An Anti-Clastic, Double-Curved Scissor-Like Elements Structure

DI Polina Petrova
Vienna, Austria
pola_mp@gmx.at

Dipl.-Ing. Bernhard Sommer
TU Delft

f? &

2“.9 Arbitrary translational surface as a case study of manifold double-
curved translational surfaces that can be made by scissor-like elements

A o surface is i acase
study of manifold deuble-curved translational surfaces that can

implications. Design methodology for these shapes is
developed.

Firsta parametric model of arbitrary doublo-curved translational
frame has been developed. This first model did not consider
physical propertios, such as bar or rod thicknosses or the size
of joints, but showed that the structure folds and deploys
smoathly, prooving the geometrical mothodology 1o bo correct.

Further an acrylic model of scale 1:20 with joint diameter of
150mm and bars of thickness 1,5mm was built. In this model the
excentricity in the connecting joints was ignored. Yt it worked
properly, due to material deformation.

To test i ies of the ion and to
avold mistakes due to the small scale model, a kinematic simu-
lation was established. The eccentricity of scissor pairs was

il considared and the slements are of approximately realistic
dimensions. The reliability of the frames as load bearing struc-

tures In the deployed configuration was then proven using FEM
parametric model of freedom: a single rotation and can work as a structure by
means of proper mechanical dovices to fix it at desired position.
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Folding hyperbolic paraboloid as Geometrical Concepts for a SLEs Structure Approximating Second Order Surfaces

translational surface, parametric model

Using the properties of an ellipse we can construct a pair of SLEs
d 2 i wots on an ("‘

P RO
ellipse. The resulting structure will ever fold properly. 3

Antiparallelogramms
In every instant each ellipse is symmatrical to its neighbors about
g g int P. The lines con-

nocting the foci of these ellipses are building an antiparallolo-
gramm. The long sides crossing in point P are the bars of a SLE
unit. The othor two 111° and 212 are the normals of two plane
parallel curves, one going through the upper foci of the ellipses
and one through the corresponding lower foci. The curves des-

- cribe the shape of an arbitrary two-dimensional pantographic
structure.

Congruent ellipses with parallel major axes

Assuming that the ellipses underlying the structure are congruent .

with the same linear eccentricitios and the major axes should be. .
& parallel. The polygon with vertices the focal points of two such

ellipses can be anly a thomb or a roctangle as a special case,
Point P is any point of the ellipse and the distances betwsen P
and the foci are half of a pantograph. If we rotata the segments 7
PF1 and PF2 about P with rotational angle of 180" the image is the A
sacond part of the pantograph. The points F1, F2, F1'and F2'are
the vertices of a rhomb with two sides parallel to the vertical axis. e

(1
Discretized planar curves. LAY
When we repeat the transformation with an arbitrary point P on v o
the second ellipse and 50 on, the result is-a two-dimensional g
frame of chombs with overy two sides having the same length and
parallel to a global vertical axis. Rearranging the rhombic units <,
yiolds a difforent polygon curve.

Translational Surfaces

To keap the connection of upper to corresponding lower nodes

% . parallel to a global vertical axis, is also
3 double-curved SLEs structre. Thus, the surfa ibing th i
S 3 shape of the structure, its ins outer ski DR
: translated along this axis. The structure has two identical layers. VX
& and their projections on a harizontal plane overlap The faces of

the discrets surfaces are also planar tombic polygans and upper
and lower sides of prisms with every two sides being paraliol. The.
prismatic SLE unit can be regarded as part of a pair of discretized
planar curves, genarating a translational surface.
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