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What?

Modeling self-supporting shapes.
Easiest form of printabilty.




Motivations come from dual-material printing
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Motivations come from dual-material printing
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Motivations come from dual-material printing

Can we model a “protective enclosure” that is even more
tightly fit around the object?




Contributions

e Analysis of the enclosure modeling problem

e Definition of the simple-enclosure and the two-pass
technique to compute it

e Applications to
— Dual-color printing (same as “ooze shield” in Cura)
— Modeling large cavities (most interesting)
— Modeling support structures
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The problem

e Boundary of W is self-supported
e W DO
e IV has minimal volume (tight fit)



The problem

- fillament cross section (e.g., 0.4mm wide, 0.2mm high)

angle too large




The problem

Maximal‘slope angle:

e Boundary of W is self-supported
e W DO
e W has minimal volume (tight fit)
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Trade-off:

Minimize volume of enclosure W
V.S.
Minimize amount of support structure



The problem

No minimum = large volume
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Modeling the simple enclosure

X|. Is the slice of X at height z




Input slice X,

Modeling the simple enclosure

Disk of radius r

erode X, by r
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Modeling the simple enclosure

Given an object O, its simple enclosure W should satisfy:

vava W T cw,

|2/ — z|tan 6
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Given an object O, its simple enclosure W should satisfy:
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Modeling the simple enclosure

Given an object O, its simple enclosure W should satisfy:
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Modeling the simple enclosure

Given an object O, its simple enclosure W should satisfy:

vava W T cw,

Balances a tight fit and few local minima, and:

e no basin
e local minimum in W = large overhangs in O

Adding constraints (O C W) and (W has minimal volume)
uniquely defines the enclosure volume.



Discrete setting: two passes over the slices
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Discrete setting: two passes over the slices




Modeling the simple enclosure in two passes

1: function SIMPLEENCLOSURE(O)
2: temp < PROPAGATEUP(O)
3: W <~PROPAGATEDOWN(temp)
4: return the enclosure W
5. function PROPAGATEUP(O) > The input O is made of n + 1 slices
6: Vio < Oo > Initialization of the bottom slice
7 for:=1tondo > Propagate from bottom to top
8: Vii <= Op u Vs
O: return the volume V
10: function PROPAGATEDOWN(O)
11: Vin < Oy > Initialization of the top slice
12: for : =n — 1 down to 0 do > Propagate from top to bottom
_ JA tan 6
13: Vi, O|z U Vv|i_|_1
14: return the volume V



Protective wall

e Starting from O, compute O’ as I of2mm
e Compute SIMPLEENCLOSURE(O')




Large cavities

Cavity = enclosure that fits inside the object O




Large cavities

Cavity = enclosure that fits inside the object O
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Large cavities

ldea: Use PROPAGATEDOWN( ) on the complement of O
But this completely fills the object..><

s w9

During the downward propagation:

After each slice C; is processed,

we punch a small hole in it, that will expand downwards
(via erosion):

Cz' < Cz \ SKELETON(OZ')
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- results

Cavities
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Cavities
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Cavities: results
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Cavities: results

This paper State of the art
Object Hollow Hollow w/ support | Infill Infill w/ bridges
Comet 67P | 1329 (56'53") 1453 (63'18") 4238 (152'41") 4328 (156'51")
Minotaur 1186 (50'30") 1576 (72'31") 2267 (85'28") 2713 (107'24")
Kitten 2151 (87'43") — 4309 (153'55") —
Bear 098 (46'49") 1469 (74'25") 991 (46'36") 1245 (59'15")

estimated print time

length of filament (mm)



Low complexity scaffolding

e Support = PROPAGATEDOWN(O)\O
e Add pillars for local minima [Dumas et al."14]
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Low complexity scaffolding

Our technique

Dumas et al.
[SIGGRAPH'14]




Protective wall




Protective wall

e Using only PROPAGATEDOWN(O') = Easy separation
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