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Figure 1: Medium density fiberboard (MDF) model processed using laser cutter. The dimensions in the closed state are 20 × 20
× 2 cm; in the open state, they expand to 30 × 30 × 12 cm. Thus, the expansion coefficients along the x-, y-, and z-axes are 150%,
150%, and 600%, respectively.
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INTRODUCTION

We propose a novel deformation structure that expands along the
x-, y-, and z-axes simultaneously using a Ron Resch pattern. The
Ron Resch pattern, devised by Ron Resch, is a folding pattern that
uses a combination of triangle pattern that simultaneously expands
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Figure 2: Comparison of traditional triangle pattern and our
Quadrangle Pattern adopted in Ron Resch pattern.

along the x-, y-, and z-axes. This pattern shows particularly high
expansion coefficient along the z-axis [R.Resch and H.Christiansen.
1970; R.Resch 1974]. Unlike the combination of triangle pattern
used in conventional Ron Resch patterns for sunshade architecture
[Marco Pesentia 2014], we show a novel Ron Resch pattern which
consists of combination of Quadrangle Pattern in this study. In
this structure, two Ron Resch patterns are piled up, and the side
faces of the corresponding parts are connected by joints in which a
quasirigid fold is formed. The quasirigid body has the advantage
of being fixed in both the completely closed and opened states;
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Figure 3: Left: deployment view of MDF processed using
laser cutter. Right: enlarged view of joint part.

Figure 4: Proposed application as a bridge produced by stacking five layers of structure shown in Figure 1. Left: folded
bridge. Right: deformed bridge.

therefore, it is bistable. In the previous Ron Resch patterns [R.Resch
and H.Christiansen. 1970; R.Resch 1974], the deformed structure
could not be used easily in the real space because it is based on thin
materials such as paper (Figure 2). However, because we used thick
materials such as MDF in this structure, we propose a model to
deform the structure by quasirigid folding. In the proposed model,
we can collapse the structure so as to not occupy the physical
space when not in use and expand it again with reasonable level of
strength within a short period.

voxel expands in three directions, along the x-, y-, and z-axes, while
twisting in quasirigid folds.

Moreover, because this structure is made up of voxels, it can
be visualized directly by volume rendering, thus easily enabling
various designs depending on the application or situation. In addition, this structure is an integrated design that can be produced
using common fabrication tools (laser cutter, 3D printer, etc.), except for the screws used at nodal points. Generally, a long time
is required to mold multiple parts independently. However, this
design enables fabrication using a laser cutter, and thus, it can be
processed quickly and inexpensively. Furthermore, because it can
also be printed using a 3D printer, we believe that materials can be
swapped depending on the application and that versatility will be
enhanced.
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IMPLEMENTATION

In this structure, several parts are produced from an MDF sheet by
laser cutting, and one voxel is formed by adhering A and A ′ in Figure 3. By connecting voxels with screws, this structure is completed.
Figure 3 shows the following constituent elements: (a) screw
hole, (b) and (c) constituent parts obtained by calf bending, (d) a
part of screw holes for joining voxels via piling up, and (e) enlarged
view of part connected with screws.
By connecting voxels with a screw, the structure can be rotated.
The structure shown in Figure 1 is manufactured by laser cutting,
and calf bending is adopted as an elastically deformable joint to
realize quasirigid folding. Calf bending can be controlled using a
computer [Ohshima Taisuke 2015]. This parameter is related to
the ease of deployment of the structure and degree of freedom for
deformation. By changing the number of cuts in calf bending and
the cut width according to the rigidity and thickness of the material
used to make the structure, optimal deployment can be obtained.
These components enable the deformation of the structure. Each
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DISSCUSSION AND FUTURE WORK

We propose a novel structure based on Ron Resch patterns. However, this structure still has some limitations. First, because the two
voxels are fixed by screws, the whole size of the structure depends
on the size of the screws.
Furthermore, although the strength of this structure depends on
the thickness of the material, the strength is considered to decrease
because of the large number of notches for calf bending present in
quasirigid foldings. We have confirmed that certain rigidity can be
achieved by tightening the screw of the joint parts, but the strength
has not been confirmed.
In addition, it is ideal for this structure to originally have only
certain degrees of expansion from the closed state to the opened
state. However, the joint part is fixed only by screws, and therefore,
unintended rotation might occur when deforming to the opened
state owing to excessive force. Therefore, there is a possibility that
it cannot be fixed in the opened state and that it deforms under external force. To solve this problem and realize a completely bistable
state, the joint portion must be improved to restrict the range of
motion.
As an application example of this structure, it may be used to build a
bridge (Figure 4) from shore to shore by simply applying a twisting
force. It is usually necessary to manufacture parts in the factory and
then assemble them on site; however, using this structure eliminates
the need for on site assembly. Only the following parameters need
to be considered when building a bridge: (a) size per structure of
bridge, (b) number of structures to be stacked, and (c) calf bending
necessary for structure to deform.
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