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Overview of Jovian Technology Reference Studies
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e Europa Explorer
(Jovian Minisat Explorer)

 Magnetospheric Explorer
(Jovian System Explorer)

 Atmospheric Entry Probe
(Jupiter Entry Probe)
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Jupiter related Technology Reference Studies

Motivation:

* providing minimal building blocks (‘lego’) for future science missions

» definition & development of enabling technologies for future science missions

» enable realistic evaluation of proposals in the frame of ESA’s Cosmic Vision 1525

» several ‘theme proposals’ for Jovian System with in CV1525 exercise =background

» Presently the first phase of Jovian studies has been completed
& a new phase has been initiated:

v' Jovian Minisat Explorer:
Focussing on the exploration of Europa
(or any other Galilean moon, except 10)

= Jovian System Explorer:

» Study of the Jovian magnetosphere
(one or more magnetospheric S/C

» Study of the Jovian atmosphere
(one or more entry probes, up to 100 bar)
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Programme Concept - Europa

« Emphasis on a cost & resource minimised mission scenario:
Small launcher, highly integrated payload & avionics, minisat

« Configuration of phase 1.
1 Europa Orbiter & 1 Jovian Relay Spacecraft (in orbit around Jupiter)

= 2 S/C approach rationale:

Lifetime, data rate and power limited:

transmission of all data is impossible in the ~66 day JEO lifetime.
= a relay S/C is required capable of delivering all data to Earth
Europa radiation environment:

stay outside radiation belts with equipment which is not needed for
Europa exploration

Delta-V requirements:

bring into Europa orbit only what is really needed there !
Additional JRS science:

JRS will be able to gather valuable scientific data on the Jovian
system from its orbit during ~2 year in orbit lifetime

Additional Fly-by opportunities:

JRS: 1xCallisto & 5xGanymede GAM'’s, JEO: 4xGanymedeGAM
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Mission Analvsis (1)

ELrapa TRM Baseline! VEEGA-Z007
Launch: March 2002
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Cesa..........

LA

Jupiter amval Decernbear 2014 - 39?3 Total DV | Duration
.aunch Date| (m/s) (yrs)
19-Jul-10 2290 6.4
31-Jul-11 2380 6.2
21-Apr-12 1890 6.4
07-Oct-13 2300 6.2
01-Jan-17 2180 6 >
25-Jun-18 2240 9.1
_ 08-Feb-20 2770 6.2
_16-May-23 2140 6.2
26-Oct-24 2560 7.2
13-Aug-26 2210 6.1
20-Nov-29 2580 7.4

European Spoce Operdtions Centre
Msson Angiysls Offics |
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Mission Analysis (2)
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S/C Configuration (1): Launch

RTG

. - 7 i ” - :,_*:_
VerS| 4 w7 - ) GA mounted on top HGA

Ground penetrating rac
(accommodation doesr
reflect present concept

\

22N Leros 20H

Pyro bolts —— thrusters

JRS volume for avionics
and science instruments

ON EADS-Astrium
— thrusters
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S/C Configuration (2): transfer configuration

- 230 W required for JEO, 300 W required for JRS (EOL)

- JEO & JRS at 5 AU, solar array size~15 m?(each) (GaAs + concentrators)
- Rosetta at 5 AU, solar array size 2*32 m? (Si)

- Juno is baselining the use of Rosetta solar cell technology

Planetary Exploration Studies Section
Science Payload and Advanced Concepts Office

- ptE= = I—x=—me="=p P.Falkner-Jovian TRS @ OPAG, Pasadena May2006 Page 8




S/C Configuration (3): Relay Satellite propulsion system

10N thrusters (x16) Eurostar 2000+ tank (x4)

Helium tank (x2)

400N main engine
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S/C Configuration (3): JEO operational configuration

Ground penetrating radar

Nadir pointing
side for GPR

JEO Nadir pointing side
for optical instruments

udies Section

A o Planetary Exploratm
i Science Payload and Advanced Concepts Office L7

el I === 1 = I—x=—me="=p P.Falkner-Jovian TRS @ OPAG, Pasadena May2006 “Page 10



S/C Configuration (3): JEO operational configuration

Radar in-house CDF study ]

» Result of in-house Concurrent Design Faciljty Stugy
« Performance difficult to assess while stronQIy dependant of actual ice
composition, but 50 MHz radar expected tco penetrat between
~5 and 20 km . .*

« Deployment very challenging a' IJ.:"
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Highly Integrated Strawman Payload used in the study

Highly Integrated P/L Suite — Design Study and Bread Boarding
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Main challenges for JME

 Development of low resource minisats and instruments, maximise the use of solar
power, even at ~5 AU from Supssmgss _
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e Surviving deep space as well aéﬁ;Jp‘,f‘éﬁ@- T Emerradiation:
Radiationhardened componenfs?., _kmq’.aﬁfﬂﬁrﬁ@a‘ﬁ@ﬂﬂ%l_ s

Radiation optlmlsed solar cells, LILT GaAs”-d'es%jﬁpment reqﬂlreﬂ%“% \)
RPS systems ‘should solar: cells be unfea3|blé Sq(’f%\‘reIepment/procu‘re

Thermal vanaﬁ'bns (Venus hot case; Jupiter cold case)
1 b

. Development of highly integrated systems (|ncI low resource P/L)
» Low power deep space comms

/ Highly autonomous mission capability

» Planetary protection compatible systems \
« Balance between low cost and investments in new developments Y

» The technology development activities that are identified in these studies will have to
be started soon should similar mission concepts be selected for the CV 1525
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Current activities

Studying additiona
recommendations,

onfigiatior
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Considered magnetospheric mission scenarios

Single S/C, equatorial plane: Magnetotail

'. Y View in equi

U View perpendicular to equatorial plane

¥ \15x200 Rj

70x15 Rj Dual S/C, equatorial plane: Magnetopause + Magnetotail

View perpendicular to equatorial plane

¥ \15x200 Rj

Dual S/C, equatorial and polar plane: Magnetopause + Magnetotail - Ny I;*“*ffrf'

70x15 Rj

View perpendicular to equatorial plane

¥ \15%200 Rj
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Entry Probe

40 bar probe:

- Mass ~ 270 kg

- P/L resource ~ 12 kg, ~30 W (peak), ~350 bps

- Entry latitude between -7 and +3 deg

- Two probes + one orbiter

- Descent time = 1 hour

- Comms scenario complicated but should be feasible

100 bar probe:

- Mass > 320 kg

- P/L resource ~ 12 kg, ~30 W (peak), ~350 bps

- Entry latitude +3 deg

- One probe + one orbiter

- Descent time = 1 hour

- Variable power comms system to cope with very
strong atmospheric attenuation (~23 dB)

Q\qf’" All dimensions in mm
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Swingby-Augmented JOI

Outbound arc
(elliptic)

Inbound arc B e
(hyperbolic)

" Ganymede swingby
(perijove — 16 h)

—
— i’

Here: Example with

Ganymede swing-by
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Accommodation

Back cover

Pilot chute

&= p Antenna’s

g

Main chute
available volume

L=\ Upper Shell
—
2% PWR_E1_UNIT2
Platform // ooy
// \\
/ 4 x PWR_E1_UNIT2
Battery Yor PCDU
xf Gnc_ﬁ: UUNI'H
Lower Shell [ A - oy o PODU
II INS2 INS2 INS2 | ,+—«
p— | ASP ASP AsP |

vad

PWR_E1_UNIT3
PCDU

GNC_E1_UNIT1
MU

Front shield
3 layers: ablator, structure, IFI
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