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Deformation Behaviors Using
Spring-Based Structures

An Initial Investigation

Liang He, Huaishu Peng, Joshua Land, Mark D. Fuge, Jon E. Froehlich

DESIGN
)\ v::
MAKEABILITY LAB BUILD %1

AIA

) B LY
e\ ‘ |
- Orne € “ irv\“
0 -y B W
Qb

N COMPUTING AND INFORMATION SCIENCE



3D printing enables people to rapidly
make things, create useful devices, and
design new fashion




However, 3D-printed objects are usually
static and non-deformable



How can we...

make deformable 3D-printed objects?



B Compound Materials

How can we... Il New Fab Machines

make deformable 3D-printed objects?

Mechanical Structures
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Printing Teddy Beh

A Technique for 3D Printing of Soft Interactive Objects
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Prior work shows great potentials of making deformable objects with
various fabrication techniques and materials.

Howeuver, they are not allowing people to harness the
potential kinetic energy stored in deformation behaviors.
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PROJECT ONDULE

We are using springs...

Widely used mechanical mechanisms but not in 3D
Printing

Offer expressive deformation behaviors

Lock and release potential kinetic energy
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How can we...

enable designers to rapidly build, simulate, and
fabricate deformable 3D-printable objects with

embedded mechanical springs?

Design Space Design Tool Applications
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Compressing
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Bending
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Twisting
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Linear
(stretch & compress)

Twist Bend Linear + Twist Linear + Bend Twist + Bend



PROJECT ONDULE

DESIGN TOOL

Skeleton
Generation

Skeleton Segment Selection

User Input Deformation

User Spring Structure Generation

Behavior Simulation Preview

%@/ Plugin

Rhinoceros
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Generate spring based on the selected skeleton segments on different geometries...
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EXAMPLE DEFORMATIONS
INTERACTIVE TOYS ACCESSIBILITY APPLICATIONS

DESIGN #1: BEND ONLY DESIGN #2: LINEAR ONLY | DESIGN #3: TWIST ONLY

Helical spring with embedded Helical spring with a prismatic joint ~ Helical spring with a ring
flexible sawtooth backbone bearing structure

TRADITIONAL SCISSORS SPRING SCISSORS

Requires fine motor abilities Spring automatically reopens
scissors after a cut
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FUTURE WORK

Bi-stable Spring Lock Ball Joint Lock

INTRODUCING MECHANICAL LOCKS

ENERGY RELATED
APPLICATIONS
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3D printers with different resolutions

) Different materials
and manufacturing processes
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Deformation Behaviors Using
Spring-Based Structures

An Initial Investigation

Thank You!
Q&A time

Liang He, Huaishu Peng, Joshua Land, Mark D. Fuge, Jon E. Froehlich
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