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ABSTRACT

To establish a sustainable human lunar presence, a
reliable power source is required to support habitats,
rovers, and construction systems for future robotic and
crewed missions. NASA issued several solicitations for
vertical solar arrays that can autonomously deploy and
retract for relocation as needed.

Utilizing Folditure’s proprietary Pyramid Hinge Array
design, combined with novel linear extension
mechanisms, Folditure Space is developing Sunflake XL.:
an innovative lightweight structure that can deploy to a
surface area of 175m? or more, and generate S0kW of
power. In conjunction we are developing a new
supporting tower structure (UC4T), and a rover-based
deployment system (SDS).

1 BACKGROUND

In 2021, Under a Phase I, and subsequent Phase I SBIR
NASA project, Folditure applied its existing proprietary
pyramid hinge technology to develop a 10kW Lunar
Surface Solar Array: The Sunflake Solar Array (SSA)
and Ultra Compact Tripod Tower (UCTT).

With a subsequent NASA SBIR project for a much larger
50kW Lunar Surface Solar Array (Sunflake XL), a new
dimension to the scalability of the design was introduced,
and new technologies and mechanisms were developed.
A completely new implementation of the pyramid hinge
technology was designed to make a robust re-deployable
50kW class array.

The Sunflake XL/UC4T is a novel foldable structure that,
together with the deployment system, measures an
estimated 1.875m* when retracted. Designed to use thin
and flexible solar panels, the array stows in an extremely
efficient flat volume, with a maximum length of 2.6m.
Together with the base structure, it reaches an estimated
efficiency of 113 W/kg and 26 kW/m?3.

Together, these innovations provide unique, origami-
inspired solutions for elevated lunar solar array systems,
and re-deployable solar array systems in general.

2 REQUIREMENTS

Both projects required lightweight, robust, re-deployable
solutions that are supported on a stable base structure and
could accommodate a terrain angle of up to 15 degrees.
The desired south pole lunar location requires a vertically
deployed array. Because of the practically horizontal sun
rays at the south pole, and potential terrain shadowing,
the bottom of the array also needed to be a minimum of
10m above the lunar surface. To capture an optimum and
consistent power supply, the Array assembly is required
to rotate 360 degrees, tracking the sun.

The Sunflake and Sunflake XL were designed to meet the
solicitation requirements. In addition, due to the unique
radial structural design, these arrays can also tilt along
the vertical axis, allowing sun-tracking at different
latitudes.

Our 10kW system (Called Sunflake / UCTT) was
designed to be transported by the Astrolab lunar rover,
and to automatically deploy or retract from the rover’s
front load compartment. The subsequent 50kW system
was designed with the same requirements (Figure 1)

&= o RN L T = I 3y
Figure 1. 50kW Sunflake XL Lunar Surface Solar Array



3 DEVELOPMENT OF THE IDEA

The Pyramid Hinge mechanism was patented in the US
in 2011. It was a novel way of designing extremely
compact, flat-panel-based retractable structures, that
created rigid 3 - dimensional origami-like structures
when deployed. It accounted for any thickness of the flat
panel material, and it is intrinsically re-deployable.
Originally, it was implemented in smaller scale
mechanisms, such as furniture. Further development,
enabled larger and larger motorized re-deployable
designs. These include the:

Pyramid Hinge Array [1]
Sandwich Pyramid Hinge [1]
XL Pyramid Hinge Array [1]

4 CHALLENGES

From the Pyramid Hinge Array to the XL Pyramid Hinge
Array — all mechanisms were deployed by a single linear
motion, perpendicular to one of the central array arms.
The early Sunflake XL Pyramid Hinge Array was also
centrally deployed [2].

The first prototype deployed and retracted very well at
the 25% scale. But we found 3 issues that needed to be
addressed.

First, a 4x larger central deployment structure would be
needed at full scale. That deployment structure would
add considerable mass, without adding much rigidity to
the fully deployed array assembly. But most important, it
would interfere with the retracted structure nesting within
the specified available front deployment area of the Flex
Lunar Rover.

The second issue were the flexible solar array panels. At
specific angles during deployment and retraction -
without a supporting structure, the thin flexible panels
would bend under their own weight.

To resolve this, a lightweight carbon-fiber support
structure was designed, that uses the pyramid hinge
geometry to achieve a fully stable structure during the
entire deployment/retraction sequence (Figure 3).

The main reason these reinforcement panels were
necessary, was the geometry of the large array design.
The flexible members were expanding from the center
point, without actually being fixed to the center point.
This allowed them to slide against each other and overlap
to create the desired compact stowed layout (Figure 2).
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Figure 2. Deployment of early XL Pyramid Hinge

On the earlier Sunflake design (for 10 kW Lunar Surface
array structures of appx 35m?2), there were no sliding
arms, so there was no need for additional support of the
solar panels (Figure 5).
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Figure 3. Support Structure for the Flexible Panels
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Figure 4. Early XL Pyramid Hinge Array P
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The reinforcement panel design (Figure 4) worked well
during prototype testing, but upon further development
of the project, we discovered a third issue:

For optimum coverage of the solar panels, custom solar
cells would be needed — greatly increasing the cost. And
each level of panels would have a different surface area,
requiring the electronics to compensate for that. Since
these issues were not present in the earlier, smaller
Sunflake design (Figure 5), so we looked at options to
combine the best features of the two designs.

Figure 5. Original Cell Layout for the 10kW Sunflake
Design

5 THE XL2 MECHANISM

E

JEl

Figure 6. Cell Layout for the new 50kW Sunflake XL

- Combination of 14 Pivot points, using a radial
Sunflake Array design.

- Gore angle adjusted for optimal coverage,
using standard 8x8 cm solar cells.

- Deployed not from the center, or perimeter, but
inbetween - using the intermediate array arms.

- More robust and compact, suitable for larger
arrays.

- No need for a large central deployment
structure

In the newly developed XL2 mechanism, radial
deployment is achieved by the expanding arms
themselves. Each of the 6 expanding array arms, is made
of 3 to 4 sliding members. A top of the 3™ member is
connected to the bottom of the 4% member, by
intermediate support arms. These arms begin to stretch
outwards by the expanding motion, generating the radial
geometry. They also create a structural “ring” on the
outer part of the array, which greatly reinforces the large,
deployed array.



Figure 6. Deployment structure expanding

Figure 6 shows the linear expanding 4-part radial arms,
applying pressure to the intermediate array arms. Radial
expansion happens at the same time as linear expansion.
The whole movement is governed by one motor.

Figure 7. shows the array gores expanding and bypassing
each other as they unfold and move outward towards the
deployed state. A small pyramid hinge array assembly is
located at each pivot point, to ensure that the gores
expand/contract in unison. Unlike all previous designs, in
the XL2 configuration, the pyramid hinge is powered by,
rather than powering the deployment/retraction. That is
why we call it the “Reverse Action” Pyramid Hinge
Array.

Figure 7. One of six expanding array segments
of the Reverse Action Pyramid Hinge Array



6 FUTURE WORK

In July 2025, we have completed the first year of our
SBIR Phase II project. In the second year, we will build
a scaled-down prototype of the 50kW Array. The
prototype will in fact be the same size as a 15kW array
(Figure 8), and will also be designed to deploy with
Astrolab’s Flex Lunar Rover.
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Figure 8. 50kW vs 15kW LSSA with the new XL2 design

7  CONCLUSIONS AND LESSONS LEARNED

Figure 9. 50kW Array, vertical sun tracking enabled

Folditure's technology represents a new direction in
foldable structures. Origami inspired designs, coupled
with robust mechanical components and utilizing flexible
or solid materials. The goal is to create ultra compact
deployable structures for space, with novel solutions and

design approaches.

Scalability is always a challenge with deployable
designs. As in the XL2 mechanism, we have learned that
design obstacles can often be overcome by combining
seemingly incompatible geometries and mechanisms.
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