ESA/Russia cooperation on ExoMars
CotpyaHunyectBo ESA / Poccun Ha ExoMars
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Programme Objectives
Llenu nporpammsbl (1/2)

d Technology Demonstration Objectives /

Llenn pemMoHCcTpaunMmnu TeXHONormu

1.Entry, Descent, and Landing (EDL) of a payload on the surface |
of Mars (2016 & 2020)

2.Surface mobility with a Rover (2020)
3.Access to the Mars subsurface to acquire samples (2020)

4.Sample acquisition, preparation, distribution and analysis
(2020)

5.Qualification of Russian ground-based means for deep-space
communication in cooperation with ESA's ESTRACK (2020)

6.Development and qualification of Russian throttleable braking
engines for prospective planetary landing missions (2020)
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Programme Objectives
Llenn nporpammbl (2/2)

dScientific Objectives / Hay4yHble uenu

1. Search for signs of past and present life on Mars (2020)

2. Investigate water/geochemical environment as a function of
depth in the shallow subsurface (2020)

3. Investigate Martian atmospheric trace gases and their
sources (2016 and 2020)

4. Characterise Mars surface environment (2016 and 2020)

uenb

1. Support Mars proximity communications of international
surface assets until end 2022 (2016)
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Programme Overview

Two missions with launches in 2016 and 2020

» The 2016 mission consists of a Trace Gas Orbiter (TGO) and
an EDL Demonstrator Module (EDM)

» The 2020 mission consists of a Carrier Module (CM) and a
Descent Module (DM) with a Rover and a stationary Surface
Platform

» Large-scale International ESA-Roscosmos Cooperation with
some contributions from NASA
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O030p NnporpamMmbl
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MOAYMb C pa3MeLLaeMbiM BHYTPU HErO MapCOXOA0M U
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koonepauun Pockocmoc-EKA, HekoTopbIn BKaza
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2016 Mission System Elements Tree

ExoMars 2016 Mission
System Elements Tree
|
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Space Segment Operations
. === | |
Spacecraft Composite NASA Relay Ground Stations & | | Mission Operations | | Ground Stations &
Orbiter(s) (NROs) Communications Centre (MOC) Communications
| Subnet (ESTRACK) ESOC Network (DSN)
[ I 1
TGO-EDM Main EDL Demaonstrator
| Trace (‘-3;’:)?"’“" Separation Module (EDM)
Assembly (MSA) Schiaparelli
Science
| ELECTRA Operations fr":mg’s‘:} -
Package Centre (SOC)
ESAC
| Ecianﬁ.
Payl o NASA
ESA Contribution Contribution
| OtherTGO
Elements
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2020 Mission System Elements ree

ExoMars 2018 Mission
_

System Elements Tree
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2020 Descent Module Overview

MarsRover
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ExoMars Rover
Rover launch mass specs
345 kg (310 kg mobile)

Science Payload mass: # 27.5 kg

Rover Vehicle (incl. 4 ext.
Instruments) ~ 213 kg*

Nominal Mission: # 218 sols

,,,,,

,,,,,,

WHEELS STRUCTURE
o

WHEELS —
-

(‘) Predicted Mass Drill System (incl. 2 ext. Analytical Laboratory Drawer
Instruments) ~ 24 kg* (incl. 3 Instruments)
~ 60 kg*

CHASSIS
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2020 Mission Programmatic Status

O Phase C/D development underway / Pazsutune ®@asa C/D B
cTaguun peanuvsauum

» ESA / Industry negotiations completed for a July 2020 launch /

ESA / NpombllWINeHHOCTL NeperoBophbl 3aBepLUeHbl K 3arycKy
nona 2020

» ESA Council of Ministers meeting 1-2 December for final
approval of programme / Coset MuHuctpo EKA 3acenaHus
1-2 nekabps ons oKoH4YaTeNbHOro yTBEPXKOEHUA NMPorpamMmbl.

» Joint Key Point Review of the 2020 mission underway with
European and Russian partners / CoBmecTHbIN 0630p
Krnto4veBbIX Tovek 2020 muccmm B ctaaun peanmsauum c
eBpPONnenckMMn U pOCCUUCKUMKU NapTHEpPaMW.

» European Hardware deliveries started / EBponenckne HW
NOCTaBKM Ha4arnu.
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2016 Mission

Trace Gas Orbiter
&
Schiaparelli
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Lesa @ D . - .

2016 Mission — SCC Overview

Q Total Mass 4332 kg
m

» TGO Mass 3732 kg
» EDM Mass 600 kg
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TGO integrated (HGA view) TGO integrated (Instrument’s Deck view)
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TGO with Solar Arrays deployed
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EDM Surface Platform
Integrated with Backshell

Mating of Front Shield to
Back Shield

EDM PFM integrated
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; N 0 M A D Atmospheric composition

High-resolution occultation (CH,,03, trace species, isotopes)
and nadir spectrometers dust, clouds, P&T profiles

UVIS (0.20 = 0.65 um)  A/AA ~250 Limb
IR(2.3-3.8 um) A/AA ~10,000 S Limb:

IR (2.3-4.3 um) A/AL ~20,000 SO

Ca SS I S Mapping of sources

‘)A ACS Atmospheric chemistry, aerosols,

Suite of 3 high-resolution surface T,
spectrometers structure

SO Limb Nadir

Near IR (0.7 - 1.7 um) A/Ak ~20,000

IR (Fourier, 2 — 25 um) A/A% ~4000 (S0)/500 (N) S0

Mid IR (2.2 — 4.5 um) A/AL ~50,000 SO

4 FREND

Collimated neutron detector

Mapping of subsurface water
And hydrated minerals

. ""\

NOMAD PEMES

CaSSIS STM — // /4.
N

FRE,N,-, Vaks, ACsPFV

TGO Instruments onto S/C in TV Chamber

CaSSIS FM telescope
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dImprove our knowledge of
Mars atmosphere
with in-situ observations
(Entry-Descent-Landing
phase)
» AMELIA experiment 0

dIimprove our knowledge
of Mars environment
at times of high dust
loading (Surface

Operations phase)
» DREAMS experiment 1

DREAMS FM in the
(still open) EDM
Central Bay

ALLIEY
nnnnn
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2020 Mission

Rover and Surface Platform
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2020 Mission — SCC Overwew

Total Mass: 2900 kg o

CM Mass: 900 kg NTE !

DM Mass: 2000 kg NTE 2

Lincludes CM consumables and CM-DM

Separation Mechanism (parts left on CM)

2 includes CM-DM Separation Mechanism (parts
left on DM), DM consumables, Rover and
Surface Platform Science Instruments

2794

2097

943

103

Carrier Module — CM with
deployed Solar Arrays ESA UNCLASSIFIED — For Official Use 01
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2020 Descent Module Overview

DM-CM Interface Plane

U Interfaces to CM via
CM-DM Separation
Mechanism

J Accommodates, and & H-;» ot Lancing Pl
distributes power to ARl |
RM

1 Performs EDL and
SOft |and|ng DM Front Shield

d Communications  Total mass 2000 kg NTE
with orbital assets 3 1850 kg dry mass
during EDL via rear > 345 kg RM NTE
jacket antenna
: » 45 kg science payload NTE
DES]-&QAKQEJ—H(QJWCBI Use

DM Landing Module

239 *
2313
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SP in pre-landing configuration SP at the moment of touchdown
after release of front shield

SP after landing, ramps and solar | Ramp’s inclination
arrays are deployed
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- o ...
2020 Rover Drill

0 EQM fully functional during tests in Mars representative
environment and materials

Sample Deposit into Core Sample
Transportation Mechanism by Drill

Ma_Miss BB
during Drill tool EM
testing

=

Drill pre-EQM
Drill tool + 3 Extension rods deployed
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2020 Rover Analytical Laboratory Drawer
and Powdered Sample Handling System

“~35

ALD STM Lower Plate Assembly
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2020 Mission Operations Overview

Direct link from SP to
Rover until Umbilical
Separation

0 ExoMars 2016 TGO provides data relay support to surface assets
0 2 communication windows per sol with Rover
O EDL will be monitored by largest available UHF radio telescope antenna
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m PanCam Geological context
_ W q B Rover traverse planning
> ide-angle s ereo camera pair Atmospheric studies

WAC: 35°

FOV, HRC: 5°

FOV

Bulk mineralogy of outcrops
Target selection

ISEM

IR spectrometer on mast

A

Geological deposition environment
Microtexture of rocks
Morphological biomarkers

CLUPI

Close-up imager

20-um resolution at 50-cm distance, focus: 20 cm to oo

Mapping of subsurface
stratigraphy

WISDOM

Ground-

penetrating radar

3 — 5-m penetration, 2-cm resolution

Mapping of subsurface
Water and hydrated minerals

FREND

Passive neutron detector

T

Dri " + Ma MISS /n-situ mineralogy information

IR borehole spectrometer

Analytlcal Laboratory Drawer

Mineralogical characterization
of crushed sample material
Pointing for other instruments

MicrOmega

VIS + IR Spectrometer

A=0.9-3.5 um, 256 x 256, 20-um/pixel, 500 steps

Geochemical composition

o Detection of organic pigments
. ~Raman spectrometer

spectral shift range 200—-3800 cm, resolution £ 6 cm™

Broad-range organic molecules
at high sensitivity (ppb)
Chirality determination

;@ MOMA

LDMS + Pyr-Dev GCMS

Laser-desorption extraction and mass spectroscopy

Pyrolisis extraction in the presence of derivatisation
agents, coupled with chiral gas chromatography,
and mass spectroscopy
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SP Payload composition

Surface Platform —_—
Long-lived stationary platform with
scientific suite to study environment at
the landing site.
| TsppP == || PK —
Set of 4 cameras Dust studies.
IBIP ==|| .| M-DLS —
Computer Laser spectrometer
LImMTK == | [FAST —
Meteo studies - Fourier spectrometer
| RAT-M ==l | MGAK —_
Radiometer Gas Chromatography.
| MAIGRET mi|| | ADRON-EM
Magnetometer - Meutron spectrometer
| SAM ==|| | HABIT B
Seismometer Meteo studies
LARA =
—> Radioscience.
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