
AM Experten-Talk bei Ecoparts 12.09.2024



2018 



2022 



2022 



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



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

Inkjet on paper, pencil, tape 

82×74mm, Ed. 5, 2012 

Private Collection



Steady drip of wax into random 
motion creates sphere. 

Aluminum, carbon, ball bearings, 
motors, random generator, 
microcontroller, software, cotton, 
copper, heating elements, high 
temperature insulation, paraffin, 
fire. 

835 × 835 × 2230 mm, Ed. 3, 2013 

Collection Morra Greco, Napoli



Ancient Universe 
model which is still 
true today.  

Contribution to 
Frieze d/e No. 22, 
2015



Countless paper models later, 
spherene Ltd. was founded in 
2018, with headquarters in 
Zürich.



Minimal Surface:  
Zero mean curvature at every point 

MINIMAL SURFACE 

Zero Mean Curvature 
k1 = –k2 = 0     

k1

k2

SPHERE 

Constant Positive Curvature 
k1 = k2 > 0

k1

k2

PLANE 

Zero Curvature 
k1 = k2 = 0

k1

k2



Spherene 
ADMS

Gyroid 
TPMS

Spherenes:  
Minimal Surfaces (ADMS) 
True Isotropic 
Surface Conformal

Forces

Distance



Example:  
Organic Grading 



Example:  
Emulate Aluminium Mass in a Steel Print.



Example:  
Protect Mars Samples during Re-entry



Spherenes are:



Controlled.



Inverted spheres, 
isotropic.

DISTRIBUTION OF FACE NORMALS



theoreticalmeasured

break at x = 2.7182 equiv.

yield at x = 1.00 equiv.

Predictable.

f(x) = q (w(ax − q))
1

m(ax − q)

        (parametrisation tbd.)



Stochastic,  
yet regular.



Dual Domain.  
(two labyrinths)



Surface Conformal.



Intuitive.

Thickness
min maxDensity Reference Thickness

Surface Bias
–1 +10

Density
2 4 8 11 16 22 32 44



 
(Stress & Strain Curves)

Density
2 4 8 11 16 22 32 44

Thickness
min maxDensity Ref. Thickness

Surface Bias
–1 +10

Equal Volume 
 
d/9.5, 11, 13, 16, 19 
TH 1.41, 1.19, 1.00, 0.84, 0.71 
SB 0



Implementation:



Accessed via API. 
CAD Clients: 
— Rhinoceros3D 
— Grasshopper (Pre-Release) 
And more to come.



Simple workflow.

Load Envelope Set Requirements Compute Metamaterial



*   control strength, stiffness, mass:  DENSITY+THICKNESS  
 
   center of mass, local lightweighting:  DENSITY, CAVITY 
 
  eradicate stress concentrations:  THICKNESS 
 
   increase elasticity:  SURFACE BIAS 

Spherene 
Computation 

FIELDS * 
(global & local 
parameters) 
 

DENSITY 
REFERENCE 
THICKNESS 
(overall scaling)

Preprocessing  
 

Manufacturing 
 

Post Processing

Physical, 
visual 

or 

Simulation 
(3rd Party)

Simulation 
Result 

(3rd Party) 
on solid 
design 
space 

or 

Manual 
dimensions

Requirements 
(Load cases)

Design Space 
(CAD model)

Design Intent 
(Design Brief)

Material 
(Modulus)

Production Method 
(overhangs)

Requirements 
(Assembly)

Production Method 
(wall thickness)

Material 
(UTS)

        DESIGN ITERATIONS

add local 
Thickness 

  
 

redesign 
Boundaries 

Spherene 
Computation 

FINISHDIMENSIONING VERIFICATION PRODUCTIONSPHERENE GENERATIONSPECIFICATION

Embedded in yours. 



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



next up: live software demo



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



00:00:00 Design space, loads, interfaces



00:00:41 Envelope design, material properties, simulation on solid body, dimensioning



00:02:38 Create spherene project



00:04:14 Create density field according to dimensioning



00:05:54 Compute single surface



00:06:09 Interfaces



00:06:32 Printability



00:09:17 Compute Solid Surface



Part Statistics

Envelope, Boundaries

Density Point
Fields

Output

Thickness Point

Easy-to-learn Interface, Hosted in Rhino3D, 
Workflow Integration, Cloud Computation. 

Tools



[ satellite bracket being vigorously shaked ]



Satellite Bracket 
ESA OSIP Early Technology Development Study.

Frequency Response (IPPE test / ANSYS 2022R1)

Random oscillation, before/after (x, y, z) Simulations (ANSYS 2022R1)

Nominal vs actual (x-ray)

Radiography (post test)



Complexity for free. 
Fast.



Customise. 
Autonomously.



→
And shoot for the Moon!


