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INTRODUCTION

Algebraic surfaces are beautiful objects that describe sets of
space where a system of polynomials vanishes. Their surface
Is smooth, but can have corners, cusps, self-intersections, and
sharp points. When 3D printing such surfaces, the smooth
places are simple. Singularities, where the surface meets at a
single point of no dimension, occur at all corners and
crossings. This lack of dimensions at singularities presents
inherent problems for accurately representing a 3D model.
Past methods for creating a 3D printed model rely on global
solidification, applying a thickness to the entire model, forcing
the singularity to appear as a smooth surface.

GOALS

Implement a program that automatically places a plug and
socket at singularities where two pieces connect, allowing
pieces to snap together.

ToOoLS

This work builds upon the bertini real software, in
development since 2013. bertini_real allows us to
deconstruct algebraic surfaces and export for 3D printing
Other tools and technologies include:
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RESULTS

Fig.3 - Side view of Dingdong
surface. Section removed for
internal view

Fig.2 - Rendering of Dingdong
surface. Section removed for
internal view

Fig.1 - Rendering of complete
Dingdong surface.

ISSUES

Because of the heuristic technique used to compute the directions the direction vectors are off-axis from what would
be ideal.
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Figﬁ.S - Rendering of a Kummer Piece Fig.6 - attempt at fixing Kummer

Surface

Fig.4 — Preview of Kummer Surface

ISSUES

When rendering the Kummer surface a CGAL error is returned, these errors are returned when an assumption made by
OpenSCAD is broken. This prevents the surface from rendering and when individual pieces are rendered holes for sockets
are not cut. Attempts to resolve this issue involve importing each piece’s .stl file to external software to repair the mesh.
The most successful solution has been using Blender to solidify and remesh each piece. Fig.6 shows the rendered surface,
but two sockets still fail to cut holes, returning a CGAL error and mesh not closed error.

METHODS

[ Compute nodal surface

l

[Separate into pieces}

l

Identify singularities connecting 2 pieces]

l

Compute centroids of each piece

Find all points on faces for piece]—b[Average points in xyz coordinates

l

[Determine which piece gets plug/ Socket]

l

{Write piece information to ﬁle]

l

OpenSCAD

[Plug and socket parameters}

l

[Modules for plugs and sockets}

Modules for Pieces

l

Surface assembly

l

[Tune parameters}

l

[ Render object }

l

[Print object!!!]

Locations, directions for plugs/ sockets}

NEXT STEPS

Other methods of calculating the centroid will be investigated to
calculate the centroid of each piece. This may include determining
a weighted average or calculating the area under the curve.

The issues encountered with rendering are fundamental and have
caused a stalemate with OpenSCAD. In the last several years
Blender has undergone updates, making it a more viable candidate
for rendering and printing.

FUTURE WORK

Building upon snap assembly of surfaces will be the implementation
of a program to print the wireframes of these surfaces
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