


AJAXA
AJAXA
AJAXA






S==7)



20

! %AXA

oo e g e g,

’
S
~




2040

2020

/

2000
4.6

1980

1960



0

1950 1960 1970 1980 1990 2000 2010 2020






2030

| ‘ 2024 | G
L %
. « «
i \.- ; p 5 "" .'g\'w ,’ :" ’
: U H—pyzy / , ‘ o @/\f\@
whggnt O g o | (R "
= VTR 0 BE i bl : - ‘
EARBRE (ErEne, N N Lk AnmRe EOSIREE  pgnnans
(7r721) Y BEATEAL | TR el B ol e
s rasetores | M (oo gen (PATID) A
a ' | (EmEER)
) g ] —A _’":,} P Mol e o
£ i 4 :‘p h& g ‘ S WL (..
XEABEHRASY Y 2120 BEEHA0-1
H: 2020568 NASARE R AARERERE | wao005e8 NMsarzas




NASA'’s Plan for
Sustained Lunar
Exploration and
Development

3

A\

AJTEMIS

A New Era for

Deep Space Exploration
and Development

Productof
NATIONAL SPACE COUNCIL

JULY 23,2020

\

NASA

nv kDha

> H

10



NASA

NASA 2020 4
and Development

A ISS
A 2024

Artemis Base Camp
A Gateway

Nationsl Asronstics ard
Space Admnstraton B

NASA'’s Plan for (

Sustained Lunar
Exploration and
Development

X
7N

AJTEMIS

11



5

v

NSpC

2020 7 23

NSpC

Era for Deep Space Exploration and Development

a whole of- government approach

NASA

A New

BEHE B jp B REEE

THE WHITE HOUSE

A New Era for
Deep Space Exploration
and Development

Product of
‘THE WHITE HOUSE
NATIONAL SPACE COUNCIL

JULY 23, 2020

NSpC Ll
(s )

12



SPACE LAUNCH SYSTEM BLOCK 1 ORION CREW VEHICLE DEEP SPACE LOGISTICS HUMAN LANDING SYSTEM

-

“ArEMIE”
ELEMENTS
& SysTims |

ARIENIS
ELEMENTS
& Svstims

Orion - GW HLS
Artemis: Land'i'ng Humans O} the Moon

Lunar Reconnaissance
Orbiter: Continued
surface and landing - 1
site im_lestigation
N " f Ry
L DA | T
. . . | ® . . P
L P _ Artemis I: First Artemis II: First humans Gatew;ﬁbegins science operations Artemis llI-V: Deep space crew missions;
i& an spacecraft to orbit the Moon and with Taunch of Power and Propulsion cislunar buildup and initial crew ’
- to the Moon in the rendezvous in deep space Element and Habitation and demonstration landing with Human
3 — 21st century in the 21st Century Logistics Outpost £ Landing System = v
= A
limints e
SYSTEMS ]

Science and technology payloads delivered by > i e . : i _——
Commercial Lunar Payload Services providers 2




Space

aunc

H;“_S_yslpm

@ auncu

@ ApPoGEE ‘,
RAISE
BURN
TO HIGH
EARTH ORBIT
Followed by ICPS
separation and Orion
systems checkout

@ ORION TRANS-LUNAR INJECTION
(TLI) BY ORION'S MAIN ENGINE

2022 11

ENTRY, DESCENT,

(@) ENTER EARTH ORBIT 2 . CREWANDORION VD LANDING
;,""":;";I"“ o CAPSULE RECOVERY \
Cryogenic P e @ crew voouie
Stage (ICPS) into S\ SERVICE MODULE
100x1545 nmi . SEPARATION
orbit

@ TRANS-LUNAR OUTBOUND

Correction (OTC) Burns by
Orion Aux Engines

k j Correction (RTC) Burns
-

4 days with Outbound Trajectory T—— J [&

/Orion

* ICPS Disposal
@ toHeliocentric orbit
-

@ TrANS-EARTH RETURN y
4 days Return Trajectory X

by Orion Aux Engines

AMEMIS

16

Low Earth Orbit  ~ High Earth Orbit

(2022

 Trans Lunar  — Trans Earth  ~— Earth Re-Entry Payload OrbitDisposal

(2024

(2025 )

2022 12 11




— _ﬂSB;VI

Canada Arm3s K WAET . 39) 2
CSA/MDAT Y & aASB . n (NASA/JAXA)

| t
mASe. nt  Nbt ) \ HTV-XG/
ocpKTOG.1 OM P Improved H-lI

Robotic Arm/ Transfer Vehicle
Gateway External

JAXA
Robotic Systems e ( )
s . : ogistics Module
PPE s De if HOp E X o (CSA) S NASA)
§

¥
MAXART Y (e [
¢ Fogy

2024 HALOp W 1Y Power and
Propulsion

Element i ; | R > ( B
(NASA) - b | Qy
h o ' /ESPRIT-

. » w59
HALOS bW a X > % & European '- M
NGl Y®e ‘PPEpx 4 o 06 D) 1 Refueling ¢ .

SpaceXt Y «k /1 Y (Falcon Heavy) - LR " B Module

I Y12y QT o NRHOr Y § (E—

GOJHAT 3. ESAGWQ h dG€I T3,
CSAx WIrupl IF6 T

et kKAp
Logistics Outpost NASAY AS B . 4 1T 6aq

(NASA, JAXA/ ESA) / B N\ % | . 2029 1Y

(NASA/ESA)

(ESA, JAXA)

-Habs { 3 a )
Snding Suctam - _ , ESAYop'OJih. €E4p 6
ESPRIT-RMs ’ a'H fASe.uX N JAXAY Yv O (ECLSS)A Nébp®" HAT 3 "
ESAY e ) . OMx a*m 0 °
€EIT3 Z6 ‘ nY ‘ 2027 1Y :




Dynatics

)

(2027

)

(2025

16



Commercial Lunar Payload Service

NASA Science Mission Directorate
NFARSYAY

2018 9
Astrobotic Technology, Deep Space Systems, Draper, Firefly Aerospace, Intuitive Machines,
Lockheed Martin Space, Masten Space Systems, Moon Express, Orbit Beyond

2019 5 )
Blue Origin, Ceres Robotics, Sierra Nevada Corporation, SpaceX, Tyvak Nano-Satellite Systems

2023

Astrobotic Intuitive Machines 2 MastenSpace Systems(*)
2024

Astrobotic Firefly Aerospace Intuitive Machines
2025

Draper *) Astrobotics

17



ESDMD-Led

@ Commerdial Launch

SMD-Led

CLPS uses
commerdial launches.

p CLPS include

WL multiple payloads
from muitiple
directorates

STMD-Led ‘

All Commercial Launches

2022
Artemis |

Uncrewed
Flight Test

SLS Block 1

’ 10 CubeSats
. * 4 ESDMD
- 25MD

«1STMD
+ 3 International

2025
Artemis lil

2024
Artemis Il

Crewed
Flight Test

2023

A8

XEVA Surface Suits
ready for integration

‘ @
SpaceX
Uncrewed

lk Lunar Demo

2
SpaceX
Crewed

l Lunar Demo

e W

Science Payloads
) HERMES — SMD

o, ERSA-ESA
IDA — ESA/JAXA

Lunar Communications Network Upgrades (SOMD)

o @

© @ Q (@] @
Lunar Relay (SOMD)

Artemis
crerkist ‘/ Surface Science _ﬁ
Trailblazer * g <
4

Instruments
ESA Lunar

Pathfinder %
delivered

HERMES

e
Ready for Sear
'"'wdym" e 3

2-AB
F

8T

CAPSTONE

Preliminary Nuciear
Thermal Propulsion
reactor design

EJ

LOFTID

for launch

VIPER “

PRIME-1 18C  Z0A 190 cP-1

CH-12 CS-3 CP-21

= SPLICE-1
CFM TP Demos )
- Polar Resources lce © @ @

Mining Experiment
(PRIME-1)

* IM Deployable Hopper ::i;{
« Nokia 4GILTE Lunar SEP Qual
~

Comm

CP-22 CP-31 CP-32
AR AR AR AR AR AR A

= PSI Mini-Suite

2027
g Artemis IV

B I-Hab
| delivered to
: Gateway
l.ﬁ;ﬂv" b

SLS Block 18

MSR
Earth-Retun _ S
Orbiter (ESA) %

CcP-41

CT-1 CP-42

* ISRU Subscale Demo
+ ISRU Pilot Excavator (IPE)

* Vertical Solar Array Technology (VSAT)

* Regenerative Fue! Cell Power

* Wireless Charging for Lunar Surface

2028 2029

emis V

ESPRIT
, delivered to

Artemis VI

L& Airlock
& delivered to

2030
Artemis VI

Gateway

@
“y Deep Space

Logistics u,'

@
_«"3 Deep Space
&,' Logistics

TBD w TBD

3 Human 3 Human
¥ Lander ‘ Lander

[
8D

H Human

W Lander

2031
Artemis VIii

@
3 Deep Space
ﬁ’ Logistics

&
TBD

g
b Human

S | ander

L]
Lunar Terrain
e Vehicle ready
for surface
operations

35 Pressurized
9& Rover via
! Cargo Lander

Surface
Logistics

]

4 @

Artemis
Surface Science #
Instruments

LTV o
Instruments m

MSR Lander: e
Sample Ferch-,-’hf-

Rover Rover

Instruments
MSR Lander:

Mars Ascent ==z
Vehicle e
CP-51 CP-52 LTV cpP-62 CT-2

» Lunar Auger Dryer ISRU (LADI)

Fission Surfa:e?.

Power g A
delivered for ’
launch

+ Lunar Surface Scaled Construction Demo

1 Tech

..ll| !
»
R J

Pressurized

MSR
Mars Ascent Vehicle
faunch

ISRU Pilot Plant
delivered for
launch

ﬁ Surface

Habitat




LEMENTS 4,

7=
SYSTEMS g T8 T £
% o oo =
4 w - B
ELEMENTS: -~ G f
& SYSTEMS ¢ e R /
— {
- !
- # —— Do =

Artemis Base Camp Buildup

ALEMIS
ELEMENTS
& Svystems

0 \ \ \ ‘ F Sustainable operations with Pressurized rover delivered " Surface habitat delivered, allowing up to
LUNAR TERRAIN VEHICLE - First lunar “‘ﬁ AT crew landing services; Gateway , for greater exploration four crew on the surface for longer periods
A oA lihfough Gateway; ex);gfn al enhancements with refueling capability, range on the surface; Gateway of time leveraging extracted resources. A
%’R . Taig fobotic system a “! s additional communications, and viewing enables longer missions Mars mission simulations continue with ey
& St Y eway; Lunar Terrain Vehicle G oebital and surfacs assgts. i

livered to the surface ' :
: ! — Fission

s
ELEMINTS
& SysTEmS

SUSTAINABLE LUNAR ORBIT STAGING CAPABILITY AND SURFACE EXPLORATION

MULTIPLE SCIENCE AND CARGO PAYLOADS 1 U.S. GOVERNMENT, INDUSTRY, AND INTERNATIONAL PARTNERSHIP OPPORTUNITIES | TECHNOLOGY AND OPERATIONS DEMONSTRATIONS FOR MARS




L unar Surface Innovation Initiative

NASA Space Technology Mission Directorate
/
NASA

NASA

20



21



V“.:..w FETSWES GF ‘\T-—.:,‘ ~ T TR
S e R

s S S NS

s kDh a
o |38y

2020

10 2020 12

X § A" Gateway § A+ |
* JEDI) / S
WA ) - NASA
NASA A

22



12

23



A 2019 10 18

A 2021 12 28

2020




2020 7 10 - NASA JEDI)
T T T I I T I N T N T
[

-~ 3 l A -V,
H m i
Gateway
& ves
5 0 5
2 ) AW, & 0
< P NASA
N A i )
NI i
HTV-XN H3 Gateway a
(2026 0 P e e e e -

=

] a

AP 2024 20200 A 20204 4
Ol A A Gateway /1 [ ;



ISS

20

26



%,

b CHOPRISSINEISES ) e sl

\ EREHEABOSMERAIEES . A

| (8@|ISSESCREWEICSITIEFIDNFOMEE [

&0 &0 &0 &0 el &0 &0 & &0 & &1
24 R afEE siEEE (33 ; TEEE B[ 9fE 105 1FEE | 12FEE
(20205 ) (202155 ) (20225 ) (20235 FE) (20245 ) (20255E ) (20265EE) (20275 ) (202855 ) (20295 ) =3
NERROEBFHEEHE(FNFIAHE)ANOSEwr. woisa%)
=T/ BEEAOEHIEHFEAEETIRA - BBORE | F=pb2x10:ER-FIA
HTV-XOBaS R e | HTV-X, HICE RS —h I TAADYIR - B
HRPETESOEREHONRAR  HNRE

AEREERAZBOFR (ﬁ»k'—:'rEEl:l—H] o) EES

BEHSOAESICRIZAENESET—2% '|
ﬁiﬁd} #A

AEEREBROMR (= 54 4T+ 1A B
(78 /B A EETREEM (SLIM) OBISE AL B

AETOREN mrsnumm#aum TRGHRMRS . 2

\-h--*-- quﬁ'—:R EAD ‘--L_-L__ /
ISSE ST Hh ER {E M 5 B/ ra‘w% _ 1%#

ISS- B ARG &(F5 10:EA - RS
FEHRREAMATEL-MNOME - Bl RIEDROREH

EE%&WLE%@&%G HTV-XO:BRAT L7 (25 4)

_ A TLFOSE) ATEFGSE
ISSERERBMEIU2031F
LI oihERE R EE DO

2025 LIBOENEEDICAH:BELEE

{5 iR 7 ) D

ERTHEEEESAERORIERUVETOL
(B8 X ES2FEEE (MMX) R 4] ATEF B

SLIM

(LUPEX)

MMX)

27



JAXA 5

FHEY BRI ABOANREOMNE. EMABOLXFOAREEEZHHTHY., FHEER
ELTENEDOTLEL AD#FF-HEXDT-H DMBERE. F1-=. KERRICIIERFHREE(TIL
TIAHE~OSEIZET SMEZEED D,

FHEE (ZLTIREHE) ICAT-HERRES] 33, 630E5M (14,03EAM) - -~

OCAREB AR 5,494 5M (1,47085M) ‘@

REEREICH(THAERD] M‘ﬁﬁ@b‘ﬁﬁﬁf—&ﬁﬁ@ﬂ&ikﬂlf FTIXAEMTOR k}
RHTEHNRBFZBIELT, AEBTSAREAARRN 7 —bozA ) (SR, EA
_4_éf&ﬂfib,&&*ﬂﬁh\X§<E)A¥h6&1ﬁ\E)\Iﬁﬁﬁﬁi NoT)—F)ERELE

OHBFHRT—a M HTV-X) 19, 125685 ( 8,505 5M)

FEAT—aV@REICS0EY | HTV) ZRBL, FERAT—avA0BEIR DO KIE
BHRERBR T AL LRIV aV TG ATRSERE OB BLEREADRR
EERH-EEHEFERT— a0 MRRENR., T ME LU Y RUFYF VT BB RT
LOMREEL T, FFEMEREN (5UTTFy B O—D2THIEHFYFUITHK
#WEER/RL. AAEFEARS~DHEEZEIET . SoIC. BREZEL THRONLERRE. B
B BREEHIE. LSBTV E—MEHBDERAORBARRAEND,

oo
OREKEHER#(LUPEX) . Ii?ﬂ;lﬁ;:ﬁ.?.;gﬁﬁﬂ} : - ( L U P EX)

ABEICE 5 KOFEECERLLTOFA B REMEHHT 5O T—4RERU
EHFFRERERNOEAZBEL-ABEORESV a2/ FELORRIENT
?}E{ﬁ‘é‘é F- RELAEBEMAORESICETSAEOERT —FOHEMTO#EE

l 12
OFHEEr—To1 /=3 DR 623E5M (623F5M)

EXE -ERNACERHLIEFTCARE - HNELHETAIPHEEE N/ N—avn
TIEBEL. RSBV EERMOBRES L. A=— 20 2HHUTAT7ORR, SHIFEL
#hF R (A RRE) WA AR RENTS —XOBYEIL - RIS LY EReE:
HEFONAA RGN RE R E®T 5,

| Ok 2HEHZFHEMMX) 5, 852ER (2ITETR MM X)
I MEREOBELBATHELLIC, RIEABRICE A HRY - KOBE. XiE~0f m‘ﬁﬁﬁw%ﬁﬁwm SORE-Q
HIBEORBISTRT A0, BRME B/ EEETHFELEAL. AEHEDR (SPEFEA/ A2 NTRRRO—F)

. EEN SO E—MRBEIE X EFHENSOTEH LT ILOEIR - SHFETS. 2020F O H
OO EBEEFEREL. 204FT5 EIFIZRT THEEEH TN,

‘OEA-E-JIEI—/\'ISH%mjn‘JbD—-T-‘»r‘/J‘
1,5078FA (AMEEZERFEEECAT-RAEREOARTREE)

,\ Eﬁ&*ﬁt?ﬁ@]ﬁ%*&%ﬁ#ﬂ%oﬁx%rn—m LT, BEBBMOMLK. A Sz
TR TLOERICF TR LOF—EHTICRLT, &7
BERHEEBSEOERHERBRETL. FEHLE

Sviaviub LIFORFEEDHD,
S - -

OEMFHEAT—avBFEREIEFII0EAE

--------— ------

11,36287HA (11, 3B48HM)
EBRFEREHHEORE BHO. HENAROER. HERFNZ~ORME AT _'
CTEES IDERERL, BAATERFLORR. TEEREARLLEROREOE | i a4 99
SERRCLARAOREEERE,

28



(2%) FHRARENBKEE RedhoftooO>Iok
<JOozx ok ifﬂﬁt%>

TKEAREE

BEMAR - JINESS

CBBTOSIO N GIRER) ORE 4 N
- BREIE (ZA0—FPvT) . L
: (% - HIFTHER )

IS

29



JAXA



JAXA




JAXA

JAXA
ISS

N

EQU#EUS OMOTENASH

H |TEN) EQUULEUS EQUilibriUnLunarEarth™®

OMOTENASH (OutstandinglOonexploratio ologiedemonstrated byNAnoSemiHard Impactor

32



Gateway
#3Z

r | Py
///*{«s; // ¥4 ﬁ' ﬁ | —— v?‘%;l

)
AL t \ |

Gateway

NETHhkS i A

EARTH

WA s l ERSEBRCOHE > ARSI (BRI M T & B R B DA >



JAXA

(Gateway): N
/

vV CO2
Gateway
HTV-X e
V 2
SLIM
\
LUPEX s
\ VIPER
V

HTV-X

2020

34



JAXA



JAXA

J - SPARC R,

J-SPARC

j/%#“ TOYOTA i I *':--‘:'_-.Jll"-.a"l.ﬂl.
CORPORATION

SPACEOODSPHERE)

Space Food X %3 < 204040 HIfi D £+




x M )
’ L Of 2 %
Hd ¢l Hvgl D%
KHbl d" b
Tellus

ay "TTLLLLA

aHWaHdjvnz" Eh Hd¢l HikdDgsm
édD| W~ 5. . . * S-Matching @ 1 H e

f kdDg3 " H5-Expert 2 dWbxeunf] o&KWTellus |

37



JAXA

FHRERMN
ARERE ABREE
KERE AmE#ib

1 LW -
REF A B
Rt b4

NeE =5
IXN¥-B4E

B A= EPaE Vs
BEROET 1 72
PI2F2I—3
BEhEE

B/AKT oD
ﬁ‘%g
6—L




JAXA

39



