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Why Low Power RPS?

Small nuclear power systems that would provide electricity to
probes, landers, rovers, or communication repeaters for space

missions
- Operate in vacuum or on planetary surface (ie. Moon, Mars, more...)
- Use conversion technology to convert heat to electricity for powering spacecraft

sensors and communications

» Fractional GPHS (General Purpose Heat Source) offers around 60 watts of thermal input

« LWRHU (Light Weight Radioisotope Heater Unit, often called RHU) offers around 1 watt of
thermal input for each unit and multiple units could be used

Development Goals

. . ) Rover deploys stations
- Sufficient power for spacecraft functions w-thmalocanzed area.
- Long-life and low degradation to ensure power at Rover arm .
depl h
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5 upright position.

- Robust to critical environments (vibration, shock,
constant acceleration, radiation)
- Thermal capability and high efficiency

Multiple stations fitonto,” |

= .

Dynamic Power Conversion . -
- 12-16% overall system efficiency possible ' %
from 1 to 10 watts electrical power output [Ref 1] Conceptualization of Seismic Monitoring

Stations Being Deployed from Rover [JPL Pub 04-
10, Sept-2004]
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Technology Development at GRC

Low power dynamic RPS is being developed at GRC

Main focus is to demonstrate practicality at the low power levels and to mature
technology, subassemblies, and system interfaces.

Initial Demonstration (2018)

. Stirling convertor (proof of concept and performance mapping)
Electrical controller (motor testing and receiving power from alternator)
Multi-layered metal foil insulation (thermal simulator only)

Higher Fidelity (2019)
- Vacuum testing

Characterization under vibration environment
« Robustness assessments
Finalize requirements

System Testing (2020)

- Prototype testing of electrically heated system in vacuum
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Low Power Dynamic RPS Concept

Design Goals

- Long life design (no wear mechanisms)

- 3 kg system mass

- Envelope of 11 cm diameter X 32 cm length

- Performance
e Heat from multiple LWRHU
» Atleast 1 We power output
e Atleast 12% system efficiency
* Maximum of 400 °C acceptor temperature
 Maximum of 50 °C rejection temperature
- Robustness
« Overstroke collision tolerant (limited time)
» Operates in vacuum or atmosphere
* Launch vibration
« Constant accelerations
» Shock
- Compliance
* Minimize exported force
« EMI
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Low Power Dynamic RPS Concept

Stirling Convertor

Heat Multi-Layer . Stirling Linear Electrical
Metal Insulation . Engine Alternator Controller

Radiative Coupling Heat Rejection Flange
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Heat Source

Light Weight Radioisotope Heater Unit (LWRHU)
» Used for decades to provide heat for spacecraft electronics
» Aeroshell designed to survive reentry into Earth’s atmosphere

o Diameter: 1.0 inch, Length: 1.3 inch (1.1 watts of heat at fueling)
All GRC testing will use electric heaters to simulate LWRHUs

» Designed to provide similar thermal gradients compared to LWRHU

* One cartridge heater simulates two LWRHUSs, four cartridge heaters needed to
approximate 8 RHUSs.

LWRHU Assembly Welded wire bus Graphite block design
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LWRHU volume  Cartridge heater volume
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Insulation - Design

Objectives
- Due to low thermal input, high performing insulation is critical to minimize losses
- Peregrine Falcon Corp. under contract for Multi-Layered Metal Insulation (MLMI)
- High performance required (~0.001 W/m-K effective thermal conductivity)
- Insulation design complete, fabrication is underway

Insulation Multiple layers

Evacuation
Port
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Component Testing -

Initial moving coll alternator (100 Hz)

GRC Design

e Low Inductance, dual flux path

Current, Amps
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* 5 mm mover amplitude
* 4 coils, 80-turn per coll

Analysis Results

 P=1.26W, Avg Inductance = 0.485 mH
Near perfect power factor
High THD = smoothing (less power)
Cogging force needs characterization
Pathfinding assembly processes
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Testing to Date

Motored alternator to 4.26 mm @ 103.9 Hz
Demonstrated conduction across flexures
Demonstrated non-contact operation

Next Steps

Tune to meet desired frequency
Achieve full 5.0 mm amplitude
Characterize as an alternator

11



	NASA Low Power Stirling Convertor for Small Landers, Probes, and Rovers Operating in Darkness 
	Why Low Power RPS?
	Technology Development at GRC
	

