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Modeling 3D Objects

A A difficult problem on its own:
A 3D world on2D displays
A 3D manipulation usingD (or2.5D) devices
A Complexmostly done by experts
A Issues relating to the digital representation

Challenges Specifically for
Fabrication & Printing (not just Graphics)

A Need to actually be constructed or printed:
A Fitting parts

A Finding intersections
A Defining connectors
A Checking printability

A Need to be physically plausible:
A Appearance

A Materials .
Physics
X woun }

A Forces
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Two Approaches

1. Inverse Modeling

2. Interactive modeling:

‘

Examples of Inverse Design

A Appearancdabrication
A Deformable objects fabrication
A Basiddea:

Input Output
Agiven shape * A recipe for fabricating
+ the object (shape,
Highlevel specificatio material, structure)
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More Inverse Modeling Examples

Chopper: Partitioning Models int@D-Printable Parts
LinjieLuo,llyaBaran SzymorRusinkiewicANojciechMatusik
ACM Transactions on Graphig&(6), (SIGGRAPH Asi2)12

A Make It Stand: Balancing Shapes for 3D Fabrication
RomainPrévost Emily Whiting, Sylvain Lefebvre, Olga
SorkineHornung ACM Trans. GrapB2, 4, Article 81
(July 2013)

Build-to-last: strength to weight 3D printed objects.

Lin Lu, Andresharf HaiserZzhao, Yuan WeQingnanFan,
Xuelin Chen, YarBavoyeChangheTu, Daniel Cohei®r, and
BaoquanChen. 2014ACM Trans. GrapB3, 4, Article 97 (July
2014)

More Inverse Modeling Examples

Specify: shapandsize

Specifybalance

Specifystrengthto a given weight




28-Jutl6

Strati: First3D Printed Car

A Made byLocal Motorsfor the
International Manufacturing
Technology ShowNITS

A{GNIXGA T aftl @SNaE

A 18 months of design

A 44 hours of printing

%

Usually Print Volume is Limited

A TypicallyLlocmx 10cm x10cm up to50cmx 40cm x30cm
A Printinglarge objects requires chopping and assembly
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Chopper: TwdChallenges

A How to segment? \

A Howto connect?

Chopper: Two Challenges

A How to segment?
A Use planes to define parts
A Cut top down recursively
A How to connect?
A Use male/female coNNectors: e
] i}

BSP
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Overview

Pick a bunch of )
potential cuts

J

h 4
Evaluate them and
__ find the best ones

\ 4
[ Recurseon pieces |
that are still to big |

S

4 \' Y
Place connectors on
crosssections

A Connector feasibility

A Part fragility

Optimization Objective

A Structural soundness when assembled
A Number of parts

A Printing volume utilization g_A\ U, &
x\ . J\' R

A Seam aesthetics

X
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Optimization: Beam SearchLpwerre1976]
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Make It Stand Challenge

A Designing things that can really stand:

P

\

ad
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Overview

input model ) ) balanced
inner carving shape deformation model

Optimization

argmin (1 — pu) Econs (M1, Mo) + p Epx(Mo)

M Mo
I
does it stand? similarity to
original shape
v
~

inner carving shape deformation
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User Assistance

A Changing the shape using handles

Build-to-Last Challenge

A Reducethe object weight while providing a durab®® printout
sustaining given forces.

A Inspiration from porous structure
i Lightweight
T Strong
T Ability to absorb energy, vibration

BMW engine monting bracket

10
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Basic ldea

Introducing the honeycombcell structure, which is of minimal material cost

while providingstrengthin tension

Overview

1
g ~ 7 N

Structural
j Analysis
Input

(model &
forces)

Strengthto-Weight
Optimization

Result

Voronoi Pore
Tessellation  Extraction

11
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Optimization
A Objective: A Q C II(*)EH\F. ) 88 'YL('% "O Zti?,:iri)é);n:stress
h material begins
{} % deff)rm ngs%call)tl

Weight(volume) | Strength (stress map)

A Two loops for optimizing andf
A Outer loop: optimiz¢ for compactness
A Inner loop: optimizé¢ for sustaining stress
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