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INTERPLANETARY MISSIONS
USING
NUCLEAR-ELECTRIC
PROPULSION '

H. W. Loeb, 1st Institute of Physics, Glessen

H. Bassner, Dasa, Munich

, Berry, ESTEC, Noordwijk

. Hechler, ESOC, Darmstadt

. Leipold, DLR, Cologne

. Meusemann, DARA, Bonn

. Noack, DARA, Bonn

. S¢chwehm, ESTEC, Noordwijk
. Seboldt, DLR, Cologne

==

@mI=

Reference Missions:
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Asteroid Sample Return
Mercury Lander
Pluto/Charon Rendezvous
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NSTAR,
30 cm Kaufman-Triebwerk
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e 1. Referenz-Mission: FORTUNA

Vergleich NASA-Flug ,DAWN* zu Vesta/Ceres (Orbiter)
CONSEP-Studie : Round Trip zu Fortuna (Sample Reétur

DAWN: 3 NSTAR + 10 kW GaAs-Panel, Mars Gravity Assist

CONSEP: 3 RIT-22 + 19 kW Si-Panel, keine Gravity Assi

DAWN: Startmasse 1,24 to, Missionsdauer 8 Jahre

CONSEP: all-SEP 1,54 to, 4,6 Jahre
hybrid 2,05 to, 4,1 Jahre
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SEP FOR A LANDER MISSION TO THE JOVIAN MOON EUROPA

H.W. Loeb and K.-H. Schartner, Giessen University
Wolfgang Seboldt, Bernd Dachwald, and Joern Streppel , DLR Cologne

Hans Meusemann and Peter Schilke, German Aerospace  Center Bonn
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EUROPA — A HIGHLY INTERESTING TARGET

» Europa is the second Galilean Moon of Jupiter
(Jupiter distance: 9.4 R)).

* Beneath a ca. 20 km thick icy shell,
a deep, warm, salty-water ocean is supposed.

e |n such a habitable environment:
|s there a biological evolution?

» Tectonic activities caused fractures of the
icy crust, subsurface material intruded
and reached the surface causing long "bands".

» There, in-situ measurements may trace out
organic-chemical compounds.

Photo: NASA
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EUROPA-MISSION TASK AND PROBLEMS

o SEP-task: transport a chemical cruise & landing vehicle
into a high circular orbit around Jupiter
(e.g. 80 R, altitude), with SEP-payload ratio ca. 25 %

« BOM: SEP-spacecraft has escape velocity from Earth, but C3 = 0,
no interplanetary GA

» Challenges:

YHU\ KLJK DY OHNXEDGIPHQW LQWHUSODQHMARD N
NP V

GHFUHDVH RI VRODU FRQVWDQW DW -XSLWHU E\IDFWR

XVLQJ/,/7 VRODU FHOOV IDFW®RU LOFO GHJUDGDW

VHYHUH UDGLDWLRQ HOQYLURQPHQW Q¥IDQ ZXWKSD 0U|
PP $O0 VKLHOGLQJ SURKLELWYV 6(3 RSHUDWLRQ
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SEP-STRATEGY

6 R @a@wdr plant:
SDQHOV ZLWK WULSOH MXQFWLRKKFLHEMFHOOVDMW/Po2 KL

|IODW PLUURU FRQFHQWUDWRU WIS@MWMRBHEAW GHJ VWI

"7ZR VWDJHYV (3 VA\VWHP

vVW VWDJH WR VDYH SURSHOODIMWNDQG ODXQFK PDVYV
FOXVWHURIRQWKUXVWHUYV

QG VWDJH WR VKRUWHQ WUDQYREB W LPHaDW UHGXFHC(
FOXVWHU N KUKAYWHUYV

,Q IDYRXURI D PLVVLRQ SHUIRUPDQGRHKRPDVNVNW\(BDFWR
WKUXVWLQIJ WLPH WKH VW VWDQQRXWMHWWLVRQHG DI\
DQDO\WHY VKRZ WKH UHODWHG 4 DGY WQWRQM RYWK VLQJ
WKUXVWHUV RJRERQPW]BHQGHFRPELQDWLRQV VHH SDSHL
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MISSION PROFILE — LARGE & SMALL-SCALE VERSIONS

" /DUJH VFDOH YHUVLRQ (XURSD / PD[LPXP VFLHQFH UH
NJ LQVWUXPHQWY RQ (XURSD VEXWIDFH NJ LQ 6 (

ODXQFK PDVV Rl FKHPLFDO YHKLFOH LQNJXSLWHU RUEL
VRODU SRZHU SODQW DW %20 N :

+ys I/ysLRQ WKUXVWHUYV
6(3 ODXQFK PDVYV WR D Q D @¥\PLHWLCF DIQ G W R

"6PDOO VFDOH YHUVLRQ (XURSD 6PHB2XAFPBUNMVYNVNWYV H J
ODXQFKHU

DOO PDVVHVY VRODU SRZHU QXPEMYHRKE LRQ WKUXVWF
NJ VFLHQWLILF HTXLSPHQWIRW ¥%XRORSD LRQWKUXV\
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MISSION PROFILE — EUROPA-L
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MISSION OPTIMIZATIONS (EUROPA-L)

" &DOFXODWLRQ SURFHGXUH VYWD DIREPYG XVVLQE BOBMUL
", QSXWV FKHPLFDO YHKLFOH NI ZERVYVY NNJIJWZR VR

5,7 FOXVWHUYV

" 2SWLPL]DWLRQV

EHDP YROWRIHWKH ILUVW VWDJH 5,7 HQJLQHYV
EHDP YROWRIHWKH VHFRQG VWDJH 5,7 HQJLQHYV
6XQ GLVWDQFH DW (3 VWDJHV VHOWODDDWLRQ MHWWLYV

SDUNLQJ RUELW RI 6(3 PRWKHUVEXQRK D& B/LWEKG N RIW
FKHPLFDO FUDIW
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ls, OPTIMIZATION OF FIRST EP-STAGE
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s, OPTIMIZATION OF SECOND EP-STAGE
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OPTIMIZATION OF DISTANCE FROM SUN
AT STAGE SEPARATION

N9
N9
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OPTIMIZATION OF SEP-PARKING ORBIT IN JUPITER SYSTEM

" +RKPDQQ WUDMHFWRULHV RI FKHPAY D@ RUIDI W LMNQFR RGBYV VL
*DQ\PHG

" ,QVWUXPHQWY RQ ERDUG 6(3 PRWKUH PBDHK DS WRY SKXFLUHHGWX Y R
VSLUDOLQJ GRZQ
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CHEMICAL TRANSFER & LANDING VEHICLE (EUROPA-L)

7UDMHFWRU\
5 &DOOL@WRBDR\PHG®$
(XURSD FDSWXUH

¥ ZHHNV UHFRQQDLVVDQFH UHPRWHVHQVLQJ
IURP FLUFXODU NP RUELW WKHQ
ODQGLQIJDQG ZHHNV LQ VLWXPHDVXUHPHQWYV

SURSXOVLRQ XQLW NJ %DEDNLQ VVWXG\IRU
%HSL&RORPER
NJ 00+ 172 , V

VFLHQWLILF LQVWUXPHQWDWLRQ NJ
JURXQG SHQHWUDWLQJUDGDU VA\VWHP (6% -0¢(

XOWUDVRQLF FRUHURQ URERWLFDUP DQG FKHPLVWU\ ODEYV
IRUVDPSOH &DGPXV *HRUJLD ,QVW 7HFKQ

SDQFDP GHVFHQW LPDJHU VHLVHAWHFHWHU VSHFWURPHWHU
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EUROPA-L SPACECRAFT
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ION THRUSTERS RIT-22

"5,7 ($'6 67 KDV EHHQ FKRVHQ IRU
FDOFXODWLRQ EHFDXVH

LWLV DOUHDG\ XQGHW TXMNOLILFDWLRQ 8

WKHDEVHQFH RI GLVFKDUJH HOHFWURGHV JXDUDQWHHYV
D UHOLDEOH RSHUDWLRQDQG ORQJOLIHWLPH

WKH WKUXVW FRQWWRIOLRQ\ E\ 3
VLPSOLILHY FOXVWHU RSHUDWLRAQ

D VXLWHG PRGLILFDWLRQ RI JULG VA\VWHP
HQDEOHV RSHMdDWLNRQ DW

"JROORZLQJD WHVW FDPSDLQRI ($'6 67 $SULDO
*LHVVHQ WHDP PRGHOOHG WKHWKUXVWHU IRUYDULDEOH
$ N9 JULG VA\VWHP KDV EHHQ VNHWFKHG
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Hig,- AND LI ,-DATA OF RIT-22

RIT-22 HISp RIT-22 Llsp
beam voltage, in kV 4.0 1.25
specific impulse, in' s 6591 3704
PSCU power consumption, in kW 11.11 4.02
thrust (nominal), in mN 241 135.5
thrust-to-power ratio, in mN/kKW" 21.70 33.73
propellant flow per power, in mg/kws” 0.335 0.926
max. propellant consumption, in kg**) 190 470
mass of propulsion unit, in kg 44.7 21.3

*) approximately constant up to a throttling of about 65 %
**) related to lifetime limit

OD[LPXP SURSHOODQW FRQV X PSS WLRXNVGHULIQQIJOULD MM L P H

"POL N we s

‘9+
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TWO-STAGE PROPULSION MODULE (EUROPA-L)
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EP-PERFORMANCE DATA

(XUR %D (XUR D

VW QG| VW QG
VWDJWWDJNWDJNWDJH

QXPEHU RI WKUXVWHUV DRGHAYASH /ol +ysl /vs
ORDG RI WKUXVWHU SHU QLIHW|LPH LQ

QRPLQDO WKUXVW LQ 1
QRPLQDO 36&8 FRQVXPSWLRQ LQ N:
QRPLQDO SURSHOODQW FRQVXRSWLRQ LQ PJ V

PDVV RI SURSXOVLRQ XQLWV LQ NJ
WDQN PDVV LQ NJ
VWUXFWXUH PDVV LQ NJ

WRWDO VWDJH PDVV GU\| LQ NJ

DOO WKUXVWHUYV DUH V\PPHWUDILWP KQ DQUWRID G B® HEG EQXW WHH &E XV

b / ZLWK BURSHOODQW PDVV

ORDG RI WKUXVWHU¥-$HU OLIHWLPH
x - 1 QXPEHURI WKUXVWHUYV

PD[LPXP SURSHOODQW BRQVXPSWLRC

PPD[
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COMPARISON OF EUROPA-L AND EUROPA-S

PERFORMANCES
Europa-L Europa-S

scientific equipment on Europa's surface, in kg 50 25
launch mass of the chemical vehicle, in to 1.35 0.675
burn-out mass of SEP-spacecraft?, in to 1.76 0.88
Xe-propellant mass (two stages), in to 1.82 0.91
SEP-launch mass, in to 5.47 2.74
thrusting time, in yrs 378 + 1.76 378 + 1.76
interplanetary + spiraling down ' ' ' '

") after launch of the chemical vehicle and jettison of the 1st EP-stage

127( $00 VSHFLILHG GDWD RI ODXYFKDRI:VW KYXR SHQO D/MQWD BV |
WLPH DUHEDVHG RQ WKHFODVBMBYFDO (3 FRPSXWDWLRQ RI
TUDMHFWRU\ RSWLPL]DWLRQV VKRV¥YD RERARY-HQ LM KD YVWO\O V
VPDOOHU EHFDXVH WKH WADNHRZWRBU UBDW M U H QRS\ZV
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SPIRALING-DOWN IN JUPITER SYSTEM
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INTERPLANETARY TRANSFER TRAJECTORY

140 days coasting
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&21&/86,21

"$ 6(3 PLVVLRQ WR -XSLWHU ZLWK OB RRLXUR & B H.FLAHDOX(
IHDVLEOH LI

VWDJH SULQFLSOH LVLQWURGXFHG LQWR (3
WKH VRODU DUUD\ LV HTXLSSHG ZGWRNVAHRSQE\RVQYW\HLED W R U \
WKH SURSXOVLRQ VWUDWHJ\LVY FDUHIXOO\RSWLPL]HG

"% ODUJH 6(3 VKLS RI WRQV ODXQHISRBDNVW LVNFDBDEOH
VFLHQWLILFLQVWUXPHQWY RQWR (XURSD V VXUIDFH
/7KHPDVVHVY PD\EHVFDOHG GRZQ HJ E\D IDFWRU RI

"7TKH WRWDO WUDQVIHU WLPH WR (ER)RWD \RUR’XOG EH NHSW

" 7KH VFLHQWLILF UHWXUQ FRP SU L VRIXW\HUHPLDIRIHVOR \RS K K
UHPRWH VHQVLQJRI DQG LQ VLWX PHDVXUHPHQW RQ (XL
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