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· Electrodynamic Regolith Conveyor (ERC) Background
· ERC Potential Applications
· Lunar Gravity Suborbital Flight
· Payload Development
· Flexible Levitation on a Track (FLOAT)
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Electrodynamic Regolith Conveyor Background
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· 4-Phase traveling wave concept has been modeled and tested extensively in 1g in air and in vacuum

























[image: ]4-Phase Electrodynamic Regolith Conveyor Concept
(Kawamoto et. al, 2012)

· Electrodynamic Dust Shield & Electromagnetic Conveying
· Electrodynamic dust shields history and upcoming CLPS 19D mission
· Electrodynamic conveying has been demonstrated at a small scale (up to ~1 kg/hr) with and without vibratory actuation on flat planes and within cylindrical tubes using 4-phase traveling wave high voltage electrode configurations.
· Electromagnetic conveying has been demonstrated at up to ~100 kg/hr with a magnetic staged coil approach using magnetic carrier particles with ~100 Watts of power (averaged over pulses). Simulations suggest ~25 kg/hr for the same configuration with lunar regolith.


		

3- Phase EDS Shield (Calle, ESPL)
4- 
Phase Traveling Wave Conveyor (Kawamoto et al., 2012)

Staged Magnetic Coil Conveyor
(Kawamoto et al., 2021)

Electrodynamic Regolith Conveyor (ERC) for Lunar In-Situ Resource Utilization
· Goals
· Regolith conveying with no moving parts at lunar ISRU scale
-	Failure risk reduction for critical long duration unattended ISRU operations
· Reduction in conveying power requirements for future ISRU plants
· ISRU Conveying Needs and the State of the Art
· The development of reliable and power efficient in-situ resource utilization technologies is critical for long duration lunar operations
· The most recent lunar water and oxygen production plants designs call for regolith conveying at ~100-150 kg/hr per conveyor to produce 10 mT/yr of O2
· Regolith transport via augers & vibratory conveyors accounts for ~25% of the non-electrolysis power requirements (600 W). Each
vibratory conveyor moves ~150 kg/hr with 115 W

[image: ][image: ]
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[image: ]Pilot scale Carbothermal O2
Production Plant (Linne et al., 2021)

Pilot scale Carbothermal O2 Production Plant (Linne et al., 2021)	Vibratory spiral conveyor (in
yellow) (Linne et al., 2021)




· A deployable (multi-plane) ERC could be designed to feed ISRU reactors and sampling systems
· Inclined or helical geometries could be developed compact vertical conveying

[image: ]


4-Phase Electrodynamic Regolith Conveyor Concept (Olson, 2021)




Key Performance Parameters




	Key Performance Parameters (KPPs)
	Threshold
	Goal

	KPP 1: Conveyed regolith at ISRU scale w/o moving mechanical parts
	= 100 kg/hr (scaled for mass flux)
	≥ 150 kg/hr (scaled for mass flux)

	KPP 2: Power/ Flow Rate (W/(kg/s) or (J/kg)
	≤ 0.8 (SOA)
	< 0.2 (25% of SOA)

	KPP 3: System Mass/Regolith Flow Rate (kg/(kg/s)
	= 1200 (SOA)
	< 1200

	KPP 4: Flow Area/Regolith Flow Rate (m2/(kg/s)
	< 0.4 (10x SOA)
	< 8e-2 (2x SOA)
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ERC Key Performance Parameters
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· Phase 1: Scale Electrodynamic Conveying to ISRU Relevant Scale
· Phase 2: Test on Suborbital Lunar G Flight - TRL 3 to TRL 6
· Phase 3: Design & Prototyping for Potential Lunar Demo – leads to TRL 7+





 (
Suborbital
TRL 3
Design
Prototype
Lab Testing
Flight
P
Testing for Flight
Flight Experiment
TRL 6
rototype
Lunar Test Design
Lunar Test Prototype
)
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[image: ]Single Plane 4-Phase Traveling Wave
Electrodynamic Conveyor Concept	Blue Origin New Shepherd Capsule to be used for lunar gravity
vacuum testing



[image: ]Pilot ISRU System on
CLPS Lander


· ERC will be flown in simulated lunar gravity under vacuum on a New Shepard capsule (nominally in 2023)
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Lunar Gravity Suborbital Flight
)
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[image: ]11 RPM
Capsule simulating 1/6 gravity by spinning during freefall (Blue Origin Payload User’s Guide)

Payload locker arrangement inside capsule and the
associated centripetal acceleration during the spin phase of flight


 (
Payloa
d and Experiment Design
)

 (
2022 Joint Conference on Electrostatics, Charlotte NC June 12-15,
 
2022
) (
10
)
Suborbital Flight Experiment Objectives
· Use Lunar-G flight data to inform modeling and optimization of ERC
· Test parameters
· Inclination (0, 15, 30 deg)
· <100 µm Regolith (Apollo, JSC-1A, LHS)
· Measurements
· Video of regolith flow (particle speed)
· Single locker experiment
· 11 kg max, 144 W max
· 2 minutes of simulated lunar gravity
· Internal vacuum chamber (~10 mTorr)


[image: ]
ERC Suborbital Flight Experiment Concept

 (
Locker Front Door
)Payload and Experiment Design
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Suborbital Flight Experiment Objectives
· Use Lunar-G flight data to inform modeling and optimization of ERC
· Test parameters
· Inclination (0, 15, 30 deg)
· <100 µm Regolith (Apollo, JSC-1A, LHS)
· Measurements
· Video of regolith flow (particle speed)
· Single locker experiment
· 11 kg max, 144 W max
· 2 minutes of simulated lunar gravity






 (
Vacuum Chamber
) (
Simulated Lunar G
)


52 cm

 (
3
 
ERC
Setups
)
·  (
21 cm
)Internal vacuum chamber (~10 mTorr)	ERC Suborbital Flight Experiment Concept Inside Vacuum
Chamber and Payload Locker
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4-Phase
Conveyor
) (
Hopper
GoPro
Conveying 
Plane
Collection Bin
Rotary Feeder
40 cm
) (
Variable Incline Plane
)ERC Prototype V1 Design	ERC Prototype V1
 (
Payload and Experiment Design
)
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[image: ]
[image: ]Nominal High Voltage Power Supplies

Dimensions: 2” x 2¼” x 1¼” Weight: 92g
Input voltage: 28V Input current: <150mA
Max HV output: ±4𝑘𝑉 adjustable






Initial Testing up to 1 g/min at +/- 1kV in Air

4-Phase, 0.3 mm trace, 0.3 mm gap, PCB with Kapton Cover


· [image: ][image: ]FLOAT Prototype to test select motion profiles inside of ERC vacuum chamber















[image: ][image: ]FLOAT Lunar Transport Concept (Schaler et al, 2021)	FLOAT Concept (A) and Prototypes (B,C) (Schaler et al, 2021)
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Flexible Levitation on a 
Track 
(FLOAT)
)
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· Electrodynamic Regolith Conveyor being developed for ISRU applications
· ERC & FLOAT technology to be tested on a lunar gravity suborbital flight in 2023
· Prototype and payload development work under way



Questions?
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