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Optimal design of a Linear Active Magnetic Bearing using Halbach
magnet array for Magnetic levitation
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Abstract This paper presents a new structure for a linear active magnetic bearing using a Halbach
magnet array. The proposed magnetic bearing consisted of a Halbach magnet array, center magnet, and
single coil. The proposed linear active magnetic bearing has a high dynamic force compared to the
previous study. The high dynamic force could be obtained by varying the thickness of a horizontally
magnetized magnet. The new structure of Halbach linear active magnetic bearing has a high dynamic
force. Therefore, the proposed linear active magnetic bearing increased the bandwidth of the system.
Magnetic modeling and optimal design of the new structure of the Halbach linear active magnetic
bearing were performed. The optimal design was executed on the geometric parameters of the proposed
linear active magnetic bearing using Sequential Quadratic Programming. The proposed linear active
magnetic bearing had a static force of 45.06 N and a Lorentz force constant of 19.54 N/A, which is

higher than previous research.
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Fig. 1. Conceptual desing of proposed Halbach linear
active magnetic bearing(HLAMB)
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Fig. 2. Simulation condition of HLAMB
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Table 1. Force verification of HLAMB

Analytical FEM

0,
modeling | Simulation Error (%)

Static force (N) 29.783 31.954 6.8

Dynamic force (N/A) | 557, 5.819 42
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Table 2. Constraints

Constraints

Geometrical constraint Al? gap l.anm
Size constraint

Maximum current (4 A

Maximum temperature {60 T
. Fx, Fy ¢ 05 N
Parasitic force Mx < 0.05 Nm

Zero stiffness Kz ¢ 1 N/m
Gravity compensation (49 N
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Table 3. Optimization results and final design results

Parameter Optimal value Design value

HLAMB width (mm) 59.294 60
Magnet thickness (mm) 10.420 10

Magnet width (mm) 23.768 23.5
Halbach m(a;glxit thickness 5912 5
Coil width (mm) 9.208 9

Coil thickness (mm) 13.509 13.5
Coil diameter (mm) 0.589 0.6
Coil turn (#) 326.362 308

Air gap 16.509 16.5

Halbach magnet width (mm) 11.758 13
Yoke thickness (mm) 5.210 5
Magnet length (mm) 60 60
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Table 4. Comparison between optimization results
and FEM simulation

Analytical FEM 0

modeling | Simulation Error ()
Static force (N) 42.349 45.063 6.02
Dynamic force (N/A) 19.831 19.543 1.47
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