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Figure 3.24: Flat-foldable Sector Panel ThUDS with flat-foldability in the same direction as de-
ployment. Shown in flat-folded, flat, and deployed states.

those given by [42] can be used in conjunction with the z-direction coupler point equation from [43]

to determine at what angle the tab will interfere with panel 1.

Special Case: Flat-Foldable Sector Panel ThUDS

As with a Deployable Strut ThUDS, flat-foldability can be achieved for a Sector Panel

ThUDS if and only if a pair of collinear joints exist on an exterior surface. This can be stated

symbolically as

θ1 +θ2 = θ3 +θ4 = π (3.25)

In general, this can only occur for a dihedral angle of 90° with θ3 = θ4 =
π

2 , thus allowing either

θ1, θ2, or θ12 to be selected and the other two calculated.

Unlike the general case, which can only be flat-foldability for one dihedral angle, a Tabbed

Sector Panel ThUDS can achieve flat-foldability for a wider range of dihedral angles, specifically

90° < ρd < 180°. This is possible because the support panel’s sector angle is based on δ3 instead

of θ3 and δ3 > θ3. Figure 3.24 shows an example of a flat-foldable Tabbed Sector Panel ThUDS

with a dihedral angle of 120°.
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(a) (b)
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Figure 3.25: Slider Sector Panel ThUDS in (a) flat, (b-c) deploying, and (d) deployed states.

3.4.2 Adaptation: Slider Sector Panel ThUDS

Another adaptation of the Sector Panel ThUDS is replacing panel 2 with a sliding joint.

This can be defined using equation (3.18) and

θ2 +θ12 = θ3 +θ4 (3.26)

cos(ρd) =
cos(θ12)cos(θ4)− cos(θ3)

sin(θ12)sin(θ4)
(3.27)

where θ2 is the slider angle and θ12 is measured opposite θ1 rather than along θ1. Other parameters

are the same as defined above. The slider angle tracks an angle of θ2 (such that θ1+2θ2+θ5 = 2π).

An example of this is shown in Figure 3.25 in various states, with a slider larger than θ2 to allow

for constrained motion.

3.4.3 Adaptation: Inverted Motion

A Sector Panel ThUDS is designed from a flat unfolded state to block motion before reach-

ing a flat-foldable state. Motion can be inverted such that a Sector Panel ThUDS deploys from a

non-developable, flat-foldable state instead of a flat, developable state. This is done by replacing
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Figure 3.26: General diagram for a Sector Panel ThUDS with inverted motion depicting key pa-
rameters.

equations (3.18) through (3.20) with

θ1−θ2 +θ3−θ4 = 0 (3.28)

θ1 +θ2 +θ12 = 2π (3.29)

and equation (3.27), with parameters depicted in Figure 3.26. Note that for this adaptation θ12 is

also opposite θ1 instead of along θ1 as specified for the slider adaptation above.

Figure 3.27 is a physical example of this adaption. Each panel is shifted as needed using

the offset panel technique for thickness accommodation to allow for flat-foldability [6].

3.5 Applications of ThUDS

ThUDS were implemented in origami-based designs to demonstrate their benefit in prod-

ucts and systems. Several of these were selected and are shown with increasing levels of complex-

ity.
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