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NASA’s Roadmapping Activities - Overview NASA’s Roadmapping Activities — SRM

. The NASA Strategic Roadmap teams cover 12 focus areas:
* NASA’s Advanced Program and Integration Office E E
(APIO) established two teams for roadmapping activities, A 1. Robotic and human lumar expeditions, a
~ Strategic Roadmaps: will explore optiqns and establish pathways 2. Sustained, long-term robotic and human exploration of Mars. S
for achievernent of NASA’s strategic objectives . 3 >
Capability Roadmaps: will reco o R R 3. Rabotic exploration across the solar system.
- Capability Roadmaps: wi mme € 5 q
certain technical capabilities, judged to be critical to NASA’s = 4. Advanced telescope searches for Earth-like planets and habitable =
e — 3 environments. 5
progr: 8 .
3 5. Development of an exploration transportation system.
« Additional inputs to the planning process: 6. gmﬁmioﬁcﬁmﬁﬁﬁmﬁ asllsace Station and focusing its use on
— Decadal Survey by the National Acaderties / NRC (2003) . EERH GG AR
PAG — Mars Exploration P A G = 7. Exploration of the Universe. &
= kg — Mars Exploration Program Assessment Group = 8. Exploration of the dynamic Earth system. =
— OPAG - Outer Planets Assessment Group g . g
Solar Exploration Subcommi EY 9. Exploration of the Sun-Earth system. 3
= S =S R ] SO e g 10. Advanced aeronautical technologies for next-generation aviation g
A . e systems,
i s Preliminary results for NASA’s Space Exploration H 11. Using NASA missions to inspire, motivate, and educate.
H Roadmap are expected by late summer (2005) ¢ 12. Utilization of nuclear systems for the advancement of space science
% ; and exploration.
N 3 B 4

NASA Roadmapping Activities - CRM Solar System Exploration Roadmap Candidates

The NASA Capability Roadmap teams cover 15 focus areas: 5 * Potential SSE candidate Design Reference Missions could be 5
% grouped into four target categories (ref. Decadal Survey): @
1. High-Energy Power and Propulsion & ~ Primitive Bodies: Comets / Asteroids / Trojans / Centaurs / Kuiper o
2. In-Space Transportation 3 Belt Objects
3. Advanced Telescopes and Observatories ~ Inner Planets: Moon / Mars / Mercury / Venus
4. Communication and Navigation s — Gas Giants: Jupiter / Saturn; Ice Giants: Uranus / Neptune >
5. Robotic Access to Planetary Surfaces :: ~ Large Moons: Europa / Titan / Triton 2
6. Human Planetary Landing Systems
7. Human Health and Support Systems * Mission categories by cost cap:
8. Human Exploration Systems and Mobility . — Discovery Class — commpetitive — less than $370M
9. Autonomous Systems and Robotics 5’ —~ New Frontiers Class — competitive — less than $700M E
10. Transformational Spaceport/Range g — (Large Mission Class — program directed — less then $1.5B) g
11. Scientific Instruments/Sensors g‘. — Flagship Class — program directed — greater than $1.5B %
12. In Situ Resource Utilization = =
d 13. Advanced Modeling, Simulation, Analysis ; .« The future NASA roadmap should be driven by science
4 14. Systems Engineering Cost/Risk Analysis : objectives and should fit into NASA's spending profile
£ 15. Nanotechnology
i 5 H 5
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I Mission Candid: Primitive Bodies
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Potential Mission Candidates: Giant Planets / Outer Planets
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Mars Program for the next decade

‘Addressing MEPAG Goals I (life), TI (climate) & I (geology)
“Follow the water” turns into “Follow the Carbon™
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Power Source Classification
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»  Solar System Exploration includes
— Orbital missions
« From months (Barth) to vears (any planetary
destination)
« Long missions beyond Mars could be RPS
enabled

- Enltry probe missions into atmospheres
» short life measured in hours
* E.p., to Venus, Jupiter, Titen
+ Would require batteries

T R L T T

In-situ Surface missions
» houss: Venus, Titan;
days: Mars Pathfinder;
‘weeks/months: Mars Exploration
vers;
yeax(s): could be RES enabled

But no matter: where we go,

we willneed power!
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Types of Radiation: Atoms and L

An atom consists of a nucleus (with protons and neutrons) orbited by electrons
Almost all of the mass is included in the atom’s nucleus

0 Sdd
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The volume of an atom is determined by the electrons’ paths
Isotopes of an atom have the same number of protons but different munber of e
3
neutrons (same atomic number — same number of protons — thus similar chemical
‘behavior, but different atomic mass)
-
Radioactivity is a process where radioactive materials — composed of unstable g
atoms — emit excess energy in the form of radiation until becoming stable. c
During the half-life of a radioisotope half of the radioactive sample decays. The
half-life is different for each isotope. 12
9
g
Nucleus @ Proton = %
# Neutran £ 3
5 =
g 8
. é 5
i \ z % 3 7
n 1 20 30 40 50 6
B Years (in billions)
@ Represents 0.10 milion atoms
Ilhistration reference: hitps b bl 13
Types or Radiation: Ionizing / Non-I

¢ Non-lonizing Radiation (low energy}
radio frequency, microwave, infrared, visible, (lower
frequency ultraviolet)

+ Jonizing Radiation (high energy — damages DNA):
e.g., (higher frequency UV), X-ray, gamma ray;
Emitted by stars in the form of cosmic rays and by
radioactive materials
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Types of Radiation: B (beta) Particle Radiation

Electron (8 particle) is
emitted from nuclens

From the nucleus of a radioactive atom
an electron & an antineutrino are emitted
Since the electron is from the nucleus, it is
called B-particle to distinguish from the
electrons orbiting the nucleus of the atom
‘When the -particle is ejected, one of the
neutrons in the nucleus is transformed into
a proton
The new daughter atomn has one less neutron
and one more proton than the parent
{3 decay occurs in heavy isotopes
B-particles have a single negative charge, they are smaller, lighter, faster
and more penetrating than o-particles
Traveling and depositing energy over a greater distance, thus less harmful
then at-particles
No particular shielding is required to guard against them

Neutron turned

Neutron into a proton

s

¢ nucleus N nucleus

Xiustration reference: hirp:# infobj himl
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Types of Radiation: Radioisotopes

For example, the Pu?*® isotope has a half life of ~87.74 years;
during this time the generated heat output reduces by 50%

Radioisotopes Half life
*  Curium-242 (Cn??) 162.8 days
* Polonium-210 (Po?1%) 138.4 days
*  Curium-244 (Cm?4) 18.1 year
¢ Plutonium-238 (Pu®*) 87.7 year wmama>
*  Promethium-147 (Pm!*%) 2.6 year
+  Strontiun-90 (Sr%) 28.78 year

Note: Space applications only used Pu?3¥
Radioisotope decay process of Pu?®
Pll-“is =— 8 ‘34 e Tl)-“m — Rll-‘.':ﬁ —

ittty B v,

Bi-214

Pb-214
e

)

Refetence:

= Bi-210_=— Po:210

Free Ware, Goiober 25, 2000

tnmg  C.Hacke, “Radiation Decay Version3.8", 1

] 10}

T

Types of Radiation: o (alpha) Particle Radiation

aparticle

An o particle

* A particle of two protons & two electrons (i.e., Helium nucleus) is
ejected from a usually heavy radioactive atom (e.g., Plutonium)

« (this results in the forming of a new parent atom with two less
electrons and two less protons)

* Heavy, energetic and slow moving o—particle

« Can be blocked with a piece of paper or the skin

* No shielding material is required

* Radioisotope Power Systems predominantly radiate c—particles

llustration reference: ia/obi beml
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Types of R

¥ ) Radiati

» Following a radioactive decay reaction
the nucleus of the atom is still in an excited
state with excess energy to emit

* This energy is then emitted in a pulse of
electromagnetic radiation called y-ray

+ It has no mass and no charge and is a
high energy short wavelength radiation

» High atomic number, high density materials are best for shielding against
¥ -radiation

* In space, Aluminum could be used effectively, since it is relatively light

¢ (X-rays are similar to y-rays, but with lower energies. They are produced
when electrons change orbits within an atom or electrons from an external
source are deflected around the nucleus, thus emitted from processes outside
the nucleus)

Tilasteation reference: iasobj bt
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Fission Chain Reaction in Reactors

Neutron collides with the
nucleus of Uranium-235

Nucleus splits, resuleing in
fission products such as two
smaller nuclides and three free
neutrons

. . Neatren (n)
Each split (or fission) releases
a large amount of energy

=
£
Under favorable conditions the §
three new free neutrons could split other atoms "g"
>
4

A maintained chain reaction generates a large amount of thermal power

continuously (that is, until no atoms left to split)

Illustration ceference: htp: ia/abjt htm] 19

Power Options: Radioisotope Power Systems

ElCrrsey

+  The Plutonium-238 fuelusedin =~ &5
Uag RPSs is a radioisotope with a half ’f)
@ life of ~87.7 years
@ * Loy » It produces heat through natural
oo alpha (o) particle decay (o~ &
L% "( . particle is virtually a He muclens) o
* A small portion of the heat is
converted to electricity using .
various conversion technologies E’
Efectricat (M~ 2% to 25%) 5'
- Pawar B
: —p g
w N »  Waste heat is rejected through 2
i I ee radiators or utilized for thermal
g coutrol of spacecraft subsystems
H OF COMmpONents
i
5 2
Past US Radioi Power Sy

i Pioneer 11; Viking I &2
missions (In-space vacuum
& Mars amosphere)
SNAP-19 (-40 We)
{operated for ~7 years)

Voyager mission (in-space —vacuum), MHW-RTG
(~150 Wej (stif providing power after 27 years)
HEET RS

Apollo 12/14/15/16/17 missions {Moon ~ vacuum) SNAFP-27
for ALSEP (Apollo Surface Evperimerts Package) (~7OW)

St (still operated after 10 years on the Moon)

o, 0-KBO missions
(in-space - vacuum), GPHS-RTG used on (-285We)

pipue) S4

1] 103

uoneaopdxsy p

23

P ey

Types of R Neutron R

‘When a high energy
neutron collides with a
protou, it transfers its

energy to it \ ez

The charged proton causes
ionizing radiation, which is
damaging to DNA

Low energy neutrons (less than 0.1MeV) could be shielded with low mass
number materials such as water (due to the high cross sectional interaction
with hydrogen)

At higher energies (over 10MeV) cross sectional interaction with hydrogen
is not effective to slow down the neutrons, Efficient shielding could be
achieved with inelastic materials, such as iron to initially reduce the high
energy neutrons through collisions, then water could be used to further
reduce the neutron’s energy and diffuse the thermal energy

Tllustration refercnor; hitp: infobj bemt
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Past US RPS Enabled Missions

ets Are Hot to Scale

Present: GPHS-RTG

General Purpose Heat Source — Radioisotope

Thermoelectric Generator (GPHS-RTG) * 13 GPHS modules

* Dimensions

— Length 113 cm
— Diameter 43 cm
* Mass5S6kg
*  Pu®*-.8KG

*  Power ~240We

*  Voltage 28V +/-0.2 VDC

«  Mission life ~14 years

*  Missions:
Galileo (2 units)
Cassini (3 units)

¢ Will be discontinued after the
planned 2006 New Horizons
Pluto-Kuiper Belt mission
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Note: Voyager used MHW-RTG (150We)
(still operating after more than 27 years)
Viking used Snap-19 (40.3We) on Mars
(operated for over 7 years)

GPHS module stack

24




Under Development: MMRTG

General Purpose;Heat + 8 GPHS modules ﬁ
Source {GPHS) Module: . 'l'hmelc,.cuic conversion (PhTe/TAGS) %
[250'W1t BOLL; ~Tidkg - Efficiency 6.3% a
o +  Dimensions (half that of GPHS-RTG),
- Length-64 cm : 3
- Diameter -64 cm aons s
« Mass: ~42.7 kg (CBE) (w/ not to exceed 45 kg)
o PuBE -dKG e bk =
+ Power: ~123 W (clestric) (BOL) 5
~2000 W (thermal) (BOL)
+ Specific power: 2.9 Welkg
‘“Eg;;p «  Voltage 28V +-0.2 VDC
e i > D
N . I-space & surface 0 jon.
HEDUME‘RFQ“IUQ: 5} G peral é}j
Graphite tmpact Shell nSuE Tuec B + Availability: =
D 2 o 2
Fuel Capsula 3 - Under development 5
Mass = 3542 s s <] — Down-selected for the 2009 MSL mission =
CLAD (Pi~30Rh) = =
s « Potential mission ipact:
f| We have these at TRL 9 e i i = Low g-load wlerance 3
H N E - Thermal design / heat rejection system
H £ ;
- f . .
o H TAGS: Tellusides of Antimony, Germanium, Silver PbTalTAGS Unicouple
25 © MMRTG: Multi-Missi ok Th ic Generator %

Conversion Technologies: Static Under Devel : Stirling Radioi Generator (SRG)
« 2 GPHS modules
Gloted Vow « 2 Stirling converters (11-20.7-23.3%)
+  Dimensions: 29 cm (W) x 38 em (H) x 104 cm (L)
« Mass: 34 kg (CBE); Pu®™ ~1kg
«  Power: ~116W (electric) (BOL); .
¥ ~500W (thermal) from 2 x GPHS (BOL) ¥
+  Specific Power: 3.4 Welkg
o + Voltage: 28V 402 VDC e
= o . ! g
g +  Designlife requirement: 14 years 5
- «  In-space & surface operation =
I T o Availability:
. . - . Csesizn P2 | - Development initiated as a backup tn MMRTG
« Thermoelectric (TE): is a static eonversion technology utilizing the — Broad application potetials v.g. lunar exploration
Seebeck effect = ~ 4 units will be available by 2009-2010,
N . . 53 our intention i lo nse them on upcarming missions
— Low efficiency (~2% with RHUs & ~6% with GPHS) 'g. WO o comie MRS cmuron | S .
~ Thermocouples (io be used in MMRTGs, high TRL) 2 . l’ﬂlmg;‘ ﬂ:§55i0“ impact: R [ e
- Vibration
— Closed Packed Arrays (CPA) (under development, pratotype only) g‘ — Blectromagnetic nterference — 3
— JPL is working on d ther les with a d ated 11~13% - Unkvl:‘\:l reliability and Lifetime for Stirlng weorvg) = o W .ol o~
n P 4 com
g — Variety of TEs: SiGe; PbTe — TAGS; Segmented TE; Skudderndites; etc. 3 2 - Lowgload tolerance =z i
é ~ Long missions should account for TE degradation (~0.8%/year) - fﬁ‘fﬁ:ﬁi‘iﬂ"&‘.ﬁ.‘fdﬁfﬁ?fwﬁ?&m wdo T i A e W
H (Note: there is a ~0.8%/year degradation due to the radioisotope decay T e SABMKC SRS RiMnus wons PR
i resulting in a total degradation of ~1.6%/year)
H 27 28
Conversion Technologies: Dynamic (Stirling) Small-RPS: “PaperWare” Concepts with 1 GPHS Module A
DGE/OSC-Study (2003) F-TRLZ =
- =
Linear Alternator n""(?x'rﬂﬂ\"ﬁ?ﬁ?yﬁm 3
Magneta, Siator & Colla e Q
+Temain stationary and 3 \ b
produce eleatric power. o "
g
5
\ N bt
N\ S
Pk oo
roto FLsadyeooh| P
= [MERACECL &
o)
N B
ottt Potential power g
level: ~12-32We E
Mass: ~6-8 kg (est.)
4 AC Power out ~Closed cycle. :
 Dunamic conversion to controller “Reversibk themmodynamic processes TPL Stady (2004)
" k & A
2 ., Stirting shown hers; s high power conversion efficiency (-20-25%)  Consmmer s 20 [Mars Net Lander] ©
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Small-RPS: “PaperWare” with Multiple RHUs

DoE/OSC Study (2003). | [7:concepts; »40mWe each] | DoE/OSC Study (2003) [—4—0mWe]

3 10)

RHUs in redesigned
Aeroshells

Potential
power range:
~40 to 160 mWe

uoneaopdxy p
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Status of Small-RPS Development

the US DoE and by NASA
was issued in September 2004
+ " Request for Proposals (RFP) from the

DoE is expected in early 2005

2011 Mars Scout launch opportunity

Small-RPSs are under consideration by

+ Notice of Entent (NOI) to develop them

+  Could be made available as early as the

uonerodxy |
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Small-RPS: Prototypes Built & Tested Around RHUs

Potential
power range:
~20 to 40 mWe

140}

e

Predicted Nuclear Power System Availability

Power Source

Type and Power v 4 zo10 ¢ 2015

] 103

o]

=

! 2

1 1 3

1 1 o F

RPS available for SSE T T > =

N , ' 1 3

Small RPS potentially available T T > 3
JIMO class fission based power generation :———) ]

Nols: the last GPHS-RTG will be used on the upcoming planned (2008) New Horizons Pluto-Kuiper Beil mission
JIMO is deferred from 2015; a tech demo mission with a fission reactor might be possible ~2013-2014

o e

Anatomy of a Small-RPS Concept

(animation)

Note: This small-RPS concept was inspired by the works of R. Wiley (DoE) and R. Carpenter (0SC}
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Considerations for RPS Enabled Missions

Distance from the Sun (solar availability)

Mission duration at low insolation Iocations

In space (vacuum) vs. surface (atmospheres) operations
Power level requirements (mission class)

Power system sizing (peak power vs. total energy)
Thermal environment through all mission phases
Radiation environment

EMI environment

Vibration environment (e.g., Stirling — dynamic systems)
Landing method (g-load tolerance)

Cost considerations (unit cost + approval cost = $$$)

D SdY
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Considerations: Solar Availability

a000 Mereury (9145 WILW
2500
BUT: The infierent limitation ‘of
€ 2000 solar‘power genetation; is tak @
E with increasing distance: St
3 - Mission Hme increases; c
. ',: 1500 ] Solar
3 - Solar panels become ineffective;
= - Internal power sources are néeded
e h
£ 1000
& oo =
=
2
500 - 3
; g
s
Uranus Neptune
d [ + -
H 0 5 0 15 20 25 30 as 40
ég, Distance from Sun (AU}
1
5 37

Considerations: RPS Power Generation on Mars

‘Whento yse RPS? >3
~ Long duty cyele (medsured in years) Q
 High latitude opérations (far long
duty cycle missions) 3
» Noinsolation:{polar:winter)
~Thermal death:(ifilize excess heat) 2y
= Simall-RPS when tryingito save uf:| &
& less:power is enough, or dyriamic =]
cycle based RPS for moreipower
Northern Northem
o5, Summer N
- (1367 Wisgqm} - o]
=
I 35 Mars Surtaca Operatons
I (=59 Wisam) 3
3 o
2 @ (300 Wheqm)
b £ i ]
L (180 Wisam) 3
i Latitude °, =0
i (degrees) »
H 0™ i
I Ca a o w0 Aerocentric Langitude
£ {Lucal Stomm) {Giobal Storm) " of the Sun, Ls (degrees) 35

Considerations: Mars NetLander Concept (g-loads/thermal)

» 1 5mall-RPS could

landingt:

* High g-toad tolerince is fieéded during

# Thermal savirgnment should be
addressed throwph aff mission phascs.
(Earth siozape; Launch; Cruise:

Landin,

‘ennble the mission Bagaticll

operalions)

CEC=waoro

s
(o mshyine scicnee)

] 20}
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RPS cancept

on 5% ta 10%
ion efficiency)

©  Muki-unction solar panel (110 We BOL) } ! i
0 Muti-unction soter pane! (110 We EOL)
200 [ GeAs sofar panel (110 We BOL)
< GaAs solar panel (110 We EOL}
7 MMRTG (110 We BOL)
175 o . 3
Mercury
/
G0 : ‘ 1
# %
? Venus /7
& 15| e 2! ]
E Earth .
g Mars
E 75E i B
50 q
25+ !
[
A &
i
; |
H 0 1 2 3 4 5 6 g 10
4 Distance from the Sun (AU)
2 Beyond ~4AU RPS power generationls more mass efficient than solar power generation.
A

) 10}
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-
Mist Triton is the largest Moon of Neptune B
(D=2700km ; 22% smaller than the Moon) =
»  Coldest place in the Solar System (-235°C or 38°K}
*  Thin atmosphere (mostly nitrogen gas with a smail
MMRTG, U Mouogole Antcmia amount of methane, thin haze expands up to 5-
% Setmmoacit 10km) results in a low atmospheric pressure
o OEMS (~0.015 millibar, that is 0.000015 times sea level 5
prossuze z
+ Itcircles Neptune in a retrograde direction |
g
+ ‘An‘RPS enabled mmission; could:utilize;excess Hieat ='
i + Power'system sizing shonld accotnt f¢ i 9
H ¥The <18 years trip time would require the
X MMRTG lifetime réquiréments
B clostzics +!: Skycran uld keep g:loads under. 40;
i
B 40

Envir

for Small-RPS Concepts

Total Ionizing Dose (TID)
Radiation from small-RPSs
after 4 years is less >20kRad

In comparison, state-of-the-art
electronics could tolerate up

i to ~300-500kRad

H

i

H Thus, radiation from small-RPSs

H is ot an issue [
H =5

42




During cruise phase more heat is
transferred to the pumped fluid,
than it is radially conducted
throughout the radiator

o
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Summary

An active RPS research and development program is in place by NASA / DoE
Two systems are under development which could be used on SSE missions
- MMRTG>=110 We BOL
- SRG>=110 We BOL
— Offered as carly as 2009 (MSL down-selected an MMRTG)
Small-RPS development is under consideration
— GPHS based small-RPS in the 10’s of walts
~ RHU based small-RPS in the 10’s to 100’s of milliwatts
~ Potential smal(-RPSs could be made available as early as the 2011 Seout mission
— NOI (out in September 2004) & RPF (is planned for the early part of 2005)
Next generation RPSs are planned, providing
~ Higher conversion efficiency, lower mass; higher specific power; TE, TPV,
dynamic conversion technologies

Radioisotope Power Systems (RPS) could enable potential future Solar System
Exploration missions
- Long mission duration & continuous power generation
~  Works in orbit (vacuum) & in atmospheres
- Independent from solar flux
—  Within ~4AU with high insolaticn, it allows to access locations on planetary
surfaces where solar flux is not available: ¢.g., polar regions,

Beyond ~4AU for long missions nuclear power generation may represent the only
viable option
—  Excess (or waste) heat could be utilized for thermal management
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Power System Mass Summary
BDOO pooneene e
[Ty ; o :
2 G, €50 W (%) 24 KA (5 310 5 veae - oo Gotian, Casuni i space)
7000 0. S ey &=
Soiar.
InQrtit Estimated RPS Teade Spaca
o wslalod naiic conoraon
6000 # (2nd Gon; h=12%)
= P
K 220 Wa (€) ? zWe o /A/mmam
2 Haverem
g 50 i
] 1908 (PR} Voyager {in Bpaca}
] VRIS
5 120 We (R)
g 4000 0 R acla (15,546} EOL
3 7 P
g Teavie ®) A S moui ag)
g MSL. Decs Diil, MMRTG IMRTG (AG 7;
5 ao00 G L ) Hsasily
s s S e
£ e e
s By gr— Tyl
2000 privreema el
Phbicirey-) 253 e
vondine e st
Toedne/ ueirs SSrime
et/ 03Wa®) ey
1000 nd Gan, Teledyna 14<g)
T & Fsyiciony
15 War (E)F- CERDE BIMER-A Aw RPS shudy (12kg} BOL
1o 'MER-A sludy wi 2 GPHS modox: 26 Wa (h=5%} (&) AVERE 20y RPS udies 2hg) BOL:
i
0 Patntnasr 10 20 30 40 50 80 70 80 8¢
e
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- Astrobiology driven goals 10 address MEPAG Goals 1-3

- Instruments could incfude: Microscopic imager; Raman
spectrometer; APXS; Mini-TES; Pan Cam, RAT;
GCMS etc.

- Could operate up to 2-3 years on Mars

- MER solar power gencration: ~600 Whisol EOL;
Small-RPS enabled concepts with
2 GPHS modules: ~620 Wh/sol BOL;
4 GPHS modules: ~1240 Wh/soi BOL.

- Electric power: 2 x 12.5We at BOL (based on
5% conversian efficiency, this conld increase to
as high as ~10% by the next decade)

- Each of the two GPHS modules produces
250 Wt thermal power at BOL

- Waste heat could he utilized to heat components,
‘motors, actuators, efc.

- High power requirements by mobility, telecom

L rsnd e ized for

H poak power tisa

= thigh power Teqi by mobility; telecon)

H iro ald be niddressed

H throughall mission phuses {based on canv.cft)
B
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Power System Cost Summary

35000 g e
s
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Historical Overview (RPS & Solar)
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Power System Trade for the Same Amount of Pu>® Power Generation Paradigm

E Sofar Sail, + Tether
& I
3 Solar Blectric Time d:;peminnl Nuclear Electric 4
Y Propulsion (mission duration) Propuision
[Transgiortatiari)
2 Radinisnlf)pe { Nuclear il
. o g Power System’ 5 Fission g
Small-RPS with | GPHS module Stirling Radioisotope Generator = Reactor -
+ 2 small-RPSs (1 GPHS each) +  SRG110 (2 GPHS modules) ;fg;‘;‘;:;
+  Pu®E fue] mass: 2 x 0.5kg <mpe  Pu? fue] mass: 2x 0.5 kg it Tiiitody Nuctear Thermal
+  Static conversion (assumed ) ~5%)** ==>+ Dynamic conversion (1 ~25%) Fuel Cefi L <A [Propiision Propulsion
+  Thermal power: 2 X 250Wt (BOL) ~ <=vs Thermal power: 2 x 250Wt (BOL) \ & Pouer] g
*  Electric power: 2 x ~12.5We = ~25We =ms¢ Eleciric power: ~110 We (BOL) Batleries - Antimater
¢ System Mass: ~2x ~7-8kg=~16kg <== System mass: ~34 kg 3 3
* Dimensions: ~H13” x W9” X L6" each <=+ Dimensjons: ~H15” x W11.5” x L37.5” |
i« Other: g-load tolerance (TBD) <==s  Other: g-load tolerance (TBD) 2 o Present Foturs 2
¢ « LowTRL: target 2011 Scout == TRLO target: 2009 3 H :
::“; » Development program: not yet started ==»+ Development program: ongoing f
: [ Mot * efficiency wp to ~13% would increse o power to,~323Wo for each sialt- RPS, resi 2 H &

Examples of Fission Power and RPSs (dated information)
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5 KT, Radioiotupe Thenwelectue Genarator TIC: Thermo-lonic Converter
d SNAP: Spuce Nuclem Awsiliary Power (€). estinuated
1 SP: Space Porer demondy.. demenstinted
i AMTEC Alib-Metal Thermo-to-Electric Cells
o TEC. Thermo-Efectric Converter 5






