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Three of my art projects that precluded the discovery of spherene:

spherene



Archangel Gabriel expelled from
Heaven, because his heptagons couldn’t
tile the infinite plane.

Inkjet on paper, pencil, tape
82x74mm, Ed. 5, 2012

Private Collection

spherene



Steady drip of wax into random

motion creates sphere. /‘ —

Aluminum, carbon, ball bearings, —— = | //f? |
motors, random generator,
microcontroller, software, cotton,
copper, heating elements, high
temperature insulation, paraffin,
fire.

835 x 835 x 2230 mm, Ed. 3,2013
Collection Morra Greco, Napoli

spherene



Ancient Universe
model which is still
true today.

Contribution to
Frieze d/e No. 22,
2015

Nicolaus Cusanus
(1401-1464)

The world-machine

The visible world

Blaise Pascal
(1623-1662)

Book of XXIV Philosophers
(compiled ca. 200-500)

God is theinfinite

Hermes Trismegistos
(ca.250)

Alanus ab Insulis
(1116-1202)

God is an intelligible

Ben Moore
(*1961)

[insert] visible

gniverseis-a sphere
whose center IS everywhere

[delete]

Ben Moore
(*1961)

surface

Louis Auguste Blanqui
(1805-1881)

spherene

Giordano Bruno
(1548-1600)

Jorge Luis Borges
(1899-1986)



Countless pa
spherene




Minimal Surface:
Zero mean curvature at every point

SPHERE PLANE MINIMAL SURFACE
Constant Positive Curvature Zero Curvature Zero Mean Curvature
ki=ky>0 ki=ko=0 ki=-ko=0

spherene



Spherenes:
Minimal Surfaces (ADMS)

True Isotropic
Surface Conformal

&

Distance

Spherene
ADMS

Forces

spherene



Example:
Organic Grading




Example:

Emulate Aluminium Mass in a Steel Print.

spherene



Example

Protect Mars Samples during Re-entry




Spherenes are:

spherene



Controlled.

spherene



Inverted spheres,
Isotropic.

DISTRIBUTION OF FACE NORMALS

2.0%
AZIMUTH ALTITUDE
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spherene



Predictable.

Stress o [MPa]

W
62}

yield at x = 1.00 equiv.

break at x = 2.7182 equiv.

strain

stress strain

(parametrisation tbd.)
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25 —

20 —

Ly

measured

spherene
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Stochastic,

yet regular.

100mm

L B
-

By e
] - :‘,"

.

e v 3B
ST e o

d-stop d/2 d/2.8 d/4 d/5.6 d/8 d/11 d/16
Volume percentage 2.0% 2.8% 4.0% 5.6% 8.0% 11.0% 16.0%
Pore size estimate 46mm 21mm 14mm 10mm /mm 5mm 3mm
Outer hole diameter 100mm 43mm 27mm 18mm 12mm 2mm é6mm
Genus 3 24 83 265 835 2271 6860
Triangle count 100k 200k 400k 600k 800k 1000k 4000k
Average edge length 2.0mm 2.0mm 2.0mm 1.5mm 1.Imm 0.8mm 0.5mm

spherene



Dual Domain.
(two labyrinths)

spherene



Surface Conformal.

spherene



Intuitive.

Density
.
2 4 8 1 16 22 32 44

spherene

Thickness
i
min Density Reference Thickness

maXx

Surface Bias

i
-1

+1



~ Fraunhofer

Stress & Strain Curves WM

Density Thickness Surface Bias Equal Volume

| . i h .
2 4 8 16 22 32 44 min Density Ref. Thickness max -1 0 +1 d/9.5,11,13,16,19

TH 1.41,1.19, 1.00, 0.84, 0.71

SBO
Density Series (mass-normalized) Thickness Series (mass-normalized) Surface Bias Series (mass-normalized) Equal Volume Series (sample ~ mass-normalized)

d.080+100+000 d.095+100+000 d.110+100+000 @ m.130+100+000 @ m.130+100+000 t.130+060+000 1.130+084+000 t.130+122+000 t.130+164+000 b.130+100-081 b.130+100-054 b.130+100-027 b.130+100+027 b.130+100+054 @ v.095+141+000 v.110+119+000 v.190+071+000 @ v.160+084+000 @ m.130+100+00
® d.160+100+000 @ d.190+100+000 @ d.220+100+000 gyr.220+100+000 ® ¢.320+042+000 @ b.130+100+081 @ m.130+100+000
@ ¢.320+042+000
03 03 03 30
0.2 0.2 02 20
v
0.1 10
5 0:05 0.1 0.5 1 5 oy I A

spherene



Implementation:

spherene



Accessed via API.
CAD Clients:

— Rhinoceros3D
— Grasshopper (Pre-Release)
And more to come.

spherene



Simple workflow.

Load Envelope —— > Set Requirements ——> Compute Metamaterial




Embedded in yours.
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SPECIFICATION

Design Intent
(Design Brief)

Production Method

(overhangs)

Design Space
(CAD model)

Requirements J
(Assembly)

Requirements
(Load cases) 1

Material
(Modulus)

Material

(UTS)

Production Method

(wall thickness)

* 63 control strength, stiffness, mass: DENSITY+THICKNESS

ﬁ center of mass, local lightweighting: DENSITY, CAVITY

eradicate stress concentrations: THICKNESS

(9 increase elasticity: SURFACE BIAS

DIMENSIONING

SPHERENE GENERATION

........................

ESHnMaﬂong
. Result
. (3d Party)
. onsolid |
design
space

or

Manual

. dimensions

........................

N

ﬂg FIELDS *

(global & local
parameters)

DENSITY
REFERENCE
THICKNESS
(overall scaling)

Spherene
Computation

<

dﬂ DESIGN ITERATIONS

spherene

[E=]

VERIFICATION

........................

Physical,
visual

or

Simulation

. (3rd Party)

........................

=

FINISH

add local
Thickness

redesign
Boundaries

Spherene
Computation

PR

PRODUCTION

. Preprocessing

— Manufacturing

Post Processing

................................



spherene Metamaterial:

Provides locally adjustable density, yet retains characteristics of
bulk material. And it’s isotropic. And surface conformal, too.

spherene



ORGANIC GRADING

Smooth Field ControlsDensity, TH
Thickness and Surface Bias

OPTIMAL MATERIAL USE

Minimal Resource & Energy Waste
High Weight-to-Performance Ratio

\ “-'.".V -~ :‘; ) // .
4 [
' | =g -
33 C v | (v &
. [ ) { /v
< - y / — o
AT S =g

FLEXIBLE, MODULAR DESIGN

Simple, Point-Based Parameter Field Control
Map Simulation Data by Scripting (Grasshopper)



spherene Metamaterial:

Provides locally adjustable density, yet retains characteristics of
bulk material. And it’s isotropic. And surface conformal, too.

spherene



next up: live software demo



hh:mm:ss Begin Live Software Demo: spherene v0.9.6 (RC1) running in Rhino 8 for macos.

spherene



00:00:00

Design space, loads, interfaces
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Title Perspective
Width
Height
Projection | Perspective (S )
Display mode | Rendered 8
Locked
Camera
Lens Length (mm) 46.0 5
Rotation 0.0 s
X Location  274.441 .
Y Location -529.713 °
Z Location 114.778 z
Distance to Target 547.369
Location Place...
Target
X Target 0.398 >
Y Target -77.214 <
Z Target -25.784 v
Location Place...
Wallpaper
Filename
Show
Gray
0 objects selected
v Size:
X:
¥Y: - Increment:
Z:
v Scale:
X:
Y: Increment:
Z:
v Position:
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Grid Snap
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Layouts...
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00:00:41 Envelope design, material properties, simulation on solid body, dimensioning

Layers
O B # © i M o
= »
‘o M B ©av
Viewport Q Search
Title Perspective Layer
Width i > xdev
Height 140 A TMP
, OFF
Projection | Perspective make
Display mode | Rendered 8 misc
Locked MATERIAL: AISilOMg ~ v 100_REQUIREMENTS
' > DESIGN SPACE
Camera YIELD: ~255 MPA interfaaces 2D
= ’ interf 3D
Lens Length (mm) 46.0 o interfaces
Rotation 0.0 o SAFE (7]0/0) ~180 MPA
X Location 326.847 8 B
Y Location -504.696 B> “ A atrass

«

> LOADS
ENV w/sim
v 200__DIMENSIONING
> 0 material
> b

Z Location -14.735 5 ,"‘?‘ 2 divide
g‘ ‘/ 3 percent
Distance to Target 547.369 X 30 MPA 4 density stops
Location | Place... 5\' ‘ — 180 MPA / 30 MPA = & & v INTERFACES
%{ A" bndry
= — 100%/ 6 =16% printability
Target
1 5®: - d/16
X Target -34.355 1
Y Target  -94.127 S _——
Z Target -38.802 » @g 18 MPA
Location Place... - d/li
Wallpaper
Filename . o) MPA
Show - d/3.3
Gray
0 objects selected HELP THICKNESS: 0.6 MM
Reseat Apply
v Size:
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Z: D - ‘ -
v Scale:
X: W
Y: - Increment:
Z: ¢ 0.03 9
v Position: FH [ | | Perspective | Top | Front | p_O | Layouts...

- World x 130.590 y -300.459 z 0 Millimeters . TMP Grid Snap Ortho Planar Osnap SmartTrack Gumball (CPlane) pAuto CPlane (Object) Record History Filter Absolute tolerance: 0.001
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00:02

:38 Create spherene project

& CDFAM_2024_demo.3dm — Edited

. A ‘,:‘;
O B #
Z S _‘ — =
dvePRTPoT
Object
Type closed mesh
Name sphe_env
Layer [l ENV w/sim 8
Display Color | © By Layer B
Display Mode By View M UNE AlSi1OMg
Linetype By Layer (S MA )
Linetype Scale 1.000 = : MPA
— VIELD: ~253
Print Color | ®© By Layer B
Print Width By Layer & o). ~180 MPA
_ , yﬁEVU&
Section Style | By Layer (2]
Hyperlink 7
>
Render Mesh Settings /»
P
Custom Mesh ’
® :
Settings dju s Enter project name
A
{/ [+ Value  demopart
Rendering T
: Cancel Done
Casts shadows
Receives shadows A
Isocurve Density @ 18 MPA
Density - d /‘n
Show surface isocurve '
L
Match -
.
Details f@dﬁ' b6 MPA
e , d/33
>
+
1 object selected HELP Ess 0.6 MM
Reset Apply TH\CKN
v Size: fi
X: 209.118 < _ Uniform
Y: 51.959 ¢ Increment:
Z: 168535 & 05 -
v Scale:
X: @ C 4 Uniform
Y: Increment:
Z: & 00333 @ Command: sphe_project_new
v Position: -+ ] rspective | Top | Front
[0 = world x -167.354 y -215.999 z 0 Millimeters . 100__.../sim Grid Snap
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Ortho

|

Layouts...

Planar

Osnap
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Jilh

SmartTrack Gumball (CPlane) pAuto CPlane (Object) Record History Filter Absolute tolerance: 0.001
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Layer

> xdev
T™P
OFF
make
misc
v 100_REQUIREMENTS
> DESIGN SPACE
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> LOADS
ENV w/sim
v 200__DIMENSIONING
> 0 material
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00:04:14 Create density field according to dimensioning  202-demesam — ciics

Layers
O B ¢ © B2 H o [J
o [ B  @AvATE=®
Viewport Q Search
Title Top Layer Mate
Width iv Silay
Hiaigh > (11)M( 11 (1) 113 ) (16 I 1(8)(8)6] (16(8 11111 @) (@D ;':: ~
Projection | Parallel e make ?
Display mode Randerﬂd 8 .r—f-'mf;‘f‘*if e e - 3 O m—— ’T\_‘;ﬁt;. misc '
Locked @ @~ @ (1) 118 ) (16 I 1(8)(8)6) (1608111111111 e (11)1(11] v 100__REQUIREMENTS o
> DESIGN SPACE ?
Camera .} . il interfaaces 2D @
s Lacath (oam) . (11)(11 (112011) X (18) (16 I 1(8)(8)6] (16(8 )11 11]11] (11)0(11) interfaces 3D 0
v > LOADS 9
Rotation 0.0 - ENV w/sim ®
X Location -27.645 5 v 200__DIMENSIONING |
™ > 0 material
Y Location 9.980 | >> ! <y materia ]
: ¥ !activelv 1 stress ?
Z Location 1231.854 - C;*ﬁ‘ IELD: "&E AADA 2 divide 4 ~
e“—/ § 3 percent el
Distance to Target 1299.968 R X ) :
71% ) density [%] 4 density stops *d N O
Location | Place... é’ \‘ EE20 ) veie. [ v INTERFACES P H@
.\ . bndry LAY 1@
Target .. i Value  Point printability LY 1@
X Target 1§ Carcaill Y v demopart e HO
arget -27.645 " ancel Done v meshes LAY @)
Y Target 9.980 & env s N
_add_field_point | MPA . ()
Z Target -68.114 A v fields e HO)
. v L N> MPA / 30 MPA =6 density sl Q

Location | Place... > 100% 18 =16%
— d/16
Wallpaper
Filename (none) e A
e 18 MP
ooy - d/1
| 0 objects selected HELP 6 MPA
- d/3.3
Reset Apply —
v Size:
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v Scale:
X ¢ M Un
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00:05:54 Compute single surface

o B ¢

Viewport
Title
Width
Height
Projection

Display mode

Locked |

Camera

Lens Length (mm)
Rotation

X Location
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Z Location

Distance to Target
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2140

& CDFAM_2024_demo.3dm

Computation options for 'demopart’

v GENERAL SETTINGS

Random Seed

pmm
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0.0 &
-23.799 -]
—~ v OUTPUT
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-61.782 ] i @
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868.683 = ‘)

. Solid Surface

Density Reference Thickness

Single Surface

Max execution time (minutes)
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Location [ Placesi i @Wl
'l‘ v NAMING
‘— Part Name
Target ®
X Target -23.799 8 Part Version
Notes
Y Target -34.431
Z Target -61.782
Location v TIME CONTROL
Wallpaper
Filename (none)
Show « v INTERNAL FUNCTIONS
Gray Choose Machine Type
v GENERAL INFORMATION
Version: 0.9.6 (RC1)
0 objects selected HELP
Reset Apply———
v Size:
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v Scale:
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00:06:09 Interfaces

O B ‘_
diemsT@oT
&fx o = E .

Q Search

Key Value

@® front_face True

@® back_face True
@ blend_distance 0.6

@® blend_exponent 0.125
@ hull_thickness 0

3 objects selected

v Size:
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00:06:32 Printability
O B v | |
dQ/siePETIOT
&fx ==,
Q Search

Key Value

@® front_face True
@® back_face True

@ target_thickness 1.2

\'r'. 1

@ hull_thickness 0.9
@® blend_distance 0.6
@® blend_exponent 0.125
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00:09:17
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o9 ® & st_parts_2000.3dm

ﬁ Perspectivelv Layers
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Complexity for free.
Fast.
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Customise.

Autonomously.
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And shoot for the Moon!




