Low-Power Magnetic Linear Actuator for Camera Positioning
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e Motivation: In space observation, fixed cameras limit the accurate
measurement of astronomical events across a wide sky. A linearly actuating
camera-cart system 1s proposed to track movement and solve this limitation.

e Power Requirement: The magnetic actuator must operate at < 1 A to
enable continuous camera repositioning throughout an overnight session.

e Control Requirement: Wireless control.

Three coils attached to an E-shaped core ride above an alternating-polarity
magnet array. A steel back plate concentrates flux through an air gap.
3-phase block commutation produces Lorentz-force thrust so that no lead
screw, no belt, nor traditional motor 1s used.
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Magnetic Force designeq: F = K¢ -+ I Kf = B - Lygy
Magnet force Br = 1.42—1.48 [T] - 23 alternating 60x10x3/5 [mm] blocks
Air gap: 1.5 [mm]

Coil Resistance: =52 [Q1]

KT (force constant) tolerance: £8—10% from air-gap and fabrication stack-up
Analytical target: Kf = 1518 [N/A] - Bgap = 0.90-1.05 [T]

B [mTesla] |ANSysS
2025 R2

Max: 2125 807
2200
. 1980
1760
1540
1320
1100

880
660

440
0

Min:  0.000

0 100 200 (mim)

3D-printed modular cores allow rapid coil-winding in prototype testing. In
the final iteration, an epoxy and iron mixed E-core was made using a
silicone mold casting, with pre-winded coils that slide onto each leg. All
colls are spaced 32 mm center-to-center, matching magnet pitch for 120°
electrical phase offset between phases.
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e Top flowchart shows overall

system logic, while the bottom
flowchart shows user command
flow.

e Hardware Architecture: ESP32
integrates wireless telemetry and
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e Simulated Battery Life: 135 hours (at 10% duty cycle) using a 5000 mAh
3S LiPo.
e FEA Insight: Simulation (Kf=2.21 [N/A]) identified coil redesign as the

critical path to further optimize low-current operation.
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Battery Life: V1 vs V2 (Duty-Cycled) V2 Runtime (hrs)

9V Alkaline (1x 565 mAh) AA x4 Alkaline pack (6 V, 2.5 18650 Li-ion x1 (3.7V, 3.0 Ah) 18650 Li-ion x3 (11.1V, 3.0 Ah) LiPo 3S 5000 mAh 12V 7.2 Ah SLA (mid-size field 12V 20 Ah SLA (large field pack)
Ah) pack)

Battery Type

The system achieves low-current operation with an active draw of 0.446 [A]
and idle draw of 0.03 [A], well below the 1 [A] target. Other functional
requirement results below.

e Conclusion: Validated low-current, wireless bidirectional control for space
observation.

e Coil Redesign: Optimize geometry to increase active wire length for higher
thrust at lower currents.

e Precision: Upgrade control algorithms to achieve the <1 mm accuracy
target.

e Power Management: Disable ToF sensor during idle states to further
maximize battery life.



