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Objective: Compute an orientation of the model which minimizes the volume of Objective: Given a model and an orientation, compute a compact
supports or the area of contact between supports and the model. (This improves (combinatorial) description of the supports needed, as a collection of disjoint
the speed, cost, and accuracy of the process.) polyhedra.

Geometric Considerations
The speed, accuracy, and cost of LM are affected by several factors e e e T PN B |——|i _E__I
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In this project, we have designed efficient geometric algorithms to:

Rapid Physical
Prototyping (RPP)

RPP is used to create physical prototypes of

3D solids from their digital representations, » Compute model orientations that minimize the number of layers, volume of supports contact area of supports model + supports supports as polyhedra
USing a“3D printel’" attached to a workstation. support Vc)|ume7 and surface error ("jaggies")_ . _ - . o . - o . . . -
RPP is used in the automotive, aerospace, and ) « Decompose the model into smaller pieces for faster build times and Results: Designed efficient algorithms to minimize su.pport volume and contact- Results: I?c:eagned gﬁlClent algor!thms that use VertIC6.l| and cyllndrlcgl
medical industries (among others) to speed up reduced support requirements. area for 3D convex and 2D e modgls. AIg(.)rlthms map the model to an decom.posmon.tech.mques to partition the space “outside” the model into a
the design cycle. - Generate a compact description of support structures. arrangement on. thg sphere o.f dlre_ctlon_s, which partitions the sphere into cells collection of prism-like polyhedra that constitute the supports.
. - . where the solution is (essentially) invariant. Cells are searched to compute the
» Compute optimal paths for the printing tool (e.g., the laser) as it traces _ _ ) _
optimal orientation. Model Spatial decomp. Supports
the layer geometry. Cube with peak of peak and (union of
» Compute orientations that protect critical surfaces of the model from map model to e Arrangement g%o,.ﬁeat?g dent facets prisms)
-Remove supports coming in contact with supports. direction sphere =L dog  andeel dent below
g PP \ .‘
-CAD Software via -Improve finish [4 | ,:-' (not visible) s
-CT Scans '|nSpect model = - !_'{|: [ Ao Platform - (shown transparent)
. : . i ]
Sampling of Geometric NSl
- H"' e - X

® Spherical Geometry

3 * St an Dynamic Carve Hulls Decomposition-Based Approach Tool-Path Generation
 yindral and ertical Decompositon tO I_a.ye red Man UfaC U rl n g Objective: Compute a direction along which the tool can fill in a layer so that the

-3D Photography -Model orientation h
Techniques Used
¢ Geometric Duality
number of times the tool starts, stops, and changes direction is minimized. (This

-Support creation
i;ﬂ-\._\_\.': £
* Space sweep, Rotating Calipers, Ray-shooting . " : o
; . L Objective: Compute a decomposition of the model which minimizes support - -
* Discrete and Continuous Optimization / requ rements P P PP increases process speed and tool life.)

Layered Manufacturing (LM) /" Optimizing Surface Finish PR P g e e

i 1 [ Many direction

* Builds 3D model as a stack of 2D layers -y oy, e O oy, v, changes ¥ . 10 dir. changes
i is ori ' ' | 1l 1. = . '
- Tl wireEl S0 mesie) = erianie) e dless T perEliz] 20 e Objective: The discretization of the model into layers creates stair- el /o decombosition decomnosed model opargirier :
* Each layer is “printed” by having a laser trace the layer geometry on the surface of a step-like artifacts on the physical prototype, whose severity depends (eets suport (rosupors s t P
light-sensitive liquid which then solidifies (e.g., 3D Systems’ Stereolithography), or by on the chosen orientation. The goal is to compute an orientation |. ' | 24 dir, changes

Results: Designed efficient decomposition algorithms that achieve significant

_ support reduction. Algorithms based on sweeping and cylindrical decomposition.
F Actual Prototype built Results: Designed very efficient heuristics for both single layers and for all layers

"1 (figure exaggerated for clarity)
of the model. Based on a projection minimization method.

depositing fine strands of molten plastic (e.g., Stratasys’ FDM), etc. which minimizes such artifacts.
» The layers stack up on a platform which moves down after each layer is built.
* Support structures are generated to prop up overhangs. These are precomputed and deal solid

built along with the model. (viewed endton) Stair-stegx i
height e
i

Laser =
* Sliced CAD model : == 434 dir. = 515layers
N~ (STL file) changes Time: 2.3s
70N . N . . (opt.= 426)
s alfen 2l | Results: Developed fast algorithm to minimize the maximum stair- Time: 0.01S
supports for -_ step height. Algorithm needs only local (facet-level) geometry and B?t“rgs arci0)
second slice . . - p
uses spherical convex hulls (or spherical Voronoi diagrams). 8% savings
P Supports for
Platform second slice Compute optimal e
Map facetnormals -~ orientation from Fan Blade Single layer All layers
——— Photocurable liquid todirectionsphere .~~~ . spherical convex hull
ATypical LM Process ~—

(Stereolithography)




