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This workshop intends to propose a specific kinetic design application, to define
an architectural component and to simulate Shape Memory Alloy material
behavior. The objective of the workshop is to simulate the experiment before the
fabrication, itself aimed to model and anticipate the application's physical
behavior traits as a means to preview assembly.
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INTRODUCTION
Contemporary design methods and processes are
shaped by the tools and industry related topics
such as materiality, mechanics and organic assembly.
These factors inﬂuence, if not determine, not just the
way the ﬁnal product is achieved, but also how we
think about our emotional attachment to products
themselves.
In that framework, our proposal is that if we can
develop integrated design, simulation as a mean to
preview fabrication, not only can we achieve a more
ﬂuid road between ideas and component/products,
but also upgrade its potential inﬂuence in the public through an adaptability that can be far more customizable than anything we've done or even imagined before. In this mindset, intelligent kinetic systems are at the forefront regarding intelligence embedded, dynamic systems.
Material behavior simulation (speciﬁcally Shape
Memory Alloys or SMA, in this case Ti-Ni) could shape
the decision making processes in design and pose
speciﬁc kinetic challenges that arise from bridging

the gap between those two workﬂow processes (design and fabrication).
"Kinetic systems with embedded intelligence
will expose new programmes and forms as this
technology is incorporated into our everyday
lives." (Fox, 2014)

METHOD STEP ORDER SWAPPING
In a conventional research method, the steps
to achieve the design of self assembly and Programmable Matter, according to Raviv et al., are:
Design, Fabrication and Simulation, because before
a certain material property are not mapped to be
computed in artiﬁcial simulation systems, it is impossible to carry out the simulation cause of lack of
data input. After the necessary data is derived from
physical material testing, then it is possible to build
a reliable simulation model. What were are proposing to achieve is, using laboratory tested and proved
data, to swap the last two stages in the decisionmaking process to make the laboratory testing step
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Figure 1
Proposed
simulation to
fabrication swap
method, taken from
(Montás, 2016)

an optional one, which is a more expensive one to
accomplish. (see Figure 1)

A FRINGE PARADIGM
As Skylar Tibbits et al. have stated, "if today we
program computers and machines, tomorrow we
will program matter itself" (Tibbits et al. 2014).
This domain in material science has taken over research institutions over the last 5 years, with the
Self-Assembly Lab (SAL) at the Massachusetts Institute of Technology (MIT) being one of its world leaders. Programmable Matter (PM), a term coined by
the staﬀ at SAL and Thomas Campbell on a project
commissioned by the United States Defense Advanced Research Projects Agency (DARPA-with none
of them taking direct credit for the term's coining) is
what is called a "fringe science", sitting at the crossdisciplinary convergence of, at a general level, three
main research and design ﬁelds: material science,
computational design and digital fabrication.
Material Design, Programmable Matter and
Computational Design will be the three convergent
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conceptual frameworks used to address the design
and decision-making processes towards the implementation and deﬁnition of kinetic, programmable
and shape shifting component applications. Which
themselves will be drawn from a joint, intertwined
design process regarding a Symbolic, top-down
logic, which is based on a combination of higher
level, ad hoc application and problem solving logics
and a Sub-symbolic, bottom-up logic which is derived from lower level traits and features that evolve,
in open ended processes, as these systems grow or
adapt to diﬀerent multi-level situations and contexts.
This suggests that material functionality and aesthetics, which from now on will be conﬂated together,
will be developed from a small (millimeters) to an architectural construction scale (meters) to meet speciﬁc building and environmental criteria acting as
design guidelines to be followed.
This article's deﬁnition of Material Design (MD),
while aware that there are a number of authors that
have coined slightly diﬀerent ones on the subject,
will be the one that this paper's authors have coined,

which itself is inﬂuenced by Liat Margolis's deﬁnition,
in which "material" becomes a notion that is simultaneously matter (an alchemy of the periodic table) and
meaning (that which accrues behavioral descriptors
according to their ever-changing empirical or theoretical contexts) ( Margolis et al. 2011), therefore:

Material Design (MD)
Figure 2
Comparison of both
(original and
replicated)
simulations of the
deformation of a 2D
grid into a
sinusoidal wave,
still-frames
sequence
(perspective view)
Nelson Montás
(2015) based on
Raviv et al. (2014).
Here the double
curvature
deformation
compared to that of
the Raviv et al.
simulations and
physical models is
an astonishingly
close
approximation to
the real models in
the original
experiments.

MD as this research deﬁnes it is, within material science, the process of conﬁguration, reconﬁguration or
modiﬁcation, through programming or other methods like physical form ﬁnding, of any material to meet
a certain set of criteria ranging from macroscopic
manifestation to behavior properties, thus enhancing its capabilities to meet a speciﬁc set of design
needs, all together from the molecular scale, chemically designing purpose oriented matter and thus
developing unobtanium materials or multi-material
matrices and cast combinations that own up to such
objectives (Montás, 2015).

thus inﬂuencing and, in a larger extent, potentially
determining the overall building design. The proposed Ni-Ti alloys in this paper have been selected
from a commercially available in Robotshop.com and
hold a transition temperature of 70C° to 90C° so, under normal thermal conditions, they have to be actuated by electricity (very low voltages ranging between 20 and 4000 Milliamps, for more information
please refer to: [1] ).

Programmable Matter (PM)
PM is in science, engineering, and design of physical matter that has the ability to change form and/or
function (shape, density, moduli, conductivity, color,
etc.) in an intentional, programmable fashion[iv].
Numerous authors, such as Michael Hensel, Achim
Menges, Skylar Tibbits, Dan Raviv, Manuel Costoya,
Emilio Otero, Michael Fox et al., seem to agree on the
fact that this "procedural" way, as some have called It,
of designing architectural components straight from
the properties of materials and addressing design
from their inner structures provides a new ﬁeld of
work whose unpredictable results mark a new stage
of man's relationship with matter and nature itself
(Montás, 2015).

Material Functionality and Design
Shape Memory Materials (SMM), in this case, Shape
Memory Alloys (SMA), in the form of Nickel-Titanium
(Ni-Ti) alloys, pave the way for actuation driven, architectural component systems that embed low level
intelligence (on-oﬀ, open-close logic) into their environmental mediation technology and programming,

PHYSICS SIMULATIONS
Kinematics is the part of mechanics that studies the
movement of particles and systems without taking
in account the forces that produce it or, more simply
put, the geometry of movement and which is used to
relate displacement, velocity, acceleration and time,
without making reference or the cause of the movement. Then based on the notion that Kinetics is the
part of dynamics that studies the vector systems that
produce movement.
The simulation will be done with Kangaroo, a real
time, interactive physics engine that allows to ma-
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nipulate time parameters and possible external factors such as thermal conduction which can be derived into structural load transmission. The forces
derived from the alloys' programmed behavior are
used as data inputs to digitally model the transformations as springs with diﬀerent stiﬀness and and rest
length factors, according to the shape-shifting inherently designed for the kinetic material system, these
spring particle systems are based in Hooke's elasticity
law (unary forces or springs). (see Figures 2 and 3)

will search for application possibilities and formal language expression concerning the morphological results.
Digital materialization and the behavior of a kinetic system could give various values to design process and its ﬁnal product. The simulation on a digital
platform helps designers to optimize geometric compositions according to a conﬁguration of multiple parameters. Using SMA systems and parametrically optimizing the composition it is possible to reduce overcharged mechanical stress and energy consumption
hence improving environmental performance. Having a digital simulation of a kinetic project can inform
future users about the behavior and can be used as
visual demonstration and proof of concept.
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Figure 3
Comparison of both
(original and
replicated)
simulations of the
deformation of a 2D
grid into a double
curvature surface
(convex and
concave)
still-frames
sequence (left side
one-point
perspective) Nelson
Montás (2015)
based on Raviv et al.
(2014). The graphic
animations show a
strong resemblance
of the replication
simulation with the
original one.

