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Control and Design of 50,000rpm Class Active Magnetic Bearing System for High
Speed-Small Size Precision Motor

% *
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(Gyu-Hong Kang)

Abstract - This paper deal with control and design of 50,000rpm class Active Magnetic Bearing(AMB) system for high
speed precision motor. In the design of AMB system, the design parameters adopted high robust rotor shaft, Active
Magnetic Bearing, sensor and control system. In the design of Magnetic Bearing, 2-D Finite Element Method(FEM) is
used and transfer matrix method is using for rotor dynamics. The control accuracy of high speed AMB system is

demonstrated by experimentations.
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Active Magnetic Bearing, AMB, Control System
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Table 1 Specification of motor

Rated power 600 [W] Resistance | 0.13 [Ohm]
Voltage 60 [V] Rated current 10 [A]
Stall torque |5,000 [mNm]! Rated torque | 100 [mNm]

speed/torque 10.0 Torque 10.8
[rpm/mNm] constant [mNm/A]
Inductance 0.03 [nH] | Rotor Inertia | 8 [gem?]
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Fig. 3 Dynamic model of rotor
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Table 2 Design parameters of AMB shaft

(b) Rotor (Magnet & Shaft)
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Fig. 2 Slotless type BLDC motor
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Item Values [Unit]
Diameter 8 mm-20 [mm])
Length 145 [mm]
Span of bearing 750 mm]
Mass 0.284 [kgl
Polar inertial 0.136x10-4 [kgm®]
Stiffness of AMB 100,000 [N/m]
Rating speed 600-800 [rps]
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(b) Axial AMB
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Fig. 6 The structure of AMB
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Table 3 Electrical Parameters of the Radial AMB

’ Spec:oftheRadial AMB
Turn number 50 Gap 0.25[mm]
Space factor 06 |Coil inductance| 1.0{mH]
Diameter of the wire| 0.5[mm] | Inner diameter | 20.5[mm]
Magnet pole area | 32[mm®] | Quter diameter | 42.0{fmm]
Coil resistance 02[C2] Length 8.0[mm)

=z 4 Axial Xp7|djolgle] M| M2
Table 4 Electrical Parameters of the axial AMB

T StbitheAA AN
Turn number 15 Mean distance | 0.2[mm]
Space factor 0.6 'Mean coil 0.5[mH]
inductance
Wire diameter 0.5{mm] | Inner diameter | 8.6[mm]
Magnet pole area| 100[mm?] | Outer diameter| 20[mm]
Coil resistance 012 Length 3.2[mm]
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Table 6 Sensor argument.

Fig. 7 Magnetic flux distribution of AMB - i Trems: il > &Reqmrement
= 5 MxA s4A T Type Eddy current displacement sensor
Table 5 Analysis results of electromagnetic field Resolving power >1.00 #M }(20[mv/ HM )
.o+ AnalysisResultsoftheRadial AMB Linear range >+ 0.1[%])
Magnetic forc.e on the armature by 1865196 [N/m] Temperature stability >+ 0.004[%)/—
two coils (N-S poles) ..
Long-term stabilization >3 0.3[%]
Copper loss 111.12 [W/m] v - S To0iz)
Tron loss 0.03282 [W/m] easure bandwidth 100kHz
Multiply by the length (8mm) 1.49216 [N]
Multiply by the length (14mm) 261128 [N] 1
B Ana]ysstesult,softheAxxalAMB k L
M tic force on the armature b Gap sensor
1
agne ! Y | 0.10200 [N]
the coil above
Magnetic force o.n the armature by 0.091492(N] 2 U {] 2
the coil below
Copper loss 0.10452[{W] AMB shaft
Iron loss 0.4949E-06 [W] —
1
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Fig. 9 Gap sensor construction of AMB shaft
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Table 7 Power Amplify argument

quirément
MPW(Minimum Pulse
Type Width)amplify

Power supply input voltage DC 50[V]
MAX output current 3[A]

MAX output power 15[KVAl
Channel 10

Efficiency >90[%]

Switch frequency >25[kHz]

=3 Ao7ie AMBY IHAETS AASE F_ 24
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(b) radial At7|ujoiE (c) Axial Ap2[H0 &
ag 11 A Y X

Fig. 11 Rotor and Magnetic Bearing

a3 12 ®MEE AMB AlAH
Fig. 12 Manufactured AMB system
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a8l 13 2 RE3E=2
Fig. 13 Motor Driver



g 14 AMB A2 ALY ER|
Fig. 14 Experimental instaflation of AMB system

a2 15 AMB AlAE MA
Fig. 15 Sensor installation of AMB system
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Fig. 16 Motor current waveform by driving to ball bearing
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