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International Industry Team  

• Since 2009, international space industry partners have been 
working together to study feasible next steps in human 
exploration beyond the International Space Station 

• The team includes  
– Airbus Defence and Space (Europe) – formerly Astrium 
– Boeing (USA) 
– Lockheed Martin Space Systems Company (USA) 
– MDA (Canada) 
– Mitsubishi Heavy Industries (Japan) 
– S.P. Korolev Rocket and Space Corporation Energia 

(Russia) 
– Thales Alenia Space (Europe).  
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Uwe Derz 
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Lockheed Martin 
Josh Hopkins 
Bill Pratt 
John Ringelberg 
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Mitsubishi Heavy Industries 
Hidemasa Nakanishi 
Ko Ogasawara 
Takeshi Uchida 
Yoshiki Takeuchi 
Mitsutoshi Tsujioka 
 

RSC Energia 
Nikolay Bryukhanov 
Alexey Bideev 
Yuri Makushenko 
Anastasiya Murashko 
Alexander Derechin 
Rushan Beglov 
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Our Priorities for Selecting Exploration Missions 

• Exploration beyond Low Earth Orbit is a priority for many 
nations, but will require international partnerships 
– It must be possible for several nations to make 

meaningful contributions to these missions 
– Contributions should align with areas of expertise, 

technology development priorities, and other national 
interests of the partner countries and companies 

• Initial astronaut missions should occur within a decade 
• Partners wish to fly astronauts who are native to their own 

countries, so there must be enough flight opportunities  
• Missions should occur at least once per year 
• Missions should advance exploration objectives such as 

sending astronauts to the Moon, asteroids, and Mars 
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Suggested First Missions: Astronauts to L2 

• Orbits near the Moon such as Earth-Moon L2, L1, and Distant 
Retrograde Orbits are easier to reach than GEO or low lunar 
orbit 
– Therefore multiple countries can afford to contribute, 

often using ISS-derived elements 
 

• EM-L2 can be used to remotely explore the lunar farside 
– Astronaut teleoperation of surface robots on the farside 

can aid planetary science, radio astronomy, and 
development of in-situ resource utilization technology 
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Exploration Benefit of an Outpost Near the Moon 
• An outpost in any of these locations can be used to practice 

deep space mission operations while still safely close to 
Earth 
– Prove we can operate long duration astronaut missions 

with a very small logistics supply 
• Forces improved reliability and increased recycling 

– Demonstrate sustained human spaceflight in the radiation 
environment outside Earth’s magnetosphere 

– Learn to operate in a shallow gravity gradient environment 
similar to interplanetary transfer or high Mars orbit 

• Rendezvous, spacecraft orientation, and navigation are 
different from LEO 

• Tethered artificial gravity systems may work differently 
• An L2 outpost may eventually be used as a transportation 

node on the way to the lunar surface or asteroids, or for 
servicing space telescopes 

 



7 

Tsiolkovsky 

Shackleton 

SPA Center 

0º 

-30º 

-60º 

60º 

30º 

18
0º

 

12
0º

 

15
0º

 

-1
20

º 

-1
50

º 

LRO and Clementine imagery courtesy NASA and NRL 

Schrodinger 
Basin 

Even in limb sites like Schrodinger 
Basin there are areas where 
communication to the halo orbit 
can last from dawn to dusk 
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A large area of the lunar farside is 
continuously visible from a 
compact L2 halo orbit 

Presenter
Presentation Notes
The view from L2 – clear communications to the center of the farside.

Don’t always have line of site beyond edges
Any site within region has continuous comm

Schrodinger
we looked at the region David just presented
Even though you don’t always have continuous comm, there are some regions where you do have constant communication during an entire lunar day cycle

Can be used to pick routes where you have continuous coverage and access to the sun
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Example L2 Outpost 

Rover artwork courtesy MDA. 



PRESSURIZED SECTION OF MAIN MODULE 
 BASED ON ISS SCIENCE POWER MODULE 

Life support systems Working (support) systems zones 

Living 
quarters 

Working (support) 
systems zones 

Cargo and Payload zones 
Medical support zones 

Control Station 

Living 
quarters 

Chart courtesy Energia. 
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Docking Nodes 

Energia Node 
• Derived from Roscosmos/ 

Energia UM module for ISS 
• Mass 3 tons, Volume 18 m3 

• 4 docking ports of different types 
enable docking of elements  
provided by various partners 

Italian ISS-Derived Node 
• Derived from Thales Alenia 

Space ISS Node, modified for 
docking and EVA at L2 

• Nodes allow resupply vehicle to arrive while astronauts are 
present, and habitat to be expanded with multiple modules 

Artwork courtesy Energia and TAS-I 
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Centrifuge Module 

• Objectives: 
• A cis lunar outpost shall enable the 

investigation of the combined impact 
of (artificial) gravity and radiation on 
the human body and other biological 
systems 

• Centrifuge Module Design 
• It can be launched on an Ariane 5 

class launch vehicle and transported 
in a stacked mode to EML2 

• Docked to the outpost, its inflatable 
outer shell and a short arm human 
centrifuge are deployed 

• The centrifuge enables crew training 
of up to two astronauts and/or the 
exposure of experiments to artificial 
gravity of up to 1.3 g 
 

GER Workshop, Washington – 10th-11th April 2014 Studied within the frame of the Airbus/DLR Free Flyer investigation 
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Safe Crew Trajectories 

  Maneuver ΔV Magnitude 
A Hybrid Maneuver 83 m/s 
B Outbound Perilune Burn 178 m/s 
C Outbound Midcourse Burn 55 m/s 
D Halo Orbit Insertion Burn 19 m/s 
E Halo Orbit Departure Burn 63 m/s 
F Inbound Midcourse Burn 29 m/s 
G Inbound Perilune Burn 210 m/s 
  TOTAL 637 m/s 

Orion or Russian Advanced Crew 
Vehicle can transport 4 astronauts to L2 
with full abort coverage, or to DRO 
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Several Options for Resupply 

Airbus Cis-Lunar Logistic Vehicle 

Logistics vehicles can reach lunar 
neighborhood with very low ΔV Ballistic 
Lunar Transfer trajectories 

Derivatives of Progress M, Cygnus, ATV or  
HTV could deliver between 1.5 - 2.5 tons of 

cargo to L2 

Artwork courtesy Airbus, MHI,  and Energia 

Progress HTV Derivative 

Cygnus 
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Launch Options 
• Outpost and Orion can be launched 

on SLS 
• Logistics vehicles can be launched 

on Ariane 5 ME,  EELV, or H-X class 
launch vehicles 

• Astronauts can occupy the outpost 
for a  few months each year using  
one SLS/Orion launch + one cargo 
launch annually 

Artwork courtesy Boeing and Energia 
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A Circum-Lunar Outpost Can Be Affordable 

• One Orion/SLS launch per year 
• One logistics vehicle and Ariane 5 class launch per year 

– Resupply requirements are much lower than ISS 
because the outpost is occupied intermittently and by a 
smaller crew 

• The outpost does not require an open ended, long term 
financial commitment like ISS 
– Primary science and exploration objectives of an 

outpost could be completed by several flights in the 
2020s at one flight per year 

– After that, decide whether to continue operations or 
move on to other destinations (Moon surface, asteroids, 
Mars) based circumstances and priorities at the time. 
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International Standards are Needed 

• A circum-lunar outpost is much smaller and more mass-
constrained than ISS, and therefore must be more tightly 
integrated. Compatibility should be designed in from the 
beginning, not achieved with adapters and converters. 

• Incorporating the lessons of ISS can help to reduce 
duplication of redundancy of systems where redundancy is 
not needed 

• All modules and visiting spacecraft should use the same 
docking interface. 

• Life support will be highly recycled: we must have only one 
standard for water biocides 

• Common power voltage and conditioning, grounding, etc.   
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Additional References 
“Proposed Orbits and Trajectories for Human Missions to the Earth-Moon L2 Region” Joshua B. 
Hopkins, William Pratt, Caley Buxton, Selena Hall, Andrew Scott, Robert Farquhar, David Dunham, 
Proceedings of the 64th International Astronautical Congress, Beijing, China, September 2013 
 
“International Industry Concepts for Human Exploration from the Earth-Moon L2 Region”  Joshua 
B. Hopkins, Rodrigo da Costa, Matthew Duggan, Stephan Walther, Paul Fulford, Nadeem Ghafoor, 
Flavio Bandini, Maria Antonietta Perino, Nikolay Bryukhanov, Ko Ogasawara, Luciano Saccani, 
Proceedings of the 64th International Astronautical Congress, Beijing, China, September 2013 
 
“An Initial Study of Orbital Transfer Vehicle in Reference Mission Scenario of  
Human Lunar Exploration with Manned Station at Earth-Moon Libration Point” Mitsutoshi Tsujioka, 
Ko Ogasawara, Toyonori Kobayakawa, Toshito Morito, Hiroshi Ueno, Naoki Satoh 
 
“Potential European Contributions to International Exploration Scenarios,” Bernd Bischof, Rodrigo 
da Costa, Uwe Derz, Mark Kinnersley, Proceedings of the 64th International Astronautical Congress, 
Beijing, China, September 2013 
 
“Orion/Moonrise Joint Human-robotic Lunar Sample Return Mission Concept” Leon Alkalai, Josh 
Hopkins, Brad Jollif, Lunar Exploration Analysis Group annual meeting, Oct 2013, Laurel, MD 
“http://www.hou.usra.edu/meetings/leag2013/presentations/alkalai.pdf 
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