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RPS Program Elements

» Deliver reliable radioisotope power systems to enable science and exploration missions

HQ Program Commitment Agreement (PCA) update includes focus on commercial and international RPS development opportunities
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RPS Program Functionality
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Technology Investments
Enable New Radioisotope Generators

Radioisotope Power System
Heat Source

Multi-Mission Radioisotope Power System

LWRHU MMRTG

Light Weight Radioisotope Multi-Mission Radioisotope
Heater Units Thermoelectric Generator
~TWh, ~110W,

Current Flight Systems

Vacuum-Rated Radioisotope
Power System

Next Gen RTG

Next Generation
Radioisotope
Thermoelectric Generator

~252W,



RPS Program Highlights and Accomplishments

 F-5R GPHS-RTG
« Successfully completed the unfueled F5
GPHS-RTG Refurbishment at INL

 Electrically-heated thermal Vacuum
testing completed

* Measured power of 260W, at 4100 W,
* F-5R Users Guide completed

WA\ IR BE



NASA Current and Future RPS Missions: The Power to Explore

* Perseverance « Dragonfly
* Launched in July 2020  Flights to explore Saturn’s moon Titan,
« Seeking signs of ancient life and an organic-rich ocean world
collecting rock and soil sample * Planned launch in July 2028
* Provided an MMRTG under budget, * A Multi-Mission Radioisotope
ahead of schedule, above power, Thermoelectric Generator (MMRTG)
during the COVID-19 pandemic and LWRHUs will enable Dragonfly to

explore beneath the thick, hazy
G’rmosphere of Titan

DRAGONFLY

Power
S Launch Type of - Current Avg .
Mission Date Quantity Power (W,) ReDaac::\g

*Perseverance  7/30/2020 MMRTG 1
*Curiosity 11/26/2011 MMRTG 1 73.5 9/2025
New Horizons ~ 1/19/2006 GPHS RTG 1 168.68 8/2025
Voyager 1 9/5/1977  MHW RTG 3 215 4/2026 Power vsiem'
*Voyager 2 8/20/1977  MHW RTG 3 234.6 9/2021 o ’? * MMRIG F4

95.9 9/2025




NASA Future RPS Missions: The Power to Explore

* NASA Rosalind Franklin Project ¢ Potential New Frontiers Mission

« ESA Mars robofic rover mission with « AO release no earlier than 2026
NASA contributions

« Up to 24 LWRHUs, planning one Am-241
RHU from UK




RPS Program Highlights and Accomplishments - DOE

« DOE Constant Rate Production (CRP) — Demonstrated
Capability to produce 1.5 kg/yr on average

» Confinuing efforts to:
» Scale up production
« Opftimize processes

* Mainftain, modernize, and replace equipment and infrastructure
throughout the DOE laboratories.

HU production capability




RPS Program Highlights and Accomplishments - Missions

« Dragonfly
e Successful Lander and Mission CDR
* MMRTG ICD and LWRHU ICD signed

* Nuclear Launch Authorization Plan (NLAP) approved

- £ -’-- gt “ .‘ :,‘ { 5
1 .’ 4 3
INL-APL feam performing heated QU festing

with prototypic Dragonfly critical bus power Dragonfly DSIM fins welded F4 liner assembly
electronics
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RPS Program Highlights and Accomplishments - Missions

 Rosalind Franklin Mission and
ROSA Project

» Successful PDR and DPMC
for KDP-C/D

« DOE ready to produce
LWRHUs in FY27

 Nuclear Launch Authorization
Plan (NLAP) approved

 Launch Vehicle selection
« SpaceX Falcon Heavy
 NEPA compliance
documentation being

finalized by Environmental
Management Division




RPS Program Highlights and Accomplishments
 NEPA and Launch Authorization Management (NLAM)

* Leading inter and intra-Agency meetings for Radiological Continency Planning (RCP)
« LOX/LCH, testing
« Propellant Reaction Characterization (PRC) Testing Campaign Complete
« Consisted of 24 successful tests
« Cryogenic Mixing Testing Complete
« Methane Oxygen Vertical Impact (MOVI) Testing

» Collaborating with United States Space Force (USSF) and NASA Space Operations
Mission Directorate (SOMD)

* Will generate necessary data needed to properly assess the use of the new generation
of launch venhicles in support of RPS missions that utilize LOX/LCH, propellant.

LOX/Methane PRC Test



RPS Program Highlights and Accomplishmentg"

Next Gen Project
» Passed L3Harris/Aerojet system CDR successfully

» SiGe Unicouple Production
« All unicouple production steps are beyond

conducted, but parts are still being made to

development and at Initial Production 2 =

Readiness (IPR) or better

« High Efficiency Power Generator Technology

(HEPGT)
* Developed Pu-238 and Am-241 testbeds

« GRC and University of Leicester collaborated to
integrate/test Stirling technology with UofL's Am-241
electrical heat source

» Team contributed the data to support the (SRSC)
Technology Readiness Assessment

Stirling Generator Testbed  Sunpower Robust Stirling Convertor
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RPS Can Support Human Spaceflight Missions
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Reference Mars

23-day Mars surf mission: 15 EVA days & 6.5 work-hr/day.
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Strawman case for illustration/discussion

Driving the Rover 25% 0.5m 13.5 mSv
Working Close to Rover, 25% 2m 1 mSv
Working Far from Rover,  50% 5m 0.5 mSv
TOTAL i 15mSv

NASA-STD-3001 on RPS Radiation limit for crew:

‘ dose of 20 mSv per mission year

SN RS TS VARSI L, HEY IS

' Prospect is high for meeting RPS radiation



Enhanced Focus on Commercialization and Alternative Isotopes

* NASA is interested in high-efficiency RPS in addition to utilizing
existing thermoelecitrics capabilities to enable a variety of
radioisotope power systems

« Supports an assorriment of future missions and applications

» Widespread tfechnology investments in conversion efficiency
have enhanced the viabillity of alternative isotopes

* In addition to plutonium-238, research and development in
alternative fuels are underway globally across the industry

HQ Program Commitment Agreement (PCA) update incorporates
commercial RPS development opportunities



RPS Program: Stakeholder Engagement

* RPS Program Power to Explore Student Challenge continues

* Next year's Power to Explore Challenge effort will incorporate RPS and
fission content.
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https://rps.nasa.gov
nasa-rps@mail.nasa.gov
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