The Additive Manufacturing Gold Rush

Dream or Reality?

A NEW MAGNIFICENT MANUFACTURING METHOD
COME AND TEST YOUR LUCK. RAPID TURN AROUND TIME. PARTS READY AS BUILT. SUCCESS FOR ALL

ADDITIVE MANUFACTURING

GOLD RUSHI

ENGINEERING YOUR SUCCESS.



Where’s the Rush?

Figure 1. Hype Cycle for 3D Printing, 2014
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The Additive Manufacturing Gold Rush

Tools of the Trade

ENGINEERING YOUR SUCCESS.



Additive Manufacturing (AM) Basics

Solid 3D Computer Model

Conversion of solid
computer model to
triangulation data

STL Data is sliced into
thin 2D cross-sections

Part or Mold is made one
2D cross section at
a time by additive
manufacturing processes

Part or Mold is removed
from machines
and hand finished
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Standardized AM Categories

Directed Energy

Binder Jetting Deposition

Material Jetting Sheet Lamination

Vat
Photopolymerization




Standardized AM Categories
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Laminated object Manufacturing (LOM)
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Binder Jetting

Image Source ExOne
(www.exone.com)
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Process: Liquid bonding agent is selectively deposited to join powder materials
Technologies: Varies by binding material
Materials: Plastic, Ceramic, Metal, Sand, PMMA m



Directed
Energy
Deposition

Process: Focused thermal energy melts material as it is deposited

Technologies: LENS, EBF, DMD
Materials: Metals (wire or powder) m
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Process: Material is selectively dispensed through a nozzle

Technologies: FDM, FFF m
Materials: ABS, Polycarbonate, PLA, Nylon, Ultem



Material
Jetting

Process: Droplets of build material are selectively deposited
Technologies: CS, DOD
Materials: Wax, Photopolymers

Jetting Head /7 X axis
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The Objet Polylet Process




Process: Thermal energy selectively fuses regions of a powder bed
Technologies: SLS, DMLS, EBM, SHS, SLM m
Materials: Powdered Metals, Polymers, Composites, and Ceramics



Sheet
Lamination
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Process: Sheets of material are bonded to form an object
Technologies: UAM, LOM
Materials: Foil of Metal, Plastic or Paper

Laminated object Manufacturing (LOM)
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Vat
Photo
Polymerization

Image Source Ford Motor Company

Process: Liquid photopolymers selectively cured by light polymerization
Technologies: SLA, CLIP, DLP
Materials: UV-Curable Photopolymers m



And More...

 Hybrid technologies
e DMG Mori Sieki
« MC Machinery
e Optimec (add-on)
« AMBIT (add-on)

MULTI-TASK TOOLS




And Bigger...




The Additive Manufacturing Gold Rush

Finding Gold

ENGINEERING YOUR SUCCESS.



17

Prototype

 Visualization
 Flow Testing
 Performance Testing
 Verification of design intent / fit / form
e Optimization of assembly sequence / methods
« Functional Prototypes

Parker Aerospace o e
Control Systems Division Manﬁ‘old :




Indirect Manufacturing

e Tooling, Fixtures, Gauges :




Direct Manufacturing

Tungsten
Light Weighting /
Thermal Management

Heat Exchanger

19 Fuel Nozzle
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Medical

Affordable
Customization
—Darker



Fashion







Manufacturing

e Multi-Material

e Surface Treatment
 Embedding

* Repairs



In Situ Manufacturing
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The Additive Manufacturing Gold Rush

The Hard Reality

ENGINEERING YOUR SUCCESS.



Additive Manufacturing (AM) Basics

Solid 3D Computer Model CAD Capab”mes

Conversion of solid
computer model to
triangulation data

Interoperable Standard

STL Data is sliced into
thin 2D cross-sections

Part or Mold is made one
2D cross section at

a time by additive Capital Expenditure

manufacturing processes

\
Part or Mold is removed
from machines

and hand finished
J

3
Part or Mold is delivered
Customer to the

Customer or Foundry




It’s Always Better In The Demo




The Bin of Broken Dreams




Just Add Powder




Where Is The Gold?




Where Is The Gold?
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P &P
Low Railroads Hospitals Security Kitchenware aper aper Semiconductors
Products
Power & Energy Farm & Construction ] . .
(Renewables) Machinery Gaming Office Supplies Appliances Bewerages
. Power & Energy . . . .
Qil & Gas (Thermal) HAVC /R Industrial Supplies Medical Equipment Food
g I _ _
= Industrial Equipment & Medical Supplies Defense P_roducts & Personal Products
g Components (Consumables) Senices
5
= Packaging &
7]
@ Personal Computers Containers
Q

High

Source: Morgan Stanley Research




Standards — Material And Process

The Wild Wild West




Need For Standardization




Need For Standardization
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Standards — File Format
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Standards
Structure of AM Standards

Processes/ Materials
15017296-2
Qualification and
Certification Methods
Requirements for
Purchased AM Parts
Non-Destructive
Evaluation Methods

General AM

Standards TestMethods

15017296-3
Test Artifacts
General Test
Methods
Performance
Test Methods

Design / Data Formats

* 150172964

= ISOfASTM 52915-13

= DataStructures and
Metrics for AM Models

Terminology
= ASTM F2792-12a

= 15017296-1
= IS0/ASTM 52921-13

Finished
Parts

Raw
Materials

Standard Protocols for Round

Material Category-Specific Process Category/M aterial-5pecific Robin Testing

Metal Powders PowderBed Fusion

Polymer Powders Tig-4 ING25 Others

Material Extrusion

Metals Polymers

Photopolymer Resins

Ceramics Directed Energy Deposition Part Specifications

etc. etc. etc.

M aterial-SpecificStandards Process/M aterial-Specific
Standards
M aterial-Specific Size

specification Process-Specific

Performance Test Methods Aerospace

Material-Specific
Chemical Composition

Process-Specific Test
Artifacts
System Component Test
Methods

M edical

M at erial-5pecific Viscosity Automotive
Specification
etc. etc. etc.

Mechanical Test Methods — e.g.,
Part 1: Tensile Tests, Part 2: Porosity
Tests, Part 3: Fracture Toughness, etc.

Others

Application-Specific Standards

General
Top-Level
AM Standards

- General concepts

- Common
requirements

- Generally applicable

Category
AM
Standards

- Specificto
material or
process
category

Specialized
AM
Standards
- Specificto
material,

process, or
application



The Additive Manufacturing Gold Rush

The Good, The Bad and The Ugly

ENGINEERING YOUR SUCCESS.



Intellectual Property — The Good
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Intellectual Property — The Good




Intellectual Property — The Bad

Remember Napster?

What if you could
make an exact copy
of any object?

j Hilliam Gibson




Intellectual Property - The Ugly
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The Additive Manufacturing Gold Rush

Dream or Reality?

ENGINEERING YOUR SUCCESS.



The California Gold Rush

The Dream and the Legacy




The AM Gold Rush

e Variety of technologies
e Continuous Innovation
e Significant Investment
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The AM Gold Rush

« Traditional manufacturing
will not disappear

e Evolution more than
Revolution

 New applications
“discovered” every day

* |P challenges
e Standards




The AM Gold Rush

 New Business
Opportunities and
Models

 Consolidation
e Cross-Pollination

o Still many Dreams
to be brought to
reality




A NEW MAGNIFICENT MANUFACTURING METHOD

COME AND TEST YOUR LUCK. RAPID TURN AROUND TIME. PARTS READY AS BUILT. SUCCESS FOR ALL
TECHNOLOGY CHANGING BY THE HOUR. HARNESS THE POWER OF 2D. DON'T WAIT, JUMP ON EOARD NOW!

ADDITIVE MANUFACTURING

GOLD RUSH




