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Additive Manufacturing

“3D printing

at the heart of manufacturing innovation

Courtesy of 2020magazine.ca

Significantly shorten production time and reduce costs.

Effectively enable customized production with multi-material.

Economical and viable alternative for fabricating complex assemblies.

Normally enable better metallic and ceramic parts quality compared to conventionally-
made parts.

Additive Manufacturing or 3D printing can accelerate the innovation and save time
material and energy.



First industrial revolution (1760 to 1830)
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Transition from hand production to machines, the use of
water and steam power in machinery



Second industrial revolution (1840-1940): Technical Revelation

CarDataVideo

Development of railroads, large scale steel production,
widespread use of machinery in manufacturing, use of oil,
beginning of electricity



Third industrial revolution (2010 to probably 2040)

Digital and distributed manufacturing, customized goods,
manufacturing on demand; all will change the politics of
jobs

The Economists



Photopolymers
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The Evolution of 3D Printing
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Laminated Technology (MCor)
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Ceramics and Metals

Additive Varying Porous Manufacturing

2014

*Adopted from ASTM F42 Standard
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Additive Manufacturing Applications
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<$150M

1992

$22B
Sale Market Size and Public Interest
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Interest over time
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What is the reason behind this growing interest and increased
3Dprinting market size!

Excerpt from ExOne Co. to UNITED STATES SECURITIES AND $300
EXCHANGE COMMISSION, Dec 2012

e  “Certain of the MIT Patents under which we are licensed
will expire over the next 24 months. We believe that the
expiration of these licenses will not impact our business,
however the expiration may allow our competitors that
were previously prevented from doing so to utilize binder
jetting 3D printing.”

2016
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2013
>$250000



Industries embracing additive manufacturing

Motor vehicles
17.3% Aerospace
12.3%

Other
4.5%

Architectural
3.8%

Government/military
5.4%

Academic institutions
6.4%

Source: Wohlers Associates



Subtractive Manufacturing
Traditional Manufacturing




Additive Vs. Subtractive
Manufacturing

Lockhaed Martin is stroamlining sateflite pMdm-l&DMm
printing to lower ¢y e times and reduca cost.

HOW 3D PRINTING WORKS
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3D PRINTING PARTS TODAY...STREAMLINING SATELLITE PRODUCTION FOR THE FUTURE
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Additive Vs Subtractive
Manufacturing

ROLLS

* Trent XWB-97 Designed for the AIRBUS A350-1000.
* Time required to produce the airfoils was reduced by a third.

* Compared to the previous model, thrust at takeoff increased:
O 84,000 Ibf —> 97,000 Ibf




Additive Vs Subtractive
Manufacturing

| - 100k Additive parts will be manufactured
“Additive manufacturing has huge by GE Aviation by 2020
advantages from a cost standpoint, It also
eliminates the time needed to develop
tooling.”
Pratt & Whitney’s CEO David Hess.



3D Printing or Additive Manufacturing Process




Additive Manufacturing Scale




Additive Manufacturing Scale

Strand of hair

50 pm



What 1s the cost of a 3D printer?

 Machines can cost anywhere from a few
hundred dollars up to a million dollar.




How 1t works?
PART
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3D Printing in Medical /Dental Industry
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Medical and dental
¢ devices




Dental Implant and Abutment

Bulk vs Porous Metal Implant

Commercially 3D Printed
Available Implant
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Lumbar Spine Surgery

(Interbody fusion devices)

Commercially
Available

3D Printed

*Courtesy of Zimmer™
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Printed in University of Waterloo

As a research-intensive institution, the University of Waterloo addresses
global challenges, from water management to aging, and delivers research
at the forefront of fields with the potential to disrupt entire industries,
including quantum computing and nanotechnology.

Research is a vital piece of Waterloo's unique education model, part of

a broader system that generates real-world impact with global reach.

Industrial Parts
Dental Implants




Future Direction
Manufacturing On Demand
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Thank you
for
your listening

@
nanoscrioe

Application Video: 3D p-Printing
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