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Rotating permanent magnets actuate relative position from a

conductive clint, Experiments demonstrate capabilties for latera , T R—— ]
and normal force components in one degree of freedom. Analytical 340 15 O R S O U] SN SRR B -
modeling confirms applications at centimeter-scale separations g e | e
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understanding of system dynamics.

Figure 5. Comparison of the gravitational force due to the incline
and the corresponding steady-state force components for each
actuator. Labels give the actuator type|angular velocity
(rom)|separation (mm)|incline (°).
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Background

Eddy-current actuation is an approach to propellantless, non-
contact relative positioning. Time-varying magnetic field sources
induce currents in a conductor and corresponding force
components. Aluminum Micrometeoroid and Orbital Debris
shielding provides the required conductive surface, which

N
~

E
S
motivates applications for manipulation in microgravity. This work Figure 2. Tangential (a) and normal (b) air track test setups. § 22
builds on applications for mobility and detumbling tasks [1-4]. E , SN, ..o N W
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Superposition of magnetic fields from individual magnets [5] provides the - Position
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source field for an array. A charge sheet model [2] describes the force
components due to the spatial Fourier transform of an arbitrary magnetic field
source projected into two dimensions (B;) with a reflection coefficient (R) for
a given separation (d) from the conductive surface
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Figure 1. Tangential (left) and normal (right) permanent magnet . 0 . Figure 6. Normal (upper) and tangential (lower) position tracking at
Halbach arrays. RTJIT = iy (4, d)|Bs(4,d)|dA. a 0.35° incline using proportional-derivative control for the
linearized systemes.
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Table 1. Actuator Dimensions =t pae o References
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Parameter Value = S e e 5 =
Repulsion (R) Actuator 0 2000 4000 6000 yR [1] B.Z.Reinhardt and M. A. Peck, “New Electromagnetic Actuator for On-Orbit Inspection,” J.
Magnet dimensions 12.7mmx12.7 mmx 12.7 mm Angular Velocity (rpm) —QGuide Spacecr. Rockets, vol. 53, no. 2, pp. 241-248, 2016.
Inner radius 18.2 mm J y [2] N.Paudel and J. Z. Bird, “Modeling the Dynamic Electromechanical Suspension Behavior of an
Mass of array 157 g Figure 3. Tangential and normal force components over angular velocity with a Electrodynamic Eddy Current Maglev Device,” Prog. Electromagnet. Res. B, vol. 49, no.
Stepper* power (900 rpm, 61W . . . . . . February, pp. 1-30, 2013.
12.0 mm separation) separatlon Of one centimeter and negllglble relatlve VEIOCIty' [3] X.Liy, Y. Ly, Y. Zhou, and Y. Yin, “Prospects of using a permanent magnetic end effector to
Tangential (T) Actuator izsrplzr:)zlagd detumble an uncooperative target,” Adv. Sp. Res., vol. 61, no. 8, pp. 2147-2158,
Magnetdqlmen5|ons 6.4mmx6.4mmx25.4mm E -1 (4] M. A. Nurge, R. C. Youngquist, and S. O. Starr, “Drag and lift forces between a rotating
Inner radius 9.7 mm §= conductive sphere and a cylindrical magnet,” Am. J. Phys., vol. 86, no. 6, pp. 443—452, Jun.
Mass of array 88 ¢g Q 2 2018
E .
Stepper* power (600 rpm, 6.3 W Llc_) [5] G. Akoun and J.-P. Yonnet, “3D analytical calculation of the forces exerted between two
10.7 mm separation) - -3 cuboidal magnets,” IEEE Trans. Magn., vol. 20, no. 5, pp. 1962-1964, Sep. 1984
6061-T6 Aluminum Targets o
Dimensions of each target 152 mm x 152 mm x 2 mm L 4 — |
Mass of repulsion target 368 g 0 10 20 30 40 ACkn Owled ements
Mass of tangential target 406 g Separation (mm) 8

*Other motor selections may improve performance

Figure 4. Tangential (600 rpm) and normal (900 rpm) force components over
separation with negligible relative velocity.
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