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@' The Vision for Space Exploration .= @ Mars Exploration Strategies =

Common Threads Guiding principles
{MEPAG Geals)

o 1: Determine if life ever

i arose on Mars {past/present)
(Biological Markers)

II: Determine the climate and
comected processes (present/past)

" Dieckous (Weather & Environment)

1IE: Determine the evolution of
the surface and interior of Mars
(Gealogy}
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Solar System Exploration (Beside Mars) = @ Power Source Classification J=
.
+ Many scientifically interesting e
targets exist in our Solar System —.
Y s S ST
waiting to be explored IE—.J —_— =
e L T T | v e | ||
* A gystematic exploration strategy Lot [ g g ﬁ“ I
. . GPREATG ult-junelle -Thamoaiectic
— could include a succession of S oo EL‘IM‘,’, . | Epommee
orbiter, lander and sample refurn Fteh | Dhiiree ‘ PEMW,.
o AL L oyueriecancsraion
missions to these destinations ”E i
;.'um(anﬂ)
. . +  Solar System Exploration includ.
+ A detailed roadmap with a full set ysten Sxproraticn includes . -
. P . - Orbital missiens — Tn-situ Surface miggions
2 of Design Reference Missions is : + From months {Carth) o years (sny planctary * hours: Venus, Titam;
i currently under development. & destination) . ﬂﬂw; Murs Pathfinder;
E From these a set of missions g * Long missicns beyond Mars coutd be RPS conbled " e r-r'-;':rmnms‘ Mars Exploration
% Co_uld bE_ selected based on H ~ Entry probe missions into atmosphercs * youris): RPS enabled
5 science inferest and other relevant £ « ehort life mensurcd in Lo ot mo marer where v oo
E considerations (e.g., affordability) H * D to Vems Jupiter, Titan e SWEED,
i i = Would require batterizs; RPS would be an overkill we will need power!
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Power Regimes ARy @ Power Options: Radivisotope Power Systems (RPS) JRPL
H §T 154 g P —— *  The Plutonium-238 fuel used in
s Burst mode Fission feactors: 7 RPSs is a radioisotope with a half
applications Lt frspace imaciors tife of ~87.7 years
1EHI2 T using various I~ ; -,
I :,ﬂfg?ﬂfgfs ] TTTT T i :] + 1t produces heat through natural
g o Eaem : ! drgrdatinier \ / alpha (o) particle decay (an o-
cE = Sl e particle is virtually a He nucleus)
- =
a .
e et v Khia = A small portion of the heat is
g cenverted to electricity using
& 1o various conversion technologies
2 ;
£ cells & Balteries ! RPSs: (n~ 2% to 25%)
5] 155 sizo ! ~mulliple RTGs
@ el -RIGs . N
3% | e . T 2 Efectrical +  Waste heat is rejected through
§ 2y ,  milialt BPSs 7 "“”"' d radiators or utilized for thermal
1 et ’ {wilh both static and i control of spacecraft subsystems
s 3 1803 ‘J Soiar dynamic canversions} £ or components
i Fan i {
1é 1.EM 4 : g
g 16 min 1 heur 1 day 1 week 1 month 1 year 1 decade 3
g Application time range i
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@ Power Options: Nuclesr Fission Reactors S=4 @ Power Options: Selar Power Generation =L
) . Mercary (9145 Win®)
Nuclear Electric Propulsion (NEP) Marg Surface Reactor (2., HOMER) Jqoe Solar Pancl Powet Toqomicn’
1 b ) Vonus Siticon ~14.3%
e b enly: - rfaco:
- ienctor made ostof el iy el el R T N Gats ~18.5%
-!;-““ - Diffememt design s needed o suthes b+ i posee 5s Heite by mass 2500 -~ Multi-junct ~22%
E 1 —~ == | BUT: The inherent limitation of
3 AT Extupalaled = 2000 solar power generation, is that
§ - _ E with increasing distance:
: X - Mission time increases;
g
£ [ - Solar flux decreases;
5 - Selar pancls beeome ineffective;
A = 2 - Internal power sources are nesded
2 PR > 5
£ 1000 1
Suitable [or SSE,
3 but beyend the scope z -
E of this seminar. E‘ 500 4
g % o Jupitet  saturn Uranus Neptuna Pluto
b T T T T T + Al
E, g o 5 10 5 20 25 30 35 40
§ ‘;? Distance from Sun (AU)
i
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@ Comparison of Solar & RPS Power Generation =L
225 T T T T T
T WU fueiion Solar panel (110 Via BOL)
O Mut-hmetion salar penel €110 We EOL)
200l B Gans sclor panel (110 e BOL)
< GaAs solar parel {110 Wa EOL)
T _MMRTG (110We BOL)
| AU RN p
Mercury  ©
B s0r L il
E Venus ¢
Boass : §
E Earth :
g
Z 100f 1
b4
E s q
2 S0} q
i 29l. Jupiter i
: . i
3 i i I i i H
£ L] 1 F] 3 ] ] 8 i 8 3 0
H Distance fram tha Sun (AU}
i
4 I Beyond ~4AL RPS pewer generalion is more mass efficient than solar power generation... ‘
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@/ Solar Power Generation on Mars =
Northem
When to nse RPS?
- Lang duty cycle (measured in years)
- High latitede operations
- Mo insolation (polar winter)

- Thermal death (ntilize excess heat)

- Small-RPS when trying to save Pu™*
& less power is cuough, or dynamic
cycle based RPS for more power

Mot winter

T, 1 Asmcentrc Longituda

o f the Sun. Ls (degrees)
When to use salar?
i -Shert duty cyele
H -Near equater
i -High insolation
H -Summer time
H
£ tusolation dopmdson:
2 Seasans
B Latinde
I -Enironment =
b fepidutinom) et s . g
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@ Power Options: Beamed Power

Power beaming options:
1} Orbit-to-orbit

23 Orbit-to-surface
3 Surface-to-orbit
4y Surface-io-surface

N Atmospheric
% absapling

»  Mcthods: Taser & micrownve
»  Beaming vificiency very low

tiround station

Examplc for Power Beaming™:

¥ Gads lascr diode array: D=2m bbb L
»  Distnce: 400,000km (~ BarMoon) o preny
¥ Colleotar on Moon R-250mw; A~ Zkm? 3 4 L
*  Power on Earth: 12MWe \Beming [ i
¥ Pawer on Moon: 50kWe Yy s
P Endtoond comarsion: 0.4% \ Pl
Y ok Seune almespleric

“Lands, 1A, “Moonbema St Brocrr by b Muminlion’, ALAK Juurme of ‘-‘ 4 pawer) absorption

e end Feseee, £, Mo L 1992 Atnospieriel, /. "

'y | ¥tirousd statian

st
This technology is not mature
enough to be used for SSE

Seminar.- O

tironud wintion
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@ Solar Irradiation at Mars =L

e 100% i Power Comversion Effieiencies:
1367 Wisgm) : Silicon ~143%
- Gass ~18.5%
. Multi-junction ~22%
E 1000 —|
g -43% Mars Suriace Ogerations
E (~580 Wisqm} —
g7 ~22% o
- (~300 Wisqm) Operation-life in years, but
E* o ¥ Mass scales with power
PR (~1B0 Wisgqm) 100 W7 16.6 kg; 100KW / 16.6MT
g a0 i
e » Pancl area scales with pawer
o0 100W / 5.2m7% 100kW / 5200m?
¥ Power effectod by

" Earh Omil  MassOrot Glear

(dust; fhermal eycling}

Clawdy Cloudy Degradation (9,5-3,75%fyear)
: (Lacal Storm) (Glatia! Slorm) Distance from the Sun
7 = Solar power generation on Mars is the function oft
ﬁ — Operating latitude — Seasons (acocentric longitude
E Sand starms ofthe Sun — Ls)
é Ecli - Aunospheric condiifons ... but gven on Mars
g pees . - Temain shadowing RPSs could present
g Solar panel degradation advantages
2
Ed
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@ Power Options: Fuel Cells, Batteries, Flywheels =

Fuel Cells Batteries

3 generalors; N, ~70%

cach 12kWe (16kWe bursty
each 118kg; H,0 byproduct
But: 7-14 days of aperation

158 Battery Orbital Replaceient Unit
2 BORUs provide 6.6kWc; cach 166kg; <1 weck

Battery replacement option

Pk Ben Fame
Pl
¢ .

e

3 in parallel; 110kg each Flywheel unit under development for IS8

each 1.4kW (2.3kWe burst) ~50,000 rpm; greater capacily: clean;

But: ~400 hours of operation more economical than bateries
Seminar - Oregon State Universly - Nuslear Englpessing and Radiatlon Health Physics Depart ment

oy e i /7L, Offs- 38, e 7 3204

@’ US RPS Enabled Missions .=

U.S. Radicisotope Missions

Used safely fn =25 missions since 1967

oy Tver Bz, JPL. Ao 630, et 0 2004

fire Wi b0 Sl
on State Univemity - Nochar Engineering and Radlstion Heallh Physlcs




@ Building Blocks for Future Small-RPSs .=

General Purpose Heai
Source (GPHS) Module
[250 W1 BOL], ~1.4kg

Bswane
SUPRGMITE)

msATIR TuEE
a8

Graphile Impact Shell

L e
o RCLERC)

Fuet Capsula

z

H Mass = 3542 Ibs 0.5 kg af PUZ? e v
é We have these at TRL 9 T
i’ Radioisotepe Heater Unit (RHUT) ey
E [1 Wt BOL]; ~40grams g

&
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Conversion Technologies: Static

et ey

Lica Shemr el

+ Themnoeleetric (TE): is a static conversion techmology utifizing the
Seebeck effect
— Low efficiency (~2% wilh RHUS & ~6% with GPHS)
— Thermocouples {to be used in MMRTGs, high TRL}
— Closed Packed Arrays (CPA) (under development, prototype only)
— JFL is working on segmented thermocouples with a demenstrated 1~13%
Varlety of TEs: 8iGe; PbTe - TAGS; Segmented TE; Skudderudites; ete.

— Long missions should account for TE degradation (~0.8%/year)
(Note: there is a ~0,8%/year degradation due to the radioisotope decay
resulling in a total degradation of ~1,6%/vear)

Serminar = Oregon State Undve ity Iear Ergineering and Radlation Lealth Physics Depart ment
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@ The Past - GPHS-RTG =
General Purpose Heat Source — Radioisotope
‘Thermoelecitic Generator {GPHS-RTG) + 13 GPHS modules
[rm——— R - Dimcnsions
Fnf by e - Lesgh 113cm
- Diameter 43 em
= Massi6kg
+ Py®iBKG
»  Power ~240Wc
= Voltage 28V +-0.2 VDC
* Mission life ~14 vears
+ Missions:
Galileo (2 units)

Cassini (3 units)

+ Wil be discontinued after
he planned 2006 Pluto-
Kuipter Belt mission

Note: Voyager used MHW-RTG (150We)
{still operatignal aficr niore than 27 years)
Viking nsed Siap-13 {40.3We) on Mars
{operated for over 7 years)

(3'HS medule stack

PR ———
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@ Heat-to-Electric Power Conversion

Jfor example Stirling; has high efficiency (~20-25%)

@

ey % | Commars

Heatpipe

{mot u converier] T

iltar,

to increase conversion efficicncy!

Ongoing development effort ‘

Stirling cyele
Seminar — Cregon State Unlversity — Noclear Eogincering and Radiarfor Zealth Fhysics Deparnent

Brﬁ;}an cyde Rankine cycle

JRL

Conversion Technologies: Dynamic
Key Stirling Converter Companents and Fonctinns

Platon Flsxurea-suzpart Ditplacr Faxurma -
- and spring Pislon fAtamstor Figppert and spring the
Linoar Altamator nsombly . — displacer . . .

Magnats, Stator & Calls.
- romain stationary and
produce elsctric power

| s
| solstes gz working saston

Dhaplager - rocirocries.
-shoting Wirklng fued- -
biibdioan axpansbon and
compresslon spaces

Heut in from
GPHS module

Hot End Hoat
Exchanger- haels
the werking gas

Lingar Akomator Myer,
i ? Reganarator - Impraves
mdiator Bngina oyele officiancy
Dispiacerilod - Cold End Haat Exchenger-
r;(wqubh:';d drives diives tha displacer cajerts heat rom the working gas
- AL Power oul “Closed ayele
Dvnamic conyersian w0 conmoller *Reversible thermoodynamic processes

“lsothe el compression and expanson
“Constint volume displacement
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Multi-Mission Radioisotope Power System (MMRTG) Ji=L4

Pramriinety —
8 GPITS modules Oy P - - ot
+ Thermaclectric conversion
Lfficiency ~5.5-6,5% i o

-« Dimensions (half ihat of GPHS-RTG), - [p—.

— Length~55cm R Bk Fasm

- Dismcter 43 cm i o=

fieier
+ Mass: ~42 kg (CI3E) (w7 not 1o exoved 45 kg) :
+ DU KG -+ i d froania
+ Power ~128 W (clcetric) (BOL) ;
~2000 W (thermal) {BOL)

+ Vollage 28V #40.2 ¥IIC

Mlission Lifi ~14 years
Irepnce & stirfisos operation

Availobility:
~  Under development
~  Down-selocted for the 2009 MSL mission

Potential mission impact:
—  Lew g-load tolermmiee
- Thermel design ¢ beat scjection psiam

[

PbTeTAGS Unicouple

Serinar - Orcgon State Dniveryity - Nuckor Enpincering and Rodlation Fealth Physles Department




e Tl Uit JPL OMTr416, Reverhen $2,3004

&

= 2GPHS modules
* 2 Siiling converters (n~25%)
¢ Dimensions: 1L5"W x IS"Hx 37.5"L
+  Mass: 34 kg (CBE), Pu?* ~lkg
+ Pawer: ~112¥ (glectric) (BOLY,
~$00W (thermul) Fom 2 » GP{IS (ROL)
= Voltoge: 28V +-0.2 VDO
¢ Designlife requivement: 14 yerrs
*  In-spoce & surface uperation
+  Availability:
- Development iitiated 842 backup 0 MMRTG
- Broad opplication potenials e.g. lunor explomtion
- 4upits will be availsble by 2000-2010,
our intontion is p usc them o upeoming misgana
: = Potemial mission impact: e AL romEcaa e .‘f‘.g:?;.'?i i o
- Vibmtion il s
5 _  Electmmagnetic interfercnse 1 e
§ - Unkuown whishility end Ffetime for Stirling
£ coaveriers
g - Low gload (lemmoce A
i ~ Thermsl design ¢ beal mrjection syslem "
g [0 & fesser extent thay that of an MMETG) ?
€
3 Serinar - O regon State University - Noclear Engineering and Radiativn Healih Physica Department
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Z

E RL2

z Potential

% power range:

H ~4( to 160 mWVe
:

i an State Ulventy - Nuslrar Englneeting and Rodiation Tealth Physles Departmens
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Stirling Radioiscetepe Generator (SRG)

T T ——r

oy

=

Small-RPS: “PaperWare” with Multiple RHUs

DoE/OSC Study (2003)  [7 concepts; ~40mWe each] DoE/QSC Study (2003} [~40mWc]

o T ik, [, DTG0, Ve 30,2000

£

Small-RPS: “PaperWare” Concepts with 1 GPHS Module

[~TRE2

DoE/OSC Study (2003)
ic K akrted Rarcah

[maT - Crregun State Ciiverslty — Nortear

&

s
JEL Study (2004)
{MER-A: -B,; -C}

Potential power
level: ~12-32We
Mass: ~6-8 kg (est.)

TPL Study {2004)
{Mars Net Lander]

Rzdiation Hezlth Hyslcs Depa TSR]

Small-RPS: Protoiypes Built & Tested Around RHUs

Exploded view of e JPL/Swales:

Miliwar RPS 20 mWe in vacaum,

D=6.40r/L=8.1er% m-0.3kg;
specific power: 0.067Werkg

Potential
power range:
~20 to 40 mWe

BIAPOS concept [2 REUsT0niWe]
Buik end 1ested in Russlay 2 REUs;
D=8.5¢m'T=13em; 0.37kg; specific
power; 0.139Werkg (also | RHU)

NASA ARG Milliwat RPS concept,
40 mWe; with higher g-loed tolerance:
m=0.121kg; spec.pwr: 0.33 Werkg

157, Milliwart RPS; 40 m1We;
0.325kg; spec.pwr.: 0,123 Wekg

Seminar—Oregon Staie Universlly —~ Nuclear Engineering and Radiatlen Healih Foyeics Depart ment
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Predicted Nuctear Power System Availability

Powar Source
Type and Power

2004 ¥ +2010 2015 2020

17 Deselaiees pagalty by 201 Mara Scot
1
mnmhmmpnu;mww:nu ‘Mora Scoat

'
| | I | }Under development for JMO

RPS avallable for S5E

l\f v
T ———

Small RPS potentially available

'
T
]
1
:
1
JIMO class fission based power generation !

Nole: ihg lasl GPHS-RTG will be used on the upcoming planned {2008) Pluto-Kuiper Belt mission

[

SRy

Mission Impact of RPS Requirements

Baquiremsnis Implications
Er g P R AN G
Lifetlmes >—14 years Mistions 15 Nepmese could take I8 years, RES is limited 10 Jupiter, Saturn,

mayhe Urnus

Missions limsited to-s0ft JorHng and to ocbital i des sprce

pload lokermee: 40g

Operate in vReoum Wil have fho rapability 10 op Marsand en ‘bodias with or
0 In atrmspheres withou atroepberes, ia eddition to arbite] / decp spece miastiens fn vacuum
op Cold ovler i i AT botweon bol & oald sides of the Txis

Venus environment is challenging due (o Kigh T (beot rejec on)
& préwsim (el venling)

Thcrmsl v a should be adidressed fuugh it opertionnl phosas, e.g,, ot 2 landod
‘misgion on Mars il would fnclude lawnch, ¢rvise, EDL, sorfher peoslions

Othar U to ~4AU solar power s more mass ¢ffieient fn othit, RPS miszsions oot o Mara are
litiwed w locations where long dunstion aod independenee from the 3un i reguited

‘Requirements are not yet sel | We could set requirements for Tooger i
the largest pumber of mmazions

e und bigher g-lond telerenre 0 cnablo

Radiation envitonment Polcatial inpact o SIC components shocld be addreased;
(Molerinl charging by RES s nol considered a problem, since. the socondnry gamma

and neubron rdiation fopact i very limitod)

[ Trvs incomplete tist s showen to llustace the impact of variows requiraments on polental missions |

Sewiuar - Oregen State Univemity - Berlear Engloeering und Radtatton Realth Physics Department




@/ SSE Concept: Triton Lander =L

Oxyipa vaskes 2)

= Triton is the lavgest Moo of Neptune
(D-2700km ; 22% smaller than the Moon)

= Coldest place it Solr System{-235°C or 33°K)

+  Thin simosghere {mastly nitrogen pas with o smull amount
of methane, thin hoge expands up to 5-10km) resulis in a
low atrmospheric pressure (~0.015 millibar, that is 1000015
times sea keve] pressure on Barih)

= Ilicireles Neptune in o retrogmde ditcction

g

H

E + An MMRTG ennbled niissiont could utifizs excess heat

3 » Power sysiem sizing should account for degradation

é = The -18 years trip time would require changes to the
1= MMRTG lifctime raquirements

E » Skycrane landing could keop g-loads uader 40g

£ Saminar - Oreson State Univessity — iear Enginre ring and Radiatien ealth Physics Uepartment

’@ Mars Mission Concept: NetLander =

AnMIs——]

lor alesrshphasit veleme)

= 1 Small-RPS could enable the mission  |Badtebelt -

+ High g-load talerance during landing!

= Thermal envirotment should be nddressed g HHalc; the RFS. clesicunics.
\hwongh rll mission phases

Opileat Conin——=

)&t eneliguemion

+  Monitor weather & environment

- Address MEPAG Goals 2103

= Instrumenty could includc: scismometer;
mini-MS; Pon Cam, metearalogy sution

= Use upto I0 landers

= Hybrid power system: emall-RPS & battery

*  Highpower requisement by teleeom

= Long life {up 10 seveal years)

Independent fom solar flux

*  Capable to operate at any location

Sranll-RPS coneept
~12.5-25Wo

{bazed an 5% 1o 10%

eonversiun efficimey)

L Ty e——reTy
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Mars NetLander Small-RFS Thermal Issnes =

Forced Convection; 0.51min B

e

- EDL phase, loss of cooling t=600s .-

i

E

5

K

H

3

B

H

2

§ Prefiinacy reses, 6o iiustration purposes oy Thermnl aoelysic by Mick Enc:
Fl Semlnar_Orezon Stale Unive ity - Nuclear Enginrering aod Radiaion Flealth Phy partment

@ SSE Concepi: Eurepa Surface Science Package  Ji=L

T Tk 2

BRL-HIGE: Thrusmers o)

Martwill Fan €am
Tonen iy - Total mass: ~375 kg

woxzm « Tolal Power: ~50We

3 + 3 Small-RPSs (single
GPHS module based)

* Plus a secondary battery

» Shielding mass ¢an be significant,
limiting mission duration (3-14 days)

fr—

" Tber e, FFL, CTie 610, Fovereter 30, 1004

+ Smaili-REPSs could enable an ESSF mission

+ Excess heat could be wiilized for the WEB

+ Development effort should address TE
conversion efficiency

., “To Furops #nd Beyond (Enabled by o
" EEEDS Acrospaco Canforence, Rig Sky, Wl g ki
Moatean, March 2005 {10 sppear)

Scrripor = Oregon Staie Universi Nuclear Engincering and Radiazlon Mealth Physics Depari ment

Small-RPS Concept for the NetLander S=

Custom concept for the Mars NetLander
Pren ~I23 BE LY
=23 W (BOL) ar 1083 corm

(hianK 1400}

Haal Siiik Bar
L g Sepurator
(Min-K 1400

Thermat Simap e Blies theetiuld i}
Exils (32

/"-"“"'\ . I y Close-Pasbi] Aways. (CPA)
5 . ; Mica Sheet thol ldey
. &

Mans: 54 by

Hew Aseumili Rk

L 3 RS wrmal lrevtateos
B AWK, 14000

HaBaer zea; 11734 3 2emy

Nuta: this smalkRF'S ia highl: i i i J ik suchas
the heat atraprs eonnecting o BPS to the mdintor: the helium vent, the power ontlet; bolty, seals: eto.

Seminar _ Oregon State Unlvesity — Nuclear Ensinetring and Radlation Pealih Physics Depart ment
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§ Heml Aucurmslalor
4 Nﬂxk

g

1 . Heg Sind base

E Linukd Cratamt Lusp A1m 1 0.115m x 0.1 | S Thesmat trsulue (MinK 14003
g

i

a

2

£

E

@ Radiation Environment for the NetLander Concept =L

Ratactan frome 1AFHE modis PRatian|
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@/ Mars Mission Concept: Small-RPS Powered Rover JFPL

Ashrebiology driven goals to address MEPAG Goala [ to 3
+  Insmumeniscould include: Microscapic imeger; Raman
spoctromeler; APXS, Mini-TES; Pan Cam, RAT; TEGA;
GUMS cte.
+  Coul opemte op to 2-3 years on Murm

+  MER solur power genemtion; ~600 Whisol FOL;
Smal-RPS erabled concepts with
2 GPIIS medules: ~620 Wh'sal BOL,;
4 GPHS modules; ~1240 Wh'sol BOE.

v Ehectric power: 2 x 12.5We sl BOL (based on
5% conversion elficiency, this could incremse to
a5 high 65 ~10% by the next decade)

*  Enchofthe twa GPIIS moedules preduces
~250 Wt thenmal power at BOL,

*  Wose heat could be uilized to heat components,

E otors, ooluators, ete,

% = High power requirennents Ly mobility, tekconm

5 [« Fiybria poser systerm should bo sized for

i peak power usoge and energy usige

5 {high power requicements by mobility, telccom)

% | - Thermal envitonment should be addressed 2 x Small-RFE

H through all mission phoses L conuepls-25-50We
3 (bawed on someff)
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-@ Small-RPS Concept for the Mars Rover =
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@ Radiation Eovironment for the Small Rover Concept Ji=A.

¥ . * Disunce aloag
x o (mim)

Distuned Tungs -
S
sunis{mmy

Distunce aluny
xeanis{run)

" T Bulr, I 4T 610, Kool 30, 5004

Sendnay - Orepon State University - Nuclear Enplree ring and Radlation Health Ehysics Department

@/ Mars Mission Concept: Deep Dritl =

= Decp Drilito 10 m or 50 mdepth

+ Keyh : sampl isition and
meteorelogy instrument; Pan Cam

*  Toaddress MEPAG Goals 1103

*  10mdrill could echicve mission goals with
4 small-R1Ss, penerating ~50We and ~1240 Whisol

+ S0mdrill woukd require an MMRTG
(=110 We and ~2700 Whisol)

*  High power reguirernents by
driflimg spemtions and telecom

= ybrid power system should be sized for
poak prtwer usage srd energy usage
(igh power requirerients by deilling, telecom)
= Thermal environment should be sddressed
through all mision phases \

4 % Smalt-RPS comseqria 1
~50-100 We (bused on coav.eff) a2

o T Butm, TP, AT 510, Moveoer 10, 2004
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* An active RPS research and development program i§ in place by NASA / DoE
«  Two systems are under develepment
— MMRTG >=110 We BOL
— SRG>=110'We BOL
— Offered as early a5 2009
« Small-RPS development is under consideration
— GPHS based small-RPS in the 10°s of watls
— RHU based small-RPS in the 10's to 100°s of milliwatts
— Potential small-RPSs could be made available as carly as the 201 1 Scout miission
— NOI {out In September 2004) & RPF (is likely to come out this month}

» Radioisotope Power Systems {RPS) could enable Solar System Exploration
missions
— Long mission duration & continuous power genaration
—  Works i orbit (vacuum) & in atmaospheres
- Independent frem sokar flex
- Within ~4 AU with high insolation, it allows (a access locations on planctary surfaces
where solat flux is not available: c.g., polar Tegions,
Beyond ~4AU for long missions nuclear power gencration may represent the only
viable option
Exiess (or wasie) heat could be uiilized for hermal management

e Dalive L. OfFca- 10, Hormcbes 30,100
|
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Thanks for your attention. Any questions?
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Power Generation Paradigm
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Historical Overview (RPS & Solar)

Past RPS:
MHW-
Snap-19
(GPHS-

RTG

RTG

Near future RES:
MMRTG (~2009)
SRG (~2000/2010)
(Small-RFS; ~2011?)

Solar panels:
CaAs/Ge
GaAs & Si
Triple juncton
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Radiation Exposure: Material Charging

&

forming high voltage-potential charged regions
= Ifpgrounded, the charge could arc forming a permanently buraed cond
+ Internal charging could result in catastrophic breakdown of materials!

Example: Lucitc acrylic, ewposed to 4.5 MeV electrons, then shorted
at the boltom 1o a ground point. (hy P.B. Willis, TPL)
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* In radiation environments, high speed electrons could trap inside the material
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@ Radiation Tolerance: Testing vs. Acceferated ‘Testing J=U

Start Tesiing Result
< -

: I:'> 100°C for 5 minutes :)
40°C for 1 week
- = - = Ot

£
B |:> 20°C for 3 weeks |::>

T B, T DT 410, Hvnde 20, 1004

| Accelerated testing is only meaningful if the mechanisms
to be tested remain consistent through ranges of time,
temperature, rate, energy etc.
|
Therefore, equal “dose” may not result in the same outcome!
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@/ Power System Trade for the Same Amount of Pu*s =L

Small-RPS with § GPHS module Stirling Radioisotope Generalor
+ 2 small-RPSs (1 GPHS each) = SRG11C (2 GPHS modules)
+  Po2% fuel mass: 2 x 0.5kg <= Pu¥® fuglmass: 2x05kg

Static conversion (assumed n ~5%)" ==+ Dynamic conversion (n ~25%)

‘Thermal power: 2 x 250Wt (BOL) <=+ Thermal power: 2 x 250Wt {BOL)

g »  Electric power: 2 x ~12.5We=-25We === Electric power: 110 We (BOL)

é . S_yslern Mass: ~2x~7T-Bkg=~16kg <= System mass:~34 kg

g Dimensions: ~H13” x WS" x D6"” each <=+ Dimensions: ~H15" x W11.5” x L37.5"
s+ Olher: g-load telerance (TBD) <=+ Other: g-load wlerance (TBD)

5 « Low TRL: target 2011 Scont o+ TRLY farget: 2009

£ Development not yet stasted ==+ Development program: ongoing

g

x

Note: " olfivicnsy up fo ~13% wotld inometse o power 16 ~323We for cach small-RFS, resulting in £5We |
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