
The hexagonal cell as a core module arises out of looking at calciferous foraminifera as an
ideally robust structure enclosing maximum volume for minimum material in its construction.
Essentially composed of hollow alloy tube, this would eventually be manufactured from
materials sourced entirely off-planet from mining NEAs, and constructed in space.

APPLYING MODULARITY TO SPACE-BORNE STRUCTURES

Conduits are added to carry wiring and piping in more protected enclosures, and the end-
frames provide extension bolting points on their faces, as well as continuity connections for
the internal utility lines.

The primary motivation for this concept was to provide cheap and lightweight docking frames
for transporting hoppers loaded with mined materials in a ‘hopper train’, forming a large
interorbital transporter, that could be expanded in line with growing financial returns from
metals, gases and water sales.

This configuration enables six hoppers to be transported per frame. Fuel Tanks assembly.Other elements of the transporter are based around the same module, here MET engine units
that can be added in line with the extended mass of the transporter over time. LEOdock Assembly Processes
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Shown in the inset is the fore command and control arrangement, and docking collar, that
can support a mining vehicle as shown above in a primary mission configuration, or for later
sorties, a tug to support mass dockings and undockings of hoppers from the transporter’s
spinal column. The vanes are radiators.

APPLYING MODULARITY TO SPACE-BORNE STRUCTURES
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APPLYING MODULARITY TO SPACE-BORNE STRUCTURES

A much extended hopper train assembly with many extra hoppers, MET engine modules, fuel
tanks, solar arrays and including a tug mounted fore, to aid in docking and undocking hoppers
to be filled with mined grits at the point of excavation. The expansion can be staged, with
extra units added in line with metals sales as they generate further capital for investment.
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A different application of the same principle, but involving continuous assembly is shown here
to provide a ‘gravity gradient boom’ for an orbital maintenance workshop, ‘LEOstation’, where
a long vertical structure maintains perpendicular tidal lock with respect to Earth.

It is important that the boom itself is both rigid, but lightweight, and economic in its use of
materials.

The main purpose of the boom is to stabilise the torque and potential precession of a large
revolving arm that maintains one gee at 3 rpm within its peripheral habitats.

Other modules are appended to the lower reaches of the boom, and different types of
movement, such as personnel or liquid ballast, would be accommodated within its internal
cavity.

Being able to ‘plug and play’ with automated mass-production building blocks of this type,
lends itself to a variety of structural forms based around the hexagonal unit.

Once materials are forthcoming solely from off-planet mining to enable tube-forming and
module manufacture within LEO or L4/L5, then a rapid development and expansion of exploration
capabilities is likely to occur.

So we can see several different possible stages in process here:

01. Primary Earth launch missions of complete hex units to bootstrap a simple ‘rack’ construction,
self-docking using hoppers as motive units, like the ESA ‘Jules Verne’ ATV:

http://esamultimedia.esa.int/docs/ATV/infokit/english/JulesVerneATV_Info_Kit.pdf

02. Tele-operation, possibly using Earth-based operators. Their role may be defined as ‘primary
assembly’ or perhaps, ‘supervisory’ and ‘trouble-shooting’, monitoring other more autonomous
procedures.

03. Manual operators in EVA pods undertaking ‘JCB’ types of operations in orbital construction,
once man-rated accommodation is in place at LEO.

04. Autonomous robots mass-producing repetitively, large modular construction units to high
tolerances.

APPLYING MODULARITY TO
SPACE-BORNE STRUCTURES
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The sequencing of the dock-building is critical, and income-dependent, however, in my view
one is aiming to create a single frame that can be infilled with docking points, water and gas
tanks, powdered metal storage, solar arrays and manufacturing workshops.

The whole combine can than seed other units of the same, or similar configurations, to provide
expansion of production as demand and incoming NEA mined resources allow.

The methods of construction will depend on the timescale allowable, so initially one needs to
establish a foothold in orbit quickly without risk of inadvertent failures. In which case, first
shipping completed structures into orbit, despite perhaps a higher cost, would be defrayed
by a faster pickup on income-earning activities and actually may work out cheaper. This success
would also encourage moral and financial support.

Nevertheless, the advantages of robotic hardware production, once human-supervisors had
protected access to orbit to trouble-shoot stoppages, would have a much better economic
return.

It is feasible that a fair amount of operations may be still handled from ground-bases, where
routine construction or logistics issues were better dealt with from large specialised work-
groups who could operate more economic round-the-clock shifts from a normal environment,
this may include tele-operations and monitoring of mining shipments, as well as construction.

APPLYING MODULARITY TO
SPACE-BORNE STRUCTURES

A primary module launch of two hex/hopper combos (either together, or separate lift-offs
depending on the host booster), establishes the ‘seed’ units from which other elements are
added. We know this can be done already.

Other elements are added in the order that immediate gains can be made from the technology
already in place. Here, water to fuel tugs for gathering income-generating space-junk recycling.
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APPLYING MODULARITY TO
SPACE-BORNE STRUCTURES

It does not seem conceivable that once the genie is out of the bottle that there would be
any limits to growth in off-planet activities. A mining operation in such a hostile environment
would only pay its way through economies of scale. This illustration would seem to be a
quite realistic assumption of this process, give the known history of mining and oil industries’
exploration and development of resources. We might also add chemical and steel production
to this portfolio of analogies.
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The purpose of this document was to summarise how we have arrived at this point today, and
how we can move forward by further documenting a repertoire of techniques to deal with
those construction needs that can be foreseen at this time.

It is clear that there are several problem-solving pathways to explore, and each will have their
different applications in differing circumstances and at different points in the timeline of
construction, development or expansion.

From considering the role of hopper from miner to transporter, from transporter to LEO and
processing, we came up with the concept of an H2O-MET powered double-ended tug to shunt
hoppers around such as the orbital dock, or stacking and racking them on><from transporters
at both ends of the orbital path to NEAs.

This gave us a fairly robust manipulator with potential range and stamina fuelled from NEO-
sourced water, as seen below.

More recently, I have been exploring the layout of a manned EVA module with more finely
controlled manipulators that could be capable of free-flight construction roles, but within easy
range of regular refuelling resources. In this case, compactness and flexibility are key. The tool
arms should be replaceable with a variety of different plug-in heads and tools, or a combination
of self-clamping devices or long folding arms for positional access over long arcs if in a fixed
position to deliver components to site.

APPLYING MODULARITY TO SPACE-BORNE STRUCTURES
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“How does a hex-frame get built in orbit? Or does it go out there fully integrated? –– This is
quite close to the right size diameter an Ariane can carry, and remember it is empty and made
from hollow tube, so maybe two or three could stack fully integrated. They would have to be
aerodynamically overskinned rather than shrouded conventionally. I have noticed that the
Russians launch boosters with bracing and infrastructure clearly exposed between different
stages of their launcher, so maybe not a problem then at supersonic speeds? Payload overhang
also seems to be quite common and acceptable on recent launches observed.”

What I have been very slow to realise is the relationship of the ‘hopper’ to the ‘hex module’
that it docks with, in this context. When I tried nesting the hopper within the module, it was
a perfect fit already. This means that one can launch this as a ‘water can’, within the supporting
hex module as one unit in an integrated launcher payload. It is just a matter of unpacking  the
hopper in orbit, docking it onto the pipework delivery plinth and it is ready for use as a fuel
bowser to dispense water to MET-based craft. I suggest this makes a strong case for the
bootstrap launches to commence in this way.

flexible though to minimise launch mass. Ultimately the hexes would need to be foil-shielded
for cooling, with kevlar wraps on essential equipment and piping, but this supplied from orbital
manufacture.

–– More excitingly, maybe the hexes could BECOME most of the rocket, as they are essentially
voids internally that would accommodate command electronics, fuel, and pressurising gas
tanks to drive the motors. 

–– And yes, they could also knock down into an IKEA kit pack, and with some thought could
expand out from three basic gatefold subunits bolted together from a back to back hinged
sandwich rotating the faces inward by 120 degrees.

Rather than make any final choices then, we should probably keep listing all these alternatives
as we go without consigning any of them to oblivion, until we have seen the full range of
proposals forthcoming.......It helps the winnowing process!”

“It further occurred to me that the overskinning mentioned above could be in the form of
panels hinging on the hex apexes, so that they could fold out perpendicular to each apex, and
form the basis for simple impact shielding initially, and for later bolt-ons that worked essentially
like the LEOstation shielding. This gives 100% usage of all launched elements.”

“This could fold out as a complete facet on one hinge ie: to give an equal area to the facet
once extended.” 

“......or split into two equal halves with a hinge on each apex, forming a double walled shield
at half facet height along each spine. This on the basis of decelerative impact plus capture,
on a simple basis, between the two planes. This gives some minimum shield-walling while
utilising the aeroshell skinning, without impeding docking access. It would be very thin and

“–– Another application for a hinging panel is to split the panels as before, then again with an
extra hinge, so forming deflection apexes when refolded and locked down, while still affording
access for docking on three facets.”


