material

Magnet material

6

2

12

14

24 mm

130 mm

15mm x 2
5mm

4 x 37.5mm (Inner)
5 mm (Outer)
35A250
Aluminum
35A250

Sintered Nd-Fe-B

(a) Gear ratio 6

Gear ratio 10.33
Inner pole-pairs 3
Outer pole-pairs 31
. Number of pole-pieces 34

. Axial length 25 mm
Outer diameter 89 mm
Lt
Pole-piece length 5mm

/' Magnet scale g.fnsmiolllg:)m (Inner)
Core material 35A250
Bar material Aluminum
Pole-piece material sSMC
Magnet material Sintered Nd-Fe-B

(b) Gear ratio 10.33

Fig. 1 Specifications of induction/synchronous magnetic gears.
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Fig. 2 Comparison of measured restarting torque.
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Cogging Torque Reduction of Integer Gear Ratio Magnetic Gear by Applying Unbalanced Pole-Pieces
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Gear ratio 10
Inner pole-pairs 3
Outer pole-pairs 30

Number of pole-pieces 33

Air gap 2mm % 2
Back yoke length 11 mm (High speed)

Low speed SMC 10 mm

Pole-piece length 4 mm

l I_=:]: Core material 35A250
[ - mememsmmmm | 36 MM Pole-piece material SMC
[HTTRn

Magnet material Sintered Nd-Fe-B

Fig. 1 Specifications of the discussed magnetic gears.

<N 07
7\ s
—

‘
o

E ) e—

Fig. 2 Comparison of conventional and proposed
pole-pieces layout (left: conventional, right: proposed).
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Fig. 3 Comparison of cogging torque of high-speed
side rotor (left: conventional, right: proposed).
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Fig. 4 Breakdown of the high-speed side cogging

torque of the magnetic gear with unbalanced pole-pieces.
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Diameter 140 mm
Axial length 36 mm
Inner pole-pairs 4
Outer pole-pairs 23
No. of pole pieces 27
Air gap 1.0mm X3
Gear ratio 5.75
Speed of Inner rotor 3000 rpm
Speed of Outer rotor 522 rpm
Fig. 1 Specifications of a prototyped IPM-type
magnetic-geared motor.
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Fig. 2 Calculated waveforms of the armature voltage at
various load angles.
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Fig. 3 Calculated displacement power factor at various current
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Permanent
magnets Material 237110

Permanent magnet N52

Rotor/Stator pole number 5

Stator pole length 22.0 mm

Rotor pole length 25.7 mm
g  Gap length 0.3 mm
E Pole width 10.0 mm
=N

Winding diameter 1.3 mm

Number of turns/pole 75 turns

v Voltage 60V

Fig. 1 Proposed TFSRM with permanent magnets applying
reverse bias magnetic field.
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Fig. 2 Proposed TFSRM with permanent magnets applying
reverse bias magnetic field. (one-pole).
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Fig. 3 Current density vs. torque characteristics of TFSRMs
with and without magnets.
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and without magnets.
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Characteristics Investigation of SMC-based SR Motor Manufactured by using Wire Electric Discharge
Machining
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Stator pole width: 32 mm
Stator yoke width: 1.6 mm

Winding diameter: 1.05 mm

45mm

Winding turns/phase: 44 turns

Winding space factor: 44.3 %

Voltage: 144V
D, FZTEEOIX, A YKENTIC X A808 - Core material: 354300 or SMC
EICEH LTZ, AT, Fig. 1 DAL vF FU Z Fig. 1. Specifications of 12/8 SR motor.
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Fig. 3. Comparison of winding current density versus torque

characteristics.
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