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Disclaimer 

The views presented in this talk are those of the 
author and should not be construed as representing 
official Federal Aviation Administration position, rules 
interpretation or policy 
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Outline 
• Industry Trends 
• Regulatory Considerations 
• Recent FAA Developments 
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AM is Not a Single Process… 

Powder Bed 
Fusion (PBF) 

3-D Printing 

Direct Metal 
Laser Sintering 

(DMLS) 
Selective 

Laser Melting 
(SLM) 

Laser 
Engineered Net 
Shaping (LENS) 

Wire + Arc 
AM (WAAM) 

Ultrasonic Additive 
Manufacturing (UAM) 

Laser Cladding 
Technology (LCT) 

Electron 
Beam Melting 

(EBM) 

Directed 
Energy 

Deposition 
(DED) 

Laser Deposition 
Technology (LDT) 

Laser Freeform 
Manufacturing 

Technology (LFMT) 

Additive Layer 
Manufacturing 

(ALM) 

… a partial list of metal AM technologies 

Rapid Plasma 
Deposition 

(RPD) 

• Different physics  different Q&C considerations 
• Lack of common terminology (e.g. L-PBF / SLM / DMLM / DMLS) 
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Diversity of AM Processes and 
Certification Domains 

New Type and 
Production 
Certificates 

Repair and 
Overhaul 
(MROs) 

Aftermarket 
Parts 

(PMAs) 

By Source of Energy: 
Laser vs. e-Beam vs. 
Plasma Arc 

By Source of Material: 
Powder vs. Wire 
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Business Drivers for AM 
• Part count reductions 
• Producibility / machinability issues 

– e.g. thin-wall castings 
• More complex geometric designs 

– Weight reduction 
– Design optimization 

• Single Source alternatives 
• Production of low volume / legacy parts 
• PMA business model (reverse engineering) 
• Low barrier to entry for smaller businesses 

Business Drivers Can Be Good Predictors Of Technology Trends 
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Examples of Expanding Use of AM 
• “GE Advanced Turboprop is 

the first Aviation product to 
fully utilize additive tools…” 
– It has 30% fewer parts (from 

800+ to 15 parts), and will 
be completed with a 50% 
reduction in cycle time 

 

“By 2018 Airbus expects to 
print about 30 tons of metal AM 
parts every month, according 
to a company statement…” 

http://www.3dcadworld.com/manufacturers-turn-additive-made-metal-parts/  

From GE 2016 Annual Report 

http://www.3dcadworld.com/manufacturers-turn-additive-made-metal-parts/
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Example: Moving Towards Full-Scale 
Production 

Reference:  http://www.geaviation.com/press/other/other_20140715.html  

“Production will ramp up 
quickly over the next five 
years, going from 1,000 
fuel nozzles manufactured 
annually to more than 
40,000 by 2020”. 

“GE Aviation Selects Auburn, AL for High 
Volume Additive Manufacturing Facility” 

Annual Production Rate 
of GE LEAP Fuel Nozzle 

http://www.geaviation.com/press/other/other_20140715.html
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Example: Moving Towards “Part Family” 
Qualification 

Presented by J. van Doeselaar (Airbus) at the 2017 Joint FAA – AFRL AM Qual & Cert Workshop, Dayton, OH. 
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Additive Manufacturing – New Paradigm: 
Manufacturing Capabilities Ahead of Design Vision..? 

“Additive manufacturing is the new 
frontier.  It has taken the shackles off 
the engineering community, and 
gives them a clean canvas…” 
Mr. David Joyce, GE Aviation President and CEO  
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Regulatory Considerations for AM 

 New Material and Process Space 
 Common consideration for new material or 

manufacturing technology introduction 
   

 New Design Space 
 Unique to Additive Manufacturing..? 
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Topological Optimization Using AM 
Common Claim: “Complexity is Free…” 

 
 

 

Need a Realistic Assessment of Technical Challenges / Risks 
Associated with a Business Case 

• … But is it really? 
– High number of Kt features 
– Inspectability challenges 
– Location-specific properties 
– Surface quality of hard-to-access areas 

• may need to live with as-produced surface 
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Evolution of Criticality of AM Parts 

“Critical” Parts  (e.g. CFR Part 25  PSEs, CFR Part 33  LLPs) 

Criticality 
Level 

Time 

* * * 
* * * 

* 
* * 

* 

* 

* 
* * * 

* * * * * 
* * 
* * * * 

* * 
* 

* 
* * * 

“High Value” Parts 

* 

Transition to “safety-critical” applications in aviation will 
occur sooner than initially expected 

“major”  
effect 

? 
“minor” 

effect 

“critical” 

B
us

in
es

s 
Va

lu
e 
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F-15 Pylon Rib Insertion Success Story 

Results:      -Additive Substitution Certified for use in Structural Application! 
     -Parts Manufactured and Qualified although 3-5X over forging 
     -Prior to Insertion on AC, Aluminum Industry Provided Forgings  
     -Ti forging cost reduced due to competition 
 

Issue:     -7075 Al Forging, Pylon Rib, Corrosion Fatigue Cracking 
 -Decision to move to Ti 6-4 forging already made 
  Long lead time for Ti forging ~1 year 
 

Solution:  -Replace with Ti 6Al-4V Additive 
   -To meet urgent need for aircraft in depot 
   - Quality issues lessened because of high 
 margin for Ti in this application. 
 

RX Role:   -Provided Technical Leadership to Acquisition 
   -Executed Technology Demonstration Project 
   -Worked Attachment Issues (bushings, fasteners,etc...) 
 

Distribution A: Cleared for Public Release  Case No. 88ABW-2015-2477 19 May 2015 

Courtesy of AFRL 
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What Causes Aircraft 
Failures? 

  

Failure Mechanism % Failures 
(Aircraft Components) 

Fatigue 55% 
Corrosion 16% 
Overload 14% 
Stress Corrosion Cracking 7% 
Wear / abrasion / erosion 6% 
High temperature corrosion 2% 

Frequency of Failure Mechanisms *) 

(mechanical failures only) 

*)  Source: Why Aircraft Fail, S. J. Findlay and N. D. Harrison, in Materials Today, pp. 18-25, Nov. 2002. 

 Some of the most challenging requirements for new 
material systems  such as AM are related to F&DT 
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AM - “Barrier to Entry” 

~ $1M 

~ $10’s of M 

Optimistic  

Realistic  

Equipment acquisition 

• Process development 
• Process qualification 
• Process controls 
• Material characterization 
• Design data 
• QA / NDI 
• etc. 
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Material 
Specs 
Internal 

Performance 
Requirements 

Process 
Specs 
Internal 

Standards 
External 

Design 
System 

Qualification 
Data 

Internal 

Qualification 
Data 

External 

Certification 

Industry Certifying 
Agencies 

SDOs , Consortia 

Process 
Specs 

External 

Material 
Specs 

External 

? 

? 

? 
Qualification 

Industry 
Working 
Groups 

Evolving Specs and Standards Landscape 
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Examples of Risk Factors for AM 

Surface Quality 

Powder Control HIP Effectiveness 

Process Controls 

Many More Identified by Experts… 

Microstructure Variability 

over 100 
process 
parameters 
identified 
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AM Challenges To Be Addressed 
• Limited understanding of acceptable ranges of 

variation for key manufacturing parameters 
• Limited understanding of key failure mechanisms 

and material anomalies 
• Lack of industry databases / allowables 
• Development of capable NDI methods 
• Lack of industry specs and standards 
• New design space 

Other considerations 
• Lack of robust powder (feedstock) supply base 
• OEM-proprietary vs. commodity type technology path 
• Low barrier to entry for new (inexperienced?) suppliers 
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Point-Design 
Certification 

Low Criticality 
Parts 

High Design 
Margins 

Low to Medium 
Production Volumes 

Part-Family based 
Qualification 

Full-Scale 
Production 

Medium- 
Criticality Parts 

Safety-Critical 
Parts 

Expanding Supply 
Chain Footprint 

Full Vertical 
Integration 

Aftermarket AM 
Parts AM Repairs 

 

Model-
Enabled 
Qualification 

Development of 
Public Specs & 
Standards 

Topologically 
Optimized 
Structures 

Multi-Material 
Systems 

In-Situ Process 
Monitoring 

Business Pressures 
to Gradually 
Reduce Production 
Cost / Time 

Development of AM 
Guidance by NAAs 

Expected Evolution of AM Landscape… 

Design for AM 
Guidelines 

Now 

Near-term 

Longer-term 
Potential areas 
of higher risk 

Maturation of 
AM Equipment 

New Feedstock 
Suppliers 

…used as a 
“sanity check” for 
Roadmap content 
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AIR Transformation (effective 7-23-17) 

Public-facing AIR Transformation Web Site: 
 https://www.faa.gov/about/office_org/headquarters_offices/avs/offices/air/transformation/  

Aircraft Certification 
Service (AIR) 

Policy and 
Innovation 

Compliance and 
Airworthiness 

System 
Oversight 

Organizational 
Performance 

Foundational 
Business 

The Policy & Innovation Division 
supports aerospace innovation by 
creating novel means of compliance, 
develops and maintains AIR regulations, 
manages the CSTA (chief scientists) 
program and overall fleet safety, as well 
as educational outreach. 

https://www.faa.gov/about/office_org/headquarters_offices/avs/offices/air/transformation/
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Excerpts from National Team’s Charter 
 AIR-100 management requested the development of a roadmap 

for determining the needs for policy and guidance along with 
any training for certifying projects utilizing AM parts. 

 The roadmap will be developed and implemented by the 
Additive Manufacturing National Team (AMNT) which will 
require resources, input, and support from AIR Directorates, 
Flight Standards and offices. 

 The roadmap will identify FAA concerns and recommendations 
to insure application of robust and consistent safety standards 
for design, manufacture and field management of AM products. 

 The development of this roadmap will require coordination 
with other government agencies, academia and industry 
organizations.  

(Oct. 2015) 

Focus on AM Roadmap Development 



Federal Aviation 
Administration 

AM Roadmap – Main Focus Areas (“swimlanes”) 
(1) Engineering Certification 

(6) R&D 

(5) Workforce Education (FAA + Designees + Industry) 

(4) COS (continued operational safety)  

(2)  Production / QA 

Enablers: 

(3) Maintenance / MROs 
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AM Roadmap Timeline 

2017 2018 2019 2020 2021 2022 2023 2024 2025

Projected AM Roadmap Span 
(notional timeline – will be populated as feasible) 

Prioritization of 
Roadmap tasks 

FY18-20 “tactical” project plan 
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Key Elements of the AM Roadmap Content 
(4 regulatory swimlanes)  

• Key Risk Factors 
• Regulatory gap analysis 
• Proposed new or revised documents (policies, ACs, …) 

– No rule changes expected 
• Key Tasks and Project Plan (high level) 
• “Inter-dependencies” between the 4 swimlanes 
• Input into R&D and Training swimlanes 

Note: 
• It is recognized that we may not currently have sufficient internal 

knowledge and experience to address some of the longer-term 
Roadmap items      see next page 
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Mechanisms to Address Knowledge Gaps 
• Industry engagement (AIA, GAMA, MARPA, …) 
• Engagement with SDOs (SAE, ASTM, AWS, …) 
• Government engagement (USAF, NAVAIR, NASA, NIST, 

America Makes…) 
• R&D (internal & external) 
• CSTA (chief scientist) and other targeted workshops 
• FAA AM certification projects benchmarking 
• Manufacturing surveillance 
• Site visits to production facilities (outreach) 
• Coordination with other national authorities (NAAs) 

Most of These Mechanisms Are Already Engaged 
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• Parallels between Composites and AM: 
– Process-intensive technology subject to manufacturing 

variability 
– Material is being created at the same time as the part is being 

built 
• Three ACs from the “Early Days” of Composites 

– Composite aircraft structure  AC 20-107A (1984) 
– Composite manufacturing quality control  AC 21-26 (1989) 
– Repair Stations for Composite and Bonded Aircraft Structure  

AC 145-6 (1996) 

Benchmarking of Composites ACs 

These And Similar Documents Have Been Considered by  AMNT 

28 

(AC – Advisory Circular) 
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Examples of External Benchmarking 
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These And Similar Documents Have Been Considered by  AMNT 
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 Safety impact 
– Expected increase in criticality of applications 

• “minor effect”  “major effect”  “safety-critical”  / timeline? 
– Various industry segments (e.g. OEMs, Tier 1, PMAs, MROs…) 

 Certification process 
– Breadth of application (e.g. multiple categories of parts / multiple 

product types) 
– Industry deployment timeline (e.g. current TRL / MRL levels) 
– Regulatory gaps (applicability of current policies / advisory materials) 
– Current experience level (development / full-scale production / field) 

 Other considerations 
– Availability of industry specs and standards (materials, processes) 
– Availability of industry design / properties data 

 

 

Prioritization Considerations 
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D R A F T 

Strategic AM Roadmap Draft 
Submitted for Internal Review (end of FY17) 
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Note: 
• Due to the FAA’s mission, AM Roadmap is focused on certification and safety 

aspects of AM, and therefore is significantly different in scope and content from 
other well publicized AM roadmaps (e.g. by DoD or America Makes) 

• The term “Strategic” is used in the context of the agency’s mission (i.e. it is not a 
“Technology” roadmap) 
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Informal AM Roadmap Review Meetings 

• Government: 
– NASA / US Army – July 19, 2017 
– USAF – Sept. 1, 2017 

• Industry: 
– AIA AM Working Group – Aug. 28, 2017 

32 

Note: The final draft roadmap document has not been shared externally at this time of 
this presentation. 
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Summary 
• Expect rapid expansion of AM in Aviation and increase 

in the levels of AM parts criticality 
 High criticality applications are not limited to Aerospace 

• A number of AM-specific risk factors identified by 
experts  appropriate regulatory (Q&C) framework is a 
key enabler 

• First FAA AM Certification Roadmap draft developed 
 Provides a sequence of regulatory documents (policy, guidance, 

…) to be developed over the next few years 
 No rule changes are envisioned at this time 
 Roadmap is a living document - will be updated annually 

 Industry, agencies and societies collaboration 
is needed to ensure safe introduction of AM in 
major industry sectors 
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Dr. Michael Gorelik, PMP 
Chief Scientist, Fatigue and Damage Tolerance 
Aviation Safety 
Federal Aviation Administration 
michael.gorelik@faa.gov  
(480) 419-0330, x.258 

Questions… 

mailto:michael.gorelik@faa.gov
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