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Introduction



Background

Founded in 1990;
Hoberman Associates isia
consultaney specializingiin
transformable design:

the development of products,
structures, and environments that

change their size and shape.
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medical

furniture

shelter

architecture




Prototypes



















spectrum of creativity

objective expressive

INVENTION

science art/design



“Thought Is only
a flash between
two long nights,
but this flash Is
everything.”

Henrl Poincare

1854 - 1912



| had a flash in 1988.







1989
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A loop-z

comp

least three scissors-pairs, at least two of the pairs com-
prising:

two essentially identical rigid angulated strut ele-
ments each having a central and two terminal pivot
points with centers which do not lie in a straight
line, each strut being pivotally joined to the other
of its pair by their central pivot points,

each pair being pivotally joined by two terminal pivot
points to two terminal pivot points of another pair in°
that,

(a) the terminal pivot points of each of the scissors-
pairs are pivotally joined to the terminal pivot
points of the adjacent pair such that both scissors-
pairs lie essentially in the same plane, or

(b) the terminal pivot points of a scissors-pair are each
pivotally joined to a hub element which is small in
diameter relative to the length of a strut element,
and these hub elements are in turn joined to the
terminal pivot points of another scissors-pair, such
that the plane that one scissors-pair lies in forms an
angle with the plane that the other scissors-pair lies
in, the axes passing through the pivot points of one
of the scissors-pair not being parallel to the axes of
the other scissors-pair,

where a closed loop-assembly is thus formed of scissors-
pairs, and this loop-assembly can freely fold and un-
fold without bending or distortion of any of its ele-
ments, and

a line that intersects and is perpendicular to the axes of
any two terminal pivot points is non-parallel with at
least two other similarly formed lines in the assembly,

the angles formed between said lines remaining constant
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Invention realization




Where
does the
flash come
from?






Early work (Cooper Union)



Early work







Early work with: o o8
y HONIZYBEE rosorics '.

Spacecraft Mechanisms Corporation







Finding your problem:

How do you make an
object transform?


















transform
transform
transform
transform
transform
transform

transform

able
able
able
able
able
able
able

toys

shelters

stage sets
medical devices
sculptures
buildings
furniture



Principles of Transformation



Transformation in nature

100 million years

A\ %4



Transformation in nature

10 Seconds

A\ 4



Transformation in digital media




Transformation in Designed Objects

Physical | Designable

Natural X
Digital X
Transformable X X

Objects




Transformation Process

A specified sequence of forms

-+

A means to achieve that sequence

FORM 1 TRANSFORMATION PROCESS
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Transforming Size
Expanding Structures



t expanding structures

Invarian

Shape
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Hypar
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Radial expansion

Points on expanding shape move radially outwards.




‘Shaping’ technique to create expanding linkages

straight

ellipse




Surface geometry => structura

q1] _____ q2




Surface geometry => structural mechanism




Shape + Movement

Surface properties are translated into linkage properties.
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Expanding Helicoid




Expanding Helicoid




Korean Aerospace Institute




Expanding Sphere, CBIT Conference,
Hanover, 2010
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Smith Haut Lafitte
Bordeaux, France




Smith Haut Lafitte
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Structural Principles



Kinematic mode




Structural mode




Structural mode




Design Principles
Structure and Mechanism

Structure: Mechanism:

Force is resisted .
Force flows into movement



Design Principles
Structure and Mechanism

Possible Responses to Applied Force

Fic. 204.

Structural Structural Deflection Kinematic deflection

Resistance (elastic or Inelastic)



Resolving forces between kinematic and structural modes
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Stability defined as a process, not a state




Design Principles
Structure and Mechanism
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Expo 2000, Hannover



Olympic Arch, Salt Lake City 2002




2002 Winter Olympics, Salt Lake City




Olympic Arch




Olympic Arch, Salt Lake City 2002




Olympic Arch
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Scale: 25m X 17/m X 25m (expanded)




P DESIGNING THE CLAW  » BUILDING THE CLAW
P VIEWING THE CLAW B HOME

ROLL OVER ILLUSTRATION FOR DETAILS !
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U2 360 Tour(2009-2011)
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Support Case 2
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U2 360 Tour
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ADAPTIVE
BUILDING
INITIATIVE

Visibly yours

DESIGNS

‘1 INNOVATIVE

HOBERMAN S




Other interesting directions...



Architecture
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Architecture
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Architecture




Intelligent facade technologies




Intelligent facade technologies
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Harvard Graduate School of Design

Transformable Design Methods
(Fall 2012)

NOTE! - EXHIBIT OPENING TONIGHT 2/11 6:30PM



Space structures

PERCS (Precision Expandable Radar Calibration Sphere)

Concept: Dr. Paul A. Bernhardt
Plasma Physics Division
Naval Research Laboratory

e g -

Hoberman Sphere in Space as an HE
Radar Calibration Target &




PERCS

Deployment of a Hoberman Sphere in
Space as an HF Radar Calibration Target

w‘,“"t’ = \
/PERCS Orbit
= =)

East & South

2 e
+40° Latitude SuperDARN -40° Latitude

An International Radar Network for Studying the
Earth's Upper Atmosphere, lonosphere, and Connection into Space



Folding structures made from DNA
Research Collaboration, Dr. William Shih

WYSS § INSTITUTE for Biologically Inspired Engineering at Harvard University




Folding structures made from DNA WYSS §1NST1TUTE

* e ande dnz-origami,org 05 T 0 Y nm



Flexures (living hinges)




Sheet based mechanisms
Flexures: tension activated
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Origami Mechanisms




Morphing Structures




Morphing Structures




Forms of Creativity

function creation

INVENTION

sclence

discovery



US Patent Law

Invention criteria
1. New (easy)
2. Useful (easy)

3. Non-obvious
(sometimes hard)




Mechanical Invention Is Necessity the
mother of invention?

Functional parameters

Technical parameters

Use
Behavior
Interaction
Markets

Geometry / topology
Degrees of freedom
Trajectory

Joint types

Integration with other systems

Or is Invention is the
mother of necessity?




Inventive development (alternate routes + motivations)

FUNCTIONAL

DEVELOPMENT TIMELINE

TECHNICAL




“Invention
consists...
INn constructing
the useful
combinations,
which are In
Infinite minority.

Henril Poincare



Useful combinations

art vs. science
physical vs. virtual
natural vs. man-made

The boundaries are blurring...
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