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Flexible shading device component in unfolded and folded position in Rigid Origami Simulator

Elastic kinematics found in
plant movements

The curve line folding feature of the snap-
trapping mechanism of Aldrovanda vesiculosa,
an aquatic plant, is chosen as an inspiration.

The rapid trapping movement is supposed to be
due to a sudden contraction of the motors in the
lens shaped central part which transfers the
bending moment to side lobes.

Application of the biological
principle to design a kinetic

component for shading device

Through simulations in Rigid Origami simulator
software(Tachi, 2009), the kinematical behaviour
of curved line folding is observed.

The linear displacement of support AB triggers
the flapping of marginal portions; lifting points E
and F.

As a small linear displacement of its support
gives comparatively large deformations of leaves
of shading device, the curve line folding
mechanism consumes less energy than
conventional technology of folding structures.
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ANSYS Structural analysis of GFRP component showing stress intensity values (Left)

and upward deformation of side leaves. (Right)
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1. ANSYS simulations for different materials,

namely Polycarbonate and Glass fibre reinforced polymer.
The analysis showed that GFRP can be successfully used for such
flexible adaptive shading devices.

2. ANSYS simulations for different stiffness

properties of surfaces to find the optimum thickness for
given size and shape of the component

3. ANSYS simulations for different radii of

curve line folds

Following graph shows that curve fold of radius 700 mm is more
efficient than that of radius 1200 mm, as it requires less energy
input (stress intensity at support) and allows more deflection of
side leaves providing larger opening.
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Application of basic component to different forms of building facades : Double curved facades

This type of shading device made out of flexible polymers can reduce the need for a large number of components like mechanical hinges, sensors,
microcontrollers, actuators, complicated wiring, etc.

Straight Rectilinear facades
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Digital model of parametric




Cross Section - Leaf rolling in grass blades of Agropyron elongatum, the tall wheatgrass.
(Bar-Cohen, 2006)
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Schematic view of a colloidal hydration motor-based on macroscopic swelling bodies like
seeds and biomimetic colloid clusters, (Stahlberg, 2009)

Phenomenon of leaf rolling in plants
in response to solar radiation

On excessive solar radiation, leaves of plants like
rhododendron, grass leaves, cacti stems, etc. fold or roll
to restrict transpirational water loss. “In grasses this
response is triggered by large, bulliform cells in the
upper epidermis. Since these cells have a very thin
impregnating coat (cuticle) they lose water more rapidly
than other epidermal cells, thereby shrinking the surface
area of the upper leaf and rolling it around the midvein.
This measure drastically reduces any further evaporation
from the upper surface.” (Bar-Cohen, 2006)

Design of a solar responsive actuator
by using biomimetic principles

The motor cells contract in volume on excessive solar
radiation and expand again when hydrated. On
examining principle of such volume change, there is a
need to find a material which can expand and contract
on application of external stimuli like solar radiation.
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application of external stimulus

temperature, Shape Memory A"OVS

are able to generate mechanical work by
recovering a predetermined shape.

3
%%" g - ; . A typical SMA actuator consists of SMA
W ‘ 3 element or spring, a bias element to restore the
deformed SMA element, electric control unit,
components to connect SMA element with
kinetic system, etc.
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SMAs can be very useful to make actuators for
kinetic flexible shading device. But SMA
materials respond to change in

temperature and not the solar radiation.

martensite

When we consider technologies which respond
to solar radiation, semiconductor technologies

used in photovoltaics can be useful.

Joule heating is the process by which the
passage of an electric current through a
conductor releases heat. If we pass the electric
current generated by photovoltaics through a
Shape Memory Alloy, it changes its shape due
to rise in temperature.

Thus, there is an opportunity to combine
these two technologies, to make a system

which responds to solar radiation.
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