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3D printing  gives the possibility to transform what you can imagine into a tangible object 

that then can be also worn and showed off.

We will see how using  just free tools available on the web we can transform a 

mathematical isosurface into an object that can be then used for instructional or decorative 

purposes.

The first step is to download a software that lets us visualize and manipulate 

mathematical surfaces in three dimensions. A good choice is K3DSurf1, a free tool that works 

on multiple platforms and supports parametric equations and isosurfaces.

The software comes with more than 50 built-in examples, so you can start modifying the 

parameters in the provided equations to study the effects on the rendering result.

The K3DSurf interface
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Software

• From simple to more complex: 

• K3DSurf  
(k3dsurf.sourceforge.net) 

• OpenSCAD 
(openscad.org) 

• Mathematica™ 
(wolfram.com)
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On the way from idea to finished 3D print, there are a number of different steps to 

perform. Starting  with the design of a CAD file or the capture of an existing object, followed 

by the conversion to an STL file, possibly some post-processing/repair work, and finally to the 

conversion to a printer-executable gcode file.

Your first steps in 3D printing might be based on 3D designs found on the internet, but 

when you are getting serious, you will want to design your own, or improve existing designs, 

rather than just replicating the work of others. We will focus on the design step here –i.e., the 

production of 3D models and export of STL files.

There are many software tools available, and the following two URLs are good starting 

points for learning about them:

• http://www.reprap.org/wiki/Useful_Software_Packages

• https://en.wikipedia.org/wiki/Comparison_of_3D_computer_graphics_software

Designing in OpenSCAD
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K3DSurf
• K3DSurf is a program to 

visualize and manipulate 
mathematical models in 3, 4, 5 
and 6 dimensions 

• K3DSurf supports Parametric 
equations and Isosurfaces 

• multiplatform (Win/OSX/Linux), 
free opensource software 

• web: k3dsurf.sourceforge.net
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Tutorial: “Math to Jewel”
• See: “From Math to 

Jewel: an Example” 
an article by Gaya Fior
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DEMO
K3DSurf for 3D printing



OpenSCAD

• OpenSCAD is a programming 
language for for creating solid 
3D CAD models 

• it’s free, multiplatform (Win, OS 
X and Linux) and opensource, 
the lead author is Marius 
Kintel (see photo ;-) 

• web: openscad.org



3D primitives

• cube ( size=10 ) ; 

• sphere ( radius=10 ) ; 

• cylinder ( h,r1, r2 ) ; 

• cube ([width, height, depth ]) ; 

• polygon ([points]) ;



Transformations

• translate ([x,y,z]) 
     primitives ; 

• rotate ([x,y,z]) 
     primitives ; 

• scale ([x,y,z]) 
     primitives ; 

• mirror ([x,y,z]) 
     primitives ;



Boolean 
operations

• union () 

• difference () 

• intersection ()



Loops & conditions

• for ( i = [start:end]) 
      { … } 

• if ( condition ) 
      { … } 

• … other usual stuff



Others

• many mathematical functions 
are available: power, root, 
trigonometrical, log, 
exponential, etc… 

• functions, modules, include 

• 2D primitives, extrusion 

• export of 3D models as STL



A few simple commands



DEMO
OpenSCAD: Menger sponge (example024)



Mathematica™
• Mathematica™ doesn’t need 

any introduction, is the most 
powerful tool for mathematics 

• it can generate and export 3D 
models (as STL, but it isn’t 
always a correct manifold) 

• www.wolfram.com/mathematica





DEMO
Mathematica™: Calabi-Yau



G[alpha_] := Module[{}, n = 3; R = 40; 
   CalabiYau[z_, k1_, k2_] := Module[{ 
      z1 = Exp[2 Pi I k1/n] Cosh[z]^(2/n), 
      z2 = Exp[2 Pi I k2/n] Sinh[z]^(2/n)}, 
     N[{Re[z1], Re[z2], Cos[alpha] Im[z1] + Sin[alpha] Im[z2]}]]; 
   F[k1_, k2_] := Module[{}, XX = CalabiYau[u + I v, k1, k2]; 
     S1 =  
      Graphics3D[ 
       Table[{Hue[0.6], JoinForm[Round],  
         Tube[Table[XX, {u, -1, 1, 2/R}], 0.02]}, {v, 0, Pi/2, Pi/20}]];  
     S2 =  
      Graphics3D[ 
       Table[{Hue[0.5], JoinForm[Round],  
         Tube[Table[XX, {v, 0, Pi/2, (Pi/2)/R}], 0.02]}, {u, -1, 1, 0.1}]]; 
     Show[{S1, S2}]]; 
   Show[Graphics3D[{Hue[0.9], CalabiYau[z, k1, k2]]]; 
Show[G[0.2], Boxed -> False]

Calabi-Yau manifold 
(used in string theory)




