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Lavnchers

1er AR1. LO1
1979
11 Lancements
2 Echecs

1er AR3. V10
1984
11 Lancements
1 Echec

Space-Up in Paris
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1er AR2. V20
1986
6 Lancements
1 Echec

Ariane 1, Ariane 2-3 & Ariane 4

1er AR4 . V22 100e AR4 . V134 Der. AR4 . V159
1988 2000 2003
------ 116 Lancements, 3 Echecs, 74 Succés consécutifs —————
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Lavnchers
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(eewwimvae —)

LES CONCEPTS INITIAUX
(INITIAL CONCEPTS)

H 45

L 210

1

ARIANE 5 : biétage, HERMES
vol habité. (2-stage, Hermes
manned flight)

ARIANE 5 : triétage, lancement
double. (3-stage, dual launch)
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LES CONCEPTS INITIAUX
(INITIAL CONCEPTS)

& o

H 38
Largable
(Jeitisonable)

ARIANE 5 P : pour orbite basse 15t (75t in LEO)

=" EIECTRONICS
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HM 60 (raomE D)
ARIANE 5 P : pour GTO 4,5t (4.5t in GTO)
MATURATION
(MATURING CONCEPTS)

H10

H 60

L220

H1g|
4134

"F. 9VIKING 5
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Qesa() vl baris W LE CHOIX FINAL
H 24-26/05/2013
(THE ULTIMATE CHOICE)
MATURATION
mrdy (MATURING CONCEPTS) @
2 1-HM7
H10
1-HM7
He60 8 H 60
H10
{lllkY1-Hms0 : |
17 : 1-HM60
L 220
/
H 160
Cn . 2-P170
o [A-L34EmN
i 41 19-VIKING 5 1-HM60 4-HM60
ARIANE 5R (505t) ARIANE 5P (530t) ARIANE 5C (270t)
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Lavnchers

Ariane 5 for Hermes

piTib

$T176

Ariene 5 referénce version,

€3351

The Hermes small shuttle craft.
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6/67

ESA Launcher Directorate



Space-Up in Paris . _
@esadhm 24.26/05/2013 Hermes Evolution 1978 - 1990

/7

Lavnchers

Marc Toussaint — ESA HQ-D —— ESA Launcher Directorate



' Space-Up in Paris . .
@GSH{MQ p 2426 /55/20 13 Ariane 4 and its Successor

Lavnchers

ARIANE 42P ARIANE 44F ARIANE 44LP ARIANE 44L ARIANE 5
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Lavnchers
Coiffe moyenne + SYLDA long (+900 mm)
Ariane 5
M= e
Performance
-
(en tonnes)
/2 spheres SCA (option 3¢ sphére)
31,98 m ___
Jupe AV Moteur Restus
renforcée ,—ﬁ
* 29,4 kN
*Isp3213s
ES s |
Suppression d'une bouteille hélivm
du systeme de commande
Vulcain réglage +
débit total accru de 2 %
Vérins GAM et GAT | s
Tuyére 311
limitation des efforts < £ £ 2 >

retransmis aux structures

Isp:431s max

¥
Vide E462 kN 1140kN 6700 kN
moy

*Performance calculée suivant
le mode de calcul Ariane 1 & 4

* plus 4 sec d'Isp
® 70 kN en plus

746 tonnes de masse
a Ho avec les satellites

Marc Toussaint — ESA HQ-D

EADS LAUNCH VEHICLES

IABG, NLR, ONERA

EPS
ETAGE A PROPERGOLS STOCKABLES
STORABLE PROPELLANT STAGE

ASTRIUM (Maitrise d'ceuvre/prime contractor)

MAN TECHNOLOGIE, MOOG, NAMMO

EAP
ETAGE D’ACCELERATION A POUDRE
SOLID PROPELLANT BOOSTER STAGE

EADS LAUNCH VEHICLES

(Maitrise d'ceuvre/prime contractor)

CIMSA, DASSAULT AVIATION,

FOKKER SPACE & SYSTEMS B.V.,

KDA KONGSBERG DEFENSE & AEROSPACE
NAMMO, SABCA

EPC
ETAGE PRINCIPAL CRYOTECHNIQUE
CRYOTECHNIC MAIN STAGE

EADS LAUNCH VEHICLES
(Maitrise d’ceuvre/prime contractor)
ALCATEL DENMARK, AME SPACE,

CRYOSPACE, ALCATEL, DEUTSCH, ELECMA,

ETCA, FOKKER SPACE & SYSTEMS B.V.,
INTERTECHNIQUE, MAN TECHNOLOGIE,
FRAMATOME, SABCA, SAFT, SAGEM, SAT,
THOMSON HYBRIDES

cnes

CENTRE RATIONAL DETLORS SPATALLS

9/67

CONFIGURATION LANCEUR DOUBLE
DUAL LAUNCH CONFIGURATION

COIFFE
FAIRING

CONTRAVES SPACE, (Maitrise d'ceuvre/prime contractor)
ASTRIUM, PYROALLIANCE

SPELTRA
SPELTRA

ASTRIUM, (Maitrise d’ceuvre/prime contractor)
PYROALLIANCE

CASE A EQUIPEMENT
EQUIPMENT BAY

ASTRIUM S.A.S., (Maitrise d’ceuvre/prime contractor)
ALCATEL DENMARK, AME Space,

CHELTON ANTENNAES,

CRISA, DASSAULT AVIATION,

SAAB ERICSSON SPACE, SEXTANT

PROPULSION
PROPULSION

Systeme Propulsif/ Thruster system

SNECMA DHF

(Maitrise d’ceuvre/prime contractor)

AIR LIQUIDE, EADS LAUNCH VEHICLES,
IBERESPAZIO, IDROSAPIENS,
MICROTECNICA, STEYR DAIMLER PUCH

Moteur/Engine

SNECMA

(Maitrise d'ceuvre/prime contractor)

AER LINGUS, AUXITROL IBERICO, AVICA,
EADS LAUCH VEHICLES, FAGOR, FIAT AVIO,
IBERESPACIO, MAN TECHNOLOGIE,
TECHSPACE AERO, MICROTECNICA MOOG,
SNECMA (TPLH2), SPE, VIBROMETER,
VOLVO AERO CORPORATION

MOTEUR A PROPERGOL SOLIDE
SOLID PROPOGOL ENGINE

EUROPROPULSION

(Maitrise d’ceuvre/prime contractor)
ANDRITZ, FIAT AVIO,

MAN TECHNOLOGIE,

REGULUS, SNECMA, SNPE

ESA Launcher Directorate
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Space-Up in Paris
H 24-26/05/2013

SYSTEME DE
RECUPERATION
(DANS LA JUPE
AVANT)

JAV

Marc Toussaint — ESA HQ-D

JUPE AVANT

POINT DE FIXATION AVANT’—\

SYSTEME DE RECUPERATION—"" i S

g

ALLUMEUR

FUSEES D’ELOIGNEMENT Ariane 5
EAP
JOINT
ENVELOPPE

~— METALLIQUE

- PROTECTION
THERMIQUE

- POUDRE
JOINT ™

POINT DE FIXATION AVANT —#=

JUPE ARRIERE

e

FUSEES D’ELOIGNEMENT TUYERE

TUYERE
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CAPACITE PRESSURISEE

GROUPE D’ACTIVATION

ESA Launcher Directorate



@esa H Space-Up in Paris Ariane 5 - EPC

24-26/05/2013 JUPE AVANT
/ oem A : Jupe avant
-------------------- ( d ; N reprise de la force propulsive i
é ! transmise par les EAP RESERVQIR
! Accueil— D’OXYGENE
! de la majorité
; des équipements Gouttigres électriques
y ;
i L FOND
| Dispositif — x’- /
E d’acerochage avant COMMUN
! == N s 00| | jpEs————
E /// " : % - Réglettes de destruction RESERVOIR
1 S e -l e .
E 132,27 tonnes de LOX \“’ S )" i D’HYDROGENE
! (& HO) F(:l\’ld f _Ligne pressurisation LOX
30525 commun i
RIE Ligne d’alimentation LOX
25,84 tonnes de LHy od

RESERVOIR
D’HELIUM LIQUIDE

(a HO) e =l - o
o Ligne pressurisation LHo

Réservoir isolé _
équipé (RIE) Sy pr
viroles aluminium de 4 mm
maximum d’épaisseur soudées
sur des fonds hémisphériques

BATI-MOTEUR
(BME)

Spheres hélium 1)
du systéme de oorpmande

A=A/
S

Bati-moteur
interface d'environ 300 équi-
pements. Transmigsion de la

RESERVOIR D’HELIUM
SOUS PRESSION

A e e e e e e e B

force propulsive de Vuleain Génération g
T hydraulique 4if i
(GAM) 48
~ 50 kg d’huile

Sphére de pressurisation Groupe

du réservoir LOX —— . d'activation

(145 hg d’hélium) moteur (GAM)

3 & (1) Le systéme doit évoluer vers une

............ J o seule sphére pressurisée & 400 bars. MOTEUR VULCAIN

Marc Toussaint — ESA HQ-D 11/67 ESA Launcher Directorate



Lavnchers

Space-Up in Paris . .
@esa %H 24-26/05/2013 Ariane 5 - Vulcain 1

oxygénelviquide (-180°C) hydrogéne Iiguide (-253°C)

L turbopompe
/T % hydrogene

B

circuit
principal
oxygene

élements § 8
d'injection

divergent __

P Oxygéne liquide

P Hydrogéne liquide

» Gaz chauds

Marc Toussaint — ESA HQ-D 12/67 ESA Launcher Directorate



Space-Up in Paris )
esa | 24-26/05/2013 Ar5 - EPS

Lavnchers

INTERFACE DE
L’ADAPTATEUR
INTERFACE VEB STRUCTURE z
uc DE CHARGE RESERVOIR

Yl D’HELIUM

P

RESERVOIR DE RESERVOIR
MOTEUR AESTUS ~ MONO-METHYL DE PEROXYDE
HYDRAZINE D’AZOTE

STRUCTURE INTERFACE AVEC
TRONCONIQUE LA PARTIE SUPERIEURE
(CHARGE UTILE)
I [y H DKL
i = - 2 \
3
INTERFACE

INFERIEURE
(AVEC LA CASE
A EQUIPZIMENTS)

Marc Toussaint — ESA HQ-D 13/67
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Lavnchers

Space-Up in Paris
@ eésa H 24-26/05/2013

3 Ariane 5 - VEB
Vehicle
Equipment
Bay with SCA

WU T e

7/ Cone interne
\'.il'()l(' o s (addo aluminium e posus e cowpasiie
evlindrique Y
externe
felduminiuvm)

TR d'neciks (8) e X
o Séparation

lag—— @ 5430 max. finterface EPC)
propulseurs SCA

Marc Toussaint — ESA HQ-D ESA Launcher Directorate



Space-Up in Paris . . .
@esa {‘ [%H 24-26/05/2013 Ariane 5 - SYLDA & Fairing

Lavnchers

Marc Toussaint — ESA HQ-D 15/67 ESA Launcher Directorate




Space-Up in Paris . .
eSsa 24-26/05/2013 Ariane 5 - Flights

l.aunthors
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(éesa M 24.26/05/2013 Ariane 5 Launcher Family Evolution

Lavnchers

Performance
(GTO, dual launch):

Performance

Performance
(LEO 51.6°)
ASES ATV: 20.5 T

(GTO, dual launch):

Ariane5G: 6815 kg ArianeSECA: 9050 kg

Ariane5G+: 6950 kg G\ ESC-A P2

EPC P2 *
VULCAIN 1
EPS P2
VEB P2
Avionics P2

EPC P2 —F

VULCAIN 2

Marc Toussaint — ESA HQ-D 17/67 ESA Launcher Directorate



Space-Up in Paris

@esa H 24-26/05/2013

Lavnchers

y

Fairing

Payload

Payload
adaptor

Upper composite

& Spellra

Payload

Payload
adaptor

Vehicule
Equipment Bay
(VEB)

Storable propellant
stage (EPS)
Aestus engine

A
> o—— Solid rocket
booster (EAP)

Cryogenic
main core slage
(EPC)

Lower composite

Vulcain engine

Marc Toussaint — ESA HQ-D

L

o [

4

g

Le composite
supérieur

Coiffe

Structure SYLDA

Etage a propergol
stockable (EPS) ou
Etage supérieur
cryotechnique (ESC) *

Case a équipements

Le composite
inférieur

Etages d'accélération
a poudre (EAP)

Etage principal
cryotechnique (EPC)

Moteur Vulcain
ou Vulcain 2 *

Moteur a propergol
solide

18/67
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Space-Up in Paris
@g.ns...a H 24-26/05/2013
¥ A4

Ariane 5 Evolution
From Vulcain 1
to Vulcain 2

= LH2
= LOX
= Gaz chauds

Turbopompe
(oxygéne liquide)

Turbopompe

(hydrogéne
liquide)

' Tuyeére (hauteur:
A 2,32 m)

cause

VULCAIN 2

1 SHECMA

Marc Toussaint — ESA HQ-D

MOTEUR VULCAIN
(jusqu'en 2001)

MOTEUR VULCAIN 2
(en 2002)

Poussée: 1355 kN (+20 %)
Impulsion spécifique: 433,7 s
— Turbopompe LOX, 46 % plus puissante
- Nouvelle chambre simplifice
— Nouveau concept de divergent
plus performant
— Aménagement moteur simplifié

Poussée: 1140 kN
Impulsion spécifique: 431 s

19/67
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Space-Up in Paris . . .
@esa H 24-26/05/2013 Ariane 5 - Vulcain 2 Reinforcement

Lavnchers

EARLIER | f
VULCAIN 2 N £
DESIGN !J"‘?
& - Q‘\
)
t !
REINFORCED |8
VULCAIN? &
DESIGN
>

VULCAIN 2<>] ==

THRUST GAIN P
| I35T<>1I5T sis
Marc Toussaint — ESA HQ-D 20067 ESA Launcher Directorate




@?—,SQMH Sp;f_ ‘;—gz;zgl; " Ariane 5 Evolution - New ESCA Upper Stage

""""

ESC-A UPPER STAGE
v' Heritage from Ariane 4
v’ Stage wet mass 19 t
(12 t on Ariane 4)
v’ Flight duration 970s
(800 s on Ariane 4)
v’ Stage diameter 5.4 m
(2.6 m on Ariane 4)

Marc Toussaint — ESA HQ-D 21/67
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@esa@]%ﬁ 24-26/05/2013

Lavnchers

ARIANE 5 ECA
LAUNCH
ROM DATA

e FAP Mass : 560 T
e Thrust: 2 * 650T

e EPC Mass : 188 T
e Thrust : 135T

e FCA+VEB : 20T
o Thrust : 6.6 T

elLOMass: 780T
e 1.O Thrust: 1400 T

Marc Toussaint — ESA HQ-D

AR5GS

Ariane 5 - ECA Data

ARSES

22/67

ARSECA

ARIANE 5 ECA
LAUNCH SEQUENCE

* HO : Vulcain?2 Ignition
*HO+ 00:00:07
EAP Ignition

*HO+00:02:21
EAP Separation

*HO+00:03:09
Fairing Jettisoning

*HO+ 00:08:53
EPC Separation

*HO+ 00:08:57
ESC-A Ignition

*HO+ 00:24:47
ESC-A Injection

ESA Launcher Directorate




Space-Up in Paris . .
@esa H 24.26/05/2013 Ariane 5 - ECA Return to Flight

Lavnchers
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Eesa MQ Space-Up n Paris Ariane 5 GS Flight

24-26/05/2013

Lavnchers

; X
A

¢ P TR N X
/ N A

Mare Toussaint — ESA H 0-D 2 | ESA auncher Directorate




@esa H Space-Up in Paris Last Ariane 5GS — Helios, December 2009
24-26/05/2013

Lavnchers

©2009 ESA-CNES-ARIANESPACE / Optique'Vidéo duCSG=A vergnaud

! NP4
S \ 7>
- . — ‘ 7
s’ ;
- 4

Mare Toussaint — ESA HO-D " 25/67
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Space-Up in Paris . .
@esa L 4260052013 Ariane 5 Versions

Lavnchers

Performance GTO +
Maximale
embamquée 3 ce
Jour (en tonnes)
Ak s
Ariane 54S i ASES/ATV
Années d'expioktation 2005-2009 . 2008-2012
Mise en ceuvre . 16ex Gex 3ex
Hauteur sulvant PH : 4607 35173 m 473634737 m 50.55
Masse 3 HO 2 747 t 7527 777t
Poussée au décollage 3 12000 kN . ; 12000 kN . p 13000 kN
: Rupture de ka filére avec ce : Intialement céveloppé pour :omthsummrémecsn.l : Arlane 5 repensé pour obtenir les : Artane 5 équipée d'un EPS
N nouveau concept ' assurer b transition 3 Wtilise un EPC renforcé ECA dont be 10 tonnes en GTO 3 rllumable. Version basée surla
1 Modéle de base ASG ait ' ASG —» ASECA 1fond commun est adapté au rapporty 1 partie basse d'une ASECA et sur un
[] « Générique » ] 1 de mélange Vukain 1, ainsique 2 1 1 EPS de type G+.
: : :mscxmsesmpum«a: :
H H 3 Couvrir la période de mise en place 4 H
[] (] 1 opérationnelie de I'ASECA [] [|

Marc Toussaint — ESA HQ-D 26/67 ESA Launcher Directorate



Space-Up in Paris . .
@??’a [‘ IJ%H 24.26/05/2013 Ariane 5 Market Evolution
kg

6000 : :
. : :
Nombre et masse moyenne
des satellites de télécommunications
5000 : :
4000
3000
2000
1000 = 5 :
i A 5 ARIANE 4 >
ARIANE 1,2,3 > ’ ’ ’
0 - . : : : :
1981 1986 1991 1996 2001 2006

Marc Toussaint — ESA HQ-D 27/67 ESA Launcher Directorate



' Space-Up in Paris
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Lavnchers

Ariane-5 Launcher Configurations

7 36 N

Marc Toussaint — ESA HQ-D

Introduction of Ariane-5 ME (2008)

A5-ES A5-ECA

Ariane-5 Upper Part Configurations

EPS / Aestus

ECA / HM7-B

ESA Launcher Directorate



Space-Up in Paris g danted ASME - Improve environmental protection
Eesa | 24-26/05/2013 P P P

Lavnchers

e About 100+ European upper stages,
launched in the last two decades, will de-
orbit to earth in the coming ten to twenty

years, without any control.

*  Debris can reach the Earth surface,
as illustrated again in February 2012 by
the impact in Brazil of an Ariane 4

upper stage helium tank.

e Controlled de-orbiting will become a
must. The versatility offered by Adapted
ASME’ s new upper stage is a key
element for better protection of space

and earth environment.

-

Marc Toussaint — ESA HQ-D 29/67 ESA Launcher Directorate



Space-Up in Paris . .
(é§§a L 24.26/05/2013 Adapted ARIANE-5 ME Configuration

1

~

New Payload Fairing (20m) |

New Very long Sylda (8 m)

New generation On Board
Computer (OBC) &
Modernized avionics

New Cryogenic Upper Stage
Vinci engine (180 kN)
With Deployable Nozzle
Propellants: 28 t (LH2 & Lox)
Common Bulkhead Design

Lower Composite (EAP & EPC)
Identical to ASES & AS5ECA

Launch Base: Reused of ELA3

=

Marc Toussaint — ESA HQ-D
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Space-Up in Paris . . . . .
@esa Q 24-26/05/2013 Extension of Ariane-5 Missions Domain

Lavnchers

1st Boost Vinci

o) (610s) @ 180 KN

2nd Boost Vinci Ballistic Phase™
(30s) @ 130 KN 4h30min -

GTO/GTO+

GTO/Escape

Secondary missions

2nd Boost Vinci @ 180 KN
To Lagrange, Lunar transfer
Escape to Mars, Venus, etc.

Missions Apogee Perigee Incl. Remarks Perfo. \1”5;!-?’08?_’50
GTO/GTO 35.286/36.286 km 180/250 km 0°- 6° Both S/C 120T +

GTO/DDO * 35.286/36.286 km 180/250 km 0°- 6° * De-orbiting 11.5T +

GTO/GTO+ 35.286/36.286 km 5.850/7.550 km 0°- 6° Lower S/C 8.6T+

Marc Toussaint — ESA HQ-D 31/67 ESA Launcher Directorate



S, -Up in Pari . .
@?,sa Q p2a236/§;201a;’S Introduction of Ariane-6 (2012)

4 Solid P135 Boosters
3 for 1st Stage, 1 for 2nd Stage

(g A5ME or ASME
Derived 3rd Stage

PPH Configuration /0
5’;\

\

\

Single Payload / Higher Launch Rate
Performance: 310 6.5 T GTO

New Ground Segment (Launch Pad)
New Production Facilities

Marc Toussaint — ESA HQ-D 32/67 ESA Launcher Directorate



S, -Up in Pari . .
@esa H p2a236/§;201a;’S Introduction of Ariane-6 (2012)

Lavnchers

. e
ardan espace
service & soltises

AULLMMABIR

Marc Toussaint — ESA HQ-D 33/67 ESA Launcher Directorate



Space-Up in Paris
@ eésa H 24-26/05/2013

Lavnchers

Ariane 5 Launch Log

Ariane 5 Launch Log
HA5G

W A5 G+

O A5 GS

B A5 ECA

G A5 ES

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

w

"~

0

Success | | | l I

W Launch

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Marc Toussaint — ESA HQ-D
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@esa | Space-Up in Paris Ariane 5 ECA in Stand-by

24-26/05/2013

Lavnchers
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Lavnchers

Space-Up in Paris . ™
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Space-Up in Paris . .
@esa H 24.2605/2013 Ariane 5 ECA on its way to GTO

Lavnchers

z
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2000 ESA-CNES AR

Marc Toussaint — ESA HQ-D ESA Launcher Directorate




@ esa [%!E Space-Up in Paris

Lavnchers

Marc Toussaint — ESA HQ-D

24-26/05/2013

} a
4.!1‘ 4‘3..,.1. | S

A=

SOYOUZ

European Family of Launchers in Guyana

ARIANE 5 ES/ATV

Coiffe longue

38/67

ARIANE 5 ECA

Coiffe medium

ESA Launcher Directorate



Space-Up in Paris
Gesa H 24-26/05/2013

Lavnchers

Sinnamary city towards North

towards East

Kourou city

Marc Toussaint — ESA HQ-D ESA Launcher Directorate




Space-Up in Paris . .
@esa L 24260052013 European Family of Launchers in Guyana

Lavnchers

-
. "‘ \ *"Il.‘ .
— * I\' 'r‘ - __.. y ..;;.. l“f l}
VI ARS Y B
IMPLANTATION DU CENTRE SPATIAL GUYANAIS NS il 20N >
ARIANE.

Marc Toussaint — ESA HQ-D 40/67 ESA Launcher Directorate



Space-Up in Paris .
@esa L 242600572013 New European Launchers Family Members

Lavnchers

Soyuz @ CSG

Bl

Marc Toussaint — ESA HQ-D 41/67 ESA Launcher Directorate



Space-Up in Paris
@esa H 24-26/05/2013 New ESA - Vega Launcher

Lavnchers

VEGA targets small payload in low Earth orbit complementing the European launchers family.

4000 kg Ariane 5 19500 kg
HE NN N N
1500 kg Soyuz 4900 kg

50 kg Vega 2500 kg
[ 1 RRR

VEGA guarantees European independent access to Space
for small institutional satellites performing a wide range
of missions (science, earth observation, exploration,
technology demonstration, re-entry ...).

VEGA Reference lift capability:
1 500 kg at 700 km in circular polar orbit
Flexibility: a wide mission range
From equatorial to polar & SSO orbit (5.2°/102°)
From 300 km to 1 500 km altitude
From 300 kg to 2 500 kg
Design Reliability: 0.98

Marc Toussaint — ESA HQ-D 42/67 ESA Launcher Directorate
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Lavnchers

Space-Up in Paris
24-26/05/2013

SSO Mission

1500 x 1500 Km
Inclination = 102°

2300

—
\\
2200 — e
2100 I~ iVEGA LV PERFORMANCE
REQUIREMENT
2000 ] ~ 7
1900 ~ \\ /
2 1800 I~
& 1700 ] \\[
s — ~ ~L\ A
T 1600
g ~~ 500 km
= 1500
- %
1400
1300
1200
[ 1200 km
1100
1000
0 10 20 30 40 50 60 70 80 90 100 110
Orbit Inclination []
Marc Toussaint — ESA HQ-D 43/67

Vega Missions & Characteristics

P80 723 Z9

Overall length (mm) 10 791 7585 3953
Outer diameter (mm) 3003 1904 1907
Propellant mass (kg) 87733 23 | 823 10 | 570
Inert mass (kg) 7030 1951 915
Burn time (s) 110 77 118
Vacuum specific impulse (s) 280 288 296
Nozzle expansion ratio 16 27 725

Equatorial Mission
1500 x 1500 Km

Inclination = 5,2°

ESA Launcher Directorate
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Lavnchers

Space-Up in Paris
H 24-26/05/2013

New Industrial Organisation

Ground Segment:

Carlo Gavazzi Space, Thales Alenia Space (Laben),
Peyrani, Rheimetall, SIEM, CERASI, Dataspazio,

& HITRAC (I)

Thales, Nofrayane (F); Cegelec, Axima (B); GTD (E)

Payload faring
RUAG Space

EADS CASA

Integration & testing

Clamp band I

Payload adapter
EADS CASA

Avio

AVUM

Production, integration & testing

Avio

Zefiro-9

Producticn, integration & testing

AVUM structure
EADS CASA

YB Yuzhnoye

Avio

Zefiro-23

Integration & testing
Avio

I AVUM engina

Interstage-2/3
Rheinmetall

Interstage-1/2
Dutch Space

; Thrust vector conirol system
I Eg?o;?gg:fsi e (P80, ZeNro-9, Zefiro-23 & AVUM)
SAABCA
B Interstage-0/1 lgniters (P80, Zefiro-9 & Zefiro-23)
SABCA APP
Avionics

Thaes, IN-SNEC. Selex Avionica,

PB0 nozzle
SNECMA Solid propulsion
CRISA, RUAG Space, SAFT

Marc Toussaint — ESA HQ-D
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Lavnchers
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VEGA I* Stage: P-80
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Development firing test: 30 November 2006
Qualification firing test: 04 December 2007
Stage qualification: June 2010

Marc Toussaint — ESA HQ-D
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Mass:
Dimensions:
Thrust:

Specific Impulse:
Burn Time:

95.8 T (88.4T propellant)
3m@ *11.2 m length
2261 KN at sea level

280 sec in vacuum

106.8 sec

ESA Launcher Directorate
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&esal 7 ensrons VEGA 2" Stage: ZEFIRO-23

Lavnchers

Development firing test: 26 June 2006 Mass: 25.7 T (23.9 T propellant)
Qualification firing test: 23 March 2008 Dimensions: 1.9m @ * 8.4 m length
Stage qualification: December 2008 Thrust: 1196 KN at sea level
Specific Impulse: 289 sec in vacuum
Burn Time: 71.7 sec

Marc Toussaint — ESA HQ-D 46/67 ESA Launcher Directorate
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&esal 7 ensrons VEGA 3" Stage: ZEFIRO-94

Lavnchers

Z9 Development firing test: 19 December 2005 | | Mass: 10.95T (10.12 T propellant)

Z9 Qualification firing test: 27 March 2007 Dimensions: 1.9m @ * 4.1 m length
(Nozzle failure) Thrust: 225 KN in vacuum

Z9A Qualif. firing test 1: 23 October 2008 Specific Impulse: 295 sec in vacuum

Z9A Qualif. firing test 2: 28 April 2009 Burn Time: 109.6 sec

Z9A VERTA firing test: May 2010

Stage qualification: November 2010

Marc Toussaint — ESA HQ-D 47/67 ESA Launcher Directorate



Space-Up in Paris .
&esal 7 ensrons VEGA 4™ Stage: AVUM

Lavnchers

\
Stage vacuum firing tests

interface valves

e
\‘rm_

- ‘ i
/vacu\m chamber

Three Qualification engines tested

6000 s cumulated firing time Mass: 968 Kg (550 Kg propellant)

More than 100 Ignition sequences Dimensions: 2.2 m @ * 2 m length
(vacuum cold & hot, restarts) Thrust: 2.45 KN in vacuum

Stage firing test campaign Specific Impulse: 315.5 sec in vacuum

Qualification in February 2010 Burn Time: 317 sec / 3 re-ignitions

Robustness tests (bubble injection)

Marc Toussaint — ESA HQ-D 48/67 ESA Launcher Directorate
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Lavnchers

2011: Vega
Mock-up at Kourou

Launch System
Qualification
Review

2006: Zefiro 23 test 1

2006: P-80 test 1

Ground Segment
Design Review

Launch System

2006 Critical Definition f—— "_:3 ;‘:«‘2 =
. . LeTiro es

Review 2008: Zefiro 9A test 1

2009: Zefiro 9A test 2

2010: Zefiro 9A test 3

[Tos
- Start Ground

Segment work
at Kourou

2005: Zefiro 9 test 1

2003: 2007: P'SO‘F%:%“ 2

Development
Contract Signature

V
2010: AVUM tests

Launch System
Preliminary
Design Review

2000 | Program Approval
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Space-Up in Paris . .
@esa HH@H 24.26/05/2013 Payloads Preparation & Integration
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@esadh]yﬁ Py I VEGA Maiden Flight 13/02/2012

Lavnchers

Orbits @ Inclination of 69.5°: 700 Kg Payload
LM LARES: 1450 km x 1450 km circular;
11} ALMASAT-1 & 7 Cubesats: 350 km x 1450 km

Marc Toussaint — ESA HQ-D 52/67 ESA Launcher Directorate
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@esamgﬁ Space-Up in Paris

Lavnchers

VEGA Maiden Flight 13/02/2012

P-80, Z-23, Z-9
& AVUM #1
Boosts

AVUM #2 Boost,
Circularisation
& LARES Release

TO + 8 min 45 sec

Marc Toussaint — ESA HQ-D

TO + 55 min 5.5 sec

Coasting
Phases

Flight Date
VV-01 13/02/2012 S
VV-02 06/05/2013 S
VV-03 ? /2014

53/67

AVUM #3 Boost,
Perigee decrease
& 8 Small-sats Release

TO + 70 min 35 sec

ESA Launcher Directorate
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Lavnchers

Soyuz Launcher at CSG

ESA — Roskosmos
CNES - Arianespace
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Launch Control

) Center
Kerosene Mobile Gantry

storage
area
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Space-Up in Paris Sovuz Launcher at CSG
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Lavnchers

SSC "TsSKB-Progress", Samara, Russia
Fairing ST

- Spacecraft
NPO Avtomatika
Ekaterinburg, Russia
Digital control system
for all stages
EADS, Europe
- Spacecraft Adapter RNII KP Payload Adapter
Moscow, Russia Di ser
Telemetry System oo
SSC "TsSKB-Progress™ 5
_ Samara, Russla NPO Lavotchkine
™ @4.110-m Fairing 3 stage (tanks, stage integration, tests) Khimki, Russia
FREGAT Upper Stage
Voronyezh Mechanical Factory
voronyezh, Russis NPO Lavotchkine

Fregat Upper Stage 3" stage engine (RD-0110 or RD-0124) KNImKL Kussia
r

Interstage structure

Interstage
SSC "TsSKB-Progress"
Samars, fussia NPO Lavotchkine, Khimki, Russia
2*' (core) stage (tanks, stage in Entire stage
B o (structure, power, thermal & RF system,
- 3" Stage

SSC "TsSKB-Progress"
Samara, Russia
1% stage boosters (tanks, stage

NPTs AP, Moscow, Russia

—— 2" (Core) Stage

RNII KP & OKB MEIL
Moscow, Russia

_, 1" Stage Strap-on
Tracking systems

AO Motorostroitel

Boosters Samara, Russia
2" stage engine (RD-108A) OKB Orion
Moscow, Russia
Batteries
E
2t
- AO Motorostroitel KB Khimash
l Samara, Russia Izevsky radiozavod Moscow, Russia
v 1* stage engines (RD-107A) Izevsk, Russia Artitude Control thrusters
a3 TM system
Liftoff mass KB Khimash
308t Moscow, Russia
S5.92 engine
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AXitudo (km)
-

Lavnchers

ST 2-1A
RD-0110

6 7
| wmpr———————— v‘c‘b o e aa
5 /*”’,—,‘
200 =
4 - \
P \
W 3
160 =
/ / \ Ascent profile:
3 /’ : 1. Lif-off 0s
an A 2. First/second stage separation 118 s —
\ 3. Fairing jettisoning 226 s
4. Second/third stage separation 288¢
2 . S. Third stage lower skirt jettisoning 295 s
/ \ . \ &, Third stage/Fregat separation 528 s
- / -\\ 7. Fregat burn for orbit insertion 588 ¢

Rolative distance (km)

Orbit specifications

SOYUZ/ST (2-1A)

SOYUZ/ST (2-1B)

GTO (AV= 1500 m/s)

2730 kg

3060 kg

Sub GTO (AV= 1905 m/s) 3230kg 3610kg
SSO Orbit (type 98.1°/660 km) 4450 kg 4900 kg
Medium Circular Orbit (56°/23616 km) 1180 kg 1570 kg
High Elliptical Orbit (63,4° /39100 x 1200 km) 2200 kg 2470 kg

Marc Toussaint — ESA HQ-D 56/67
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@gg.a % 24-26/05/2013 Soyuz Launch Pad Build-up
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Lavnchers
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3810 Nm
11 days

Possibility of two launch
vehicles plus associated
propellants per trip

Soyuz at CSG Operational Scenario

ESA Launcher Directorate



SOYUZ flight VS01 assembly

Europe's Spaceport 13-19 september 2011




Soyuz VS01 with IOV-1 Launch campaign

Europe's Spaceport 14 to 21 october 2011
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Lavnchers
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v 450
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@esa ! Space-Up in Paris Soyuz Malden Fllght Z
_~<Passivation N"bf s:p. 2 . —
R H 24-26/05/2013 2171072011 7 v son: @ ih ARG
P S
Flight Date Jg @ screpwaiononic]|
VS-01 21/10/2011 S
4 Fly-away orbit
VS-02 17/12/2011 S
VS-03 12/10/2012 S 5 BEED  \gibilty zone of GTS @) invermediate transferorbit)
VS-04 01/12/2012 S 0wl
from Fregat
VS-05 24/06/2013
_J2nd Fregatbum)
VS-06 ?/08/2013 :
VS-07 ?/10/2013
BBIBOAHMAS Macca FOJIOBHOTO OI0KA 9100 kr Nose Module mjected mass 9100 kg
HakioHeHHe 55,7812° Inclination 55,7812°
BrIcOTA B TOYKE BHIBEJIEHHS 175 kM Injection point altitude 175 km .
AGCOMIOTHAS CKOPOCTh B TOUKe BhIBeJeHHS 7562 89Mm/c Absolute velocity at injection point  7562,89 m/s Galileo I0V
O B S/C #1&2
LAJEEe T 8

1 — Crapt/Lift-off 0,00 s

2 — Konen BepTuKadbHoro yuactka/End of vertical flight 8,00s

3 —Paspeaenue I-1I ctynene/ I-II stage separation 11825 s

4 — OTxeneHHe roJI0BHOro obrekarest/Fairing separation 218,50 s

5 —Pa3pgernenwue II-11I ctynereii/ ITI-1II stage separation 287,74 s

— Otnenenre xBocToBoro orceka/Aft section separation 29452 s Fregat
6 — Otnenenne roroBHoro daoka/Nose Module separation 564,00 s Upper Stage

Marc Toussaint — ESA HQ-D 65/67
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Lavnchers

Marc Toussaint — ESA HQ-D

Thank you for
your attention
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