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external furnaces (see Fig. 7). This way no metal flakes

will contaminate the space stations interior, only large PN

metal pieces and feedstock containers filled with the AN S— N\
pulverized material will be handled outside of the closed el \ o ) | .
processing circuit. ya I~ N

3.3. Parabolic Mirrors, Rotators and Solar Array

The Rotators are large circular truss guide rails with
a diameter of 8m. They are located at the port and
starboard end of two main trusses attached to the work
module and perpendicularly connected to the hangar. A
semicircular framework is connected to the rotators, it
houses the parabolic mirrors and grapple fixtures for the
solar panels and radiators. The rotators plus framework

allow the cylindrical furnaces and the pipeline system
coming from the work module to stay in a stationary
position, while rotating the mirrors and solar panels
around the furnaces to achieve a maximally sunlit area.
The solar array has a total area of 2350m?, the distance
from the outer boundaries of the hangar to the array NS _—
panels is 8m, allowing for unhindered storage of upper Tl >

3 Restroom

stages and future expansion of the hangar (see Fig. 5). 4 Galey

5 Dining/Conference Table
6 Sports

3.4. Habitation Module 7 Safe Haven
The habitation module is an inflatable, based on the

size of Bigelow’s Sundancer module. The central  Fig. 8 Habitation module components
cylinder has length of 8,8m and is 2,4m in diameter, the o

inflatable part of the module has a length of 6,5m and a
diameter of 6,4m with a quadrant radius of 2m on either
end. The various layers of the inflatable combine to a
total thickness of 50 cm, so the inner volume of the i I
inflatable segment is 5,5m in height, 5,4m in diameter | ‘ A 7 L)
and a has quadrant radius of 1,5 m on either end. |\

Coupled with the emerging parts of the cylinder the 4\ e/~
. . . \ e /)

total pressurized volume of this module is N\ et 0 [ /

approximately 115m? The module is attached to the aft Xl o 2 3

of the station in a horizontal orientation. The module \ T

description is in a local vertical orientation, top —

representing the aft part and bottom the forward part. Fig. 9 Habitation module plan top level
In the center of the module is the safe haven, with an

inner diameter of 2,1m and a height of 2,2m, it is

surrounded by 15cm thick walls incorporating a lead

protection layer and water containers, to achieve high

radiation protection. It can house 4 astronauts, provides

emergency supplies for up to 10 days and is equipped

with ship control panels and communication displays. It

is accessed by either a top or bottom hatch with a

diameter of 90cm. Revolving around the haven

vertically is a 1,2m wide and 1,5m high corridor (see

Fig. 10). It grants quick access to all of the module’s

areas and additionally can be used for sport and game

activities. Horizontally the haven is to 3% encompassed

by the storage area 2,4m in height, housing up to 60

crates of 60cmx60cmx60cm arranged on the inflatable

walls leaving a 90cm aisle between the crates and the

Fig. 10 Habitation module section
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haven. The remaining quarter is utilized for a generous
dining and conference table that can seat four astronauts
and opens up the corridor to the sports, leisure and
dining area (see Fig. 8).

The top part of the module is separated into four
sections, two enclosed private quarters, an enclosed
hygiene area including the restroom and finally a galley
which opens up towards the dining table section (see
Fig. 9). The width of these sections is 2m, the length
2,6m and the height 1,5m, capped by the spherical shell
of the inflatable, resulting in a total volume of 4,1m?
each. The bottom part houses an enclosed waste storage
with 8,2m* volume, an enclosed room for life support
systems and the sports area containing a treadmill and a
bicycle, open towards the dining section with 4,1m?
each (see Fig. 8). The galley, the restroom and the
sports area each feature a 40cmx 30cm window; the
dining section features a 40cmx 90cm one. Since this
part of the module is always oriented towards nadir, the
astronauts are presented with unhindered views of
Earth. The restroom is accessible without being seen by
the other astronauts and the private quarters are in the
located in the hindmost part of the space station,
separated from the restroom by a total three wall
elements and far from the hangar and the life support
systems with the highest noise potential.

The private quarters are designed in such a way, that
rearrangement of the furniture and components is
encouraged. The rooms feature a grid of fixation points
in 50cm spacing that can be mounted with different
elements like: lamps, a table, a sleeping bag, storage
crates and elastic bands (see Fig. 11). A lot of past
astronauts expressed the wish to be able to customize
their private quarters [20]. Every person has different
preferences, besides it is helpful to break monotony on a
6 - 12month mission.

All the spaces have been designed and arranged
based on the minimum required dimensions and criteria
for the specific activities presented in Adams’ paper on
habitability and Heuplik-Meusburger’s guide book for
space architecture [18,20].

3.5. Escape Options

The configuration of the station guarantees escape
routes from anywhere on the station, no matter where an
incident occurs or what sections are made inaccessible.
The forward part of the habitation module is connected
to the six way node, where an escape vehicle is docked
at all times, the ATV is docked at the aft part of the
habitation module. The work module is connected to the
six way node and additionally poses an escape option
through the airlock attached to its forward part (see Fig.
3).

[IAC-18.E5.1.4x46019

Fig. 11 Private quarter variability

3.6. Assembly Steps

1.

The 6 way node with an attached
pressurized mating adapter (PMA) is
launched, the modified ATV with an RA
rendezvous and connects with it.

The habitation module and work module,
with the attached cupola are launched and
connected with ATV’s RA to the 6 way
node, subsequently the airlock and the first
large solar panels and a radiator are
launched and attached, the first crew arrives
and deploys ARCHINAUT robots to start
assembling the truss framework.

The rotators for the parabolic mirrors are
printed and assembled, the station receives
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continuous material deliveries through the 6
way node, RAs are deployed to the existing
truss framework, further solar panels and
radiators are attached and the hangar truss
framework construction is initiated.

4. The first parabolic mirror segments are
placed, the solar panels and radiators
relocated and further ones are added beside
them. The sealing of the hangar is initiated.

5. The last parabolic mirror parts, solar panels
and radiators are attached, the furnaces and
pipeline system are installed. The station is
operational.

6. Possible expansion with additional hangars,
work and habitation modules to enable
satellite processing, spacecraft assembly or
rocket body to module conversion.

4. Conclusion

Parameters for a mission to capture and recycle
spent rocket stages were defined and subsequently
worked with to develop the design proposal for the
ORDER space station. The main goals were to
minimize the risk of an overpopulated LEO debris
environment whilst seeing the debris as a resource, to
define a feasible recycling process, to propose
applications for the salvaged material and to conceive a
habitable and economical architectural configuration
that is able to accomplish this task.

Admittedly, the cost of developing, assembling and
operating a single station would most likely outweigh
the financial benefits gained from being able to use the
processed debris as a resource at first. However, it can
be argued, that through constantly refining the capture
methods, the recycling process and the additive
manufacturing machinery, their efficiency will be
increased and their maintenance costs reduced.
Combined with the possibility of self sustained
expansion or construction of second generation stations,
enabling the processing of larger quantities, can make
debris an affordable and economically viable resource
in the long run.
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Acronyms/Abbreviations

ADR Active Debris Removal

AMF Additive Manufacturing Facility

ATV Automated Transfer Vehicle

CBM Common Berthing Mechanism

EDT Electrodynamic Tether

ERA European Robotic Arm

ESA European Space Agency

EVA Extra Vehicular Activity

FY-1C Fengyun-1C

GEO Geostationary Orbit

HTV H-II Transfer Vehicle

IADC Inter-Agency Space Debris
Coordination Committee

IBS Ion Beam Shepherd

ISS International Space Station

JERMS Japanese Experimental Remote
Manipulating System

LEGEND A LEO-to-GEO Environment Debris
Model

LEO Low Earth Orbit

MEO Medium Earth Orbit

MSS Mobile Servicing System

NASA National Aeronautics and Space
Administration

ORDER Space Station for Orbital Debris
Recycling

PMA Pressurized Mating Adapter

PMD Postmission Disposal

RA Robotic Arm

SSN US Space Surveillance Network

TDK Thruster Deorbiting Kit

TRL Technology Readiness Level
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