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BLUF (bottom line upfront)

All existing FAA rules apply to AM

Leverage experience with other relevant material
systems and historical “lessons learned”

However... need to consider unique / AM-specific
attributes, especially for high-criticality
components

Increasing role of public standards
Increasing role of Computational Materials / ICME

The same message as in 12/09/20 presentation
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H.R. 302 “FAA Reauthorization Act of 2018”

One Nundred Fifteenth Congress
of the
Nnited Dtates of America

AT THE SECOND SESSION

Begun and held at the City of Washington on Wednesday,
the third day of January, two thousand and eighteen

An Act

To provide protections for certain sports medicine professionals, to reauthorize Fed-
eral aviation programs, to improve aircraft safety certification processes, and
for other purposes.

Be it enacted by the Senate and House of Representatives of
the United States of America in Congress assembled,
SECTION 1. SHORT TITLE; TABLE OF CONTENTS.

(a) SHORT TITLE.—This Act may be cited as the “FAA Reauthor-
ization Act of 2018”.

KT 8 B P S, [P lanil

SEC. 329. PERFORMANCE-

BASED STANDARDS.

The Administrator shall, to the
maximum extent possible and
consistent with Federal law, and
based on input by the public,
ensure that regulations, guidance,
and policies issued by the FAA on

. and after the date of enactment of

this Act are issued in the form of
performance-based standards,
providing an equal or higher level
of safety.

Federal Aviation

'} Administration




Engagement with SDOs and Consortia
A partial list...

America
Makes

SDOs
Consortia/ WGs
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Some AM-Specific Attributes

Characterization and role of inherent (and rogue)

material anomalies / defects + Eachlindividual category has

Anisotropy been _encountered in other

: o _ material systems
Locatlon-speC|f|c propertles « Unique nature of AM — all of
Residual stresses these categories apply

High process sensitivity / large number of controlling
parameters

Effects of post-processing (HIP, heat treatment,
surface improvements, ...)

Material-specific NDI considerations
Effect of surface conditions
Susceptibility to environmental effects
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FAA Regulatory Environment
(driven by different product types)
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14 CFR Part 25 Regulations - Materials
(Transport Category Aircraft)

8 25.613 Material Strength Properties and Design Values

a) Material strength properties must be based on enough tests of
material meeting approved specifications to establish design
values on a statistical basis.

b) Design values must be chosen to minimize the probability of
structural failures due to material variability.

d) The strength, detail design, and fabrication of the structure must
minimize the probability of disastrous fatigue failure, particularly
at points of stress concentration.
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14 CFR Part 25 Regulations — Special Factors
(Transport Category Aircraft)

8 25.619 Special Factors

The factor of safety prescribed in § 25.303 must be multiplied by the
highest pertinent special factor of safety prescribed in 8§ 25.621
(Casting Factors) through 25.625 for each part of the structure whose
strength is—

a) Uncertain;
b) Likely to deteriorate in service before normal replacement; or

c) Subject to appreciable variability because of uncertainties in
manufacturing processes or inspection methods
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Excerpts from 14 CFR 25.571
(Transport Category Aircraft)

§ 25.571 Damage—tolerance and fatigue evaluation of
structure

(a) General. An evaluation of the strength, detail design,
and fabrication must show that catastrophic failure
due to fatigue, corrosion, manufacturing defects, or
accidental damage, will be avoided throughout the
operational life of the airplane.
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AC 29-2C on Flaw Tolerance

(Transport Category Rotorcraft)

« To determine types, locations, and sizes of the probable damages,
considering the time and circumstances of their occurrence, the
following should be considered:

— Intrinsic flaws and other damage that could exist in an as-manufactured
structure based on the evaluation of the details and potential
sensitivities involved in the specific manufacturing work processes
used.

« The flaw sizes to be considered should be representative of those
which are likely to be encountered during the structure’s service life
resulting from the manufacturing, maintenance, and service
environment.

« An analysis may be used combining the distribution of likely flaw
sizes, the criticality of location and orientation, and the likelihood of
remaining in place for a significant period of time.
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AC 29-2C on Inspections

(Transport Category Rotorcraft)

« The specific inspection methods that are used to
accomplish fatigue substantiation should be:

— Compatible with the threats identified in the threat assessment,
paragraph f.(5), and provide a high probability of detection in the
threat assessment and their development, under the operational
loads and environment.
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Excerpts from 14 CFR 33.70
(Aircraft Engines)

« WHY: Industry data has shown that manufacturing-
Induced anomalies have caused about 40% of rotor
cracking and failure events

« WHAT: 33.70 rule requires applicants to develop
coordinated engineering, manufacturing, and
service management plans for each life-limited part

— This will ensure the attributes of a part that determine its life are
identified and controlled so that the part will be consistently
manufactured and properly maintained during service operation

Engineering
“The probabilistic approach to Plan

damage tolerance assessment is

one of two elements necessary Serji
to appropriately assess damage Ma”“;"l";rtl“””g Management
tolerance”. Plan

AC 33.70-1, GUIDANCE MATERIAL
FOR AIRCRAFT ENGINE LIFE-LIMITED AL AV
PARTS REQUIREMENTS, 7/31/2009. SO Federal Aviation
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“History is a Vast Early Warning
System”

Norman Cousins

Lessons
Learned
What Not to What to

Do? D

4).’ . B
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Relevant Material Technologies - Examples

Structural Castings

— Empirical life management system (design knock-downs, NDI
acceptance criteria etc.)

— Effect of material anomalies understood, but not well quantified

Powder Metallurgy (PM)

— Gave rise to PM-specific fatigue and DT methodologies, explicitly
accounting for the presence of inherent material anomalies

Forgings
— Process controls (lessons learned), advanced NDI
— Location-specific microstructure and residual stresses

* Weldmg Plan to leverage
— Highly process-sensitive regulatory experience
— Susceptible to manufacturing anomalies with other process-

sensitive material

— Defects detectability challenges systems
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. essons Learned

Powder Metallurgy (PM)

o Effect of defects may not be well understood for new
technologies

e Transition from well-controlled development
environment to full-scale production may introduce
new failure modes

e Solution: development of adequate process controls,

NDI and PM-specific life management system

O explicitly accounts for material anomalies (via probabilistic
fracture mechanics)

> Outcome: Several decades of successful field
experience
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| essons Learned

Structural Castings

« Empirical — effects of material anomalies are not well
understood or quantified = no explicit feedback loop
to process controls and QA

» No means to assess / quantify risk . o AN
« May be overly conservative in some cases :
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Question =2
Can we do better for AM..?

% Performance = f (microstructure | anomalies population)

%\ Federal Aviation 18
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Example: Modeling Framework for Castings

Linking Modeling Tools to Predict Stress/Strain, Fracture and Fatigue Life

_. Simulate Casting Process Courtesy of Prof. C. Beckermann (U. of lowa)

and Porosity Design
Requirements

—_— (Strength)

FEA Code

Porosity
Results

Nodal values of
porosity for use in
FEA as a field
variable

Directly Measure Porosity

FEA Model run using elastic
properties as function of
porosity field, and porous metal
plasticity to predict fracture

Multiaxial fatigue life
prediction using location-
specific fatigue properties as a
function of local porosity

Fatigue
Analysis
Tools

Post-processing

for Fatigue
Analysis

concern
with

N .
orosit

FEA post-processing code to generate
location-specific (nodal) fatigue
property data

Design
Requirements
(Fatigue)

R. A. Hardin, C. Beckermann, “Integrated design of castings: effect of porosity on mechanical
performance”, IOP Conference Series: Materials Science and Engineering, Vol. 33, 2012. < Nz Federal Aviation
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AM Part Zoning and Probabilistic DT

« AM parts are uniquely suited for
zone-based evaluation

« Concept is similar to zoning
considerations for castings...

... however, modeling represents
a viable alternative to empirical
“casting factors”

One Assessment Option — PFM ¥
Zone-Specific Attributes

c|ude 0 Material properties Probabilistic Fracture Mechanics Process
In sentaﬂ <_Anomalies distribution__> (for life limiting feature) overhaul Pioce Pare
pre * NDI requirements Exposure

Single Deterministic FM [G—

Calculation per Hole at i
Min Life Location £
i i

* Stress [ temperature
* Residual stress

H : =
H o
=) :
* Life-limiti ng feature ' Relative Risk Calculation
Total Area of 1 ! per Feature
Etc Holes in the . — Probabilistic -
= feature Simulator IENEEE
- !
Anomaly Distribution
[ MEREEREERE]
I‘ ___':'-:lf\ ‘ Component Fracture
[Principal =Tt Inspection POD
Random ) \ o g bl “‘m-'-t-j Inspection Finds
Variable | T S

Reference: M. Gorelik, “Additive Manufacturing in the Context of Structural
Integrity”, International Journal of Fatigue 94 (2017), pp. 168-177.
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Design Allowables Considerations

Industry

Gokarnirant Representatives

Government e « Generation of design
EAA, USAF Aury, N Producers, astener allowables is contingent
DLA, NASA, = i

Manufacturers,

Suppliers upon mature material and
Sacretariat: process specifications
Government S e Cross SDOs and WGs

Steering

ol collaboration is essential

PIM Historical Background
FAA Proposal to Create Separate Document for PIM
PIM = Process Intensive Materials
o General agreement within the MMPDS
to adopt the FAA recommendation to

split the current Handbook into two
Volumes,

# Traditionally produced Materials.

# Process intense produced materials
(PIM).

RAFT * New process intensive and associated guidance

would be contained in Volume 2.

o Battelle developed draft outline for
the PIM volume
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Material Allowables vs. Design Values

JOINT FAA — AIR FORCE WORKSHOP ON QUALIFICATION / CERTIFICATION OF ADDITIVELY MANUFACTURED PARTS

Part Qualification

Meets full service life when accounting for all appropriate debits...

Top 2 curves —
| allowables

e Bottom (red)
curve — design
values

ALTERNATING PSEUDOSTRESS (KSI)

CYCLES TO FAILURE, NF (CYCLES)

[==AVERAGE © AVERAGE-EXTRAP =35 © 35-EXTRAP]

T Credit: M. Shaw (GE Additive), presented at the 2018 Joint FAA — EASA
@é,) Workshop on Q&C of Metal AM Parts, Wichita, KS, Aug. 2016. W
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Part vs. Coupon Properties

Purpose-built
Coupon

Finished
AM Part

| Properfy of Interest Property of Interest

This understanding can be enabled
by physics-based ICME models "\*| Federal Aviation

=) Administration



Example: Industry Lessons Learned

Developed by AIA RoMan Working Group

DOT/FAA/AR-06/3 Guidelines to Minimize
Offce of Aviaion Research Manufacturing Induced Anomalies

and Development

Washinglon, D.C. 20591 in Critical Rotating Parts

for conventional (i.e. subtractive) manufacturing processes

EXECUTIVE SUMMARY

This report was developed by a partnership of the Aerospace Industries Association
(AIA) Rotor Manufacturing Project Team (RoMan) and the Federal Aviation
Administration (FAA) in response to accidents and incidents caused by manufacturing

induced anoqlalies in criticall rotating parts. According to a 1997 summary from the AIA o | everag ed N d u Stry

Rotor Integrity Sub-Committee, about 25% of recent rotor cracks/events have been .

caused by post-forging manufacturing induced anomalies. ex p erience to rEd uce

It is possible for even well developed and controlled manufacturing processes to have the Ilkel I hOOd Of

special cause events. Examples of special cause events are tool breakage, unexpected : _i

tool wear, loss of coolant, chip packing, machine failure, validated parameter limit manUfaCturlng Induced
exceedance, etc. The vast majority of these are immediately apparent, but on rare defect S

occasions they may give rise to undetected manufacturing induced anomalies.

. .
This report summarizes guidelines useful to ensure the manufacturing process minimizes Em p h aslzes th €ero l € Of
the likelihood of manufacturing induced anomalies reaching service usage. The rea| _t| me p rocess

following topics are presented: . .
monitoring systems

» Process Validation
* Quality Assurance
* Process Monitoring
* Human Factors and Training

= Non-Destructive Evaluation (NDE) £ @ \*\ Federal Aviation
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Recent Developments

 Consortia/ SDOs / Industry engagement
e R&D

e 2020 FAA-EASA Workshop on Q&C of AM
(appendix)

%\ Federal Aviation 25
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Examples of External Engagements
(Consortia and WGS)

AIA AM WG MMPDS

l Emerging

ETTG Technologies

l Task Group

Volume 2

——
— - l
—

— = e« Guidance
e Data

2 e
#\2\ Federal Aviation

/) Administration



AlA AM Working Group Report: 2/28/20

“Recommended Guidance for Certification of AM Component”

https://www.aia-aerospace.org/report/certification-of-am-component/

Recommended Guidance for Certification of AM Component
AlA Additive Manufacturing Working Group

3 Executive Summary

Additive manufacturing 1s quickly growing in aerospace for production use because of weight savings,
design freedom. flow time reduction, and cost savings. Today’s state-of-the-art equipment 1s
increasingly utilized for fabricating components in prototyping while production clearance still
presents a significant challenge in assuring part-to-part repeatability. The AIA Working Group for
Additive Manufacturing was asked by the Federal Aviation Administration (FAA) to collaborate on a
report addressing the unique aspects of certifying AM components for aerospace applications. This
paper also provides guidance for compliance to 14 CFR 2x.603, 2x.605, 2x.613, 23.2260, 33.15, and
35.17 for metal powder bed fusion (PBF) and directed energy deposition (DED) additive processes.
Additional guidance may be required for higher criticality parts subject to FAA rules 14 CFR 23.2240,
14 CFR 2X.571, 14 CFR 33.14, 14 CFR 33.70, and 14 CFR 35.37. This report delves into
considerations and current industry best practices in the areas of material/process development,
part/system qualification, and development of material allowables and design values. The authors are

Federal Aviation
Administration
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AlA AM Working Group Report (cont.)

1

2
3
4
5

DEVELOPMENT PROCESS....ciiumisumssssmsssassnsssvenssvasssasssassssnssssnnens

6
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5.2  Overview of AM Component Qualification...............

Deve

6.1

6.2

6.3
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6.5.2
6.5.3
6.5.4
6.5.5
6.5.6
6.5.7

6.6

6.7
6.7.1
6.7.2

6.8
6.8.1
6.8.2
6.8.3

|OPMENT ProCess . occveeve e e een s
Material Development.....c e sssssssssssesseesees
Feedstock Material Specification......co.cooeveneeeceiienes
Identify Key Process Variables (KPV5).....ccenrenreennees
Develop Robust Parameter Set........ccovcoeieneeececiennes
Develop Post-processing.. .. e isssssssssssesssssees

Powder Removal.....ccocevecevciierisesnseee e e

Stress Relief... s s s ssneseenns

Development Process

Supply Chain Qualification
Material Property Development
Part Design / Qualification Processes

Quality Controls

Figure 1: Additive Development and Qualification Areas

v

Removal from the Build Plate and Support Removal .........cccooiiciiesienesee e sesessesssseeseenees 11

Hot 1SoStatic Pressing (HIP) v ccrscss s ssmssssessmsssssssssnss amsssnsssnss sasssssssssssssnsssssnsssanesassssssssssssnnss
L L2 I 1= 3 TSR
SUMTACE ENRENCEMENT ctiitier s ies it sssssns s s s st s sr e s ba e sm e g e E s e en bt sb e et smn s Ren
Other Common Post-Processing TechniQues... ... e s
Preliminary Property DetermiNation ... e e s esssssssssssssssssssmssssssssssssasssssssnssssesssssnssnsssas
Release Part material and Fusion Process Specifications .........cccoereeesesiee e e
Part Material SpecifiCalion ... e sess s e sserns e s s sassnsns s sme e nssrnn e nssnaesnanessnes
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Part Process DevelOPIMENT. . e iassassssssssesssesressnssessnasssassssssssessennssessssnassnnsssnesseenssssnssnsssns

Manufacturing Model Compansation. ... e assaes s see s sm e s eee s emes
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12
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MMPDS and Additive Manufacturing

MMPDS Efforts to Address Emerging Metallic Process Intensive
Materials (PIM)

O MMPDS recognizes the need to be proactive and keep pace with the
rapid development of Emerging Metallic Structures Technologies by
industry, e.g., Additive Manufacturing (AM), Friction Stir Welding (FSW)
that are considered PIM.

O Several efforts of PIM were presented to the MMPDS for allowables
development but were found not to be compatible with current
handbook procedures. Extensive amount of standardization efforts
need to take place before design values for PIM can be considered for
inclusion in the current handbook.

O General agreement within the MMPDS to create two Volumes:

> Volume | — Current handbook for traditionally produced Materials.
> Volume Il - Properties for PIM ,e.g., Additive Manufacturing (AM),
Friction Stir Welding (FSW).

Q Emerging Technology Task Group (ETTG) was established to develop
processes and procedures best suited to derive and publish design
information for PIM Volume I1.
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Administration




Emerging Technologies Task Group (ETTG)
and its Working Groups

Data Generation & Materials & Machines Certification &
Applications S. Cordner (NASA) & P. Qualification
D. Hall (Battelle) & A. Sodouri (Nork Titanium) R. Grant (FAA) & P.
Steevens (Boeing) Guerrier (MOOG)

ETTG — Michael Gorelik (FAA) & Sam Cordner (NASA)

Data Submission Specification Content Outline an approach to
Guidelines —9.2 Requirements -9 “Further Showing” -10

Data Analysis —9.5 Material Qualification —9 OEM & Component

Design Philosophy —1 & 9 or 10 Supplier perspectives

Machine Qualification —9 Part Qualification -10
or 10

SPC Requirements -10

Acceptance/Equivalence
Testing —10.5

Influence Factors -1
SPC Methods -10.10

-\ Federal Aviation
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MMPDS Interaction with SDOs and Working Groups
SAE

 AM Material and Process
Specs (AMS-AM)

« Use of MMPDS data analysis
tools for spec min values

ASTM
AWS_ I = Testing Specs
« Welding Specs | ; = AM Material Specs
* AM Specs P 1l e = Signed MOU with Battelle
T
i Ia 5!:' I
e 1
L b
1 F%
AIA AM WG CMH-17 AM WG

Cross-coordination to explore
synergies and streamline
communication between two
groups

Developing best
practices for Q&C
of metal AM parts

Federal Aviation
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R&D — Internal / External

Development of material databases (joint with DoD and
NASA) - IMADD

Seeded defects studies — effect of defects
Understanding of process variability drivers
Round-robin studies

NASA ULI (University Leadership Initiative)

Probabilistic DT framework for AM (collaboration with
NASA, USAF and NAVAIR)

CM4QC Steering Group — see next slide
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Example: Development of Computational
Materials (CM) Capabilities for Metal AM

Co-organizers: NASA and FAA

NASA/TM-2020-

NIST/publication info DRAFT

FAA/publication info
f@’é
Biawer A

oK

NASA / NIST / FAA Technical Interchange
Meeting on Computational Materials Approaches
for Qualification by Analysis

EH. Glaessgen

NASA Langley Research Cenver, Hampron, Virginia

L. Levine, P. Witherell, A. Dowmez
National fnstitute of Standards and Techmolegy, Gaithershurg, Mayland

M Gorelik

Federal Aviation Administration, Seottsdale, Arizona I f'
ot 5 ot At | Government | | Industry | | Academia |
R Bara - — NIST Boeing Carnegie Mellon
rf::‘:mmwmmfmw i AFRL Lockheed-Martin / Sikorsky ~ UTSA
Sandia NefonalLaboratory, Albuguerque, New Mexco Sandia NL Raytheon / P&W Vanderbilt
Uhtersty f Texas St e i, Tecs NAVAIR GE Aviation Penn State
G Yo Membershi p << ORNL Spirit Aerosystems Northwestern
Army Aviation Honeywell Aerospace
Howmet Aerospace
SwRI
Northrup-Grumman
— Textron Aviation / Bell
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Summary

« What worked well historically to reduce the
rate of failures induced by material /

manufacturing anomalies = a three-prong
approach:

Improved better capability to

Manufacturing prevent anomalies
Process Controls

Improved Enhanced Life
Inspection | Management Plan
Methods (including DT)

better capability

better capability to
to find anomalies

design for anomalies
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Discussion

Dr. Michael Gorelik

Chief Scientist, Fatigue and Damage Tolerance
Aviation Safety
Federal Aviation Administration

michael.gorelik@faa.gov
(480) 284-7968
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APPENDIX
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EEASA
3rd Joint FAA — EASA AM Workshop

November 2-6, 2020

Workshop “Demographics” .
16 Countries

over 300 participants Austria

o ) Belgium
Workshop Participation Brazil
Canada
France
Germany
Italy

Industry Netherlands
Machine makers Norway

Government Poland

59% B SDOs and Non-Profit P_O reu g al
Singapore

Spain
Sweden

UK
https://www.faa.gov/aircraft/air _cert/step/events/2020 additive_mfg workshop/ us

Academia
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'} Administration



https://www.faa.gov/aircraft/air_cert/step/events/2020_additive_mfg_workshop/

Chart3



Workshop Participation





Academia	Industry	Machine makers	Government	SDOs and Non-Profit	11	171	14	83	21	





Sheet1

				Name		Organization

				artem.korotygin		3dsystems.com				3dsystems		com

				steve.ward		3dsystems.com				3dsystems		com

				glenn.e.bean		aero.org				aero		org

				bihlman		aerolyticsllc.com				aerolyticsllc		com

				tommaso.tirelli		aidro.it				aidro		com

				luca.baglivo		aidro.it				aidro		com

				alain.santgerma		airbus.com				airbus		com

				jon.mardaras		airbus.com				airbus		com

				javier.gomez-escalonilla		airbus.com				airbus		com

				mercedes.marzal		airbus.com				airbus		com

				alberto.lerma		airbus.com				airbus		com

				jose.c.martin		airbus.com				airbus		com

				Sophie.Ferrendier		airbus.com				airbus		com

				philippe.emile		airbus.com				airbus		com

				john.van-doeselaar		airbus.com				airbus		com

				stephane.bianco		airbus.com				airbus		com

				rollett		andrew.cmu.edu				andrew		edu

				rollett		andrew.cmu.edu				andrew		edu

				eaholm		andrew.cmu.edu				andrew		edu

				veedumani		aol.com				aol		com

				roland.dutton		arctos-us.com				arctos-us		com

				mwhite		astm.org				astm		org

				pbates		ASTM.org				ASTM		org

				mseifi		astm.org				astm		org

				mjamshidinia		astm.org				astm		org

				bmeincke		astm.org				astm		org

				shamsaei		auburn.edu				auburn		edu

				silvia.sabbadini		avioaero.it				avioaero		com

				andrea.palumbo		avioaero.it				avioaero		com

				john		barnesglobaladvisors.com				barnesglobaladvisors		com

				wayne		barnesglobaladvisors.com				barnesglobaladvisors		com

				kevin		barnesglobaladvisors.com				barnesglobaladvisors		com

				laura		barnesglobaladvisors.com				barnesglobaladvisors		com

				d.johns		beam-it.eu				beam-it		com

				dreeves		blueorigin.com				blueorigin		com

				philippe.thomas		bnae.fr				bnae		com

				james.e.simmons		boeing.com				boeing		com

				chul.y.park		boeing.com				boeing		com

				laura.s.kistler		boeing.com				boeing		com

				zachary.l.whitman		boeing.com				boeing		com

				matthew.j.crill		boeing.com				boeing		com

				anna.m.tomzynska		boeing.com				boeing		com

				andrew.j.steevens		boeing.com				boeing		com

				james.e.simmons		boeing.com				boeing		com

				troy.a.haworth		boeing.com				boeing		com

				chul.y.park		boeing.com				boeing		com

				david.r.polland		boeing.com				boeing		com

				Ted.Blacklay		caa.co.uk				caa		gov		uk

				philip.ashwell		caa.co.uk				caa		gov		uk

				Jeffrey_LOY		caas.gov.sg				caas		gov		sg

				JJL3		case.edu				case		edu

				vittorio.selmin		cleansky.eu				cleansky		gov

				priti.wanjara		cnrc-nrc.gc.ca				cnrc-nrc		gov		ca

				sheida.sarafan		cnrc-nrc.gc.ca				cnrc-nrc		gov		ca

				javad.gholipourbaradari		cnrc-nrc.gc.ca				cnrc-nrc		gov		ca

				sergey.mironets2		collins.com				collins		com

				Jacek.Olejak		collins.com				collins		com

				scott.wigen		collins.com				collins		com

				vijay.pujar		collins.com				collins		com

				arun.ramachandran		collins.com				collins		com

				vijay.jagdale		collins.com				collins		com

				kinga.musiej		collins.com				collins		com

				beata.feliniak		collins.com				collins		com

				jaikp.a.mallory		delta.com				delta		com

				George.Zografos		easa.europa.eu				easa		gov		eu

				antonio.blanco-delicado		easa.europa.eu				easa		gov		eu

				alexandru.enache		easa.europa.eu				easa		gov		eu

				olivier.tribout		easa.europa.eu				easa		gov		eu

				simon.waite		easa.europa.eu				easa		gov		eu

				oliverfletcher		eaton.com				eaton		com

				stephaniegiet		eaton.com				eaton		com

				wallas.silva		embraer.com.br				embraer		com		br

				rebeca.luz		embraer.com.br				embraer		com		br

				andrea.silva		embraer.com.br				embraer		com		br

				marcmiranda		embraer.com.br				embraer		com		br

				marcos.miyazaki		embraer.com.br				embraer		com		br

				marcel.broeker		eos.info				eos		com

				ferdinand.endrass		eos.info				eos		com

				vinu.vijayan		eos.info				eos		com

				ankit.saharan		eos-na.com				eos-na		com

				egassuncao		ewf.be				ewf		org

				michael.gorelik		faa.gov				faa		gov

				greg.edwards		faa.gov				faa		gov

				dorie.resnik		faa.gov				faa		gov

				robert.grant		faa.gov				faa		gov

				michael.s.popp		faa.gov				faa		gov

				andreas.rambalakos		faa.gov				faa		gov

				linda.m.jahner		faa.gov				faa		gov

				susan.kerekes		faa.gov				faa		gov

				aklilu.yohannes		faa.gov				faa		gov

				alvin.phillips		faa.gov				faa		gov

				timoleon.mouzakis		faa.gov				faa		gov

				sulat.khoonsrivong		faa.gov				faa		gov

				edison.fabian		faa.gov				faa		gov

				yvette.emerson		faa.gov				faa		gov

				chandraduth.ramdoss		faa.gov				faa		gov

				alan.levanduski		faa.gov				faa		gov

				mark.bouyer		faa.gov				faa		gov

				bobbie.kroetch		faa.gov				faa		gov

				ivan.li		faa.gov				faa		gov

				daniel.e.moore		faa.gov				faa		gov

				harun.i.kalin		faa.gov				faa		gov

				curtis.davies		faa.gov				faa		gov

				cindy.ashforth		faa.gov				faa		gov

				nenita.odesa		faa.gov				faa		gov

				penelope.trease		faa.gov				faa		gov

				daniel.kerman		faa.gov				faa		gov

				roger.gretler		faa.gov				faa		gov

				Kevin.Stonaker		faa.gov				faa		gov

				marcus.runyan		faa.gov				faa		gov

				john.bakuckas		faa.gov				faa		gov

				gideon.jose		faa.gov				faa		gov

				david.galella		faa.gov				faa		gov

				keith.moore		faa.gov				faa		gov

				matthew.b.ford		faa.gov				faa		gov

				phuoc.le		faa.gov				faa		gov

				adam.hein		faa.gov				faa		gov

				candace.keefe		faa.gov				faa		gov

				boyce.jones		faa.gov				faa		gov

				Louise.wu		faa.gov				faa		gov

				j.tauchner		facc.com				facc		com

				t.bauer		facc.com				facc		com

				james.coburn		fda.hhs.gov				fda		gov

				marko.bosman		fokker.com				fokker		com

				pierre.eloi		fr.thalesgroup.com				fr		com

				leonhard.klein		ge.com				ge		com

				Matthieu.Petelet		ge.com				ge		com

				dave.abbott		ge.com				ge		com

				lara.liou		ge.com				ge		com

				amber.m.andreaco		ge.com				ge		com

				nikki.howard		ge.com				ge		com

				amy.dow		ge.com				ge		com

				jonathan.baxendale		gknaerospace.com				gknaerospace		com

				johan.ockborn		gknaerospace.com				gknaerospace		com

				jean-luc.belon		gknaerospace.com				gknaerospace		com

				lena.m.andersson		gknaerospace.com				gknaerospace		com

				johan.karlsson.2		gknaerospace.com				gknaerospace		com

				fredrik.gustavsson		gknaerospace.com				gknaerospace		com

				henrik.lindstrom		gknaerospace.com				gknaerospace		com

				kathy.olson7		gmail.com				gmail		com

				eduard.klett		heraeus.com				heraeus		com

				alonso.peralta		honeywell.com				honeywell		com

				markus.heinimann		howmet.com				howmet		com

				becker		iabg.de				iabg		com

				anthony-j.martin		intradef.gouv.fr				intradef		gov		fr

				fernando.lartategui		itpaero.com				itpaero		com

				iker.unanue		itpaero.com				itpaero		com

				humberto.fernandez		itpaero.com				itpaero		com

				ricardo.mareca		itpaero.com				itpaero		com

				gerard.tol		klm.com				klm		com

				dietmar.goldschmidt		lba.de				lba		com

				sebastiano.felice		leonardocompany.com				leonardocompany		com

				giovanni.agostoni		leonardocompany.com				leonardocompany		com

				david.wragg		leonardocompany.com				leonardocompany		com

				dario.seni		leonardocompany.com				leonardocompany		com

				robert.vandenbosch		lht.dlh.de				lht		com		de

				matthias.hochheimer		lht.dlh.de				lht		com		de

				jan.nelle		lht.dlh.de				lht		com		de

				marilyn.gaska		lmco.com				lmco		com

				kishore.tenneti		lmco.com				lmco		com

				jose.h.sandoval		lmco.com				lmco		com

				rick.barto		lmco.com				lmco		com

				jeffrey.s.gaddes.civ		mail.mil				mail		mil

				george.g.liu.civ		mail.mil				mail		mil

				jacob.b.church.ctr		mail.mil				mail		mil

				mustafa.guclu.civ		mail.mil				mail		mil

				erik.dezeeuw		materialise.be				materialise		com

				gert.brabants		materialise.be				materialise		com

				toon.roels		materialise.be				materialise		com

				sebastien.david		mbda-systems.com				mbda-systems		com

				valentina.canala		mecaer.com				mecaer		com

				vincenzo.massarelli		mecaer.com				mecaer		com

				pguerrier		moog.com				moog		com

				andreas.fischersworring-bunk		mtu.de				mtu		com

				e.h.glaessgen		nasa.gov				nasa		gov

				samuel.m.cordner		nasa.gov				nasa		gov

				jay.e.bennett		nasa.gov				nasa		gov

				Christopher.A.Kantzos		nasa.gov				nasa		gov

				Brandon.Ribic		ncdmm.org				ncdmm		org

				steven.floyd		ngc.com				ngc		com

				nicole.curtis-brown		ngc.com				ngc		com

				eric.barnes		ngc.com				ngc		com

				rachael		niar.wichita.edu				niar		edu

				pjonas		niar.wichita.edu				niar		edu

				alkan.donmez		nist.gov				nist		gov

				Lyle.Levine		nist.gov				nist		gov

				kevin.jurrens		nist.gov				nist		gov

				marc.de.smit		nlr.nl				nlr		gov

				emiel.amsterdam		nlr.nl				nlr		gov

				carl.johnson		norsktitanium.com				norsktitanium		com

				pedrum.sodouri		norsktitanium.no				norsktitanium		com

				federica.vico		norsktitanium.no				norsktitanium		com

				geir.brunes		norsktitanium.no				norsktitanium		com

				hilde.loken.larsen		norsktitanium.no				norsktitanium		com

				robert.tregoning		nr.gov				nr		gov

				david.rudland		nrc.gov				nrc		gov

				dan.widrevitz		nrc.gov				nrc		gov

				matthew.hiser		nrc.gov				nrc		gov

				margaret.audrain		nrc.gov				nrc		gov

				carolyn.fairbanks		nrc.gov				nrc		gov

				carolyn.fairbanks		nrc.gov				nrc		gov

				min.liao		nrc-cnrc.gc.ca				nrc-cnrc		gov		ca

				mikkel.pedersen		oerlikon.com				oerlikon		com

				eddie.andrews		oerlikon.com				oerlikon		com

				ykikuchi		oh.hra.com				oh		com

				knagao		oh.hra.com				oh		com

				rpelletier		parker.com				parker		com

				shane.nicholson		parker.com				parker		com

				dan.zumbo		parker.com				parker		com

				Michael.bennett2		prattwhitney.com				prattwhitney		com

				isimpson		p-r-i.org				p-r-i		org

				c.riepl		primeaero.at				primeaero		com

				n.bial		primeaero.at				primeaero		com

				r.duy		primeaero.at				primeaero		com

				tws8		psu.edu				psu		edu

				marjolaine.cote		pwc.ca				pwc		com

				mathieu.fagnan		pwc.ca				pwc		com

				guillaume.limoges		pwc.ca				pwc		com

				joanne.diamant		pwc.ca				pwc		com

				matt.parkes		renishaw.com				renishaw		com

				alison.park		rocket.com				rocket		com

				Amit.Chatterjee		rolls-royce.com				rolls-royce		com

				David.stapleton2		rolls-royce.com				rolls-royce		com

				venkat.vedula		rtx.com				rtx		com

				david.alexander		sae.org				sae		org

				michael.mcnair		sae-itc.org				sae-itc		org

				marijan.jozic		sae-itc.org				sae-itc		org

				laurie.strom		sae-itc.org				sae-itc		org

				michael.mcnair		sae-itc.org				sae-itc		org

				hacene.cherouali		safrangroup.com				safrangroup		com

				anne.thenaisie		safrangroup.com				safrangroup		com

				muhammad.khan		safrangroup.com				safrangroup		com

				mehdi.bolaky		safrangroup.com				safrangroup		com

				yann.danis		safrangroup.com				safrangroup		com

				jean-francois.fromentin		safrangroup.com				safrangroup		com

				lappelh		sandia.gov				sandia		gov

				sstecker		sciaky.com				sciaky		com

				rsalo		sciaky.com				sciaky		com

				rgrylls		seuratech.com				seuratech		com

				david.rule		siemens.com				siemens		com

				quan.lac2		siemens.com				siemens		com

				Didier.Granville		siemens.com				siemens		com

				zachary.dyer		siemens-energy.com				siemens-energy		com

				trevor.illston		siemens-energy.com				siemens-energy		com

				kward		sme.org				sme		org

				paul.r.toivonen		spiritaero.com				spiritaero		com

				guoying		stengg.com				stengg		com

				mark.fullen		stratasys.com				stratasys		com

				rachael.wratkowski		stratasys.com				stratasys		com

				niccolo.giannelli		stratasys.com				stratasys		com

				carl.popelar		swri.org				swri		org

				craig.mcclung		swri.org				swri		org

				james.sobotka		swri.org				swri		org

				menright		swri.org				swri		org

				khalid.iqbal		tc.gc.ca				tc		gov

				grant.taylor		tc.gc.ca				tc		gov

				mohammed.benmoussa		tc.gc.ca				tc		gov

				yosha.mendis		tc.gc.ca				tc		gov

				roop.dhaliwal		tc.gc.ca				tc		gov

				elodie.vasquez		thalesgroup.com				thalesgroup		com

				Nick.Cruchley		the-mtc.org				the-mtc		org

				katy.milne		the-mtc.org				the-mtc		org

				jyrki.laitila		traficom.fi				traficom		com

				mharding		tronosjet.com				tronosjet		com

				jcampbell		tronosjet.com				tronosjet		com

				mcoffin		tronosjet.com				tronosjet		com

				matthias.mueller		trumpf.com				trumpf		com

				sammy.el-oraby		tuv-sud.com				tuv-sud		com

				efrink		txtav.com				txtav		com

				jtredway01		txtav.com				txtav		com

				bvogel		txtav.com				txtav		com

				atamhane		txtav.com				txtav		com

				Steven.Catt		uk.thalesgroup.com				uk		com

				George.FOSTER		uk.thalesgroup.com				uk		com

				Ian.Walker		uk.thalesgroup.com				uk		com

				Rolf.Hedley		uk.thalesgroup.com				uk		com

				Ian.maguire		uk.thalesgroup.com				uk		com

				Phil.Wills		uk.thalesgroup.com				uk		com

				Paul.Murphy		uk.thalesgroup.com				uk		com

				Takashi.MINE		uk.thalesgroup.com				uk		com

				Mark.HYDE		uk.thalesgroup.com				uk		com

				David.Simpson		uk.thalesgroup.com				uk		com

				Colin.BARRON		uk.thalesgroup.com				uk		com

				James.Smith2		uk.thalesgroup.com				uk		com

				James.WOOLDRIDGE		uk.thalesgroup.com				uk		com

				Stuart.Bryan		uk.thalesgroup.com				uk		com

				James.GALLAGHER2		uk.thalesgroup.com				uk		com

				Gabbie.PERSAUD		uk.thalesgroup.com				uk		com

				Alan.TALLIS		uk.thalesgroup.com				uk		com

				Daniel.NAYLOR		uk.thalesgroup.com				uk		com

				fred.arazan		ul.com				ul		com

				b.betty		ultimaker.com				ultimaker		com

				edwin.schwalbach		us.af.mil				us		mil

				eric.lindgren		us.af.mil				us		mil

				dennis.butcher.1		us.af.mil				us		mil

				darola		uw.edu				uw		edu

				caglar.oskay		vanderbilt.edu				vanderbilt		edu

				sankaran.mahadevan		vanderbilt.edu				vanderbilt		edu

				peter.steinbach		vdm-metals.com				vdm-metals		com

				nicolas.bonfante		weare-engineering.com				weare-engineering		com
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Sheet2

				Countries

		1		US						Academia		11

		2		Canada						Industry		171

		3		France						Machine makers		14

		4		Germany						Government		83

		5		UK						SDOs and Non-Profit		21

		6		Sweden								300

		7		Italy

		8		Spain

		9		Norway

		10		Singapore

		11		Brazil

		12		Austria

		13		Belgium

		14		Portugal

		15		Netherlands
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Workshop Evolution

2018 =2 2020

(joint FAA-EASA workshops)

2018 Workshop
* First joint FAA — EASA
workshop

» First workshop with parallel
breakout sessions

e Continued focus on Q&C

» Tracking of the key industry
trends (in the Q&C context)

» Gradual increase in the
industry “demographics” by
segment

2019 Workshop

e Continued breakout sessions

 Significant participation from
operators, Tier 2/3/... suppliers
and machine makers

 Clear signs of Q&C framework
maturation and common
technical approaches

» Leveraged Machine Makers —
End Users knowledge transfer
workshop

2020 Workshop

* First virtual workshop

* More balanced international
participation

* More than 2x increase in
participation

e Continued breakout sessions

* Focus on new technical
developments, not
“organizational updates”

* Highly diverse industry
“demographics”

* Big focus on standardization

Federal Aviation

Administration




Agenda at a Glance

Opening remarks:
— Ms. Di Reimold, Deputy Director of Policy and Innovation Division, FAA

Keynote - SpaceX
— Dr. Charlie Kuehmann, VP of Materials Engineering and NDE
— Mr. Will Heltsley, Vice President of Propulsion Engineering

22 presentations from the industry, government, academia and
SDOs / Consortia / WGs e
1. Low Criticality AM Parts

3 Breakout Sessions | > 2. F&DT and NDI Considerations

: : 3. Knowledge transfer between
Standardlzatlon Day machine makers and end users
Regulatory Panel

Federal Aviation
Administration
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