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and industrial integration of AM technology . 
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European standardization organization CEN-CENELEC . 
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America .    He was formerly the Director of Additive 
Manufacturing Programs at CalRAM and headed up 
CalRAM’s laser powder bed fusion operations and 
material development .  Shane is a 17-year veteran of 
the additive manufacturing industry holding various 
positions in product management and business 
development for both additive manufacturing  machine 
manufacturers and tier 1 suppliers .  Prior to joining 
CalRAM he was Managing Director of Directed 
Manufacturing where he managed Mission Assurance, 
Operations and Strategy for metal and plastic powder 
bed fusion additive manufacturing operations .  He has 
sponsored several metal powder bed fusion standards 
and holds the position of Chairman of the ASTM F42 .07 
on Applications and was formerly the Chair of F42 .05 
on Materials and Process subcommittees on additive 
manufacturing . Shane is co-author on publications in 
the powder bed fusion of 17-4 stainless steel, nickel alloy 
625 and nickel alloy 718 .
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President and Director of AMUG

Carl K . Dekker serves as the President of Met-L-Flo, 
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his work at various conferences globally, including 
those sponsored by 3DSNASUG(AMUG), Amerimold, 
ANTEC, National Mfg Week, RAPDASA, RP&M, and 
SME .  He has also provided training and installations at 
Abbott Laboratories, Delphi, Motorola and numerous 
other locations .  Mr . Dekker’s work has been published 
in industry journals including Prototyping Technology, 
Rapid Prototyping Report, Time Compression 
Technologies, and the Wohlers Report (2003-8,13-19) to 
mention a few .

Currently Mr . Dekker serves as the President Elect 
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Group (AMUG), and the Chair of the Direct Digital 
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on Standards for Additive Manufacturing 2014-2019 
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Manufacturing (RTAM) Community (formerly the RPA), 
to name a few . He was honored with the award of merit 
making him an Honorary Fellow of ASTM International .  
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(CDRH) in the US Food and Drug Administration . His 
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research duties, he is the co-Chair of the Advanced 
Manufacturing Technologies Working Group which is 
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advanced manufacturing technologies affects medical 
regulate medical products and is the Chair of the CDRH 
Additive Manufacturing Working Group which leading 
efforts across the Center on how additive manufacturing 
affects medical device performance .  These efforts 
include guidance and standards development, device 
review harmonization, and performing regulatory 
science with the intent to foster innovative and high-
quality products while maintaining they have the same 
safety and effectiveness that Americans have come  
to expect .
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AM since 2007 . He has been working in Aerospace 
and Defense for 23 years . He has a background 
in high strength nickel and cobalt superalloys and 
has worked extensively on gas turbine hot section 
components . Matt worked at United Technologies for 
almost 20 years and led the technology development 
and implementation of multiple AM technologies, 
including Laser Powder Bed Fusion and Directed 
Energy Deposition . During his time at UTC he innovated 
numerous inventions and advanced designs utilizing 
AM to improve life and performance of fuel delivery 
components and heat exchangers for aerospace 
applications . He has numerous patents for AM 
component designs and applications, technologies, 
and for AM systems and infrastructure components . 
Matt is the Vice Chair of the ASTM F42 Committee for 
Additive Manufacturing Technologies, as well as the 
Chair for ASTM F42 .90 .05 Committee for Research and 
Innovation . He has co-authored many AM standards and 
ISO ASTM 52911 Design Guide for Metal Powder Bed 
Fusion by Laser Beam . He has continued to be a mentor 
for local schools and supported developing AM training 
and creating degree programs for helping the next 
generation of AM users succeed .

Ben Dutton 
Technical Specialist  
mtc

Dr . Ben Dutton is a Technical Specialist at the mtc 
with 17 years’ experience in NDT . He possesses a 
valuable combination of academic and industrial 
experience with proven expertise in integrating 
design and manufacturing functions . His PhD was 
in laser ultrasound and EMAT’s (both non-contact 
ultrasonic methods) but through his professional 
career he has gained experience in most NDT methods 
(contact ultrasound including phased array, X-ray 
radiography and computed tomography, eddy current, 
thermography and shearography) . As a Technical 
Specialist at the mtc, he is leading projects where in-situ 
inspections are required for PBF, DED and laser welding . 
He is also very active in post build NDT inspection 
projects mainly for AM, and leads the quality for AM 
standards strategy at the mtc . He has been involved 
in projects in the following sectors: Aerospace, Space, 
Automotive, Transportation (Rail) and Medical . Project 

portfolio includes single client, mtc CRP (Core Research 
Program), UK government supported such as Innovate 
UK and European such as H2020 . He is very actively 
leading and participating in the development several 
international NDT standards for AM . Finally, he is part of 
the ASTM AM Center of Excellence team at the mtc .

Michael Gorelik 
Chief Scientist, Fatigue and Damage Tolerance 
Policy and Innovation Division / Aviation Safety 
Federal Aviation Administration (FAA)

Dr . Michael Gorelik has over 25 years of experience 
in the areas of fracture mechanics, fatigue, damage 
tolerance, and probabilistic methods . He successfully 
applied this expertise to design and certification 
of aerospace products, fleet management and 
risk assessment, root cause analysis, definition of 
manufacturing process controls, and coordination of 
R&D programs and consortia . At the FAA, Dr . Gorelik 
supports various certification programs, development 
of advisory materials and rulemaking activities across 
the directorates and certification offices, and evaluation 
of new industry technologies and research . 

Prior to joining the FAA, Dr . Gorelik was an Engineering 
Fellow at Honeywell Aerospace working in the areas 
of life prediction and durability assessment of safety-
critical components . His other leadership assignments 
included the roles of life methods manager, reliability 
and system safety manager, and program manager 
responsible for deployment of enterprise-wide material 
data management system . Dr . Gorelik also served as 
a principal investigator on several research programs 
funded by the FAA, Air Force, NASA, DARPA, and Army .

Dr . Gorelik has authored or co-authored over 60  
peer-reviewed papers and conference presentations, 
and one patent application . He has delivered technical 
training to several hundred engineers, managers,  
and aviation professionals, and made several  
multiple keynote presentations at national and 
international conferences .

Dr . Gorelik’s current industry engagements include 
serving as America Makes Governance Board member, 
chair of the ASME IGTI Structures and Dynamics 
Committee, co-chair of the MMPDS Emerging 
Technologies Task Group (ETTG), member of the 
ASTM AM CoE R&D team, and vice-chair of the ASTM 
F42 .07 .01 Aviation Applications sub-committee .
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Technical Director, Advanced  
Manufacturing Development 
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Chris Holshouser is a Technical Director of Advanced 
Manufacturing Development for the National Institute 
for Aviation Research at Wichita State University .  Mr . 
Holshouser has been supporting the Additive Industry 
for the last ten years by working with certification 
type holders and certifying bodies in order develop 
a methodology for qualifying additive parts .  The 
most recent conclusion of an America Makes/FAA 
program resulted in the first publically available B-Basis 
allowables dataset for an additive material and will 
be used to issue a new chapter in CMH-17 design 
guide book .  He also serves on several standards 
development organization committees to define 
current state of AM and help shape strategic roadmaps 
accelerate new products to market and adoption 
of additive into new industries .  He has extensive 
technical experience in the development of a wide 
array of AM applications, new product development 
and integration spanning multiple materials, processes, 
and technologies . Moreover, he has broad knowledge 
and experience pertinent to DoD and aerospace 
requirements for integration of new designs and 
manufacturing methods . Having worked as a New 
Business Capture Lead at Lockheed Martin Skunkworks 
he has substantial project management experience, 
leading both Internal and Collaborative research 
projects for AFRL, NAVY, DARPA and DOE with respect 
to advanced manufacturing research, development, and 
application maturation . Chris has a BSc in Chemical and 
Biomolecular Engineering from Georgia Institute  
of Technology .

Mahdi Jamshidinia 
Additive Manufacturing R&D Project Manager 
ASTM International

Dr . Mahdi Jamshidinia is the Additive Manufacturing 
R&D Project Manager for ASTM International AM center 
of excellence (CoE) . In his role, he brings technical 
expertise to accelerate standardization activities 
through leading R&D projects, identifying future R&D 
needs, and forming new collaboration initiatives with 
technology experts . He has B .Sc . and M .Sc . in Material 
Science and PhD in Mechanical Engineering; with 

a focus on electron beam melting (EBM) of dental 
implants . After his PhD, Dr . Jamshidinia joined EWI 
and completed several government, commercial, and 
R&D projects . Dr . Jamshidinia led the DMLM team in 
Columbus, OH before leaving EWI to GE Additive . At 
GE Additive, he was a Staff Engineer in the Materials 
Technology team and led the Response Surface 
activities . He established multiple partnerships with 
universities and government agencies for using 
machine learning and data mining in alloy design, 
process parameter optimization, and in-situ monitoring . 
Dr . Jamshidinia has co-authored 16 peer reviewed 
publications and has presented more than 25 lectures at 
various conferences .

Kevin Jurrens 
Deputy Chief, Intelligent Systems Division 
National Institute of Standards and Technology (NIST)

 Kevin Jurrens is the Deputy Chief of the Intelligent 
Systems Division in the Engineering Laboratory at the 
National Institute of Standards and Technology (NIST) . 
He is a mechanical engineer with more than 30 years 
dedicated to advanced manufacturing . At NIST, Kevin 
has served in a variety of technical and management 
roles for federal manufacturing programs, including 
as researcher, technical project leader, program 
manager, and division chief . As the ISD Deputy Chief, 
Kevin provides management and leadership for the 
division’s manufacturing research programs and staff 
and is responsible for much of the division’s day-to-
day operations . Kevin’s current technical contribution 
at NIST is advancement of measurement science and 
standards for the additive manufacturing industry, 
and he is active in standards development and 
coordination with ANSI, ASTM, ISO, and ASME . Kevin 
has twice received the U .S . Department of Commerce 
Bronze Medal Award for Superior Federal Service 
and was recently awarded the Distinguished Service 
Award by ASTM International . Kevin is away from NIST 
during fiscal year 2020 on assignment as an ASME 
Congressional Fellow working in the U .S . House  
of Representatives .
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Dan Kowalik 
Director of ASTM AM CoE Additive Manufacturing  
Buffalo Manufacturing Works (operated by EWI)

Based at EWI’s Buffalo Manufacturing Works location 
in western New York, Dan directs the ASTM AM CoE 
U .S . Industry Consortium, of which EWI is a founding 
partner . He leads the effort to bring together additive 
manufacturing (AM) industry leaders via the consortium, 
and to identify challenges, advance standards, and 
drive innovation in AM . Dan is also the lead AM engineer 
on projects initiated through the Additive Manufacturing 
Consortium (AMC), operated by EWI .

Dan has more than 20 years of experience in 
manufacturing engineering and management in the 
aerospace industry . Before joining EWI in 2020, Dan 
was a director of engineering at ITT Enidine, where 
he developed a new IoT device called Sentinel and 
developed additively manufactured parts for aerospace 
applications . Previously, Dan was engineering manager 
at Moog, where he helped create the metal additive 
manufacturing center of excellence and developed 
qualification processes for AM-manufactured 
components .  While also at Moog Dan was the 
design lead on flight critical actuators for aerospace 
applications .

Daniel has his B .A . and M .S . in Mechanical  
Engineering from University at Buffalo with a focus  
in material science .

Alex Kitt 
Product Manager  
Buffalo Manufacturing Works (operated by EWI)

Dr . Alex Kitt has ten years of experience performing, 
leading, and identifying needs for industry-relevant 
research and development . Over that time, Alex’s 
work has included metal additive manufacturing, 
X-ray CT and optical metrology, augmented reality, 
and graphene . Alex was a member of the Buffalo 
Manufacturing Works start up team, created the EWI 
metrology and inspection team, and initiated EWI’s 
involvement in the ASTM AM CoE . Alex continues  
to be involved with ASTM F42 as the sub-committee 
chair for ASTM F42 .08 on AM data . Before joining  
EWI, Alex worked as a post-doc at the University  
of Rochester Institute of Optics . Alex has a BS in  
Physics and a BA in mathematics from the University 
at Buffalo . He received a PhD in physics from Boston 
University, where he demonstrated proof-of-concept for 
graphene-based threshold pressure sensors for remote 
oil well application .

Francisco Medina 
Associate Professor 
The University of Texas at El Paso

Dr . Francisco Medina is a world-renowned expert in the 
area of Additive Manufacturing (AM) and metal powder 
bed fusion technology .  He has over twenty years of 
experience in AM and has educated over one thousand 
scientists and engineers in metals AM technology, 
processes, and advanced applications . He has 
published and contributed to over 120 peer-reviewed 
journal and conference proceedings .  Additionally, he 
has been awarded thirteen additive manufacturing 
patents, with several other patents pending . Currently, 
Dr . Medina holds a position as Associate Professor at 
The University of Texas at El Paso, in the Department 
of Mechanical Engineering . He is also Director of 
Technology and Engagement at the W .M . Keck Center 
for 3D Innovation and Executive Consultant HTL Japan . 
In his past position, Dr . Medina was Technology Leader 
for Additive Manufacturing (AM) and the Director of 
the Additive Manufacturing Consortium (AMC) at EWI . 
As Technology Leader, he established the vision and 
goals for additive manufacturing technology at EWI and 
represented EWI nationally/internationally to help grow 
the EWI brand .  Previous to EWI, Dr . Medina was a senior 
specialist in materials development at Arcam, stationed 
at Oak Ridge National Laboratory, where he managed 
Arcam’s relationships and R&D activities in North 
America . Throughout his career, his research interests 
have centered around additive manufacturing, with a 
heavy emphasis on the acceleration and advancement 
of the manufacturing readiness of metal AM technology . 
Specifically, he has focused his attention on new rapid 
AM alloy development, new AM strategies for material 
processing, material qualification, low-cost powder 
manufacturing, and AM education .

Dr . Medina is the former chair of the SME Additive 
Manufacturing Community . His professional affiliations 
include ASTM International, SME, MRS, SAE, and TMS .
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Shawn Moylan 
Mechanical Engineer 
National Institute of Standards and Technology (NIST)

Dr . Shawn Moylan is a Mechanical Engineer and 
Project Leader at the National Institute of Standards 
and Technology . His research career has focused on 
precision measurements of manufacturing equipment, 
ranging from micromachining to multi-axis coordinated 
motion, and, more recently, to additive manufacturing 
machines . He is an internationally recognized leader 
in the advanced manufacturing standards community, 
especially ASTM Committee F42 on Additive 
Manufacturing Technology, ISO/TC261 Additive 
Manufacturing, and ASME B46 Surface Texture . 
He is also on the advisory board for the Additive 
Manufacturing Standardization Collaborative, a joint 
effort among ANSI and America Makes . Dr . Moylan has a 
Ph .D . from Purdue University .

Brandon Ribic 
Technology Director 
America Makes

Dr . Brandon Ribic was named Technology Director 
of America Makes in October 2019 .  Driven by the 
National Center for Defense Manufacturing and 
Machining (NCDMM), America Makes is the national 
accelerator for AM and the first of eight Manufacturing 
Innovation Institutes (MIIs) established and managed 
by the U .S . Department of Defense (DoD) as public-
private partnerships . Prior to joining NCDMM, Dr . Ribic 
was a joining processes and additive manufacturing 
materials specialist at Rolls-Royce Corporation . He led 
the Materials Technology Center efforts in additive 
manufacturing (AM) process modeling and in-situ 
process monitoring . His research focused on welding 
and AM processes for various titanium and nickel 
superalloy gas turbine engine components . One of his 
most notable achievements is successfully developing, 
qualifying, and productionizing (TRL 7) the first ever 
CMSX-4 AM repair for Rolls-Royce .  

François Richard 
Manufacturing Engineering Manager  
Pratt & Whitney Canada

François Richard is a Manufacturing Engineering 
Manager at Pratt & Whitney Canada, where  
he contributes to the introduction of AM in the  
design of engine parts . For over 30 years, he has 
worked in various areas of the company, including 
manufacturing operations, procurement, engineering 
and sustainable development . 

François graduated from Montréal’s École 
Polytechnique in Metallurgical Engineering and holds 
an MBA from HEC Montréal . 

Since 2014, he has been the Convenor of ISO’s TC-261 
Working Group 06 and ASTM’s F42 .06 Committees 
on Environment, Health &Safety for Additive 
Manufacturing . He also has been presenting workshops 
on the same topic at various events, including the ASTM 
AM Workshops and the AM CoE’s AM Basic Personnel 
Certificate Program .

David W. Rosen  
Professor of Mechanical Engineering 
Georgia Institute of Technology

Prof . David W . Rosen is a Professor in the School of 
Mechanical Engineering at the . He also serves as the 
Research Director, Digital Manufacturing and Design 
(DManD) Centre, Singapore University of Technology 
and Design .  Prof . Rosen is actively involved in the 
standardization activities of additive manufacturing 
at ASTM International .  He is the chairman of ASTM 
F42 .04 sub-committee on Design .  Prof . Rosen 
received his Ph .D . at the University of Massachusetts 
in mechanical engineering .  His research interests 
include computer-aided design, additive manufacturing, 
and design methodology . He is a Fellow of ASME and 
has served on the ASME Computers and Information 
in Engineering Division Executive Committee .  He is 
the recipient of the 2013 Solid Freeform Fabrication 
Symposium, International Freeform and Additive 
Manufacturing Excellence (FAME) Award .  Professor 
Rosen has published a leading textbook in the additive 
manufacturing area, about 105 journal articles, over 
160 refereed conference papers, and over 100 other 
conference presentations . He has an h-index of 49 
(Google Scholar) with over 12,000 citations .
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Richard Russel 
Technical Fellow for Materials 
NASA

Mr . Russell has a B .S . degree in Metallurgical 
Engineering from the University of Illinois and a M .S . 
degree from the University of Florida in Materials and 
Science and Engineering . 

Mr . Russell began his career in 1986 at the Naval 
Aviation Depot in Pensacola, Florida . In 1989 he joined 
NASA’s Kennedy Space Center supporting the Shuttle 
Engineering Project Office serving as a Materials and 
Processes (M&P) Engineering expert .  In 1996, Mr . 
Russell left NASA and worked in aircraft manufacturing 
and design at The Aerostructures Corporation in 
Nashville, Tennessee and Bell Helicopter in Ft . Worth, 
Texas . In 2001 Mr . Russell rejoined the Shuttle Program 
working for the United Space Alliance at Kennedy Space 
Center . 

In 2004 Mr . Russell rejoined NASA serving as the 
Aging Aircraft Principal Engineer for the Orbiter Project 
Support Office . In 2009 Mr . Russell became a member 
of the Materials Science Division at the Kennedy 
Space Center supporting the Orion Multi-Purpose 
Crew Vehicle and assisting in the development of 
requirements for the Commercial Crew Program .  
 In 2012 Mr . Russell was named the Chief of the  
Materials and Processes Engineering Branch .  In 2014 
joined the Commercial Crew Program as both the 
spacecraft and launch vehicle Systems Manager for 
Specialty Engineering (Materials and Processes and 
Fracture Control) .  

Mr . Richard Russell currently holds the position as the 
NASA Technical Fellow for Materials, a position he has 
held since 2016 .  

Mohsen Seifi 
Director of Global Additive Manufacturing Programs 
ASTM International 

Dr . Mohsen Seifi is global director of Additive 
Manufacturing programs at ASTM International 
responsible for ASTM AM center of excellence  
(AM CoE) and various AM programs . In his role, 
he brings technical leadership to accelerate 
standardization activities across all ASTM AM related 
technical committees and building new partnerships/
initiatives as well as development of new AM standards 
related programs within diverse ASTM portfolios . He 
has also appointment as an adjunct faculty at Case 
Western Reserve University in OH, USA . His Phd 
work focused on rapid qualification methods for metal 

additive manufacturing . He has co-authored more than 
30 peer reviewed publications and has presented more 
than 60 invited and keynote lectures at various technical 
meetings, industries and government agencies while 
also receiving various technical society honors  
and awards .

Nima Shamsaei 
Associate Professor and NCAME Director 
Auburn University

Dr . Nima Shamsaei is currently the Philpott-WestPoint 
Stevens Distinguished Associate Professor in the 
Department of Mechanical Engineering at Auburn 
University, where he is also the founding director of the 
National Center for Additive Manufacturing Excellence 
(NCAME), a NASA and NIST funded research center 
focused on advancing the additive manufacturing (AM) 
technology . NCAME is also one of the two U .S .-based 
founding partners of the ASTM International Additive 
Manufacturing Center of Excellence (AM CoE) . Prior to 
joining academia, Dr . Shamsaei spent many years in 
industry, including leadership positions, specializing 
in fatigue analysis and durability test development . 
Dr . Shamsaei then took his skillset to Mississippi State 
University in 2013 and initiated a research track in the 
AM field .  The focus of his research was on the structural 
integrity of AM metals, which is his continued primary 
area of interest at Auburn University . His work in AM 
has resulted so far in publishing over 170 peer-reviewed 
journal articles and conference proceedings as well 
as 50+ technical presentations including 30+ invited 
talks or keynote/plenary speeches in the areas of 
fatigue, fracture, mechanics of materials, and AM part 
qualification and certification . The U .S . Department of 
Defense, Navy, Army, Air Force, NASA, National Science 
Foundation (NSF), America Makes, ASTM International, 
and several private companies sponsor many of his 
research projects in order to advance AM technology for 
faster industrial adoption . He has served as the guest 
editor for the International Journal of Fatigue 1st and 
2nd special issues on Additive Manufacturing in 2017 
and 2019 and continues to organize multiple AM-related 
symposia and conferences in ASTM, TMS, and ASME . 
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Tim Shinbara 
Vice President & Chief Technology Officer 
AMT – The Association For Manufacturing Technology

Tim Shinbara is Vice President & Chief Technology 
Officer for AMT – The Association For Manufacturing 
Technology . He is responsible for activities related 
to research and development, standards, and 
technology discovery . He is the Chair of ASTM’s F42 .05 
(Materials and Processes) covering metals, polymers, 
and ceramics . Tim is a past Executive Committee 
member for the Manufacturing USA Institute for 
additive manufacturing, America Makes, and served 
on its inaugural Technology Roadmap committee . Mr . 
Shinbara is also a Board officer for the MTConnect 
Institute which develops standards for information 
models and semantics for manufacturing technology . 
In prior roles, Mr . Shinbara led portions of Northrop 
Grumman’s contractual R&D portfolio for additive/direct 
part manufacturing for Aerospace Systems .

John A. Slotwinski 
Senior Research Analyst  
APL’s National Security Analysis Department,  
John Hopkins University

Dr . Slotwinski holds a BS in physics from Loyola College 
(now Loyola University) Maryland and an MS and a PhD 
in physics from Catholic University of America . John’s 
experience at APL includes leading and conducting 
additive manufacturing (AM) development activities; 
researching and implementing advanced additive 
materials, technologies, and applications; and leading 
technical teams for advanced AM-related projects . 
Before joining APL, he spent nearly 25 years at NIST, 
where his work included managing a large research 
effort on material standards for AM and contributing 
expertise in sensor systems to work on additive 
processes . John is a Fellow of ASTM International 
and chair of the executive committee of ASTM F42 
on AM technologies, a frequently invited speaker on 
various AM topics, an instructor for The Johns Hopkins 
University (JHU) Whiting School of Engineering’s 
Engineering for Professionals graduate programs, and 
a visiting research professor at JHU in the Materials 
Science and Engineering Department . 

John Vickers 
Principal Technologist 
Space Technology Mission Directorate 
National Aeronautics and Space Administration (NASA)

John Vickers serves as the principal technologist for 
the areas of advanced materials and manufacturing in 
the Space Technology Mission Directorate at NASA 
Headquarters . He also serves as the associate director 
of the Materials and Processes Laboratory at NASA’s 
Marshall Space Flight Center and as the manager of the 
NASA National Center for Advanced Manufacturing . 
He has over 35 years of experience in materials and 
manufacturing related research and development, 
engineering, and production operations for propulsion, 
spacecraft, and scientific systems .

As principal technologist, he leads the nationwide 
NASA team to develop advanced manufacturing 
technology strategies to accomplish the goals of space 
exploration missions and to expand commercial growth 
for the space industry . He also represents the agency 
serving as the representative to the National Science 
and Technology Council’s (NSTC) Subcommittee on 
Advanced Manufacturing and the Subcommittee on 
Critical and Strategic Mineral Supply Chains .

Doug Wells 
Structural Materials Engineer 
NASA

Mr . Douglas Wells is a structural materials engineer 
in the Materials and Processes Laboratory at the 
NASA Marshall Space Flight Center .  Doug has 
twenty-five years of experience in fatigue, damage 
tolerance, and fracture control of flight structures . For 
the past seven years, he has focused on developing 
methodologies for the qualification and certification 
of additively manufactured spaceflight hardware, 
including the development of the first NASA standard 
to establish requirements for incorporating additively 
manufactured hardware into flight vehicles for NASA 
and its commercial partners .  In addition to standards 
development for NASA, Doug is actively engaged 
with the broader international standards community 
working in additive manufacturing, including ASTM 
and SAE .  Currently, much of his time is spent on the 
interpretation of certification requirements for additively 
manufactured hardware on a variety of NASA missions .  
Doug came to NASA following his Bachelor of Science 
degree in Aerospace Engineering at Virginia Tech 
and also holds a Master of Science in Mechanical 
Engineering from Stanford University .
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The objective of this roadmap is to communicate 
the goals and current progress of the AM CoE’s R&D 
program to the AM community . The roadmap provides 
a vision for the future of AM R&D to help align the 
activities of stakeholders around the common goal of 
harmonizing R&D efforts with standards development . 
This roadmap is for all industry stakeholders and 
AM experts who wish to gain insight into current and 
upcoming R&D activities for AM standardization, 
participate in AM standard development, and learn 
about how the AM CoE is supporting industry needs .

CALL TO ACTION  
Everyone in the AM community has a role to play in 
helping support the advancement of AM technologies 
through standardization . Below are some of the actions 
that you can take to get involved:

Engineers
As a technical expert, you are well positioned to 
contribute ideas and data toward standardization . 
Talk to the leaders at your organization about getting 
involved in activities such as:

 ͽ Participating in AM CoE project calls 
 ͽ Taking part in standard development by joining  
ASTM Committee F42 or other technical committees

 ͽ Sharing voluntary data for standardization
 ͽ Providing feedback on this roadmap and the AM 
CoE’s activities

Regulatory Experts
As a regulatory specialist for your organization, you 
can communicate the importance of standards to 
your organization and provide managers with the key 
information that they need to make decisions about 
resource allocation for standardization .

Managers
You can make it possible for your organization to 
contribute to standardization by allocating resources 
and allowing engineers to invest their time in 
standardization activities and enabling them to attend 
standard-related industry events such as Committee 
F42 meetings or educational workshops .

Researchers
You can help us expand on the R&D studies conducted 
at the AM CoE . Contact us if you see overlap between 
AM CoE projects and your field of study . The AM 
CoE can provide in-kind support to your research in 
exchange for data that can later be added to standards 
as appendices .

PREFACE

About This Roadmap
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THE ROADMAP CONTAINS  
FIVE SECTIONS AND  
THREE APPENDICES 

Section 01 
AM CoE Background 
An overview of the AM CoE’s mission  
and role within the AM community

Section 02 
ASTM International’s Standards 
Development Process 
ASTM International and how AM 
standards are developed through its 
technical committee F42

Section 03 
Current State 
Gaps and Challenges: Description  
of the traditional approaches for R&D  
and Standard Development

Section 04 
AM CoE R&D Program Strategy 
The AM CoE R&D program’s key goals  
and how it plans to achieve them

Section 05 
Path Forward 
Opportunities to collaborate with 
the AM CoE to accelerate AM 
standardization

Appendix A 
R&D Idea Selection Process  
and Workflow

Appendix B 
Progress to Date: R&D Projects

Appendix C 
Example Outcome: AM Powder 
Feedstock Evaluation

ASTM International (ASTM) is a globally recognized 
leader in the development and delivery of voluntary 
consensus standards. Today, over 12,800 ASTM 
standards are used around the world to improve product 
quality, enhance health and safety, strengthen market 
access and trade, and build consumer confidence.

ASTM’s leadership in international standards 
development is driven by the contributions of its 
members: 30,000 of the world’s top technical experts 
and business professionals representing over 150 
countries. Working in an open and transparent process 
and using ASTM’s advanced IT infrastructure, members 
create the test methods, specifications, classifications, 
guides, and practices that support industries and 
governments worldwide.

Beyond standards development, ASTM offers 
certification and declaration through its subsidiary, 
the Safety Equipment Institute, as well as technical 
training programs and proficiency testing. All of ASTM’s 
programs complement its standards development 
activities and provide enterprise solutions for 
companies, government agencies, researchers and 
laboratories worldwide.

Committed to serving global societal needs, ASTM 
International positively impacts public health and 
safety, consumer confidence, and overall quality of life. 
We integrate consensus standards—developed with 
ASTM international membership of volunteer technical 
experts—and innovative services to improve lives… 
helping our world work better. 

The ASTM International Additive Manufacturing Center 
of Excellence (AM CoE) is a collaborative partnership 
bringing together industry, government, and academia. 
The AM CoE’s vision is to facilitate collaboration and 
coordination between government, academia, and 
industry to advance AM standardization and expand 
ASTM and our partners’ capabilities.  The center bridges 
standards  development with R&D to better enable 
efficient development of standards, education and 
training, certification and proficiency testing programs. 
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The ASTM International Additive Manufacturing Center 
of Excellence (AM CoE) is a collaborative partnership 
bringing together industry, government, and academia. 
The AM CoE was launched in 2018 to accelerate the 
adoption of the additive manufacturing (AM) technology 
by coordinating previously disconnected elements of 
the AM ecosystem—including standards, research and 
development (R&D), and education and training. 

In doing so, the AM CoE aims to get standards into the 
hands of those who need them faster, reducing AM time 
to market, and increasing widespread AM adoption. The 
AM CoE’s four core focus areas include: R&D, U.S. and 
E.U. Consortia, Education and Workforce Development 
(E&WD), and Standardization and Certification.

THE AM COE’S ROLE IN THE AM ECOSYSTEM
Standards developing organizations (SDOs), industry, 
academia, and government share a common goal of 
advancing standards to support the growth of the 
AM field, but approaches vary depending on the 
stakeholder’s strengths and area of focus. The AM CoE 
plays a key role through coordinating and harmonizing 
research to standardization activities and directly 
funding R&D projects to fill standard gaps. 

ASTM is one of multiple SDOs developing AM 
standards; however, there are three major 
differentiators for the AM CoE’s approach. 

1. Direct Funding of Standards Research
Once standards needs have been prioritized, the AM 
CoE directly supports the research needed to develop 
them, rather than waiting for information to eventually 
become available for standards.  

2. Global Approach
Strong partnerships are vital to the successful 
advancement and adoption of new standards. The 
AM CoE leverages its global network to enable 
collaborations beyond the United States.

3. Accelerated Standards Development
Standards are of little use if they can’t keep up with the 
pace of technology. The AM CoE focuses on identifying 
and accelerating development of standards that satisfy 
pressing needs and can make the greatest impact for 
the AM community.

Quality
Technically Accurate

Uniqueness
Fill gaps without duplicating efforts

Cohesiveness
Consistent and Non-Overlapping

Value
Address Critical Barriers  

to AM Advancement

Usability
Relevant to Current  
Stakeholder Needs

Efficiency 
Built on Existing Standards

Standards 
Development 

EXECUTIVE SUMMARY

The ASTM International Additive  
Manufacturing Center of Excellence
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ASTM International
R&D, standards 

development, qualification, 
and certification

THE VALUE OF THE AM COE
The AM CoE’s research and development (R&D) 
activities fill a critical funding gap in the AM ecosystem. 
The AM CoE is the first organization to directly fund R&D  
for standards development and make the results 
publicly available. While most resources from 
government and industry consortia are currently 
focused on supporting long-term projects, the AM CoE 
strategically identifies and supports high-priority short-
turnaround projects to fill immediate needs for the  
AM community. 

The AM CoE:

 cog Supports Standards Development

lightbulb-dollar  Funds AM R&D

calendar-check  Focuses on High-Priority, Short-Term Projects

By establishing a standards-oriented R&D process for 
AM, the AM CoE facilitates the development of high-
value standards that will be of immediate benefit to the 
AM industry. Standards to develop through this process 
will have the six characteristics listed on page 12.

TEAMING STRATEGY
The AM CoE is a partnership that leverages the unique 
capabilities, expertise, and roles of its members. 
Partners strategically divide responsibilities to avoid 
duplicate or conflicting functionality, share facilities 
to make best use of available resources, and act in 
a coordinated manner to address the needs and 
challenges of AM standardization. While all the AM 
CoE’s partners are R&D leaders of the AM field, each 
brings specific expertise and strengths (see above).

AM COE R&D PROGRAM: ACTIONS AND IMPACTS
The AM CoE R&D program set a year-one goal of 
initiating and impacting at least five standards within 
ASTM’s AM portfolio. The AM CoE exceeded this target, 
launching five first-round research projects that are 
expected to address 17 standards gaps and impacted 
20 new and existing standards. The AM CoE initiated an 
additional nine projects in the second-round of projects 
in October 2019 that increases the overall total to 25 
standards gaps addressed and 53 new and existing 
standards impacted.

Auburn
R&D, education  
and training

NAMIC
R&D for Asia-Pacific region

NASA
R&D for aviation 
and aerospace 
standards

NIAR
R&D, Qualification, 
Liason with aerospace 
regulators

EWI
R&D, education 
and training,  
US consortia

mtc
R&D, education 
and training,  
EU consortia
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STANDARDIZATION PROGRESS 
All the R&D projects funded by the ASTM AM CoE are 
designed to address high-priority AM standardization 
gaps identified by the ASTM technical committees, 
as well as existing roadmaps such as the Additive 
Manufacturing Standardization Collaborative (AMSC) 
roadmap developed by America Makes and the 
American National Standards Institute (ANSI).  
To achieve this goal, each R&D project directly 

contributes to one or more existing or new standards. 
The graphic below shows the projects funded by the 
AM CoE to date and current status of their respective 
standard drafts. For more information, see the 
Standardization Gaps and Work Items section.

1   Work Item Scoping and Registration

2   Draft Under Development

3    Undergoing Ballot

4   Final Approval as a Standard

  Completed     In Process     Upcoming

AM CoE Partner Year Project

Auburn University 2018 1801: Metal AM Testing 
WK49229 1 2 3 4  

Auburn University 2019 1901: Rapid Quality Inspection Specimen 
WK71395  1 2 3 4

EWI 2018 1802: AM Post Processing 
WK66682  1 2 3 4

EWI 2019 1902: AM Data Pedigree 
WK72172  1 2 3 4

mtc 2018 1803: AM Feedstock Evaluation 
WK66030  1 2 3 4

mtc 2019 1903: AM Powder Spreadability 
WK71393  1 2 3 4

mtc 2019 1904: Design for Post Processing 
TBD  1 2 3 4

NAMIC 2019 1905: Design Guides for AM Processes 
WK62867  1 2 3 4   and WK62946  1 2 3 4

NAMIC 2019 1906: In-Process Monitoring 
TBD  1 2 3 4

NASA 
Auburn University 2018/2019 1804 & 1907: LB-PBF Process Qualification   

WK65937  1 2 3 4   and  WK65929  1 2 3 4

NIAR 2018 1805: Polymer AM Test Specimen Design 
WK71391  1 2 3 4

NIAR 2019 1908: Polymer AM Design Value Tests 
TBD  1 2 3 4

NIAR 2019 1909: Dynamic Testing of Polymer 
TBD  1 2 3 4
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The ASTM International Additive Manufacturing Center 
of Excellence (AM CoE) is a collaborative partnership 
bringing together industry, government, and academia. 
The AM CoE was launched in 2018 to accelerate the 
adoption of the additive manufacturing (AM) technology 
by coordinating previously disconnected elements of 
the AM ecosystem—including standards, research and 
development (R&D), and education and training. 

In doing so, the AM CoE aims to get standards into the 
hands of those who need them faster, reducing AM time 
to market, and increasing widespread AM adoption. The 
AM CoE’s four core focus areas include: R&D, U.S. and 
E.U. Consortia, Education and Workforce Development 
(E&WD), and Standardization and Certification.

VALUE PROPOSITION
The AM CoE’s research and development (R&D) 
activities fill a critical funding gap in the AM ecosystem. 
AM CoE is the first standard development organization 
to directly fund R&D for standards development 
and make the results publicly available. While most 
resources from government and industry consortia are 
currently focused on supporting long-term projects, 
the AM CoE strategically identifies and supports high-
priority short-turnaround projects to fill immediate 
needs for the AM community. 

 search-plus R&D

 globe  U.S. and E.U. Consortia

 users-class  Education and Workforce Development

 file-certificate  Standardization and Certification

The AM CoE:

 cog Supports Standards Development

 lightbulb-dollar  Funds AM R&D

 calendar-check  Focuses on High-Priority, Short-Term Projects

ROADMAP PURPOSE
While other roadmaps exist that attempt to address 
general AM standardization goals, this roadmap is 
unique in its focus on the benefits of aligning standards 
development with R&D. This goal is achieved by 
including the creation or enhancement of specific 
standards in the R&D project goals from the outset. The 
roadmap demonstrates how this approach can help to 
accelerate the timeline for filling critical standards gaps.

The objective of this roadmap is to communicate 
the goals and current progress of the AM CoE’s R&D 
program for the AM community. The roadmap provides 
a vision for the future of AM R&D to help align the 
activities of stakeholders around the common goal of 
harmonizing R&D efforts with standards development. 

This roadmap is for all industry stakeholders and AM 
experts who wish to gain insight into upcoming AM 
standards and learn about the future directions of 
the AM industry and how the AM CoE is supporting 
industry needs. The roadmap also provides a look at 
opportunities for future collaboration on the AM CoE’s 
R&D projects, which are open to members of ASTM 
technical committees, and potentially others in  
the future.

VISION

The Center facilitates collaboration and 
coordination between government, 
academia, and industry to advance AM 
standardization and expand ASTM and 
our partners’ capabilities

MISSION

The Center bridges standards 
development with R&D to better enable 
efficient development of standards, 
education, and training, certification  
and proficiency testing programs

ASTM AM CoE

GOVERNMENT

 A
C

A
D

EM
IA       

                            INDUSTRY

SECTION 1

AM CoE Background
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HOW THIS ROADMAP BUILDS ON EXISTING EFFORTS
We reviewed existing roadmaps and spoke with 
experts in the AM field in order to align and coordinate 
our activities with other organizations. In particular, 
our work builds on the foundation of the America 
Makes & American National Standards Institute (ANSI) 
Additive Manufacturing Standardization Collaborative 
(AMSC) roadmap, which paved the way for targeted 
AM standards development by identifying high-priority 
gaps supported by community consensus. In many 
cases, organizations such as ASTM were assigned 
responsibilities to fill specific gaps. Rather than 
duplicating the work of the AMSC roadmap, the AM 
CoE R&D roadmap covers the next step – how we will 
go about filling specific gaps and needs. The roles of 
various stakeholder groups are as follows:

Government Agencies
Supports long-term standards needs through funding 
and engages in ongoing development of a regulatory 
framework and long-term strategy for the safety and 
quality of AM products. Meanwhile, government 
agencies contribute knowledge and expertise to 
standards through participation in SDO technical 
committees and round-robin studies.

Industry
Participates in R&D, contributes knowledge and 
expertise to standards through participation in SDO 
technical committees and round-robin studies, helps 
identify standards gaps, and contributes to funding 
long-term standards needs through consortia 

Academia
Pursues new AM technological advancement and 
shares foundational knowledge for standards 
development through participation in SDO technical 
committees and round-robin studies

ASTM Technical Committees
Develop standards to fill mid-term and long-term 
standards needs with support from technical committee 
members from across the AM community

AM CoE
Coordinates and harmonizes research to 
standardization, and directly funds R&D projects  
to fill specific standards gaps

These groups share a common goal of advancing 
standards to support the growth of the AM field, but 
approaches vary depending on the stakeholder’s 
strengths and area of focus. The AM CoE plays a key 
role in coordinating and harmonizing the activities of 
all stakeholders involved in contributing to standards. 
These interconnected activities are illustrated above.

ASTM’S UNIQUE ROLE IN ACCELERATING GLOBAL 
STANDARDS DEVELOPMENT
ASTM is one of multiple SDOs developing AM 
standards; however, the ASTM AM CoE has a 
unique role to play among the various organizations 
contributing to this space. There are three major 
differentiators for the AM CoE’s approach, per following:

Direct Funding of Standards Research
Once standards needs have been prioritized, the AM 
CoE directly supports the research needed to develop 
them, rather than waiting for information to eventually 
become available for standards.  

Global Approach
Strong partnerships are vital to the successful 
advancement and adoption of new standards. The 
AM CoE leverages its global network to enable 
collaborations beyond the United States.

Accelerated Standards Development
Standards are of little use if they can’t keep up with the 
pace of technology. The AM CoE focuses on identifying 
and accelerating development of standards that fill 
pressing needs and can make the greatest impact for 
the AM community.

GOVERNMENT 
AGENCIES

Fund Long-Term 
Standards

Contribute to  
technical committees

Set regulations  
and strategies

ASTM Technical Committees 
such as F42, B09, D20, E08, etc.

Provides  
New Knowledge

Contributes 
to Technical 
Committees

Contributes 
to Technical 
Committees

ACADEMIA

INDUSTRY

Shares 
Pre-Competitive 
Knowledge

Coordinates and 
harmonizes research 
to standardization, 
and directly funds R&D 
projects to fill specific 
standards gaps

 
         

STANDARDS
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ABOUT ASTM INTERNATIONAL
ASTM International (ASTM) is a globally recognized 
leader in the development and delivery of voluntary 
consensus standards. Today, over 12,800 ASTM 
standards are used around the world to improve product 
quality, enhance health and safety, strengthen market 
access and trade, and build consumer confidence.

ASTM’s leadership in international standards 
development is driven by the contributions of its 
members: more than 30,000 of the world’s top technical 
experts and business professionals representing 150 
countries. Working in an open and transparent process 
and using ASTM’s advanced IT infrastructure, members 
create the test methods, specifications, classifications, 
guides, and practices that support industries and 
governments worldwide.

Beyond standards development, ASTM offers 
certification and declaration through its subsidiary, the 
Safety Equipment Institute, as well as technical training 
programs and proficiency testing. All of ASTM programs 
complement its standards development activities and 
provide enterprise solutions for companies, government 
agencies, researchers and laboratories worldwide.

Committed to serving global societal needs,  
ASTM International positively impacts public health and 
safety, consumer confidence, and overall quality of life. 
We integrate consensus standards – developed with 
ASTM international membership of volunteer technical 
experts – and innovative services to improve lives… 
helping our world work better. 

SECTION 2

ASTM International’s Standards  
Development Process

DID YOU KNOW? 

The American Society for Testing and Materials was formed in 1898, 
founded by Charles B. Dudley, Ph.D., a chemist with the Pennsylvania 
Railroad. In 2001, we changed our name to ASTM International to 
better reflect the global nature of our activities. ASTM International’s 
world headquarters are located in West Conshohocken, Pennsylvania, 
with offices in Belgium, Canada, China, Peru, Singapore, and 
Washington, D.C.
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STANDARDS DEVELOPMENT
ASTM’s standard development process is multi-
tiered. As is illustrated in the diagram, as a document 
progresses from the task group level up, it gains 
momentum, consensus, feedback, and ultimately 
acceptance. Each level has its own set requirements 
necessary for progression to the next. Beginning 
with the task group level, there are little to no rules 
associated with document development. In fact, a task 
member does not even have to be a member of ASTM 
to participate. The average task group represents 
a balance of interests and usually consists of 3 to 5 
individuals with the diverse interests sufficient to 
develop initial content. It’s also important to note that 
task groups are limited to recommendations only. If they 
vote, it is in an informal capacity and is not binding, with 
no formal actions. 

The subcommittee is the first formal layer of balloting, 
with both percent return and percent affirmative 
requirements necessary to progress. Subcommittees 
are where the true technical expertise lives inside of an 
ASTM activity. They can be as large as several dozen to 
multiple hundreds of members, to reflect the interest of 
the industry in question. Once an item has successfully 
cleared the subcommittee level, it progresses to main 
committee and society review. 

Main committee has a required percent affirmative  
of 90%, up from 66% required at the subcommittee 
level. 90% is robust enough to guarantee industry 
consensus in broad-based application of content,  
while not becoming so onerous as to render it 
impossible to achieve. 

Society review offers the opportunity for any ASTM 
member, irrespective of committee affiliation, to weigh 
in on content being developed via the balloting process. 
Feedback is forwarded to the technical committee with 
jurisdiction, and negative votes submitted at the society 
level must be handled the same way as they are at either 
main committee or subcommittee. 

ASTM COMMITTEE F42
The committee on additive manufacturing technologies 
(F42) is a standards development committee under the 
ASTM umbrella, charged to develop full-consensus 
standards per the Regulations Governing ASTM 
Technical Committees. As a part of the ASTM standards 
development machine, its mission is to develop high 
quality and market-relevant standards via a process that 
is open, transparent, and due process dependent. 

Task Group 
Membership  
Not Required

Subcommittee 
60% Return and  
2/3 Affirmation Required

Main Committee 
60% Return and  
90% Affirmation Required

Society Review 
No Return or 
Affirmation Required

Committee  
on Standards 
Final Review 
and Approval of 
Procedures (9 
Member Group)

01

02
03

04

05
ASTM  

INTERNATIONAL 
Balloting Sequence  
and Requirements
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Subcommittees
Each main committee in ASTM International is 
composed of subcommittees that address specific 
segments within the general subject area covered 
by the technical committee. As of April 2020, ASTM 
Committee F42 consists of six subcommittees shown 
above. Additional information about each of these 
subcommittess, their active work items and completed 
standards can be found on the committee’s website.

F42.07 Applications
As an example, subcommittee F42.07 was formed 
to develop standards for additive manufacturing in 
a variety of industry-specific applications, settings, 
and conditions. The work of this subcommittee will 
be coordinated with other F42 subcommittees, ASTM 
technical committees, and national and international 
organizations having mutual or related interests.

COLLABORATION WITH ISO ON  
DUAL-LOGO STANDARDS
All ASTM standards including those developed with the 
support of the AM CoE are eligible for adoption by the 
International Organization for Standardization (ISO) as 
dual-logo ASTM/ISO standards through ISO’s fast-track 
process. ASTM may submit published standards as a 
Final Draft International Standard (FDIS). If accepted 
as an FDIS, the standard will proceed directly to the 
advanced stages of ISO review and approval, enabling 
such standards to become rapidly accessible to 
international stakeholders in the European Union (EU) 
and other locations where ISO standards are mandatory 
or predominantly used.  

AM COE AND COMMITTEE F42 WORKFLOW
The AM CoE is not a technical committee, but rather a 
mechanism to accelerate standards development via 

Technical Committee 
such as ASTM F42

F42.05  
Materials  

& Processes

F42.01  
Test Methods

F42.04  
Design

F42.06 
EHS

F42.07  
Applications

F42.08 
Data

ASTM F42 Subcommittees

Knowledge Gaps Filled by R&D

globe CHECK
International Standards

Standardization Activities 
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the mantra of “research to standards.” The AM CoE is a 
tool for F42 and other AM-related committees to use, 
bringing to bear a variety of R&D tools and resources 
that facilitate, through project calls, the development of 
content funneled through the ASTM consensus process. 
In this regard, F42 and the AM CoE are symbiotic yet 
independent entities, drawing strength and resources 
from each other to help evolve and further solidify the 
ASTM AM footprint. When an F42 task group identifies 
a standard need that lacks sufficient data to develop a 
standard, they may reach out to the AM CoE to inform 

them of the gap. This occurs either during project calls 
or—if the standard need is urgent—on an ad hoc basis. 
The AM CoE can then initiate a fast-turnaround project 
to generate needed data and provide it to ASTM F42 to 
develop the standard. 

F42.07.01 
Aviation

F42.07.02 
Spaceflight

F42.07.03 
Medical/
Biological

F42.07.04 
Transportation 
and Heavy 
Machinery

F42.07.05 
Maritime

Charles Park, 
Boeing

Rick Russel, NASA

Rod McMillan, 
J&J and Matthew 
DiPrima, FDA

Sergio Sanchez, 
Jabil

TBD

F42.07.06 
Electronics

F42.07.07 
Construction

F42.07.08 
Oil/Gas

F42.07.09 
Consumer

Alireza Sarraf,  
Lam Research

Sam Ruben, Mighty 
Building TBD TBD

Learn More www.astm.org/COMMIT/SUBCOMMIT/F42

F42.07 Applications CHAIR 
Shane Collins 
Additive Industries

CO-CHAIR  
Nima Shamsaei 
Auburn University
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GAPS IN ASTM STANDARDS
The field of AM is rapidly developing, but still has 
many unsolved challenges that make it difficult to fully 
commercialize AM parts and products. In response to 
these challenges, in March 2016, America Makes and 
ANSI formed AMSC to coordinate and promote the 
development of AM standards targeted at industry 
needs. AMSC does not develop standards, but instead 
seeks to align the activities of various stakeholder 
groups around the standards most needed to 
accelerate growth of the AM industry.

AMSC developed the 2nd version of the Standardization 
Roadmap for Additive Manufacturing in June 2018. That 
roadmap surveyed existing AM standards, identified 
gaps, and provided specific recommendations 
regarding the highest priority areas for focused 
standardization R&D. It primarily looked at needs within 
the industrial AM market, including the aerospace, 
defense, and medical sectors.

In total, that roadmap identified 93 open gaps  
in five general topic areas:
1. Design
2. Process and materials (including precursor  

materials, process control, post-processing,  
and finished material properties)

3. Qualification and certification
4. Nondestructive evaluation
5. Maintenance

These 93 gaps included 18 identified as high priority, 
51 medium priority, and 24 low priority. The majority of 
the gaps (65 cases) would require new R&D to generate 
necessary data for standards development.

AMSC intended for its roadmap to be broadly adopted 
by the AM community and used for the development of 
harmonized, consistent standards to facilitate growth 
within the industry. The AM CoE is taking direct action 
to achieve this goal through its coordination with the 
community to pursue standards R&D projects targeted 
at specific AMSC gaps.

ROLE/IMPORTANCE OF AM R&D FOR 
STANDARDIZATION
Establishing standards provides a foundation of 
knowledge and common reference point for processes 
and procedures, saving companies the time and 
expense of solving problems by trial and error. This 
reduces time to market and increases implementation 
speed for new products, making the business case 
for AM more attractive and speeding adoption rates. 
However, in many cases, the high-quality data required 
for standard development is not available to SDOs. 
Thus, the process of standard development is delayed 
until the industry can provide this data.  In such cases, 
performing short-term and targeted R&D studies is 
a unique solution for generating required data for 
standard development. 

CURRENT PROCESS FOR AM R&D
AM users face multiple challenges in their current 
R&D practices, including difficulty with repeatability, 
streamlining the production process from small vendors 
to users, and scaling up once a product is ready for 
market. Many of these challenges could be addressed 
through standards, but currently knowledge generated 
through R&D is often not captured for standards—and 
when it is, there is a significant time delay between 
completion of the R&D process and the development of 
a relevant standard.

Repeatability is a challenge for AM manufacturers due 
to the many variables inherent in AM processes—from 
powder quality to machine parameters to how to inspect 
for defects during production. 

Standards are a valuable tool for improving repeatability 
because they can set criteria to ensure that specific 
processes are carried out the same way every time, 
improving the consistency of the finished product.

Currently, there is no good communication system in 
place to connect vendors of feedstock materials, AM 
manufacturers, and final users of AM products. This 
results in stakeholders not understanding the quality 
requirements for their material or product that will be 
needed further downstream. 

Standards can help address this challenge by ensuring 
that stakeholders at each point in the process are 
working toward goals that align with the needs at the 
next stage.

SECTION 3

Current State: Gaps and Challenges
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Beginning production at scale is particularly challenging 
for AM as an emerging industry. In order to scale up an 
AM part to mass production, a company must overcome 
numerous obstacles. The cost of materials and the time 
to print parts is often prohibitive, and complex and time-
consuming certification and validation processes are 
needed to allow repeatability across different machines 
or vendors. 

Identifying common problems and variables and 
addressing them with standards sets a foundation that 
allows all companies to avoid costly and unnecessary 
trial and error during product development. 

CURRENT PROCESS FOR  
AM STANDARDS DEVELOPMENT
While some AM standards have been developed in 
a short period of time, the process has been slow 
and complex in other cases, often taking years for a 
completed standard to be published. This is due to the 
detailed technical needs of AM standards and the high 
level of information and expert consensus necessary 
 for development.

In order to develop a standard, it is necessary to 
gather extensive technical knowledge, in-depth R&D 
information, and numerous examples of industry best 
practices, which organizations are not always willing 

to share due to intellectual property (IP) concerns. 
Standards also go through multiple review stages, and 
reaching consensus among experts is not easy and can 
require many rounds of discussion. 

The standards development process starts when 
stakeholders recognize a need for new testing, 
specification, or safety requirements. A champion 
of the standard presents the idea to relevant SDO 
task groups and committees, and it then undergoes 
numerous stages of development, review, and 
iteration, before being disseminated and promoted 
amongst manufacturers, governmental agencies, trade 
associations, and consumers.

The graphic below gives a high-level overview  
of the significant cost and time required when  
R&D and standards development occur in two 
disconnected stages.

file-chart-line lightbulb-on industry-alt conveyor-belt

analytics edit comments-alt thumbs-up

award

file-upload cart-plus

Conduct basic 
research

Develop lab  
prototype

Manufacture 
at scale

Attain AM 
Certification

Identify a 
standard 
need

Draft the 
standard

Approve 
second 
draft in main 
committee

Publish the 
standard

Publicize for 
marketplace 
use

Achieve 
consensus via 
subcommittee 
discussion

Deploy product 
to market

Relative Time:

Sequential R&D and Standards Development  Processes

R&D

STANDARDS
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INTEGRATED R&D AND STANDARD  
DEVELOPMENT  APPROACH
The AM CoE R&D program accelerates the 
standardization process by identifying high-priority 
research needs and matching them to critical 
standardization gaps, ensuring that researchers 
and standards developers are communicating and 
collaborating from the start. By breaking down the silos 
around R&D and standards activities, the AM CoE has 
established an integrated process that significantly 
reduces the time required to incorporate R&D 
knowledge into a standard (shown on right).

TECHNICAL FOCUS AREAS
Following are the main technical focus areas identified 
by AM CoE’s R&D team, that serves as examples. All AM 
CoE R&D Projects are defined to address high priority 
AM standardization gaps identified by ASTM technical 
committees and those listed in the AMSC Roadmap. 
It should be noted that outcomes of AM CoE R&D 
projects are transferred to technical committees for the 
development of final standard document and approval, 
while at the same time, these outcomes directly relate 
to at least one of the applications listed in the ASTM 
subcommittee F42-07.

 
Data, Design, and Simulation in AM

 ͽ AM Data: technical data package, data pedigree, 
schema, management, security, data-driven 
approaches in AM, etc.)

 ͽ AM Design: design for AM, support structure, 
application-specific design, etc.)

 ͽ AM Simulation: Material-Process-Structure- 
Property relationship

 
Feedstock (including evaluation and recycling)

 ͽ Evaluation, reuse, spreadability,  
flowability, sampling

 ͽ Low-cost feedstock

SECTION 4

AM CoE R&D Program Strategy

Integrated R&D and Standard Development Approach

Indentify a standard need

Is R&D needed?

YES NO

NOYES

Normal standardization 
route by technical 

committees*
Is it an urgent case?

Review and approve  
by F42.90.05

Devlop SOW for approval**

Conduct the R&D project**

Register a work item

Convene a small task group 
to draft the standard

Develop a second draft 
based on R&D results

Conclude R&D project

List the topic for evaluation 
during annual project calls

* see “Standards 
Development”  
(page 18)  
for more details

** In the “Request for Idea” 
process, one of the AM 
CoE partners develops the 
SOW, and conducts the 
project. While in the “Call 
for Projects;” process, 
a non-AM CoE partner 
receives the funding, 
develops the SOW, and 
conducts the project.
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Processing and post processing 

 ͽ Machine calibration, In-process monitoring  
and control

 ͽ Post-build removal, heat treatment, finishing

 
Properties (including material-process- 
structure-property relationships)

 ͽ Accelerated/Alternative test methods
 ͽ Material-parameter-design informed properties

 
Inspection and Qualification

 ͽ Rapid inspection and qualification 
 ͽ Machine-to-machine and build-to-build variation

R&D PROGRAM GOALS

The AM CoE R&D Program’s activities are aligned 
around three key strategic goals:

Goal 1. Identify Crucial Gaps in Existing AM Standards
Strategy: A lack of standards related to specific AM 
products and processes presents a major barrier to 
industry adoption of R&D innovation. By starting with 
the AM community’s greatest needs—where standards 
do not yet exist—the AM CoE is able to ensure its 
projects have the largest impact possible. 

Goal 2: Support Effective Collaboration Between 
Researchers and Standards Developers
Strategy: When standards development is conducted 
in isolation from R&D, the expected development time 
for a new standard is around 2-3 years. By identifying 
and supporting short-term R&D projects targeted to the 
research needs of an individual standard, the AM CoE 
R&D program allows standards to be developed within 
a significantly shorter timeline. The process depends on 
supporting effective collaboration between researchers 
and standards developers, ensuring they keep one 
another’s goals and needs in mind.

Goal 3: Accelerate Time To Market and Reduce  
Cost of New AM Technologies 
Strategy: The commercialization of a new AM 
technology is a long and iterative procedure. If no 
standards exist, each company must develop and 
validate their own processes and product requirements. 
By getting standards into the hands of companies faster, 
the AM CoE streamlines the development process, 
ultimately saving the community time and money. 

F42.06 
Environment, 
Health, and 
Safety

F42.07 
Applications

F42.XX 
Future 
Subcommittees

F42.08 
Data

F42.01 
Test Methods

F42.04 
Design

F42.05 
Materials and 
Processes

Design, Data,  
and Modelling AM Feedstock

AM Processes/ 
Post Processes AM Testing Qualification 

AM CoE R&D Themes
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As the AM CoE pursues its goal of accelerating AM 
industry growth through standards development, it will 
continue to identify and select the most critical technical 
focus areas for AM standards R&D projects, using the 
input from ASTM technical committees, AMSC roadmap, 
and the AM community as a guide. However, it is equally 
important to remain aware of the continuing advances 
in AM technology that may result in new gaps. The AM 
CoE’s goal of accelerating AM standardization depends 
on continued collaboration and engagement with the 
AM community.

HOW TO ENGAGE WITH THE AM COE

Participate in Research-to-Standards Project Calls
The AM CoE has two major types of project calls that 
invite ideas from the community. 

 ͽ Request for Ideas (RFI): For RFI calls, members of 
ASTM technical committees are invited to submit their 
ideas for AM standardization. Selected ideas will be 
taken up by AM CoE’s partners, who will conduct the 
projects and use their resources and expertise to 
perform the necessary research.

 ͽ Call for Projects (CFP): The AM CoE’s CFP calls  
allow anyone in the AM community to submit a 
proposal to potentially lead an AM CoE project. 
Selected projects will receive a funding award from 
the AM CoE to pursue research that contributes to  
AM standards development.

Join an ASTM Technical Committee
Technical experts in the AM community are  
invited to join an ASTM technical committee such  
as F42 to contribute their knowledge and input for  
the development of standards. Membership  
is open to all individuals with an interest in a  
technical committee’s scope. ASTM’s technical 
committees and subcommittees hold meetings  
and symposia at locations across the United States  
and abroad to discuss topics related to ongoing 
standards development.

Contribute Data for Standardization
The whole AM industry can move forward faster, when 
organizations are willing to share non-proprietary 
data related to common AM challenges. You can help 
contribute to standardization by sharing internally 
developed test methods, lessons learned, or best 
practices with the AM CoE. The AM CoE will then test 
and validate the provided data, run benchmarking 
studies, and provide infrastructure and support for the 
standardization process, before ultimately passing the 
data along to Committee F42 to develop a standard.

Participate in Specialty Workshops
Another way to engage with the AM CoE is to share 
your knowledge at specialty workshops. The AM 
CoE organizes targeted workshops to allow experts 
to discuss current challenges and needs. These 
workshops gather perspectives from industry, 
academia, and government, enabling the AM CoE 
to maintain current knowledge of the status of the 
workshop’s topic area, including recent achievements 
and current challenges. They also provide a forum for 
experts in the AM community to discuss standards gaps 
and potential solutions. Findings at such events are 
integrated into roadmaps and strategic guides to further 
align community activities around standards.

A recent example of an AM CoE specialty workshop 
is the Additive Manufacturing Data Management and 
Schema workshop held on December 9–10, 2019. Day 
1 consisted of 20 technical talks followed by a panel 
discussion, in which more than 90 industry experts 
participated. On the second day of the workshop, 
more than 40 experts from government, academia 
and industry gathered for an invite-only roadmapping 
session to identify the highest priority gaps and 
challenges for the development and adoption of the 
AM data ecosystem. They discussed five major topics 
of interest: Data Use, Data sharing, Data Practices, Data 
Acquisition, and Data Security.

SECTION 5

Path Forward
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Workshop participants identified the following top three 
priority gaps/challenges to be solved:

1. Minimum viable data packages with emphasis on data 
needed linkages

2. Data integrity, verification (traceability, version 
control, and provenance)

3. Lack of understanding of how best to correlate data 
with part performance

One of the outcomes of this workshop is a strategic 
guide that captures the input of various sectors to map 
out existing challenges, summarize gaps, and identify 
potential future solutions to improve data management 
and use through the timely development of related 
standards for the AM community. The Strategic Guide 
will be available to the public in Summer 2020.

In addition, based on a recommendation from this 
workshop, establishment of a new subcommittee for 
AM data was proposed to F42 executive team and 
approved. F42.08 is the newest subcommittee under 
F42, with a focus on data in AM. 

FUTURE GOALS
As the AM CoE continues to launch near-term projects 
to advance specific standards goals, we will also identify 
ways to expand the scope of the R&D program to bring 
more value to the community from the AM CoE’s work. 

Near Term
In the near term, there is an opportunity to forge 
connections with other AM CoE activities, such as by 
coordinating with its US and EU industry consortia to 
launch consortia-driven R&D projects. Additionally, 
the R&D program could align with the education and 
workforce development (E&WD) program activities by 
using the R&D program projects as a learning model for 
individuals entering the AM workforce. Opportunities to 
participate include:

 ͽ Industry, Academia: Join Committee F42 and 
contribute expertise to standards development

 ͽ Committee F42 Members: Participate in upcoming 
requests for ideas (RFIs) and project calls

 ͽ All Stakeholders: Partner with the AM CoE on 
upcoming projects; give your feedback to the AM CoE 
and provide input into standards gaps

Mid Term
In the mid term, there are opportunities for partnership 
and collaboration with other organizations, such as the 
USA Manufacturing Institutes, to coordinate activities 
and benefit from complementary areas of focus and 
expertise. Opportunities to participate include:

 ͽ Industry: Support AM CoE’s standards development 
initiatives by participating in round robin studies and 
sharing facilities and expertise

 ͽ SDOs: Engage in ongoing communication with the 
AM CoE in order to reduce duplicate efforts 

 ͽ All Stakeholders: If you are involved in work that you 
believe complements the activities of the AM CoE, 
contact us to explore opportunities to collaborate and 
coordinate efforts

Long Term
As AM technology continues to evolve, we will look 
for ways that AM standards can support the emerging 
Industry 4.0, which cuts across multiple disciplines, 
including AM and advanced manufacturing, the 
Internet of Things, smart manufacturing, and machine 
learning. As Industry 4.0 enables more interconnected 
technologies, AM standards will be needed to support 
these interdependencies, and the AM CoE is well-
positioned to identify and address these needs as they 
emerge. Opportunities to participate include:

 ͽ Academia: Support the development of 
interdisciplinary standards through studies that 
explore the connections between AM and other 
topics

 ͽ Industry: As new Industry 4.0 technologies are 
advanced, consider connections with AM and 
continue to share pre-competitive knowledge for use 
in standards development

 ͽ All Stakeholders: Help to identify and communicate 
needs for Industry 4.0 AM standards to the AM CoE 

CONTACT US!
If you are involved in work that you believe 
complements AM standardization and the activities 
of the AM CoE, contact amcoe@astm.org to explore 
opportunities to collaborate and coordinate efforts
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The AM CoE’s approach for accelerating AM standards 
development is to develop an integrated workflow 
that tightly couples standards development and R&D. 
To do so, the AM CoE follows a structured process to 
develop R&D projects that align with high-priority gaps, 
challenges, and standards needs identified by the AM 
community (i.e. AMSC Roadmap). Their process fills 
immediate needs by matching AM CoE capabilities 
with R&D gaps identified by the AM community itself, 
targeted toward advancing new or revised standards.  

All R&D idea submissions are reviewed by ASTM 
International’s F42.90.05 (Research and Innovation) 
team using a set of key criteria that enable them to 
evaluate their potential to generate standards that 
will make a meaningful impact on the AM field. AM 
CoE receives urgent requests from ASTM technical 
subcommittees, too. Similar to regular project calls, 
these urgent R&D requests are evaluated by the 
F42.90.05 team. If approved, AM CoE forms a team 
among partners to conduct the resarch and provide the 
data for standardization. F42 has been at the forefront 
of AM standards and is a longstanding proponent of 
applying R&D to yield advances in AM. 

The F42.90.05 teams have extensive experience 
developing work items and determining the manpower 
and resources needed for a particular effort, making 
them well equipped to identify the projects most 
likely to advance from a need or concept to a released 
standard. When a new R&D idea is selected, it is 
immediately registered as a new standard work item 
with F42, allowing R&D and standard development to 
proceed in close coordination.

Projects are selected based on the following criteria: 
1. Likelihood that the project will successfully advance 

from a need or concept to a released standard
2. Rationale for developing/revising the standard and 

who is expected to use it
3. Whether the impacted standard has sufficient 

industry buy-in
4. Whether the research is related to ongoing efforts by 

other ASTM committees or outside organizations (to 
foster coordination rather than duplication)

5. How well the project aligns with AM CoE  
partner capabilities

APPENDIX A

R&D Idea Selection Process and Workflow

AM CoE Partners Non-AM CoE 
Partners

ASTM International 
Leadership

ASTM International 
Technical Committees

ASTM F42.90.05 
Research and Innovation 
Subcommittee Members

Solicit Grant 
Proposals

Provide Urgent 
Standardization Input

1

Submit Grant 
Proposals2

Assign Selected 
Grant Proposals to 
AM CoE Partners4 Draft Statements 

of Work (SOWs)5 Conduct 
Research10

Review SOWs6 Disburse Grant 
Funds9

Finalize SOWs7
Grant Final 
Approval of 
SOWs8

Review and 
Recommend 
Grant Proposals3

R&D Idea Selection Process
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APPENDIX B

Progress To Date: R&D Projects

The AM CoE R&D program set a year-one goal of 
initiating and impacting at least five standards within 
ASTM’s AM portfolio. The AM CoE exceeded this target, 
launching five first-round research projects that are 
expected to address 20 standards gaps and enhance 
16 standards. The AM CoE initiated an additional nine 
R&D projects in the second round in October 2019 
that increases the overall total to 26 standards gaps 
addressed and 11 standards impacted

PROJECT 1801: METALLIC AM MECHANICAL TESTING
Responsible Partner: Auburn University 
Principal Investigator: Nima Shamsaei

Project Summary 
The goal of this project is to better understand the 
relationship between test coupon and part performance 
through systematic experimental procedures and 
simulations focused on the effects of part size, 
geometry, and time interval.

Standards Impact 
The study will contribute to a standard that guides  
how to design specimens (i.e., test coupons) that 
are most representative of additively manufactured 
components. Following is a list of existing and new 
standards that will be impacted or developed based  
on outcomes of this study:

 ͽ ISO/ASTM52921: Standard Terminology for  
Additive Manufacturing-Coordinate Systems  
and Test Methodologies

 ͽ ASTM F3301-18: Standard for Additive Manufacturing 
– Post Processing Methods – Standard Specification 
for Thermal Post-Processing Metal Parts Made Via 
Powder Bed Fusion

 ͽ ASTM WK49229: New Guide for Orientation and 
Location Dependence Mechanical Properties for 
Metal Additive Manufacturing

 ͽ ASTM F3345: New Guide for Additive Manufacturing 
– General Principles – Standard Test Artefacts for 
Additive Manufacturing

Standards Gaps 
The study addresses the following gaps listed in the 
AMSC Roadmap:

 ͽ Gap D9: AM Simulation Benchmark Model/Part 
Requirements

 ͽ Gap FMP1: Mechanical Properties
 ͽ Gap FMP4: Design Allowables

First Round Projects from October 2018
NOTE: Some standards 
and standards gaps were 
impacted by multiple projects, 
so the total shown here is less 
than the sum of the table.

17
Standards 
Gaps 
Addressed

20
Existing 
Standards 
Impacted

Project Number Project Title

Auburn University 1801 Metallic AM Mechanical Testing 3 4

EWI 1802 AM Post Processing 2 2

mtc 1803 AM Feedstock 5 4

NASA/ Auburn University 1804 LB-PBF Process Qualification - Phase I 9 6

NIAR 1805 Polymer AM Test Specimen Design 3 9
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PROJECT 1802: AM POST PROCESSING 
Responsible Partner: EWI 
Principal Investigator: Adam Brooks

Project Summary 
This project addresses the challenge of finishing and 
characterizing the surface quality of complex AM 
geometries through investigating how various surface 
finishing techniques for additively manufactured 
products impact performance and structural integrity.

Standards Impact 
This post-processing research will help standardize 
surface quality and measurement metrics. Following is 
a list of existing and new standards that will be impacted 
or developed based on outcomes of this study:

 ͽ ISO/ASTM52910 – 18: Additive manufacturing — 
Design — Requirements, guidelines  
and recommendations

 ͽ ASTM WK66682: New Guide for Evaluating Post-
processing and Characterization Techniques for  
AM Part Surfaces

Standards Gaps 
The study addresses the following gaps listed in the 
AMSC Roadmap:

 ͽ Gap D7: Design Guide for Post Processing
 ͽ Gap D28: Specification of Surface Finish
 ͽ Gap P4: Surface Finish

PROJECT 1803: AM FEEDSTOCK 
Responsible Partner: mtc 
Principal Investigator: Steven Hall

Project Summary 
This research aims to develop quality assessment 
standards for metal powders used in additive 
manufacturing machines. This information is  
needed to guide users of metal powders on when  
to accept powder batches from suppliers, when to 
refresh recycled powders and when to quarantine 
powder batches.

Standards Impact 
This feedstock characterization research will contribute 
to a standard guide that helps people who need to 
evaluate powder quality and recyclability. Following is a 
list of existing and new standards that will be impacted 
or developed based on outcomes of this study:

 ͽ ISO/ASTM52921: Standard Terminology for Additive 
Manufacturing-Coordinate Systems and Test 
MethodologiesStandards Gaps

 ͽ ASTM WK66030: Standard for Quality Assessment 
of Metal Powder Feedstock Characterization Data for 
Additive Manufacturing

 ͽ ASTM WK49229: New Guide for Orientation and 
Location Dependence Mechanical Properties for 
Metal Additive Manufacturing

 ͽ ASTM F3345: New Guide for Additive Manufacturing 
– General Principles – Standard Test Artefacts for 
Additive Manufacturing

Standards Gaps 
The study addresses the following gaps listed in the 
AMSC Roadmap:

 ͽ Gap PM1: Flowability
 ͽ Gap PM2: Spreadability
 ͽ Gap PM3: Particle Size and Particle Size Distribution
 ͽ Gap PM4: Particle Morphology
 ͽ Gap PM7: AM Process-Specific Metal  
Powder Specification

PROJECT 1804: L-PBF PROCESS  
QUALIFICATION ͽ PHASE I
Responsible Partner: NASA/Auburn University 
Principal Investigator: Doug Wells 
Co-Principal Investigator: Nima Shamsaei

Project Summary 
This project will address the lack of minimum 
requirements for the qualification of L-PBF machines 
and processes through shared development and round 
robin trials for individual qualification procedures and 
acceptance metrics.

Standards Impact 
This research will develop standard procedures, 
metrics, and comprehensive requirements to help 
qualify machines and processes in laser powder bed 
fusion. Following is a list of existing and new standards 
that will be impacted or developed based on outcomes 
of this study:

 ͽ NASA MSFC-SPEC-3716: Standard for Additively 
Manufactured Spaceflight Hardware by Laser Powder 
Bed Fusion in Metals

 ͽ NASA MSFC-SPEC-3717: MSFC Technical Standard 
Specification for control and qualification of laser 
powder bed fusion metallurgical processes

 ͽ ASTM WK65937: Process Characteristics and 
Performance - Control and Qualification of Laser 
Beam Powder Bed Fusion Processes

 ͽ ASTM WK65929: Additive Manufacturing-Finished 
Part Properties and Post Processing - Additively 
Manufactured Spaceflight Hardware by Laser Beam 
Powder Bed Fusion In Metals
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 ͽ ASTM F3303: Standard for Additive Manufacturing – 
Process Characteristics and Performance:  
Practice for Metal Powder Bed Fusion Process  
to Meet Critical Applications

 ͽ ASTM F3345: New Guide for Additive Manufacturing 
– General Principles – Standard Test Artefacts for 
Additive Manufacturing

Standards Gaps 
The study addresses the following gaps listed in the 
AMSC Roadmap:

 ͽ Gap D28 Design Documentation: Specification  
of Surface Finish

 ͽ Gap FMP1 Finished Material Properties:  
Material Properties

 ͽ Gap FMP4 Finished Material Properties:  
Design Allowables

 ͽ Gap FMP5 Finished Material Properties: 
Microstructure

 ͽ Gap PC2 Process Control: Machine Calibration  
and Preventative Maintenance

 ͽ Gap PC4 Process Control: Machine Qualification
 ͽ Gap PC5 Process Control: Parameter Control
 ͽ Gap QC2: AM Part Classification System for 
Consistent Qualification

 ͽ Gap QC3: Harmonizing Q&C Terminology for  
Process Parameters

PROJECT 1805: POLYMER AM TEST  
SPECIMEN DESIGN
Responsible Partner: NIAR 
Principal Investigator: Christopher Holshouser

Project Summary 
This effort focuses on mechanical testing issues 
surrounding polymers used in additive manufacturing. 
Because machining is often necessary to meet ASTM 
geometric dimensioning and tolerance requirements, 
the research will address the need to generate 
consistent acceptable failure modes..

Standards Impact 
A standard guide(s) will be developed to address  
the standard test methods used during recent  
polymer AM qualification and equivalency test 
programs. Following is a list of existing and new 
standards that will be impacted or developed based  
on outcomes of this study:

 ͽ ASTM D695-15: Standard Test Method for 
Compressive Properties of Rigid Plastics

 ͽ ASTM D638-14: Standard Test Method for Tensile 
Properties of Plastics

 ͽ ASTM D790-17: Standard Test Method for Flexural 
Properties of Unreinforced and Reinforced Plastics 
and Electrical Insulating Materials

 ͽ ASTM D5379-12: Standard Test Method for Shear 
Properties of Composite Materials by V-notched 
Beam Method

 ͽ ASTM D5766/D5766M-11: Standard Test Method 
for Open Hole Tensile Strength of Polymer Matrix 
Composite Laminates

 ͽ ASTM D6742/D6742M-17: Standard Practice for 
Filled-Hole Tension and Compression Testing of 
Polymer Matrix Composite Laminates

 ͽ ASTM D6484/D6484M-14: Standard Test Method for 
Open-Hole Compressive Strength of Polymer Matrix 
Composite Laminates

 ͽ ASTM D5961/D5961M-17: Standard Test  
Method for Bearing Response of Polymer  
Matrix Composite Laminates

 ͽ ASTM WK66029: Standard for Mechanical Testing  
of Polymer Additively Manufactured Materials

Standards Gaps 
The study addresses the following gaps listed in the 
AMSC Roadmap:

 ͽ Gap FMP1: Material Properties
 ͽ Gap FMP4: Design Allowable
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PROJECT 1901: RAPID QUALITY INSPECTION 
SPECIMEN 
Responsible Partner: Auburn University 
Principal Investigator: Nima Shamsaei

Project Summary 
Undesired variations within the LB-PBF can adversely 
affect the final part quality. Detecting such variations 
is challenging, costly and time consuming. This project 
will use a rapid quality inspection specimen (RQIS) to 
identify and quantify any deviations in build/material 
quality through a series of tests that can be performed 
within a few hours after the build is removed from 
the machine. These include: dimensional accuracy, 
geometry compliance, surface roughness at various 
surfaces, and mechanical properties that can be rapidly 
evaluated such as torque and angle of twist.

Standards Impact 
The project is intended to develop a part design, 
location dependency analysis, sensitivity to defects 
analysis, and a fully detailed and implemented 
procedure. Following is a list of existing standards that 
will be impacted by outcomes of this study.

 ͽ ISO/ASTM52921: Standard Terminology for  
Additive Manufacturing-Coordinate Systems  
and Test Methodologies

 ͽ ASTM WK49229: New Guide for Orientation and 
Location Dependence Mechanical Properties for 
Metal Additive Manufacturing

 ͽ ASTM WK55297: New Guide for Additive 
Manufacturing – General Principles – Standard Test 
Artefacts for Additive Manufacturing

 ͽ ASTM WK65420: New guide for additive 
manufacturing guideline for installation, operation, 
and performance qualification (IQ/OQ/PQ) of  
Laser-beam powder bed fusion equipment for 
production manufacturing

 ͽ ASTM WK65937: Additive Manufacturing - Space 
Application - Flight Hardware made by Laser Beam 
Powder Bed Fusion Process

This project will also contribute to a standard work item 
on the rapid quality inspection procedure for LB-PBF.

 ͽ ASTM WK71395: New Practice for Additive 
Manufacturing – Accelerated Quality Inspection  
of Build Health for Laser Beam Powder Bed  
Fusion Process

Standards Gaps 
The study addresses the following gaps listed in the 
AMSC Roadmap:

 ͽ Gap PC3: Machine Health Monitoring
 ͽ Gap M6: Tracking Maintenance
 ͽ Gap D17: Contents of a TDP
 ͽ Gap D26: Design for Measurement of AM  
Features/Verifying the Designs of Features such  
as Lattices, etc. 

 ͽ Gap PC2: Machine Calibration and  
Preventative Maintenance

 ͽ Gap PC4: Machine Qualification
 ͽ Gap FMP1: Material Properties

Existing 
Standards 
Impacted

Second Round Projects from October 2019
NOTE: Some standards 
and standards gaps were 
impacted by multiple projects, 
so the total shown here is less 
than the sum of the table.

20
Standards 
Gaps 
Addressed

43
Existing 
Standards 
Impacted

Project Number Project Title

Auburn University 1901 Rapid Quality Inspection Specimen 7 6

EWI 1902 AM Data Pedigree 1 9

mtc 1903 AM Powder Spreadability 1 5

mtc 1904 Design Guides for Post-Processing 1 7

NAMIC 1905 Design Guides for AM Processes 1 5

NAMIC 1906 In-Process Monitoring 2 8

NASA / Auburn University 1907 LB-PBF Process Qualification - Phase II 9 6

NIAR 1908 Polymer AM Design Value Tests 2 4

NIAR 1909 Dynamic Testing of Polymer AM 2 4
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PROJECT 1902: AM DATA PEDIGREE
Responsible Partner: EWI 
Principal Investigator: Luke Mohr

Project Summary 
Digital data acquisition, automation, data analysis, 
and data sharing have the potential to exponentially 
accelerate the AM development timeline, but this 
exponential growth has not yet been observed due 
to gaps in the ability to easily share data and in the 
consistency of data across different groups. A standard 
defining a minimum subset of data entries and the 
taxonomy of those data entries is a key first step  
toward data sharing. 

Standards Impact 
This project will develop a draft of a common data 
dictionary for AM processes and measurements 
that also defines relationships between these items. 
Following is a list of existing standards that will be 
impacted by outcomes of this study:

 ͽ ISO/ASTM52901-16: Standard Guide for Additive 
Manufacturing – General Principles – Requirements 
for Purchased AM Parts 

 ͽ ISO/ASTM 52921: Terminology for Additive 
Manufacturing—Coordinate Systems and  
Test Methodologies

 ͽ ASTM F52900: Standard Terminology for Additive 
Manufacturing — General Principles — Terminology

 ͽ ASTM E3049: Standard Guide for Characterizing 
Properties of Metal Powders Used for Additive 
Manufacturing Processes

 ͽ ISO/ASTM52902: Additive manufacturing — Test 
artifacts — Geometric capability assessment of 
additive manufacturing systems

 ͽ ASTM F2971: Practice for Reporting Data for Test 
Specimens Prepared by Additive Manufacturing

 ͽ ISO/ASTM 52904: Additive manufacturing —  
Process characteristics and performance — Practice 
for metal powder bed fusion process to meet  
critical applications

 ͽ ISO/ASTM 52941: Additive manufacturing — System 
performance and reliability — Standard test method 
for acceptance of power-bed fusion machines for 
metallic materials for aerospace application 

This project also registers and will develop the following 
work item:

 ͽ ASTM WK72172: Additive manufacturing – General 
principles – Overview of data pedigree

Standards Gap
The study addresses the following gap listed in the 
AMSC Roadmap:

 ͽ Gap D19: Organization Schema Requirement and 
Design Configuration Control

PROJECT 1903: AM POWDER SPREADABILITY
Responsible Partner: mtc 
Principal Investigator: Steven Hall

Project Summary 
Good understanding of powder spreadability is 
essential to ensure that metal powder can be spread 
in Powder Bed Fusion (PBF) machines, with uniform 
powder bed density, a smooth even surface, equal 
particle size distribution across the bed. Lack of any of 
the above can contribute in the formation of defects 
in printed parts. There are a range of existing ASTM 
standard and non-standard test methods related to 
the measurement of powder flow properties, however 
it is not clear that these tests adequately address the 
requirement for spreadability in the PBF process. There 
is a lack of understanding of what the test result means, 
and how this translates to process performance and part 
quality.  This is exacerbated by the wide range of PBF 
machine designs available. 

To address this gap, there is a need to define 
standardised spreadability parameters which meet 
the requirements of the PBF process and understand 
the suitability of the available powder test methods.  
To do this it is essential to understand what good 
spreading powder means in terms of part quality so that 
appropriate limits on spreadability can be set, which 
will depend on the PBF machine design. Ultimately, this 
understanding will enable AM users to optimise the 
powder-process-property relationship for PBF. 

Standards Impact 
The project is intended to develop the  
following deliverables:

 ͽ Review of existing spreadability parameters  
and assessment methods 

 ͽ Leverage literature data and experience, in 
collaboration with INSPIRE 

 ͽ Spreadability trials at mtc

 ͽ Powder flow testing and correlation with  
spreadability parameters

 ͽ PBF trials and part testing for validation

 ͽ Recommend future testing program and partners

Following is a list of existing standards that will be 
impacted by outcomes of this study:

 ͽ ISO/ASTM52921: Standard Terminology for  
Additive Manufacturing-Coordinate Systems  
and Test Methodologies
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 ͽ ISO / ASTM52907 – 19: Additive manufacturing — 
Feedstock materials — Methods to characterize 
metallic powders

 ͽ WK55610: Characterization of Powder Flow 
Properties for Additive Manufacturing Applications

 ͽ WK66030: Quality Assessment of Metal  
Powder Feedstock Characterization Data for  
Additive Manufacturing

This project also registers and will develop the following 
work item:

 ͽ WK71393: New Practice for Additive Manufacturing – 
Assessment of Powder Spreadability for Powder Bed 
Fusion (PBF) Processes 

Standards Gaps 
This project will address the following gaps listed in the 
AMSC roadmap:

 ͽ Gap PM2: Spreadability

PROJECT 1904: DESIGN GUIDES FOR POST-
PROCESSING
Responsible Partner: mtc 
Principal Investigator: Andrew Triantaphyllou

Project Summary 
There is information for designers about methods that 
can be used to post-process AM components but no 
guidance on when, why and how to choose and apply 
them. This project is intended to provide:

 ͽ A guide that explains available post-processing steps 
in AM and why they are used.

 ͽ Implications of the above for component and 
assembly design.

 ͽ Communication and specification of post-processing 
requirements.

Standards Impact 
Following is a list of existing and new standards that will 
be impacted by outcomes of this study:

 ͽ ISO/ASTM52910-18: Additive manufacturing 
— Design — Requirements, guidelines and 
recommendations 

 ͽ ISO/ASTM52911-1-19: Additive manufacturing — 
Design — Part 1: Laser-based powder bed fusion  
of metals 

 ͽ ISO/ASTM52911-2-19: Additive manufacturing — 
Design — Part 2: Laser-based powder bed fusion  
of polymers 

 ͽ ISO/ASTM 52901-16: Standard Guide for Additive 
Manufacturing – General Principles – Requirements 
for Purchased AM Parts

 ͽ ASTM WK64190: Additive Manufacturing Design - 
Decision Guide 

 ͽ ASTM WK62867 (ISO/ASTM 52914): Additive 
Manufacturing - General Principles - Guide for Design 
for Material Extrusion Processes

 ͽ ASTM WK62946 (ISO/ASTM 52922): Additive 
Manufacturing - General Principles - Guide for Design 
for Directed Energy Deposition Processes

Standards Gaps 
The study addresses the following gap listed in the 
AMSC Roadmap:

 ͽ Gap D7: Design Guide for Post-processing 
(addressing metal L-PBF process only)

PROJECT 1905: DESIGN GUIDES FOR AM PROCESSES
Responsible Partner: NAMIC 
Principal Investigator: David Rosen

Project Summary 
Designers could benefit from guidelines and  
best practices that are specific to individual AM 
processes and address the strengths and weaknesses 
of AM. This proposed project will build on existing 
process-specific guides for laser-based powder bed 
fusion of metals and polymers to address two additional 
AM processes, Directed Energy Deposition (DED) and 
material extrusion.

Standards Impact 
The following standards will be led to the balloting stage 
by the PI:

 ͽ ISO/ASTM52910-18: Additive manufacturing 
— Design — Requirements, guidelines and 
recommendations 

 ͽ ISO/ASTM52911-1-19: Additive manufacturing — 
Design — Part 1: Laser-based powder bed fusion  
of metals 

 ͽ ISO/ASTM52911-2-19: Additive manufacturing — 
Design — Part 2: Laser-based powder bed fusion  
of polymers 

 ͽ ASTM WK64190: Additive Manufacturing Design - 
Decision Guide 

 ͽ ASTM WK62867 (ISO/ASTM 52914): Additive 
Manufacturing - General Principles - Guide for Design 
for Material Extrusion Processes

 ͽ ASTM WK62946 (ISO/ASTM 52922): Additive 
Manufacturing - General Principles - Guide for Design 
for Directed Energy Deposition Processes

Standards Gaps 
The study addresses the following gap listed in the 
AMSC Roadmap:

 ͽ Gap D3: Process-Specific Design Guidelines

PROJECT 1906: IN-PROCESS MONITORING
Responsible Partner: NAMIC 
Principal Investigator: Tran Anh Tuan

Project Summary 
While in-process monitoring systems are being 
developed to inspect quality of 3D-printed parts, there 
is not yet a well-established analysis method that 
specifies the procedures and requirements to extract 
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layer-wise information representing the printing process 
for quality evaluation. This project will employ the off-
axial system monitoring system to acquire optical and 
thermal images of the powder bed fusion process. 
Image analysis will be performed on the acquired 
images to extract structured data representing the 
printing process. From the layer-wise data, NAMIC will 
develop a procedure to construct a 3-D file embedding 
with parameters that are representative of the printing 
process and useful for quality evaluation.

Standards Impact 
The project is intended to develop a technical  
reference for conversion of in-process optical and 
thermal data into a 3D file representing the printing 
process in powder bed fusion. Following is a list of 
existing standards that will be impacted by outcomes  
of this study:

 ͽ ASTM F3302-18: Standard for Additive Manufacturing 
– Finished Part Properties – Standard Specification 
for Titanium Alloys via Powder Bed Fusion

 ͽ ASTM F3213-17: Standard for Additive Manufacturing 
– Finished Part Properties – Standard Specification 
for Cobalt-28 Chromium-6 Molybdenum via Powder 
Bed Fusion

 ͽ ASTM F3318-18: Standard for Additive Manufacturing 
– Finished Part Properties – Specification for 
AlSi10Mg with Powder Bed Fusion – Laser Beam

 ͽ ISO/ASTM52904-19: Additive Manufacturing – 
Process Characteristics and Performance: Practice 
for Metal Powder Bed Fusion Process to Meet Critical 
Applications

 ͽ ASTM F3184-16: Standard Specification for Additive 
Manufacturing Stainless Steel Alloy (UNS S31603) 
with Powder Bed Fusion

 ͽ ASTM F2924-14: Standard Specification for Additive 
Manufacturing Titanium-6 Aluminum-4 Vanadium 
with Powder Bed Fusion

 ͽ ASTM F3055-14a: Standard Specification for Additive 
Manufacturing Nickel Alloy (UNS N07718) with 
Powder Bed Fusion

 ͽ ASTM WK62181: New Guide for Standard Guide 
for In-Situ Monitoring (IPM) of Metal Additively 
Manufactured Aerospace Parts

Standards Gaps 
The study addresses the following gaps listed in the 
AMSC Roadmap:

 ͽ Gap PC16: In-Process Monitoring
 ͽ Gap D22: In-Process Monitoring

PROJECT 1907: LB-PBF PROCESS  
QUALIFICATION- PHASE II
Responsible Partner: NASA/Auburn University 
Principal Investigator: Doug Wells 
Co-Principal Investigator: Nima Shamsaei

Project Summary 
This project is a continuation of Round 1 Project 4 to 
address the lack of minimum requirements for the 
qualification of L-PBF machines and processes. Phase 2 
of the project aims to

 ͽ Establish a standard set of procedures, test methods, 
and evaluations used to establish L-PBF qualification 
based on fundamental objectives.

 ͽ Establish quantitative and/or qualitative metrics 
applicable to each evaluation to define successful 
machine and process qualification.

 ͽ Conduct development and round-robin-style trials of 
the qualification evaluations and associated metrics.

Standards Impact 
NASA will work to develop standard procedures, metrics, 
and comprehensive requirements to help qualify 
machines and processes in laser powder bed fusion. 
This process qualification and assessment research aims 
to establish much-needed consensus in this area across 
the additive manufacturing community. Following is a list 
of existing and new standards that will be impacted or 
developed based on outcomes of this study:

 ͽ NASA MSFC-SPEC-3716: Standard for Additively 
Manufactured Spaceflight Hardware by Laser Powder 
Bed Fusion in Metals

 ͽ NASA MSFC-SPEC-3717: MSFC Technical Standard 
Specification for control and qualification of laser 
powder bed fusion metallurgical processes

 ͽ ASTM WK65937: Process Characteristics and 
Performance - Control and Qualification of Laser 
Beam Powder Bed Fusion Processes

 ͽ ASTM WK65929: Additive Manufacturing-Finished 
Part Properties and Post Processing - Additively 
Manufactured Spaceflight Hardware by Laser Beam 
Powder Bed Fusion In Metals

 ͽ ASTM F3303: Standard for Additive Manufacturing 
– Process Characteristics and Performance: Practice 
for Metal Powder Bed Fusion Process to Meet Critical 
Applications

 ͽ ASTM F3345: New Guide for Additive Manufacturing 
– General Principles – Standard Test Artefacts for 
Additive Manufacturing

Standards Gaps 
The study addresses the following gaps listed in the 
AMSC Roadmap:

 ͽ Gap D28 Design Documentation: Specification  
of Surface Finish

 ͽ Gap FMP1 Finished Material Properties:  
Material Properties
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 ͽ Gap FMP4 Finished Material Properties:  
Design Allowables

 ͽ Gap FMP5 Finished Material Properties: 
Microstructure

 ͽ Gap PC2 Process Control: Machine Calibration and 
Preventative Maintenance

 ͽ Gap PC4 Process Control: Machine Qualification
 ͽ Gap PC5 Process Control: Parameter Control
 ͽ Gap QC2: AM Part Classification System for 
Consistent Qualification

 ͽ Gap QC3: Harmonizing Q&C Terminology for  
Process Parameters

PROJECT 1908: POLYMER AM DESIGN VALUE TESTS
Responsible Partner: NIAR 
Principal Investigator: Christopher Holshouser

Project Summary 
Static property test methods commonly used in the 
thermoplastics industry do not apply to specimens 
produced using AM. The lack of AM specific test 
methods has halted adoption of the technology, 
preventing process control allowables and design 
values from being generated for even mature materials 
and processes. In this project, a series of prep-print-test 
tasks will be performed on a variety of build (toolpath) 
strategies and/or alternative geometries along with 
proper test setup, and performance will be evaluated 
and validated. 

Standards Impact 
An industry-approved test matrix and test plan will be 
created to oversee and communicate progress on the 
test program.  A final report summarizing the findings 
and data generated from the validation phase of this 
program will be made available.  A standards guidance 
document will be generated to become an AM-
addendum to the previously identified ASTM standards 
of interest. Following is a list of existing standards that 
will be impacted by outcomes of this study: 

 ͽ ASTM D5766/D5766M-11: Standard Test Method 
for Open Hole Tensile Strength of Polymer Matrix 
Composite Laminates

 ͽ ASTM D6742/D6742M-17: Standard Practice for 
Filled-Hole Tension and Compression Testing of 
Polymer Matrix Composite Laminates

 ͽ ASTM D6484/D6484M-14: Standard Test Method for 
Open-Hole Compressive Strength of Polymer Matrix 
Composite Laminates

 ͽ ASTM D256: Standard Test methods for determining 
the IZOD pendulum impact resistance of plastics

Standards Gaps 
The study addresses the following gaps listed in the 
AMSC Roadmap:

 ͽ Gap FMP1: Material Properties
 ͽ Gap FMP4: Design Allowables

PROJECT 1909: DYNAMIC TESTING OF POLYMER AM
Responsible Partner: NIAR 
Principal Investigator: Christopher Holshouser

Project Summary 
It is challenging to consistently generate design values 
for specific application requirements that would be 
derived from static property testing.  Dynamic and 
application-specific testing is a barrier to moving away 
from datasheets to technology implementation. This 
project will review the results of current and existing 
studies to compile an approach to microstructure 
analysis specimens as well as application-specific 
characterization (fatigue, creep, and wear).  These 
results will then be socialized and circulated amongst 
the ASTM and other AM communities to determine what 
additional testing should be done prior to standards 
being created. 

Standards Impact 
A standards guidance document will be created to help 
inform on performing uniaxial and multi-axial fatigue, 
creep, and wear for polymer AM material extrusion 
technologies.  A guidance document will be provided 
on toolpath level information for correlating static 
properties to more complex features commonly found 
in representative part geometries. Following is a list of 
existing standards that will be impacted by outcomes of 
this study:

 ͽ ASTM D7791: Standard Test Method for Uniaxial 
Fatigue Properties of Plastics

 ͽ ASTM D2990: Standard Test Methods for Tensile, 
Compressive, and Flexural Creep and Creep-Rupture 
of Plastics

 ͽ ASTM D6873: Standard Practice for Bearing Fatigue 
Response of Polymer Matrix Composite Laminates

 ͽ ASTM E2207: Standard Practice for Strain-Controlled 
Axial-Torsional Fatigue Testing with Thin-Walled 
Tubular Specimens

Standards Gaps 
The study addresses the following gaps listed in the 
AMSC Roadmap:

 ͽ Gap FMP1: Material Properties
 ͽ Gap FMP4: Design Allowables

STANDARDIZATION GAPS AND WORK ITEMS  
As stated above, All the R&D projects funded by the ASTM AM CoE are 
designed to address high-priority AM standardization gaps. To achieve 
this goal, each R&D project directly contributes to one or more existing 
or new standards. In the case of new standards, principal investigators 
(PI) of projects develop the standard documents, while the projects 
are being conducted.  This mechanism is designed to accelerate the 
development of initial standard document, also known as work item 
draft, through targeted R&D. Similar to all other standards drafts, each 
document will undergo a consensus-based process for final approval 
and release. The graphic on page 37 illustrates how each of the R&D 
projects funded in Rounds 1 and 2 map to specific AMSC gaps and 
shows the current status of their respective work items.
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R&D Projects: Associated Standards and AMSC Gaps

1   Work Item Scoping and Registration

2   Draft Under Development

3    Undergoing Ballot

4   Final Approval As A Standard

  Completed     In Process     Upcoming

AM CoE Partner Year Project

Auburn University 2018 1801: Metal AM Testing 
WK49229 1 2 3 4  

Auburn University 2019 1901: Rapid Quality Inspection Specimen 
WK71395  1 2 3 4

EWI 2018 1802: AM Post Processing 
WK66682  1 2 3 4

EWI 2019 1902: AM Data Pedigree 
WK72172  1 2 3 4

mtc 2018 1803: AM Feedstock Evaluation 
WK66030  1 2 3 4

mtc 2019 1903: AM Powder Spreadability 
WK71393  1 2 3 4

mtc 2019 1904: Design for Post Processing 
TBD  1 2 3 4

NAMIC 2019 1905: Design Guides for AM Processes 
WK62867  1 2 3 4   WK62946  1 2 3 4

NAMIC 2019 1906: In-Process Monitoring 
TBD  1 2 3 4

NASA 
Auburn University

2018/ 
2019

1804 & 1907: LB-PBF Process Qualification   
WK65937  1 2 3 4   WK65929  1 2 3 4

NIAR 2018 1805: Polymer AM Test Specimen Design 
WK71391  1 2 3 4

NIAR 2019 1908: Polymer AM Design Value Tests 
TBD  1 2 3 4

NIAR 2019 1909: Dynamic Testing of Polymer 
TBD  1 2 3 4 QC3

QC2

PM7

PM4

PM3

PM2

PM1

PC16

PC5

PC4

PC3

PC2

P4

M6

FMP5

FMP4

FMP1

D28

D26

D22

D19

D17

D9

D7

D3

AMSC Gaps
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APPENDIX C

Example Outcome: AM Powder  
Feedstock Evaluation

CASE STUDY: AM POWDER  
FEEDSTOCK EVALUATION
This study, part of mtc’s AM CoE R&D project on powder 
feedstock assessment, aimed to address one of the 
major gaps in PBF standards: how to predict flowability 
and spreadability of powder in PBF machines. To do this 
effectively, it is important to first consider the typical 
interaction between the powder, the PBF machine 
architecture, and the environmental conditions the 
powder is exposed to. The aim was to provide AM 
users with guidance on what factors to consider when 
choosing flow test methods for the PBF process. 

PBF MACHINES
To explore the typical process steps and environments a 
powder typically experiences in PBF machines, a range 
of commercially available PBF machine platforms were 
examined. A set of five criteria were identified that AM 
users should consider when assessing the likelihood of 
powder performance in PBF machines:

Powder Flowability

Spreading Behavior

PBF Process Performance

PBF Part Quality
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CRITERIA CATEGORY DESCRIPTION EXAMPLE PBF MACHINE

Powder Dosing Gravity Powder is fed from the hopper into the build chamber 
by freefall motion, unaided

Arcam Q20+

Piston Powder is dispensed on one side of the build chamber, 
which is slightly raised up to allow powder to be 
pushed across the build chamber

EOS M290

Mechanical Powder is metered volumetrically into the build 
chamber by mechanical devices such as valves

Renishaw 500Q

Hopper Powder is dispensed using a slotted hopper which 
both stores and spreads powder

Matsuura Avance-25

Powder 
Spreading Recoater A recoater (wiper or rake) collects powder and 

distributes it evenly across the build chamber

Arcam Q20+,  
Renishaw 500Q,  
Matsuura Avance-25

Roller A counter rotating roller is used to spread powder 
across the build chamber 3D Systems DMP Flex 100

Atmosphere
Vacuum

A vacuum is created and maintained immediately 
before and during the build process, typically within 
Electron Beam PBF (EB-PBF)

Arcam Q20+

Pressurized
The chamber is pressurised with inert gas, usually 
argon, typically within Laser PBF (L-PBF). Typical 
pressures range from 0.5-20MPa

Renishaw 500Q,  
EOS M400-4,  
Matsuura Avance-25

Temperature
< 100°C

Certain machines can be heated to a low level, with the 
aim of reducing the heat difference from the bottom of 
the part and the top

EOS M400-4 
Matsuura Avance-25

> 100°C

Many machines can operate above 100 °C, allowing 
for a reduction in temperature differences through 
components during the build process. Higher 
temperatures up to 1,200°C, are becoming more 
common within newer machine systems

Arcam Q20+,  
Renishaw 500Q

Hopper 
Environment

Same 
As Build 
Chamber

Conditions in the build chamber are the same  
as that of the hopper, particularly the pressure  
and temperature

Arcam Q20+, EOS M400-4, 
Matsuura Avance-25

Different 
From Build 
Chamber

Temperature and pressure levels within the hopper 
are different from those within the build chamber Renishaw 500M
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GROUP STANDARD STANDARD TITLE

Funnel Flow B213-17 Flow Rate of Metal Powders Using the Hall Flowmeter Funnel  (2017)

B964-16 Flow Rate of Metal Powders Using the Carney Funnel (2016)

B855-17 Volumetric Flow Rate of Metal Powders Using the Arnold Meter and Hall 
Flowmeter Funnel (2017)

Indices D6393-14 Bulk Solids Characterisation by Carr Indices (see Carr Compressibility) (2014)

Density B703-17 Apparent Density of Metal Powder and Related Compounds Using the Arnold 
Meter (2017)

B527-15 Determination of Tap Density of Metallic Powders and Compounds (2015)

B212-17 Apparent density of Free-Flowing Metal Powders Using the Hall Flowmeter 
Funnel (2017)

B417-18 Apparent density of Non-Free-Flowing Metal Powders Using the Carney 
Funnel (2018)

Shear D7891-15 Shear Testing of Powders Using the Freeman Technology FT4 Powder 
Rheometer Shear Cell (2015)

D6128-16 Shear Testing of Bulk Solids Using the Jenike Shear Tester (2016)

D6773-16 Bulk Solids Using Schulze Ring Shear Tester (2016)

POWDER TEST METHOD STANDARDS
Existing ASTM powder flow and packing test method 
standards were reviewed. ASTM test methods 
considered included active ASTM standards for 
flowability, density and shear measurement of metal 
powders. Primary powder property test method 
standards such as particle size distribution, particle 
morphology, and chemistry were not included, as 
these factors should be captured indirectly in the 
measurement of flowability, density and shear.

TEST METHOD SUGGESTIONS
Several suggestions were provided on applicability 
of specific test methods to the PBF process. These 
suggestions are based on AM user experiences and 
perceived relevance of the test method to the process; 
however, studies are needed to establish these links. 

Powder dosing from gravity fed devices  
and hoppers
Funnel flow methods such as Hall flow and shear cell 
devices are likely choices, especially shear cells which 
can predict powder flow behavior from hoppers. 

Powder spreading
Rotating drum analyzers and shear cells could 
provide limited insight into flow behavior, if the forces 
experienced are of similar magnitudes. However, 
to effectively predict powder spreading behavior, 
spreading test beds need to be developed.

Piston-fed machines
Understanding packing is important, which  
could be achieved from the Hausner ratio, or more 
advanced compressibility test using the Freeman FT4 
powder rheometer. Mechanical dosing, especially screw 
fed, may relate to the stability and variable flow rate test 
of the Freeman FT4 powder rheometer.

Environmental conditions for tests
Since PBF generally operates at higher temperatures, 
moisture removal from the powder by means of a 
conditioning cycle, may closer replicate the processing 
environment. Some test equipment suppliers also offer  
elevated temperature cells. All machines also operate at 
either vacuum or with pressurized inert gas, so humidity 
control during testing would move towards replicating 
these low moisture environments.



CONTACT US
If you are involved in work that you believe complements AM standardization 
and the activities of the AM CoE, contact amcoe@astm.org to explore 
opportunities to collaborate and coordinate efforts

 
         




