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Outline

« Additive Manufacturing (AM) Technology Background
— Thermally Mediated
— Strain Mediated
« AM Technology Transitions
— Current State of the Art
— Future Vision & Challenges
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Net or Near-Net shaping of added material as part or whole of a

component or structure

The Cold Spray Process
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Material
* Feedstock Chemistry

» Material Mixing

* Final Microstructure
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Process
*Build Environment

*Process Efficiency
*Build Rate

*Post-Build Processing
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AM Capability Variables

Component
*Part Size & Geometry

Dimensional Tolerance

*Surface Finish
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Technology
Transfer

/ Production

«Scalability
*Reproducibility

*Qualification
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Thermal AM
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Strain AM
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RBDECOM Potential Path to Widespread Adoption

Additive Manufacturing Adoption Timeline

Additive Manufacturing has been slowly gaining traction, specifically within design, however, new
technologies have the potential to amplify growth and extend usage within production

Additive Manufacturing Timeline: The Shift in Additive Manufacturing Applications

Product Design Production
Prototyping and Customization Scaling in Volume. Size, and Availability
1986 1989 2007 2008 2009 2014
AM AM Rapid RepRap User FDM Patent Selective Laser
AM Invented Prototype Movement Generated Art Expires — Growth Sintering Patent Expires
Milestones (SLA) System (FDM) in Consumer 3DPs
| I [
A
Impacts on 1986 2004 2007 2011 2012 2016 2030-2050
Aerospace Rapid Component Real-time SULSA 3D System Mass Production (Estimated)
Industry Prototyping Manufacture Spare Parts Prototype Acquires Z Corp LEAP engine part Completed Product
Manufacture
GE Acquires —_— P
Morris Technology e e
Main Applications 1986 - 2011: Catalyst for Mass Production Adoption': |Main Applications 2014 - Future:
= Product Design — GE plans to mass-produce 25,000 = End Product Production
- Product Part Production LEAP engine nozzles with AM — - Mass Production
= Rapid Prototyping already have $22B in commitments = Democratized Consumer 3D
= Concept Modeling - Parts will drive production and Printing
operational cost savings
= First test to see if AM can
revolutionize production
Deloitte

-5- © 2014 Deloitte Services LP

http://ww.forbes.com/sites/louiscolumbus/2015/03/31/2015-roundup-of-3d-printing-market-forecasts-and-estimates/

. Feedstock Optimization . Reproducibility

. Process Control . Qualification/Certification
. Material Compatibility . IP Strategy

. Safety . Cost Effectiveness

. Material Properties
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Cold Spray Research Transition to AM
— Feedstock Production Model
— Feedstock Characterization & Processing
— Thermomechanical Process Model
— Post-Process Requirements
— MSAT Materials Database
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Conclusion

« Dynamic AM Technology Landscape
— Diverse processes with unique opportunities & challenges
— High corporate turnover & acquisition
— Technology & component IP concerns
« Material, Process, Structure, Performance Variation
— Multiple paths to optimization
— Open research space requires focused efforts
— Focus on high value added R&D
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