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Overview

The three core activities of the Institute are:

 Develop Additive Manufacturing Technology: ‘\9
Projects, Innovation, Technology Transfer, Implementation &
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 Accelerate Human Capital Development: >
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These focus areas are enabled by: ,"Iv

e Operations: Run by a not-for-profit organization
with a lean and collaborative structure

 Technology: A dynamic advanced manufacturing technology
Including the core AM technologies as well as supporting
technologies like the digital thread, standards, etc.

« Communications: Spreading the word to government,
members, stakeholders, community

OPERATIONS
TECHNOLOGY

COMMUNICATIONS
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Collaboration Drives Our Strategic Focus

Focus and strategy is documented within
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the Technology Roadmap Swimlane CTE
- - - Design Bio-Inspired Design & Manufacturing

* Appllcatlon/process agnOStIC Design Product & Process Design Aides/Apps

e |Informed by Nnot on|y end users Material Material Property Characterization
Material Next-Gen Materials
Material Additive Manufacturing Tech Data Packages

= Multitude of interconnected technical Process Multi-Material D.elivery& Deposition Systems
'derations Process Next-Gen Machines
consl Process Process Temperature Gradient Control
e TRL 4-7 Value Chain {Advanced Sensing & Detection Methods
_ _ Value Chain (Cost & Energy Driver Analysis/Modeling

° AddreSS TISk and maturation Value Chain (Digital Thread Integration

e ASSess performance/function Value Cha!n Intell_lgent Macfhlne ControI.Methods
Value Chain (Rapid Inspection (Post-Build) Critical
Value Chain Repair Technologies T h |

- Value Chain {Standards/Schemas/Protocols ecnnolo
. Roadmap Is a data model AM Genome {Benchmark Validation Use Cases EI gy

o |ntegra| to Institute operation AM Genome :Model-Assisted Property Prediction ements
AM Genome {Physics-Based Modeling & Simulation

e Connects research efforts to roadmap ] Technical

taxonomy
Requirements

 |dentifying needs/opportunities

 Charting progress

e Organizes lessons learned
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Roadmap Advisory Group

Brian Thompson
GE Additive
Brian.Thompsonl
@ge.com

Anil Chaudhary
Applied Optimization
anill@ao.com

Frank Medina
UTEP
fmedina@utep.edu
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Addressing Technology Gaps to Strengthen Domestic Supply Chain

Supply Chain Design Performance Post- Inspection/ Cost & Rate
& Sourcing & Durability § Processing & N[B]=
Finishing

Key Additive Manufacturing Technology Focus Areas

Strengthen Warfighter Capability Needs
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Previous and Current Applications
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Image courtesy DARPA

http://www.optisurf.com/index.php/mirror-
mounts-for-high-precision-optics/

Image credits: Dr. Beth Ripley and Timothy Prestero
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Merits of Additive Manufacturing for Nuclear Applications

= Design : l
» Filtering V/ . \ N
e Thermal management 2 / ff’ \ |
e Vibration/shock SRR = BRI
e Part consolidation -- “"-'_Fj:J:f:‘:f:'.:*f 208
 Tooling, Jigs, and brackets A "*'* i - &N '_ Wireless high temperature sensor

u- — fit > 4> @ I \.
iu #If fli ﬁ?t tlt m\.

Lu et al. AOI2 Wireless High-Temperature Sensor Network for Smart Boiler Systems.
2020

= Materials & Process

e Tailored material chemistries and microstructures for performance
Shielding/passivation
Mechanical performance
Thermophysical properties

e Multi-material
Metal, polymer, ceramic, composite
Part count reduction
Embedded sensors

 Repair, cladding, hard facing

 Reverse engineering

GE Hitachi 2017

= Adaptive distributed manufacturing base e —
« Adaptable and readily adjusts to iterative/evolving product definition
e Single article production lots are tolerable
e Lead time reduction

Image Courtesy of Additive Composite
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Design

= GD&T of metals, polymers, composites

Structure

= DfAM
e Guides, process selection aides, and apps
 Product development and gualification

= Structural Optimization
* Including lattice structures

B e O o O o S o .,

SO a0 O e

- ﬁﬁfﬁﬁﬁﬁﬁgﬁ Boggrd etal, |ntegrqted Turbing Cpmponent Cooling Designs Facilitated by
9200 Additive Manufacturing and Optimization. 2019.

f
L

= Materials and data play a vital role

= Design for: NN NN NN
] ] L] = . . . .‘ . L LA |
° Llfe | I m Ited appl I Catl O nS . \ 9‘2‘.‘.‘.‘.‘?3 Chyu, Tq, and Kang., InFegra’Fed Trz_:mspi_ration _and Lattice Cooling Systems Developed /
L CO m p I eX partS/asse m bl |eS by Additive Manufacturing with Oxide-Dispersion Strengthened Alloys. 2017.
» Anisotropic materials / \

e Multi-material
e Multi-process
e Multi-physics

Manufacturability

= Validation and vetting manufacturability and
product equivalence to known designs

evs

i e o S s
% . Impossible | Georgia stTnrie M AV~ Raytheon . I y "@ . University of LJ
u am ml % ” I P ( Objects @f‘f:Tegchméﬂ@gy w Technologies AN SYS HO“QYWE' I 8 Exone PlttSburgh 3 st rataS\/S A A LTA I R "\ AUTODESK. y::Jlr-:GSTOWN @Eﬂflﬂﬂ UnM@Damn

UNI\-‘I:_RSI'I Y OF
MICHIGAN BUSINESS INCUBATOR Research Institute

QNI ©) =01 yconN [CIEE

uuuuuuuuuuuuuuuuuuuuuuuuu Industrial 3D Printing

= MAKUFACTURING INETIATIVE
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Material

= Material Types
e Ti, Ni, Al

| Gas
.? Direction

Irrrrrn

‘I == Coater blade
direction

Process

Polymers
Composites

= Evaluation of austenitic, ferritic, or PH stainless steels

Beyond 718 and 625 nickel alloys

= Pedigreed materials allowable data sets

= Service life modeling — probabilistic approaches

Dissimilar materials

x‘ ) "
Front Face of machine

Active
Melt Fool
Coarser

grains
~365um

+— Transition

Default

([ J
([ J . ..
E I eva’ted te m pe ratu re Chyu, To, and Kang., Integrated Transpiration and Lattice Cooling Systems Developed by Q;Ziréigr?rllé g??g;’;ﬁ‘;?&?é;osc::ig’l: r’ii‘:l';'ve
' 1 1 Additive Manufacturing with Oxide-Dispersion Strengthened Alloys. 2017.
« Various degradation mechanisms \\ : : : ' Properties. 2020,

= Materials which improve system performance

Certified as-built

 Recycling

Stress [MP 'a] vs. Stra [%]

SA (No HIP)

A

* Methods for AM materials development o
Properties 4 Depletedzanet | © P AN A%
= Functional testing for equivalence sl voids -
_ - LPBF 190ium EBM
= [Feedstock production capability T T T S
\\ Dryepondt et al., AM of Nickel Components and /
Joining of Dissimilar Metal Welds. 2020.
LOCKHEED MARTIN Z% DRT Aerospace, LLC :)) Quint . _| THE OHIO STATE UNIVERSITY L‘ :::m‘d:;‘“ _
3D SYSTEMS e m D) eltlS ROIIS Royce ll ’ 2 &y W s
NIAR | s e (ﬂmﬁ AeroseT_1| TN = Pennstate NORTHROP 'Y 4 2 Raytheon - PROTO ..c....
Ai,ﬁ'.“.‘n'ﬁ'ﬁ’iz'?éi nnnn E EW’ I’ Roc“€3;g¥ﬁ5 K, Jf MOOG g Applied Research Laboratory GRUMMAN_I F BIueQuartZ M TeChnOIOgleS GE Add|t|\}e @ Eﬁgﬁ?\/NETER Applled Opt|m|zat|on g Stratasy i::::::-éTé:::-:E Ez;:;::;:igﬂ;:;::;“g
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Process

=  Advancements in controls, software, and hardware

e (Geometric, microstructural, and performance
(quality) enhancements

= Multi-laser/multi-deposition
e Larger build volumes
* |ncreased productivity
 Expanded capacity/capability

= New capabilities can come with new challenges
* Increased degrees of freedom for operators
e Scan path optimization tools/methods
 Process control methods and validation
 Repeatabllity

= Transferability between different machine platforms

= Process calibration methods and tools
e Equipment maintenance

¢ s INC STATE UNIVERSITY | €4 e S
D E.fp?rzis:atate h Laboratory voll-Jl:ssmww EOEINEG ".' c{mowa.rfs m rllkon doinidiodionoiiion KENNAMETAL
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o
g h e 7, =3 PennState o ‘ . A
=~ Dl:?{el::s:palce LLC G E Add Itive ” g Applied Research Laboratory i; M oLoGES W
B IDsYSTEMs < e .. /
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= Physical limits of sensing and inspection Pl 4 T —— —".
technologies | IS o
e Probability of detection T = e | W -"E"‘ iiﬂi

 QOvercoming complexity

= Sourcing and acquisition technology

= Business case analysis
e Understanding value proposition of AM

Generate
support

= Novel test methods needed
e Validation

\

= Cybersecurity /
= Rapid inspection
Digital
= Digital twins which account for: Capability Rty Tt
e Manufacturabllity
* Multiple manufacturing operations
* Product variability/quality control \\

Q Aeroser_{  Tech > Y Y
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AM Genome —

= Physics-based predictive tools — ﬁ | LT
Simulated IN718 N

—

 Track geometry
e Surface finish and lack of fusion
e Distortion/residual stress

section

= Experimental validation

== = + E 1 -
e . -
Predictive . -t ——
' Modeling {00

Characterization & i
. Post Processing
estin - Stress Relief Heat Treat
; iptars S - Heat Treat + HIP
= M re i B -
= Defects — =
. M -
Physical & M Properties

= Machine learning/artificial intelligence
e Structure and performance prediction

A

= Reduced demand for physical experimentation /
and testing

Optimization

= New AM materials development

Distance

\\ Senvol.com

ANSYS I A e e
@\ GE Global [X8] Applied Optimization Fe) Fernsiats Y‘ GE Aviation m TeChE lve S Raytheon
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Scaling AM Technology for Nuclear Applications

= Demand volume for nuclear application components exhibits potential for considerable benefit from AM

= Reliability and familiarity with product performance and materials behavior must be addressed to insure expanded adoption
 Repeatablility and transferability of manufacturing capability will be important
o Supply chain resilience = potential for lead time reduction

= |nspection is a critical component of nuclear product certification and may not deter broader application of the technology
 May not always be true, now is the time to explore

= Continued exploration and documentation of productivity and lead time improvements gained by AM
« DED vs. GMAW
e Repair and prototyping before super-critical applications — crawl, walk, run mentality
 Refined cost modeling

=  Compatibility with legacy sub-systems, assemblies, or manufacturing operations
 New materials may not exhibit same compatibilities or behaviors

= Some cost and lead time savings may come immediately
» Like for like replacement of legacy designs/material forms
o Often realization of performance or unigue benefits requires development, testing, data and investment

Approved for Public Release, Unlimited Distribution AmericaMakes.us
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Regulation and Standards

» These appear to be encouraging times for advanced manufacturing in nuclear industry
 AMT Application Guidance Draft Framework June 2020

= 10CFR 50.55a(z)(1)
 Equivalency according to ASME Code Section |ll design allowables
e This is a challenging and evolving topic within AM industry which is impact no just nuclear industry

= 10CFR 50.55a(z)(2)
* Functional testing has served as a meaningful method to determining product function in a relevant operating environment
 Aerospace

= Direction and recommendation of guidance mirrors much of the AM industries understanding

= The guidance suggests now is a great time to get engaged with SDO’s and share your needs with broader community
e Opportunity to benefit your organization and your industry
e Standards development requires data and perseverance
 Change requires time and effort
 There has been much learned about AM, but additional effort is required

= Take advantage of opportunities to connect with your peers and learn from others
o Sharing information (familiarity with the technology) tends to reduce barriers to entry and uncertainty

Approved for Public Release, Unlimited Distribution AmericaMakes.us
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Future Opportunities

= Additive has demonstrated value proposition for nuclear applications
 These benefits build upon prior lessons learned across various (but similar) industries
e EXxpansion of technology’s recognized value

= QOperating conditions and materials offer reasonable transition opportunities
=  With expanded familiarity, additional validated design tools and methods are likely to follow

= Capture of key lessons learned will serve as the foundation for workforce development and new standards
 R&D, materials data, and functional (performance based) testing will play a key role

= Successful demonstration of lower risk components can continue to serve as useful opportunities to bolster industry’s familiarity with
the technology

e Scale and expand adoption for a variety of applications

= [t is iImportant to recognize the value of collaboration

e Sharing (pre-competitive) lessons learned will allow the nuclear industry to focus on application specific challenges rather than
redeveloping AM best practices from scratch

e Accelerate primary focus/efforts to product evaluation and performance monitoring (terminology adopted from AMT Application
Guidance Draft Framework)
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When America Makes
America Works
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