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Common Threads Guldlne pnnc~ples 

(MEPAG Goals) 
I Detenntne ~f Life ever 
arose on Mars (pastlpresent) 
(510logzal Markers) 

I1 Determ~ne the climate and 
connected processes (presenvpast) 
(Wearher &Environment) 

111. Determine the evolution of 
the surface and Intenor of Mars 

N Prepare for human exploration 
(RoboldH!,mon Prearrsors/Hufnans) 
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I@ Solar System Exploration (Beside Mars) J P ~  

Many scientifically interesting 
targets exist in our Solar System 
waiting to be explored 

A systematic exploration strategy 
could include a succession of 
orbiter, lander and sample return 
missions to these destinations 

A detailed roadmap with a full set 
of Design Reference Missions is 
currently under development. 
From these a set of missions 
could be selected based on 
science interest and other relevant 
considerations (e.g., affordability) 

Power Regimes J P ~  
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IQ Power Source Classification J P ~  

- Solar System BnplOrdliOn includes 
- Orbital mirrimr - I o 4 l u  Surfaccn~issians - Fmmmnrhs (cash) !n y r s n  ( s q p h n m r y  hours: Venus, rmn; ! d.itinn,ian) d n ~  MYE Pnlh6nda. . long mlirlons bcpnd Me16 COUM k R P S  comb1.d * ~ k . d m n n t h r  MnnErphotion 

R ~ \ r n .  

{ - Enwprabcmissians inlo atmosphers * ysar(r). RPS cnnblcd 

a hhnrtlrfcmrnauicd ,"ll0urs 

2 * C p. tn V c w  Ju~!c I ,  Tmn 

B 
5 ~ m - r - ~ . r ~ e n ~ ~ t = u d ~ r n ~ ~ - ~ u ~ a r ~ q ; ~ m r t m r n d ~ s d ~ n m n  m a h ~ h > a ! a  h p r n l a m  

Power Options: Radioisotope Power Systems (BPS) $%t 
The Plutonium-238 h e l  used in 

,.- u-236 -. .. RPSs is a radioisotope with a half 
,' ' life of -87.7 years 

It produces heat through natural 
alpha (a) padcle decay (an a- 
particle is virtually a He nucleus) 

A small portion of the heat is 
convetted to eieclriciiy using 
various conversion technologies 
(q- 2% to 25%) 

Waste heat is rejected li~rough 
radiators or utilized for thermal 
conbol of spacecraft subsystems 

rrmp . or comDonentS 

Power Options: Solar Power Generation J P ~  

I BUT: Theinham limitation of I 5 2000 1 I - solar p a w  genmation, is that I I 
I vnth hacasing dismce: 

- M i s r i ~ l l  limc i0creas.s; 
- Solar flux dccrcasa; 
solar nm~cls Omme incEmtive: I I I f I\-..... I - ~ l e r n i  p w c r  sourccs are ore& I 



1 @ Comparison of Solar & K$S Power Generation JPnS 

Power Options: Beamed Power ""I 
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Solar Irradiation at  mars 

Operation-life io years, but 
> Mas s a l e s  dthpowcr 

IUU W116 .6kg ,  100k\VI 16.6YT 

> Paricl arca ualc; nim pow- 
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1; . Solar eowet  eeneration o n  Mars is tllc function of. I 
- Seasons (zprocrotrir l~n&dc 

- Sandnomr o fLeSuo- i r )  
- Aunospbcric condilions 
- Tarvin shadawing 
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RPSs could present 

Bovver Options: Fuel Cells, Batteries, Flywheels -fp 

Fuel Cells Batteries 

cach IZkWe(1OLWc bnrst) 
each I Lars; H ~ O  byproduct 

ISS Ballmy Orbital Rep1acanmlUnil 

But 7-14 d v y j  ofapcrrtia~i 
2 EURUs providc 6.6kWc; cach 166kg, el iveck 

Uattcq replacement option 

Flpvl~ccl unit mdm dcvelopmmtfor ISS 
$ each 1.4kW (2.3kWc bursl) -b&OOO rpm; pats capacib clan; 

But- 4 0 0  Itours ofopcralio>~ rnaceeon~lnical L s l  ballcries 
k d n s r  OmrnSl(llr Uni%mlN-Naler E~lm34q~ndBldlrli.n KcslthFh>dcr OrpSfilrld 

US W S  Enabled Missions 



Building Blocks for Future Small-WSs jp 

B 

i 1 We have these at 'TRL 91 
$ Radioiialope Heater Uoil (RHU) 

[I Wl BOL]; 4 O p . m ~  E snmrr- omon su* unl.rram -xlrlr.r~.girrrdn~ znd ~rdm~enmurh ti,,*( hpnd=t 

Conversion Technologies: Static dm 

Seebeck e&ct 
- Low elliciency (-2% with RHUs & -6% with GPHS) 

j - Thermocauples (to hc usedin MMKTGs, high TRL) 
- Closed Packed Arrap (CPA) (undor dovelopmenl, prototype only) 
- JPL is working on s e p e n t e d  thermocouples with a dernonslraledq-13% 

j - Variety oCTEs SiGe; PbTc - TAGS. SemenledTE: Skudde~dites:  dc .  
I.nllgn!i;;lc-ns rhcull arcuultl IL- TE Jcpdxion(-0  Y".r',rar) li ISoIc. 3ac is 2 -0 Sc'3!b:dr dtw, Ial'<!n 6 f t e t . b  ~ I ~ ~ ~ r v J o i , ~ l a p c c m . ? ~  
r-.!olli-e .ot I total drrmdaliam of-l,6%#)car; 

The Past - GPMS-RTG 

I General Purpoir H u t  Source - Radioisotope 
Thermoelectric Gensrator (GPHS-RTG) 18 GPHS  module^ 

,Jm-- --* M e , " . ,  - Dimmsion~ 
- LcnglhL13cm 
- D i n m k r  42 an  - Mass 56 kg - ~ " L - S K G  

Poaer -240Wc 
Voltsge 28V+/-02 VDC 
MisFian life-Ll years 
Mirdans 
Galilm (2 units) 
Cassini (3 "nil$ 

(opcraled for ovcr 7 ycars) J 

Heat-to-Electric Power Conversion J P ~  

Ongoing dcvclapnlenl efforf 
Lo incrcae conversion eficicncy! 

f 

Conversion Technologies: Dynamic 
Key Stlrllng Lonvertercompoaenta nnd runctlonr 
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@ Multi-Mission Radioisotope Power Systen~ (MMRTG) dp 
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Smll-RPS: "Paper\Vnret3 with Multiple RHUs 

DaWOSC Study (2003) 17 concepts; 4OmWceachl 

k s l  
power range: 

Predicted Nuclear Power System Availability 

1 I I I 
I I I 

RPS ava~lablefor SSE I 
I I 

k 
I " JIM0 class fission based power generation 

5 Nole. Ihe ~ s s ~  GPHSRTG WII be used on ~ h s  upcoming plannad (ZWB) PUIO-~ujper Belt m~ssion 
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I@ Smll-RPS: Prototypes Built 81 Tested Around RHUs A p  

Mission Inipact of RPS Requirements 



SSE Concept: Triton Lander J P ~  

* Pouci syrlcmsiz~n~ shouldaccoual Tordegnlat~on 
. nc -18 ycorsInpllmewo"ld wq">n;.hna$csto~hc 

MMRTG l i l b m  ncquimmlnr 

Mars Mission Concept: NetLander d P b  

Monitor vmlha & enuirnm,,t 

N h  MEPAC Coals 2 Lo 3 
Inrru-tscuuldxnc~vdc surmmcm, 
mmi-MS; Pan Cam, mctmlogyiurion 
Uw up m I0 b n d ~ j  
Hybrid power s y s t e m  -11-RE 9 be* 

ili& p v c r ~ u i r c m n r  by111111 
Long Ith (up lo &?"en1 y m )  
Indvadem b m  ralnrnur 
Caplblcul vrateatony Lrulmn 

I@ Mars NetLander Small-RPS Thermal Issues dP 

SSE Concept: Europa Surface Science Package J P ~  

Small-RPSs could mable mESSP rnirsiol . kcus beat could b c u l i l i d  for thc WEB 

- Told nlass. -375 Lg 
a Told Powm: -50We 

3 Small-RPSs (single 
GPHS module based) 
Plus a reondarybaltccy :. . - . . SaR lmdiog (total hv-!.65!mds) -?- 
Shielding mass can bc sipilc;ml, 
l'miliogmirrion dualion (3-14 days) 

Small-RPS Concept for tile NetLander J P ~  
I ~ z o m  couceot lor the Mars NetLander I 

Radiation Environment for the NetLander Concept dp 

..IYt--C-*- Small RPS \ 

1: Ramahon 
sensor 

i 44 Spot rli~eldu~g 1s provnded 
brlnwn 1heRPS ald lllc 

j ++ [ radlatlao smsor 

\ - 
1--- -- ". - O-..ll",ll- 



Mars Mission Concept: Small-RPS Powered Rover J P ~  

MERmlor ~ w r ~ p n v r a t i o n .  6 0 0 W - 1  CQL, 
Small-RPS clublcd c o c w  w~th  
2 GPllS rnduks: 4 2 0  WmIROI. ,  
4GPHS mcdulrs: -1240 JlWmlBOL. 

Radiation Environ~nent for the Small Rover Concept 

Summary JP 
I An active RPS research and d e v e l o ~ m a ~ t  omaam is indace  by NASA / DOE I . . -  . - 

I . TWO systems are under dwelopment 
- MMRTG -110 We BOL 
- SRG >rl lo We BOL 
- Offmncd ar carlya~ 2W9 I - W&IIP\ dwelonment is under c~n~ideration -~ ~ ~ - - -  

- GPHS based small-RPS i~ Ibe LO'S ofwarn 
- RKU based smaU-RPS in the 10's to LOO'S of milliwattr; 
- Potential maU-RPSs could be madcavailablcas w l y  as lhc2011 Scaur mission 
- NO1 (out m Scp~mbcr 2W4) Br RPF (is Likcly to come oultlk rnonlh) 

I . Radioisotope Power Syslems (RPS) could enable Solar Syslem Exploration 
missions 

- Iodepmdpnt from s a l ~  flux li - W i h i n - 4 ~ w i t h t t i g b  bsda~im, i ~ ~ l ~ o w s  to actas bcahnsou pIanctarysucfaces 
whcrc solar flux isna availsblr: c g, polar rcgions, 

- Beyond -4AU for laogmissiooe nuclear pawn galoalirm mayrcpracnt  llconly 
viablc option 
Excqs  (01 wa~tc) hcateould be ulili,d for L m a l  maoagment 

I@# Small-RPS Concept for the Mars Rovcr J P ~  

- DrrpBmllm l o m o ~ 5 o m & p t h  

. Key instrum,>,% mmplc 8cq"bitlonand pmcraing, 
meomlogy ,nimmcd. Po. cnm 

r ro nddms MEPAG cmh I to3 

lOrndnll couidmch~w m>8s8unbu~lrcllh 
~rmall.RI'Ss, gcnrraring-SOWcnnd-1MWral 

. SomdrdlsouldicquiiciiciicMMRTC 
(-110 We and -2100 \Ylhol) 

Ibphpwermrmrmna by 
iinllongupcmt~omunJ letcorn 

4 r S ~ l I . R P S c m q u  
-5O-lmWc(burdnnr~n~.cC) 

Thanks for your attention. Any questions? 



Power Generation Paradigm JPI 

Historical Overview (RPS & Solar) J P ~  
<..,-<. ,,',", '-.,..c k& \< \Yu,;",l -11 r,'r,t 

Past RPS: l,:,~l,.~L",,,,>~. ~P, ,*cc  s,e,<,,b 
<>,~?,,~,,"\~.,.. 

MHW-RTG I - C.,I11c., 1 , , :  ~,,,,,,, i:::i ::, ;:I:;; :: I I " 1:1'111111< 

Snw-19 
GPHS-RTG 

SRG (-200912OlO) 
(Small-RPS; -201 I?) 

Solar oanels: 
GaAsIGe 

Bower System Cost Summary 

I $ 5306W.lpt L Wn. S K I P  9 4 o l n . y u r l L W n ? a u n m r .  I/alr 

LtEI) 
3.3M,*!  2D 40 100 120 

Coot ($M edJunMtorFYO3) 

Fission Power and RTG's to Date JP 

Power System M a s s  Summary dP 

I@ Radiation Exposure: Material Charging A p  

I In radiation environments, high speed elechons could trap inside the ~naterial 
forrni~~g high voltage-potential charged regions 

If grouiided, the charge could arc fonninr! a oermanentlv burned conduciive naffi I I . 1 n k a l  charging couid result in catastrophic breakdown of materials! I 

Examplc: Lucilc acrylic, exposed lo 4.5 MeV damns. thm dlorlal 

$ allhc bollo~n m agmund paint. (by P.B Willir. P L )  

! s n r n a r -  o m ~ r n s ! ~ t ~  u i r r m i v - r w ~ ~ a r  ~ q i m ~ d o ~ m n d ~ s d ~ ~ a n  ~ b n l t h ~ h ~ . t ~ n ~ , t ~ 3  



) 10O0C for5 mjnutes a 
) 40°C for l week 

temperature, rate, energy etc. 

Therefore, equal "dose" may not result in the same outcome! 

Small-RPS w~th  I GPHS module St~rling Rad~o~sotope Generalor - 2 srnalCRPSs ( I  GPHS each) SRGl I0 (2 GPHS modules) 
Pu238 fuel mass 2 x 0 5kg -. Pun' fuel mass 2 x 0 5 kg 

Statlc conversion (assumedq -5%)" 4. Dynamic convenlon (q -25%) 
'Thermal power 2 x 250Wt (BOL) 9- Thermalpower 2 x 2SOWt(BOL) 

S ~ t e m  M a ~ s  - 2 x -7-8 kg = -16 kg b- System mass -34 kg 
D~menslons - H I T  x W9" x DG'each 6- D~mms~ons -HIS" n WL I 5" x L37 5" 




