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A study of
the origami-inspired structure

Maria Savchenko
BRiAKE 9T - BT RS / MIMSERZRE

Origami-based engineering allows to design structures with remarkable performance
characteristics. In recent years, origami applications have been developed for
many engineering areas such as space structures, shelters, sandwich panels, meta-
materials, medical and automobile devices.

Sun is a source of ultraviolet that produces the beneficial health effect. Too much
radiation from sun light induces risks on the human health such as: serious sunburn,
permanent retinal damage, and skin cancer. Radiation protection such as sunscreens,
sunglasses, umbrellas, shaded, hats, and other things is necessary for everybody to
avoid excessive exposure during their daily life. But, for instance, a single umbrella
in an open space provides limited sun protection. Researchers have found that only
34% of sun radiation can be filtered through under traditional type (Fig.1 (a)) of beach
umbrella. Also, the broken mechanical parts of the umbrella in a result of the strong
wind loading may cause damage to the human body.

Can the origami-based structures be effective to protect the human bodies? Our
project team tries to find the answer and formulates the research working hypothesis
as:’folding origami object (shape, geometry, size) may provide the new mechanical
and physical properties to redirect solar rays and increase the stiffness of the
structure”.

The aims of the current study are: to simulate light propagation process through the
origami structure; to simulate the behavior of the structure under wind loading for the
safeness from mechanical damages.

The beach umbrella was designed as the origami structure (M.Savchenko, MIMS)
(Fig.1 (b)) inspired by Miura-ori pattern. To achieve the project goals, the structural
numerical analysis and the approach based on ray-tracing (a compute-intensive
visual rendering) method is used for the simulation of the physical propagation of
light rays through the 3D mesh models (Fig.1(c, d)). In optics, ray-tracing is used
to model the light interactions with optical components (mirrors, lenses) where the
electromagnetic (EM) wave is approximated by a large number of narrow beams
or rays that are traced throughout the optical system. In CG, ray-tracing is used
for generating photorealistic 3D images. Volume visualization is the most applicable
rendering technique to investigate the light ray distribution under the model’s surface.
The area of reception of each ray location is represented by a cubic volume (voxel).
The algorithm (V. Savchenko, Hosei University), which is based on the combination
of ray-tracing and volume visualization, will provide the opportunity to calculate the
distribution density of the rays, passing through the 3D polygonal umbrella model.
As the result, the complicated ray propagation through the defined medium can
be visualized, and possible reflection/refraction on obstacle parts of the geometry
model can be evaluated. For the numerical analysis of the origami (bending around
the crease lines) and the traditional umbrella (folding by using mechanical parts)
structures through wind loading kinematic (rigid origami method, Thai Phuong Thao,
Hanoi University of Science and Technology) and shell finite element (A.Abe, MIMS)
models are developing, and software LS-DYNA and ANSYS are used to calculate the
stiffness and foldability of the structures with applying material such as cardboard

and polyethylene. Analysis of the structure deformations based on the simulation

results will be done to estimate the umbrella structure response (.Hagiwara, MIMS).

Fig. 1 Umbrella design. (a) The
traditional type with mechanical
parts; (b) Origami design; (c, d))
FE models of the traditional and
origami umbrellas.
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“Large time behavior of the solution to the compressible
Navier-Stokes equations”
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“Evolution of symbionts to limit their own cell division for
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