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deim 's Motivation and Objective

A Project Motivations

I In the European context, several experimental missions have
been planned to improve the knowledge of hypersonic systems .
The general aim is to increase the safety of the future re-entry or
planetary probe missions and optimize designs by reducing
margins

I From a planetary probe perspective, those Earth missions are
enablers of EDL technologies needed for future missions

I The Mission analysis and Flight Mechanics of an experimental
mission plays a key role to assess the feasibility of the mission
and to advance the expected benefits before entering in detailed
definition phases .

i DEIMOS Space is responsible for the Mission Analysis, Flight
Mechanics and GNC for several of those experimental vehicles

A Presentation  Objectives
i Present the Mission Analysis and Flight Mechanics of the
RADFLIGHT, BLAST and IXV mission
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Experimentation 1 Objectives

In-Flight  Experimental  Full scale
research demonstrators vehicle

Increase knowledge of

fundamental phenomena partially addressed

Validation of design methods and

tools Secondary Goal

Increase the TRL of critical EDL

. Main Objective
technologies

Demonstration of System Design
and Operations

Flight envelope clearance
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aelE Experimental-' Missions: Overview

LEO Speed

High Speed
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deim s RADFELIGHT:: Mission: Overview

Main mission objectives are:
I Improve the limited knowledge on radiation process,
radiation/ablation coupling and transition to turbulence

I Reduction of the large margins in TPS sizing for high speed re -entry
A Validation of physical modeling within numerical tools
A Use of plasma wind tunnel for flight extrapolation and scaling
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deim )s Tha'cfsﬁ'%?'c? RADFLIGHT:: System overview

System Highlights
I Highly constrained layout
I PICA like TPS
I 38 kN class booster element
I Need for miniaturised avionics
I Recoverable capsule (no TM)

DPIU (150 x 175 x h90)

o/b instruments
Spectometer
Radiometer
Isotherm detector
Heat Flux / Pyrolisis plugs (H{
Thermocouples (TC)
Pressure ports

Flux /pressure probe (CFP)
IMU

190 x 90 x h70)

=
—
<
|_
Z
T}
=
o
w
o
X
w
T
|_
x
<
i
LL
o
0
®)
2
<
I
O
|
=
|_
I
S
|
T
)]
Z
<
2
9]
>_
|
<
pd
<
Z
o
9]
2
=
7p]
o
=
w Credits:TASI
()]

© 2011 DEIMOS Spacei www.deimos-space.com 8th International Planetary Probe Workshop, Portsmouth
IPPW-8 -7- June 6-10, 2011

kmae-dms-temp-iac v1.1




deim 's RADFLIGHT: Flight Méechanics

Entry wishiclas characierislics
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deim RADFLIGHT: Entry Corridor

A Coupled analysis from launch to parachute deployment

I Radiative + convective heat fluxes

I Minimum level of radiation

I Minimum level of convective I radiative coupling
A Sizing and reference trajectories selected
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bl : : RV INJECTION
15 - ; : N C ] Injectedmass(s) 900 963 963
N ' ' ' Inclination(deg 107.51 107.48 1085
. BOOSTER INGITION
S .20 - L — - — s - _______ : _______ L Timefrom launch(s) 1073.23 1035.73 1035.6
=) : CE £ - 100 g meaa Altitude (km) 262.16 269.49 269.42
@ : . : (S Co-rotating velocity (m/s) 5932.27 5853.05 5860.44
c%‘ -25 P !' da -.: ------ Poreccelfoccndeccanns tb EIP (100 km)
- Timefrom launch(s) 1136.65 1103.31 1103.19
E(L‘E Co-rotating velocity (m/s) 11064.5¢ 11008.2 11015.4¢
= 30 i 1 - i i " ‘ ; i — Co-rotatingfpa(deg) -18.34 -18.21  -18.20
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40 ; ' : ; ; o ] Min. Coupling factor (%) gu3y || gope | ga1
- ' ' : : ' ' ' ' ' Max. Total Load factor (g) 93.47 9353 9355
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> 20 a0 100 120 140 160 Downrangefrom Launch (km) 5453.78 5260.22 5266.58
LéJ Hypersonic Ballistic Coefficient (kg/m?)
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deim s RADFLIGHT: Trajectories
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RADFLIGHT: Trajectories
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deim s BLAST: Mission: Overview

A Main mission objectives are:
I Testing system level capabilities
I Assessing a set of enabling technologies
A GNC in skip entry mode
A Entry, Descent & Landing
A High -Energy TPS solutions

I Collecting environmental data through on -board experiments
A flowfield at super -orbital & suborbital speed
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DEIMOS 1 MISSION ANALYSIS AND FLIGHT MECHANICS OF EARTH EXPERIMENTAL MISS

=5
m s ThalesAl .
deim O [0 yenic BLAST: System overview

System Highlights
I Adaptaion to Vega becomes a driving requirement
I From Biconic to Viking like shape
i PICAlike TPS
I 78 kN class booster element
I Recoverable capsule
i Telemetry & o/b storage

o/b instruments

Spectometer

Radiometer

Isotherm detector

Heat Flux / Pyrolisis plugs (HF
Thermocouples (TC)
Pressure ports

Flux /pressure probe (CFP)

Magnetometer
IMU
GPS
_ Credits:TASI
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deim ’s BLAST: Flight:Mechanics

ERC: vehicle configuration and entry corridor (CoG, Trim, Spin, FPA)
Extended analysis to obtain flight properties required to successfully perform the mission

. - System Design
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deim s BLAST: mission profile
End to end (launch to DRS) multi - phases optimization problem

Objective: Achieve lunar entry conditions at EIP with VEGA + kick stage
ERC CoG and Trim AOA from configuration analyses
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deim BLAST: mission profile- (backup)
End to end (launch to DRS) multi - phases optimization problem

A Same Obijective as Baseline

A Optimum orbit at end of VEGA: 500 x -900 km

A High Performance in terms of EIP velocity, more stressful on TPS and GNC

A High Safety (stage and debris fallout): water landing in the Indian Ocean

A No mass margin! Y reduction of performances feasible keeping objectives

A Both AVUM and kick -stage partial
loading (injected mass: 2616 kQ)

© 2011 DEIMOS Spacei www.deimos-space.com 8th International Planetary Probe Workshop, Portsmouth

IPPW:8 - 16 - June 6-10, 2011

kmae-dms-temp-iac v1.1



