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deim >s Exomars Mission

o Scientific Objectives

— The search for traces of past & present life o

— To characterise the water/geochemical
environment

— To study the surface environment and identify
hazards to future human missions

— To investigate the planet’s subsurface and deep
interior

e Technological objectives

- Entry, Descent and Landing (EDL) of a large
payload on the surface of Mars,

— Surface mobility via a Rover having several
kilometres of mobility range,

— Access to sub-surface via a Drill to acquire
samples down to 2 meters,

— Automatic sample preparation and distribution
for analyses of scientific experiments.

e The ExoMars Descent Module (DM) will deploy
two science elements:
— a high-mobility Rover
— a fixed station, the Geophysics/Environment
Package (GEP).
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deim >s Motivation and Objective

e Project Motivations
— ExoMars is ESA’s current mission to planet Mars aimed for launch
in 2013 (baseline) or 2016 (back-up)
— ExoMars is the first Aurora Flagship mission under assessment

— Project is currently undergoing Phase B2 studies under ESA
management and Thales Alenia Space Italia project leadership

— DEIMOS Space provides support to TAS-I on interplanetary and
in-orbit Mission Analysis and Design

— DEIMOS Space is responsible for the Mission Analysis and Design
for the Entry, Descent and Landing (EDL) activities. Within this
contract, Tessella is responsible for the support to sizing and
analysis of the Descent and Landing System

— Current mission scenario is the so-called "Enhanced Baseline”

e Presentation Objectives

— To present the methods, tools and results used to support the
ExoMars Mission Analysis design during EDL phases to Mars
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deim >s Mission Constraints

e Mission launched in 2013 as baseline. Back-up shall be
possible in 2016
e Mission shall be launched by Ariane 5 (baseline) or Proton
M (back-up)
e Transfer to Mars will be of type 2 with a large DSM
e Injection orbit in Mars will be a 4-sol orbit with a 500 km
pericentre radius (trading-off delta-V needs and orbit
stability)
e Descent to Mars such that the following complies:
- After MGDS (planet solar longitude of 340°) and 180 sols
before next
— No solar superior conjunction occurrence in 180 sols
— Maximisation of the descent mass
e Another constraint imposed by the launcher is:
— Escape trajectories with Ariane 5 constraint to always depart
from Earth with an almost null declination
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deim

P A C E

e Trajectory profile characterised by:
a) Direct transfer to Mars with an intermediate DSM
b) Insertion into a 4-sol Mars waiting orbit (WO)
c) Avoidance of eclipses larger than 3 hours once in orbit
d) Injection in Mars retrograde orbits to land in allowed LST
time range after the waiting phase
e) Composite descent from orbit, initiated by the Carrier

f) Separation of CM-

DM composite

d)
the Martian

atmosphere
h)
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deim s Targeting of EIP & Operational timeline

e Targeting conditions at end of waiting phase shall
ensure:

— Arrival to correct latitude and longitude at selected Ls

— LST at landing point above 8:00 and below 12:00

— Earth at landing point above 159 over the horizon (for DTE
communications)

— Other spacecraft constraints to be satisfied (maximum sun
and earth aspect angle constraints at EIP)

e Operational implementation:

— Injection in Mars orbit

— Wait until 3 orbits before descent and perform target
latitude correction (if needed) and pericentre reduction to
250 km

— Perform DMTM at last apocentre

— Perform DM-CM separation between 0.5-2 h from EIP

- EDL phase

O]
=
o
3
@)
l_
=
=
—
a4
a4
<<
)]
(a4
<
=
=
o
Y
L
P
O
—
9]
L
()]
()]
=
<
=2)
9]
>
<
P
<
=
@)
—
9))]
=2)
=
)]
a4
<<
=
@)
>
L

6th International Planetary Probe Workshop

© 2008 DEIMOS Space, S.L. - _7- Atlanta, 23-27 June 2008




O
=
(@)
3
@)
l_
<
=
(a4
(a'd
<
)]
o
<
=
=
o
Y
L
=
O
—
9]
L
()]
@)
P
<
=2)
9]
-
<
P
<
=
O
9))]
2!
=
)]
a'd
<
=
@)
>
L

deim >s

Landing constraint maps

e Compliance to constraints produce the following
landing Ls-Latitude maps:
— White areas represent allowed landing regions
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deim >s EDL Mission Requirements

e EDL architecture o
R

aeroshell Two Stages Liquid rockets Vented

DM Parachutes Retro-rockets Airbags é
70°/47° 2 S5
=
P 4

e Main requirements applicable to EDL
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deim >s Global Entry Corridors 1/2

e Global Entry Corridors (GEC) are an extension of the entry
corridors to characterise the DM entry capability in every
region of the required landing latitude band

e The combination of Global Entry Corridors, Engineering
constraints on the terrain and Scientific requirements
provides an overall view of the feasibility of a landing site

e Feasible sites above 0 MOLA identified

B =accline: Complete Landing band
GEC:= I Eascline: below 0 MOLA

100 I Baseline: abowve 0 MOLA region
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deim >s Global Entry Corridors 2/2
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deim >s Mission Performances 1/2

e Reference Scenario defined as an End-2-End trajectory
- From MOI to landing
— Linked to Arrival conditions
— Close-loop guidance during retro-rockets phase.
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deim >s Mission Performances 2/2

e An intensive Monte Carlo
campaign has been carried out | —tTeee iR Gy
in selected sites & dates to = -
assess the mission
performances (uncertainties)
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e The GEC predictions correctly
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variability in all parameters
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deim s NASA Cross Check

e An independent verification of the performances has
been performed by NASA
— Different aerodynamics & atmosphere models

e Good agreement

REF Radius: 3402.1 km. Contour dispersion: 0.08%
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deim Triggering algorithms

e Drogue Deployment algorithms *(
— Based on accelerometer \\
measurements \

— Tuning for each site \ o
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— Mach dispersion < 0.15

<
'S

o
0

Altitude - Mach dispersions at drogue deployment

e Performances assessed with
Monte Carlo analyses
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e G-switch as back-up
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deim >s Multibody Simulations

Head-wind gust
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deim Conclusions

e A comprehensive set of Mission Analysis results has been delivered
to the mission Prime for Mission and System design

e New approach conceived by DEIMOS Space for worst-case analysis,
mission capabilities assessment, landing site filtering and sizing
trajectories selection based on Global Entry Corridors has continuing
evolving.

e The detailed evaluation mission performances have validated the
design tools.

e The increase in the fidelity of the models (ex: triggering algorithms,
6DOF+Multibody) as well as the independent cross checks are
increasing the confidence in the design trades

e Parametric maps of DLS components combined with optimisation
techniques allow the identification of optimum designs to support
System trade offs.

)
=
a
3
O
<
=
o
o
<
V)
a4
<
=
=
o
o2
L
=
Q
—
n
L
a
)
=
<
2
2]
-
<
=
<
=
Q
2]
2!
=
)
a4
<
=
o
>
L

6th International Planetary Probe Workshop

© 2008 DEIMOS Space, S.L. - -17- Atlanta, 23-27 June 2008





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


