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Abstract

This report introduces a novel deployable origami baffle designed for telescopes and optical systems,
which reduces stray light while maintaining high deployed/stowed ratios and low weight. This design
leverages the planar nature of the end caps on a cylindrical Kresling origami fold to incorporate mounting
points, deployable options, and baffle vanes. The adaptable nature of origami (number of faces, origami
geometrical ratios, scaling, etc.) allows the modification of the design to conform to system requirements,
including field of view, deployed length, stowed/deployed stability points, and available volume.

Geometric ratios that exhibit bistability in both the stowed and deployed states are discussed in detail, as
this results in a rigid structure that maintains its desired configuration. Several designs were
conceptualized, multiple small-scale prototypes were constructed, and experiments were conducted to
inform the final design.

Introduction

Despite its ancient origins, origami is currently being revisited in novel implementations to solve tough
engineering challenges. A simple way to conceptualize origami is a pattern of one degree-of-freedom
hinges on a semi-flexible substrate. Several repeatable origami geometries have been discovered, such
as the Yoshimiura, Miura-ori, Flasher, Kresling [1], and the recently discovered Origami Claw Tesselation
[2]. These geometries are of special interest because they are flat-foldable with high compression ratios
and are roughly a one degree-of-freedom system. Some deploy cylindrically, some deploy linearly, and
others deploy circularly, providing multiple options for engineering solution spaces.

The Kresling fold is one of the first engineered folds discovered; when a thin-walled cylinder is torsionally
buckled, it naturally creases into this shape [3]. Current research has expanded upon this concept by
varying the number of tessellations on a side, the ratios between vertexes, and the angles between
vertexes, leading to several key conclusions. This fold can be modified to have multiple stability points,
which are locations where the strain in the folds is at a local minima [3]. The geometry can be tailored to
change its overall packing ratio, deployed height, footprint, and many other useful design parameters for
constrained environments. Another observation of the Kresling fold is that the ends of the cylinder are
ideally planar between its stowed and deployed states, allowing for stiff interfaces to be attached. Overall,
this fold deploys from a flat-packed, disk-like stowed state into a much taller hollow cylinder.

One maijor application area for a flat-packed cylinder with multiple planar surfaces is as a lens hood or a
baffle for optical systems. The basic concept behind this application is to reduce the amount of stray light
reaching the optics, thereby improving image quality. Traditionally, these baffles are made of stiff
materials and become quite large when paired with optical systems that have a small field of view. For
terrestrial cameras, this usually constitutes a stiff piece of plastic that occupies significant space in
equipment bags. For spacecraft, however, this is a major design hurdle as mass, volumetric constraints,
and mechanical limitations further complicate the design.
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Spacecraft light baffles tend to be made of very stiff yet lightweight materials, as heavier designs impose
penalties on both the spacecraft and the mechanical survivability of the baffle interface during launch.
Thus, materials such as carbon fibers and fiberglass are typically used. These baffles are usually located
near the exterior of the spacecraft, necessitating engineering trade-offs to avoid the keep-out zones of the
rocket’s fairings. To characterize these trade-offs, several deployable baffles for spacecraft have been
designed and published [4][5][6]. As these baffles are stowed during the assent on the rocket, the
mechanical stresses are significantly lower, allowing volume to be allocated to other parts of the
spacecraft. While these designs alleviate some mechanical constraints, the stowed ratios are often
modest and can be mechanically complex. At the cost of a deployment mechanism, a deployable origami
baffle can enable increased baffle lengths, highly efficient stowed ratios, and can be easily modified to fit
the overall mechanical constraints.

Kresling Overview

Several variables are used to define a Kresling fold, side lengths a/b/c, angles alpha/beta, and number of
sides n. Figure 1 shows a single unit geometry that defines the Kresling fold. Not all these variables are
required to fully define the geometry of the fold, which may be omitted in the following sections. The
overall fold design can be simplified to a pattern of parallelograms with an extra fold down the center of
the parallelogram. The edges of the parallelogram are all folded in a ‘mountain’ fold, while the diagonals
are folded in a ‘valley’ fold. Once the folds are set, the entire assembly should wrap around itself, with the
vertex of one external parallelogram meeting the external vertex of the parallelogram in the same row.
The variables chosen for Figure 1 were identified in a paper that identified a bistable structure that was
stable in the fully flat and fully deployed configurations [3]. Figure 2 shows the deployed and stowed
geometries of the variables identified in Figure 1.

Figure 2. Bistable Kresling Deployed (left) and Stowed (right)

It is important to note that between the stowed and deployed configurations in Figure 2, the geometrical
interface of the bottom of the cells remains constant in a hexagon configuration. Any rigid plate that
mounts to these surfaces will maintain the same configuration throughout the folded and deployed states.
This planar relationship enables structures to mount to these vertices, allowing for the construction of
booms, deployable structures, and in this case, optical baffles.
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Experimental Setup

The bistable nature of this geometric assembly is driven by the strain energy in the vertices, as the
Kresling transitions between stowed and deployed configurations the geometry cause the vertices to flex.
There are two stability points where the model will naturally settle, which is ideal for mechanisms that
need to be stowed for transportation and deployed for a long time afterwards. However, this strain energy
also causes materials to buckle or deform over multiple cycles and is dependent on materials. As this will
also be adjacent to optical systems the materials will need to meet strict TML and CVCM requirements.
To characterize these materials, several samples were made and tested in the setup seen in Figure 3.

Figure 3. Experimental Setup and Samples

The materials chosen were 0.076 mm/0.127 mm Acetal, 0.076 mm LDPE, 0.102 mm HDPE, 0.381 mm
PP 0.102 mm/0.152 mm/0.203 mm paper, 0.127 mm PET, and 0.076 mm Mylar. These were chosen for
their convenience and broad range of material stiffnesses. A 0.076 mm double sided acrylic adhesive was
used to adhere the tabs of the materials to additively manufactured PLA hex plates. A Kresling geometry
of a=70.2 mm, b=105.4 mm, and ¢c=137.7 mm was used for these samples. A Cricut Explore Air 2
machine was used to cut out the perimeter of the samples and used dashes along each of the folds to
ensure fold accuracy. These dashes were 1.07 mm long and spaced 2.24 mm apart. A Mark-10 force
gauge model M5-200 was used to compress the samples until they failed or transitioned to their stowed
states. The fixture allowed the samples to rotate axially. Deployed heights were measured at the
beginning and at the end of each cycle. Finally, these samples were cycled ten times, documenting the
deployed height, max force, if the material deformed, etc.

All samples were slightly larger than the designed height, ranging from 0.25-2.03 mm, likely due to a
combination of manufacturing tolerances and measurement location. More work is necessary to improve
the design tolerance. Almost all the samples tore or deformed after the first cycle, which included the
papers, Mylar, and PP samples. The only sample that did not permanently crease or tear was PET,
whose stiffness was unsuitable for this application. Maximum forces ranged from 128.4 N to 1.8 N.
Samples permanently deformed between 2.8-4.3% of their deployed height. These results are
unsatisfactory for a flight system, the design needed to change from a ‘standard’ Kresling geometry.

A campaign of varying configurations, overlaps, and backing materials was investigated, generating thirty
samples of differing designs to identify better design philosophies. This work is currently still being
conducted but initial results informed the design for the prototypes below. The identified prototype was a
0.076 mm thick Mylar sample with a small cut that was 25% of the length of the mountain vertex,
centered on the mountain fold, with no tear relief, and with no backing material. After ten cycles the Mylar
sample was measured to within 0.025 mm of its original height and required 3.1 N to transition between
configurations. Ongoing work has identified better configurations that increase the maximum force, but
further development is needed. This cut in the mountain fold is also not ideal as it allows for a path that
stray light can enter the baffle.
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Design/Prototypes

Several full-up baffle prototypes were designed and developed, using the a=1, b=1.5, ¢=1.9605
geometrical ratio. Side lengths of a=50.8 mm/57.2 mm/63.5 mm/69.9 mm were chosen after a few
iterations for manufacturability and to achieve a reasonable length. Holes were designed into the flat
sections of the baffle to maximize the solar exclusion angle and field of view. Figure 4 shows several
views of this design, which meets the requirements for a 7 deg optical field of view and a 28 deg light
exclusion angle for a total length of 349.1 mm. The total length is using zero-thickness facets and will
change when materials and adhesives are included. Note that all the facets are rotating in the same
direction, which may be useful for some designs but are changed for the final prototype where pairs of
rotations cancel each other out.

Figure 4. Designed 7 deg FOV baffle

The first prototype seen in Figure 5 used a 0.203 mm thick paper for both the Kresling origami and the
planar vanes. No cuts on the mountain folds were used as the vertices were reinforced. Acrylic tape was
used to reinforce the vertices and attach the assembly to the vanes. The prototype weighed 29 g and
required 4.4 N to transition between configurations. Overall deployed length was 345.4 mm after dozens
of cycles. Vertex deformation was clearly visible, indicating concerns with repeatability and accuracy.

Figure 5. First Prototyped Baffle

The final prototype seen in Figure 6 used 0.076 mm thick Mylar with 25% mountain cuts, 0.762 mm PLA
additively manufactured vanes, 0.076 mm thick acrylic adhesive, and 12.7mm wide Polyamide tape to
attach the Mylar sections together. This prototype weighed 42 g and required 3.3 N to transition between
states. Its overall deployed length was 350.5 mm, which was slightly longer than the 350.3 mm designed
length which includes the thicknesses associated with the adhesive and material. The length difference
could be attributed to measurement direction (with or without gravity) and measurement procedure errors.
The overall assembly compresses down to 6.99 mm, resulting in a packaging ratio of ~50. This
measurement was taken with a restraining mechanism compressing it flat as the stowed configuration
tended to slightly expand. This is likely caused by slight crease strains in the material. Figure 7 shows the

210



stowed state of the baffle. Figure 8 shows the construction method for the baffle, consisting of interlocking
additively manufactured hex plates that the tabs of the Mylar were adhered to.

Figure 8. Construction of the Baffle

Discussion and Enabled Technologies

Several additional avenues of research are required before this technology can be implemented with
optical systems, namely the addition of baffle internal coatings to absorb scattered light. This coating
would need to be mechanically reliable as the surfaces will be in contact with the coating in its stowed
state, rendering fragile coatings unusable. Further investigations into the vibrational modes/responses,
accuracy studies, thermal studies, and outgassing will also need to be done. This design will need to be
tailored for the application, if a 7 deg FOV is not desirable the Kresling geometry will need to be tailored
to effectively fit the application. Finally, a reliable method of deploying the structure would also be
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necessary. Telescoping rods, deployable composite booms, inflatable methods, or rotational methods can
all be used to deploy the baffle.

Several industries can benefit from this technology, from cameras to satellites. The most straightforward
implementation for this concept is for terrestrial cameras, allowing photographers and astronomers to
carry an easily stowed baffle for their camera/telescope which would be deployed by hand. Environments
where stowed volume is critical for remote hikes or international shipping would greatly benefit from this
technology. However, an exciting application for a deployable baffle is for space sensors/satellites,
reducing the stowed volume for star trackers and optical satellite constellations. Figure 9 details a
notional optical satellite using a stationary primary mirror, deployable secondary, and deployable baffle to
conceptualize a flat sat for constellations.

Figure 9. Notional Flat Sat Deployable Baffles, Deployed (Left), Stowed (Center), Launched (Right)
Conclusion

This paper details the development of the novel deployable origami baffle which has significant potential
for the design of optical systems. By effectively reducing stray light while maintaining a lightweight and
compact structure, this innovative design addresses critical challenges faced in various optical
applications. The incorporation of Kresling origami principles not only enhances the baffles compactness
but also allows for adaptability to diverse system requirements. Future work will focus on analysis,
simulation, geometric tradeoffs, and deployment mechanisms.
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