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What is 3D printing?

> A new technology
» but not so new...
» FDM patent recently expired...
= public domain
= cheaper and cheaper
(other 3D printing technologies remain expensive)



How expensive is FDM 3D-printing 7

A “turnkey" Ultimaker: ~ 2000 EUR




How expensive is FDM 3D-printing 7
A Reprap-like 3D-printer in kit: ~ 200 EUR

Example: The pDelta from eMotion Tech



How expensive is FDM 3D-printing 7
Supplies: PLA (corn plastic) spools cost ~ 30 € /kg




How does 3D printing work?

Focus here: FDM technology (ask me about “powder” printers)
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How does 3D printing work?
Plastic wire pulled by tiny motor, “print head” = “nozzle" heats it,
wire gets deposited along 2D designs, layer by layer




How does 3D printing work?

Together the layers make
the 3D object: 10 wraps/mm
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3. Slice To tell the nozzle what path to follow, which is the only thing
that the 3D-printer understands directly, use a slicer like Cura
(install it) or IceSL (online), giving a .gcode file.



Thus, how do we get a 3D surface out of its equations?

What software? What filetypes?

1. Mesh Compute mesh from equation using SageMath, MathMod or
similar; save result typically into .obj, .ply or .stl file.

2. Solid If surface not “watertight”, i.e. does not enclose volume,
thicken it using Blender. Export result as .st1 file.

3. Slice To tell the nozzle what path to follow, which is the only thing
that the 3D-printer understands directly, use a slicer like Cura
(install it) or IceSL (online), giving a .gcode file.

These are the three basic steps when everything goes fine.
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Do you wanna dive in?

Get inspired: a tour of contemporary mathematical creation



Silviana Amethyst — silviana.org
Mathematical galleries

by silviana amethyst

mixed media

Interactive Barth Sextic

A 3d printed electronic Arduino-powered interactive art piece. Much
of my current work is in this vein

plastic

Hauser's algebraic surfaces
a reproduction in plastic of Herwig Hauser's gallery



https://silviana.org/gallery/

David Bachman — davidbachman.org
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http://davidbachman.org/

Kenneth L. Baker — math.miami.edu/~kenken
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https://www.math.miami.edu/~kenken/

Ken Brakke — facstaff.susqu.edu/brakke
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http://facstaff.susqu.edu/brakke/

Arnaud Chéritat — math.univ-toulouse.fr/~cheritat

A model of Boy's surface in Constructive Solid Geometry

What & it cbout?

Arnaud Chéritat
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https://www.math.univ-toulouse.fr/~cheritat/

Jonathan Chertok — formpig.com

B subscribe to entres
formpig  brought o you by universaljoint.ou Ino@formpigeom
22. mathematical models

Lwith spheres model with’3 hori and

some images of the clebsch surface model with spheres
file avallable on shapeways

modelwith3

some images of the clebsch surface model with
pentahedron fle avallable on shapeways

clebsch23 rods +31 spheres

some images of the clebsch surface model with 3
horizontal planes and spheres and pentahedron file
avallable on shapeways

images

some images of the clebsch surface modelwith 3
horizontal planes file available on shapeways

some images of the clebsch 23 rods + 31 spheres file
avallable on shapeways

some images of the numbered clebsch file available on
shapeways

SHAPEWAYS

prototyping

classical mathematical model recreation in rapid
prototyping printing
we were quite pleased to recently have our ongoing

classical mathematical model recreation in rapid
prototyping
we were quite pleased to recently have our ongoing

mathematical inJoshua bats
article in wired magazine. [..]

En attente de count.carrierzone.com.

mathematical in
article in wired magazine. ..]

LY ¥
Mer

ourdecades long project o recreate portions of a
classical mathematical model collection as rapid
prototyping models which were originally [


http://formpig.com/blog/category/mathematical-models/

Francesco de Comite —

pro.univ-lille.fr/francesco-de-comite/

e i s 31 DRRERG
Francesco De Comité

B Rescarch  Arworks

3D Printing | Download

March 2014 : 3D printed hats, based on the Cardioidal
Variations, by Milliner Gabriela Ligenza (photos Josh Shiner)

Teaching

Franch version
« pragramming (€, ave)
+ Data Miing

Research

Interests

Short listed at 3D PrintShow Fashion Artist of the year, Paris, Octobre 2014.
« Wiachine Lear

+ Computer Aided Maths (Geometry)

Music
Administration

et Adrmiss

Marillion's "Sounds that can't be made" album cover
charge o tranng period or 3 year studenss in Computer Scence.
Others

+ Image maripulati
« Rendering of mathematical cbjects
« Book lustrations

© 2010 Francesco De Comité [Templates by Andreas Vikind



https://pro.univ-lille.fr/francesco-de-comite/

GeometrieWerkstatt —
math.uni-tuebingen.de/ab/GeometrieWerkstatt /

GeometrieWerkstatt

Prof Dr Christoph Bohle
Prof Dr Frank Loose
PD Dr Ivo Radloff

PostDocs

Dr Lynn Heller

Dr Nicholas Schmitt
PD Dr Sebastian Heller

Doktoranden

Wijatscheslaw Kewlin

Diploma student
Tetsuya Nakamur:

Ulf Wagner

Jonas Ziefle
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Ehemalige
Prof Dr Franz Pedit
Dr Allison Tanguay

Florian Beck Tetranold

Info * Veranstaltungen * Gallery * Projekte Constant mezn curature surface wih tetranedral symmetry
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https://www.math.uni-tuebingen.de/ab/GeometrieWerkstatt/

Bathsheba Grossman — bathsheba.com

Bathsheba Sculpture

SCULPTURE LASER CRYSTALS GALLERY Asour  ConTacT  CART

Welcome! 1 a designer for D printing, mostly in steel. Here youtl ind sculpture, pendants, cephalopods, and laser [0S
etched glass.

News about the state of this art.
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https://www.bathsheba.com/

George Hart — georgehart.com

George W. Hart
o-mal sarpsspsocgshart con
biEpi/wviv,georgehart.com/

Stony Brook, NY.
11780 USA

1am a research professor in the engineering school at Stony Brook University and 2 freslance mathematical sculptor/designer. I'm always looking
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http://www.georgehart.com/

Geoffrey Irving — naml.us

Geoffrey Irving

PR.D. Computer Science, Stanford
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https://naml.us

Oliver Labs — mo-labs.com
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https://mo-labs.com/

Lun Yi London Tsai — londontsai.com

homae exhibition sculpture drawing/painting film biography contact

artistic practice

London Tsai

o the ends of the workd, 2010, stainless steel, 28x 14x 14in



https://www.londontsai.com/

. Reepleks — thingiverse.com/treepleks

T reepleks

m treepleks @ France



https://www.thingiverse.com/treepleks/designs

Torolf Sauermann — evolution-of-genius.de



http://www.evolution-of-genius.de/

Saul Schleimer — homepages.warwick.ac.uk /~masgar

Saul Schleimer

3560

Email schleimer at warwick dot ac dot uk

Teaching: T am not teaching in term two. Past courses and studens.
Office hours: (Term 11, 2015-2016) Friday 1:00pm - 2:00pm and by appointment.

he geometry and topology seminar. Past se

E

forences: A meta-list of conferences.

Research: My rescarch page, papers at the arXiv and atthe Front, and reviews at MahSciNet (subscription only)

i bl ¢ (/1
1

Warwick: Math dopartment webpage.

Last touched: Tuesday

7 April 2015 15:20:10 BST.



http://homepages.warwick.ac.uk/~masgar/

Henry Segerman — segerman.org

Visualizing Mathematics
with 3D Printing



http://www.segerman.org/

Carlo Séquin — people.eecs.berkeley.edu/~sequin/

Carlo 11, Séquin
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https://people.eecs.berkeley.edu/~sequin/

Laura Taalman — mathgrrl.com

mathgrrl
Featured

mathgrrl Designs

3D models and other geeky stuff
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mathgrrl Designed with KnotPlot, MeshLab, TopMod, and Designed with KnotPlot, TopMod, and Cura; 3D printed
Designs. Meshmixer; 3D printed in full color powder with binder.  with FDM in Polylactic Acid with custom supports.
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https://mathgrrl.com

Recall: from equation to 3D printed surface

The 3 basic steps

1. Mesh Compute mesh from equation using SageMath, MathMod or
similar; save result typically into .obj, .ply or .stl file.

2. Solid If surface not “watertight”, i.e. does not enclose volume,
thicken using Blender; export result as .stl file.

3. Slice To describe nozzle path, i.e. pilot the 3D-printer, use slicer
like Cura (installed) or IceSL (online); giving a .gcode file.



