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OO LRERFEDINT - Falcon9DERFERAFE -

Falcon 1 Falcon 9 v1.0

F1ER
FE2ER
25 (m)
EE (m)

B&(ton)

BIENS U2 T7ELE(GTO)
RAO—R (kg)

JOvor7yFIL—R
FTELEER

Falcon9 v1.0
GERT)

Merlin 1C x 9

Merlin1C Vacuum X 1

53
3.66
318

3,400

v Merlin1C+
(Falcon1z R &)

v 1EREng 3x37)yRECE
v 2EMerlin1C Vacuum
v BEHRKEIRT A

Falcon9 v1.1
GERT)

Merlin1D X 9

Merlin1D Vacuum X 1

68.4
3.66(Jx7JJ5.2m)
506

4,850

Merlin1D(60%1&538)
TEXEng KEMREYECE
2E&Merlin1D Vacuum
YIER(60%)

2T —I BRI
TEFA =581t
EEHDER

AN NN YN

Falcon 9v1.1

AN FTN

[

Falcon9 Ver.1.2
JIV- XS5
J0OvY 3/4GERKRT)

Merlin1D(ZXEBAiR) X 9

Merlin1D Vacuum (28
B) x1

70
3.66(Jx7J2J5.2m)
549

8,300 (fELMET)
>5,300(FB#IA)

Merlin1D+ (BE/15&81k)
OB AR RERHIN
2B&Merlin1 DV ERY
2BY IR

AT —IUD BB R
TJUYRD 4 BB
BERITZEE(AFSS)

AN NN NV

Falcon 9 v1.2 (FT)

Falcon 9 Block 5

Falcon Heavy (B5)

{84 Dari kiri ke kanan: Falcon 1, Falcon 9 v1.0, tiga versi Falcon 9 v1.1, tiga versi Falcon 9 v1.2 (FT), dua versi Falcon 9
Block 5, dan dua versi Falcon Heavy

Falcon9 Ver.1.2
JOwo5
GERA)

Merlin1D (X RhiR) x 9

Merlin1D Vacuum (24
B) x1

70
3.66(Jx7U2J5.2m)
“587

8,300 (fEL\ET)
5,500(B#MA)

Merlin1D++ (BE/581k)
2E&Merlin1DV
HEERATEDRBEL
?’EAM@JQ(COPVZ)
Z2O0vMIVERERBEL
DEIIZVIBEL
EEHONER

LA
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SpaceX learns through experience rather than attempting

v EQB%W@E%%%??'} _ t T\ﬁﬁﬁ 7& LJ: 31:,“'7’8:73\ '5 E&E ° %EIE Lj_C to anticipate all possible system interactions
L \ < 7.3_:_:% (Te St AS YO u F I_y) Traditional Developments Use Single Cycle to Product—This Mandates

Heavy Systems Engineering to Protect the Design-Build-Test Investment

v Falcon9lZ. Ver.1.0n5Ver.1.1¢3EM. Ver.1.1H'5
Ver. 1.2 C2ERTERBLU. FIUWATCH R % EH

‘/ é/ \“_ D“ 3 y 0) Eﬁ%ﬁ‘g T ‘Té\ aj <\ l:;x/ \“_ j 3 y Eﬁ% ( : $%1—'|_- Lj SpaceX relies on rapid design-bui::s:ezp:yﬁj:?ec: t: inform design by experience
DD REEFEVGNSTUI D BE. 7EA BERTZE - ,
F & ERPERIICSEEE

v BRI DU TIEBlock 215 ERRSHNIC TR SR & S
CBRURDSEEL DD, BAHE (Grasshopperst® Bl o ... . —p—
”2%123%1%—3 EID:J“ yﬁﬁﬁgﬁgﬁ%) E@i&@%ﬁﬁ HiB8: SpaceX System Engineering: A Traditional Discipline in a Non-traditional

Organization

Test Experience <€

SpaceXDEFETA IV
2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Block1 V1.0  ATFTETTTTRYY =
== Development Phase

BlOCkZV'I-'I ﬁlkllllllllll> .

> == QOperational Phase
Blocks3 2 === Development Flight Test
Block4 —V;"P —> Operational Flight Test
Block5 >IIIIIIIIIIIIIII>
Reusable Dev >

Grasshopper

FalconH >IIIIIIIIIIIIIII>
Starship >

SpaceXO’ 7 bEAFEDFREE Test Flight x 7
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v FERYTIRATLERBRICER -FHUTWEOIBRETIVCHY XMV IVI D BT —RS,
LTBRRAT—IZRFTDIETIRIAERULTNSD

v ﬁ-ﬁ%(iZOHED\BQL‘iDTBU 2013FICKDP-C(CDR#3) @B 9 5. &Kl TEHR
ZRZHFAFAENAKIRISEZEL. Block1DHIS#IE2022F11BICFT EIFonsz

SLS EVOLVABILITY

FOUNDATION FOR A GENERATION OF DEEP SPACE EXPLORATION

322 ft. Upto 3131t 365 ft. 3251t 365 ft.

— Launch Abort System

Fairing
(up to 63)

SLS Block 1 SLS Block 1 Cargo SLS Block 1B Crew SLS Block 1B Cargo SLS Block 2 Crew SLS Block 2 Cargo
>274 (595K bs >274 (595K Ibs) G 42¢(925K1bs) > 431(947k Ibs). > 461(101.4k Ibs)]

Hi88: https://www.nasa.gov/image-article/sls-block-1-crew-block-1b-crew-block-1b-cargo-block-2-cargo-evolution/

Block1 Block1B(Crew/Cargo) Block2(Crew/Cargo)
v RS-25D v RS-25E v BOLE GRE!— (AR B T —X %)
v SSSRB(5TET XUK) v EUSEEEISYVYVIaVHLEERRT—Y)
v ICPS(HERELERAT—Y)
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& Ariane 6ICH VT, 2025FEZBELE T TR T LRI I VDM RERE EZERY) .

T ERENE X 1 —F IR R ZR S EEAZ 185 T D,
FROM ARIANE 6 BLOCK 1 TO BLOCK 2

CURRENT VISION AND PROPOSALS FROM MID-2025

Upgraded Upper Part

Heavy Launch Vehicle Adaptor (LVA)
~___— Standard Truncated LVA
Compatibility with ASTRIS kick-stage

Upper Liquid Propulsion Module 2
Reduced dry mass
__—— | APUE
VINCI 2 Engine: thrust increased to 200kN
Specific Tank Loading (Heavy LEO)

i

ASTRIS
i ! Kick-stage*
o Lo

P2 B Lower Liquid Propulsion Module 2
| E | Optimized Vulcain Aft-Bay

| e
',‘ | A Upgraded Equipped Solid Rocket
' ‘\ ” P120C+ Solid Rocket Motors
; i loading from 142tto 156t
{

Improved Launch base

1 New ESR Up
(
= Heavy Payload capacity

Nose Cap and Lower Attachmentimproved
<’ A=

e ~ e

~—

BLOCK 1 Storage & Roads BLOCK2

Additional adaptations for science & Additional adaptations to

-~

constellation missions

HR:IAC-22-D2.1.2ARIANE 6 LAUNCH SYSTEM DEVELOPMENT UPDATE

exploration missions science, exploration & mega-

Block1 Block2(Crew/Cargo)
v Vulcain2.1(Ariane 54 RHY) v P120C+ Solid Booster
v P120C Solid Booster v 2E&Vince2 Engine
v 2E%Vinci Engine v 2EREE1ML
v 5.4m7Jx 7> (Large20m. Small14m) v RAO—R745 T9HER (Heavy LVA)

16



FrpNopO—R <y o

o PXMICHWVTIL. ArianebDRIFEEMATU T, RIEAR D4y MAriane Next(Z[aIlF T,
O— R T CHREVHEEL TUVVBIRI

CNES FUTURE LAUNCHER ROADMAP - LA SAPIENZA — MAY 7TH, 2019

Roadmap: from techno bricks to launchers

2025 -2030

Ariane
Ariane Next ° |
Evolutio .

Demonstrators and smart CSG:
®» to reduce cost and create options for launch system

, lcarus
m Prometheus \

| JAXA/CNES/DLROH#ETOV TSR

HE&: CNES FUTURE LAUNCHER ROADMAP LA SAPIENZA - May 7th, 2019 1 7




[(FMTER]

BE AT LR T

BN

7351

18



R FHENEV AT LARERFE O S LOBFRIRR(1,74)

B RO SR (L TEEEA (SH6F3A28R))

o NFDZEEEIL, HIKMEFEZHZ . A, BICKEFORFEAE MENICFHZERICILKT
Do TNIZHWV. FEHERBNAGEINEIRMO-FIE CNETIEIATEEPRERDIFLTHD
ECAFHICHITDEANEDRENR(FERT—3vT —hU( AREME)(CHEITT. €
DISEICHBIREEY). BB > TOYE - BRCO—/\. 0NV ECTRERETDAERE,
HERLLEICZBRDN DREDRIO— R DEEZ—INEFN D,

n fFRFHEEVRATLREREFETOIT S LA

o X" —XDZHLXEDFROFEHAATIZE RIEA T FHEEDERASEHRFHEIEL T

WD, RSB EDFEHEE Y AT LD BIEERICINZ . FHEXDERICAIT T EER

EAGES L CIRARSERXEE N Db, E5AEAE MNCEIRXMEICERRUBEE & T HHAEDF
HREEX A D alEE Db EMD,

PNEEE N DaEME LT OS8R I EFOEIRNME
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