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Context

To highlight the opportunity of Ariane, Soyuz and Vega piggyback
launches for diverse low-cost missions

CNES Contract Study 2012/3 : Vehicle
Piggybacking

Presentation Content
Hypothesis

C Inputs

C Interplanetary trajectories
C Trade-off logic

Platform design

¢ Architecture

C Sub systems

C Mass budget
Conclusion
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Launch opportunity ),

A Additional performance margin exists
on Ariane 5, Soyuz and Vega
U ASAP configuration exists for micro &

mini payloads up to 200 kg (refer to
User 6s Manual)

U Around 1 or 2 opportunities each year
for heavier payload up to 400 kg

U From LEO or GTO injection orbit

Very few missions in the past on Ariane 5
U Smart 17 2003 ESA mission - 367 kg
0 Amsat P3D 1200071 400 kg
U Spiralesi TAST 2009 & 2010

AMSAT P3D
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Ariane 5 Soyuz

1st payload

2nd payload
inside the Sylda

Arianespace

Room for a 3rd Syste_xm for

auxiliary payload

A0
7 Ufkoff mass 307 t

THALES

All rights reserved, 2012, Thales Alenia Space



ThalesAlenia

A Thales / Finmeccanica Corfipany Sp a Ce 4/

Severe accommodation constraints

U To reach 1 opportunity on Ariane 5 every Al

year

U With no impact on the two main
passengers

Study hypothesis —
——-ﬂ

Maximization of DV capabilities

U From GTO injection, various
possibilities to reach planets

U A minimum of 1700 m/s is
considered

U 1000 m/s sufficient for
Lagrange mission

Diameétre= 2624mm

Destination Delta V from GTO orbit (m/s)
Mars 1400
Venus 1500
Moon (orbiter) 2000
Mercury (with Venus swing by) 1500
NEA (typical, with Venus swing-by) 1500
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U Fly-byes and Weak Stability Boundary transfers
reduce significantly DV

U Moon Earth Gravity Assist with 3 gV extends the
launch windows

-
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s From Paul A. Penzo

U Piggyback mission to Mars or Venus possible
without insertion

Mars Express Status :

= - Launched in June 2003

- Mars Orbit Insertion in December 2003
- 2 years nominal lifetime + 2 years
extension

U Planet insertion requires additional DV

rcrery whisut
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U 1000 m/s sufficient for Lagrange mission from GTO
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A Remaining functional

— mass evaluation from
ls“ 1 me“r—'l Propellant mass ‘IM, Ill’]r:i Subsystem 3 B@rs ;/npe(}tr;lcelsalg nch mass
U propellant mass
. | Tl / function of engine
w ' U Power budget evaluation
| Structure I‘—| Budget AOCS |'—| EPS subsystem mass |“’""I Power budget l

(Vs budge | Selection of feasible missions

A Propulsion
U Solid propulsion does not allow multiple burn

U Hybrid propulsion presents accommodation
difficulties

U Mono propellant offers lower Isp
U Electrical propulsion J
U Bi-propellant propulsion J
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A Diverse payload potential accommodation
U To answer to various scientific needs
i Probe/Lander separation on planet vicinity
i Atmosphere exploration
i Comet / asteroid study
i Planet observation
U Validation of new technologies

Maximum payload dimensions
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U Bi-propellant accommodation

Propulsion kit induces lower

Payload mass B s e O IO ol |
U Electric propulsion accommodation | \i\ :
70}- danafeeras XA
_ _ I I, ] \_\_\
Electric propulsion - RN A m—
efficiency decreases = ©p e
: : e . 2, W
with AU distance | : 5
increase |
% o5 1 5 2 7% 3

Heliocentnc distance |AU|
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A Soyuz / Vega accommodation easier
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U Maximization of propellant mass possible to reach specific orbit
from launcher injection

i Is an alternative to Ariane 5 Piggyback launch from GTO

mini auxitary passenger in yellow
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A X-Band link for standard telecommand, telemetry
and ranging for interplanetary missions

U 0.4 m diameter Medium Gain Antenna for S/C LGA
communications

U 2-DOF pointing mechanism MGA

U 2 omnidirectionnal Low Gain Antennas used for
LEOP and in safe mode

U 20W X-Band Traveling Wave Tube Amplifiers for RF
amplification
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A Flexible Solar Array
U Eases accommodation
U Panels dimensions function of Solar distance

A Battery capacity

U Adapted to mission profile and associated eclipse
duration

A Power budget

U High demand for electric propulsion :
Technologic steps for Solar

Alray allows 0 answer 0
e electric propulsion needs

INSTRUMENTS 50
Plateform 250
PROPULSION S/S 713
SYSTEM MARGINS 60

SUM ALL USERS
S/C Power Demand (W) at PCDU output

TAS-F Flexible Solar Array heritage example
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