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ROBOTS! 



Heavy Metal making guitars for Heavy Metal 
 a Robotic Luthier –a Fadal at  Paul Reed Smith Guitars, Fall 2013 



CNC Machining 

• Computer 
Numerically 
Controlled 
Machining 

• Lathe, milling, etc. 
• Subtractive 
• Any material will do. 

 



Computer Controlled Lasers 
An example of Stereo Lithography (SLA), creating free-form parts 
from hardened epoxy resin. 



Computer Controlled Lasers 
An example of an EOS M 290 Selective Laser Sintering (SLS) 
system, creating a injection mold from maraging steel. 



Selective Laser Sintering 

• Computer 
Controlled Fusing 
of Powder 
 

• Additive 
• A wide variety of 

materials, a wide variety 
of possible shapes 

 



What does one of these SLS manufacturing 
printers cost? 

$700,000 
 

June 2014, reported price in  
Engineering.com Library 





Fused Deposition Modeling 
(a.k.a. 3D Printing) 
One example: 
 
Cube 3D Printer 
• From 3DSystems 
• Prints in plastic 
• $999 from Amazon.com 

(24-September-2014) 
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A community-driven portal to accurate, high-quality 
bioscientific models 

DISCOVER   SHARE   CREATE  LEARN  ENGAGE  NEWS & EVENTS   ABOUT  SEARCH 





Collaborations 

• White House OSTP  

• NASA 

• NIST 

• Protein Data Bank 

• EyeWire 

• JUMP heart library 

• Smithsonian 3D Xplorer 

• e-NABLE 

DISCOVER   SHARE   CREATE  LEARN  ENGAGE  NEWS & EVENTS   ABOUT  SEARCH 



Trajectory Planning and Accuracy 



Results 



Results 





3D Printing: 
The “Ultimate” Rendering 
Technique for Three-D Informatics 
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 Tracking cancer treatment 

• What modeling primitives do you use? 
• How good is your measurement? 
• How certain are you?  How do you portray that? 

Driving Problem: (Cancer) - Not so Solid 
Modeling? 

1. How do these pictures differ? 
Before Treatment 3 Months 



Printing Phantoms in 3D with Contrast 

Can we create X-ray attenuation coefficients 
with 3D printing that mimic biological 
tissue? 

• Amending the standard binder with NaI  
High Concentrations (1 g / ml) 

• Employing zp15e powder 
Primarily cornstarch and cellulose 

 

• A test model to plot the intensity scale 
• The “C plaque” 
• The “E plaque”  
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Results 
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Demonstrations:  C plaque 
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Demonstrations:  E Plaque 



What does a virus look like? 

Using 3D printing for visualization to 
understand the life sciences. 



Volumetric Bodies Exhibit 
NLM, Rutgers U.  –  IEEE Visualization 2009 



What does a virus look like? 

Using 3D printing for visualization to 
understand the life sciences. 



Example:  Polio 



Self assembly –  

an essential feature of 
nanotechnology 
• Augmenting 3D printed 

models with magnets 
• Simulating chemical 

bonds. 
• Demonstration of self 

assembling molecular 
structures. 



Chance favors the prepared mind. 
-  Louis Pasteur 

Luck is when preparation meets 
opportunity. 

-  Seneca (quoted by Roy Williams) 



What preparation do I need to play with robots? 

• Math, Geometry 
• Computer Science 
• Physics 
• Biology 
• Material Science 
• Mechanical/Industrial Engineering 
• Art 
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