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How do we identify a “good” orientation for 3D
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Trivial Cases:




What intuition are we using?

Minimize
(overhang/ supports)

Result:
Improve probability of a successful quality print



Our focus on large format FFF
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Existing Automated Approaches

: Actions:
Action space ) ,
, Rotate a partin X and Y at small increments
is too large
‘ Cost Functions:
< s Support vo.lume
. . e Bed adhesion
Computationally .
expensive * Aliasing
P * Mechanical anisotropy
Optimizers:
e Brute-force

Unintuitive to Heuristics
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Reducing the action space

Why not pick a
triangular face to lay

on the bed?

(a) (b)

Already working with a
faceted model for slicing

Two different options, only one valid configuration




Picking only valid options

(a) (b) (€)
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Any face on the convex hull is a non-intersecting orientation




Convex hulls in 3D

Original Convex Hull

Compute hull using Quickhull algorithm:

Average runtime is O(nlogn)




Progress

Actions:
Rotate a partin X and Y at small increments

Cost Functions:
e Support volume
e Bed adhesion

Optimizers:

e Brute-force

* Heuristics

* Machine learning




Progress

Can we
parallelize on a
GPU

Actions:
Pick any face on the convex hull

Cost Functions:
e Support volume

Q@
‘ Q" Bed adhesion

Optimizers:

e Brute-force

* Heuristics

* Machine learning




Computing Support Volume

For every line/ triangle:
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Triangular Area
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1. Determine if support is required for line 2. Project line down to build surface 3. Sum rectangular and triangular areas

Repeat for all triangles in mesh to get total supports volume




Computing Surface Area on Build Plate
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Contact at single points Slicing at 1 layer height
Yields no area Yields real area




Putting this together

Repeat for all
orientations on hull

Compute convex hull Use optimizer to pick
best orientation

Done in parallel on a GPU




Progress

Actions:
Pick any face on the convex hull

Cost Functions:
e Support volume
e Bed adhesion

Optimizers:

e Brute-force

* Heuristics

* Machine learning




Progress

How can we make
an interactive tool

for the user?

Actions:
Pick any face on the convex hull

Cost Functions:
e Support volume- on GPU
e Bed adhesion- on GPU

f

Optimizers:

e Brute-force

* Heuristics

* Machine learning
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Case Studies:

Simple 4-legged table

Propeller Rings



Tradeoff Between Surface Area and Support Volume for Table '
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Tradeoff Between Surface Area and Support Volume for Propeller
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Tradeoff Between Surface Area and Support Volume for Rings
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Runtime Results

Design Triangular Faces Computation Time (s)

Comparison of Runtimes for Auto Orientation Algorithms
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Auto Orientation

ning, double-click data points below to rotate the part in the view.

Part: | bad_teapot

After run

Options
Results

Want to try it yourself?

Support Volume vs. First Layer Surface Area
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