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Today we’ll go over how to use OnShape as well as how to
effectively design parts for 3D printing
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THE LEADING CAD
PLATFORM FOR AGILE
PRODUCT DESIGN

Crshepe is a ull-cioud CAD syslem Lhal's verlecl fer syie sroducl

vesan Unlike inslallee CAD and POM. Onshape gives eyeryons on CREATE ACCOUNT
the team instant access tc the same CAD system and sare CAD
nara. Are you an Engineering Executive? Click Here >>
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3D printing is available in many locations

Hackerspaces
Libraries
Campus

Online Services

Image: sparkfun.com


http://sparkfun.com

Prints can go horribly wrong if you just send any design

/7
.

Images: http:


http://gizmodo.com/11-spectacular-3d-printer-failures-511092085

Understanding the 3D printing toolchain will help you understand
its strengths and limitations
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Understanding the 3D printing toolchain will help you understand
its strengths and limitations
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The design starts in a CAD tool
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The design starts in a CAD tool
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The design is then exported, generally to a STL file
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Image: wikipedia.com


http://wikipedia.com

We then slice the file to generate fills, rafts, etc.
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Image: https://cmumrsdproject.wikispaces.com/All+About+3D+Printers


https://cmumrsdproject.wikispaces.com/All+About+3D+Printers

GCODE generated by the slicer is then sent to the printer

» generated by Slic3r 1.0.1 on 2014-08-25 at 19:03:28
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There is a limit to the bridging distance

Clockwise from top left
<36mm — 0-0.5mm drooping, 36-60mm — 0.5-2mm drooping, Z260mm — 2-5mm drooping

Image: https://innovationstation.utexas.edu/tip-design/



Overhangs should be limited to less than 45 degrees

Failed Horizontal Overhangs

Image: https://innovationstation.utexas.edu/tip-design/



Do a variety of test prints to help you understand a printers
capabilities or ask the service provider

Images: http://www.thingiverse.com/thing:858835


http://www.thingiverse.com/thing:858835

Make sure you export the file at a high enough resolution

Image: i.materalise.com


http://i.materalise.com

You will likely need to account for machine and thermal accuracy

Image: https://innovationstation.utexas.edu/tip-design/



It is easy to make something impossible to machine
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Images: http:


http://news.mit.edu/2016/first-3d-printed-robots-made-of-both-solids-and-liquids-0406

Use recessed text (engraved) when possible

Image: i.materalise.com


http://i.materalise.com

Add design clearance for interlocking parts

Images: shapeways.com


http://shapeways.com

Make sure that you use appropriate wall thickness

wall thickness

=

Image: i.materalise.com


http://i.materalise.com

The strength of 3D prints is anisotropic

weaker

==

Image: i.materalise.com


http://i.materalise.com

There are a number of places to get 3D models online

- http://www.mcmaster.com
- https://grabcad.com

- http://www.thingiverse.com
- https://nasa3d.arc.nasa.gov
+ And many more!



http://www.mcmaster.com
https://grabcad.com
http://www.thingiverse.com
https://nasa3d.arc.nasa.gov

Commercial 3D Design Software

& 3Ds MAX

3D Studio Max
An extensive suite of 3D design tools, with
a unique and intuitive interface.

Windows

1 LightWave

Lightwave 3D

A classic 3D graphic software, which
includes powerful rendering, animation and
modeling tools.

Windows, Mac

Rhinoceros

NURBS modeling for Windows

Rhinoceros
Very popular curve based modelling
software.

Windows, Mac

shapeways.com

A AUTOCAD

AutoCAD

An advanced design and documentation
tool. Ideal for architects and design
engineers.

Windows, Mac

Autodesk’
Maya

Autodesk Maya

A massive, complete suite of tools for
professional all aspects of 3D design
including modeling, rigging, dynamics and
animation.

Windows, Mac

& ZBRUSH'

sculpt.paint.imagine.

ZBrush
A popular, advanced 3D sculpting tool with
a powerful voxel-based system.

Windows, Mac

@ CINEMA4D

Cinema 4D

A well known design Suite in the VFX
community, it has great tools for 3D
modeling for printing as well.

Windows, Mac

Photoshop CC

The Industry standard software for 2D
content editing and creation applied to 3D
design. Offers integration directly with
Shapeways.

Learn how Photoshop and Shapeways work
together

Windows, Mac

2
2S SOLIDWORKS

LETS GOPESIGN

Solidworks
An advanced modeling tool that is great for
mechanical, precise product design.

Learn how Solidworks and Shapeways work
together

Windows, Mac


http://shapeways.com

shapeways.com

Free 3D Design Software

m AUTODESK™ 123D

Autodesk 123D Design

Easy-to-use yel powerful moceling tool
wth library of existirg corponerts or the
abllity tc creata fro scratch. Also avalable
for the IPac. Irtegrated and onints directly
10 Shaneways.

Learn how 123D Desigr and Shapeways
work together

Windows, Mac, Orline Sc-vice

As)blender

Blender

A powearful aoplicatior with full fledged
professional tocls, 3 ender has a wide
community and resources tc help you
leamn.

Learn how Blender and Shapeways work
together

Windows Mac Linux

$) SCULPTRIS

Sculptris

A free, introductery digital sculpting tool, a
great stepping stone for digital sculptors,
created by the makers of Zbrush.

Windows Mac

nx-
Bm -
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Tinkercad

A fantast ¢ beg nner program, hat leads
you 1C |2arm compiex things through simp'e
qQuests. Runs right in vour browszr, and the
sKills ycu learn are easily transreratie to
mare advanced programs. Integrated and
prints directly th Shapeways!

Lzam how Tinkercad and Shapewavys work
tocether

Onlinz Eervice

R FreeCAD

FrccCAD

An open 3ource perametric 3D mede er,
great ‘cr both the home user, hobbyist and
experienced cesigner. Parametric modeling
dlows for easy editing of your desigr.

Windowz, Mae, -inux

B SketchUp

Sketchup

Drawing-aased tool for architacts,
dasigners, builders, makars and engineers
who design fer the physical werld.
SketchUp Makce is a free vers on and
SketchUp Pro is a oaid varsion with
additioral functicnality.

Windows, Mac

\@ 30Tin

3D Tin

Another browser basad o1ogrém using
WeDbGL, this is fre2 as Icng as you share
your designs under Cregtive Commons.

Online Service

sa OpenSCAD

Open SCAD

Open5CAD is rot an nteractive 3D design
tool. It is something like a programmatic
3C-compiker that reads a script file
containing 30 gecrelry delinitions, and in
wrn gensarates a <olid 3D model s cutput.

Wiadows, Maz, Linu», J5C
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LD Model Ta Print

3D Mndel To Print

A cloud-based software s2rv ce, focused
on 20 architectural mcdels. 3DMTP
sutemaztical'y and efficiently transforms 3D
designs intc scalabdle and 3D printable
mocel files.

Online Sarvice


http://shapeways.com

Assignment: 3D Printing Activity

In this activity you vll design and print a 3D part. You may teke an cxisting CAD filc froma
repository such as Thingiverse, GrabCAD, ctc. and modify it to suit your purposc (must bea nor
trivial change) ar create your own design. You can make your design in your preferred CAD tool, a
few great choices are OnShape, OpenSCAD, "reeCAD, AutcDesklnventor, and SketchUp These can
be simple bracksts and parts or very complex structures. 3e sure to make something that actually
can be 3D printed though - remember the design concerns we discussed in class. Afew examples of

CAD files designed for 3D orinting are shown below.

Many universities, public libraries, and maker spaces have 3D printers that you can use for little or
nc cost. Penn State operates the Maker Commons as a part cf the library that allovss students to
print. There a~e also commercial service bureaus that will make your print on profassional grade
macaines and ship it tc your door. Of these, Shapeways seems to have the largest variety of materials
and services. Often service bureaus and library services can get very busy, so make sure you allow

enough time for manufacturing and shipping!

DUE: 10/13/16



Activity: Designing Parts in OnShape
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