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Fig. 1.1 Ball bearing.
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Fig. 1.3 Basic elements of magnetic levitation mechanism.
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Superconducting
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(b) Superconducting flywheel

Fig. 1.4 Application example of magnetic bearing.
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(a) Diaphragm type (b) Sack type
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Fig. 1.5 Various pulsatile-flow blood pump.
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Fig. 1.6 Continuous flow type blood pump.
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1,16, 71 : Rotor

, 2,3 : Magnetic bearing
Displacement ! ] 4,61 : Stator

Sensor

5,6, 62 : Permanent magnet for bias
7-11 : Displacement sensor

12-14, 74 : Casing

17,72 : Permanent magnet for rotor
21,31 : Electromagnet core

22,32 Electromagnet coil

41 : Stator core

42, 63 : Stator coil

73 : Impeller

75 : Inlet

76 : Outlet
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(c) Appearance example

Fig.1.7 Examples of axial flow pump.
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Fig. 1.8 Single-axis controlled axial blood pump with a hollow shaft.
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Fig. 2.5 Generated bias flux by permanent magnet in rotor and stator.
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Fig. 2.7 Control of weak attractive force by control flux.
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Fig. 2.8 Magnetic analysis model.

Table 2.1 Parameter of magnetic analysis.
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Rotor disk
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N40M

Copper
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Shaft
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Node
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Fig. 2.9 Relationship between current and attractive force in the axial direction.
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Fig. 2.10 Force coefficient of attractive control.
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Fig. 2.11 Relationship between current and attractive force in the radial direction.
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Fig. 2.12 Relationship between current and torque in the slant direction.
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Fig. 2.13 Levitation system of magnetic bearing.
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Fig. 2.15 Displacement sensor using levitation system.
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Fig. 2.16 Schematic diagram of experiment constitution.
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Fig. 2.17 Relationship between displacement and output voltage.
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Fig. 2.18 Magnetic analysis of leakage flux.
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Fig. 3.2 Developed rotor.
Table 3.1 Parameter of developed magnetic bearing.
Rotor mass 120 g
Diameter of a hollow shaft 8.0 mm
Coil turns 266 turns
Diameter of coil 0.5 mm
Air gap 0.75 mm
f: tic fl I
Suface magnetic flux density 329 mT
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Fig. 3.3 Relationship between current and attractive force.
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Table 3.2 Parameter of P and D gains.

Parameter
Kp 3.14 A/mm
Kp 0.13 As/mm
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e
-1
i)

0.05sec

=

L

<
T

=

2
i
L]

=

[ew]

<
T

1
=
[
Lh
L]

placement [mm]

1S

*

'

=

h

<
T

N
N\

'
e
-1

N

10,00 0.05 0.10 0.15
Time [s]
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Fig. 4.4 Analytical model for various permanent magnet.
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