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Scanning tools Design tools Path planning Machine output
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Early design tools
reflected the heritage
of drawing boards

2D representations
are based on edges
and lines




2D drawings can be
extruded, revolved,
lofted into 3D shapes
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These operations mimic
machining techniques
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Gradual evolution
from drafting

+ Limited rendering

hardware

Widespread use of
boundary representations
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* Very easy to render
* Fragile representation

 Computational solid
geometry is hard

* Writing custom CAD
software is tricky




Problems

 Watertight volumes and
clean meshes

* File size / resolution
* Toolpath planning
* Combinatorial explosion

Solution

Hierarchical, volumetric solids
End-to-end CAD/CAM workflow




Input Path planning Manufacturing

Functional
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CAD tools representation / 2D Laser cutter
CT scanner —® Density array Volumetric solid model '—P 3D subtractive P 3-axis mill
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3D additive ——® 3D printer




Lattice Representations

* Discrete volumetric
representation

e.g. CT scan data

* Samples on regular
3D lattice

e Scales poorly

—n3




Hierarchical Representation

* Adaptively sampled

distance fields (ASDFs)

* Hierarchical, space-efficient

volumetric representation




CAD without B-Reps

Boundary Representation Functional Representation

128 vertices, 256 edges, 128 faces (0.25<X?2+Y?2<1)&& (0<Z<0.5)



CAD without B-Reps

max(max(max(max(max(max(max(max(max(max(max(max(max(max(min (max(
max(min(max(max((-4-X), (X-18.69)), max(-Y, (Y-5.52))), max(max((-4-X),(X-5.59)),
¢ max(Y, (Y-7.2)))), --min(-(2.92*(Y-5.52)), min((-3.16*(X-18.69)), ((3.16*(X-
‘ 18.69))-(-2.92*(Y-2.36)))))), --min(((2.13*(X-17.04))-(1.65*Y)), min((-2.13*(X-
18.69)), -(-1.65*Y)))), (sqrt((pow((X--0.41), 2)+pow((Y-3.6), 2)))-6)), -(sqrt((
pow((X--4.5), 2)+pow((Y-3.6), 2)))-1)), -max(max((7.7624-X), (X-9.4539))
, max((4.8815-Y), (Y-5.52)))), --min(-(2.1724*(Y-5.52)), min((-0.6385
: *(X-7.7624)), ((0.6385*(X-7.7624))-(-2.1724*(Y-4.8815)))))),
-max(max((5.59-X), (X-7.7624)), max((5.52-Y), (Y-18.69))))
, -max(max((10.0256-X), (X-11.7171)), max((4.6824-Y),
(Y-5.52)))), --min(-(0.5717*(Y-4.8815)), min((-0.1991*
(X-10.0256)), ((0.1991*(X-10.0256))-(-0.5717*(Y-
4.6824)))))), -max(max((9.4539-X), (X-10.0256)),
max((4.8815-Y), (Y-18.69)))), -max(max((12.3552-
X), (X-14.0467)), max((4.2598-Y), [432 more characters]




kokopelli: foot_new.cad*

230 paper += make_paths(jxa,trace_d+offset)

231 paper += make_paths(jya,trace_d+offset)
jp = filleted_rectangle(-trace_d-.5*offset,trace
paper += instance(jp,[jxa[@][@],jxa[1][@],jxa[2]

show = 'x
if show
show_line = line_x
elif show "y
show_line = line_y

shield = filleted_rectangle(-.5*pad_d-.5*offset,
shield = make_array(shield)
shield += make_edges_x(.5*offset+trace_d) + make|

output 'all'
#output 'paper’
#output = 'x'

#output 'y!

#output = 'shield'

#output 'silicone’ U

if output ‘all':
cad.shapes = [rotate(s, -45) for s in [color|
color(show_line, 'green'), colo|
257 if output == 'paper':
e rad function — nanan
std(a, axis=None, dtype=None, out=None, ddof=0)

phone_4.3dm (3402 KB) - Rhinoceros (Not For Resale Lab)
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kokopelli 0.10

--This HyperFun program consists of one object:
--union of superellipsoid, torus and soft object

my_model(x[3], a[l])

array x0[9], yO[9], z0[9], d[9], center[3];
x1=x[1];
x2=x[2] ;
x3=x(3];

-- superellipsoid by formula
superEll = 1-(x1/0.8)"4-(x2/10)"4-(x3/0.8)"4;

-- torus by library function
center = [0, -9, 0];
torus = hfTorus¥(x,center,3.5,1);

-- soft object

x0 = [2.,1.4, -1.4, -3, -3, 0, 2.5, 5., 6.5];

y0 = [8, 8, 8, 6.5, 5, 4.5, 3, 2, 1];

20 = [0, -1.4,-1.4, O, 3, 4, 2.5, 0, -1];
257025582257 R2 502 5 255 N2t 78S ]

while (i<10) loop
xt = x[1] - xO0[i];
yt = x[2] - yO[il;
zt = x[3] - zO[i];
r = sqre(xtrxtiytrytizerze);

if (r <= d[i]) then
r2 = r+r; rd = r2+r2; ré = rd*r2;
A2 = d[i]72; d4 = d2*d2; d6 = d4*d2;
sum = sum + (1 - 22#r2/(9%d2) +
17+r4/(9+d4) - 4*r6/(9+d6));

endif;

i i+l;
endloop;

soft = sum - 0.2;

-- final model as set-theoretic union
my_model = superEll | torus | soft;

}

fab (alpha 12/6/12) x: 0.511 y: 0.850
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olumetric Data Import

e Easy CT data import

 Manufacturing
from physical data

 File size reduction
—120MB - 16 MB

* Scan =2 print for
reproduction
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