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October 2021 Progress Report on AMSC Roadmap v2 Gaps 
 
The America Makes and ANSI Additive Manufacturing Standardization Collaborative (AMSC) is tracking progress by 
standards developing organizations (SDOs) and others to address the gaps identified in the AMSC’s Standardization 
Roadmap for Additive Manufacturing (Version 2.0, June 2018). The updates provided in this progress report were 
derived from various sources: direct inputs from SDO staff and subject matter experts (with attribution), SDO alert 
mechanisms, and independent research by ANSI staff based on publicly available SDO work programmes and other 
information. As such, this report should not be viewed as a consensus document and it does not necessarily reflect 
the views of the individuals or organizations named. It is intended to be a “living document” that will be maintained 
and periodically re-published as standards development work continues or until such time as the AMSC undertakes 
to develop a next version of its standardization roadmap. Margin comments and suggested edits to the gaps are left 
in intentionally to be addressed at a later date. 
 
Click on any of the roadmap gap titles below for the most recent updates (highlighted and dated) since the deadline 
for input (4/30/2021) on the last progress report which was published 5/6/2021. You will see fields for updates 
since roadmap version 2 was published, new published standards, and new in-development standards. In some 
cases, staff has determined that a published standard or in-development standard may be responsive to an identified 
v2 gap(s) or topical area based on the standard’s title/abstract. In other cases, staff was unable to make such a 
determination and, in such cases, the standard is listed at the end of a chapter.  
 
Updates, corrections, and suggested edits should be sent to amsc@ansi.org. 
 
Navigational links: 

• Control + click in table of contents takes you to the chapter list of gaps 
• Control + click in the chapter list of gaps (organized by high, medium, low priority) takes you to the gap 
• Control + click on a gap takes you to the chapter list of gaps 
• Control + click on “back to top” takes you to the top of the document 
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Material in this publication is for educational purposes. Neither the publisher nor the authors assume 
any liability for any errors or omissions or for how this publication or its contents are used or interpreted 
or for any consequences resulting directly or indirectly from the use of this publication. For legal or 
other advice, please consult your personal lawyer or the appropriate professional.  
 
The views expressed by the individuals in this publication do not necessarily reflect the views shared by 
the companies they are employed by (or the companies mentioned in this publication). The employment 
status and affiliations of authors with the companies referenced are subject to change. 
 

 
 

Chapter 2.1. Design  
High Priority 

• Gap D4: Design Guides for Specific Applications (10/26/2021) 
• Gap D17: Contents of a TDP (10/26/2021) 
• Gap D18: New Dimensioning and Tolerancing Requirements (9/21/2021) 

• Gap D19: Organization Scheme Requirement and Design Control (10/26/2021) 
Medium Priority 

• Gap D1: Decision Support: Additive vs. Subtractive (9/21/2021) 
• Gap D2: Decision Support: Additive Processes (10/6/2021) 

• Gap D3: Process-Specific Design Guidelines (10/27/2021) 
• Gap D5: Support for Customizable Guidelines (9/21/2021) 
• Gap D6: Software-encodable/Machine-readable Guidelines (9/21/2021) 

• Gap D7: Design Guide for Post-processing (10/14/2021) 
• Gap D8: Machine Input and Capability Report (9/21/2021) 

• Gap D11: Design for 3D Printed Electronics (Closed) (3/31/2021) 
• Gap D12: Imaging Consistency (9/29/2021) 
• Gap D13: Image Processing and 2D to 3D Conversion (3/31/2021) 

• Gap D14: Designing to be Cleaned (3/31/2021) 
• Gap D21: New Terminology in Design Documentation (10/4/2021) 

• Gap D22: In-Process Monitoring (10/12/2021) 
• Gap D24: An Acquisition Specification (Closed) (3/31/2021)  

• Gap D26: Design for Measurement of AM Features/Verifying the Designs of Features such as 
Lattices, etc. (10/6/2021) 

• New Gap D27: Standardized Design for Additive Manufacturing (DFAM) Process Chain (10/6/2021) 

• New Gap D28: Specification of Surface Finish (3/31/2021) 
Low Priority 

• Gap D9: AM Simulation Benchmark Model/Part Requirement (10/14/2021) 
• Gap D10: Design for As-built Assembly 
• Gap D15: Design of Test Coupons (10/4/2021) 

• Gap D16: Verifying Functionally Graded Materials (FGM) (9/21/2021) 
• Gap D20: Neutral Build File Format (9/21/2021) 

• Gap D23: Documentation of New Functional and Complex Surface Features (9/21/2021) 
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Gap D1: Decision Support: Additive vs. Subtractive. Currently there is no standard that helps users understand 
the advantages/disadvantages of AM processes versus traditional manufacturing processes while also providing 
decision criteria so informed design/manufacturing decisions can be made.  
R&D Needed: TBD 
Recommendation: Develop a guideline that helps understand trade-offs between AM processes and traditional 
processes (e.g., sacrifice design freedom for greater certainty of established processes in terms of material 
properties, reliability, etc.). 
Priority: Medium 
Organization: ISO/ASTM, AWS, SAE, SME 
v2 Status of Progress: Green (SME) in terms of a tool providing general guidance, though not a standard 
v2 Update: No standards are planned or in development. Commercial tools are available. SME and its ITEAM 
(Independent Technical Evaluation of Additive Manufacturing) are developing the RAPID Additive Manufacturing 
Platform (RAMP). The Additive Manufacturing Equipment and Materials Repository, a core aspect of RAMP, was 
released in beta, with beta testing continuing during the summer of 2018. The SAM-CT demo evaluation application 
will utilize RAMP. Application providers are being encouraged to develop additional additive manufacturing 
evaluation applications.  
Updates Since v2 was Published: 
9/21/2021, Paul Witherell: ASME has formed a new Subcommittee on Additive Manufacturing under Board of 
Standardization and Testing- Manufacturing and Advanced Manufacturing.  One of the topics to be addressed 
includes what Steve has identified here. 
9/20/2021, JM: David Rosen comment: WK64190 was balloted in ASTM in Fall 2020. Still resolving negative votes. 
After approval, will be offered to ISO TC261. 
11/13/2020, MW: Steve Weinman, ASME, comment: ASME is forming a Working Group on Practical Guide to 
Engineers for AM - all applications available to them. Exploration of capabilities, feature identification, Software 
identification and more. 
New Published Standards  
 

New In-Development Standards 
3/31/2021, JM: Per presentation by David Rosen, ASTM 
F42/ISO/TC 261 JG54: ASTM WK64190, Additive 
Manufacturing Design - Decision Guide 
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Gap D2: Decision Support: Additive Processes. The version 1.0 gap stated that there is no standard that 
normalizes the characteristics of the general AM process and ranks the pros/cons or strengths/weaknesses of each 
process, allowing users to make informed decisions about which AM process best suits their need. In 20182017, 
ISO/ASTM published ISO/ASTM 52910-18, Additive manufacturing — Design — Requirements, guidelines and 
recommendations ISO/ASTM 52910-17, Standard Guidelines for Design for Additive Manufacturing) (work item 
previously known as ASTM WK38342). The standard briefly addresses AM process selection, providing an example 
of a high-level diagram and with section 6.8.2, specific process considerations. However, additional standards may 
be needed to address trade-off criteria between processes.  
R&D Needed: Yes. R&D is needed to identify trade-off criteria. 
Recommendation: Continue work to complement what has been published in ISO/ASTM 52910:2017. Focus on 
identification of trade-off criteria between processes. There is still a need to develop a standard for reporting 
process inputs and capabilities. 
Priority: Medium 
Organization: National labs and government agencies for the R&D. ISO/TC 261 & ASTM F42 for the standards 
work. 
v2 Status of Progress: Green. Gap partially closed in relation to standards with the publication of ISO/ASTM 
52910-17. 
v2 Update: The gap statement and recommendation have been updated in light of the publication of ISO/ASTM 
52910-17.  
Updates Since v2 was Published:  
 
New Published Standards 
10/17/2019, LY: Paul Witherell, NIST, comment: 
Updated release of ISO/ASTM 52910-18, Additive 
manufacturing — Design — Requirements, guidelines 
and recommendations. (ASTM F3154-18) 

New In-Development Standards 
10/6/2021, JM: ISO/ASTM CD 52918, Additive 
manufacturing — Design — Requirements, guidelines 
and recommendations (revision of 2018 version) 
 

http://www.sme.org/iteam
https://www.astm.org/DATABASE.CART/WORKITEMS/WK64190.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK64190.htm
https://www.astm.org/Standards/ISOASTM52910.htm
https://www.astm.org/Standards/ISOASTM52910.htm
https://www.astm.org/Standards/ISOASTM52910.htm
https://www.astm.org/Standards/ISOASTM52910.htm
https://www.astm.org/Standards/ISOASTM52910.htm
https://www.iso.org/standard/81934.html?browse=tc
https://www.iso.org/standard/81934.html?browse=tc
https://www.iso.org/standard/81934.html?browse=tc
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3/31/2021, JM: Per presentation by David Rosen, ASTM 
F42/ISO/TC 261 JG54: ASTM WK64190, Additive 
Manufacturing Design - Decision Guide 
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Gap D3: Process-Specific Design Guidelines. There are no available AM process-specific design guidelines. The 
design guidelines currently being developed by JG57 are process-specific design guidelines under joint 
development by ASTM F42 and ISO/TC 261. ASTM and ISO identify 7 types of AM processes, meaning that 6 AM 
processes do not have guidelines under development. 
R&D Needed: No, for the guidelines on PBF. Not yet determined for the other six processes. 
Recommendation: Complete work on the ISO/ASTM JG57 design guidelines for PBF. Develop guidelines for the 
six other AM processes defined in ISO/ASTM 52900:2015, Additive manufacturing -- General principles – 
Terminology. 
Priority: Medium 
Organization: ASTM F42/ISO TC 261 JG 57, AWS 
v2 Status of Progress: Green (ISO/ASTM) for PBF. Green (AWS) for PBF and DED. Not Started for the other 
processes defined in ISO/ASTM 52900. 
v2 Update: As noted in the text, ISO/ASTM JG57 design guidelines are being developed for PBF-L for metals and 
polymers. Work on electron beam continues. AWS D20.1 will address PBF and DED, as noted in the text. 
Updates Since v2 was Published: 
10/27/2021, Mahdi Jamshidinia: A Guide for Design of Binder Jetting is being worked under JG57, and is still 
active. But due to the limited availability of some members, the progress has been slower than usual. Based on the 
information that I received, the activity will resume soon (in Nov. 2021). 
9/20/2021, JM: David Rosen comment: WK62867 was balloted in ASTM in August 2021.  Negative votes to be 
resolved soon. After approval, will be offered to ISO TC261. Per Mohsen Seifi, this is AM CoE project 1905 being 
developed in F42.04. 
9/20/2021, JM: David Rosen comment: WK72938 will be balloted simultaneously in ASTM and ISO soon. Will be 
ISO/ASTM 52911-3. 
8/5/2020, MW: ASTM AM CoE Strategic Roadmap for Research & Development (April 2020) notes that AM CoE 
Project 1905 (WK62867, F3413-19 (WK62946) addresses AMSC Gap D3. 
3/17/2020, JM: Jessica Coughlin, AWS D20, comments: “AWS D20.1 does have a design clause, but I'm not sure it 
lines up with the intentions of this gap. It does not provide any guidance on how to design parts for AM fabrication. 
Rather, it discusses mechanical property design values, provides requirements for including witness specimens in 
the build model, and lists the items that the Engineer must specify to the Contractor.” 
New Published Standards 
4/6/2020, JM: ASTM F3413-19, Guide for Additive 
Manufacturing — Design — Directed Energy Deposition 
has been published. This was WK62946 developed by 
ASTM F42.04. 
10/17/2019, LY: Paul Witherell, NIST, comment: JG57 
standards have been published as: 
ISO/ASTM 52911-1-19, Additive manufacturing — 
Design — Part 1: Laser-based powder bed fusion of 
metals has been published. 
ISO/ASTM 52911-2-19, Additive manufacturing — 
Design — Part 2: Laser-based powder bed fusion of 
polymers has been published. 

New In-Development Standards 
10/4/2021, JM: ISO/ASTM FDIS 52900, Additive 
manufacturing — General principles — Fundamentals 
and vocabulary is being revised (revision of 2015 
version)  
9/27/2021, JM: Per presentation by David Rosen, ASTM 
F42/ISO/TC 261: JG57, WK62867 
8/19/2020, JM:  
• ASTM WK72938, Additive manufacturing -- Design 

-- Part 3: Electron-based powder bed fusion of 
metals 

• ASTM WK69732, Additive Manufacturing -- Wire 
Arc Additive Manufacturing 
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Gap D4: Design Guides for Specific Applications. As industry fields mature in particular AM applications, best 
practices should be recorded. 
R&D Needed: TBD 
Recommendation: It is recommended that any application-specific design guides extend available process-
independent and process-specific design guides. However, application-specific design guidelines may also need to 
be developed by their respective communities, and in such cases these guidelines may fall under respective 

Commented [JM1]: Delete based on Jessica Coughlin 
comment of 3/17/2020? 

https://www.astm.org/DATABASE.CART/WORKITEMS/WK64190.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK64190.htm
http://webstore.ansi.org/RecordDetail.aspx?sku=ISO%2fASTM+52900%3a2015
http://webstore.ansi.org/RecordDetail.aspx?sku=ISO%2fASTM+52900%3a2015
https://amcoe.org/rd-publications#analysis
https://www.astm.org/Standards/F3413.htm
https://www.astm.org/Standards/F3413.htm
https://www.iso.org/standard/72951.html
https://www.iso.org/standard/72951.html
https://www.iso.org/standard/72951.html
https://www.iso.org/standard/72952.html
https://www.iso.org/standard/72952.html
https://www.iso.org/standard/72952.html
https://www.iso.org/standard/74514.html
https://www.iso.org/standard/74514.html
https://www.iso.org/standard/74514.html
https://www.astm.org/DATABASE.CART/WORKITEMS/WK72938.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK72938.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK72938.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK69732.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK69732.htm
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societies or SDOs. For instance, a design guideline for printed electronics may be best suited for an organization 
such as IEEE or IPC. 
Priority: High 
Organization: ASME, SAE, ASTM F42/ISO TC 261, and potentially other SDOs et al. (e.g., manufacturers, industry 
consortia) 
v2 Status of Progress: Green 
v2 Update: ASME is working on design guides for pressure retaining equipment (e.g., pressure vessels). Other 
SDOs need to consult with their committees. Some of the SAE process specifications may address this.  
Updates Since v2 was Published: 
9/7/2021, JM: Teresa Melfi, Lincoln Electric commented: ASME BPVC recently published code case 3020, 
qualification of GMAAM (gas metal arc additive manufacturing welding procedures.  Several of the BPVC 
committees are now working on rules for use of components made from these materials, with expectation that they 
will publish as code cases in 2022 and be incorporated into some of the BPVC sections in the 2023 publications 
3/31/2021, JM: Per presentation by David Rosen, ASTM F42/ISO/TC 261: No applications specified. Medical? 
11/13/2020, MW: Steve Weinman, ASME, comment: For the ASME draft specification for pressure retaining 
metallic components using additive manufacturing the construction method used is powder bed fusion additive 
manufacturing. Both laser beam and electron beam energy sources are permitted by this guideline. Hybrid 
construction incorporating AM components joined (welded or brazed) to non-AM components is acceptable. Design 
and fabrication of additive manufactured components joined to other AM components or non-AM components would 
follow the requirements for the applicable ASME construction code or standard. The Additive Manufacturer and the 
Powder Supplier maintain a quality program as defined by the construction code. The latest draft of the proposed 
Criteria will be distributed shortly for review and comment by the Special Committee, and a Peer Review Group. 
The target date for publication as an ASME product is December 31, 2020. 
4/9/2020, MW: Steve Weinman, ASME, comment: An ASME Special Committee is reviewing a draft specification 
for pressure retaining metallic components using additive manufacturing. The construction method used is powder 
bed fusion additive manufacturing, but laser beam and electron beam processes are also included. ASME Code 
parts to be joined to additive manufactured parts will follow the requirements for the appropriate ASME construction 
code for the applicable scope. Use of material in the creep regime will not be permitted. It is anticipated that this 
guideline will serve as the technical baseline to support development of proposed Code Cases for Boiler and 
Pressure Vessel Section III and VIII construction using AM. 
10/17/2019, LY: Paul Witherell, NIST, comment: ASTM F42.07 Applications has been formed to begin to address 
application-specific needs, including design. 
New Published Standards 
 

New In-Development Standards 
10/26/2021, JM:  
SAE ARP7042 - Standard Recommended Practice: 
Development Plan for design of AM components in an 
aircraft system (Initiated Aug 09, 2021) 
SAE ARP7043 - AM component checklist (Initiated Aug 
05, 2021). ARP7042 and ARP7043 are under ballot per 
Bill Bihlman. 
 
9/7/2021, JM: Teresa Melfi, Lincoln Electric commented: 
The publication referenced in the 3/31/2021 comment 
below covers powder bed, but not “traditional” arc 
welding processes. That is currently under development. 
 
3/31/2021, JM: Per presentation by George Rawls, the 
ASME Special Committee has produced a final draft 
document providing Criteria for Pressure Retaining 
Metallic Components Using Additive Manufacturing. The 
intent is to publish this as a Pressure Technology Book 
(PTB) for use as a reference document for additive 
manufacturing Code Cases or incorporation of additive 
manufacturing into construction codes. ASME has 
submitted a Project Initiation Notification with ANSI 
stating that they will develop a standard for additively 
manufactured pressure equipment. Section V is 
developing a new article for the 2021 edition for 
computed tomography. Savannah River National Lab 
has started a collaborative project with the University of 
Michigan to evaluate fatigue design criteria for additively 
manufactured pressure equipment. 

 

https://www.sae.org/works/documentHome.do?docID=ARP7042&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=ARP7042&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=ARP7042&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=ARP7043&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
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Gap D5: Support for Customizable Guidelines. Producing the same part on different machines from different 
manufacturers and often the same manufacturer will return different results. While process and application 
guidelines will provide meaningful insight, additional tailoring may be needed for specific instantiations. 
Guidelines on how to extend process and application guidelines would allow users to further adapt and specify to 
fit individual needs. 
R&D Needed: Yes. Customizable guidelines require understanding process/machine/design characteristics and 
subsequent tradeoffs. 
Recommendation: As machines are benchmarked and calibrated (see Gap PC2), designers should have 
mechanisms available to them that will provide operational constraints on their available AM processes. 
Designers should understand what geometric and process liberties might be taken for their particular 
implementation. 
Priority: Medium 
Organization: ISO/ASTM 
v2 Status of Progress: Green 
v2 Update: ASTM WK54856, New Guide for Principles of Design Rules in Additive Manufacturing, has an 
expected release date of late 2018/early 2019. 
Updates Since v2 was Published: 
9/21/2021, Paul Witherell: WK54856 Guide for Principles of Design Rules currently dormant, plans for new 
iteration to include usage of data for derivation of design rules. 
New Published Standards 
 
 

New In-Development Standards 
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Gap D6: Software-encodable/Machine-readable Guidelines. In addition to design guidelines, complementary 
efforts have been initiated under ASTM Committee F42 on Additive Manufacturing Technologies (F42) to support 
the development of standardized design rules. Guidelines that are in development rely heavily on graphics/drawings 
and narrative through natural language, leaving often subjective interpretations. ASTM WK54856, New Guide for 
Principles of Design Rules in Additive Manufacturing, under development in ASTM F42, aims to provide explicit 
constructs from which explicit design rules can be developed and customized. These constructs will also provide a 
machine interpretable language that will support software implementation. The standard has an expected release 
date of late 2018/early 2019. 
R&D Needed: Yes. The identification of fundamental constructs should mirror key characteristics and decision 
criteria for designs, materials, and processes. 
Recommendation: Standardize a language that can be interpreted by both humans and machines so that design 
for AM can be simplified and communicated across platforms, and constraints can be encoded into design software. 
Priority: Medium 
Organization: ASTM, ISO, ASME, IEEE-ISTO PWG 
v2 Status of Progress: Green 
v2 Update: This gap is being addressed by ASTM WK54856. 
Updates Since v2 was Published: 
9/21/2021, Paul Witherell: WK54856 Guide for Principles of Design Rules currently dormant, plans for new 
iteration to include usage of data for derivation of design rules. 
New Published Standards 
 
 

New In-Development Standards 
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Gap D7: Design Guide for Post-processing. There is a need for a design guide for post-processing. 
R&D Needed: Yes.  
Recommendation: Develop a design guide for post processing 
Priority: Medium 
Organization: ASME B46, ASTM F42/ISO TC 261 
v2 Status of Progress: Not Started 

https://www.astm.org/COMMITTEE/F42.htm
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v2 Update: ASME is not working on a design guide but ASME B46 Committee is working on measurement and 
characterization methods for AM surface finish. ISO/ASTM 52910-17, Standard Guidelines for Design for Additive 
Manufacturing ISO/ASTM 52910-18, Additive manufacturing — Design — Requirements, guidelines and 
recommendations has been published and includes a high-level discussion of design considerations for post-
processing but more detailed design guides addressing specific AM processes, materials, and applications are 
needed. 
Updates Since v2 was Published: 
3/31/2021, JM: Per presentation by David Rosen, ASTM F42/ISO/TC 261: ASTM CoE project 
8/5/2020, MW: ASTM AM CoE Strategic Roadmap for Research & Development (April 2020) notes that AM CoE 
Projects 1802 (WK66682) addresses AMSC Gap D7. 
New Published Standards 
10/17/2019, LY: Paul Witherell, NIST, comment: 
Updated release of ISO/ASTM 52910-18, Additive 
manufacturing — Design — Requirements, guidelines 
and recommendations (ASTM F3154-18) 

New In-Development Standards 
10/14/2021, JM:  
ASTM WK78115, New Guide for Additive Manufacturing 
-- Design -- Post-Processing for Metal PBF-LB1. Per 
Mohsen Seifi, this is AM CoE project 1904 being 
developed in F42.04. Per Mahdi Jamshidinia, ASTM 
WK78115 is same as WK73444.  
 
10/6/2021, JM: ISO/ASTM CD 52918, Additive 
manufacturing — Design — Requirements, guidelines 
and recommendations (revision of 2018 version) 
 
9/20/2021, David Rosen: ASTM WK73444, Additive 
Manufacturing -- Design -- Post-Processing for Metal 
Powder Bed Fusion. WK73444 is currently being balloted 
in ASTM.  After approval, it will be offered to ISO TC261. 
3/31/2021, JM: NRC presentation of 12/09/20 by 
Mohsen Seifi noted these ASTM work items: 
ASTM WK66682, Evaluating Post-processing and 
Characterization Techniques for AM Part Surfaces 
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Gap D8: Machine Input and Capability Report. A standard for reporting machine input requirements and the 
associated AM machine capabilities is required to support new design tools which will be able to determine 
manufacturing feasibility, optimize manufacturing solutions, and identify AM equipment which would be able to 
manufacture the part. 
R&D Needed: No 
Recommendation: Develop a standard for reporting machine inputs such as printing parameters, laser track, etc. 
and machine capabilities such as dimensional accuracy, surface finish, material properties, geometry constraints 
(over hang angle requirements), size, porosity, etc. These reports would be used by software to accomplish the 
following:  
 
 1. Topology Optimization 
 2. Optimize manufacturing solutions 
 3. Identification of suitable AM equipment  
 4. Build Simulation 
 5. Lattice structure generation 
 6. Spatial comparisons (e.g., common standard grid) 
 
See also Gap D20 on neutral build format. 
Priority: Medium 
Organization: Consortium of industry, ISO/ASTM, IEEE-ISTO PWG 
v2 Status of Progress: Not Started 
v2 Update: ASTM has a guide for storage of technical build cycle data which may address some of this. 
Updates Since v2 was Published:  
 
New Published Standards 
 
 

New In-Development Standards 
9/21/2021, Paul Witherell: JG75 more closely aligns to 
this item, which is looking to characterize machine 
performance/ capability. Common Data Dictionary effort 
and WK72172 will establish common references 

https://www.astm.org/Standards/ISOASTM52910.htm
https://www.astm.org/Standards/ISOASTM52910.htm
https://amcoe.org/rd-publications#analysis
https://www.astm.org/Standards/ISOASTM52910.htm
https://www.astm.org/Standards/ISOASTM52910.htm
https://www.astm.org/Standards/ISOASTM52910.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK78115.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK78115.htm
https://www.iso.org/standard/81934.html?browse=tc
https://www.iso.org/standard/81934.html?browse=tc
https://www.iso.org/standard/81934.html?browse=tc
https://www.astm.org/DATABASE.CART/WORKITEMS/WK66682.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK66682.htm
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Gap D9: AM Simulation Benchmark Model/Part Requirement. A standard for a process-specific AM benchmark 
model/part is needed to enable verification and validation (V&V) of applicable process simulation tools. 
R&D Needed: Yes. R&D is needed for characterizing processes using consistent, measurable and precise 
techniques. 
Recommendation: Develop a standardized design for AM process chain that specifies and integrates the key AM 
considerations and suggested design tools in each generic design stage. The process chain can be expanded from 
ISO/ASTM 52910-18, Additive manufacturing — Design — Requirements, guidelines and recommendations 
ISO/ASTM 52910-2017, Standard Guidelines for Design for Additive Manufacturing stages and complimented with 
design tools to address specific AM needs for each task within the stages. The standardized design for AM process 
chain can be used by various industries to roll out site-specific DFAM process and digitalization implementation. 
Priority: Low 
Organization: NIST, America Makes, ASME V&V, ISO/ASTM 
v2 Status of Progress: Yellow 
v2 Update: An AM Bench Consortium led by NIST has been started. 
Updates Since v2 was Published: 
9/21/2021, Paul Witherell: ASME VVUQ 50 is developing VVUQ  methods for advanced manufacturing, including 
additive. 2nd AM Bench will happen in Spring 2022 (https://www.nist.gov/ambench) 
9/20/2021 David Rosen: 52910 does not contain any content on the use of simulation tools. 
8/5/2020, MW: ASTM AM CoE Strategic Roadmap for Research & Development (April 2020) notes that AM CoE 
Project 1801 (ISO/ASTM AWI 52909) addresses AMSC Gap D9. 
10/17/2019, LY: Paul Witherell, NIST, comment: AM Bench 2018 was hosted by NIST. All related data used for 
testing models and simulation tools can be found here: https://www.nist.gov/ambench and here: 
https://ammd.nist.gov. A future AM Bench is in planning. 
New Published Standards 
 

New In-Development Standards 
10/14/2021, JM:  
ISO/ASTM CD 52909, Additive manufacturing of metals 
— Finished part properties — Orientation and location 
dependence of mechanical properties for powder bed 
fusion. According to Mahdi Jamshidinia, this is the same 
as ASTM F3439 (originally WK49229). 
 
3/31/2021, JM: NRC presentation of 12/09/20 by 
Mohsen Seifi noted these ASTM work items: 
ISO/ASTM AWI 52909, Additive manufacturing Finished 
part properties — Orientation and location dependence 
of mechanical properties for metal powder bed fusion  
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Gap D10: Design for As-built Assembly. Guidelines do not exist for AM design for as-built assembly which is the 
ability of an AM process to create an assembly with multiple parts with relative motion capabilities in a single build. 
Design for Manufacture and Assembly (DFMA) practices do not account for considerations of single build AM 
assemblies and assemblies constructed from individual AM parts. Design approaches may need to account for 
complexity of support structures, removal times, post-processing complexity, and manufacturing time/quality using 
different parameter sets. In regard to parameters sets, factors of interest could include feed rate and diameters for 
Directed Energy Deposition (DED), layer thickness and laser scan speed for PBF. Furthermore, how these all 
factors interact must also be considered. 
R&D Needed: Yes. Additional research is needed related to individual AM part definition, including tolerances, and 
non-contact measurement and inspection methods for AM assemblies. If AM design for as-built assembly is to 
become a viable alternative for creating functioning assemblies, there needs to be rigorous academic research, 
practical pilot projects, and real industry use cases. These are critical elements in identifying the gaps that will result 
in the tailoring of existing standards and the development of new standards for AM design for as-built assembly. 
Recommendation: ISO 8887-1:2017 and other DFMA standards can be reviewed and further developed to 
address AM related issues. 
Priority: Medium 
Organization: R&D: Academia, industry, national laboratories. Standards: ISO, ASTM, AAMI, NEMA/MITA 
v2 Status of Progress: New 
v2 Update: None provided 

Commented [JM2]: Does the recommendation need to be 
tweaked in light of David Rosen comment about 52910? 

https://www.astm.org/Standards/ISOASTM52910.htm
https://www.nist.gov/ambench
https://amcoe.org/rd-publications#analysis
https://www.nist.gov/ambench
https://ammd.nist.gov/
https://www.iso.org/standard/74639.html
https://www.iso.org/standard/74639.html
https://www.iso.org/standard/74639.html
https://www.iso.org/standard/74639.html
https://www.iso.org/standard/74639.html?browse=tc
https://www.iso.org/standard/74639.html?browse=tc
https://www.iso.org/standard/74639.html?browse=tc
https://webstore.ansi.org/RecordDetail.aspx?sku=ISO+8887-1%3a2017
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Updates Since v2 was Published:  
 
New Published Standards 
 
 

New In-Development Standards 
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Gap D11: Design for 3D Printed Electronics. There is a need to develop standards on design for 3D printed 
electronics. 
R&D Needed: No 
Recommendation: Complete work on IPC-2292, Design Standard for Printed Electronics on Flexible Substrates. 
Priority: Medium 
Organization: IPC 
v2 Status of Progress: Closed, with the publication of IPC 2292 
v2 Update: IPC 2292 was published in March 2018. The IPC D-66A, 3D Printed Electronics Processes Task Group 
is in the early stages of developing a table of contents for a process guideline standard. This activity will take a 
considerable amount of time because there are so many processes, variables, materials, technologies, equipment, 
process environments, etc., to consider. With respect to the development of a design standard like IPC-2292, the 
group is of the view that it is far too early in the maturation of this technology to develop design requirements, but 
they will revisit this topic at future meetings. See also Gap D4. 
Updates Since v2 was Published: 
3/31/2021, JM: Per presentation by David Rosen, ASTM F42/ISO/TC 261: Closed: IPC 
New Published Standards 
 

New In-Development Standards 
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Gap D12: Imaging Consistency. There are currently no standard best practices for creation of protocols and 
validation procedures to ensure that medical imaging data can be consistently and accurately transformed into a 3D 
printed object. Individual companies have developed internal best practices, training programs and site qualification 
procedures. The details of a device’s individual imaging and validation plan is developed specifically for each 
process or product. However, a set of consensus best practices for developing these plans and key validation 
metrics could reduce the overhead in developing them and reduce the burden on imaging sites. This framework 
should rely on input from clinical experts to ensure that it accounts for and defers to clinical best practices where 
appropriate. 
R&D Needed: No. The information is housed within individual institutions and could be combined through 
participation in clinical associations, consortiums or standards development organizations. 
Recommendation: Develop a set of best practices for the development and qualification of imaging protocols and 
imaging sites that provide inputs to patient-matched devices. The focus should be on validation metrics and 
standard reference parts (phantoms) that can either be simple geometric patterns, or more appropriately designed 
to mimic the shape and density of natural anatomy so that the fidelity of an imaging sequence can be measured and 
calibrated. 
Priority: Medium 
Organization: RSNA (Radiological Society of North America), ASTM F42/ISO TC 261 JG70, DICOM 
v2 Status of Progress: Green 
v2 Update: An RSNA 3D Special Interest Group (SIG) is working on best practices, not a standard. ISO/ASTM NP 
52916, Additive manufacturing -- Data formats -- Standard specification for optimized medical image data from 
ISO/TC 261 JG70 deals with imaging quality. This is a secondary priority for the DICOM WG. 
Updates Since v2 was Published: 
 
New Published Standards 
 
 

New In-Development Standards 
3/31/2021, JM: Per presentation by David Rosen, ASTM 
F42/ISO/TC 261: JG70 (medical imaging) 
9/1/2020, MW: ASTM WK74006, New Specification for 
(Additive manufacturing -- Data formats -- Specification 
for optimized medical image data 
10/17/2019, LY: Paul Witherell, NIST, comment: ISO/IEC 
JTC1 WG12 for “3D Printing and Scanning” has been 

Commented [JM3]: 9/29/2021, Comment from Justin 
Ryan: Regarding D12, I don’t believe DICOM is a correct 
stakeholder group. DICOM WG-17 is not focused on image 
consistency with regards to image quality. But consistency 
with regards to metadata structure. Thus far, no metadata is 
planned for quality of images. 

https://webstore.ansi.org/RecordDetail.aspx?sku=IPC+2292-2018
https://webstore.ansi.org/Standards/IPC/IPC22922018
https://www.ipc.org/committeedetail.aspx?Committee=D-66A
https://www.iso.org/standard/75143.html
https://www.iso.org/standard/75143.html
https://www.astm.org/DATABASE.CART/WORKITEMS/WK74006.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK74006.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK74006.htm
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established. The WG is developing a work item 
“Information Technology— Requirements of Image 
Processing for covering cranial defect” to address 
medical image processing. 
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Gap D13: Image Processing and 2D to 3D Conversion. Data acquired as a stack of 2D images is converted to a 
3D model that could be a device by itself or be a template to build the device on. Tissues such as bone, soft tissue 
and vascular structures are isolated by the process of segmentation. Variability of the output depends on factors 
such as spatial and grey scale resolution of the images which in turn are driven by other factors such as the x-ray 
dosage, MRI protocol, operator capability, and reconstruction algorithms. Computational modeling groups, software 
developers, research laboratories, and the FDA have investigated methods of validating segmentation processes. 
However, the wide variety of patient geometries, frequent inability to identify a ground truth due to imaging 
constraints, and variability in the manual aspects of imaging have caused validation procedures to be developed by 
individual entities. 
R&D Needed: Yes. Data to develop protocols exists but there is still a need for standardized, physiologically 
relevant imaging phantoms that can be used to challenge many segmentation techniques. 
Recommendation: 1) Develop a standard test method to use biomimetic imaging phantoms to validate a 
segmentation technique. Round robin testing of this type of test method is highly recommended. Best practices may 
include capturing enough information to set accurate threshold values and understand geometric norms for a data 
set of interest. 2) Develop training standards that operators must meet to ensure that they are able to adequately 
reproduce a validated image processing pipeline. 
Priority: Medium 
Organization: Methods: NEMA/MITA, ASME V&V 40, ASTM F4, ASTM F42/ISO TC 261. Phantoms: NIST, FDA, 
RSNA 
v2 Status of Progress: Green 
v2 Update: On the R&D side, FDA research groups are developing phantoms but haven't yet interfaced with SDOs. 
On the standards side, ISO/ASTM NP 52916, Additive manufacturing -- Data formats -- Standard specification for 
optimized medical image data from ISO/TC 261 JG70 covers this gap. An RSNA SIG is also looking at this. 
Updates Since v2 was Published: 
3/31/2021, JM: Per presentation by David Rosen, ASTM F42/ISO/TC 261: ?? 
New Published Standards 
 
 

New In-Development Standards 
9/1/2020, MW: ASTM WK74006, New Specification for 
(Additive manufacturing -- Data formats -- Specification 
for optimized medical image data 
10/17/2019, LY: Paul Witherell, NIST, comment: ISO/IEC 
JTC1 WG12 for “3D Printing and Scanning” has been 
established. The WG is developing a work item 
“Information Technology— Requirements of Image 
Processing for covering cranial defect” to address 
medical image processing. 
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Gap D14: Designing to be Cleaned. Currently there are no design guidelines for medical devices to assure 
cleanability after production. When designing a medical device, cleanability must be evaluated at different stages for 
a number of reasons: 
1. To ensure manufacturing residues/contact materials encountered during the manufacturing process can be 
removed 
2. To ensure that unmelted/unsintered AM material from the manufacturing process can be removed 
3. For devices that are to be sterilized prior to use, to ensure that a sterilization test soil can be placed at the most 
difficult location to sterilize so that the validation will accurately show if foreign bodies picked up during the 
manufacturing process can either be killed or removed from the device prior to sterilization 
4. For reusable devices, to ensure the device can be adequately cleaned and sterilized prior to subsequent uses 
5. For reusable devices, to ensure that the device materials can be maintained for the specified number of cleaning 
cycles 
R&D Needed: Yes, in terms of ways to determine what parts are likely to be cleanable before they are made 
Recommendation: Develop design guidelines to provide general design limits and recommendations that achieve 
both needed surface structure and allow adequate cleaning. See also Gap FMP3 and Gap QC15. 
Priority: Medium 

https://www.iso.org/standard/75143.html
https://www.iso.org/standard/75143.html
https://www.astm.org/DATABASE.CART/WORKITEMS/WK74006.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK74006.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK74006.htm


Progress Report on AMSC Roadmap v2 Gaps – October 2021 Page 11 of 70 

Organization: AAMI, ASTM F4, ASTM F42/ISO TC 261, ISO/TC 198, ASME (surface metrology), FDA 
v2 Status of Progress: Not Started 
v2 Update: AAMI and ASTM have an interest and are meeting. FDA is also looking at this. 
Updates Since v2 was Published: 
3/31/2021, JM: Per presentation by David Rosen, ASTM F42/ISO/TC 261: Good idea 
New Published Standards 
3/31/2021, JM: Per 12/09/20 NRC presentation by 
Mohsen Seifi, ASTM standards: F3335-20, Standard 
Guide for Assessing the Removal of Additive 
Manufacturing Residues in Medical Devices Fabricated 
by Powder Bed Fusion, developed by F04.15 

New In-Development Standards 
 

 
 
Back to Top 
 
 

Gap D15: Design of Test Coupons. No standards are available for the design of test coupons for additively-
manufactured porous structures. 
R&D Needed: Yes. Effects on what is in the build and how well can you replicate your feature of interest. 
Recommendation: Standards are needed for the design of test coupons for additively-manufactured porous 
structures. 
Priority: Low 
Organization: ASTM F4 and F42 
v2 Status of Progress: Green 
v2 Update: ASTM F4 is looking at this. 
Updates Since v2 was Published: 
4/9/2020, MW: Steve Weinman, ASME, comment: On the R&D side, FDA research groups are developing 
phantoms but haven't yet interfaced with SDOs. ASME V&V 40 Subcommittee on Verification and Validation in 
Computational Modeling of Medical Devices is working to form a working group on this item. 
New Published Standards 
 
 

New In-Development Standards 
10/4/2021, JM: ASTM WK76163, New Test Method for 
Additive Manufacturing -- Test Artifacts -- Compression 
Validation Coupons for Lattice Designs (AM CoE project 
2001) is being developed under F42.01.  
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Gap D16: Verifying Functionally Graded Materials (FGM). Functionally graded materials are materials with 
variation in the composition or structure in order to vary the material properties (e.g., stiffness, density, thermal 
conductivity, etc.). Standard methods of specifying and verifying functionally graded materials currently do not exist. 
Furthermore, there are no guidelines on considerations when validating their performance. 
R&D Needed: Yes 
Recommendation: Update existing test guidelines for metals and polymers with considerations for materials that 
have graded properties. If the grade itself needs to be verified versus only its performance, new test methods may 
be needed. This is a broad topic however and depends on what is being evaluated. 
Priority: Low 
Organization: ASTM F4 and F42, SAE AMS-AM, ASME, ISO/TC 261 JG67 
v2 Status of Progress: Not Started 
v2 Update: ASME Y14.46 discusses the specification of functionally graded materials. New efforts are focusing on 
verification of lattice FGM specifications. 
Updates Since v2 was Published: 
 
New Published Standards 
9/21/2021, Paul Witherell: ISO/ASTM TR 52912:2020 
Additive manufacturing — Design — Functionally 
graded additive manufacturing is a technical report that 
addresses design opportunities and challenges of 
functionally graded materials. 

New In-Development Standards 
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https://www.astm.org/Standards/F3335.htm
https://www.astm.org/Standards/F3335.htm
https://www.astm.org/Standards/F3335.htm
https://www.astm.org/Standards/F3335.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK76163.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK76163.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK76163.htm
https://www.iso.org/standard/71905.html
https://www.iso.org/standard/71905.html
https://www.iso.org/standard/71905.html
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Gap D17: Contents of a TDP. The contents of a TDP that is sufficiently complete such that it could be provided to 
a vendor and result in components that are identical in physical and performance characteristics has not been 
defined. 
R&D Needed: Yes 
Recommendation: Develop a standard (or revise MIL-STD-31000A, Technical Data Packages) to describe all 
required portions of a TDP and adopt them into a formal standard. The standard should address at a minimum: 
• Performance/functional requirements (form, fit assembly) 
• Qualification requirements 
• Definition of “as-designed” part, versus “as-printed” part, versus “finished” part 
• Post-processing requirements (including finishing, removal of parts from AM machine such as separation from 
build plate) 
• Applicable AM process 
• Tailorable and non-tailorable build parameters 
• Cybersecurity requirements (if necessary) 
• Long term archival and retrieval process (including acquisition) 
Priority: High 
Organization: ASME Y14.46, ASME Y14.47, ASTM F2/ISO TC 261, AWS, DoD AFRL, NIST, SAE G-33 
v2 Status of Progress: Green 
v2 Update: NIST has been involved in developing a number of component standards with various SDOs. DoD is 
pushing for a standard that defines the contents of a TDP to cover DoD products. DoD is in the process of updating 
31000A2 revision B. ASME Y14.47:2019, Model Organization Schema Practices, is based on Appendix B of MIL-
STD-31000A. It should be available by the second quarter of 2018. DoD representatives are involved in the 
development of Y14.47 and Y14.46, which has a section specific to AM data packages. SAE G-33’s SAE EIA649C, 
Configuration Management Standard, targeted for publication in the third quarter of 2018, provides guidance on 
specification control. There is a joint WG for digital product definition and data management under ASTM/ISO 
(JG73). 
Updates Since v2 was Published: 
10/26/2021, Bill Bihlman: Kevin Slattery (SAE) is sponsoring a document for data standardization (could also apply 
to D19) 
9/21/2021, Paul Witherell: ASME Y14.46 to be balloted from “DRAFT” form this Fall, will become full standard if 
passed.  Addresses configuration of data sets 
11/13/2020, MW: Steve Weinman, ASME, comment: ASME has been working with DoD representatives to discuss 
MIL-STD-31000A and to prepare a strategy. 
8/5/2020, MW: ASTM AM CoE Strategic Roadmap for Research & Development (April 2020) notes that AM CoE 
Project 1901 (WK71395) under F42.01 addresses AMSC Gap D17. 
3/17/2020, MW: Jessica Coughlin, AWS D20, comment: AWS D20.1 (paragraph 4.4) lists the items that the 
Engineer is required to define and provide to the Contractor, including component classification, final required 
dimensions (including surface finish), material type and property requirements, allowable AM processes, post-
processing requirements, and inspection requirements 
New Published Standards 
7/18/2019, LY: ASME Y14.47 was published in 
February 2019. 
5/8/2019, LY: SAE’s G-33 Configuration Management 
Committee released SAE EIA649C, Configuration 
Management Standard in February 2019. 
4/4/2019, LY: MIL-STD-31000A has been revised; MIL-
STD-31000B is the latest version and was released on 
31 Oct 2018. 
4/4/2019, LY: The AWS recently published a new 
standard on AM, AWS D20.1/D20.1M:2019 
Specification for Fabrication of Metal Components 
using Additive Manufacturing. 

New In-Development Standards 
3/31/2021, JM: NRC presentation of 12/09/20 by 
Mohsen Seifi noted these ASTM work items: 
ASTM WK71395, Additive manufacturing -- accelerated 
quality inspection of build health for laser beam powder 
bed fusion process 
3/31/2021, JM: Per presentation by David Rosen, ASTM 
F42/ISO/TC 261: JG73 
10/17/2019, LY: Paul Witherell, NIST, comment: ISO 
TC261/ASTM F42 JG73 is actively developing PWI 
52951 “Additive manufacturing — Data packages for AM 
parts” and has an early draft to be balloted in 2020. 
 

 
Back to Top 
 
 

Gap D18: New Dimensioning and Tolerancing Requirements. Although ASME Y14.41, Digital Product Definition 
Data Practices and other standards provide some capability in addressing some of the challenges in documenting 
AM designs, significant gaps still remain. ASME Y14.46 will address these gaps. 
R&D Needed: No 

Commented [JM4]: 6/15/21, JM: Remove from gap? 
Suggested by Ben Kassel, LMI, at 2021 DOD AMMO 
workshop on AM standards 

https://webstore.ansi.org/Standards/DOD/MILSTD31000B
https://www.sae.org/standards/content/eia649c/
https://www.sae.org/standards/content/eia649c/
https://amcoe.org/rd-publications#analysis
https://webstore.ansi.org/Standards/ASME/ASMEY14472019
https://www.sae.org/standards/content/eia649c/
https://www.sae.org/standards/content/eia649c/
https://webstore.ansi.org/Standards/DOD/MILSTD31000B
https://webstore.ansi.org/Standards/DOD/MILSTD31000B
https://pubs.aws.org/p/1915/d201d201m2019-specification-for-fabrication-of-metal-components-using-additive-manufacturing
https://pubs.aws.org/p/1915/d201d201m2019-specification-for-fabrication-of-metal-components-using-additive-manufacturing
https://pubs.aws.org/p/1915/d201d201m2019-specification-for-fabrication-of-metal-components-using-additive-manufacturing
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71395.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71395.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71395.htm
https://www.asme.org/products/codes-standards/y1441-2012-digital-product-definition-data
https://www.asme.org/products/codes-standards/y1441-2012-digital-product-definition-data
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Recommendation: Complete work on ASME Y14.46. See also Gap D26 on measurement of AM features/verifying 
the designs of features such as lattices, etc. 
Priority: High 
Organization: ASME Y14.46, ASME Y14.48, NIST 
v2 Status of Progress: Green 
v2 Update: ASME Y14.46-2017, Product Definition for Additive Manufacturing [Draft Standard for Trial Use] has 
been published and items within the standard related to this gap are still under development pending final approval. 
ASME Y14.48 on Universal Direction may also be relevant but that will not be available for another year or two. 
NIST provides a vice chair of the Y14 subcommittee 46. 
Updates Since v2 was Published: 
9/21/2021, Paul Witherell: ASME Y14.46 to be balloted from “DRAFT” form this Fall, will become full standard if 
passed.  Addresses configuration of data sets 
10/17/2019, LY: Paul Witherell, NIST, comment: ASME Y14.46 is transitioning out of draft status. Use cases have 
been explored to identify gaps in the standard and new material is being developed for incorporation into future 
version. See D26. 
New Published Standards 
 
 

New In-Development Standards 
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Gap D19: Organization Schema Requirement and Design Configuration Control. AM parts are intrinsically tied 
to their digital definition. In the event of a design modification, proper methods of configuration and parameter 
curation are needed for verification. This could include verification of the digital material parameters, process 
parameters, or software version, if applicable. A comprehensive schema for organizing related information in an AM 
digital product definition data set will provide traceable, consistent data content and structure to consumers of the 
data. 
R&D Needed: No 
Recommendation: ASME Y14.47-2019, Model Organization Schema Practices, formerly known as Y14.41.1 may 
partially address this gap but AM related aspects need to be further developed. This standard should be available 
by the second quarter of 2018. ASME Y14.47 is based on Appendix B of MIL-STD-31000A. ASME could also 
consider multiple schemas (e.g., scan data) that are not currently under consideration within Y14.47. ASME Y14.47 
and ISO/TC 10 could incorporate the digital configuration control into their developing standards if they have not 
already. SAE’s G-33 Configuration Management Committee is developing SAE EIA649C, Configuration 
Management Standard, which is targeted for publication by the third quarter of 2018.  
Priority: High 
Organization: ASME Y14.47, ISO/TC 10, ASTM F42/ISO TC 261 JG73, AWS, NIST, SAE G-33 
v2 Status of Progress: Green 
v2 Update: As noted in the recommendation. 
Updates Since v2 was Published: 
10/26/2021, Bill Bihlman: Kevin Slattery (SAE) is sponsoring a document for data standardization (could also apply 
to D19) 
8/5/2020, MW: ASTM AM CoE Strategic Roadmap for Research & Development (April 2020) notes that AM CoE 
Project 1902 (WK72172) addresses AMSC Gap D19. 
3/17/2020, MW: Jessica Coughlin, AWS D20, comment: AWS D20.1 (paragraph 7.2) requires that Contractor have 
a Digital Control Plan in place and defines the items that must be included in such a plan. 
New Published Standards 
7/15/2019, LY: The revision to Technical Data 
Packages, MIL-STD-31000B, has since been 
published. 
5/23/2019, LY: ASME Y14.47 was published in 
February 2019. 
5/9/2019, LY: SAE’s G-33 Configuration Management 
Committee released SAE EIA649C, Configuration 
Management Standard in February 2019. 
4/4/2019, LY: The AWS recently published a new 
standard on AM, AWS D20.1/D20.1M:2019 
Specification for Fabrication of Metal Components 
using Additive Manufacturing. 

New In-Development Standards 
9/21/2021, Paul Witherell: ASTM WK72172, Additive 
manufacturing -- General principles -- Overview of data 
pedigree is a new effort to establish agreed upon 
definitions to facilitate the exchange of AM data.   
3/31/2021, JM: Per presentation by David Rosen, ASTM 
F42/ISO/TC 261: JG73?? 
10/17/2019, LY: Paul Witherell, NIST, comment: ISO 
TC261/ASTM F42 JG73 is actively developing PWI 
52951 “Additive manufacturing — Data packages for AM 
parts” and has an early draft to be balloted in 2020. This 
effort addresses configuration of data packages to 
support different levels of control. 
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Commented [JM5]: 9/22/21: Does this need to be revised in 
light of publication of Y14.47 and SAE EIA649C? 

http://www.asme.org/products/codes-standards/y1446-2017-product-definition-additive
https://webstore.ansi.org/Standards/DOD/MILSTD31000B
https://www.sae.org/standards/content/eia649c/
https://www.sae.org/standards/content/eia649c/
https://amcoe.org/rd-publications#analysis
https://webstore.ansi.org/Standards/DOD/MILSTD31000B
https://webstore.ansi.org/Standards/ASME/ASMEY14472019
https://www.sae.org/standards/content/eia649c/
https://www.sae.org/standards/content/eia649c/
https://pubs.aws.org/p/1915/d201d201m2019-specification-for-fabrication-of-metal-components-using-additive-manufacturing
https://pubs.aws.org/p/1915/d201d201m2019-specification-for-fabrication-of-metal-components-using-additive-manufacturing
https://pubs.aws.org/p/1915/d201d201m2019-specification-for-fabrication-of-metal-components-using-additive-manufacturing
https://www.astm.org/DATABASE.CART/WORKITEMS/WK72172.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK72172.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK72172.htm


Progress Report on AMSC Roadmap v2 Gaps – October 2021 Page 14 of 70 

 
 

Gap D20: Neutral Build File Format. No published or in development standards or specifications have been 
identified that incorporate build path or feedstock into a neutral file format. Further, many other parameters remain 
unsupported. Ideally, the same file could be used as the input into an AM machine regardless of the vendor of the 
machine and provide for a uniform output. Industry should work to coalesce around one industry standard for AM 
file format, which will help to better enable qualification of a design. However, the unique technologies of the 
different vendors could make such an effort challenging. 
R&D Needed: Yes 
Recommendation: Develop a new standard for the computer-interpretable representation and exchange of 
additive manufacturing product information that can represent all of the applicable slice files, build path, and 
feedstock, as well as the other applicable parameters into a single file format. This file would be used to exchange 
data between AM vendors and have the capability to be used instead of both the job files and material perimeter 
sets. This file format could make use of standard image formats and capture enough information to facilitate size, 
orientation and color normalization in post-processing of data. See also Gap D8 on machine input and capability 
report. 
Priority: Low 
Organization: ISO/TC 184/SC4, ISO/TC 261/ASTM F42, consortium of industry, IEEE-ISTO PWG 
v2 Status of Progress: Not Started, or Unknown 
v2 Update: None provided 
Updates Since v2 was Published: 
New Published Standards 
9/21/2021, Paul Witherell: ISO 14649-17:2020 
Industrial automation systems and integration — 
Physical device control — Data model for computerized 
numerical controllers — Part 17: Process data for 
additive manufacturing. Developed independently by 
ISO TC 184, not yet aligned with ASTM F42/ TC 261. 
8/20/2020, JM: ISO/ASTM 52915:2020, Specification 
for additive manufacturing file format (AMF) Version 
1.2. According to an ASTM tracker alert of 8/20/20, it 
has been revised to F2915-20 developed by Committee 
F42.04. 

New In-Development Standards 
9/21/2021, Paul Witherell: ASTM WK72172, Additive 
manufacturing -- General principles -- Overview of data 
pedigree is a new effort to establish agreed upon 
definitions to facilitate the exchange of AM data.   
3/31/2021, JM: ASTM WK48549 AMF Support for Solid 
Modeling: Voxel Information, Constructive Solid 
Geometry Representations and Solid Texturing. Being 
done by JG64. 
8/19/2020, JM: ISO/ASTM CD TR 52918, Additive 
manufacturing — Data formats — File format support, 
ecosystem and evolutions 
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Gap D21: New Terminology in Design Documentation. While some AM terminology standards already exist, 
they do not include certain terms referred to in design documentation. Terminology in a TDP needs to be clear. 
R&D Needed: No 
Recommendation: ASME Y14.46 has identified terms for design documentation that are not defined in existing AM 
terminology standards. Once this work is completed, it should be referred to ISO/TC 261 and ASTM F42 for 
inclusion in existing standards such as ISO/ASTM 52900:2015, Additive manufacturing -- General principles – 
Terminology. 
Priority: Medium 
Organization: ASME, ISO/ASTM 
v2 Status of Progress: Green 
v2 Update: ASME Y14.46-2017, Product Definition for Additive Manufacturing [Draft Standard for Trial Use] has 
been published. ASME Y14.46 references ISO/ASTM AM terminology standards (ISO/ASTM 52900 and ISO/ASTM 
52921) as much as possible but also had to create new AM terminology specific to AM Product Definition. The 
ASME Y14.46 AM-related terms were sent to ASTM. Since Y14.46 is a draft standard for trial use, comments are 
being accepted and there may be significant changes to the draft standard. 
Updates Since v2 was Published: 
 
New Published Standards 
2/9/21, JM: ISO/ASTM52950:2021 - Additive 
manufacturing — General principles — Overview of 
data processing is a new standard, now available. 
F3436-21 developed by Committee F42.04, ASTM BOS 
Volume 10.04. ISO 17296-4:2014 was withdrawn. 
10/31/2019, JM: ISO/ASTM52921-13(2019), Standard 
Terminology for Additive Manufacturing—Coordinate 
Systems and Test Methodologies, was reapproved. 

New In-Development Standards 
10/4/2021, JM: ISO/ASTM FDIS 52900, Additive 
manufacturing — General principles — Fundamentals 
and vocabulary is being revised (revision of 2015 
version)  
3/31/2021, JM: Per presentation by Paul Witherell, 
ASTM WK72172, Additive manufacturing -- General 
principles -- Overview of data pedigree 

Commented [JM6]: DDGreenwood, 09/20/2021 The ability 
to “map” the tool paths of an Material Extrusion Additively 
Manufactured (MEAM) part would have benefits beyond that 
of a neutral file format. All AM materials (polymer & metal) are 
process dependent in that the final part and material 
properties are developed during the processes used to 
manufacture the part. It has been shown that an MEAM part’s 
final properties are dependent on the thermal history (i.e., tool 
path) of the part during the printing process. To my knowledge 
most of the major MEAM printer manufacturers do not give 
tool path control to the user. It is not clear if this aspect of 
MEAM printing is done for IP or other reasons. Clearly there 
needs to be a partnership between printer manufacturers and 
the user community to advance this topic. Users need the 
control in order to print parts with predictable performance for 
critical applications. The printer manufacturers would be 
rewarded with an expanded application space for their printers 
and materials. 
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3/31/2021, JM: Per presentation by David Rosen, ASTM 
F42/ISO/TC 261: 52900 incomplete? 
8/21/2020, JM: A revision to ISO/ASTM DIS 52921, 
Additive manufacturing — General principles — 
Standard practice for part positioning, coordinates and 
orientation is under development is under development 
10/17/2019, LY: Paul Witherell, NIST, comment: NIST 
and Pennsylvania State University are leading an AM 
Data Management working group. This working group is 
developing a Common Data Dictionary to facilitate the 
exchange of AM data. ISO TC261/ASTM F42 JG73 
efforts with PWI 52951 include the explicit identification 
of parameters to be controlled in different configurations 
of the data package. 
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Gap D22: In-Process Monitoring. There is a lack of standards for validated physics- and properties-based 
predictive models for AM that incorporate geometric accuracy, material properties, defects, surface characteristics, 
residual stress, microstructure properties, and other characteristics (NIST, 2013). No standardized data models or 
documentation have been identified for in-process monitoring and analytics. Given the current state of the 
technology, this is not surprising. 
R&D Needed: Yes. R&D is needed to understand what in-process monitoring data is needed for verification and 
validation of the part. Research efforts have been undertaken that are devoted to the development of predictive 
computational models and simulations to understand the dynamics and complexity of heat and phase 
transformations. Although computational models and simulations are promising tools to understand the physics of 
the process, lack of quantitative representation of their prediction accuracy hinders further application in process 
control and optimization. Due to this reason, it is very challenging to select suitable models for the intended 
purpose. Therefore, it is important to study and investigate the degree of accuracy and uncertainty associated with 
AM models. 
Recommendation: Develop standards for predictive computational modeling and simulation tools that link 
measured in-process monitoring data with product properties, quality, and consistency, as an important aspect of 
innovative structural design (NIST, 2013). See also Gap PC16 on in-process monitoring to obtain a layer-by-layer 
(3D) file or quality record showing the as-built part is defect-free or contains no critical flaws, or exhibits an in-family 
(nominal) response when interrogated during the build. 
Priority: Medium 
Organization: ASTM F42, ASME, IEEE-ISTO PWG 
v2 Status of Progress: Green 
v2 Update: Office of Naval Research (ONR) is also researching this through their Quality Made program. NIST is 
developing a publically available schema for metals that may apply. 
Updates Since v2 was Published: 
3/31/2021, JM: Per presentation by David Rosen, ASTM F42/ISO/TC 261: Validate predictive models 
8/5/2020, MW: ASTM AM CoE Strategic Roadmap for Research & Development (April 2020) notes that AM CoE 
Project 1906 (WK74390) addresses AMSC Gap D22. 
New Published Standards 
 
 

New In-Development Standards 
10/12/21, JM:  
ASTM WK76983, New Practice for Additive 
Manufacturing -- Powder Bed Fusion -- Best Practice for 
In-situ Defect Detection and Analysis. According to 
Mohsen Seifi, this AM CoE project 2102 is being 
developed under F42.05. 
 
9/21/2021, Paul Witherell: ASTM WK72172, Additive 
manufacturing -- General principles -- Overview of data 
pedigree is a new effort to establish agreed upon 
definitions to facilitate the exchange of AM data. 
According to Mohsen Seifi, this AM CoE project 1902 is 
being developed under F42.08. 
 
3/19/21, JM: ASTM WK74390, Additive Manufacturing of 
Metals -- Data -- File structure for in-process monitoring 
of powder bed fusion. The draft standard indicates it is 
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being developed specifically to address gap PC16. 
Noted in 12/9/20 NRC presentation by Mohsen Seifi. 
10/17/2019, LY: Paul Witherell, NIST, comment: (In 
addition to ONR Quality Made Program) NIST and 
Pennsylvania State University are leading an AM Data 
Management working group. This working group is 
developing a Common Data Dictionary to facilitate the 
exchange of AM data, including process monitoring 
information. Data models for process monitoring and 
simulation can be found here: https://ammd.nist.gov and 
here: https://www.nist.gov/ambench. 

 
Back to Top 
 
 

Gap D23: Documentation of New Functional and Complex Surface Features. There is a need for a 
specification on design documentation for intentionally introducing new bulk or surface geometries which can be 
created through AM. 
R&D Needed: No 
Recommendation: ASME Y14.46 should consider an annex describing a method to document functional and 
complex geometric features. 
Priority: Low 
Organization: ASME 
v2 Status of Progress: Green 
v2 Update: As noted in the recommendation. ASME Y14.46-2017, Product Definition for Additive Manufacturing 
[Draft Standard for Trial Use] has been published. 
Updates Since v2 was Published: 
 
New Published Standards 
 
 

New In-Development Standards 
9/21/2021, Paul Witherell: ASME Y14.46 to be balloted 
from “DRAFT” form this Fall, will become full standard if 
passed. Addresses product definition. 
11/13/2020, MW: Steve Weinman, ASME, comment: 
Y14 Committee continuing to work to finalize Y14.46 
standard. 
10/17/2019, LY: Paul Witherell, NIST, comment: ASME 
Y14.46 is transitioning out of draft status. Use cases 
have been explored to identify gaps in the standard and 
new material is being developed for incorporation into 
future version. 
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Gap D24: An Acquisition Specification. A specification is needed to procure AM parts from third parties. 
R&D Needed: No 
Recommendation: ASTM should complete work on WK51282, New Guide for Additive Manufacturing, General 
Principles, Requirements for Purchased AM Parts. 
Priority: Medium 
Organization: ISO/ASME 
v2 Status of Progress: Closed 
v2 Update: ISO/ASTM 52901, Additive manufacturing - General Principles - Requirements for Purchased AM Parts 
was published in 2017. WK51282 was the earlier ASTM work item 
Updates Since v2 was Published: 
3/31/2021, JM: Per presentation by David Rosen, ASTM F42/ISO/TC 261: Closed PAMP 
New Published Standards 
11/20/20, JM: Bill Bihlman, SAE Comment: Published:  
• SAE AMS7004, Titanium Alloy Preforms from Plasma 

Arc Directed Energy Deposition Additive 
Manufacturing on Substrate, Ti-6Al-4V, Stress 
Relieved (Jan 2019) 

New In-Development Standards 
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• SAE AMS7008, Nickel Alloy, Corrosion and Heat-
Resistant, Powder for Additive Manufacturing, 47.5Ni 
- 22Cr - 1.5Co - 9.0Mo - 0.60W - 18.5Fe (March 
2019) 

• SAE AMS7012, Precipitation Hardenable Steel Alloy, 
Corrosion and Heat-Resistant Powder for Additive 
Manufacturing 16.0Cr - 4.0Ni - 4.0Cu - 0.30Nb (Nov 
2019) 

• SAE AMS7013, Nickel Alloy, Corrosion and Heat-
Resistant, Powder for Additive Manufacturing, 60Ni - 
22Cr - 2.0Mo - 14W - 0.35Al - 0.03La (Jan 2019) 

• SAE AMS7014, Titanium Alloy, High Temperature 
Applications, Powder for Additive Manufacturing, Ti - 
6.0Al - 2.0Sn - 4.0Zr - 2.0Mo (Mar 2019) 

• SAE AMS7018, Aluminum Alloy Powder 10.0Si – 
0.35Mg (May 2020) 

• SAE AMS7021, Stainless Steel Powder, 15-5PH 
Alloy (Nov 2020) 

• SAE AMS7101, Fused Filament Fabrication, Material 
for (Oct 2019) 
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Gap D26: Design for Measurement of AM Features/Verifying the Designs of Features such as Lattices, etc. 
As noted in Gap D18, working groups are currently developing methods to standardize the geometric dimensioning 
and tolerancing (GD&T) of AM parts. As these mature, existing V&V methods of checking part conformance to 
GD&T specifications must be investigated for their compatibility with AM. As part of the design process for AM, the 
availability of methods to measure and verify AM-unique features must be considered, especially to meet critical 
performance requirements. This may result in adapting existing NDE methods or creating new methods. This will 
likely be relevant when measuring AM features such as helixes or other complex shapes, or internal features that 
are not compatible with common methods such as Go/NoGo gauges or coordinate measuring machines (CMM). 
Especially in the case of internal features, assessing the ability of ultrasonic or radiographic methods to validate 
high tolerances will be required. 
R&D Needed: Yes, investigation of high resolution radiographic and ultrasonic methods and the maximum 
achievable resolution and accuracy for GD&T of complex AM designs. 
Recommendation: As GD&T standards continue to develop, perform parallel investigations of validation methods 
to ensure V&V is possible. See also Gap NDE4, Dimensional Metrology of Internal Features. 
Priority: Medium 
Organization: ISO/TC 261/ASTM F42, ASTM E07.01, ASTM E07.02, ASME B89, ASME Y14.46, ISO/TC 10 
v2 Status of Progress: Not Started 
v2 Update: A standard on methods to verify that complex AM parts meet design requirements is needed. ASME 
Y14.46-2017, Product Definition for Additive Manufacturing [Draft Standard for Trial Use] will address how to 
document AM-unique design features, but not how to inspect/verify the design. Y14.46 included a non-mandatory 
appendix with guidance on quality assurance (QA) parameters and references that may be used to develop design 
validation methods. ASME B89 (dimensional metrology) is working jointly with Y14.46. ISO/ASTM 52910-18, 
Additive manufacturing — Design — Requirements, guidelines and recommendations ISO/ASTM 52910-17, 
Standard Guidelines for Design for Additive Manufacturing provides guidance for AM designers to “work with their 
quality groups to ascertain if appropriate inspection and qualification processes are available or need to be 
developed for the types of parts that they are designing.” 
Updates Since v2 was Published: 
3/31/2021, JM: Per presentation by David Rosen, ASTM F42/ISO/TC 261: Good idea 
8/5/2020, MW: ASTM AM CoE Strategic Roadmap for Research & Development (April 2020) notes that AM CoE 
Project 1901 (WK71395) under F42.01 addresses AMSC Gap D26. 
New Published Standards 
10/17/2019, LY: Paul Witherell, NIST, comment: 
Updated release of ISO/ASTM 52910-18, Additive 
manufacturing — Design — Requirements, guidelines 
and recommendations (ASTM F3154-18) 

New In-Development Standards 
10/6/2021, JM: ISO/ASTM CD 52918, Additive 
manufacturing — Design — Requirements, guidelines 
and recommendations (revision of 2018 version) 

Commented [JM7]: 9/20/2021, David Rosen comment: 
52910 provides high level guidance.  If too high level, then 
reference to 52910 can be removed. 

Field Code Changed
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9/21/2021, Paul Witherell: ASME Y14.46 to be balloted 
from “DRAFT” form this Fall, will become full standard if 
passed.  Addresses product definition and verification. 
3/31/2021, JM: NRC presentation of 12/09/20 by 
Mohsen Seifi noted these ASTM work items: 
ASTM WK71395, Additive manufacturing -- accelerated 
quality inspection of build health for laser beam powder 
bed fusion process 
11/13/2020, MW: Steve Weinman, ASME, comment: 
The ASME B46 Task Group is working on changes 
and/or a new standard or guideline to further address 
surface texture Additive Manufacturing needs. 
10/17/2019, LY: Paul Witherell, NIST, comment: ASME 
Y14.46 is transitioning out of draft status. Use cases 
have been explored to identify gaps in the standard and 
new material is being developed for incorporation into 
future version, including challenges with inspection. See 
D18. 
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New Gap D27: Standardized Design for Additive Manufacturing (DFAM) Process Chain. A standardized 
design is needed for AM process chain integrating key AM considerations/design tools in each design stage. 
R&D Needed: Yes 
Recommendation: Develop a standardized design for AM process chain that specifies and integrates the key AM 
considerations and suggested design tools in each generic design stage. The process chain can be expanded from 
ISO/ASTM 52910-18, Additive manufacturing — Design — Requirements, guidelines and recommendations 
ISO/ASTM 52910-17, Standard Guidelines for Design for Additive Manufacturing stages and complimented with 
design tools to address specific AM needs for each task within the stages. The standardized design for AM process 
chain can be used by various industries to roll out site-specific DFAM process and digitalization implementation. 
Priority: Medium 
Organization: ASTM F42/ISO TC 261 JG73, NIST 
v2 Status of Progress: New 
v2 Update: None provided 
Updates Since v2 was Published: 
New Published Standards 
10/17/2019, LY: Paul Witherell, NIST, comment: 
Updated release of ISO/ASTM 52910-18, Additive 
manufacturing — Design — Requirements, guidelines 
and recommendations (ASTM F3154-18) 
 

New In-Development Standards 
10/6/2021, JM: ISO/ASTM CD 52918, Additive 
manufacturing — Design — Requirements, guidelines 
and recommendations (revision of 2018 version) 
9/20/2021, David Rosen: ASTM WK73444, Additive 
Manufacturing -- Design -- Post-Processing for Metal 
Powder Bed Fusion is of relevance here.  
3/31/2021, JM: Per presentation by David Rosen, ASTM 
F42/ISO/TC 261: JG73++ 
10/17/2019, LY: Paul Witherell, NIST, comment: ISO 
TC261/ASTM F42 JG73 efforts with PWI 52951 will 
address file formats and the integration and preservation 
of information across the process chain. 
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New Gap D28: Specification of Surface Finish. There is a need for a specification on desired surface finishes of 
AM parts that can later be measured and validated against. Current surface finish metrics, such as Ra, do not 
adequately specify surface finish requirements. 
R&D Needed: Yes 
Recommendation: ASME should continue its work to develop ASME B46.1-2009, Surface Texture (Surface 
Roughness, Waviness, and Lay), to address specification requirements of AM surface finishes. 
Priority: Medium 
Organization: ASME 

Commented [JM8]: 9/20/2021, David Rosen comment: 
52910 has some high level comments on the idea. 

Field Code Changed
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v2 Status of Progress: New 
v2 Update: None provided 
Updates Since v2 was Published: 
3/31/2021, JM: Per presentation by David Rosen, ASTM F42/ISO/TC 261: Leave for ASME? 
8/5/2020, MW: ASTM AM CoE Strategic Roadmap for Research & Development (April 2020) notes that AM CoE 
Projects 1802 (WK66682) and 1804/1907 (WK65937, WK65929) address AMSC Gap D28. 
4/9/2020, JM: Steve Weinman, ASME, comments: The ASME B46 committee has added a section to Appendix B of 
the standard regarding surface texture of AM parts. This is currently a generalized section with several references 
to ISO, ASTM, and ANSI standards or guides. The section was approved by the committee as part of the latest 
revision of the standard (B46.1-2019). We expect to have B46.1-2019 published by July 2020. In the future, the 
section will be expanded upon, possibly moving to a section within the standard, as opposed to being an appendix. 
New Published Standards 
6/30/2020, JM: It appears that B46.1 was published 
on/about June 30, 2020. 
 
 

New In-Development Standards 
3/31/2021, JM: NRC presentation of 12/09/20 by 
Mohsen Seifi noted these ASTM work items: 
• ASTM WK66682, Evaluating Post-processing and 

Characterization Techniques for AM Part Surfaces 
• ASTM WK65937, Additive Manufacturing -- Space 

Application -- Flight Hardware made by Laser Beam 
Powder Bed Fusion Process 

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

11/13/2020, MW: Steve Weinman, ASME, comment: The 
ASME B46 Task Group is working on changes and/or a 
new standard or guideline to further address surface 
texture Additive Manufacturing needs. 

 
 
Back to Top 
 
 
Other Design Activity – Relevance to Gaps Not Yet Determined  
 
New Published Standards  
 
 
New In-Development Standards 
ASTM WK71507, Additive manufacturing -- General principles -- Overview of data processing 
ASTM WK73978, Additive Manufacturing -- Data Registration 
ASTM WK74932, New Specification for Additive Manufacturing of metals -- Qualification principles -- Qualification of 
designers 
ASTM WK76970, New Practice for Additive Manufacturing -- General Principles -- Guidelines for Technical and 
Intellectual Property Authentication and Protection 
 
 
 
Back to Top 
 

Chapter 2.2.1. Precursor Materials  
High Priority 

• Gap PM5: Metal Powder Feedstock Sampling (10/28/2021) 
Medium Priority 

• Gap PM1: Flowability (10/6/2021) 

• Gap PM2: Spreadability (10/6/2021) 
• Gap PM3: Particle Size and Particle Size Distribution (10/28/2021) 

• Gap PM7: AM Process-Specific Metal Powder Specifications (10/7/2021) 

Low Priority 

https://amcoe.org/rd-publications#analysis
https://standards.globalspec.com/std/14281823/ASME%20B46.1
https://www.astm.org/DATABASE.CART/WORKITEMS/WK66682.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK66682.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65937.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65937.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65937.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65937.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65929.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65929.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65929.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65929.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71507.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK72172.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK72172.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK73978.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK74932.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK74932.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK76970.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK76970.htm
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• Gap PM4: Particle Morphology (3/31/2021) 
• Gap PM6: Hollow Particles and Hollow Particles with Entrapped Gas (2/20/2020) 

• New Gap PM8: Use of Recycled Polymer Precursor Materials (10/4/2021) 
• New Gap PM9: Characterization of Material Extrusion Feedstock (Filaments & Pellets) (4/2020) 

• New Gap PM10: Sampling of Open Liquid Feedstock System 
 
Back to Top 
 
 

Gap PM1: Flowability. Existing standards for flowability do not account for the range of conditions that a powder 
may encounter during shipment, storage, and the AM process. 
R&D Needed: Yes. R&D is needed to measure and quantify flowability, especially with powder bed processing. 
Recommendation: Standards are needed to address test methods which encompass the variety of flow regimes 
encountered in AM processes. Recommend completion of ASTM WK55610, New Test Methods for the 
Characterization of Powder Flow Properties for Additive Manufacturing Applications, (not specific to metal powders) 
which addresses dynamic flow, aeration, permeability, consolidation and compressibility test procedures using, for 
example, a powder rheometer. Recommend also completion of ISO/ASTM DIS 52907, Additive Manufacturing 
Technical Specifications on Metal Powder, which points to published standards for flowability tests along with 
consideration of how the state of the powder would affect the flowability measurement. See also Gap PC12 on 
precursor material flow monitoring. 
Priority: Medium 
Organization: ASTM F42/ISO TC 261, NIST, ASTM B09, ASTM E29 
v2 Status of Progress: Green 
v2 Update: As noted in the text, ASTM WK55610 and ISO/ASTM DIS 52907 are in development. Completion of 
those work items may partially but not fully address the gap. 
Updates Since v2 was Published: 
8/5/2020, MW: ASTM AM CoE Strategic Roadmap for Research & Development (April 2020) notes that AM CoE 
Project 1803 (WK66030) addresses AMSC Gap PM1. 
New Published Standards 
11/20/2020, MW: Bill Bihlman, SAE, Comment:  
• SAE AMS7008, Nickel Alloy, Corrosion and Heat-

Resistant, Powder for Additive Manufacturing, 47.5Ni 
- 22Cr - 1.5Co - 9.0Mo - 0.60W - 18.5Fe (March 
2019) 

• SAE AMS7012, Precipitation Hardenable Steel Alloy, 
Corrosion and Heat-Resistant Powder for Additive 
Manufacturing 16.0Cr - 4.0Ni - 4.0Cu - 0.30Nb (Nov 
2019) 

• SAE AMS7013, Nickel Alloy, Corrosion and Heat-
Resistant, Powder for Additive Manufacturing, 60Ni - 
22Cr - 2.0Mo - 14W - 0.35Al - 0.03La (Jan 2019) 

• SAE AMS7014, Titanium Alloy, High Temperature 
Applications, Powder for Additive Manufacturing, Ti - 
6.0Al - 2.0Sn - 4.0Zr - 2.0Mo (Mar 2019) 

• SAE AMS7018, Aluminum Alloy Powder 10.0Si – 
0.35Mg (May 2020) 

• SAE AMS7021, Stainless Steel Powder, 15-5PH 
Alloy (Nov 2020) 

2/20/2020, JM: ISO/ASTM 52907:2019, Additive 
manufacturing – Feedstock materials – Methods to 
characterize metallic powders, was published in 
November 2019. 

New In-Development Standards 
10/6/2021, JM: ISO/ASTM DTR 52913-1, Additive 
manufacturing — Feedstock materials — Part 1: 
Parameters for characterization of powder flow 
properties 
 
3/31/2021, JM: NRC presentation of 12/09/20 by 
Mohsen Seifi noted these ASTM work items: 
WK66030 Quality Assessment of Metal Powder 
Feedstock Characterization Data for Additive 
Manufacturing 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
• SAE GAAM-M20A, Aluminum Alloy Powder Template 

(Apr 2020) 
• SAE GAAM-M20B, Cobalt, Iron, or Nickel Alloy 

Powder Template (Apr 2020) 
• SAE GAAM-M20C, Titanium Powder Template (Apr 

2020) 

8/19/2020, JM: ASTM WK62190, Additive manufacturing 
Feedstock materials Technical specifications on metal 
powder 
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Commented [JM9]: 09/21/2021, DDGreenwood: 
Recommend this effort also include powders for polymer 
powder bed fusion, to include the various materials added for 
fire resistance, strength, etc. 

https://www.astm.org/DATABASE.CART/WORKITEMS/WK55610.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK55610.htm
https://www.iso.org/standard/73565.html
https://www.iso.org/standard/73565.html
https://amcoe.org/rd-publications#analysis
https://www.sae.org/standards/content/ams7008/
https://www.sae.org/standards/content/ams7008/
https://www.sae.org/standards/content/ams7008/
https://www.sae.org/standards/content/ams7012/
https://www.sae.org/standards/content/ams7012/
https://www.sae.org/standards/content/ams7012/
https://www.sae.org/standards/content/ams7013/
https://www.sae.org/standards/content/ams7013/
https://www.sae.org/standards/content/ams7013/
https://www.sae.org/standards/content/ams7014/
https://www.sae.org/standards/content/ams7014/
https://www.sae.org/standards/content/ams7014/
https://www.sae.org/standards/content/ams7018/
https://www.sae.org/standards/content/ams7018/
https://www.sae.org/works/documentHome.do?docID=AMS7021&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7021&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.astm.org/Standards/ISOASTM52907.htm
https://www.astm.org/Standards/ISOASTM52907.htm
https://www.astm.org/Standards/ISOASTM52907.htm
https://www.iso.org/standard/75754.html?browse=tc
https://www.iso.org/standard/75754.html?browse=tc
https://www.iso.org/standard/75754.html?browse=tc
https://www.iso.org/standard/75754.html?browse=tc
https://www.astm.org/DATABASE.CART/WORKITEMS/WK66030.htm
https://www.sae.org/works/documentHome.do?docID=GAAM-M20A&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=GAAM-M20B&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=GAAM-M20B&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=GAAM-M20C&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.astm.org/DATABASE.CART/WORKITEMS/WK62190.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK62190.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK62190.htm
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Gap PM2: Spreadability. There is no known description of spreadability or standard for how to quantitatively 
assess powder spreadability. 
R&D Needed: Yes. R&D is needed to measure and quantify spreadability, as well as to correlate powder 
characteristics with spreadability. 
Recommendation: A standard should be created that guides the measurement of a powder’s spreadability. This 
standard may be comprised of a series of tests that together describe a powder’s spreading performance.  
Priority: Medium 
Organization: ASTM F42/ISO TC 261, NIST, universities, ASTM B09, ASTM E29 
v2 Status of Progress: Not Started, Or Unknown 
v2 Update: There are no ASTM standard test methods for spreadability. 
Updates Since v2 was Published: 
8/5/2020, MW: ASTM AM CoE Strategic Roadmap for Research & Development (April 2020) notes that AM CoE 
Projects 1803 (WK66030) and 1903 (WK71393) addresses AMSC Gap PM2. 
New Published Standards  
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
• SAE AMS7008, Nickel Alloy, Corrosion and Heat-

Resistant, Powder for Additive Manufacturing, 47.5Ni 
- 22Cr - 1.5Co - 9.0Mo - 0.60W - 18.5Fe (March 
2019) 

• SAE AMS7012, Precipitation Hardenable Steel Alloy, 
Corrosion and Heat-Resistant Powder for Additive 
Manufacturing 16.0Cr - 4.0Ni - 4.0Cu - 0.30Nb (Nov 
2019) 

• SAE AMS7013, Nickel Alloy, Corrosion and Heat-
Resistant, Powder for Additive Manufacturing, 60Ni - 
22Cr - 2.0Mo - 14W - 0.35Al - 0.03La (Jan 2019) 

• SAE AMS7014, Titanium Alloy, High Temperature 
Applications, Powder for Additive Manufacturing, Ti - 
6.0Al - 2.0Sn - 4.0Zr - 2.0Mo (Mar 2019) 

• SAE AMS7018, Aluminum Alloy Powder 10.0Si – 
0.35Mg (May 2020) 

• SAE AMS7021, Stainless Steel Powder, 15-5PH 
Alloy (Nov 2020) 

New In-Development Standards 
10/6/2021, JM: ISO/ASTM DTR 52952, Additive 
Manufacturing of metals — Feedstock materials — 
Correlating of rotating drum measurement with powder 
spreadability in PBF-LB machines 
 
3/31/2021, JM: NRC presentation of 12/09/20 by 
Mohsen Seifi noted these ASTM work items: 
• WK66030 Quality Assessment of Metal Powder 

Feedstock Characterization Data for Additive 
Manufacturing 

• WK71393, Additive manufacturing -- assessment of 
powder spreadability for powder bed fusion (PBF) 
processes 

11/20/2020, MW: Bill Bihlman, SAE, Comment: 
• SAE GAAM-M20A, Aluminum Alloy Powder Template 

(Apr 2020) 
• SAE GAAM-M20B, Cobalt, Iron, or Nickel Alloy 

Powder Template (Apr 2020) 
• SAE GAAM-M20C, Titanium Powder Template (Apr 

2020) 
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Gap PM3: Particle Size and Particle Size Distribution. While current standards for measurement of particle size 
and particle size distribution exist for powder metallurgy and can be leveraged for AM powders, the reliability and 
repeatability of different testing methodologies is currently unacceptable. 
R&D Needed: Yes. Validation of various measurement techniques for reliability, repeatability, and correlation is 
required, possibly defining best measurement techniques for different build systems. 
Recommendation: See R&D needed. For metal PBF, recommend completion of ISO/ASTM DIS 52907, Additive 
Manufacturing Technical Specifications on Metal Powder, which points to published standards for particle size 
analysis and discusses advantages and limitations of each referenced test method. 
Priority: Medium 
Organization: ASTM F42/ISO TC 261 JG66, ASTM B09, ASTM E29 
v2 Status of Progress: Green 
v2 Update: As noted, ISO/ASTM DIS 52907 is in development as JG66. Completion of this work item may partially 
but not fully address the gap. 
Updates Since v2 was Published: 
8/5/2020, MW: ASTM AM CoE Strategic Roadmap for Research & Development (April 2020) notes that AM CoE 
Project 1803 (WK66030) addresses AMSC Gap PM3. 
New Published Standards 
10/28/2021, JM: ASTM F3049 - Standard Guide for 
Characterizing Properties of Metal Powders Used for 
Additive Manufacturing Processes has been 

New In-Development Standards 
10/12/21, JM: ASTM WK75158, Additive Manufacturing -
- Data -- Common exchange format for particle size 
analysis by light scattering. According to Mohsen Seifi, 

https://amcoe.org/rd-publications#analysis
https://www.sae.org/standards/content/ams7008/
https://www.sae.org/standards/content/ams7008/
https://www.sae.org/standards/content/ams7008/
https://www.sae.org/standards/content/ams7012/
https://www.sae.org/standards/content/ams7012/
https://www.sae.org/standards/content/ams7012/
https://www.sae.org/standards/content/ams7013/
https://www.sae.org/standards/content/ams7013/
https://www.sae.org/standards/content/ams7013/
https://www.sae.org/standards/content/ams7014/
https://www.sae.org/standards/content/ams7014/
https://www.sae.org/standards/content/ams7014/
https://www.sae.org/standards/content/ams7018/
https://www.sae.org/standards/content/ams7018/
https://www.sae.org/works/documentHome.do?docID=AMS7021&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7021&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.iso.org/standard/83717.html?browse=tc
https://www.iso.org/standard/83717.html?browse=tc
https://www.iso.org/standard/83717.html?browse=tc
https://www.iso.org/standard/83717.html?browse=tc
https://www.astm.org/DATABASE.CART/WORKITEMS/WK66030.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71393.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71393.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71393.htm
https://www.sae.org/works/documentHome.do?docID=GAAM-M20A&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=GAAM-M20B&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=GAAM-M20B&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=GAAM-M20C&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.iso.org/standard/73565.html?browse=tc
https://www.iso.org/standard/73565.html?browse=tc
https://amcoe.org/rd-publications#analysis
http://www.astm.org/Standards/F3049.htm?A&utm_source=tracker&utm_campaign=20211028&utm_medium=email&utm_content=standards
http://www.astm.org/Standards/F3049.htm?A&utm_source=tracker&utm_campaign=20211028&utm_medium=email&utm_content=standards
http://www.astm.org/Standards/F3049.htm?A&utm_source=tracker&utm_campaign=20211028&utm_medium=email&utm_content=standards
https://www.astm.org/DATABASE.CART/WORKITEMS/WK75158.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK75158.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK75158.htm
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reapproved, available as F3049-14(2021) developed by 
Committee F42.05. 
 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
• SAE AMS7008, Nickel Alloy, Corrosion and Heat-

Resistant, Powder for Additive Manufacturing, 47.5Ni 
- 22Cr - 1.5Co - 9.0Mo - 0.60W - 18.5Fe (March 
2019) 

• SAE AMS7012, Precipitation Hardenable Steel Alloy, 
Corrosion and Heat-Resistant Powder for Additive 
Manufacturing 16.0Cr - 4.0Ni - 4.0Cu - 0.30Nb (Nov 
2019) 

• SAE AMS7013, Nickel Alloy, Corrosion and Heat-
Resistant, Powder for Additive Manufacturing, 60Ni - 
22Cr - 2.0Mo - 14W - 0.35Al - 0.03La (Jan 2019) 

• SAE AMS7014, Titanium Alloy, High Temperature 
Applications, Powder for Additive Manufacturing, Ti - 
6.0Al - 2.0Sn - 4.0Zr - 2.0Mo (Mar 2019) 

• SAE AMS7018, Aluminum Alloy Powder 10.0Si – 
0.35Mg (May 2020) 

• SAE AMS7021, Stainless Steel Powder, 15-5PH 
Alloy (Nov 2020) 

2/20/2020, JM: ISO/ASTM 52907:2019, Additive 
manufacturing – Feedstock materials – Methods to 
characterize metallic powders, was published in 
November 2019. 

this AM CoE project 2002 is being developed under 
F42.08. 
 
3/31/2021, JM: NRC presentation of 12/09/20 by 
Mohsen Seifi noted these ASTM work items: 
WK66030 Quality Assessment of Metal Powder 
Feedstock Characterization Data for Additive 
Manufacturing 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
• SAE GAAM-M20A, Aluminum Alloy Powder Template 

(Apr 2020) 
• SAE GAAM-M20B, Cobalt, Iron, or Nickel Alloy 

Powder Template (Apr 2020) 
• SAE GAAM-M20C, Titanium Powder Template (Apr 

2020) 

8/19/2020, JM: ASTM WK62190, Additive manufacturing 
Feedstock materials Technical specifications on metal 
powder 
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Gap PM4: Particle Morphology. No standards exist giving users of AM criteria for use of a particular powder 
feedstock based on the powder morphology. 
R&D Needed: Yes. R&D is needed to measure and quantify particle morphology. 
Recommendation: Based on the results of R&D, a standard may be needed to define accepted test methods for 
powder morphology and criteria for determining acceptable powder morphology characteristics. Because powder 
morphology may affect powder flow, powder spreadability, and density of the AM built object, it could possibly be 
addressed indirectly by standards governing flow and spreadability requirements for a powder, taking into account 
the density of the powder. Recommend completion of ISO/ASTM DIS 52907, Additive Manufacturing Technical 
Specifications on Metal Powder, which points to published standards for describing particle morphology. 
Priority: Low 
Organization: NIST, ASTM F42/ISO TC 261 JG66, ASTM B09, ASTM E29 
v2 Status of Progress: Green 
v2 Update: As noted, ISO/ASTM DIS 52907 is in development as JG66. 
Updates Since v2 was Published: 
8/5/2020, MW: ASTM AM CoE Strategic Roadmap for Research & Development (April 2020) notes that AM CoE 
Project 1803 (WK66030) addresses AMSC Gap PM4. 
New Published Standards 
11/20/2020, MW: Bill Bihlman, SAE, Comment:  
• SAE AMS7008, Nickel Alloy, Corrosion and Heat-

Resistant, Powder for Additive Manufacturing, 47.5Ni 
- 22Cr - 1.5Co - 9.0Mo - 0.60W - 18.5Fe (March 
2019) 

• SAE AMS7012, Precipitation Hardenable Steel Alloy, 
Corrosion and Heat-Resistant Powder for Additive 
Manufacturing 16.0Cr - 4.0Ni - 4.0Cu - 0.30Nb (Nov 
2019) 

New In-Development Standards 
3/31/2021, JM: NRC presentation of 12/09/20 by 
Mohsen Seifi noted these ASTM work items: 
WK66030 Quality Assessment of Metal Powder 
Feedstock Characterization Data for Additive 
Manufacturing 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
• SAE GAAM-M20A, Aluminum Alloy Powder Template 

(Apr 2020) 
• SAE GAAM-M20B, Cobalt, Iron, or Nickel Alloy 

Powder Template (Apr 2020) 

http://www.astm.org/COMMIT/SUBCOMMIT/F4205.htm?A&utm_source=tracker&utm_campaign=20211028&utm_medium=email&utm_content=standards
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https://www.astm.org/Standards/ISOASTM52907.htm
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https://www.sae.org/works/documentHome.do?docID=GAAM-M20B&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=GAAM-M20B&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=GAAM-M20C&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.astm.org/DATABASE.CART/WORKITEMS/WK62190.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK62190.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK62190.htm
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• SAE AMS7013, Nickel Alloy, Corrosion and Heat-
Resistant, Powder for Additive Manufacturing, 60Ni - 
22Cr - 2.0Mo - 14W - 0.35Al - 0.03La (Jan 2019) 

• SAE AMS7014, Titanium Alloy, High Temperature 
Applications, Powder for Additive Manufacturing, Ti - 
6.0Al - 2.0Sn - 4.0Zr - 2.0Mo (Mar 2019) 

• SAE AMS7018, Aluminum Alloy Powder 10.0Si – 
0.35Mg (May 2020) 

• SAE AMS7021, Stainless Steel Powder, 15-5PH 
Alloy (Nov 2020) 

2/20/2020, JM: ISO/ASTM 52907:2019, Additive 
manufacturing – Feedstock materials – Methods to 
characterize metallic powders, was published in 
November 2019. 

• SAE GAAM-M20C, Titanium Powder Template (Apr 
2020) 

8/19/2020, JM: ASTM WK62190, Additive manufacturing 
Feedstock materials Technical specifications on metal 
powder 
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Gap PM5: Metal Powder Feedstock Sampling. While existing powder metallurgy standards may be leveraged for 
AM use, they require tailoring for AM-specific situations. For example, sampling practices for reused powder that 
has been through an AM build cycle are needed to establish how to collect representative powder samples. These 
practices should take into account the variation caused by build exposure on powder in multiple locations. 
R&D Needed: Yes, with respect to the re-use of powder during the build. See also Gaps PC7, PC10 and PC11. 
Recommendation: Standards are needed for sampling of powders used for AM, with considerations for unique 
aspects of AM not considered in powder sampling standards for general powder metallurgy, including re-use of 
powder. 
Priority: High 
Organization: NIST, SAE AMS-AM, ASTM B09, MPIF, ASTM D20 (for polymers), ASTM F42, ASTM E29 
v2 Status of Progress: Green 
v2 Update: SAE AMS7003, Laser Powder Bed Fusion Process was published in June 2018 and addresses this 
issue. For metals specifically, members of MPIF's Association for Metal Additive Manufacturing (AMAM) technical 
committee reviewed MPIF Standard Test Method 01, Method for Sampling Metal Powders (2016) and noted that 
challenges with standardizing powder sampling include variations for different powder alloy systems, additive 
manufacturing technologies, and the importance of powder purity to the application. ASTM B09 is currently 
reviewing the MPIF Std. Test Method 01. For polymers, there may be interest from ASTM D20 working in 
conjunction with ASTM F42. 
Updates Since v2 was Published: 
New Published Standards 
10/28/2021, JM: ASTM F3049 - Standard Guide for 
Characterizing Properties of Metal Powders Used for 
Additive Manufacturing Processes has been 
reapproved, available as F3049-14(2021) developed by 
Committee F42.05. 

New In-Development Standards 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
SAE AMS7003A, Laser Powder Bed Fusion Process 
(Jun 2019) 
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Gap PM6: Hollow Particles and Hollow Particles with Entrapped Gas. No standards exist for measuring how to 
determine the presence and percentage of hollow particles and hollow particles with entrapped gas or their impact 
upon part properties and in-service performance. 
R&D Needed: Yes. R&D is needed to establish the impact of hollow powder particles, if any. 
Recommendation: Dependent upon R&D, a standard may be needed that specifies how to determine the 
percentage of hollow particles and hollow particles with entrapped gas in lots of metal powders. Testing may be 
needed to determine the level of hollow particles and hollow particles with entrapped gas that are acceptable 
without negatively affecting the properties and performance of finished parts. Recommend completion of ISO/ASTM 
DIS 52907, Additive Manufacturing Technical Specifications on Metal Powder and include measurement standards 
for powder internal porosity. 
Priority: Low 

Commented [JM10]: Does WK66030 also apply to this 
gap? 
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Organization: For R&D: NIST, ASTM, America Makes, Oak Ridge National Laboratory, universities. For standards: 
ASTM F42/ISO TC 261, SAE, ASTM B09, ASTM E29 
v2 Status of Progress: Unknown 
v2 Update: None provided 
Updates Since v2 was Published: 
New Published Standards 
2/20/2020, JM: ISO/ASTM 52907:2019, Additive 
manufacturing – Feedstock materials – Methods to 
characterize metallic powders, was published in 
November 2019. 

New In-Development Standards 
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Gap PM7: AM Process-Specific Metal Powder Specifications. There is a need to develop AM process-specific 
metal powder specifications to ensure that a competitive supply of metal powder is available for procurement 
purposes. Further, vendors should be encouraged to use these industry powder specifications when testing their 
equipment and advertising final material properties. 
R&D Needed: Yes. R&D is needed to determine the effect of powder parameters/characteristics on final part 
properties and on the suitability of a given powder for use in a given AM machine. Some of these powder 
parameters may include:  
1) Particle Size Distribution 
2) Particle Morphology  
3) Flow Rate  
4) Tap Density  
5) Angle of Repose 
6) Shear Stress 
7) Chemistry 
8) Specific Surface Area 
Recommendation: Develop AM process-specific metal powder specifications to facilitate procurement of metal 
powders for use in AM machines. These specifications should describe the acceptable ranges of all relevant 
powder parameters that would impact the suitability of a given powder to be used in a given AM machine, and the 
effect it would have on final material properties.  
Priority: Medium 
Organization: ISO/ASTM, SAE AMS-AM, AWS, industry OEMs 
v2 Status of Progress: Green 
v2 Update: ASTM WK58219, New Guide for Additive Manufacturing - Feedstock Materials-Creating Feedstock 
Specifications for Metal Powder Bed Fusion, is in development. SAE AMS7001, Nickel Alloy, Corrosion and Heat-
Resistant, Powder for Additive Manufacturing, 62Ni - 21.5Cr - 9.0Mo - 3.65 Nb has some of the parameters defined 
and was published in June 2018.  
Updates Since v2 was Published: 
8/5/2020, MW: ASTM AM CoE Strategic Roadmap for Research & Development (April 2020) notes that AM CoE 
Project 1803 (WK66030) addresses AMSC Gap PM7. 
New Published Standards 
10/7/2021, JM:  
SAE AMS7023, Gamma Titanium Aluminide Powder for 
Additive Manufacturing, Ti - 48Al - 2Nb - 2Cr (Issued 
Jun 01, 2021) 
SAE AMS7025, Metal Powder Feedstock Size 
Classifications (Issued Apr 22, 2021) 
SAE AMS7026, Titanium Ti-5553 (Ti - 5Al - 5Mo - 5V - 
3Cr) Powder for Additive Manufacturing (Issued Jul 28, 
2021) 
SAE AMS7033, Aluminum Alloy Powder, 4.6Cu - 3.4Ti - 
1.4B - 0.75Ag - 0.27Mg (Issued Jun 22, 2021) 
SAE AMS7035, Precipitation Hardenable Steel Alloy, 
Corrosion and Heat-Resistant, Powder for Binder Jet 
Additive Manufacturing, 16.0Cr – 4.0Ni – 4.0Cu -
0.30Nb (Issued Jun 22, 2021) 
 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 

New In-Development Standards 
3/31/2021, JM: NRC presentation of 12/09/20 by 
Mohsen Seifi noted these ASTM work items: 
WK66030 Quality Assessment of Metal Powder 
Feedstock Characterization Data for Additive 
Manufacturing 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
• SAE AMS7002A, Process Requirements for 

Production of Metal Powder Feedstock for Use in 
Additive Manufacturing of Aerospace Parts (Aug 2018) 

• SAE AMS7012A, Precipitation Hardenable Steel Alloy, 
Corrosion and Heat-Resistant Powder for Additive 
Manufacturing 16.0Cr - 4.0Ni - 4.0Cu - 0.30Nb (Mar 
2020) 

Commented [JM11]: Broken link and can’t find reference to 
this standard 
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• SAE AMS7008, Nickel Alloy, Corrosion and Heat-
Resistant, Powder for Additive Manufacturing, 47.5Ni 
- 22Cr - 1.5Co - 9.0Mo - 0.60W - 18.5Fe (March 
2019) 

• SAE AMS7012, Precipitation Hardenable Steel Alloy, 
Corrosion and Heat-Resistant Powder for Additive 
Manufacturing 16.0Cr - 4.0Ni - 4.0Cu - 0.30Nb (Nov 
2019) 

• SAE AMS7013, Nickel Alloy, Corrosion and Heat-
Resistant, Powder for Additive Manufacturing, 60Ni - 
22Cr - 2.0Mo - 14W - 0.35Al - 0.03La (Jan 2019) 

• SAE AMS7014, Titanium Alloy, High Temperature 
Applications, Powder for Additive Manufacturing, Ti - 
6.0Al - 2.0Sn - 4.0Zr - 2.0Mo (Mar 2019) 

• SAE AMS7018, Aluminum Alloy Powder 10.0Si – 
0.35Mg (May 2020) 

• SAE AMS7021, Stainless Steel Powder, 15-5PH 
Alloy (Nov 2020) 

5/8/2019, LY: SAE has published the following metal 
powder material specifications for aerospace 
applications: 
• SAE AMS7001, Nickel Alloy, Corrosion and Heat-

Resistant, Powder for Additive Manufacturing, 62Ni - 
21.5Cr - 9.0Mo - 3.65 Nb (June 2018) 

• SAE AMS7002, Process Requirements for Production 
of Metal Powder Feedstock for Use in Additive 
Manufacturing of Aerospace Parts (June 2018) 

• SAE AMS7008, Nickel Alloy, Corrosion and Heat-
Resistant, Powder for Additive Manufacturing, 47.5Ni 
- 22Cr - 1.5Co - 9.0Mo - 0.60W - 18.5Fe (March 
2019) 

 

• SAE AMS7015 - Ti-6Al-4V, Powder For Additive 
Manufacturing (Sep 2018) 

• SAE AMS7017, Titanium 6-Aluminum 4-Vanadium 
Powder for Additive Manufacturing, ELI Grade (Feb 
2019) 

• SAE AMS7020, Aluminum Alloy Powder, F357 Alloy  
(May 2019) 

• SAE AMS7023, Gamma Titanium Aluminide Powder 
for Additive Manufacturing, Ti-48Al-2Nb-2Cr (May 
2019) 

• SAE AMS7025, Metal Powder Feedstock Size 
Classifications for Additive Manufacturing (Jun 2019) 

• SAE AMS7026, Powder Titanium 5553 (Jan 2020) 
• SAE AMS7031, Process Requirements for Recovery 

and Recycling of Metal Powder Feedstock for Use in 
Additive Manufacturing of Aerospace Parts (Apr 2020) 

• SAE AMS7033, Aluminum Alloy Powder A205 
(AlCuTiBAgMg) (May 2020) 

• SAE AMS7035 - Precipitation Hardenable Steel Alloy, 
Corrosion and Heat-Resistant, Powder for Binder Jet 
Additive Manufacturing, 16.0Cr – 4.0Ni – 4.0Cu -
0.30Nb (Sep 2020) 

• SAE GAAM-M20A, Aluminum Alloy Powder Template 
(Apr 2020) 

• SAE GAAM-M20B, Cobalt, Iron, or Nickel Alloy 
Powder Template (Apr 2020) 

• SAE GAAM-M20C, Titanium Powder Template (Apr 
2020) 

8/19/2020, JM: ASTM WK62190, Additive manufacturing 
Feedstock materials Technical specifications on metal 
powder 
5/8/2019, LY: The following SAE metal powder 
specifications for aerospace applications are under 
development: 
• AMS7006, Alloy 718 Powder 
• AMS7012, 17-4PH Powder for Additive Manufacturing 
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New Gap PM8: Use of Recycled Polymer Precursor Materials. Feedstock/precursor material can be sourced 
from either virgin polymer resin, recycled polymer resin, or a combination of the two. Recycled resin can be 
obtained from a number of different sources including in-house processed product of the same material which may 
not have met all the requirements when initially produced but is still functional, commercial recyclate from 
commercial sources, and post-consumer recyclate. Recycled feedstock, depending on its source and usage level, 
can introduce problems in the printing or end-use application due to the recyclate’s thermal/mechanical history, 
consistency and composition. 
R&D Needed: Yes, to determine the acceptable limits and other constraints of incorporating reprocessed materials. 
This may be machine, material, and/or application specific. 
Recommendation: Develop a general guidance document to address best practices in regard to sources, handling, 
and characterization of recycled materials. In some cases, such as medical and aerospace applications, more 
stringent guidelines may need to be developed such as identification of recycled material use. 
Priority: Low 
Organization: ASTM F42/D20, SAE AMS-AM 
v2 Status of Progress: New 
v2 Update: None provided 
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Updates Since v2 was Published: 
11/13/2020, MW: Steve Weinman, ASME, comment: ASME forming a Working Group to work on this gap. 
New Published Standards  
 
 

New In-Development Standards 
10/4/2021, JM: ASTM WK75265. New Guide for Additive 
Manufacturing of Polymers -- Powder Bed Fusion -- 
Guidelines for Feedstock Recycling and Sampling 
Strategies. Per Mohsen Seifi, this is AM CoE project 
2004 being developed in F42.05. 

8/19/2020, JM: ASTM WK67583, Additive Manufacturing 
-- Feedstock Materials -- Powder Reuse Schema in 
Powder Bed Fusion Processes for Medical Applications 
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New Gap PM9: Characterization of Material Extrusion Feedstock (Filaments & Pellets). There are many 
classification systems and test procedures that are available and applicable to characterizing the feedstocks used 
for filaments or pellets. However, these are based on “conventional” processes and requirements and, in many 
cases, will need to be adapted to AM requirements and, in some cases, new, more specific systems and 
procedures may be required. 
R&D Needed: Yes, to define the specific requirements and evaluate if these can be addressed by existing systems 
and procedures and, if not, to develop new ones. 
Recommendation: Since this will be very dependent on specific materials and process requirements, existing 
documents need to be evaluated on a case-by-case basis, and, if necessary, new documents need to be 
developed. This is another aspect that needs to be considered by a possible ASTM F42 and D20 collaboration. 
Priority: Low 
Organization: ASTM F42/D20, SAE AMS-AM 
v2 Status of Progress: New 
v2 Update: None provided 
Updates Since v2 was Published: 
New Published Standards 
4/2020, JM: ISO/ASTM 52903-1:2020, Additive 
manufacturing – Material extrusion-based additive 
manufacturing of plastic materials – Part 1: Feedstock 
materials 

New In-Development Standards 
 

 
 
Back to Top 
 
 

New Gap PM10: Sampling of Open Liquid Feedstock System. There is a need to develop a standard for 
monitoring and sampling open liquid feedstock systems to ensure the consistent chemical composition and 
mechanical properties in the final AM part. 
R&D Needed: Yes. R&D is needed to determine how much the viscosity can change before having a significant 
effect on the mechanical and chemical properties of the final AM part, how fast the change can happen and the 
frequency and method for sampling the open liquid feedstock system.  
Recommendation: Develop a process-specific standard to indicate how often the liquid feedstock viscosity must 
be monitored throughout the feedstock’s lifetime (both in storage and in an open system). 
Priority: Low 
Organization: ISO/ASTM, Industry OEMs 
v2 Status of Progress: New 
v2 Update: None provided 
Updates Since v2 was Published: 
New Published Standards 
 
 

New In-Development Standards 
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Other Precursor Materials Activity - Relevance to Gaps Not Yet Determined  
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New Published Standards  
 
 
New In-Development Standards 
ASTM WK69730, Additive Manufacturing -- Wire for Directed Energy Deposition (DED) Processes in Additive 
Manufacturing 
ASTM WK74905, New Guide for Additive Manufacturing-Feedstock-Particle Shape Analysis to Identify 
Agglomerates/Satellites in Feedstock 
ASTM WK78093, New Guide for Additive Manufacturing -- Feedstock Materials -- Guide for Testing Moisture Content 
in Powder Feedstock. Per Mohsen Seifi, this is AM CoE project 2010 being developed in F42.01. 
SAE AMS7037 - Steel, Corrosion and Heat-Resistant, Powder for Additive Manufacturing 17Cr – 13Ni – 2.5Mo 
(316L) (Initiated Mar 09, 2021) 
SAE AMS7103 - Material for High Performance Laser Sintering (Jan 2019) 
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Chapter 2.2.2. Process Control  
High Priority 

• Gap PC2: Machine Calibration and Preventative Maintenance (10/26/2021) 

• Gap PC7: Recycle & Re-use of Materials (10/7/2021) 
• Gap PC9: Environmental Conditions: Effects on Materials (3/31/2021) 
• Gap PC14: Environmental Health and Safety: Protection of Machine Operators (9/20/2021) 

Medium Priority 
• Gap PC1: Digital Format and Digital System Control (3/17/2020) 

• Gap PC4: Machine Qualification (10/4/2021) 
• Gap PC5: Parameter Control (10/26/2021) 

• Gap PC8: Stratification (10/7/2021) 
• Gap PC10. Re-use of Material that Has Not Been Processed (11/20/2020) 
• Gap PC12: Precursor Material Flow Monitoring 

• Gap PC15. Configuration Management: Cybersecurity (9/21/2021) 
• Gap PC16: In-Process Monitoring (9/7/2021) 

Low Priority 
• Gap PC3: Machine Health Monitoring (3/31/2021) 
• Gap PC6: Adverse Machine Environmental Conditions: Effect on Component Quality (11/20/2020) 

• Gap PC11: Re-use of Material that Has Been Processed (11/20/2020) 
• Gap PC13: Flow Parameters for Material Jetting 
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Gap PC1: Digital Format and Digital System Control. Existing process control standards do not adequately 
address digital format and digital system control. 
R&D Needed: Yes.  
Recommendation: Leverage NIST research and work with SDOs to ensure that AM process control standards 
include digital format and digital system control. 
Priority: Medium 
Organization: NIST, ISO/ASTM JG56, SAE, IEEE-ISTO PWG, AWS 
v2 Status of Progress: Green 
v2 Update: The ISO/TC 261/ASTM F42 JG56 standard in development addresses digital data configuration control. 
 

https://www.astm.org/DATABASE.CART/WORKITEMS/WK69730.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK69730.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK74905.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK74905.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK78093.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK78093.htm
https://www.sae.org/works/documentHome.do?docID=AMS7037&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7037&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7103&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-P
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Updates Since v2 was Published: 
3/17/2020, MW: Jessica Coughlin, AWS D20, comment: AWS D20.1 (paragraph 7.2) requires that Contractor have 
a Digital Control Plan in place and defines the items that must be included in such a plan. 
New Published Standards 
 
 

New In-Development Standards 
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Gap PC2: Machine Calibration and Preventative Maintenance. There are no known industry standards 
addressing machine calibration and preventative maintenance for additive manufacturing. Current users may not 
have established best practices or their own internal standards and may assume that the OEM maintenance 
procedures are sufficient to start/restart production. Additionally, AM machines have many mechanical components 
that are similar to conventional subtractive machinery. The motion control components are trusted to provide 
accurate positioning and it is currently unknown how errors in these systems affect the output quality. This is 
important during machine qualification and could be addressed in a standard. 
R&D Needed: Research is required to determine how errors in machine components affect output quality so that 
tolerances can be developed for machine calibration and preventative maintenance checks 
Recommendation: Complete work on standards in development addressing machine calibration and preventative 
maintenance. In addition, OEM and end user best practices should ensure adequate and recommended calibration 
and maintenance intervals that have been documented with data for different processes and machines. OEMs and 
SDOs should develop technical reports that incorporate case studies related to machine restart after maintenance. 
Standards should account for motion control components that guide measurement and remediation of error in 
positioning systems where possible in AM machines. OEMs should also take this into account when designing AM 
machines.  
Priority: High. There is an urgent need to develop guidelines on day-to-day machine calibration checks. 
Organization: AWS D20, ASTM F42/ISO TC 261, SAE AMS-AM, NIST, OEMs, end users, experts in machine 
metrology 
v2 Status of Progress: Green 
v2 Update: As noted in the text. 
8/5/2020, MW: ASTM AM CoE Strategic Roadmap for Research & Development (April 2020) notes that AM CoE 
Projects 1804/1907 (WK65937, WK65929), and 1901 (WK71395) address AMSC Gap PC2. 
3/17/2020, MW: Jessica Coughlin, AWS D20, comment: AWS D20.1 has a section on AM systems (7.3) that 
requires use of a pre-production maintenance checklist and a calibration control plan. Examples of items that are 
required to be addressed by these are provided. 
Updates Since v2 was Published: 
New Published Standards 
11/26/20, JM: ISO/ASTM52941 - Additive 
manufacturing — System performance and reliability — 
Acceptance tests for laser metal powder-bed fusion 
machines for metallic materials for aerospace 
application is a new standard, now available. F3472-20 
developed by Committee F42.07, ASTM BOS Volume 
10.04 
11/20/2020, JM: 
SAE AMS7100, Fused Filament Fabrication, Process 
Specification for (Oct 2019) 
1/21/20, JM: ISO/ASTM 52904:2019, Additive 
manufacturing – Process characteristics and 
performance – Practice for metal powder bed fusion 
process to meet critical applications was published 

New In-Development Standards 
10/26/21, JM: According to Bill Bihlman, the following 
standard is being formatted for Council ballot 
SAE AMS 7100/1, Fused Filament Fabrication – 
Stratasys Fortus 900 mc Plus with Type 1, Class 1, 
Grade 1, Natural Material 
 
10/4/2021, JM: ASTM WK78092, New Practice for 
Additive Manufacturing -- Powder Bed Fusion -- 
Condition-defined Maintenance for Optical Systems. This 
is AM Coe project 2009 being developed in F42.01. 
 
ISO/ASTM CD 52904, Additive manufacturing of metals 
— Process characteristics and performance — Metal 
powder bed fusion process to meet critical applications 
(revision of 2019 version) 
 
3/31/2021, JM: NRC presentation of 12/09/20 by 
Mohsen Seifi noted these ASTM work items: 
• ASTM WK65937, Additive Manufacturing -- Space 

Application -- Flight Hardware made by Laser Beam 
Powder Bed Fusion Process 

• ASTM WK65929, Additive Manufacturing-Finished 
Part Properties and Post Processing - Additively 

https://amcoe.org/rd-publications#analysis
http://www.astm.org/Standards/ISOASTM52941.htm?A&utm_source=tracker&utm_campaign=20201126&utm_medium=email&utm_content=standards
http://www.astm.org/Standards/ISOASTM52941.htm?A&utm_source=tracker&utm_campaign=20201126&utm_medium=email&utm_content=standards
http://www.astm.org/Standards/ISOASTM52941.htm?A&utm_source=tracker&utm_campaign=20201126&utm_medium=email&utm_content=standards
http://www.astm.org/Standards/ISOASTM52941.htm?A&utm_source=tracker&utm_campaign=20201126&utm_medium=email&utm_content=standards
http://www.astm.org/Standards/ISOASTM52941.htm?A&utm_source=tracker&utm_campaign=20201126&utm_medium=email&utm_content=standards
http://www.astm.org/COMMIT/SUBCOMMIT/F4207.htm?A&utm_source=tracker&utm_campaign=20201126&utm_medium=email&utm_content=standards
http://www.astm.org/BOOKSTORE/BOS/1004.htm?utm_source=tracker&utm_campaign=20201126&utm_medium=email&utm_content=standards
https://www.sae.org/standards/content/ams7100/
https://www.sae.org/standards/content/ams7100/
https://www.iso.org/standard/74637.html?browse=tc
https://www.iso.org/standard/74637.html?browse=tc
https://www.iso.org/standard/74637.html?browse=tc
https://www.iso.org/standard/74637.html?browse=tc
https://www.sae.org/standards/content/ams7100/1/
https://www.sae.org/standards/content/ams7100/1/
https://www.sae.org/standards/content/ams7100/1/
https://www.astm.org/DATABASE.CART/WORKITEMS/WK78092.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK78092.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK78092.htm
https://www.iso.org/standard/82919.html?browse=tc
https://www.iso.org/standard/82919.html?browse=tc
https://www.iso.org/standard/82919.html?browse=tc
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65937.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65937.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65937.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65937.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65929.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65929.htm
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Manufactured Spaceflight Hardware by Laser Beam 
Powder Bed Fusion In Metals  

• ASTM WK71395, Additive manufacturing -- 
accelerated quality inspection of build health for 
laser beam powder bed fusion process 

 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
SAE AMS7032, Additive Manufacturing Machine 
Qualification  
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Gap PC3: Machine Health Monitoring. There are no known industry standards addressing AM machine health 
monitoring. Machine health monitoring is a process of observing the machinery to identify changes that may 
indicate a fault. The use of a machine health monitoring system allows maintenance to be scheduled in a timely 
manner so as to prevent system failure. 
R&D Needed: Yes 
Recommendation: Adapt existing health monitoring (diagnostics and prognosis) standards for use in the additive 
manufacturing industry. Examples of such standards are the semiconductor industry “Interface A” collection of 
standards and ISO 13379-1:2012, Condition monitoring and diagnostics of machines - Data interpretation and 
diagnostics techniques - Part 1: General guidelines and ISO 13381-1:2015, Condition monitoring and diagnostics of 
machines - Prognostics - Part 1: General guidelines. Additional information can be found in NISTIR 8012, 
Standards Related to Prognostics and Health Management (PHM) for Manufacturing.1 Further 
research/guidelines/specifications may be needed. For example, NIST may be able to identify critical indicators that 
need to be documented or controlled to assist end users with quality assurance. See also Gap M6, Tracking 
Maintenance. 
Priority: Low 
Organization: NIST, ISO, ASTM, AWS, IEEE-ISTO PWG, ASME 
v2 Status of Progress: Not Started, or Unknown 
v2 Update: ASME has a non AM-specific project concerning Advanced Monitoring, Diagnostics, and Prognostics 
for Manufacturing Operations. 
Updates Since v2 was Published: 
8/5/2020, MW: ASTM AM CoE Strategic Roadmap for Research & Development (April 2020) notes that AM CoE 
Project 1901 (WK71395) under F42.01 addresses AMSC Gap PC3. 
3/17/2020, JM: Jessica Coughlin, AWS D20, comments: “Would the testing of witness specimens fall under this 
category? AWS D20.1 addresses this topic (8.3.1.2).” 
New Published Standards 
 
 

New In-Development Standards 
3/31/2021, JM: NRC presentation of 12/09/20 by 
Mohsen Seifi noted these ASTM work items: 
ASTM WK71395, Additive manufacturing -- accelerated 
quality inspection of build health for laser beam powder 
bed fusion process 
11/13/2020, MW: Steve Weinman, ASME, comment: The 
Committee is about 75% complete with a draft, with the 
intention to proceed to subcommittee balloting in 
December 2020. The draft guideline is an extension of 
the white paper and will cover: Baseline Metrics and 
identification of pain points, PHM readiness 
characterization, where to deploy and improve existing 
PHM deployments, and the determination of a PHM 
business case for manufacturing systems. 
4/9/2020, MW: Steve Weinman, ASME, comment: ASME 
has a non AM-specific project concerning Advanced 
Monitoring, Diagnostics, and Prognostics for 
Manufacturing Operations which is being conducted by 
the ASME PHM Subcommittee. Current efforts of this 
Subcommittee are focused on the development of 
guidelines that manufacturers can use to identify 

                                                           
 
1 http://dx.doi.org/10.6028/NIST.IR.8012 

https://www.astm.org/DATABASE.CART/WORKITEMS/WK65929.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65929.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71395.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71395.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71395.htm
https://www.sae.org/works/documentHome.do?docID=AMS7032&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7032&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
http://webstore.ansi.org/RecordDetail.aspx?sku=ISO+13379-1%3a2012
http://webstore.ansi.org/RecordDetail.aspx?sku=ISO+13379-1%3a2012
http://webstore.ansi.org/RecordDetail.aspx?sku=ISO+13381-1%3a2015
http://webstore.ansi.org/RecordDetail.aspx?sku=ISO+13381-1%3a2015
http://nvlpubs.nist.gov/nistpubs/ir/2014/NIST.IR.8012.pdf
http://nvlpubs.nist.gov/nistpubs/ir/2014/NIST.IR.8012.pdf
https://amcoe.org/rd-publications#analysis
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71395.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71395.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71395.htm
http://dx.doi.org/10.6028/NIST.IR.8012
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opportunities and implement advanced monitoring, 
diagnostic, and prognostic technologies within their 
facilities. The guidelines are being written in an agnostic 
manner such that they could be applied to operations 
involving subtractive machine tools, robotics, or additive 
processes. 
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Gap PC4: Machine Qualification. Current users may not have considered the influence of machine control on 
resulting product quality and material properties beyond form and fit, including machine-to-machine variation (even 
between machines of the same make and model). While guidelines for machine qualification can be developed, a 
broader view of part-specific, process-specific, material-specific, and application-specific recommended practices is 
needed. 
R&D Needed: Yes 
Recommendation: SDOs should develop qualification standards for AM machines to pass in order to provide a 
level of confidence that these machines can produce parts with the required material properties. In addition, SDOs 
should develop guidelines or technical reports that incorporate case studies of various part types and applications 
across materials. Additional research may be needed in relation to machine-to-machine variation and on key 
parameters. 
Priority: Medium 
Organization: NIST, AWS, SAE AMS-AM, ASTM F42, NAVSEA, NASA MFSC 
v2 Status of Progress: Green 
v2 Update: As noted in the text. 
Updates Since v2 was Published: 
8/5/2020, MW: ASTM AM CoE Strategic Roadmap for Research & Development (April 2020) notes that AM CoE 
Projects 1804/1907 (WK65937, WK65929), and 1901 (WK71395) address AMSC Gap PC4. 
3/17/2020, MW: Jessica Coughlin, AWS D20, comment: AWS D20.1 provides detailed requirements for the 
qualification of AM machines. These involve the testing of material built throughout the volume of the machine, at 
different thicknesses and orientations. See Clause 5. 
New Published Standards 
11/26/20, JM: ISO/ASTM52941 - Additive 
manufacturing — System performance and reliability — 
Acceptance tests for laser metal powder-bed fusion 
machines for metallic materials for aerospace 
application is a new standard, now available. F3472-20 
developed by Committee F42.07, ASTM BOS Volume 
10.04 
10/27/2020, MW: ISO/ASTM 52903-2-20, Additive 
manufacturing — Material extrusion-based additive 
manufacturing of plastic materials — Part 2: Process 
equipment is a new standard, now available. F3475-20 
developed by Committee F42.05, ASTM BOS Volume 
10.04. 
8/13/2020, JM: ASTM F3434-20, Guide for Additive 
manufacturing – Installation/Operation and 
Performance Qualification (IQ/OQ/PQ) of Laser-Beam 
Powder Bed Fusion Equipment for Production 
Manufacturing is a new standard, now available. 
F3434-20 developed by Committee F42.05, ASTM BOS 
Volume 10.04. 
1/21/20, JM: ISO/ASTM 52904:2019, Additive 
manufacturing – Process characteristics and 
performance – Practice for metal powder bed fusion 
process to meet critical applications was published 

New In-Development Standards 
10/4/2021, JM: ASTM WK78378, New Specification for 
Additive Manufacturing for Automotive -- Qualification 
Principles -- Generic Machine Evaluation and KPI 
Definition for PBF-LB/M Processes (aka ISO/ASTM 
52945) 
 
ISO/ASTM CD 52903-2, Additive manufacturing — 
Material extrusion-based additive manufacturing of 
plastic materials — Part 2: Process equipment  
(revision of 2020 version) 
 
ISO/ASTM CD 52904, Additive manufacturing of metals 
— Process characteristics and performance — Metal 
powder bed fusion process to meet critical applications 
(revision of 2019 version) 
 
3/31/2021, JM: NRC presentation of 12/09/20 by 
Mohsen Seifi noted these ASTM work items: 
• ASTM WK65937, Additive Manufacturing -- Space 

Application -- Flight Hardware made by Laser Beam 
Powder Bed Fusion Process 

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

• ASTM WK71395, Additive manufacturing -- 
accelerated quality inspection of build health for 
laser beam powder bed fusion process 

 
8/19/2020, JM: 

https://amcoe.org/rd-publications#analysis
http://www.astm.org/Standards/ISOASTM52941.htm?A&utm_source=tracker&utm_campaign=20201126&utm_medium=email&utm_content=standards
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http://www.astm.org/COMMIT/SUBCOMMIT/F4207.htm?A&utm_source=tracker&utm_campaign=20201126&utm_medium=email&utm_content=standards
http://www.astm.org/BOOKSTORE/BOS/1004.htm?utm_source=tracker&utm_campaign=20201126&utm_medium=email&utm_content=standards
https://www.astm.org/Standards/ISOASTM52903-2.htm
https://www.astm.org/Standards/ISOASTM52903-2.htm
https://www.astm.org/Standards/ISOASTM52903-2.htm
https://www.astm.org/Standards/ISOASTM52903-2.htm
http://www.astm.org/COMMIT/SUBCOMMIT/F4205.htm?A&utm_source=tracker&utm_campaign=20201027&utm_medium=email&utm_content=standards
http://www.astm.org/BOOKSTORE/BOS/1004.htm?utm_source=tracker&utm_campaign=20201027&utm_medium=email&utm_content=standards
https://www.astm.org/Standards/F3434.htm
https://www.astm.org/Standards/F3434.htm
https://www.astm.org/Standards/F3434.htm
https://www.astm.org/Standards/F3434.htm
https://www.astm.org/Standards/F3434.htm
http://www.astm.org/COMMIT/SUBCOMMIT/F4205.htm?A&utm_source=tracker&utm_campaign=20200806&utm_medium=email&utm_content=standards
http://www.astm.org/BOOKSTORE/BOS/1004.htm?utm_source=tracker&utm_campaign=20200806&utm_medium=email&utm_content=standards
https://www.iso.org/standard/74637.html?browse=tc
https://www.iso.org/standard/74637.html?browse=tc
https://www.iso.org/standard/74637.html?browse=tc
https://www.iso.org/standard/74637.html?browse=tc
https://www.astm.org/DATABASE.CART/WORKITEMS/WK78378.htm
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• ASTM WK73688, New Specification for Additive 
manufacturing -- Qualification principles -- Generic 
machine evaluation and KPI Definition for LPBF-M 
Processes in Automotive Applications 

• ISO/ASTM PRF TS 52930, Guideline for Installation — 
Operation — Performance Qualification (IQ/OQ/PQ) of 
laser-beam powder bed fusion equipment for 
production manufacturing 

• ASTM WK65420, Additive manufacturing Guideline for 
Installation, Operation and Performance Qualification 
(IQ/OQ/PQ) of Laser-Beam Powder Bed Fusion 
Equipment for Production Manufacturing 

• ASTM WK73231, Additive manufacturing -- System 
performance and reliability -- Acceptance tests for 
laser metal powder-bed fusion machines for metallic 
materials for aerospace application 

 
5/14/20, JM: SAE AMS7032, Additive Manufacturing 
Machine Qualification is in development 
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Gap PC5: Parameter Control. As a result of the many sources of variability within and among AM parts, and 
because a complete understanding of the specific effects of so many build process parameters on AM part 
performance is not currently available in the AM industry, standards are needed to identify requirements for 
demonstrating that a set of build process parameters produces an acceptable part, and for ensuring that those build 
process parameters remain consistent from build to build. 
R&D Needed: Yes. Develop and establish one verifiable key process parameter that combines both material and 
process parameters (such as power absorption coefficient or power ratio parameter, verifiable by melt pool 
geometry, as shown in the research) that is independent of material and machine brand. R&D is needed to verify 
the concept of power ratio as the single controlling parameter and its applicability to all materials and machine 
brands. 
Recommendation: Develop a standard that identifies key build process parameters for AM machines, taking into 
account the different processes, materials, industry-specific applications, and machines involved. Complete work on 
AWS D20.1. See also Gap QC3 on harmonizing Q&C terminology for process parameters. 
Priority: Medium 
Organization: AWS D20, ASTM F42, SAE AMS-AM, OEMs, IEEE-ISTO PWG 
v2 Status of Progress: Green 
v2 Update: As noted in the text, AWS D20.1 has been drafted. ASTM F42 process and materials standards cover 
the parameters for PBF and Inconel 625 but not the values. SAE AMS7100 is trying to address FDM process 
control including setting parameters for the aerospace industry. SAE AMS7003 includes an appendix on PBF-L 
process characteristics but contains no values.  
Updates Since v2 was Published: 
8/5/2020, MW: ASTM AM CoE Strategic Roadmap for Research & Development (April 2020) notes that AM CoE 
Projects 1804/1907 (WK65937, WK65929) address AMSC Gap PC5. 
3/17/2020, MW: Jessica Coughlin, AWS D20, comment: AWS D20.1 [published in 2019] provides a listing of 
important process parameters in Table 5.2 (PBF) and Table 5.3 (DED), referred to as “qualification variables.” 
These include variables related to build design, material, machine, environment, heat source characteristics, 
deposition characteristics, and post-build processing.  AWS D20.1 provides requirements for qualifying an AM 
procedure, after which full or partial requalification is required for any changes beyond the qualified limits identified 
in Table 5.2 or Table 5.3 for each parameter. 
New Published Standards 
10/7/2021, JM:  
SAE AMS7023, Gamma Titanium Aluminide Powder for 
Additive Manufacturing, Ti - 48Al - 2Nb - 2Cr (Issued 
Jun 01, 2021) 
SAE AMS7025, Metal Powder Feedstock Size 
Classifications (Issued Apr 22, 2021) 
SAE AMS7026, Titanium Ti-5553 (Ti - 5Al - 5Mo - 5V - 
3Cr) Powder for Additive Manufacturing (Issued Jul 28, 
2021) 

New In-Development Standards 
10/26/21, JM: According to Bill Bihlman, the following 
standard is being formatted for Council ballot 
SAE AMS 7100/1, Fused Filament Fabrication – 
Stratasys Fortus 900 mc Plus with Type 1, Class 1, 
Grade 1, Natural Material 
10/7/2021, JM: ISO/ASTM DIS 52924, Additive 
manufacturing of polymers — Feedstock materials — 
Qualification of materials for laser-based powder bed 
fusion of part 

Commented [JM12]: This will replace F3434-20 

Commented [JM13]: Looks the same as 52930 but doesn’t 
appear in F42.05 list 

Commented [JM14]: 09/21/2021, DDGreenwood: It is 
important to include parameter controls for polymer AM (nylon 
powder bed fusion & material extrusion). 
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SAE AMS7033, Aluminum Alloy Powder, 4.6Cu - 3.4Ti - 
1.4B - 0.75Ag - 0.27Mg (Issued Jun 22, 2021) 
SAE AMS7035, Precipitation Hardenable Steel Alloy, 
Corrosion and Heat-Resistant, Powder for Binder Jet 
Additive Manufacturing, 16.0Cr – 4.0Ni – 4.0Cu -
0.30Nb (Issued Jun 22, 2021) 
 
11/20/2020, MW: Bill Bihlman, SAE, Comment   
• SAE AMS7004, Titanium Alloy Preforms from Plasma 

Arc Directed Energy Deposition Additive 
Manufacturing on Substrate, Ti-6Al-4V, Stress 
Relieved (Jan 2019) 

• SAE AMS7008, Nickel Alloy, Corrosion and Heat-
Resistant, Powder for Additive Manufacturing, 47.5Ni 
- 22Cr - 1.5Co - 9.0Mo - 0.60W - 18.5Fe (March 
2019) 

• SAE AMS7012, Precipitation Hardenable Steel Alloy, 
Corrosion and Heat-Resistant Powder for Additive 
Manufacturing 16.0Cr - 4.0Ni - 4.0Cu - 0.30Nb (Nov 
2019) 

• SAE AMS7013, Nickel Alloy, Corrosion and Heat-
Resistant, Powder for Additive Manufacturing, 60Ni - 
22Cr - 2.0Mo - 14W - 0.35Al - 0.03La (Jan 2019) 

• SAE AMS7014, Titanium Alloy, High Temperature 
Applications, Powder for Additive Manufacturing, Ti - 
6.0Al - 2.0Sn - 4.0Zr - 2.0Mo (Mar 2019) 

• SAE AMS7018, Aluminum Alloy Powder 10.0Si – 
0.35Mg (May 2020) 

• SAE AMS7021, Stainless Steel Powder, 15-5PH 
Alloy 

11/20/2020, JM: 
SAE AMS7100, Fused Filament Fabrication, Process 
Specification for (Oct 2019) 
10/27/2020, MW: ISO/ASTM 52903-2-20, Additive 
manufacturing — Material extrusion-based additive 
manufacturing of plastic materials — Part 2: Process 
equipment is a new standard, now available. F3475-20 
developed by Committee F42.05, ASTM BOS Volume 
10.04. 
1/21/20, JM: ISO/ASTM 52904:2019, Additive 
manufacturing – Process characteristics and 
performance – Practice for metal powder bed fusion 
process to meet critical applications was published 
4/4/2019, LY: The AWS recently published a new 
standard on AM, AWS D20.1/D20.1M:2019 
Specification for Fabrication of Metal Components 
using Additive Manufacturing. 

SAE AMS7036, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, Steel, Corrosion and Heat Resistant 
17Cr – 13Ni – 2.5Mo (316L), Hot Isostatic Pressed 
(Initiated Mar 09, 2021) 
SAE AMS7038, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, Nickel Alloy, Corrosion and Heat-
Resistant -52.5Ni - 19Cr - 3.0Mo - 5.1Cb (Nb) - 0.90Ti - 
0.50AI - 18Fe Stress Relieved, Hot Isostatic Pressed, 
(Initiated Mar 02, 2021) 
SAE AMS7039, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, Steel, Corrosion and Heat Resistant 
17Cr – 13Ni – 2.5Mo (316L), Stress Relief and Anneal 
(Initiated Apr 19, 2021) 
10/4/2021, JM:  
ASTM ISO/ASTM CD 52903-2, Additive manufacturing 
— Material extrusion-based additive manufacturing of 
plastic materials — Part 2: Process equipment  
(revision of 2020 version) 
ISO/ASTM CD 52904, Additive manufacturing of metals 
— Process characteristics and performance — Metal 
powder bed fusion process to meet critical applications 
(revision of 2019 version) 
 
3/31/2021, JM: NRC presentation of 12/09/20 by 
Mohsen Seifi noted these ASTM work items: 
• ASTM WK65937, Additive Manufacturing -- Space 

Application -- Flight Hardware made by Laser Beam 
Powder Bed Fusion Process 

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

 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
• SAE AMS7000A, Laser-Powder Bed Fusion (L-PBF) 

Produced Parts, Nickel Alloy, Corrosion and Heat-
Resistant, 62Ni - 21.5Cr - 9.0Mo - 3.65Nb Stress 
Relieved, Hot Isostatic Pressed and Solution Annealed 
(Feb 2020) 

• SAE AMS7012A, Precipitation Hardenable Steel Alloy, 
Corrosion and Heat-Resistant Powder for Additive 
Manufacturing 16.0Cr - 4.0Ni - 4.0Cu - 0.30Nb (Mar 
2020) 

• SAE AMS7015 - Ti-6Al-4V, Powder For Additive 
Manufacturing (Sep 2018) 

• SAE AMS7016, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, 17-4PH H1025 Alloy (Oct 2018) 

• SAE AMS7017, Titanium 6-Aluminum 4-Vanadium 
Powder for Additive Manufacturing, ELI Grade (Feb 
2019) 

• SAE AMS7020, Aluminum Alloy Powder, F357 Alloy  
(May 2019) 

• SAE AMS7023, Gamma Titanium Aluminide Powder 
for Additive Manufacturing, Ti-48Al-2Nb-2Cr (May 
2019) 

• SAE AMS7024, Inconel 718 L-PBF Material 
specification (Jun 2019) 

• SAE AMS7025, Metal Powder Feedstock Size 
Classifications for Additive Manufacturing (Jun 2019) 
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• SAE AMS7026, Powder Titanium 5553 (Jan 2020) 
• SAE AMS7028, Laser-Powder Bed Fusion (L-PBF) 

Produced Parts, Titanium Alloy, Ti-6Al-4V Stress 
Relieved, and Hot Isostatic Pressed (Jan 2020) 

• SAE AMS7030, Laser- Powder Bed Fusion (L-PBF) 
Produced Parts of AlSi10Mg (Feb 2020) 

• SAE AMS7033, Aluminum Alloy Powder A205 
(AlCuTiBAgMg) (May 2020) 

• SAE AMS7035 - Precipitation Hardenable Steel Alloy, 
Corrosion and Heat-Resistant, Powder for Binder Jet 
Additive Manufacturing, 16.0Cr – 4.0Ni – 4.0Cu -
0.30Nb (Sep 2020) 

 
 
Back to Top 
 
 

Gap PC6: Adverse Machine Environmental Conditions: Effect on Component Quality. There is a need for 
more research as well as standards or specifications that address AM machines being able to work in adverse 
environmental conditions. 
R&D Needed: Yes.  
Recommendation: Develop standards and specifications to address external environmental factors that could 
negatively impact component quality. 
Priority: Low 
Organization: OEMs, DoD for military-specific operational environments, ASTM 
v2 Status of Progress: Unknown 
v2 Update: None provided 
Updates Since v2 was Published: 
New Published Standards 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
• SAE AMS7005, Wire Fed Plasma Arc Directed 

Energy Deposition Additive Manufacturing Process 
(Jan 2019) 

• SAE AMS7007, Electron Beam Powder Bed Fusion 
Process (Jul 2020) 

• SAE AMS7010, Wire Fed Laser Directed Energy 
Deposition Additive Manufacturing Process (L-DED-
wire) (Jan 2020) 

• SAE AMS7022, Binder Jetting Process (Nov 2020) 
• SAE AMS7027, Electron Beam Wire Fusion Process 

(Nov 2020) 

 
 
 

New In-Development Standards 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
• SAE AMS7002A, Process Requirements for 

Production of Metal Powder Feedstock for Use in 
Additive Manufacturing of Aerospace Parts (Aug 2018) 

• SAE AMS7003A, Laser Powder Bed Fusion Process 
(Jun 2019) 

• SAE AMS7010A, Wire Fed Laser Directed Energy 
Deposition Additive Manufacturing Process (L-DED-
wire) (Jan 2020) 

• SAE AMS7029, Cold Metal Transfer Directed Energy 
Deposition (CMT-DED) Process (Feb 2020) 

• SAE AMS7031, Process Requirements for Recovery 
and Recycling of Metal Powder Feedstock for Use in 
Additive Manufacturing of Aerospace Parts (Apr 2020) 

• SAE AMS7034 - Hybrid Laser Arc Directed Energy 
Deposition (HLA-DED) (Aug 2020) 

 
 
 
Back to Top 
 
 

Gap PC7: Recycle & Re-use of Materials. There are many practices in the materials industry of how to recycle, 
re-use, and revert materials in production. They are also highly material dependent. End users need to understand 
best practices for how to qualify their various precursor material streams. 
R&D Needed: Yes. Research should be conducted to understand the effects of mixing ratios of reused to virgin 
material. 
Recommendation: Develop guidance as to how reused materials may be quantified and how their history should 
be tracked (e.g., number of re-uses, number of exposure hours [for a laser system], or some other metric). 
Guidelines for sieving reused powder prior to mixing must be created.  
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Priority: High 
Organization: ASTM F42/ISO TC 261, ASTM D20, AWS, MPIF, NIST, SAE, trusted end user-group 
v2 Status of Progress: Green 
v2 Update: SAE is looking at it on the aerospace side. NIST has published one study on the subject on metals but 
more R&D is needed before you can build parts to be qualified. 
Updates Since v2 was Published: 
6/15/2021, JM: AM CoE recently funded two R&D projects on re-use of Metal and Polymer powders. 
3/17/2020, MW: Jessica Coughlin, AWS D20, comment: AWS D20.1 (paragraph 7.4.2.3) provides requirements for 
re-testing powder to ensure that it is still acceptable for use following certain events such as recycling, blending, 
mixing, reconditioning, or extended storage. 
New Published Standards 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
• SAE AMS7005, Wire Fed Plasma Arc Directed 

Energy Deposition Additive Manufacturing Process 
(Jan 2019) 

• SAE AMS7007, Electron Beam Powder Bed Fusion 
Process (Jul 2020) 

• SAE AMS7010, Wire Fed Laser Directed Energy 
Deposition Additive Manufacturing Process (L-DED-
wire) (Jan 2020) 

• SAE AMS7022, Binder Jetting Process (Nov 2020) 
• SAE AMS7027, Electron Beam Wire Fusion Process 

(Nov 2020) 

 
 

New In-Development Standards 
10/7/2021, JM: 
SAE ARP7044 - Powder History Scoring Metric and 
Labeling Schema (Initiated Aug 20, 2021) 
 
10/4/2021, JM:  
• ASTM WK75184, New Guide for Additive 

Manufacturing of Metals -- Powder Bed Fusion -- 
Guidelines for Feedstock Recycling and Sampling 
Strategies. Per Mohsen Seifi, this is AM CoE project 
2003 being developed in F42.05. 

• ASTM WK75265. New Guide for Additive 
Manufacturing of Polymers -- Powder Bed Fusion -- 
Guidelines for Feedstock Recycling and Sampling 
Strategies. Per Mohsen Seifi, this is AM CoE project 
2004 being developed in F42.05. 

 
3/31/2021, JM: ISO/ASTM AWI 52928, Additive 
manufacturing — Feedstock materials — Powder life 
cycle management 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
• SAE AMS7002A, Process Requirements for 

Production of Metal Powder Feedstock for Use in 
Additive Manufacturing of Aerospace Parts (Aug 2018) 

• SAE AMS7003A, Laser Powder Bed Fusion Process 
(Jun 2019) 

• SAE AMS7010A, Wire Fed Laser Directed Energy 
Deposition Additive Manufacturing Process (L-DED-
wire) (Jan 2020) 

• SAE AMS7029, Cold Metal Transfer Directed Energy 
Deposition (CMT-DED) Process (Feb 2020) 

• SAE AMS7031, Process Requirements for Recovery 
and Recycling of Metal Powder Feedstock for Use in 
Additive Manufacturing of Aerospace Parts (Apr 2020) 

• SAE AMS7034 - Hybrid Laser Arc Directed Energy 
Deposition (HLA-DED) (Aug 2020) 
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Gap PC8: Stratification. Powders used in additive manufacturing are composed of a distribution of particle sizes. 
Stratification may take place during container filling, transportation, or handling before and after being received by a 
user of powder. Users must know what conditioning is appropriate to ensure that the powder’s particle size 
distribution is consistent and acceptable for the specific process. There is currently a lack of guidance in this area. 
R&D Needed: Yes. Research should be conducted to understand the effect of stratification on particle size 
distribution of as-received powder and mixed powder prior to being put into service. The results from this work can 
be used to guide the re-blending of powder before being put into service. 
Recommendation: Develop guidelines on how to maintain OEM characteristics in new use and re-use powder 
scenarios. There is documented variability in the final part properties in various AM processes; the AM community 
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must either rule out stratification of powder precursor material or provide guidelines for mixing of lots to achieve 
acceptable particle size distribution. 
Priority: Medium 
Organization: NIST, trusted end user-group, ASTM 
v2 Status of Progress: Unknown 
v2 Update: None provided 
Updates Since v2 was Published: 
New Published Standards 
10/7/2021, JM:  
SAE AMS7023, Gamma Titanium Aluminide Powder for 
Additive Manufacturing, Ti - 48Al - 2Nb - 2Cr (Issued 
Jun 01, 2021) 
SAE AMS7025, Metal Powder Feedstock Size 
Classifications (Issued Apr 22, 2021) 
SAE AMS7026, Titanium Ti-5553 (Ti - 5Al - 5Mo - 5V - 
3Cr) Powder for Additive Manufacturing (Issued Jul 28, 
2021) 
SAE AMS7033, Aluminum Alloy Powder, 4.6Cu - 3.4Ti - 
1.4B - 0.75Ag - 0.27Mg (Issued Jun 22, 2021) 
SAE AMS7035, Precipitation Hardenable Steel Alloy, 
Corrosion and Heat-Resistant, Powder for Binder Jet 
Additive Manufacturing, 16.0Cr – 4.0Ni – 4.0Cu -
0.30Nb (Issued Jun 22, 2021) 
 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
• SAE AMS7008, Nickel Alloy, Corrosion and Heat-

Resistant, Powder for Additive Manufacturing, 47.5Ni 
- 22Cr - 1.5Co - 9.0Mo - 0.60W - 18.5Fe (March 
2019) 

• SAE AMS7012, Precipitation Hardenable Steel Alloy, 
Corrosion and Heat-Resistant Powder for Additive 
Manufacturing 16.0Cr - 4.0Ni - 4.0Cu - 0.30Nb (Nov 
2019) 

• SAE AMS7013, Nickel Alloy, Corrosion and Heat-
Resistant, Powder for Additive Manufacturing, 60Ni - 
22Cr - 2.0Mo - 14W - 0.35Al - 0.03La (Jan 2019) 

• SAE AMS7014, Titanium Alloy, High Temperature 
Applications, Powder for Additive Manufacturing, Ti - 
6.0Al - 2.0Sn - 4.0Zr - 2.0Mo (Mar 2019) 

• SAE AMS7018, Aluminum Alloy Powder 10.0Si – 
0.35Mg (May 2020) 

• SAE AMS7021, Stainless Steel Powder, 15-5PH 
Alloy 

 

New In-Development Standards 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
• SAE AMS7012A, Precipitation Hardenable Steel Alloy, 

Corrosion and Heat-Resistant Powder for Additive 
Manufacturing 16.0Cr - 4.0Ni - 4.0Cu - 0.30Nb (Mar 
2020) 

• SAE AMS7015 - Ti-6Al-4V, Powder For Additive 
Manufacturing (Sep 2018) 

• SAE AMS7017, Titanium 6-Aluminum 4-Vanadium 
Powder for Additive Manufacturing, ELI Grade (Feb 
2019) 

• SAE AMS7020, Aluminum Alloy Powder, F357 Alloy  
(May 2019) 

• SAE AMS7023, Gamma Titanium Aluminide Powder 
for Additive Manufacturing, Ti-48Al-2Nb-2Cr (May 
2019) 

• SAE AMS7025, Metal Powder Feedstock Size 
Classifications for Additive Manufacturing (Jun 2019) 

• SAE AMS7026, Powder Titanium 5553 (Jan 2020) 
• SAE AMS7033, Aluminum Alloy Powder A205 

(AlCuTiBAgMg) (May 2020) 
• SAE AMS7035 - Precipitation Hardenable Steel Alloy, 

Corrosion and Heat-Resistant, Powder for Binder Jet 
Additive Manufacturing, 16.0Cr – 4.0Ni – 4.0Cu -
0.30Nb (Sep 2020) 

• SAE GAAM-M20A, Aluminum Alloy Powder Template 
(Apr 2020) 

• SAE GAAM-M20B, Cobalt, Iron, or Nickel Alloy 
Powder Template (Apr 2020) 

• SAE GAAM-M20C, Titanium Powder Template (Apr 
2020) 
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Gap PC9: Environmental Conditions: Effects on Materials. AM materials can be sensitive to changes in 
environmental conditions including temperature, humidity, and ultraviolet radiation. Therefore, general guidance 
must be provided to ensure the environmental conditions in which the material is used and stored remain within 
acceptable ranges for all material types. Specific material packaging requirements are addressed in Section 
2.2.1.3.9. No standards or specifications have been identified regarding this topic. 
R&D Needed: Yes. 
Recommendation: Develop guidance on the storage of AM materials so that AM materials are stored and used in 
environments with acceptable conditions. Research should be conducted to identify these ranges. 
Priority: High 
Organization: ASTM F42/ISO TC 261, NIST, SAE, UL, Powder Manufacturers/Suppliers 
v2 Status of Progress: Green 
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v2 Update: UL 3400, Outline of Investigation for Additive Manufacturing Facility Safety Management, is a document 
for the evaluation and certification of any additive manufacturing facility that uses powder as the initial form of 
feedstock material to print parts. It identifies the potential hazards within an AM facility, which includes 
environmental conditions. It does not provide specific reference to acceptable ranges for material storage within a 
facility. The effect of environmental conditions on AM materials can be dependent on a number of factors, which 
can vary by facility. UL 3400 provides guidance based on the requirements and conditions of the 
facility being evaluated. ASTM F42.06 is looking at environmental conditions for storage via work item ASTM 
WK59813, New Guide for Hazard Risk Ranking and Safety Defense. SAE AMS7003, Laser Powder Bed Fusion 
Process, contains requirements for feedstock powder handling and storage plans. 
Updates Since v2 was Published: 
7/18/19 JM: ASTM WK59813 was deleted due to lack of activity. 
New Published Standards 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
• SAE AMS7005, Wire Fed Plasma Arc Directed 

Energy Deposition Additive Manufacturing Process 
(Jan 2019) 

• SAE AMS7007, Electron Beam Powder Bed Fusion 
Process (Jul 2020) 

• SAE AMS7010, Wire Fed Laser Directed Energy 
Deposition Additive Manufacturing Process (L-DED-
wire) (Jan 2020) 

• SAE AMS7022, Binder Jetting Process (Nov 2020) 
• SAE AMS7027, Electron Beam Wire Fusion Process 

(Nov 2020) 

 
 

New In-Development Standards 
3/31/2021, JM: ISO/ASTM AWI 52928, Additive 
manufacturing — Feedstock materials — Powder life 
cycle management 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
• SAE AMS7002A, Process Requirements for 

Production of Metal Powder Feedstock for Use in 
Additive Manufacturing of Aerospace Parts (Aug 2018) 

• SAE AMS7003A, Laser Powder Bed Fusion Process 
(Jun 2019) 

• SAE AMS7010A, Wire Fed Laser Directed Energy 
Deposition Additive Manufacturing Process (L-DED-
wire) (Jan 2020) 

• SAE AMS7029, Cold Metal Transfer Directed Energy 
Deposition (CMT-DED) Process (Feb 2020) 

• SAE AMS7031, Process Requirements for Recovery 
and Recycling of Metal Powder Feedstock for Use in 
Additive Manufacturing of Aerospace Parts (Apr 2020) 

• SAE AMS7034 - Hybrid Laser Arc Directed Energy 
Deposition (HLA-DED) (Aug 2020) 

 
8/19/2020, JM: ASTM WK73227, Additive Manufacturing 
-- Investigation for Additive Manufacturing (AM) Facility 
Safety Management 
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Gap PC10. Re-use of Material that Has Not Been Processed. There is a lack of industry guidance on the re-use 
of material that has not been processed. 
R&D Needed: Yes. 
Recommendation: Develop a standard for the re-use of material that was not processed but is already within the 
system (e.g., for inkjet it can be in the plumbing, the reservoirs, the printing heads, etc.). 
Priority: Medium 
Organization: ISO/ASTM 
v2 Status of Progress: Unknown 
v2 Update: None provided 
Updates Since v2 was Published: 
New Published Standards 
 
 

New In-Development Standards 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
SAE AMS7031, Process Requirements for Recovery and 
Recycling of Metal Powder Feedstock for Use in Additive 
Manufacturing of Aerospace Parts (Apr 2020) 
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https://www.astm.org/DATABASE.CART/WORKITEMS/WK73227.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK73227.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK73227.htm
https://www.sae.org/works/documentHome.do?docID=AMS7031&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7031&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7031&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
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Gap PC11: Re-use of Material that Has Been Processed. There is a lack of industry guidance on the re-use of 
material that was already processed. 
R&D Needed: Yes. 
Recommendation: Develop a standard for re-use of material that was already processed and cannot be reused as 
precursor material. For inkjet, there are two concerns: Material that was jetted but not polymerized and material that 
was polymerized to some extent (waste from each processed layer or the actual support material). Example: non-
polymerized material that was jetted can be reused as material to fill bulky areas of the model (by filtering, re-jetting, 
and polymerizing). 
Priority: Low 
Organization: ASTM 
v2 Status of Progress: Unknown 
v2 Update: None provided 
Updates Since v2 was Published: 
11/13/2020, MW: Steve Weinman, ASME, comment: ASME is forming a Working Group to address this for use of 
recycled polymers. 
New Published Standards 
 

New In-Development Standards 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
SAE AMS7031, Process Requirements for Recovery and 
Recycling of Metal Powder Feedstock for Use in Additive 
Manufacturing of Aerospace Parts (Apr 2020) 
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Gap PC12: Precursor Material Flow Monitoring. There is no known standard for defining: 
• Method of DED process powder flow monitoring 
• Location of monitoring 
• Accuracy of flow monitoring 
• Standardized calibration process of flow 
R&D Needed: Yes. 
Recommendation: Develop a standard for DED process powder flow monitoring so that operators/users will have 
a way to ensure the powder flow is coming out consistently and with minimal fluctuations so as to not alter the 
desired build and its properties. See also Gap PM1 on flowability. 
Priority: Medium 
Organization: NIST, ISO/ASTM 
v2 Status of Progress: Unknown 
v2 Update: None provided 
Updates Since v2 was Published: 
New Published Standards 
 
 

New In-Development Standards 
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Gap PC13: Flow Parameters for Material Jetting. No published standards or standards in development have 
been identified for monitoring and control of all flow related parameters for material jetting. 
R&D Needed: Yes. 
Recommendation: Develop a standard for monitoring and controlling all flow parameters for material jetting such 
as flow rate, temperature, viscosity, pressure level, wetting of the orifice plate, etc. This standard should include: 
• Monitoring and controlling similar flow in different material feeding channels. This is needed to allow multi-material 
printing while minimizing cross talk or non-uniformity between channels keeping quality of all printed materials.  
• Controlling the thickness of the printed layer. In material jetting, the material flows to the surface and controlling 
the thickness of each layer is clearly critical to maintain quality. The layer thickness can be controlled by controlling 
the material flow within the system and within the printing heads as well as by direct measurement after deposition.  
• Expanding the performance envelope to enable more degrees of freedom for the flow of material. For example, to 
enable a wider range of temperatures, humidity control, oxygen level control, ink recirculation in the print heads, etc. 
All this can allow using more viscous materials, with larger filler particles and exotic materials that might not be 
compatible with the print head materials in a standard environment.  
Priority: Low 
Organization: NIST, OEMs, ASTM, IEEE-ISTO PWG 

https://www.sae.org/works/documentHome.do?docID=AMS7031&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7031&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7031&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
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v2 Status of Progress: Unknown 
v2 Update: None provided 
Updates Since v2 was Published: 
New Published Standards 
 
 

New In-Development Standards 
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Gap PC14: Environmental Health and Safety: Protection of Machine Operators. There is a need for standards 
to address environmental health and safety (EHS) in the AM process. Typical hazards to be addressed include: 
guarding from moving parts that are not protected from contact; chemical handling (liquids, powders, wires); air 
emissions (dusts, vapors, fumes); noise (cleaning apparatus); electrical (water wash systems, electro-static 
systems); flammable/combustible cleaning materials; solid waste; laser use (sintering processes); and UV light 
(may require eye and skin protection based on design). See Gaps P5 and P6 in section 2.2.3.6 related to health 
and safety, specifically to toxic gases/vapors from polymers. 
R&D Needed: Yes. 
Recommendation: Recommend creating a standard addressing EHS issues relative to additive machines (power, 
laser, handling, air quality, etc.). Physical measurement of operator exposure to AM materials is one of the most 
critical needs and can be leveraged from existing industry standards. As noted in the text, research is underway. 
Priority: High 
Organization: ASTM F42/ISO TC 261, UL, ASSP, B11, LIA (Z136), ISO/TC 262 
v2 Status of Progress: Green 
v2 Update: UL has published UL 3400, Outline of Investigation for Additive Manufacturing Facility Safety 
Management, for the evaluation and certification of any additive manufacturing facility that uses powder feedstock 
to print parts. ASTM WK59813, New Guide for Hazard Risk Ranking and Safety Defense, is being developed to 
cover risks associated with different types of AM technologies and the recommended PPE and safety measures. 
ISO/TC 261  has a Working Group on Environment, health and safety (ISO/TC 261/WG 6), and two Joint Groups 
with ASTM F42 on AM: EH&S for 3D printers (ISO/TC 261/JG68) and EH&S for use of metallic materials (ISO/TC 
261/JG69). 
Updates Since v2 was Published: 
9/20/2021, JM: Comments from François Richard, Convenor of ASTM F42.06/ISO TC-261 WG06 – EH&S for 
Additive Manufacturing: AFNOR (French national standardization body) has published : XP E67-006  Additive 
manufacturing - Safety, health and environment - Requirements relating to metallic materials which is the basis for 
the current work of ASTM F42.06/ISO WG06 : ISO/ASTM DIS 52931 - Additive manufacturing - Safety, health and 
environment - Requirements relating to metallic materials to be published in the first half of 2022. This document 
also bears the nomination ASTM WK72391 until it will be issued. 
Item ASTM WK59813, New Guide for Hazard Risk Ranking and Safety Defense, was cancelled as its content was 
incorporated into is being developed to cover risks associated with different types of AM technologies and the 
recommended PPE and safety measures. 
ISO/TC 261  has a Working Group on Environment, health and safety (ISO/TC 261/WG 6), and three Joint Groups 
with ASTM F42 on AM: EH&S for 3D printers (ISO/TC 261/JG68), EH&S for use of metallic materials (ISO/TC 
261/JG69) and JG78, working on harmonization of safety requirements for PBF-LB machines using metallic 
feedstock. 
Finally, since the signature in February of a MoU between ASTM and UL, the document UL 3400, Outline of 
Investigation for Additive Manufacturing Facility Safety Management is being transposed to an ASTM format. 
 
7/18/2019 JM: ASTM WK59813 was deleted due to lack of activity. 
New Published Standards 
9/20/2021, PP/FR: 
XP E67-006  Additive manufacturing - Safety, health 
and environment - Requirements relating to metallic 
materials 

New In-Development Standards 
9/20/2021, PP/FR: 
• ISO/ASTM DIS 52931 - Additive manufacturing - 

Safety, health and environment - Requirements 
relating to metallic materials also called: ASTM 
WK72391, Additive manufacturing -- Environment, 
health and safety -- Standard guideline for use of 
metallic materials 

• ISO/ASTM AWI 52938-1 Additive manufacturing— 
Part 1: Safety requirements for PBF-LB machine 
using metallic feedstock (a/k/a ASTM WK74933) 

8/19/2020, JM:  

https://standardscatalog.ul.com/standards/en/outline_3400_1
https://standardscatalog.ul.com/standards/en/outline_3400_1
https://www.iso.org/committee/629086.html
https://www.boutique.afnor.org/fr-fr/norme/xp-e67006/fabrication-additive-securite-hygiene-et-environnement-exigences-liees-aux-/fa198654/85970#AreasStoreProductsSummaryView
https://www.boutique.afnor.org/fr-fr/norme/xp-e67006/fabrication-additive-securite-hygiene-et-environnement-exigences-liees-aux-/fa198654/85970#AreasStoreProductsSummaryView
https://www.iso.org/committee/629086.html
https://standardscatalog.ul.com/standards/en/outline_3400_1
https://standardscatalog.ul.com/standards/en/outline_3400_1
https://www.boutique.afnor.org/fr-fr/norme/xp-e67006/fabrication-additive-securite-hygiene-et-environnement-exigences-liees-aux-/fa198654/85970#AreasStoreProductsSummaryView
https://www.boutique.afnor.org/fr-fr/norme/xp-e67006/fabrication-additive-securite-hygiene-et-environnement-exigences-liees-aux-/fa198654/85970#AreasStoreProductsSummaryView
https://www.boutique.afnor.org/fr-fr/norme/xp-e67006/fabrication-additive-securite-hygiene-et-environnement-exigences-liees-aux-/fa198654/85970#AreasStoreProductsSummaryView
https://www.astm.org/DATABASE.CART/WORKITEMS/WK72391.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK72391.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK72391.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK72391.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK74933.htm
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• ASTM WK73227, Additive Manufacturing -- 
Investigation for Additive Manufacturing (AM) 
Facility Safety Management 
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Gap PC15. Configuration Management: Cybersecurity. Best practices for maintaining and controlling the 
programming environment for additive processes are needed to ensure repeatable product quality. 
R&D Needed: Yes. 
Recommendation: Develop best practices to protect digital files used in the AM process. See also Gap M7 on 
cybersecurity for maintenance. 
Priority: Medium 
Organization: America Makes, NIST, UL, IEEE-ISTO PWG 
v2 Status of Progress: Unknown 
v2 Update: None provided 
Updates Since v2 was Published: 
New Published Standards 
 
 

New In-Development Standards 
9/21/2021, Paul Witherell: New Cybersecurity effort 
approved in ASTM F42. WK78322, New Guide for 
Additive Manufacturing -- General Principles -- 
Guidelines for AM 
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Gap PC16: In-Process Monitoring. No published standards have been identified that address 1) the conversion of 
in-process monitoring data into an accurate 3D file representing the part manufactured, or 2) the use of in-process 
monitoring data to self-monitor and self-calibrate processing equipment. More than likely, there will be no “one size 
fits all” standard for any given additive process, piece of equipment, or material. It would be highly dependent on 
end user analytics of OEM or internally developed sensing systems. A standard guide is being developed in ASTM 
E07 (WK62181) that covers conversion of in-process monitoring data into an accurate 3D file representing the part 
manufactured, based on real-time measurement of part dimensions, surface finish, density, hot spots, or defect 
state during the build. Ideally, the information gathered during in-process monitoring is used to evaluate part 
acceptance, as a go/no-go before expensive post-processing operations are performed, and/or to guide NDE 
performed on the part after build. 
R&D Needed: Yes. Seamless incorporation of sensor-based monitoring techniques into the build without interfering 
with the build is nontrivial. While commercial based systems have been developed (for example, visible-spectrum 
layer-wise imaging; co-axial melt pool monitoring (visible or near-infrared); infrared, off-axis thermography; single-
point, and off-axis pyrometry and/or photodetectors), other techniques (for example, spectroscopic measurements 
of plume; high speed visible-spectrum imaging (stationary view); single-point surface profilometry; and in-situ laser 
ultrasonic or AE monitoring) are lower TRL and warrant additional R&D. 
Recommendation: Issue standards on in-process monitoring of the feedstock (supply ratios and other metrics), 
process conditions (atmosphere, humidity), process parameters (beam diagnostics such as location, laser power, 
scan width, scan rate), and the part during build (dimensions, surface finish, density, hot spots, defect state). See 
also Gap D22 on the use of physics-based models and simulation tools (analytics). 
Priority: Medium, given the relatively low TRL state of the art 
Organization: ASTM E07.10 
v2 Status of Progress: Yellow 
v2 Update: ASTM E7.10 is developing a draft guide WK62181 on in-process monitoring covering commercial 
based systems (visible-spectrum layer-wise imaging; co-axial melt pool monitoring (visible or near-infrared); 
infrared, off-axis thermography; single-point, off-axis pyrometry and/or photodetectors). Potentially, other techniques 
that show promise will be included (spectroscopic measurements of plume; high speed visible-spectrum imaging 
(stationary view); single-point surface profilometry; and in-situ laser ultrasonic or AE monitoring). The goal of 
WK62181 is to obtain a layer-by-layer (3D) file or quality record showing the as-built part is defect-free or contains 
no critical flaws, or exhibits an in-family (nominal) response when interrogated during the build. WK62181 does not 
address control of equipment functions such as feedstock supply, process conditions, or process parameters (no 
known gap), or physics-based models or simulation tools used in prognostics or diagnostics (see Gap D22). 
Updates Since v2 was Published: 
9/7/2021, Erin Lanigan: WK62181 is now WK73289 and is currently being balloted. It does not cover conversion of 
monitoring data to a 3D file. It does cover commercial melt pool monitoring and layer-wise imaging systems, as well 

https://www.astm.org/DATABASE.CART/WORKITEMS/WK73227.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK73227.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK73227.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK62181.htm
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as some aspects of machine health monitoring and statistical process control. It does not provide a methodology for 
linking indications to defects. 
 
8/5/2020, MW: ASTM AM CoE Strategic Roadmap for Research & Development (April 2020) notes that AM CoE 
Project 1906 (WK74390) addresses AMSC Gap PC16. 
New Published Standards  
 
 

New In-Development Standards 
9/7/2021, JM: ASTM WK73289, New Guide for In-Situ 
Monitoring of Metal Additively Manufactured Aerospace 
Parts 

3/19/2021, JM: ASTM WK74390, Additive Manufacturing 
of Metals -- Data -- File structure for in-process 
monitoring of powder bed fusion. The draft standard 
indicates it is being developed specifically to address 
gap PC16. Noted in 12/9/20 NRC presentation by 
Mohsen Seifi. 
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Other Process Control Activity - Relevance to Gaps Not Yet Determined  
 
New Published Standards  
 
 
New In-Development Standards 
ASTM WK66473, Additive Manufacturing Environment, Health, and Safety Test Method for Determination of Particle 
and Chemical Emission Rates From Desktop 3D Printer Material Extrusion 
ASTM WK70918, Additive manufacturing -- Environment, Health, and Safety -- Test method for the hazardous 
substances emitted from ME- type 3D printers in non-industrial places 
ASTM WK72317, Additive Manufacturing -- Powder Bed Fusion -- Multiple Energy Sources 
ASTM WK77008, New Guide for Additive Manufacturing -- Laser Powder Bed Fusion -- Guide for Benchmarking of 
Powder Bed Density. This is AM CoE project 2102 being developed in F42.01. 
ASTM WK77236, New Specification for Additive manufacturing for aerospace -- Process characteristics and 
performance -- Part 2: Directed energy deposition using wire and arc (aka ISO/ASTM 52943-2) 
ASTM WK78110, New Guide for Additive Manufacturing -- General Principles -- Development and Roadmapping of 
Additive Construction Standards 
ISO/ASTM WD 52917, Additive manufacturing — Round Robin Testing — Guidance for conducting Round Robin 
studies (previously ISO 17296-3:2014) 
ISO/ASTM CD 52927, Additive manufacturing — General Principles – Main characteristics and corresponding test 
methods 
ISO/ASTM CD 52931, Additive manufacturing — Environmental health and safety — Standard guideline for use of 
metallic materials 
ISO/ASTM CD 52932, Additive manufacturing — Environmental health and safety — Standard test method for 
determination of particle emission rates from desktop 3D printers using material extrusion 
ISO/ASTM WD 52933, Additive manufacturing — Environment, health and safety — Consideration for the reduction 
of hazardous substances emitted during the operation of the non-industrial ME type 3D printer in workplaces, and 
corresponding test method 
ISO/ASTM PWI 52934, Additive manufacturing — Environmental health and safety — Standard guideline for hazard 
risk ranking and safety defense 
ISO/ASTM PWI 52943-1 
Additive manufacturing — Process characteristics and performance — Part 1: Standard specification for directed 
energy deposition using wire and beam in aerospace applications 
ISO/ASTM PWI 52943-3 
Additive manufacturing — Process characteristics and performance — Part 3: Standard specification for directed 
energy deposition using laser blown powder in aerospace applications 
ISO/ASTM PWI 52944 
Additive manufacturing — Process characteristics and performance — Standard specification for powder bed 
processes in aerospace applications 
SAE AMS7102 - High Performance Laser Sintering Process for Thermoplastic Parts for Aerospace Applications (Jan 
2019) 
 
 

Commented [JM15]: 3/31/2021, JM: List of preliminary 
work items found here 
https://committee.iso.org/sites/tc261/home/projects/ongoing/o
ngoing-1.html 

https://amcoe.org/rd-publications#analysis
https://www.astm.org/DATABASE.CART/WORKITEMS/WK73289.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK73289.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK73289.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK74390.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK66473.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK66473.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK70918.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK70918.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK72317.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK77008.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK77008.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK77236.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK77236.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK78110.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK78110.htm
https://www.iso.org/standard/75757.html?browse=tc
https://www.iso.org/standard/75757.html?browse=tc
https://www.iso.org/standard/81802.html?browse=tc
https://www.iso.org/standard/81802.html?browse=tc
https://www.iso.org/standard/74641.html?browse=tc
https://www.iso.org/standard/74641.html?browse=tc
https://www.iso.org/standard/75142.html?browse=tc
https://www.iso.org/standard/75142.html?browse=tc
https://www.iso.org/standard/75759.html?browse=tc
https://www.iso.org/standard/75759.html?browse=tc
https://www.iso.org/standard/75759.html?browse=tc
https://www.sae.org/works/documentHome.do?docID=AMS7102&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-P
https://committee.iso.org/sites/tc261/home/projects/ongoing/ongoing-1.html
https://committee.iso.org/sites/tc261/home/projects/ongoing/ongoing-1.html
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Chapter 2.2.3. Post-processing  

 
Medium Priority 

• Gap P1: Post-processing Qualification and Production Builds (10/7/2021) 
• Gap P2: Heat Treatment (HT)-Metals (10/28/2021) 

• Gap P3: Hot Isostatic Pressing (HIP) (10/28/2021) 

• Gap P4: Surface Finish (10/28/2021) 

Low Priority 

• Gap P5: Use of Post-cure to Reduce Toxic Gases from Uncured Polymer Feedstock 

• Gap P6: Guidelines for Post-curing AM Plastics to Address Outgassing and Offgassing 
• NEW Gap P7: Heat Treatment (HT)-Polymers 
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Gap P1. Post-processing Qualification and Production Builds. No known standards have been issued that 
require consistent post-processing to be applied for qualification and production builds. 
R&D Needed: Yes.  
Recommendation: Guideline standards should be issued that require consistent post-processing for the various 
AM processes to be applied for qualification and production builds. These standards should be process and 
material specific and should seek to define minimum best practices for qualification and production builds, along 
with reporting requirements. 
Priority: Medium 
Organization: AWS D20, ASTM F42/ISO TC 261 JG55, SAE 
v2 Status of Progress: Green 
v2 Update: For metals, AWS D20.1 is in development and SAE AMS7000 was published in June 2018. For 
polymers, ASTM F42/ISO TC 261 JG55 is in development for material extrusion.  
Updates Since v2 was Published: 
3/17/2020, MW: Jessica Coughlin, AWS D20, comment: AWS D20.1 requires that the same post-processing 
operations that will be performed on the production component be performed on the qualification builds (5.2.1.4 - 
PBF, 5.2.2.4 - DED). Post-build processing parameters are listed as qualification variables in Table 5.2 (PBF) and 
Table 5.3 (DED). 
New Published Standards 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
SAE AMS7004, Titanium Alloy Preforms from Plasma 
Arc Directed Energy Deposition Additive Manufacturing 
on Substrate, Ti-6Al-4V, Stress Relieved (Jan 2019) 
4/4/2019, LY: The AWS recently published a new 
standard on AM, AWS D20.1/D20.1M:2019 
Specification for Fabrication of Metal Components 
using Additive Manufacturing. 

New In-Development Standards 
10/7/2021, JM:  
SAE AMS7036, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, Steel, Corrosion and Heat Resistant 
17Cr – 13Ni – 2.5Mo (316L), Hot Isostatic Pressed 
(Initiated Mar 09, 2021) 
SAE AMS7038, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, Nickel Alloy, Corrosion and Heat-
Resistant -52.5Ni - 19Cr - 3.0Mo - 5.1Cb (Nb) - 0.90Ti - 
0.50AI - 18Fe Stress Relieved, Hot Isostatic Pressed, 
(Initiated Mar 02, 2021) 
SAE AMS7039, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, Steel, Corrosion and Heat Resistant 
17Cr – 13Ni – 2.5Mo (316L), Stress Relief and Anneal 
(Initiated Apr 19, 2021) 
 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
• SAE AMS7000A, Laser-Powder Bed Fusion (L-PBF) 

Produced Parts, Nickel Alloy, Corrosion and Heat-
Resistant, 62Ni - 21.5Cr - 9.0Mo - 3.65Nb Stress 
Relieved, Hot Isostatic Pressed and Solution Annealed 
(Feb 2020) 

https://www.sae.org/standards/content/ams7000/
https://www.sae.org/standards/content/ams7004/
https://www.sae.org/standards/content/ams7004/
https://www.sae.org/standards/content/ams7004/
https://pubs.aws.org/p/1915/d201d201m2019-specification-for-fabrication-of-metal-components-using-additive-manufacturing
https://pubs.aws.org/p/1915/d201d201m2019-specification-for-fabrication-of-metal-components-using-additive-manufacturing
https://pubs.aws.org/p/1915/d201d201m2019-specification-for-fabrication-of-metal-components-using-additive-manufacturing
https://www.sae.org/works/documentHome.do?docID=AMS7036&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7036&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7036&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7038&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7038&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7038&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7038&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7039&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7039&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7039&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7000A&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7000A&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7000A&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7000A&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
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• SAE AMS7016, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, 17-4PH H1025 Alloy (Oct 2018) 

• SAE AMS7024, Inconel 718 L-PBF Material 
specification (Jun 2019) 

• SAE AMS7028, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, Titanium Alloy, Ti-6Al-4V Stress 
Relieved, and Hot Isostatic Pressed (Jan 2020) 

• SAE AMS7030, Laser- Powder Bed Fusion (L-PBF) 
Produced Parts of AlSi10Mg (Feb 2020) 
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Gap P2: Heat Treatment (HT)-Metals. The existing and in-development ASTM standards for HT of metals built 
using PBF state the requirements for a specific metal within the standard, but not all metals have been addressed, 
and stress relief heat treatments in these standards may not be optimized for AM. In addition, differences between 
laser-based and electron beam-based PBF processes are insufficiently addressed in the existing standards. In this 
example, both processes are considered to be the same regarding HT requirements, when in reality PBF-EB is 
performed at much higher temperature and may not require residual stress relief and produce a more uniform 
microstructure. Heat treatment requirements for metals made with non-powder processes such as directed energy 
deposition using wire feedstock, sheet lamination, etc., are currently not addressed in any standards except for 
titanium-6Al-4V via DED. There are currently no standards on heat treatments designed to reduce anisotropy in 
properties. In cases where AM materials requires HIP processing, the process may be modified to meet HT 
requirements as well, negating the need for additional HT standards. 
R&D Needed: Yes. R&D is needed to determine the optimized heat treatments for AM materials as a function of 
materials and process. 
Recommendation: As the need arises for new metals, new standards will have to be written for each one, 
containing specific HT information. Also, as differences are found in required HT for laser versus electron beam 
processes, these differences should be added to the existing standard for that metal. Standards for metals made 
with non-powder processes need to be developed that contain HT requirements specific to that metal and optimized 
for the appropriate production process. As heat treatments are found to reduce anisotropy in properties for 
particular metals, these should be added to the existing standards for those metals. 
Priority: Medium 
Organization: R&D: universities, OEMs, government research labs, and others. Standards development: ASTM 
F42, SAE AMS-AM. 
v2 Status of Progress: Green 
v2 Update: SAE AMS7000, Laser-Powder Bed Fusion (L-PBF) Produced Parts, Nickel Alloy, Corrosion and Heat-
Resistant, 62Ni - 21.5Cr - 9.0Mo - 3.65Nb Stress Relieved, Hot Isostatic Pressed and Solution Annealed, states that 
several thermal processing steps (stress relief and solution annealing) need to be performed in accordance with 
SAE AMS2774E, Heat Treatment, Wrought Nickel Alloy and Cobalt Alloy Parts. ASTM F3301-18a, Standard for 
Additive Manufacturing – Post Processing Methods – Standard Specification for Thermal Post-Processing Metal 
Parts Made Via Powder Bed Fusion (formerly WK58233) addresses this. 
Updates Since v2 was Published: 
 
New Published Standards 
10/28/21, JM: ASTM F3001 - Standard Specification for 
Additive Manufacturing Titanium-6 Aluminum-4 
Vanadium ELI (Extra Low Interstitial) with Powder Bed 
Fusion has been reapproved, available as F3001-
14(2021) developed by Committee F42.05, 
 
10/26/21, JM: ASTM F2924 - Standard Specification for 
Additive Manufacturing Titanium-6 Aluminum-4 
Vanadium with Powder Bed Fusion has been 
reapproved, available as F2924-14(2021) developed by 
Committee F42.05, 
 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 

New In-Development Standards 
10/7/2021, JM:  
SAE AMS7036, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, Steel, Corrosion and Heat Resistant 
17Cr – 13Ni – 2.5Mo (316L), Hot Isostatic Pressed 
(Initiated Mar 09, 2021) 
SAE AMS7038, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, Nickel Alloy, Corrosion and Heat-
Resistant -52.5Ni - 19Cr - 3.0Mo - 5.1Cb (Nb) - 0.90Ti - 
0.50AI - 18Fe Stress Relieved, Hot Isostatic Pressed, 
(Initiated Mar 02, 2021) 
SAE AMS7039, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, Steel, Corrosion and Heat Resistant 
17Cr – 13Ni – 2.5Mo (316L), Stress Relief and Anneal 
(Initiated Apr 19, 2021) 
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SAE AMS7004, Titanium Alloy Preforms from Plasma 
Arc Directed Energy Deposition Additive Manufacturing 
on Substrate, Ti-6Al-4V, Stress Relieved (Jan 2019) 
 
 

11/20/2020, MW: Bill Bihlman, SAE, Comment: 
• SAE AMS7000A, Laser-Powder Bed Fusion (L-PBF) 

Produced Parts, Nickel Alloy, Corrosion and Heat-
Resistant, 62Ni - 21.5Cr - 9.0Mo - 3.65Nb Stress 
Relieved, Hot Isostatic Pressed and Solution Annealed 
(Feb 2020) 

• SAE AMS7016, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, 17-4PH H1025 Alloy (Oct 2018) 

• SAE AMS7024, Inconel 718 L-PBF Material 
specification (Jun 2019) 

• SAE AMS7028, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, Titanium Alloy, Ti-6Al-4V Stress 
Relieved, and Hot Isostatic Pressed (Jan 2020) 

• SAE AMS7030, Laser- Powder Bed Fusion (L-PBF) 
Produced Parts of AlSi10Mg (Feb 2020) 
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Gap P3: Hot Isostatic Pressing (HIP). Just as for heat treatment and Gap P2, the existing HIP standards do not 
fully address AM material-related issues such as: slow cooling rate and its effect on formation of prior particle 
boundaries and carbide precipitation at grain boundaries, as well as the effect of thermal exposure on excessive 
grain growth, carbide size, incipient melting, and the effect of removing the part from the base plate before HIP. The 
HIP parameters in the existing AM standards are often developed for castings, forgings and sintered parts and may 
not be optimal for AM material since the thermal history, as-printed microstructure and property requirements often 
is a lot different from materials processed with the conventional manufacturing methods. Generally, the existing 
standards provide guidance for interpretation of processing parameters, tolerances, and conformance to industry 
accepted practices such as pyrometry, cleanliness, traceability, etc. 
R&D Needed: Yes 
Recommendation: Develop material specific standards based on R&D defined HIP parameters for AM with 
acceptance criteria for internal discontinuities. Some examples include the following: 
• Effect of max thermal exposure on microstructure evolution (X temperature for more than X hours) 
• Effect of cooling rate 
• Discontinuities extended to the surface 
• Incipient melting with and without voids 
• Discontinuities larger than X inches depending on location 
• Lack of fusion 
• Interconnected porosity 
• Nonmetallic contamination 
• Cross contamination due to processing of different customer parts in commercial HIP vessels 
• Grain morphology  
• Material dependent microstructure (e.g., in 718 laves phase, delta phase morphology, etc.) 
• Number of discontinuities larger than X in per certain view area (e.g., within 1 sq. inch) 
• Number of discontinuities in subsurface area (X microns from the surface) larger than X inch 
• Linear formation of discontinuities (other than interconnected porosity) and minimum distance of X inches between 
adjacent discontinuities. 
Priority: Medium 
Organization: R&D: various entities. Standards: ASTM F42, SAE AMS-AM, possibly SAE AMEC 
v2 Status of Progress: Green 
v2 Update: Some R&D is taking place in the commercial sector and at the university level. In terms of standards 
development, the referenced ASTM F42 work items may address the gap. SAE AMS7000 was published in June 
2018 and SAE AMS AMEC is working on a HIP spec. 
Updates Since v2 was Published: 
New Published Standards 
10/28/21, JM: ASTM F3001 - Standard Specification for 
Additive Manufacturing Titanium-6 Aluminum-4 
Vanadium ELI (Extra Low Interstitial) with Powder Bed 
Fusion has been reapproved, available as F3001-
14(2021) developed by Committee F42.05, 

New In-Development Standards 
10/7/2021, JM:  
SAE AMS7036, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, Steel, Corrosion and Heat Resistant 
17Cr – 13Ni – 2.5Mo (316L), Hot Isostatic Pressed 
(Initiated Mar 09, 2021) 
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10/26/21, JM: ASTM F2924 - Standard Specification for 
Additive Manufacturing Titanium-6 Aluminum-4 
Vanadium with Powder Bed Fusion has been 
reapproved, available as F2924-14(2021) developed by 
Committee F42.05, 
 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
SAE AMS7004, Titanium Alloy Preforms from Plasma 
Arc Directed Energy Deposition Additive Manufacturing 
on Substrate, Ti-6Al-4V, Stress Relieved (Jan 2019) 
 

SAE AMS7038, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, Nickel Alloy, Corrosion and Heat-
Resistant -52.5Ni - 19Cr - 3.0Mo - 5.1Cb (Nb) - 0.90Ti - 
0.50AI - 18Fe Stress Relieved, Hot Isostatic Pressed, 
(Initiated Mar 02, 2021) 
 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
• SAE AMS7000A, Laser-Powder Bed Fusion (L-PBF) 

Produced Parts, Nickel Alloy, Corrosion and Heat-
Resistant, 62Ni - 21.5Cr - 9.0Mo - 3.65Nb Stress 
Relieved, Hot Isostatic Pressed and Solution Annealed 
(Feb 2020) 

• SAE AMS7016, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, 17-4PH H1025 Alloy (Oct 2018) 

• SAE AMS7024, Inconel 718 L-PBF Material 
specification (Jun 2019) 

• SAE AMS7028, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, Titanium Alloy, Ti-6Al-4V Stress 
Relieved, and Hot Isostatic Pressed (Jan 2020) 

• SAE AMS7030, Laser- Powder Bed Fusion (L-PBF) 
Produced Parts of AlSi10Mg (Feb 2020) 
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Gap P4: Surface Finish. Unique features, such as helixes, spirals, lattice structures, and internal surfaces and 
cavities, can be manufactured using AM versus subtractive machining. However, the applicability of current 
measurement methods to the surface of these features is not clear or captured in standards. For example, features 
such as helixes or lattices may produce wire-like structures that are not as easily measured using stylus instruments 
as flat surfaces. 
Also, the suitability of current specification methods must be investigated for AM.  
• ANSI/ASME Y14.36-2018M-1996 (R2008), Surface Texture Symbols may be sufficient, but further investigation is 
required to determine if AM-specific symbols are necessary (e.g., to control stair-stepping or allowable surface 
porosity). 
• Furthermore, although there are methods available for finishing AM materials, many lack standard practices. 
Some methods require material removal, such as micro-machining or abrasive techniques, and it is not known at 
this time how to accommodate this in AM product specifications in a standard form. Other methods require the 
addition of material, such as electroplating and coatings but it is also unknown how to accommodate these into AM 
standards. 
• Lastly, as the effects of surface finish on performance become more apparent, material specification 
recommendations must go beyond “supplier and purchaser agreement,” specifically for as-built, non-machined 
surfaces. 
R&D Needed: Yes 
• Standards for reliable NDT, such as XCT, for evaluation of internal passages 
• Guidance for validation of surface finish on complex features (such as wires or non-planar surfaces)  
• Investigation of mechanical techniques such as shot peening or media blasting and their effect on fatigue life for 
AM materials 
Recommendation: Verify if there are certain measurement methods more appropriate to AM-unique features than 
a stylus approach such as laser or white light 3D scanning. If so, they should be reviewed for their use on AM 
materials and appropriate standards written. 
• The applicability of existing surface texture symbols to AM materials should be investigated.  
• Available finishing methods should be reviewed for their effects on final material properties, and improved with 
standardized practices or guidelines where none exist. 
Priority: Medium 
Organization: ISO/ASTM; ASME (B46 new project team 53 on surface finish), IEEE-ISTO PWG, NIST 
v2 Status of Progress: Green for R&D (metals). Unknown for Standards (metals and polymers). 
v2 Update: In terms of R&D for metals, NIST is currently investigating several research topics related to surface 
texture of parts produced via laser powder bed fusion. Current research is focused on process-structure 
relationships and the identification of complex structures that result from the AM process in anticipation that better 
identification and definition of as-built surfaces will lead to stronger functional correlations for AM parts. To this end, 
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current topic areas include: investigation of surface texture parameters beyond Ra (including both areal and profile 
parameters) to better define AM parts, variability of as-built surface texture (i.e., methods for describing changes in 
the as-built surface texture as position and orientation within the build chamber change), and use of XCT for 
determining surface texture. 
Updates Since v2 was Published: 
8/5/2020, MW: ASTM AM CoE Strategic Roadmap for Research & Development (April 2020) notes that AM CoE 
Project 1802 (WK66682) addresses AMSC Gap P4. 
4/9/2020, MW: Steve Weinman, ASME, comment: In addition to the research being performed at NIST, the ASME 
B46 committee also has a project team (PT 53 – Surface Finish for Additive Manufacturing) looking at different 
kinds of measurement methods, different parameters, etc. There are a number of questions still to answer, such as 
what instruments are able to measure the natural porous structures of AM parts, what parameters are important for 
the functionality of AM parts, how do you define a reference for geometric measurements of internal structures, etc. 
The project team is working on these issues and will ultimately have guidance for the B46 committee, possibly 
incorporating these ideas into a future revision of the B46.1 standard or a separate B46 standard. 
New Published Standards 
10/28/21, JM: ASTM F3001 - Standard Specification for 
Additive Manufacturing Titanium-6 Aluminum-4 
Vanadium ELI (Extra Low Interstitial) with Powder Bed 
Fusion has been reapproved, available as F3001-
14(2021) developed by Committee F42.05, 
 
10/26/21, JM: ASTM F2924 - Standard Specification for 
Additive Manufacturing Titanium-6 Aluminum-4 
Vanadium with Powder Bed Fusion has been 
reapproved, available as F2924-14(2021) developed by 
Committee F42.05, 

New In-Development Standards 
3/31/2021, JM: NRC presentation of 12/09/20 by 
Mohsen Seifi noted these ASTM work items: 
ASTM WK66682, Evaluating Post-processing and 
Characterization Techniques for AM Part Surfaces 
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Gap P5: Use of Post-cure to Reduce Toxic Gases from Uncured Polymer Feedstock. An evaluation of the toxic 
gases resulting from uncured reagents in liquid resins used during processes such as Vat Photopolymerization 
(e.g., SLA) would be warranted to ensure product and environmental safety during and after production. 
R&D Needed: No 
Recommendation: Augment existing standards with AM-specific recommendations for processes that utilize liquid 
resins. Evolved gas analysis, an analytical method by which the amount and characteristics of the volatile products 
released by an AM-built part under controlled temperature variation, is recommended for finished product safety 
and toxicity. To analyze evolved gas quantitatively, parameters such as sample chamber volume, thermal/vacuum 
conditions for releasing/analyzing the volatiles and the techniques for the analysis need to be specified. 
Priority: Low 
Organization: ASTM D20, ISO/TC 261/ASTM F42 
v2 Status of Progress: Not Started, or Unknown 
v2 Update: None provided 
Updates Since v2 was Published: 
New Published Standards 
 
 

New In-Development Standards 
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Gap P6: Guidelines for Post-curing AM Plastics to Address Outgassing and Offgassing. Guidelines for 
evaluating the outgassing and offgassing properties and the effects of post-polymerization treatments have not 
been evaluated, specifically for AM materials. The voids and entrapments that can form in this case warrant some 
method of evaluating AM plastics over traditional methods. 
R&D Needed: Yes, R&D may be needed to look at environmental conditions and health and safety aspects. 
Outgassing (thermal vacuum stability) and offgassing (toxicity) performance data for some materials may be 
archived in NASA’s Materials and Processes Technical Information System (MAPTIS). In space systems, materials 
typically undergo outgassing testing for use in external environments and offgassing testing for use in crewed 
environments. 
Recommendation: Extend existing methods with AM-specific recommendations. 
Priority: Low 

https://amcoe.org/rd-publications#analysis
http://www.astm.org/Standards/F3001.htm?A&utm_source=tracker&utm_campaign=20211028&utm_medium=email&utm_content=standards
http://www.astm.org/Standards/F3001.htm?A&utm_source=tracker&utm_campaign=20211028&utm_medium=email&utm_content=standards
http://www.astm.org/Standards/F3001.htm?A&utm_source=tracker&utm_campaign=20211028&utm_medium=email&utm_content=standards
http://www.astm.org/Standards/F3001.htm?A&utm_source=tracker&utm_campaign=20211028&utm_medium=email&utm_content=standards
http://www.astm.org/COMMIT/SUBCOMMIT/F4205.htm?A&utm_source=tracker&utm_campaign=20211028&utm_medium=email&utm_content=standards
http://www.astm.org/Standards/F2924.htm?A&utm_source=tracker&utm_campaign=20211026&utm_medium=email&utm_content=standards
http://www.astm.org/Standards/F2924.htm?A&utm_source=tracker&utm_campaign=20211026&utm_medium=email&utm_content=standards
http://www.astm.org/Standards/F2924.htm?A&utm_source=tracker&utm_campaign=20211026&utm_medium=email&utm_content=standards
http://www.astm.org/COMMIT/SUBCOMMIT/F4205.htm?A&utm_source=tracker&utm_campaign=20211026&utm_medium=email&utm_content=standards
https://www.astm.org/DATABASE.CART/WORKITEMS/WK66682.htm
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Organization: ASTM E21.05, ASTM D20, ISO/TC 138, ISO/TC 261/ASTM F42 
v2 Status of Progress: Not Started, or Unknown 
v2 Update: None provided 
Updates Since v2 was Published: 
New Published Standards 
 
 

New In-Development Standards 
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Gap P7: Heat Treatment (HT)-Polymers. Heat treatment is an effective method to modify the properties of AM 
built polymer parts. Presence of fillers, as in the case of composites, can alter the nucleation rate causing significant 
increase in tensile strength and hardness of the finished part. It also becomes essential to consider the variation of 
morphology of the polymer parts and layers because of the difference in the cooling rate from the surface to the 
center. The outer surface could end up less crystalline due to a rapid solidification rate and result in less resistance 
to wear. The contraction of volume due to crystallization in the bulk could increase the residual stresses at the 
interface. There are currently no standards on specific heat treatments (heating and cooling rates, anneal 
conditions) which could guide the AM practitioners to arrive at an optimum anisotropic structure and properties for 
the polymer parts. 
R&D Needed: Yes. R&D is needed to determine the conditions for optimized heat treatments of AM built parts as a 
function of materials (semi-crystalline polymers, composites, etc.) and AM post process parameters. 
Recommendation: As AM expands to include new and high performance semi-crystalline polymers, polymer 
nanocomposites and thermosets, advanced machine design and processing, the standards for the measurement of 
mechanical properties will have to describe specific HT information on the test samples. These HT requirements 
(slow cooled vs. quenched vs. gradient cooled) will be specific to the polymer and the production process. A 
guideline on HT treatment procedures followed by sampling for testing would enable achieving optimum polymer 
microstructure and properties. 
Priority: Low 
Organization: R&D: NIST, universities, OEMs, government research labs, and others. Standards development: 
ASTM F42, SAE AMS-AM. 
v2 Status of Progress: New 
v2 Update: None provided 
Updates Since v2 was Published: 
New Published Standards 
 
 

New In-Development Standards 
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Other Post-processing Activity - Relevance to Gaps Not Yet Determined  
 
New Published Standards  
 
 
New In-Development Standards 
ASTM WK69371, Standard practice for generating mechanical performance debits 
ISO/ASTM CD 52908, Additive manufacturing — Finished part properties — Post processing, inspection and testing 
of parts produced by powder bed fusion 
 
 
Back to Top 
 
 

Chapter 2.2.4. Finished Material Properties  
High Priority 

• Gap FMP1: Material Properties (10/28/2021) 
• Gap FMP3: Cleanliness of Medical AM Parts 

• Gap FMP4: Design Allowables (10/28/2021) 

https://www.iso.org/standard/81779.html?browse=tc
https://www.iso.org/standard/81779.html?browse=tc
https://www.astm.org/DATABASE.CART/WORKITEMS/WK69371.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK69371.htm
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Medium Priority 

• Gap FMP5: Microstructure (3/31/2021) 

 
Back to Top 
 

 
Gap FMP1: Material Properties. Many machine manufacturers offer general values for parts made from select 
materials in their machines. However, these values are not statistically validated and do not have the pedigree 
required for material design. Standards for thermal properties and minimum mechanical properties that also contain 
qualification procedures cannot currently be produced for AM materials, given the current state of knowledge, for 
the reasons stated above. Testing standards modified for use with AM parts that are designed/built to be 
inhomogeneous are also not available at this time. 
R&D Needed: Yes.  
Recommendation: Develop standards that identify the means to establish minimum mechanical properties (i.e., 
AM procedure qualification requirements) for metals and polymers made by a given AM system using a given set of 
AM parameters for a given AM build design. Developing these standards will require generating data that currently 
doesn’t exist or is not in the public arena. Qualification requirements to establish minimum mechanical properties for 
AM parts, both homogeneous and deliberately inhomogeneous, need to be developed. 
Priority: High (Metals, Polymers); Low (Ceramics) 
Organization: ASTM F42/ISO TC 261, SAE AMS-AM, AWS D20, CMH-17, MMPDS, NIST 
v2 Status of Progress: Green 
v2 Update: Work in progress is noted in the text. 
Updates Since v2 was Published: 
10/19/2021, Rachael Andrulonis, WSU NIAR: Current qualification programs at NCAMP: JMADD – Joint Metals 
Additive Database Definition program funded by America Makes and FAA, led by Wichita State University NIAR– is 
in progress and will develop material property data for Ti-6-4 on laser powder bed fusion process. Program started 
in early 2021. Polymer AM qualification programs include HexPEKK and Markforged continuous fiber composite 
material. Both programs started in 2020. 
11/13/2020, MW: Rachael Andrulonis, WSU NIAR, comment: The National Center for Advanced Materials 
Performance (NCAMP) at Wichita State University released public specifications and a material property database 
of ULTEM 9085/Fortus 900MC in 2018. (https://www.wichita.edu/research/NIAR/Research/ultem9085.php). Other 
public qualifications for non-metallic and metallic materials are in progress at NCAMP. 
CMH-17 Non-Metallic Additive Manufacturing Coordination Group was formed in October 2018. A CMH-17 
committee is currently drafting tables of material properties to be included in this first release of the handbook. 
Properties are based on NCAMP qualification of ULTEM 9085. 
11/13/2020, MW: Steve Weinman, ASME, comment: ASME is working to form a Working Group on this topic for 
polymers 
8/5/2020, MW: ASTM AM CoE Strategic Roadmap for Research & Development (April 2020) notes that AM CoE 
Projects 1801 (ISO/ASTM AWI 52909), 1804/1907 (WK65937, WK65929), 1805 (WK66029, WK71391), 1901 
(WK71395), 1908 (TBD) and 1909 (WK73340) address AMSC Gap FMP1. 
3/17/2020, JM: Jessica Coughlin, AWS D20 comments: “References to AWS D20 should be removed from this 
item. AWS D20 does not have any plans to provide guidelines or requirements for establishing AM material 
properties. Instead, the Engineer is relied upon to specify the functional requirements of the component and the 
standard is then used to ensure that those requirements can be consistently met.” 
New Published Standards 
10/28/21, JM: ASTM F3001 - Standard Specification for 
Additive Manufacturing Titanium-6 Aluminum-4 
Vanadium ELI (Extra Low Interstitial) with Powder Bed 
Fusion has been reapproved, available as F3001-
14(2021) developed by Committee F42.05, 
 
10/26/21, JM: ASTM F2924 - Standard Specification for 
Additive Manufacturing Titanium-6 Aluminum-4 
Vanadium with Powder Bed Fusion has been 
reapproved, available as F2924-14(2021) developed by 
Committee F42.05, 
 
3/31/2021, JM: Per 12/09/20 presentation from Mohsen 
Seifi, new ASTM standards: 

New In-Development Standards 
10/14/2021, JM:  
ISO/ASTM CD 52909, Additive manufacturing of metals 
— Finished part properties — Orientation and location 
dependence of mechanical properties for powder bed 
fusion. According to Mahdi Jamshidinia, this is the same 
as ASTM F3439 (originally WK49229). 
 
10/7/2021, JM:  
ISO/ASTM DIS 52924, Additive manufacturing of 
polymers — Feedstock materials — Qualification of 
materials for laser-based powder bed fusion of part 
 
SAE AMS7036, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, Steel, Corrosion and Heat Resistant 

Commented [JM18]: Strike this based on J. Coughlin 
comment of 3/17/2020 

https://www.wichita.edu/research/NIAR/Research/ultem9085.php
https://amcoe.org/rd-publications#analysis
http://www.astm.org/Standards/F3001.htm?A&utm_source=tracker&utm_campaign=20211028&utm_medium=email&utm_content=standards
http://www.astm.org/Standards/F3001.htm?A&utm_source=tracker&utm_campaign=20211028&utm_medium=email&utm_content=standards
http://www.astm.org/Standards/F3001.htm?A&utm_source=tracker&utm_campaign=20211028&utm_medium=email&utm_content=standards
http://www.astm.org/Standards/F3001.htm?A&utm_source=tracker&utm_campaign=20211028&utm_medium=email&utm_content=standards
http://www.astm.org/COMMIT/SUBCOMMIT/F4205.htm?A&utm_source=tracker&utm_campaign=20211028&utm_medium=email&utm_content=standards
http://www.astm.org/Standards/F2924.htm?A&utm_source=tracker&utm_campaign=20211026&utm_medium=email&utm_content=standards
http://www.astm.org/Standards/F2924.htm?A&utm_source=tracker&utm_campaign=20211026&utm_medium=email&utm_content=standards
http://www.astm.org/Standards/F2924.htm?A&utm_source=tracker&utm_campaign=20211026&utm_medium=email&utm_content=standards
http://www.astm.org/COMMIT/SUBCOMMIT/F4205.htm?A&utm_source=tracker&utm_campaign=20211026&utm_medium=email&utm_content=standards
https://www.iso.org/standard/74639.html
https://www.iso.org/standard/74639.html
https://www.iso.org/standard/74639.html
https://www.iso.org/standard/74639.html
https://www.iso.org/standard/76909.html?browse=tc
https://www.iso.org/standard/76909.html?browse=tc
https://www.iso.org/standard/76909.html?browse=tc
https://www.iso.org/standard/76909.html?browse=tc
https://www.sae.org/works/documentHome.do?docID=AMS7036&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7036&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
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• F3318-18 Standard for Additive Manufacturing – 
Finished Part Properties – Specification for 
AlSi10Mg with Powder Bed Fusion – Laser Beam 

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

11/20/2020, MW: Bill Bihlman, SAE, Comment: 
SAE AMS7004, Titanium Alloy Preforms from Plasma 
Arc Directed Energy Deposition Additive Manufacturing 
on Substrate, Ti-6Al-4V, Stress Relieved (Jan 2019) 
5/8/2019, LY: SAE has published the following 
specifications which contain statistically based 
minimum properties for lot acceptance: 
SAE AMS7000, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, Nickel Alloy, Corrosion and Heat-
Resistant, 62Ni - 21.5Cr - 9.0Mo - 3.65Nb Stress 
Relieved, Hot Isostatic Pressed and Solution Annealed 
(Jun 2018) 
 

17Cr – 13Ni – 2.5Mo (316L), Hot Isostatic Pressed 
(Initiated Mar 09, 2021) 
SAE AMS7038, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, Nickel Alloy, Corrosion and Heat-
Resistant -52.5Ni - 19Cr - 3.0Mo - 5.1Cb (Nb) - 0.90Ti - 
0.50AI - 18Fe Stress Relieved, Hot Isostatic Pressed, 
(Initiated Mar 02, 2021) 
SAE AMS7039, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, Steel, Corrosion and Heat Resistant 
17Cr – 13Ni – 2.5Mo (316L), Stress Relief and Anneal 
(Initiated Apr 19, 2021) 
 
10/4/2021, JM:  
ASTM WK76048, New Specification for Additive 
manufacturing -- Powder bed fusion -- Standard 
specification for maraging steel (UNS K93120). Per 
Mohsen Seifi, this is AM CoE project 2006 being 
developed in F42.05. 
ASTM WK78224, New Test Method for Additive 
Manufacturing -- Vat Photopolymerization -- Next 
Generation Tensile Test Method 
 
10/1/2021, JM: Shane Collins presentation of 7/13/2021 
mentions ASTM WK77186, New Specification for 
Additive Manufacturing -- Finished Part Properties -- 
Specification for Niobium-Hafnium Alloy UNS R04295 via 
Laser Beam Powder Bed Fusion for Spaceflight 
Applications 
 
3/31/2021, JM: NRC presentation of 12/09/20 by 
Mohsen Seifi noted these ASTM work items: 
• ISO/ASTM AWI 52909, Additive manufacturing 

Finished part properties — Orientation and location 
dependence of mechanical properties for metal 
powder bed fusion 

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

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

• ASTM WK66029, Mechanical Testing of Polymer 
Additively Manufactured Materials 

• ASTM WK71391, New Guide for Additive 
Manufacturing -- Static Properties for Polymer AM 
(Continuation) 

• ASTM WK71395, Additive manufacturing -- 
accelerated quality inspection of build health for 
laser beam powder bed fusion process 

• ASTM WK73340, Additive Manufacturing -- Static 
Properties of Polymer Additive Manufacturing 

 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
• SAE AMS7000A, Laser-Powder Bed Fusion (L-PBF) 

Produced Parts, Nickel Alloy, Corrosion and Heat-
Resistant, 62Ni - 21.5Cr - 9.0Mo - 3.65Nb Stress 
Relieved, Hot Isostatic Pressed and Solution Annealed 
(Feb 2020) 

• SAE AMS7016, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, 17-4PH H1025 Alloy (Oct 2018) 

https://www.astm.org/Standards/F3318.htm
https://www.astm.org/Standards/F3318.htm
https://www.astm.org/Standards/F3318.htm
https://www.astm.org/Standards/F3302.htm
https://www.astm.org/Standards/F3302.htm
https://www.astm.org/Standards/F3302.htm
https://www.sae.org/standards/content/ams7004/
https://www.sae.org/standards/content/ams7004/
https://www.sae.org/standards/content/ams7004/
https://www.sae.org/standards/content/ams7000/
https://www.sae.org/standards/content/ams7000/
https://www.sae.org/standards/content/ams7000/
https://www.sae.org/standards/content/ams7000/
https://www.sae.org/works/documentHome.do?docID=AMS7036&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7038&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7038&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7038&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7038&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7039&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7039&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7039&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.astm.org/DATABASE.CART/WORKITEMS/WK76048.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK76048.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK76048.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK78224.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK78224.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK78224.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK77186.htm
https://www.iso.org/standard/74639.html?browse=tc
https://www.iso.org/standard/74639.html?browse=tc
https://www.iso.org/standard/74639.html?browse=tc
https://www.iso.org/standard/74639.html?browse=tc
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65937.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65937.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65937.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65937.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65929.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65929.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65929.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65929.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK66029.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK66029.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71391.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71391.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71391.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71395.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71395.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71395.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK73340.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK73340.htm
https://www.sae.org/works/documentHome.do?docID=AMS7000A&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7000A&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7000A&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7000A&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7016&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7016&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M


Progress Report on AMSC Roadmap v2 Gaps – October 2021 Page 49 of 70 

• SAE AMS7024, Inconel 718 L-PBF Material 
specification (Jun 2019) 

• SAE AMS7028, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, Titanium Alloy, Ti-6Al-4V Stress 
Relieved, and Hot Isostatic Pressed (Jan 2020) 

• SAE AMS7030, Laser- Powder Bed Fusion (L-PBF) 
Produced Parts of AlSi10Mg (Feb 2020) 

8/19/2020, JM: 
• ASTM WK66637, Additive Manufacturing -- Finished 

Part Properties -- Specification for 4340 Steel via 
Laser Beam Powder Bed Fusion for Transportation 
and Heavy Equipment Industries 

• ASTM WK70164, Additive Manufacturing -- Finished 
Part Properties -- Standard Practice for Assigning Part 
Classifications for Metallic Materials 

5/8/2019, LY: Two metals specifications are under 
development which will contain statistically based 
minimum properties for lot acceptance: 
• AMS7011, Additive manufacture of aerospace parts 
from T-6Al-4V using the Electron Beam powder bed 
fusion EB-PBF) process. 
• AMS7016, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, 17-4PH H1025 Alloy 
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Gap FMP3: Cleanliness of Medical AM Parts. Like many medical devices, medical AM parts must be cleaned of 
manufacturing residues and contact materials prior to packaging or final use. For patient-contacting (both direct and 
indirect) devices this cleaning must allow the device to pass tests for biological reactivity such as cytotoxicity and 
inflammation as described in ISO 10993. They should also ensure that AM materials such as powder are removed 
before use. Residues left on the parts may include but are not limited to cooling fluids or AM materials (powder or 
uncured monomer), that may be stuck within small geometric features or lattice structures. There are no 
standardized protocols or acceptance criteria to reproducibly measure and evaluate the cleanliness of a part with 
relevant, risk-based acceptance criteria. 
R&D Needed: Yes. R&D is needed to establish standards which discern clean from uncleaned parts; specifically, to 
reliably distinguish unsintered, unmelted, and uncured material from the intended part  
Recommendation: Develop standard test methods, metrics, and acceptance criteria for measuring cleanliness of 
complex 3D geometries that are based on existing standards but focus on AM-specific considerations. ASTM F04 
already has work in progress. 
Priority: High 
Organization: AAMI, ASTM F04, ASTM F42/ISO TC 261, ISO, ISO/TC 150, ISO/TC 194 
v2 Status of Progress: Green 
v2 Update: As noted, ASTM F04.15 is working on WK53082 and WK60265. 
Updates Since v2 was Published: 
New Published Standards 
 
 

New In-Development Standards 
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Gap FMP4: Design Allowables. Current standards and underlying infrastructure/technology are not mature 
enough to support the development of design allowables. For metallic additively manufactured material, a guideline 
was published by the MMPDS Coordination Committee describing an exploratory study for developing a metallic 
design allowable entitled “11-40. Guidelines for Emerging Materials and Technologies.” This guideline includes 
potential procedures to publish design allowables in a handbook and illuminates the gaps that would need to be 
addressed before AM could be included. For polymer based additively manufactured materials, an FAA sponsored 
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research program is currently developing statistical procedures for allowables that will eventually be submitted to 
CMH-17 for consideration to be published in a new volume. 
R&D Needed: Yes. Recommended R&D required to fill this gap includes the generation of a set of initial seed data 
and subsequent statistical analyses. The initial data may be developed via round robin testing and procedures to 
capture the multiple sources of variability inherent in AM materials and processes. These data should result from 
programs through public-private partnerships or government laboratories to ensure the sharing of information. 
Separate test programs must be developed for different material types as the distributions may not be the same 
across all materials (i.e., metallic, polymer, etc.). The generation of data and subsequent analyses will help define 
the minimum requirements and statistical methods necessary for additive materials. 
Recommendation: Multiple developments must take place prior to generation and acceptance of design allowables 
for additive materials. 
1. Material specifications: SDOs involved in developing and publishing material specifications should continue their 
efforts to adequately capture the relevant material parameters and minimum mechanical properties required for a 
specification. These specifications can be used in the future to support testing that will lead to the level of data 
needed to support design allowable basis values. Currently, the SAE AMS-AM Committee is actively developing 
specifications for lot acceptance of metallic and polymer additive materials. ASTM F42.05 may also have interest. 
2. Data requirements and statistical analyses: Established organizations, such as MMPDS and CMH-17, should be 
involved in establishing the methodology required for deriving the allowables through a statistical process that takes 
into account the variability and parameters associated with additively manufactured materials. The MMPDS General 
Coordinating Committee, CMH-17 Executive Group, and/or other steering groups of organizations familiar with 
curating design allowable databases should develop guidelines on minimum data requirements and statistical 
processes. Although the key material/process parameters affecting allowables and in some cases the required test 
methods will differ, it is recommended to start with the currently available statistical analysis methods for metals and 
polymer composites as a baseline. 
3. Test methods: Test standards organizations, such as ASTM/ISO, should provide recommendations on 
established test methods with special considerations for AM materials. If necessary, new coupon or component test 
methods should be developed. 
Priority: High (Material Specifications); Medium (Data Requirements and Statistical Analyses): Medium (Test 
Methods) 
Organization: ASTM F42/ISO TC 261, SAE AMS-AM, AWS, NASA, ASME BPVC, MMPDS, CMH-17, NIST 
v2 Status of Progress: Green 
v2 Update: At this time, no publicly available methodology for design allowables of additively manufactured 
materials has been identified. However, the three sections listed above (Material Specifications, Data Requirements 
and Statistical Analyses, and Test Methods) are all being addressed throughout multiple SDOs and other programs.  
Material specifications are being generated by multiple SDOs at this time. SAE has a Data Management Sub-
Committee currently defining guidelines to generate specifications minimum values for both metals and polymers. In 
addition to the work in progress noted in the text and gap statement, ASME's BPVC committee is looking at this. 
Regarding characterization methods for metals, the MMPDS coordinating committee has concerns that existing 
data requirements and statistical analysis methods are not sufficient. Their primary concern is the level of maturity 
of standards and specifications needed to ensure consistent properties. Polymer AM material test methods have 
similar issues; methods can either be adopted from plastic or polymer matrix composites methods, both of which 
may need modification.     
Updates Since v2 was Published: 
10/19/2021, Rachael Andrulonis, WSU NIAR: Current qualification programs at NCAMP: JMADD – Joint Metals 
Additive Database Definition program funded by America Makes and FAA, led by Wichita State University NIAR– is 
in progress and will develop material property data for Ti-6-4 on laser powder bed fusion process. Program started 
in early 2021. Polymer AM qualification programs include HexPEKK and Markforged continuous fiber composite 
material. Both programs started in 2020. 
11/13/2020, MW: Rachael Andrulonis, WSU NIAR, comment: The National Center for Advanced Materials 
Performance (NCAMP) at Wichita State University released public specifications and a material property database 
of ULTEM 9085/Fortus 900MC in 2018. (https://www.wichita.edu/research/NIAR/Research/ultem9085.php). Other 
public qualifications for non-metallic and metallic materials are in progress at NCAMP. 
11/13/2020, MW: Rachael Andrulonis, WSU NIAR, comment: CMH-17 Non-Metallic Additive Manufacturing 
Coordination Group was formed in October 2018. A CMH-17 committee is currently drafting tables of material 
properties to be included in this first release of the handbook. Properties are based on NCAMP qualification of 
ULTEM 9085. 
8/5/2020, MW: ASTM AM CoE Strategic Roadmap for Research & Development (April 2020) notes that AM CoE 
Projects 1801 (ISO/ASTM AWI 52909), 1804/1907 (WK65937, WK65929), 1805 (WK66029, WK71391), 1908 
(TBD) and 1909 (WK73340) address AMSC Gap FMP4. 
4/4/2019, JM: The CMH-17 Volume for Additive Manufacturing kicked off in October 2018 in conjunction with the 
FAA. The new volume will cover non-metallic AM. A Coordination Group was formed to guide this activity with 
Working Groups in the areas of Testing, Data Review, Design & Analysis, and Materials & Processes. This volume, 
when published, will include design allowables for non-metallic AM materials. The first data set that will be reviewed 
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for inclusion in this new volume is ULTEM 9085. Test Standards for Polymer AM – F42 has started a new work item 
for a standard guide that addresses recommendations for mechanical test methods for polymer AM. The guide is 
being developed this year in conjunction with the ASTM AM Center of Excellence and draws upon research 
conducted through America Makes and the FAA. 
New Published Standards 
10/28/21, JM: ASTM F3001 - Standard Specification for 
Additive Manufacturing Titanium-6 Aluminum-4 
Vanadium ELI (Extra Low Interstitial) with Powder Bed 
Fusion has been reapproved, available as F3001-
14(2021) developed by Committee F42.05, 
 
10/26/21, JM: ASTM F2924 - Standard Specification for 
Additive Manufacturing Titanium-6 Aluminum-4 
Vanadium with Powder Bed Fusion has been 
reapproved, available as F2924-14(2021) developed by 
Committee F42.05, 
 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
SAE AMS7004, Titanium Alloy Preforms from Plasma 
Arc Directed Energy Deposition Additive Manufacturing 
on Substrate, Ti-6Al-4V, Stress Relieved (Jan 2019) 
 
4/4/2019, JM: In late Jan/early Feb 2019, SAE 
International released a finished material specification, 
as well as the associated process specification,  
SAE AMS7005, Wire Fed Plasma Arc Directed Energy 
Deposition Additive Manufacturing Process (Jan 2019) 
SAE AMS7013, Nickel Alloy, Corrosion and Heat-
Resistant, Powder for Additive Manufacturing, 60Ni - 
22Cr - 2.0Mo - 14W - 0.35Al - 0.03La (Jan 2019) 
 
 

New In-Development Standards 
10/14/2021, JM:  
ISO/ASTM CD 52909, Additive manufacturing of metals 
— Finished part properties — Orientation and location 
dependence of mechanical properties for powder bed 
fusion. According to Mahdi Jamshidinia, this is the same 
as ASTM F3439 (originally WK49229). 
 
10/7/2021, JM:  
ISO/ASTM DIS 52924, Additive manufacturing of 
polymers — Feedstock materials — Qualification of 
materials for laser-based powder bed fusion of part 
 
SAE AMS7036, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, Steel, Corrosion and Heat Resistant 
17Cr – 13Ni – 2.5Mo (316L), Hot Isostatic Pressed 
(Initiated Mar 09, 2021) 
SAE AMS7038, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, Nickel Alloy, Corrosion and Heat-
Resistant -52.5Ni - 19Cr - 3.0Mo - 5.1Cb (Nb) - 0.90Ti - 
0.50AI - 18Fe Stress Relieved, Hot Isostatic Pressed, 
(Initiated Mar 02, 2021) 
SAE AMS7039, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, Steel, Corrosion and Heat Resistant 
17Cr – 13Ni – 2.5Mo (316L), Stress Relief and Anneal 
(Initiated Apr 19, 2021) 
SAE AMS7101A - Fused Filament Fabrication, Material 
for (Initiated Apr 12, 2021) 
 
10/4/2021, JM:  
ASTM WK76048, New Specification for Additive 
manufacturing -- Powder bed fusion -- Standard 
specification for maraging steel (UNS K93120). Per 
Mohsen Seifi, this is AM CoE project 2006 being 
developed in F42.05. 
ASTM WK78224, New Test Method for Additive 
Manufacturing -- Vat Photopolymerization -- Next 
Generation Tensile Test Method 
 
10/1/2021, JM: Shane Collins presentation of 7/13/2021 
mentions ASTM: 
• WK75901 Additive Manufacturing -- Test Artifacts -- 

Miniature Tension Testing of Metallic Materials. Per 
Mohsen Seifi, this is AM CoE project 2005 being 
developed in F42.01. 

• WK77186, New Specification for Additive 
Manufacturing -- Finished Part Properties -- 
Specification for Niobium-Hafnium Alloy UNS 
R04295 via Laser Beam Powder Bed Fusion for  

3/31/2021, JM: NRC presentation of 12/09/20 by 
Mohsen Seifi noted these ASTM work items: 
• ISO/ASTM AWI 52909, Additive manufacturing 

Finished part properties — Orientation and location 
dependence of mechanical properties for metal 
powder bed fusion 

Commented [JM19]: 09/20/2021, DDGreenwood: See 
comment above regarding thermal history of polymer material 
extrusion additive manufactured (MEAM) parts and its’ effect 
on material properties. Further, as the geometry of test 
coupons will be simple compared to the in-service part the 
effect of thermal history on printed part properties will be even 
greater. Design engineers will likely knockdown material 
properties derived from test coupons in order to account for 
many things, geometric complexity being one. R&D on 
thermal history plus giving the user toolpath control will 
advance the state of the art. 
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• ASTM WK65937, Additive Manufacturing -- Space 
Application -- Flight Hardware made by Laser Beam 
Powder Bed Fusion Process 

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

• ASTM WK66029, Mechanical Testing of Polymer 
Additively Manufactured Materials 

• ASTM WK71391, New Guide for Additive 
Manufacturing -- Static Properties for Polymer AM 
(Continuation) 

• ASTM WK73340, Additive Manufacturing -- Static 
Properties of Polymer Additive Manufacturing 

 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
• SAE AMS7000A, Laser-Powder Bed Fusion (L-PBF) 

Produced Parts, Nickel Alloy, Corrosion and Heat-
Resistant, 62Ni - 21.5Cr - 9.0Mo - 3.65Nb Stress 
Relieved, Hot Isostatic Pressed and Solution Annealed 
(Feb 2020) 

• SAE AMS7016, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, 17-4PH H1025 Alloy (Oct 2018) 

• SAE AMS7024, Inconel 718 L-PBF Material 
specification (Jun 2019) 

• SAE AMS7028, Laser-Powder Bed Fusion (L-PBF) 
Produced Parts, Titanium Alloy, Ti-6Al-4V Stress 
Relieved, and Hot Isostatic Pressed (Jan 2020) 

• SAE AMS7030, Laser- Powder Bed Fusion (L-PBF) 
Produced Parts of AlSi10Mg (Feb 2020) 

8/19/2020, JM: 
• ASTM WK66637, Additive Manufacturing -- Finished 

Part Properties -- Specification for 4340 Steel via 
Laser Beam Powder Bed Fusion for Transportation 
and Heavy Equipment Industries 

 
5/8/2019, LY: One non-metals specification under 
development is tied to an AM qualification program with 
NCAMP (see MRO Network article, Creating an Easier 
Qualification Path for 3D Printing, which references 
SAE AMS7100, Fused Filament Fabrication, Process 
Specification for.   
SAE AMS7101/1, Fused Filament Fabrication Feedstock 
Type 1, Class 1, Group 1, F1.17, Natural (Sep 2018) 
FMP4 Recommendation 1 for Material Specifications 
also encompasses the SAE specifications listed under 
FMP1 
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Gap FMP5: Microstructure. There is an inherent heterogeneity in the microstructure of metallic alloys made by AM 
that requires a standard for identification and quantification of the spatial variability of various microstructure 
features. 
R&D Needed: Yes. NIST should help develop Calphad databases suitable for non-equilibrium solidification. 
Recommendation: ASTM should develop a standard for characterization and acceptance criteria of AM 
microstructures (both identification and quantification). 
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Priority: Medium 
Organization: NIST, ASTM 
v2 Status of Progress: Not Started, or Unknown 
v2 Update: Nothing started in terms of ASTM work 
Updates Since v2 was Published: 
8/5/2020, MW: ASTM AM CoE Strategic Roadmap for Research & Development (April 2020) notes that AM CoE 
Projects 1804/1907 (WK65937, WK65929) address AMSC Gap FMP5. 
New Published Standards 
 
 

New In-Development Standards 
3/31/2021, JM: NRC presentation of 12/09/20 by 
Mohsen Seifi noted these ASTM work items: 
• ASTM WK65937, Additive Manufacturing -- Space 

Application -- Flight Hardware made by Laser Beam 
Powder Bed Fusion Process 

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

 
Back to Top 
 
Other Finished Material Properties Activity - Relevance to Gaps Not Yet Determined  
 
New Published Standards  
8/19/2021, JM: Per ASTM tracker alert, F2971, Standard Practice for Reporting Data for Test Specimens Prepared 
by Additive Manufacturing, has been reapproved, available as F2971-13(2021) developed by Committee F42.01. 
SAE AIR7352, Additively Manufactured Component Substantiation (Oct 2019) 
 
New In-Development Standards 
ASTM WK70206, Additive manufacturing -- Test method of sand mold for metal casting -- Part 1: Mechanical 
properties 
ASTM WK70207, Additive manufacturing -- Test method of sand mold for metal casting -- Part 2: Physical properties 
ASTM WK73550, Additive manufacturing -- Material extrusion based additive manufacturing of plastic materials -- 
Part 2: process equipment 
ASTM WK74302, New Specification for Additive manufacturing for construction -- process characteristics and 
performance -- specification for manufactured polymeric UV cured structures for residential applications 
ISO/ASTM CD 52908, Additive manufacturing — Finished part properties — Post processing, inspection and testing 
of parts produced by powder bed fusion 
ISO/ASTM WD 52919-1, Additive manufacturing — Test method of sand mold for metalcasting — Part 1: Mechanical 
properties 
ISO/ASTM WD 52919-2, Additive manufacturing — Test method of sand mold for metalcasting — Part 2: Physical 
properties 
 
Back to Top 
 

Chapter 2.3. Qualification & Certification  
High Priority 

• Gap QC1: Harmonization of AM Q&C Terminology (10/4/2021)  

• Gap QC2: AM Part Classification System for Consistent Qualification Standards (9/21/2021) 
• Gap QC9: Personnel Training for Image Data Set Processing 

• Gap QC10: Verification of 3D Model (4/9/2020) 
Medium Priority 

• Gap QC3: Harmonizing Q&C Terminology for Process Parameters (10/4/2021) 

• Gap QC4: Process Approval for DoD-procured Parts 
• Gap QC6: Importing Ultrasound Data (9/1/2020) 
• Gap QC7: Protocols for Image Accuracy (9/1/2020) 
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https://www.astm.org/DATABASE.CART/WORKITEMS/WK74302.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK74302.htm
https://www.iso.org/standard/81779.html?browse=tc
https://www.iso.org/standard/81779.html?browse=tc
https://www.iso.org/standard/78413.html?browse=tc
https://www.iso.org/standard/78413.html?browse=tc
https://www.iso.org/standard/78414.html?browse=tc
https://www.iso.org/standard/78414.html?browse=tc
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• Gap QC8: Phantoms 
• Gap QC12: Resorbable Materials 

• Gap QC14: Segmentation (3/17/2020) 
• NEW Gap QC16: Sterilization of Tissue Engineered Products 

Low Priority 
• Gap QC5: Machine Operator Training and Qualification (9/15/2020) 
• Gap QC13: Material Control Data and Procedures (10/26/2021) 

• Gap QC15: Sterilization of Anatomical Models 
 
Back to Top 
 

Gap QC1: Harmonization of AM Q&C Terminology. One of the challenges in discussing qualification and 
certification in AM is the ambiguity of the terms qualification, certification, verification, and validation, and how these 
terms are used by different industrial sectors when describing Q&C of materials, parts, processes, personnel, and 
equipment. 
R&D Needed: No 
Recommendation: Compare how the terms qualification, certification, verification and validation are used by 
industry sector. Update as needed existing quality management system standards and other terminology standards 
to harmonize definitions and encourage consistent use of terms across industry sectors with respect to AM. 
Priority: High 
Organization: ASTM F42/ISO TC 261, AAMI, ASME, SAE 
v2 Status of Progress: Green 
v2 Update: In discussions between the AMSC advisory group and the SDOs, there was a general sense that 
relevant AM terminology could be captured in the ISO/ASTM 52900 document to the extent possible. However, that 
document does not currently address the disparities on Q&C terminology discussed here. As a general matter, 
ASME has been coordinating AM terminology activity with ASTM. SAE has noted the challenges of coming to 
consensus on terminology and has been using the ASTM definitions when they exist but coming up with new terms 
for aerospace applications when a term is not defined. ASTM has offered to convene a virtual meeting with the 
SDOs and technical experts to discuss terminology. America Makes could help to promote such collaboration. This 
would be a step forward though it may not solve the issue of getting different sectors to adopt the same terminology. 
Updates Since v2 was Published: 
New Published Standards 
 
 

New In-Development Standards 
10/4/2021, JM: ISO/ASTM FDIS 52900, Additive 
manufacturing — General principles — Fundamentals 
and vocabulary is being revised (revision of 2015 
version)  
4/9/2020, MW: Steve Weinman, ASME, comment: 
ASME is currently working on a V&V 1 standard which 
contains terminology that focuses on verification and 
validation as applied to the computational modeling and 
simulation phase of the product lifecycle. 
The ASME Model Based Enterprise Committee has a 
Terms Working Group working on standardized 
terminology that can be applied across the product 
lifecycle. 
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Gap QC2: AM Part Classification System for Consistent Qualification Standards. A part classification system 
is used to describe the level of risk associated with a part and may therefore be used as a metric to gauge 
appropriate qualification requirements. A common classification system for AM parts by industry sector is needed to 
provide consistent evaluation criteria for AM part risk. This should include a definition of criticality levels. Consistent 
risk criteria provide the basis for consistent expectations and levels of qualification rigor. Examples of classification 
systems can be found in NASA’s MSFC-STD-3716, Standard for Additively Manufactured Spaceflight Hardware by 
Laser Powder Bed Fusion in Metals, and the draft AWS D20.1 standard, which utilizes the part classification system 
identified in AWS D17.1/D17.1M:2017-AMD1, Specification for Fusion Welding of Aerospace Applications. Any 
industry requiring rigorous AM part qualification and system certification would benefit from a common part 
classification system. 

Commented [JM20]: 09/21/2021, DDGreenwood: IMO this 
will vary widely. In the USN, NAVAIR has definitions of 
criticality, as does NAVSEA. But they are not the same. 

https://www.iso.org/standard/74514.html
https://www.iso.org/standard/74514.html
https://www.iso.org/standard/74514.html
https://standards.nasa.gov/standard/msfc/msfc-std-3716
https://standards.nasa.gov/standard/msfc/msfc-std-3716
https://webstore.ansi.org/RecordDetail.aspx?sku=AWS+D17.1%2fD17.1M%3a2017-AMD1
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R&D Needed: No 
Recommendation: A technical report describing existing classification systems for AM parts would be useful. It 
could include the recommended minimum process and part qualification requirements commensurate with part risk 
for each classification level.  
Priority: High 
Organization: ASTM F42/ISO TC 261, AWS, DoD, FAA, NASA, SAE 
v2 Status of Progress: Green 
v2 Update: ASTM F42.01 will explore developing this technical report. This will require coordination between the 
SDOs and relevant federal agencies. It may also be application-specific (e.g., spaceflight, military, etc.) This is more 
a harmonization issue. Procurement and level of testing required need to be addressed. The primary beneficiaries 
will be industry. 
Updates Since v2 was Published: 
9/7/2021, Erin Lanigan: MSFC-STD-3716 has been replaced by NASA-STD-6030, Additive Manufacturing 
Requirements for Spaceflight Systems. This standard covers AM part classification in detail. ASTM WK75329 also 
addresses AM part classification. 
8/5/2020, MW: ASTM AM CoE Strategic Roadmap for Research & Development (April 2020) notes that AM CoE 
Projects 1804/1907 (WK65937, WK65929) address AMSC Gap QC2.  
3/17/2020, MW: Jessica Coughlin, AWS D20, comment: The component classifications used by AWS D20.1 
(published in 2019) are: Class A - Critical application, Class B - Semi-critical application, and Class C - Noncritical 
application. 
New Published Standards 
9/7/2021, EL: NASA-STD-6030 Additive Manufacturing 
Requirements for Spaceflight Systems 
4/4/2019, LY: The AWS recently published a new 
standard on AM, AWS D20.1/D20.1M:2019 
Specification for Fabrication of Metal Components 
using Additive Manufacturing. 

New In-Development Standards 
9/7/2021, JM: ASTM WK75329, New Practice for 
Nondestructive Testing (NDT), Part Quality, and 
Acceptability Levels of Additively Manufactured Laser 
Based Powder Bed Fusion Aerospace Components, 
6/14/2021, JM: 
• ASTM WK73239, Additive manufacturing – New 

Classification for Additive Manufacturing --
Qualification principles -- Classification of part 
properties for additive manufacturing of polymer 
parts 

• ASTM WK70164, New Practice for Additive 
Manufacturing -- Finished Part Properties -- 
Standard Practice for Assigning Part Classifications 
for Metallic Materials 

3/31/2021, JM: NRC presentation of 12/09/20 by 
Mohsen Seifi noted these ASTM work items: 
• ASTM WK65937, Additive Manufacturing -- Space 

Application -- Flight Hardware made by Laser Beam 
Powder Bed Fusion Process 

• 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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Gap QC3: Harmonizing Q&C Terminology for Process Parameters. In order to enable full understanding of the 
given processes and to include this type of information in a process-agnostic TDP, and for purposes of qualification 
and/or certification, there must be standardization of process parameter terminology across machine 
manufacturers. 
R&D Needed: No 
Recommendation: Develop standardized terminology for process parameters for use across all AM equipment. 
Potentially, incorporate these into ISO/ASTM 52900:2015, Additive manufacturing - General principles - 
Terminology. See also Gap PC5 on parameter control. 
Priority: Medium 
Organization: ASTM F42/ISO TC 261 JG51, AWS D20, SAE AMS-AM, IEEE-ISTO PWG 
v2 Status of Progress: Green 
v2 Update: As noted in the text. 

https://standards.nasa.gov/standard/nasa/nasa-std-6030
https://standards.nasa.gov/standard/nasa/nasa-std-6030
https://amcoe.org/rd-publications#analysis
https://standards.nasa.gov/standard/nasa/nasa-std-6030
https://standards.nasa.gov/standard/nasa/nasa-std-6030
https://pubs.aws.org/p/1915/d201d201m2019-specification-for-fabrication-of-metal-components-using-additive-manufacturing
https://pubs.aws.org/p/1915/d201d201m2019-specification-for-fabrication-of-metal-components-using-additive-manufacturing
https://pubs.aws.org/p/1915/d201d201m2019-specification-for-fabrication-of-metal-components-using-additive-manufacturing
https://www.astm.org/DATABASE.CART/WORKITEMS/WK75329.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK75329.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK75329.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK75329.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK73239.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK73239.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK73239.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK73239.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK73239.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK70164.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK70164.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK70164.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK70164.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65937.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65937.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65937.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65937.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65929.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65929.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65929.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65929.htm
https://webstore.ansi.org/RecordDetail.aspx?sku=ISO%2fASTM+52900%3a2015
https://webstore.ansi.org/RecordDetail.aspx?sku=ISO%2fASTM+52900%3a2015
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Updates Since v2 was Published: 
8/5/2020, MW: ASTM AM CoE Strategic Roadmap for Research & Development (April 2020) notes that AM CoE 
Projects 1804/1907 (WK65937, WK65929) address AMSC Gap QC3. 
3/17/2020, MW: Jessica Coughlin, AWS D20, comments: AWS D20.1 uses the term “Qualification Variables” to 
describe the process parameters that must be controlled as part of AM machine and procedure qualifications. I 
believe that SAE AMS-AM uses “Key Process Variables,” ASTM F42 refers to “critical attributes,” and NASA uses 
“Control Factors.” 
New Published Standards 
 
 

New In-Development Standards 
10/4/2021, JM: ISO/ASTM FDIS 52900, Additive 
manufacturing — General principles — Fundamentals 
and vocabulary is being revised (revision of 2015 
version)  
3/31/2021, JM: NRC presentation of 12/09/20 by 
Mohsen Seifi noted these ASTM work items: 
• ASTM WK65937, Additive Manufacturing -- Space 

Application -- Flight Hardware made by Laser Beam 
Powder Bed Fusion Process 

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

 
 
Back to Top 
 
 

Gap QC4: Process Approval for DoD-procured Parts. As multiple methods of AM continue to mature, and new 
AM techniques are introduced, the government will need to fully understand the ramifications of each of these 
techniques, of what they are capable, and how certain AM procedures might lend themselves to some classes of 
parts and not others. Thus, not only must the government understand the differences, but how they should be 
assessed and tested, and what additional checks must be made on the end product before it can be qualified for 
use in a military platform. High pressures, temperatures, and other contained environments could impact the 
performance or life of safety-critical parts in ways that are not understood. More research is required to determine 
the delta between traditional and AM methods. 
R&D Needed: Yes 
Recommendation: Starting with the most mature technologies, such as laser powder bed, there is a need to 
develop standards that assess required checks for levels of criticality and safety as part of the DoD procurement 
process. DoD should participate in the development of such standards and specify the certification requirements 
needed. 
Priority: Medium 
Organization: ASME, ASTM F42/ISO TC 261, DoD, Industry, SAE, Service SYSCOMS 
v2 Status of Progress: Yellow 
v2 Update: DoD is holding AM business model workshops, the agenda for which includes developing an AM 
contracting guide for the Navy/DoD. None provided vis a vis work by the SDOs. 
Updates Since v2 was Published: 
New Published Standards 
 
 

New In-Development Standards 
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Gap QC5: Machine Operator Training and Qualification. There is a need for standards or guidelines outlining 
AM training requirements. 
R&D Needed: No 
Recommendation: Develop AM operator training and qualification standards or guidelines. Training should cover 
the various AM materials and processes available in the market and be performance based to ensure consistent 
AM part quality. Develop additional standards for artisanal levels of competency and experience, delineating an 
individual’s expertise in the field or subsets of the AM field.  
Priority: Low 
Organization: NASA, SAE, AWS, OEMs, UL, ASTM F42/ISO TC 261, AAMI 
v2 Status of Progress: Green 

https://amcoe.org/rd-publications#analysis
https://www.iso.org/standard/74514.html
https://www.iso.org/standard/74514.html
https://www.iso.org/standard/74514.html
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65937.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65937.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65937.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65937.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65929.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65929.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65929.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65929.htm
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v2 Update: As noted in the text. 
Updates Since v2 was Published: 
9/15/2020, JM: ISO/ASTM52942 - Additive manufacturing — Qualification principles — Qualifying machine 
operators of laser metal powder bed fusion machines and equipment used in aerospace applications is a new 
standard, now available. F3471-20 developed by Committee F42.07, ASTM BOS Volume 10.04. 
3/17/2020, MW: Jessica Coughlin, AWS D20, comment: AWS D20.1 contains a Clause (6) dedicated to 
requirements for AM machine operator performance qualification. It requires that the AM machine operator undergo 
training, written examination, practical examination, and a build demonstration in order to become qualified. 
New Published Standards 
 
 

New In-Development Standards 
8/19/2020, JM: 
ISO/ASTM WD 52926-1, Additive manufacturing — 
Qualification principles — Part 1: Qualification of 
machine operators for metallic parts production 
ISO/ASTM WD 52926-2, Additive manufacturing — 
Qualification principles — Part 2: Qualification of 
machine operators for metallic parts production for PBF-
LB 
ISO/ASTM WD 52926-3, Additive manufacturing — 
Qualification principles — Part 3: Qualification of 
machine operators for metallic parts production for PBF-
EB 
ISO/ASTM WD 52926-4, Additive manufacturing — 
Qualification principles — Part 4: Qualification of 
machine operators for metallic parts production for DED-
LB 
ISO/ASTM WD 52926-5, Additive manufacturing — 
Qualification principles — Part 5: Qualification of 
machine operators for metallic parts production for DED-
Arc 
ASTM WK71375, Additive Manufacturing Qualification 
principles Part 1: Qualification of Machine operators for 
metallic parts production 
ASTM WK71376, Additive manufacturing -- Qualification 
principles -- Part 2: Qualification of machine operators for 
metallic parts production for PBF-LB 
ASTM WK71377, Additive manufacturing -- Qualification 
principles -- Part 3: Qualification of machine operators for 
metallic parts production for PBF-EB 
ASTM WK71378, Additive manufacturing -- Qualification 
principles -- Part 4: Qualification of machine operators for 
metallic parts production for DED-LB 
ASTM WK71379, Additive manufacturing -- Qualification 
principles -- Part 5: Qualification of machine operators for 
metallic parts production for DED-Arc 
8/19/2020, JM: 
ASTM WK72458, Additive Manufacturing -- Qualification 
principles -- Qualification of coordinators for metallic 
parts production 
ASTM WK73236, Additive Manufacturing -- Qualification 
principles -- Qualification of coordinators for metallic 
parts production 
ISO/ASTM WD 52935, Additive manufacturing — 
Qualification principles — Qualification of coordinators 
for metallic parts production 
8/19/2020, JM: 
ASTM WK73170, Additive manufacturing -- Qualification 
principles -- Qualifying machine operators of laser metal 
powder bed fusion machines and equipment used in 
aerospace applications 
ASTM WK65937, Additive Manufacturing -- Space 
Application -- Flight Hardware made by Laser Beam 
Powder Bed Fusion Process 

 

Commented [JM21]: The 10 ISO and ASTM work items 
listed below appear to be 5 work items with dual listings of the 
ISO/ASTM number and just an ASTM number. 

Commented [JM22]: In some cases there even appear to 
be more than 1 ASTM WK number as well as an ISO/ASTM 
number covering the same topic 

http://www.astm.org/Standards/ISOASTM52942.htm?A&utm_source=tracker&utm_campaign=20200915&utm_medium=email&utm_content=standards
http://www.astm.org/Standards/ISOASTM52942.htm?A&utm_source=tracker&utm_campaign=20200915&utm_medium=email&utm_content=standards
http://www.astm.org/COMMIT/SUBCOMMIT/F4207.htm?A&utm_source=tracker&utm_campaign=20200915&utm_medium=email&utm_content=standards
http://www.astm.org/BOOKSTORE/BOS/1004.htm?utm_source=tracker&utm_campaign=20200915&utm_medium=email&utm_content=standards
https://www.iso.org/standard/76827.html?browse=tc
https://www.iso.org/standard/76827.html?browse=tc
https://www.iso.org/standard/76827.html?browse=tc
https://www.iso.org/standard/76827.html?browse=tc
https://www.iso.org/standard/78529.html?browse=tc
https://www.iso.org/standard/78529.html?browse=tc
https://www.iso.org/standard/78529.html?browse=tc
https://www.iso.org/standard/78529.html?browse=tc
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https://www.iso.org/standard/78530.html?browse=tc
https://www.iso.org/standard/78530.html?browse=tc
https://www.iso.org/standard/78530.html?browse=tc
https://www.iso.org/standard/78531.html?browse=tc
https://www.iso.org/standard/78531.html?browse=tc
https://www.iso.org/standard/78531.html?browse=tc
https://www.iso.org/standard/78531.html?browse=tc
https://www.iso.org/standard/78532.html?browse=tc
https://www.iso.org/standard/78532.html?browse=tc
https://www.iso.org/standard/78532.html?browse=tc
https://www.iso.org/standard/78532.html?browse=tc
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71375.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71375.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71375.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71375.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71376.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71376.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71376.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71376.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71377.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71377.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71377.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71377.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71378.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71378.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71378.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71378.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71379.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71379.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71379.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71379.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK72458.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK72458.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK72458.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK72458.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK73236.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK73236.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK73236.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK73236.htm
https://www.iso.org/standard/79528.html?browse=tc
https://www.iso.org/standard/79528.html?browse=tc
https://www.iso.org/standard/79528.html?browse=tc
https://www.astm.org/DATABASE.CART/WORKITEMS/WK73170.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK73170.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK73170.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK73170.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65937.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65937.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK65937.htm
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Gap QC6: Importing Ultrasound Data. The DICOM standard needs to be more widely promoted and may need to 
be revised to enable data to be imported from any ultrasound equipment similar to the CT scan or MRI data. There 
is a concern that the data coming from the ultrasound may not be providing adequately detailed images but this 
cannot be assessed until the interoperability concerns are eliminated. 
R&D Needed: Yes 
Recommendation: Promote and potentially revise the DICOM standard for importing data from ultrasound 
equipment. Use cases are obstetrics and pre-natal diagnosis. CP 1071 correction proposals should be approved. 
This relates to codes for cardiac ultrasound data target sites. 
Priority: Medium 
Organization: DICOM, IEEE, ASTM F42/ISO TC 261 JG70 
v2 Status of Progress: Green 
v2 Update: ISO/ASTM NP 52916, Additive manufacturing -- Data formats -- Standard specification for optimized 
medical image data, is being developed by ASTM F42 and ISO/TC 261 as JG70. 
Updates Since v2 was Published: 
3/17/20, JM: Comments on the gap statement from Justin Ryan, Rady Children's Hospital San Diego: “DICOM 
cannot force vendors to submit their proprietary standards to DICOM. Instead the action item should be for 
ultrasound vendors to adopt DICOM (and suggest revisions where necessary) or open their proprietary format to 
enable easy conversations to a standard such as DICOM.” 
New Published Standards 
 
 

New In-Development Standards 
9/1/2020, MW: ASTM WK74006, New Specification for 
(Additive manufacturing -- Data formats -- Specification 
for optimized medical image data 
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Gap QC7: Protocols for Image Accuracy. Problems associated with data acquisition for 3D modeling either 
individually or in combination contribute to image inaccuracies that will result in inaccuracies of the 3D model and 
eventually the final device produced. 
R&D Needed: Yes. More R&D is needed on data for image accuracy before a standard can be developed. 
Recommendation: Develop standard protocols for acquiring data for 3D modeling to ensure image accuracy. They 
may make use of standard image formats that capture enough information to facilitate size, orientation and color 
normalization and/or validation in post-processing of data. 
Priority: Medium 
Organization: DICOM, IEEE, ASME, ASTM F42/ISO TC 261, RSNA (Radiological Society of North America) 
v2 Status of Progress: Green 
v2 Update: ISO/ASTM NP 52916, Additive manufacturing -- Data formats -- Standard specification for optimized 
medical image data, is being developed by ASTM F42 and ISO/TC 261 as JG70. 
Updates Since v2 was Published: 
4/9/2020, MW: Steve Weinman, ASME, comment: ASME V&V 40 Subcommittee on Verification and Validation in 
Computational Modeling of Medical Devices is working to form a working group on this item. 
3/17/2020, JM: Comments on the gap statement from Justin Ryan, Rady Children's Hospital San Diego, suggesting 
removal of DICOM from the list of organizations: “DICOM doesn’t create protocol standards for acquisition. Closest 
element that DICOM could help with is to record which protocol was used.” 
New Published Standards 
 
 

New In-Development Standards 
9/1/2020, MW: ASTM WK74006, New Specification for 
(Additive manufacturing -- Data formats -- Specification 
for optimized medical image data 
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Gap QC8: Phantoms. Material and process guidelines are needed for phantoms to provide reliable models for 
imaging experiments and to check the accuracy of the process. These would include which materials and AM 
process to use, based on what is being imaged and the modality in use (e.g., X-ray vs. ultrasound). 
R&D Needed: Yes. 

Commented [JM23]: See 3/17/20 comment from Justin 
Ryan 

Commented [JM24]: Remove based on 3/17/2020 
comment from Justin Ryan? 

https://www.iso.org/standard/75143.html
https://www.iso.org/standard/75143.html
https://www.astm.org/DATABASE.CART/WORKITEMS/WK74006.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK74006.htm
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https://www.astm.org/DATABASE.CART/WORKITEMS/WK74006.htm
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Recommendation: Develop guidelines for creating and using phantoms to include material and process used, 
based on use. Similar to Gap QC7, they may make use of standard image formats that capture enough information 
to facilitate size, orientation and color normalization and/or validation in post-processing of data. 
Priority: Medium 
Organization: Biomedical Engineering Society, NEMA/MITA, ISO, ASTM, RSNA 
v2 Status of Progress: Green 
v2 Update: The RSNA 3DP Special Interest Group (SIG) is developing best practices for phantoms. 
Updates Since v2 was Published: 
New Published Standards 
 
 

New In-Development Standards 
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Gap QC9: Personnel Training for Image Data Set Processing. Currently, there are only limited qualification or 
certification programs (some are in process of formation) available for training personnel who are handling imaging 
data and preparing for AM printing. 
R&D Needed: No 
Recommendation: Develop certification programs for describing the requisite skills, qualification, and certification 
of personnel responsible for handling imaging data and preparing for printing. The SME organization currently has a 
program in development. 
Priority: High 
Organization: SME, RSNA, ASTM F42/ISO TC 261 
v2 Status of Progress: Green 
v2 Update: The SME AM3DP medical WG has developed competency models and is working on a detailed body of 
knowledge (BOK) to help recruit skilled workers to the profession, along with training, curriculum development, and 
a certification program.2 The FDA is involved with SME and RSNA. There is no separate interest at the federal 
level; certifications happen at the state level. 
Updates Since v2 was Published: 
New Published Standards 
 
 

New In-Development Standards 
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Gap QC10: Verification of 3D Model. There are currently no standards for the final verification of a 3D model 
before it is approved for AM for the intended purpose (e.g., surgical planning vs. implantation; cranial replacement 
piece; cutting guides which have a low tolerance for anatomical discrepancy). 
R&D Needed: Yes, in terms of tolerances 
Recommendation: Develop standards for verification of the 3D model against the initial data. Ideally, they should 
identify efficient, automatable methods for identifying discrepancies. 
Priority: High 
Organization: ASTM F42/ISO TC 261, NEMA/MITA, AAMI, ASME, NIST, ACR 
v2 Status of Progress: Green 
v2 Update: ASTM F42/ISO 261 are looking at image quality as part of the model verification. ASME V&V 40 
addresses verification and validation in computational modeling of medical devices. This issue requires cooperation 
between clinical societies, the FDA and industry. It may also be a general, not only medical, concern. The ASME 
Model Based Enterprise Committee is working on model quality, model capability, and standards conformance. 
Updates Since v2 was Published: 
New Published Standards 
 

New In-Development Standards 
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2 http://sme.org/am3dpjobmodel/ 

Commented [JM25]: 4/9/20, JM: Edits proposed by Steve 
Weinman, ASME 

http://sme.org/am3dpjobmodel/
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Gap QC12: Resorbable Materials. Testing of degradation of the new resorbable metals/polymers in living tissues 
cannot be adequately achieved using existing standards. 
R&D Needed: Yes, in terms of rate and amount of degradation for new polymers and resorbable metals. 
Recommendation: Develop guidance on how to test the degradation of new resorbable metals/polymers to support 
material selection for AM. 
Priority: Medium 
Organization: ASTM F4, ISO, ISO/TC 150, ISO/TC 194 
v2 Status of Progress: Green 
v2 Update: None provided 
Updates Since v2 was Published: 
New Published Standards  
 
 

New In-Development Standards 
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Gap QC13: Material Control Data and Procedures. There is a need for well-established material control data and 
procedures. Materials are primarily manufactured through proprietary methods and, while recommended handling 
practices exist for each company and each product, standard procedures or standardized considerations are not 
available. 
R&D Needed: Yes 
Recommendation: A standard or specification describing a data set for material pedigree, recommended testing, 
and handling procedures would simplify evaluation of material suitability. 
Priority: Low 
Organization: Material providers, ASTM 
v2 Status of Progress: Unknown 
v2 Update: None provided 
Updates Since v2 was Published: 
10/26/2021, Bill Bihlman: may be addressed by SAE ARP7044 - Powder History Scoring Metric and Labeling 
Schema (Initiated Aug 20, 2021) and SAE AS7040 - Requirements for powder distributors (Initiated Jun 28, 2021)  
11/13/2020, MW: Steve Weinman, ASME, comment: ASME is in the process of forming a new Standards 
Committee to address bioprinters. Proposed charter: Develop, review and maintain guidelines and standards for 
bioprinters hardware requirements. With many different manufacturers and academic researchers developing bioink 
products, there is a lack of standardization for bioink printers such as nozzle temperature, printing time, dispensing 
pressure, printing speed, and nozzle diameter, all of which directly influence the precision and accuracy of bioink 
deposition.   
New Published Standards  
 
 

New In-Development Standards 
10/26/21, JM: AS7040 and AS7041 under ballot per Bill 
Bihlman. 
SAE AS7040 - Requirements for powder distributors 
(Initiated Jun 28, 2021)  
SAE AS7041 - Distributor for AM build distributors 
Requirements (Initiated Jun 28, 2021)  
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Gap QC14: Segmentation. There are currently no standards for patient imaging files including the methods from 
standard-of-care medical images to print-ready files. There is no group or entity that oversees segmentation within a 
clinical setting. RSNA has a special interest group that may set standards for segmentation and/or 3D printing. 
DICOM WG 17 also is looking at this. 
R&D Needed: No 
Recommendation: There is a need to create an augmented file specification for the DICOM file format. 
Incorporation of 3D files into the DICOM format will facilitate integration of 3D models into standard-of-care medical 
image databases present at all institutions. 3D models should include enough information to facilitate standardized 
methods for validation. 
Priority: Medium 
Organization: RSNA, DICOM, ASTM 
v2 Status of Progress: Green 
v2 Update: DICOM is addressing most of this. They will have public comment by the end of 2018, with a target for 
the first update being made by the second quarter of 2019. 

Commented [JM26]: See 3/17/20 comments from Justin 
Ryan 

https://www.sae.org/works/documentHome.do?docID=ARP7044&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=ARP7044&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AS7040&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AS7040&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AS7041&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AS7041&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
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Updates Since v2 was Published: 
3/17/2020, JM: Comments on the gap statement from Justin Ryan, Rady Children's Hospital San Diego, suggesting 
striking “and/or 3D printing. DICOM WG 17 also is looking at this” at the end of the gap statement. Comment also 
states that “this section is conflating 2 concepts. Quality of Segmentation and how segmentation is saved/archived. 
DICOM is only facilitating the later. DICOM doesn’t set standards for “how” a segmentation is done. My suggestion 
is to break QC into two categories. Segmentation Protocols/Standards and Segmentation Archiving.” 
New Published Standards 
 
 

New In-Development Standards 
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Gap QC15: Sterilization of Anatomical Models. Anatomical models are frequently made in a healthcare setting 
and their final use may differ from the initial intended use. For instance, a surgeon may determine that a model 
patient education may be useful for reference in the operating room during the surgical procedure. If the models 
enter the sterile field they would require sterilization and the effects of sterilization on the geometric fidelity of the 
model should be assessed. If they are to come into contact with the patient the effects of sterilization on the 
materials are especially important. While many standards and industry best practices exist, the healthcare facilities 
may not have relevant experience. 
R&D Needed: No. Procedures and protocols for determining appropriate materials, sterilization cycles, and 
validation tests are already available but may not be implemented in healthcare settings. 
Recommendation: Develop guides and best practices to help identify critical parameters and apply existing 
standards in a clinical setting. 
Priority: Low 
Organization: R&D: OEMs. Guidance: AAMI, AOAC International, ASTM, ISO, PDA, USP, RSNA 3DP SIG. 
v2 Status of Progress: Unknown 
v2 Update: The SME medical group is working on a biocompatibility worksheet for use with both models and 
surgical guides. This will not be a standard, but a guide of considerations. 
Updates Since v2 was Published: 
New Published Standards 
 
 

New In-Development Standards 
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Gap QC16: Sterilization of Tissue Engineered Products. Tissue engineered products present a particularly 
challenging circumstance for sterility assurance. While using a validated aseptic processing protocol for tissue 
engineered products can maintain sterility, it is not always sufficient or practical. Risk management standards can 
help decrease the risks of contamination with best practices but not provide defined measures to ensure the sterility 
or assess contamination in a tissue engineered product. 
R&D Needed: Maybe. A wide variety of aseptic processing and sterilization protocols exist for tissue engineered 
products, however no standards have been published to address validation and testing of these protocols in tissue 
engineered products. 
Recommendation: Develop and validate standard methods of sterilizing and verifying the sterility of tissue 
engineered products, especially those that can be applied in healthcare settings. 
Priority: Medium 
Organization: R&D: OEMs, FDA, BioFabUSA. Standards: AAMI, ISO, ASTM, AATB. 
v2 Status of Progress: New 
v2 Update: None provided 
Updates Since v2 was Published: 
New Published Standards 
 
 

New In-Development Standards 
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Other Qualification & Certification Activity - Relevance to Gaps Not Yet Determined  
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New Published Standards  
 
 
New In-Development Standards 
API Standard 20S, Additively Manufactured Metallic Components for Use in the Petroleum and Natural Gas 
Industries (has elements applicable to the full lifecycle of producing an AM part). This standard specifies 
requirements for qualification of the manufacturing process, production, marking, and documentation of additively 
manufactured metallic components used in the petroleum and natural gas industries when referenced by an 
applicable API equipment standard or otherwise specified as a requirement for conformance. This standard applies to 
additively manufactured metallic components produced by powder bed fusion (PBF), directed energy deposition 
(DED), and binder jetting (BJT) processes. This standard establishes requirements for three additive manufacturing 
specification levels (AMSL). These three AMSL designations—AMSL 1, AMSL 2, and AMSL 3—define increasing 
levels of additive manufacturing technical, quality, and qualification requirements. 
API Standard 20T, Additively Manufactured Polymeric Components for Use in the Petroleum and Natural Gas 
Industries (has elements applicable to the full lifecycle of producing an AM part) 
ASTM WK71268, Additive manufacturing -- Qualification principles -- Laser-based powder bed fusion of polymers -- 
Part 1: General principles, preparation of test specimens 
ASTM WK71269, Additive manufacturing -- Qualification principles -- Quality requirements for industrial additive 
manufacturing sites 
ASTM WK71616, Additive manufacturing -- Qualification principles -- Part 2: Requirements for industrial additive 
manufacturing sites 
ASTM WK72237, Additive manufacturing -- Qualification principles -- Part 2: Requirements for industrial additive 
manufacturing sites 
ASTM WK72457, Additive manufacturing processes -- Laser sintering of polymer parts/laser-based powder bed 
fusion of polymer parts -- Qualification of materials 
ASTM WK72659, Guideline for Material Process Validation for Additive Manufacturing of Medical Devices 
ASTM WK73240, Additive manufacturing processes -- Laser sintering of polymer parts/laser-based powder bed 
fusion of polymer parts -- Qualification of materials 
ASTM WK77614, New Specification for Additive Manufacturing for construction Qualification principles Structural and 
infrastructure elements (aka ISO/ASTM 52939) 
ISO/ASTM WD 52920, Additive manufacturing — Qualification principles — Requirements for industrial additive 
manufacturing sites 
ISO/ASTM DIS 52925, Additive manufacturing processes — Laser sintering of polymer parts/laser-based powder bed 
fusion of polymer parts — Qualification of materials 
ISO/ASTM DIS 52936-1, Additive manufacturing of polymers —Powder bed fusion — Part 1: General principles and 
preparation of test specimens for PBF-LB (revision of ISO 27547-1:2010) 
ISO/ASTM AWI 52937, Additive Manufacturing of metals — Qualification principles — Qualification of designers. 
Noted in Mohsen Seifi NRC presentation of 12/09/20. 
 
 
Back to Top 
 

Chapter 2.4. Nondestructive Evaluation (NDE)  
High Priority 

• Gap NDE1: Terminology for the Identification of AM Flaws Detectable by NDE Methods (10/4/2021) 
• Gap NDE3: Standard Guide for the Application of NDE to Objects Produced by AM Processes 

(9/23/2021) 
 

Medium Priority 
• Gap NDE2: Standard for the Design and Manufacture of Artifacts or Phantoms Appropriate for 

Demonstrating NDE Capability (9/23/2021) 

• Gap NDE4: Dimensional Metrology of Internal Features (10/4/2021) 
• Gap NDE5: Data Fusion (9/7/2021) 

• NEW Gap NDE8: NDE Acceptance Criteria for Fracture Critical AM Parts (9/7/2021) 
Low Priority 

• NEW Gap NDE6: NDE of Polymers and Other Non-Metallic Materials (11/13/2020) 

Commented [JM27]: May apply to a number of gaps across 
the AM product life-cycle.  
10/19/2021, JM: Per messages from Katie Burkle, API: API 
20S 1st edition has been published and should be available 
through distributors within one business day. 

Commented [JM28]: 9/20/2021, JM: Comment from Carlo 
De Bernardi, Conoco Phillips: API 20T TG recently formed, 
structure similar to API 20S. Target publishing by Q4, 2022 

https://www.astm.org/DATABASE.CART/WORKITEMS/WK71268.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71268.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71269.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71269.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71616.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71616.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK72237.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK72237.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK72457.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK72457.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK72659.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK73240.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK73240.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK77614.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK77614.htm
https://www.iso.org/standard/76911.html?browse=tc
https://www.iso.org/standard/76911.html?browse=tc
https://www.iso.org/standard/76910.html?browse=tc
https://www.iso.org/standard/76910.html?browse=tc
https://www.iso.org/standard/79529.html?browse=tc
https://www.iso.org/standard/79529.html?browse=tc
https://www.iso.org/standard/44222.html
https://www.iso.org/standard/79530.html
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• NEW Gap NDE7: NDE of Counterfeit AM Parts 
 
Back to Top 
 
 

Gap NDE1: Terminology for the Identification of AM Flaws Detectable by NDE Methods. An industry driven 
standard needs to be developed, with input from experts in metallurgy, NDE, and additive manufacturing fabrication, 
to identify flaws or flaw concentrations with the potential to jeopardize an AM object’s intended use. Many flaws 
have been identified but more effort is needed to agree on flaws terminology, providing appropriate names and 
descriptions. 
R&D Needed: No 
Recommendation: Develop standardized terminology to identify and describe flaws, and typical locations in a 
build.  
Priority: High 
Organization: ASTM E07, ASTM F42/ISO TC 261, SAE AMS K, ASME BPVC, AWS D20, NIST 
v2 Status of Progress: Green 
v2 Update: As noted in the text. 
Updates Since v2 was Published: 
2/24/2020, MW: Jess Waller, NASA, comments: The following standards, which have either been adopted (ASTM 
E3166-20) or are in progress (ISO/ASTM DTR 52905, ASTM WK56649), contain preliminary definitions for AM 
defects, including pictures of technologically important defects, processing and post-processing factors related to 
their generation and removal, and applicable NDE methods. The ultimate goal is the ballot vetted definition for AM 
defects in ISO/ASTM 52900 Additive manufacturing — General principles — Terminology. See below for more info. 
New Published Standards  
2/24/2020, MW: Per Jess Waller, NASA 
ASTM E3166-20, Standard Guide for Nondestructive 
Examination of Metal Additively Manufactured 
Aerospace Parts After Build, (formerly WK47031) has 
been published. 
8/9/19, JM: ISO/ASTM52902:2019 - Additive 
manufacturing — Test artifacts — Geometric capability 
assessment of additive manufacturing systems is a new 
standard, now available. F3345-19 developed by 
Committee F42.01, ASTM BOS Volume 10.04. 
4/4/2019, LY: The AWS recently published a new 
standard on AM, AWS D20.1/D20.1M:2019 
Specification for Fabrication of Metal Components 
using Additive Manufacturing. 

New In-Development Standards 
10/4/2021, JM: ISO/ASTM FDIS 52900, Additive 
manufacturing — General principles — Fundamentals 
and vocabulary is being revised (revision of 2015 
version)  
 
9/23/2021, JM: 
ISO/ASTM CD 52902, Additive manufacturing — Test 
artifacts — Geometric capability assessment of additive 
manufacturing systems (revision of 2019 version) 
 
ISO/ASTM DTR 52905, Additive manufacturing of 
metals—Non-destructive testing and evaluation—Defect 
detection in parts is expected to be published this year 
according to Ben Dutton, the JG 59 convener who leads 
the ISO/ASTM DTR 52905.  
 
ISO/ASTM DTR 52906, Additive manufacturing — Non-
destructive testing and evaluation — Intentionally 
seeding flaws in parts is expected to be published this 
year according to Ben Dutton, JG 60 convener who 
leads the ISO/ASTM DTR 52906. He believes DTR 
52906 replaces ASTM WK56649. 
 
9/7/2021, JM: Steve James reports that ASTM WK 
75329 under F42.7 Standard Practice for the 
Nondestructive Testing (NDT), Inspection Levels and 
Acceptance Criteria for Additively Manufactured 
Aerospace Components Using Laser Based Powder 
Fusion will provide flaw terminology in support of the 
acceptance criteria. 
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Gap NDE2: Standard for the Design and Manufacture of Artifacts or Phantoms Appropriate for 
Demonstrating NDE Capability. No One published standards exists for the design or manufacture of artifacts or 
phantoms applicable to calibrating NDE equipment or demonstrating detection of naturally occurring flaws (lack of 
fusion, porosity, etc.), or intentionally added features (watermarks, embedded geometrical features, etc.). Current 

Commented [JM29]: 9/7/2021: Comment from Steve 
James “This appears to be a duplicate of a gap under the QC 
section.” Assume he means QC8. The question is whether it is 
sufficiently different in terms of focus. He also writes: “Perhaps 
ASTM E1817 Standard Practice for Controlling Quality of 
Radiological Examination by Using Representative Quality 
Indicators (RQI) should be mentioned as it provides 
requirements for Representative Quality Indicators (RQI) 
Which is a phantoms type scheme.“ 

Commented [JM30]: Jess Waller edit 

https://www.astm.org/Standards/E3166.htm
https://www.astm.org/Standards/E3166.htm
https://www.astm.org/Standards/E3166.htm
http://www.astm.org/Standards/ISOASTM52902.htm?A&utm_source=tracker&utm_campaign=20190809&utm_medium=email&utm_content=standards
http://www.astm.org/Standards/ISOASTM52902.htm?A&utm_source=tracker&utm_campaign=20190809&utm_medium=email&utm_content=standards
http://www.astm.org/Standards/ISOASTM52902.htm?A&utm_source=tracker&utm_campaign=20190809&utm_medium=email&utm_content=standards
http://www.astm.org/COMMIT/SUBCOMMIT/F4201.htm?A&utm_source=tracker&utm_campaign=20190809&utm_medium=email&utm_content=standards
http://www.astm.org/BOOKSTORE/BOS/1004.htm?utm_source=tracker&utm_campaign=20190809&utm_medium=email&utm_content=standards
https://pubs.aws.org/p/1915/d201d201m2019-specification-for-fabrication-of-metal-components-using-additive-manufacturing
https://pubs.aws.org/p/1915/d201d201m2019-specification-for-fabrication-of-metal-components-using-additive-manufacturing
https://pubs.aws.org/p/1915/d201d201m2019-specification-for-fabrication-of-metal-components-using-additive-manufacturing
https://www.iso.org/standard/74514.html
https://www.iso.org/standard/74514.html
https://www.iso.org/standard/74514.html
https://www.iso.org/standard/79683.html?browse=tc
https://www.iso.org/standard/79683.html?browse=tc
https://www.iso.org/standard/79683.html?browse=tc
https://www.iso.org/standard/82539.html?browse=tc
https://www.iso.org/standard/82539.html?browse=tc
https://www.iso.org/standard/82539.html?browse=tc
https://www.iso.org/standard/75716.html?browse=tc
https://www.iso.org/standard/75716.html?browse=tc
https://www.iso.org/standard/75716.html?browse=tc
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standards under development, ISO/ASTM CD 52905 JG59 and ASTM WK47031, are partially addressing this with 
seeded defects and demonstration of NDT detectability. This standard should identify the naturally occurring flaws 
and intentional features. This standard should also include recommendations regarding the use of existing 
subtractive machined calibration standards or AM representative artifacts or phantoms. 
R&D Needed: No. This may not need R&D but it will require obtaining the knowledge necessary to state 
requirements and present supporting evidence, much like a round robin activity. 
Recommendation: Complete work on applicable ASTM F42/ISO TC 261 standards (JG59 and, JG60), especially 
ASTM WK56649 and ISO/ASTM DTR 52905 and ASTM WK47031.  
Priority: Medium 
Organization: ASTM F42/ISO TC 261 
v2 Status of Progress: Green 
v2 Update: As noted in the text. 
Updates Since v2 was Published: 
 
New Published Standards 
2/24/2020, MW: Per Jess Waller, NASA 
ASTM E3166-20, Standard Guide for Nondestructive 
Examination of Metal Additively Manufactured 
Aerospace Parts After Build, (formerly WK47031) has 
been published. 
 
 

New In-Development Standards 
9/23/2021, JM: 
• ISO/ASTM DTR 52905, Additive manufacturing of 

metals—Non-destructive testing and evaluation—
Defect detection in parts is expected to be 
published this year according to Ben Dutton, the 
JG 59 convener who leads the ISO/ASTM DTR 
52905.  

• ISO/ASTM DTR 52906, Additive manufacturing — 
Non-destructive testing and evaluation — 
Intentionally seeding flaws in parts is expected to 
be published this year according to Ben Dutton, 
JG 60 convener who leads the ISO/ASTM DTR 
52906. He believes DTR 52906 replaces ASTM 
WK56649. 
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Gap NDE3: Standard Guide for the Application of NDE to Objects Produced by AM Processes. There is a 
need for an industry-driven standard led by nondestructive testing experts and supported by the additive 
manufacturing community to assess current inspection practices and provide an introduction to nondestructive 
testing and inspection requirements. 
R&D Needed: Yes. Round robin testing is underway on ASTM WK47031 and ISO/ASTM CD 52905. A future need 
will be a precision and bias statement to generate standard test methods to accept/reject AM parts and in 
procurement of AM parts. 
Recommendation: Complete work on ASTM WK47031, New Guide for Nondestructive Testing of Additive 
Manufactured Metal Parts Used in Aerospace Applications and ISO/ASTM CDTR 52905, Additive manufacturing — 
Non-destructive testing and evaluation —Defect detection in parts, proceeding as ISO/TC 261/JG59. 
Priority: High 
Organization: ASTM E07, ASTM F42/ISO TC 261, ASME, NIST 
v2 Status of Progress: Green 
v2 Update: ASTM WK47031 and ISO/TC 261/JG59 are in development. ASME is also looking at NDE vis a vis its 
boiler and pressure vessel code. 
Updates Since v2 was Published: 
 
New Published Standards  
2/24/2020, MW: Per Jess Waller, NASA 
ASTM E3166-20, Standard Guide for Nondestructive 
Examination of Metal Additively Manufactured 
Aerospace Parts After Build, (formerly WK47031) has 
been published. 
 
 

New In-Development Standards 
9/23/2021, JM: 
• ISO/ASTM DTR 52905, Additive manufacturing of 

metals—Non-destructive testing and evaluation—
Defect detection in parts is expected to be 
published this year according to Ben Dutton, the 
JG 59 convener who leads the ISO/ASTM DTR 
52905.  

Commented [JM31]: Jess Waller edit 

Commented [JM32]: 9/7/2021 comment from Steve James: 
Perhaps ASTM E1817 Standard Practice for Controlling 
Quality of Radiological Examination by Using Representative 
Quality Indicators (RQI) should be mentioned as it provides 
requirements for Representative Quality Indicators (RQI) 
Which is a phantoms type scheme. 

Commented [JM33]: Per comments from Jess Waller 

Commented [JM34]: 9/7/2021, JM: Steve James says 
NDE3 completed via ASTM E3166 release. 
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https://www.iso.org/standard/82539.html?browse=tc
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8/19/2020, JM: ASTM WK69731, Additive Manufacturing 
-- Non-Destructive Testing (NDT) for Use in Directed 
Energy Deposition (DED) Additive Manufacturing 
Processes 
2/24/2020, MW: 
• ASME is looking at NDE vis a vis its boiler and 

pressure vessel code. 
 
Back to Top 
 
 

Gap NDE4: Dimensional Metrology of Internal Features. The utility of existing and draft CT standards are 
needed for the dimensional measurement of AM internal features. 
R&D Needed: Yes.  
Recommendation: ASTM E07 should address the applicability of current and draft CT standards (E1570, E1695, 
WK61161, and WK61974) for measurement of internal features in additively manufactured parts, especially parts 
with complex geometry, internal features, and/or embedded features. Current CT metrology state-of-the-art needs 
to be tailored to evolving AM part inspection requirements. See also Gap D26, Measurement of AM 
Features/Verifying the designs of features such as lattices, etc. 
Priority: Medium 
Organization: ASTM 
v2 Status of Progress: Green 
v2 Update: As noted in the text. 
Updates Since v2 was Published: 
New Published Standards 
 

New In-Development Standards 
10/4/2021, JM: ASTM WK78465, New Specification for 
Additive Manufacturing for Medical- Non-destructive 
Testing and Evaluation-Test Method for Evaluation of 
Porous Structures in Medical Implants via Computed 
Tomography Scanning 
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Gap NDE5: Data Fusion. Since multiple sources and results are combined in data fusion, there is a possible issue 
of a non-linear data combination that can produce results that can be influenced by the user. Additionally, data 
fusion may employ statistical techniques that can also introduce some ambiguity in the results. While likely more 
accurate than non-data fusion techniques, introduction of multiple variables can be problematic. Data fusion 
techniques also require a certain level of expertise by the user and therefore there might be a need for user 
certification. 
R&D Needed: No 
Recommendation: The following are needed to address the gap: 
• Specific industry standards for data fusion in AM NDT techniques 
• Expert education, training, and certification for AM data fusion in NDT 
Priority: Medium 
Organization: ASTM 
v2 Status of Progress: Unknown 
v2 Update: None provided 
Updates Since v2 was Published: 
New Published Standards 
 
 

New In-Development Standards 
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Gap NDE6: NDE of Polymers and Other Non-Metallic Materials. No published or in development standards or 
specifications have been identified for NDE of polymers and other non-metallic materials. 
R&D Needed: Yes. Research who uses AM Fused Filaments or pellets with PAI/Torlon and/or carbon fiber 
reinforced filaments with a high degree of fiber loading to see what they are anticipating for testing requirements for 
NDE for strength or structural qualities. 

Commented [JM35]: 9/7/2021 comment from Steve James: 
Check for duplicate gaps with the QC section. Possibly he’s 
referring to QC6, 7 and/or 13? 

https://www.astm.org/DATABASE.CART/WORKITEMS/WK69731.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK69731.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK69731.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK69731.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK78465.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK78465.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK78465.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK78465.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK78465.htm
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Recommendation: There is a need for an industry-driven standard led by nondestructive testing experts and 
supported by the additive manufacturing community to assess current inspection practices and provide an 
introduction to nondestructive testing and inspection requirements for structural or load bearing polymers and other 
non-metallic materials. Use ASTM E2533-17e1 as a guideline when applicable. 
Priority: Low 
Organization: ASTM F42/ISO TC 261, ASTM E07, ASTM D20, ASME 
v2 Status of Progress: New 
v2 Update: None provided 
Updates Since v2 was Published: 
11/13/2020, MW: Steve Weinman, ASME, comment: Add ASME to the list of organizations for GAP NDE6 
New Published Standards 
 
 

New In-Development Standards 
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Gap NDE7: NDE of Counterfeit AM Parts. There are no published or in development NDE standards for methods 
used to verify anti-counterfeiting methods. 
R&D Needed: Not at this time. Future R&D may be needed if an anti-counterfeiting method is developed which 
cannot be verified by existing NDE methods or standards. 
Recommendation: Develop NDE methods and standards for anti-counterfeiting that are not addressed by existing 
methods or standards. 
Priority: Low 
Organization: ASTM F42/ISO TC 261, ASTM E07, SAE AMS-AM 
v2 Status of Progress: New 
v2 Update: None provided 
Updates Since v2 was Published: 
New Published Standards 
 
 

New In-Development Standards 
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Gap NDE8: NDE Acceptance Criteria for Fracture Critical AM Parts. There is a need for an industry standard 
that establishes NDE acceptance classes for fracture critical AM parts. 
R&D Needed: Yes. Well-characterized samples should be fabricated with controlled loadings of technologically 
important AM defects in order to conduct effect-of-defect studies. 
Recommendation: Develop an industry standard that establishes different degrees of flaw concentrations for 
quality acceptance. Fabricate effect-of-defect samples with the appropriate level of fidelity, i.e., sufficient similarity 
between the defect state in sacrificial samples (for example, ASTM E8 compliant dogbones) with natural flaws in 
actual production parts. 
Priority: Medium 
Organization: ASTM F42 / ISO TC 261 JG59, ASTM E07, ASTM E08 on Fracture and Fatigue 
v2 Status of Progress: New 
v2 Update: None provided 
Updates Since v2 was Published: 9/7/2021, Erin Lanigan: An ASTM working group is developing a standard 
practice for NDE of LPBF aerospace components, establishing NDE acceptance classes and acceptance criteria. 
The criteria are based on the practical limits of NDE technology, not effects-of-defects. 
New Published Standards  
9/7/2021, JM: Steve James reports that AWS D20.1 
contains acceptance criteria. 

New In-Development Standards 
9/7/2021, JM: Steve James and Erin Lanigan report that 
ASTM has started a new work item to fill this gap. It is 
ASTM WK75329, New Practice for Nondestructive 
Testing (NDT), Part Quality, and Acceptability Levels of 
Additively Manufactured Laser Based Powder Bed 
Fusion Aerospace Components, under F42.07. 
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https://www.astm.org/DATABASE.CART/WORKITEMS/WK75329.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK75329.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK75329.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK75329.htm
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Other Nondestructive Evaluation (NDE) Activity - Relevance to Gaps Not Yet Determined  
 
New Published Standards  
 
 
New In-Development Standards 
10/4/2021, JM:  
ASTM WK75584, New Test Method for Additive Manufacturing Non-destructive testing and evaluation of fatigue 
cracks using tensioned computed tomography 
ASTM WK76038, New Test Method for Additive Manufacturing of Metals -- Non-destructive testing and evaluation -- 
Porosity Measurement with X-ray CT. Per Mohsen Seifi, this is AM CoE project 2006 being developed in F42.01. 
9/3/2021, JM: Laura Feix, AMPP, reports: The TR21522 project team has held two meetings to date with another 
scheduled in October but still early in the development process. They have coalesced around the following working 
scope of the document: Create a technical report that presents current state of knowledge and gap analysis on 
corrosion testing of metallic materials relevant for oil and gas applications for additive manufacturing via primarily 
laser powder bed fusion (LPBF) and wire arc additive manufacturing (WAAM). Many variables may not be sufficiently 
detailed at this time for the assessment of performance of AM products; some variables such as microstructure, post 
build processing, surface condition, residual stress, physical defects and selection of representative test specimens 
(size and/or geometry) for a finished product are addressed. This report contains recommendations for an approach 
for corrosion and environmental cracking assessment of AM material, including test details that are relevant to the 
AM processes for some specific cases. The technical report provides the foundation for the preparation of test 
standard(s) that apply to AM products. 
6/15/21, JM: AMPP is initiating the development of a Technical Report designated TR21522 Corrosion Testing for 
Additive Manufacturing.  
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Chapter 2.5. Maintenance & Repair  
Medium Priority 

• Gap M1: AM Analyses in RCM and CBM 
• Gap M3: AM Level of Repair Analysis (10/1/2021) 
• Gap M4: Physical Inspection of Parts Repaired Using AM 

• Gap M5: Model-Based Inspection 
• Gap M6: Tracking Maintenance (11/20/2020) 

• Gap M7: Cybersecurity for Maintenance 

• Gap M8: Surface Preparation for Additive Repair 

Low Priority 

• Gap M9: Laser Based Additive Repair (11/20/2020) 
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Gap M1: AM Analyses in RCM and CBM. With respect to maintenance and sustainment of AM machines, 
standards for AM analyses in Reliability Centered Maintenance (RCM) and Conditioned Based Maintenance 
(CBM+) are needed. 
R&D Needed: No 
Recommendation: Update SAE JA1012, a guide to provide analytics for AM trade-offs in RCM and CBM+. 
Priority: Medium 
Organization: SAE, ISO, ASTM 
v2 Status of Progress: Not Started 
v2 Update: SAE G-11M, Maintainability, Supportability and Logistics Committee, will consider inclusion of analytics 
for AM trade-offs in the next update of JA1012_201108. 
Updates Since v2 was Published: 
New Published Standards New In-Development Standards 

https://www.astm.org/DATABASE.CART/WORKITEMS/WK75584.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK75584.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK76038.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK76038.htm
https://webstore.ansi.org/RecordDetail.aspx?sku=SAE+JA+1012-2011+(SAE+JA1012-2011)
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Gap M3: AM Level of Repair Analysis. Standards for AM LORA are needed. In performing a repair versus discard 
analysis, the use of AM can change the LORA decision due to shifts in factors relating to logistics delay time, 
spares availability, cost of spares, etc. Trade space would address reduction of time and increase in skill set (e.g., 
for qualified printer operators). 
R&D Needed: No 
Recommendation: Update SAE AS1390, Level of Repair Analysis (LORA), to include impact of AM on trade space 
of repairs. 
Priority: Medium 
Organization: SAE LCLS, SAE AMS-B, ISO, ASTM 
v2 Status of Progress: Green 
v2 Update: SAE’s LCLS (Life Cycle Logistics Supportability) Committee plans to include AM in the upcoming 
revision of AS1390A Level of Repair Analysis (LORA) and TA-STD-0017A Product Support Analysis (PSA). 
Although the The LCLS Committee has not opened a Work in Progress for AS1390A and TA-STD-0017A. The , a 
team is working on revisions and has agreed to include AM. The SAE G-11M Committee is in the process of 
reorganizing but the chair has the AMSC requests on his radar. In addition, AMS2680C is currently under revision. 
Updates Since v2 was Published: 
5/22/2019, LY: Repair SC established. 
New Published Standards 
 
 

New In-Development Standards 
10/1/2021, JM: SAE’s Life Cycle Logistics Supportability 
Committee plans to include the acceptance of additive 
manufacturing in the upcoming revision to AS1390, Level 
of Repair Analysis, and TA-STD-0017, Product Support 
Analysis. 
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Gap M4: Physical Inspection of Parts Repaired Using AM. A standard inspection process for component or 
tooling defects is needed to consider additive manufacturing technologies as potential solutions for preventative and 
corrective maintenance actions. 
R&D Needed: No 
Recommendation: Update SAE JA1011/1012 to include an inspection process for additive manufacturing repairs. 
Priority: Medium 
Organization: SAE, ISO/ASTM 
v2 Status of Progress: Not Started 
v2 Update: SAE G-11M, Maintainability, Supportability and Logistics Committee, will consider inclusion of an 
inspection process for AM repairs in the next update of JA1011_200908 and JA1012_201108. 
Updates Since v2 was Published: 
New Published Standards 
 
 

New In-Development Standards 
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Gap M5: Model-Based Inspection. Standard practices for model-based inspection methods using AM are needed 
for repair assessments and scheduling. 
R&D Needed: No 
Recommendation: Develop standard practices for assessing level of damage for end-use parts. 
Priority: Medium 
Organization: ASME, ISO/ASTM, Dimensional Metrology Standards Consortium 
v2 Status of Progress: Not Started, or Unknown 
v2 Update: No update provided. 
Updates Since v2 was Published: 
New Published Standards New In-Development Standards 

Commented [JM36]: 10/1/2021, JM: Changes and update 
proposed by Ryan Mayes, Army Life Cycle Support Division 

https://webstore.ansi.org/RecordDetail.aspx?sku=SAE+AS+1390-2014+(SAE+AS1390-2014)
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Back to Top 
 
 

Gap M6: Tracking Maintenance. A standard is needed for how preventative maintenance operations of AM 
machines are tracked (e.g., monitoring printer health, need for servicing, etc.). 
R&D Needed: No 
Recommendation: • Develop a standard for tracking maintenance operations to ensure a printer is ready when 
needed. See also Gap PC3 on machine health monitoring. 
• Develop a standard to address emergency repair/limited life parts for urgent cases in the field. 
Priority: Medium 
Organization: AWS, ASTM 
v2 Status of Progress: Unknown 
v2 Update: None provided 
Updates Since v2 was Published: 
8/5/2020, MW: ASTM AM CoE Strategic Roadmap for Research & Development (April 2020) notes that AM CoE 
Project 1901 (WK71395) under F42.01 addresses AMSC Gap M6. 
New Published Standards 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
• SAE AMS7005, Wire Fed Plasma Arc Directed 

Energy Deposition Additive Manufacturing Process 
(Jan 2019) 

• SAE AMS7007, Electron Beam Powder Bed Fusion 
Process (Jul 2020) 

• SAE AMS7010, Wire Fed Laser Directed Energy 
Deposition Additive Manufacturing Process (L-DED-
wire) (Jan 2020) 

• SAE AMS7022, Binder Jetting Process (Nov 2020) 
• SAE AMS7027, Electron Beam Wire Fusion Process 

(Nov 2020) 

 

New In-Development Standards 
3/31/2021, JM: NRC presentation of 12/09/20 by 
Mohsen Seifi noted these ASTM work items: 
ASTM WK71395, Additive manufacturing -- accelerated 
quality inspection of build health for laser beam powder 
bed fusion process 
 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
• SAE AMS7002A, Process Requirements for 

Production of Metal Powder Feedstock for Use in 
Additive Manufacturing of Aerospace Parts (Aug 2018) 

• SAE AMS7003A, Laser Powder Bed Fusion Process 
(Jun 2019) 

• SAE AMS7010A, Wire Fed Laser Directed Energy 
Deposition Additive Manufacturing Process (L-DED-
wire) (Jan 2020) 

• SAE AMS7029, Cold Metal Transfer Directed Energy 
Deposition (CMT-DED) Process (Feb 2020) 

• SAE AMS7031, Process Requirements for Recovery 
and Recycling of Metal Powder Feedstock for Use in 
Additive Manufacturing of Aerospace Parts (Apr 2020) 

• SAE AMS7034 - Hybrid Laser Arc Directed Energy 
Deposition (HLA-DED) (Aug 2020) 
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Gap M7: Cybersecurity for Maintenance. In support of on-site repairs, guidance is needed that addresses 
cybersecurity considerations for maintenance and repair of parts that have 3D models ready to print. Secure 
storage in a database should ensure that only authorized personnel can download files and print parts. 
R&D Needed: Yes 
Recommendation: Guidance is needed to ensure the integrity and safe storage of AM files as maintenance and 
repair operations may take place in an uncontrolled environment. See also gap PC15 on configuration 
management: cybersecurity. 
Priority: Medium 
Organization: NIST, NEMA/MITA, NDIA JWG, ASTM, IEEE-ISTO PWG 
v2 Status of Progress: Not Started, or Unknown 
v2 Update: None provided 
Updates Since v2 was Published: 

https://amcoe.org/rd-publications#analysis
https://www.sae.org/standards/content/ams7005/
https://www.sae.org/standards/content/ams7005/
https://www.sae.org/works/documentHome.do?comtID=TEAAMSAM-M&docID=AMS7007&inputPage=dOcDeTaIlS
https://www.sae.org/works/documentHome.do?comtID=TEAAMSAM-M&docID=AMS7007&inputPage=dOcDeTaIlS
https://www.sae.org/works/documentHome.do?comtID=TEAAMSAM-M&docID=AMS7010&inputPage=dOcDeTaIlS
https://www.sae.org/works/documentHome.do?comtID=TEAAMSAM-M&docID=AMS7010&inputPage=dOcDeTaIlS
https://www.sae.org/works/documentHome.do?comtID=TEAAMSAM-M&docID=AMS7010&inputPage=dOcDeTaIlS
https://www.sae.org/works/documentHome.do?docID=AMS7022&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7027&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71395.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71395.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK71395.htm
https://www.sae.org/works/documentHome.do?docID=AMS7002A&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7002A&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7002A&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7003A&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7010A&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7010A&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7010A&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7029&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7029&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7031&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7031&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7031&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7034&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
https://www.sae.org/works/documentHome.do?docID=AMS7034&inputPage=wIpSdOcDeTaIlS&comtID=TEAAMSAM-M
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New Published Standards 
 
 

New In-Development Standards 
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Gap M8. Surface Preparation for Additive Repair. Standards are needed for chemical compatibility with 
additively manufactured materials for surface cleaning in preparation for an additive repair process. Additionally, 
standards are needed for removal of coatings, including paints and powder coating, and plating (chrome, zinc, etc.) 
for additively manufactured parts. 
R&D Needed: Yes 
Recommendation: Develop standards for approved chemical substances and mechanical processes used for the 
removal of coatings and plating on additively manufactured components, to include metals, polymers, ceramics, and 
other materials. 
Priority: Medium 
Organization: ASTM, SAE, ISO 
v2 Status of Progress: Not Started, or Unknown 
v2 Update: None provided 
Updates Since v2 was Published: 
New Published Standards 
 
 

New In-Development Standards 
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Gap M9: Laser Based Additive Repair. Current standards do not specifically address the use of laser based 
systems (metal powder or wire feedstock) to additively repair parts or tools. 
R&D Needed: No 
Recommendation: Ensure that laser based additive repair processes are included in AWS D20.1. 
Priority: Low 
Organization: AWS, SAE AMS-AM 
v2 Status of Progress: New 
v2 Update: None provided  
Updates Since v2 was Published: 
3/17/2020, MW: Jessica Coughlin, AWS D20, comments: AWS D20.1 contains requirements for qualifying wire-fed 
and powder-fed laser DED procedures. In paragraph 5.2.3.2, AWS D20.1 requires that tension test specimens that 
include the material interface in the gage region be removed from procedure qualification builds used to qualify 
repairs. 
5/22/2019, LY: Repair SC established. 
5/8/2019, LY: SAE’s AMS-AM Additive Manufacturing Committee established the Additive for Repair Working 
Group in September 2018. Currently developing a scenario to establish the specification framework utilizing a 
damaged airframe component requiring a directed energy deposition repair. Once finalized, the working group plans 
to develop material and process specifications for aerospace repair applications. 
New Published Standards 
4/4/2019, LY: The AWS recently published a new 
standard on AM, AWS D20.1/D20.1M:2019 
Specification for Fabrication of Metal Components 
using Additive Manufacturing. 

New In-Development Standards 
11/20/2020, MW: Bill Bihlman, SAE, Comment: 
WIP: SAE ARP Repair Guidance Document 
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Other Maintenance and Repair Activity - Relevance to Gaps Not Yet Determined  
 
New Published Standards  
 
 
New In-Development Standards  

https://pubs.aws.org/p/1915/d201d201m2019-specification-for-fabrication-of-metal-components-using-additive-manufacturing
https://pubs.aws.org/p/1915/d201d201m2019-specification-for-fabrication-of-metal-components-using-additive-manufacturing
https://pubs.aws.org/p/1915/d201d201m2019-specification-for-fabrication-of-metal-components-using-additive-manufacturing

	Chapter 2.1. Design
	SAE ARP7042 - Standard Recommended Practice: Development Plan for design of AM components in an aircraft system (Initiated Aug 09, 2021)
	SAE ARP7043 - AM component checklist (Initiated Aug 05, 2021). ARP7042 and ARP7043 are under ballot per Bill Bihlman.
	10/14/2021, JM: 
	ASTM WK78115, New Guide for Additive Manufacturing -- Design -- Post-Processing for Metal PBF-LB1. Per Mohsen Seifi, this is AM CoE project 1904 being developed in F42.04. Per Mahdi Jamshidinia, ASTM WK78115 is same as WK73444. 

	ISO/ASTM CD 52909, Additive manufacturing of metals — Finished part properties — Orientation and location dependence of mechanical properties for powder bed fusion. According to Mahdi Jamshidinia, this is the same as ASTM F3439 (originally WK49229).
	ASTM WK76983, New Practice for Additive Manufacturing -- Powder Bed Fusion -- Best Practice for In-situ Defect Detection and Analysis. According to Mohsen Seifi, this AM CoE project 2102 is being developed under F42.05.
	SAE AMS7035, Precipitation Hardenable Steel Alloy, Corrosion and Heat-Resistant, Powder for Binder Jet Additive Manufacturing, 16.0Cr – 4.0Ni – 4.0Cu -0.30Nb (Issued Jun 22, 2021)
	 SAE AMS7015 - Ti-6Al-4V, Powder For Additive Manufacturing (Sep 2018)
	 SAE AMS7035 - Precipitation Hardenable Steel Alloy, Corrosion and Heat-Resistant, Powder for Binder Jet Additive Manufacturing, 16.0Cr – 4.0Ni – 4.0Cu -0.30Nb (Sep 2020)
	10/4/2021, JM: ASTM WK75265. New Guide for Additive Manufacturing of Polymers -- Powder Bed Fusion -- Guidelines for Feedstock Recycling and Sampling Strategies. Per Mohsen Seifi, this is AM CoE project 2004 being developed in F42.05.


	Chapter 2.2.1. Precursor Materials
	Chapter 2.2.2. Process Control
	SAE AMS 7100/1, Fused Filament Fabrication – Stratasys Fortus 900 mc Plus with Type 1, Class 1, Grade 1, Natural Material
	ISO/ASTM CD 52904, Additive manufacturing of metals — Process characteristics and performance — Metal powder bed fusion process to meet critical applications (revision of 2019 version)
	10/4/2021, JM: ASTM WK78378, New Specification for Additive Manufacturing for Automotive -- Qualification Principles -- Generic Machine Evaluation and KPI Definition for PBF-LB/M Processes (aka ISO/ASTM 52945)

	ISO/ASTM CD 52903-2, Additive manufacturing — Material extrusion-based additive manufacturing of plastic materials — Part 2: Process equipment 
	ISO/ASTM CD 52904, Additive manufacturing of metals — Process characteristics and performance — Metal powder bed fusion process to meet critical applications (revision of 2019 version)
	SAE AMS7035, Precipitation Hardenable Steel Alloy, Corrosion and Heat-Resistant, Powder for Binder Jet Additive Manufacturing, 16.0Cr – 4.0Ni – 4.0Cu -0.30Nb (Issued Jun 22, 2021)

	SAE AMS 7100/1, Fused Filament Fabrication – Stratasys Fortus 900 mc Plus with Type 1, Class 1, Grade 1, Natural Material
	10/4/2021, JM: 
	ASTM ISO/ASTM CD 52903-2, Additive manufacturing — Material extrusion-based additive manufacturing of plastic materials — Part 2: Process equipment 
	ISO/ASTM CD 52904, Additive manufacturing of metals — Process characteristics and performance — Metal powder bed fusion process to meet critical applications (revision of 2019 version)
	 SAE AMS7015 - Ti-6Al-4V, Powder For Additive Manufacturing (Sep 2018)
	 SAE AMS7035 - Precipitation Hardenable Steel Alloy, Corrosion and Heat-Resistant, Powder for Binder Jet Additive Manufacturing, 16.0Cr – 4.0Ni – 4.0Cu -0.30Nb (Sep 2020)
	 SAE AMS7034 - Hybrid Laser Arc Directed Energy Deposition (HLA-DED) (Aug 2020)
	SAE ARP7044 - Powder History Scoring Metric and Labeling Schema (Initiated Aug 20, 2021)
	10/4/2021, JM: 
	 ASTM WK75184, New Guide for Additive Manufacturing of Metals -- Powder Bed Fusion -- Guidelines for Feedstock Recycling and Sampling Strategies. Per Mohsen Seifi, this is AM CoE project 2003 being developed in F42.05.
	 SAE AMS7034 - Hybrid Laser Arc Directed Energy Deposition (HLA-DED) (Aug 2020)
	SAE AMS7035, Precipitation Hardenable Steel Alloy, Corrosion and Heat-Resistant, Powder for Binder Jet Additive Manufacturing, 16.0Cr – 4.0Ni – 4.0Cu -0.30Nb (Issued Jun 22, 2021)
	 SAE AMS7015 - Ti-6Al-4V, Powder For Additive Manufacturing (Sep 2018)
	 SAE AMS7035 - Precipitation Hardenable Steel Alloy, Corrosion and Heat-Resistant, Powder for Binder Jet Additive Manufacturing, 16.0Cr – 4.0Ni – 4.0Cu -0.30Nb (Sep 2020)
	 SAE AMS7034 - Hybrid Laser Arc Directed Energy Deposition (HLA-DED) (Aug 2020)
	9/7/2021, JM: ASTM WK73289, New Guide for In-Situ Monitoring of Metal Additively Manufactured Aerospace Parts

	Chapter 2.2.3. Post-processing
	Chapter 2.2.4. Finished Material Properties
	ISO/ASTM CD 52909, Additive manufacturing of metals — Finished part properties — Orientation and location dependence of mechanical properties for powder bed fusion. According to Mahdi Jamshidinia, this is the same as ASTM F3439 (originally WK49229).
	ASTM WK78224, New Test Method for Additive Manufacturing -- Vat Photopolymerization -- Next Generation Tensile Test Method

	ISO/ASTM CD 52909, Additive manufacturing of metals — Finished part properties — Orientation and location dependence of mechanical properties for powder bed fusion. According to Mahdi Jamshidinia, this is the same as ASTM F3439 (originally WK49229).
	SAE AMS7101A - Fused Filament Fabrication, Material for (Initiated Apr 12, 2021)
	ASTM WK78224, New Test Method for Additive Manufacturing -- Vat Photopolymerization -- Next Generation Tensile Test Method
	10/26/2021, Bill Bihlman: may be addressed by SAE ARP7044 - Powder History Scoring Metric and Labeling Schema (Initiated Aug 20, 2021) and SAE AS7040 - Requirements for powder distributors (Initiated Jun 28, 2021) 
	9/7/2021, JM: Steve James and Erin Lanigan report that ASTM has started a new work item to fill this gap. It is ASTM WK75329, New Practice for Nondestructive Testing (NDT), Part Quality, and Acceptability Levels of Additively Manufactured Laser Based Powder Bed Fusion Aerospace Components, under F42.07.
	 SAE AMS7034 - Hybrid Laser Arc Directed Energy Deposition (HLA-DED) (Aug 2020)


	Chapter 2.3. Qualification & Certification
	Chapter 2.4. Nondestructive Evaluation (NDE)
	Chapter 2.5. Maintenance & Repair

