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Buckminster Fuller, 1963 Expanding dome (Hoberman 1992)
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Deployable Structures Wyss S [NSTITUTE

Expanding video screen, U2 world tour

Hoberman Sphere, toy

1 foot 80 feet
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3D printed Articulated mechanics Soft material
(with James Weaver) (Hoberman toy) (Katia Bertoldi)



Original concept & prototype Wyss
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Kinetic Cuboid Structure HOBERMAN &
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Starting point: Snapology INSTITUTE

Modular origami using ribbons to create convex polyhedra

We can use these units as building block to form reconfigurable architected materials. We
need a robust strategy to build them
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Our design strategy Wssé INSTITUTE

We start by selecting a space-filling assembly of convex polyhedra
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We identify the unit cell




e

Our design strategy /X 352% INSTITUTE
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Then, we separate the polyhedra while ensuring that the normals of the face pairs remain
aligned...




Reconfigurable prismatic architected materials

trnangular prisms

This system has 1 deformation mode




Reconfigurable prismatic architected materials > INSTITUTE

tnangular prisms and hexagonal prisms

mode 2

This system has 2 deformation modes




Reconfigurable prismatic architected materials [NSTITUTE

octahedra and cuboctahedra

rigid

This system has 0 deformation modes




Characterizing reconfigurability: numerical algorithm

We assume that the faces are rigid and that n,
the hinges act as linear torsional springs

define face normals
and hinge angles

We apply periodic boundary conditions

We characterize the mobility of the structure

by solving ‘\,‘V

triangulate '
faces

~r— 1%, .
M "Ka,, = w"a,,

consirain edge
lengths

o isthe an eigenfrequency

a,, is the amplitude of the corresponding
mode

constrain out-of-plane
deformation of the faces

M and K are the mass and stiffness
matrices, which account for both the rigidity
of the faces and the periodic boundary
conditions through master-slave elimination.
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Materials based on uniform space-filling tessellations INSTITUTE

To explore the potential of the proposed systems, we focus on extruded materials
based on the 28 uniform tessellations of the 3D space

15 architected materials are rigid (n,,~=0)




Materials based on uniform space-filling tessellations INSTITUTE

To explore the potential of the proposed systems, we focus on extruded materials
based on the 28 uniform tessellations of the 3D space

2 architected materials are characterized by 1 deformation modes (n,,~=1)




Materials based on uniform space-filling tessellations INSTITUTE

To explore the potential of the proposed systems, we focus on extruded materials
based on the 28 uniform tessellations of the 3D space

10 architected materials are characterized by 2 deformation mode (n,,=2)
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Materials based on uniform space-filling tessellations INSTITUTE

To explore the potential of the proposed systems, we focus on extruded materials
based on the 28 uniform tessellations of the 3D space

1 architected material is characterized by 3 deformation mode (n,,=3)

s Voo

Ngos=0 Ao~ Nor=0 Ao=0  Ny=0 Agor=0 N40r=0
N40~0 N40~0 n,. =0 n.,.=0 n,.=0
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Materials based on uniform space-filling tessellations INSTITUTE

Triangular prisms and cubes

w* = 4.00 w* = 4.00

We characterize the macroscopic deformation associated to each mode.

Since all of them are characterized by vanishing macroscopic volumetric strain, they are all
associated to shearing deformation




How does reconfigurability affect the mechanical properties of the
system?

> INSTITUTE

We now account for the faces deformability.
For each rectangular face we used

4 springs to capture
in-plane stretching

* four linear springs placed along the
perimeter to capture its stretching

deformable
faces

* two linear springs placed along the diagonal
to capture its shearing

2 springs to capture
shearing

* alinear torsional spring placed along an
arbitrary diagonal to capture its bending

- stretch |, p-shear bend
E‘f‘lﬁt‘ﬂf . Ehmgf-‘ 'Efac'c T Efan: Efﬂ(.‘f.‘ ’ i forsianal svie

to capture bending

Equilibrium equations:

f-)Epotcm ial

aJu

=51 where Epc-tc-ntial = Felastic — W




Macroscopic stiffness S INSTITUTE

Macroscopic stiffness for different loading directions

Prismatic architected material based on truncated octahedra

Tn o _ - .- ’!1'/!_.: -
5-10"°

0

L d
Pt

loading axis

Rigid (n4.=0)




Macroscopic stiffness INSTITUTE

Macroscopic stiffness for different loading directions

Prismatic architected material based on cube

K/E
5-10~°

Y

I =
0 \

loading axis

el TTITIOTOI O O LTI L T IIITII]]]

K drops in the directions
for which the modes are
activated

Reconfigurable (n ,~=3) ; .-
K/E=12-100° 49.107°




Actuated metamaterial design strategy

Dome
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10° - Exhibit at Le Laboratoire Cambridge, with David Edwards, founder WYSS% INSTITUTE




Ten degrees of freedom stsg INSTITUTE

Hands on interaction 1°
Collaborative control
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Rhombic dodecahedron- 12 faces, 24 edges
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Six parallel vectors
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Six parallel vectors




<
WYSS 3 INSTITUTE
~

Six parallel vectors
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Six parallel vectors
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4 primary directions =>4 degrees of freedom
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4 primary directions =>4 degrees of freedom




1° Double
triangular prism

2° Pentagonal prism

rigid face flexible face flexible face

4° Rhombic

3° Cube dodecahedron
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Thank you!
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