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Figure 1: Illustration of DLR’s Orbital Hub 
concept during the docked phase for ser-
vicing of the  consisting of an 
external platform and a pressurised 
laboratory.

1  U.S. commercial launch providers currently are for example: SpaceX, Orbital .
2   European experiment facilitators Airbus and OHB tried the commercial approach but are still 

awaiting
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Figure 2: Dockable  to comply with 
specific science and user requirements. 



User Requirements for LEO-Platforms
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6  Project report: AP 3000, „Post-ISS: Mögliche Anwendungen & Nutzlasten“, work in progress.

Figure 4: Base  architecture 



Engineering Concepts for Modular LEO Platform 
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Table 1: General LEO platform requirements derived by strawman payloads

Platform Strawman Payloads General User Requirements 

Habitat 
( ),  
pressurised

 
external

, 
pressurised

Human physiology (measurement of 
intracranial pressure/general health 
research)

Radiation dosimetry and biology 
(e.g. Phantom)

Gravitational biology (signal transduction/
FLUMIAS)

Robotic experiments (robot-assistant, 
NanoSatFreeflyers)

Tech-demo (e.g. additive manufacturing)

UV-VIS-NIR-SWIR spectrometers

LIDAR observation

GPoptEO

Bio signatures (Bio-Life)

Raman spectrometer

Plume simulator

Tech-demo (electric propulsion)

EOB with pointing platform (e.g. MUSES)

Sky-/Solar observation

Material physics (MUMS)

Payload airlock

Work bench/storage

Connection: high-vacuum, inert gas, cooling, power, data

12 astronauts (cumulated over time) per human experiment,  
with 1 hour per measurement and 10 measurements per astronaut

Tele-presence

Centrifuge for biological samples

Freezer for samples

Incubator, Refrigerator, Glovebox

Orbit between 300 and 600 km, ca. 51° inclined

Connection: power, cooling, data

Data rate up to 3.3 Tbyte/day downlink

Data rate up to 1.5 Gbyte/s uplink

Isolation against vibrations from (manned)  structure

Angle of view: Nadir

Cleanness: max. 130 Å/year (surface contamination of optics)

Instrument exchange: every 2 years

Microgravity Level: up to 10-6g

Connection: high-vacuum, inert gas, cooling, power, data

Downlink about 100 GByte/day

Isolation from  structure

7  Project report: AP 4000, “Post-ISS: Szenarienentwurf“, work in progress.
8  Hub = central portion of a wheel, turnstile, modular logistics/distribution centre.
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Figure 5b: 
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Launch Scenario and Mass/Size Budget Estimation
Based on the described modules of the  (see Figure 9 and Figure 
10a,b; Table 2) the following launch scenario could be derived:

(1)  Launch : e.g. Ariane 6-4, Proton, Atlas V, Falcon

(2) Launch Habitat: e.g. Delta IV, Proton, Falcon Heavy 
Autonomous Docking by 

(3)  Launch Service Module: e.g. Ariane 6-4, Proton, Atlas V  
Autonomous Docking by 

 + Habitat

(4)  Launch Docking Node: e.g. Ariane 6-4, H-II, Atlas V 
Autonomous Docking by  

 + Habitat + Service Module

(5)  1st Crew to Docking Node: e.g. Dragon, CST-100, Soyuz, Dream Chaser, Shenzhou 

Table 2: Mass and size budget estimation of the  architecture.

Module Size Estimate in m Mass Estimate in t

 launch configuration: Ø = 4.5; length = 15.4 18.79

Ø = 4.5; length = 4.5 6.7

length = 4; width = 3.2; height = 3.2  3.3

Pressurised Laboratory 

External Platform 

Service Module length = 6.4; width = 3.2; height = 3.2  8.7

Habitat/Laboratory Ø = 7.5 (expanded); length = 13.7  26.1

Service Module Ø = 4.5; length = 5.4  21.8

Docking Node Ø = 4.5; length = 6.7  17.4

External Platform

Pressurised LabService Module

3,3

6,7

8,7

 (18.7 t)Orbital Hub (84 t)

Docking Node

Service Module Habitat

18,7

26,1

17,4

21,8

Figure 9: Mass distribution of  Base  and Free Flyer and their modules resulting from the CE studies. 

Figure 8: Orbital Hub Base  with a 
minimum number of modules to allow for 
the continuous residence of three astronauts. 

9  Only part of the considered strawman payloads is accommodated on the launch configuration 
     (further payloads are planned to be installed later via servicing).
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Conclusions and Next Steps 
The feedback from many scientists and engineers has shown continuous high interest 
in using the Low Earth Orbit on a multi-purpose mini-platform. As explained in the 
“FuW Strategy 2025”10: a space laboratory is unique and not replaceable. Research in 
space complements terrestrial opportunities. Scientists also highlighted the fact that
Europe/Germany has achieved a technological system competence by developing, 
constructing and operating research facilities in space. The option with the highest 
interest and flexibility is the modular  (see above). It represents the highest 
degree of maturity based on current technologies, operational/logistical systems, cur-
rent commercial developments and financial aspects. The modular   a 
realistic opportunity, however, only with a significant involvement of Europe and 
international (commercial) partners. Alternatively, parts of the concept could be imple-
mented separately e.g. the  only or   parts as a contribution to 
an upcoming .

10

10 Programmausschuss FuW 2010.

Figure 12: 
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11 Space Administration H2020 EPIC, Electric Propulsion Innovation and Competitiveness project

Concept study results suggest further consideration of the following items for potential German 
key contributions:

- (Astronautical) science operation in LEO

- Ongoing requirements definition with national/international science user community

- Know-how regarding automated service modules

- Robotic technology options for internal and external use

- Advanced low thrust propulsion; electric low thrust engine as promising technology for drag  
  compensation for LEO architectures11

- Clear technical and programmatic interface definition –> only a few partners per module (not  
  applicable to experiments)    

During the accommodation design of the interior of the Expandable Habitat module, all 
rigid parts have been attached to the central core structure. With this approach, the balance 
between rack accessibility and volume still has to be proven. Independent of this proposal, a 
follow-on study including interested and dedicated partners and new market players is strongly 
recommended.

In general, we expect future LEO architectures to be smaller, more modular and flexible than 
the current ISS. Complementing payloads such as Earth observation, technology 
demonstration  as well as opportunities for preparation of human 
planetary exploration will add to the conventional scientific utilisation. The interest of the user 
community in a research laboratory and an observation platform in LEO serves as a basis for 
the architecture’s design open for future commercial involvement. The first flying hardware 
components  could be realised 
in the frame of moderate budgets in the next eight years.

The  would guarantee a smooth transition between ISS and future human space 
activities in LEO and would represent an  step regarding long-term human space 
exploration beyond LEO.
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