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• Introduction to NIST

• Digitalization in Manufacturing

• Exploiting Digitalization in the AM Supply Chain

• Developing Data-based Standards

Outline
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a

To promote U.S. innovation and industrial competitiveness by advancing 
measurement science, standards, and technology in ways that enhance economic 
security and improve our quality of life

NIST Mission
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NIST AT A GLANCE



Activities Include
• Workshops

• Roadmaps

• Standards Development

• Measurement Technology 
Development

Additive Manufacturing at NIST

• Multiple Lab effort
• Engineering Lab

• Materials Measurement Lab

• Physical Measurement Lab

• Information Technology Lab

• NIST Center for Neutron 
Research

• Multiple Technologies
• Metals

• Polymers

• Concrete



Additive Manufacturing Research Center
• Powder Bed Fuision

• EOS M270, EOS M290 

• Directed Energy Deposistion
• Optomec LENS MR7

• Binder Jetting
• ExOne

Powder characterization laboratory
• Dynamic imaging for PSD
• Laser flash for thermal properties
• Rheometer and powder spreading test platform

Post-processing and testing facilities
• High temperature heat treatment furnace, EDM
• XCT, White light interferometry, focus variation microscopy, 

SEM, XRD

New In Process capabilities coming…
• In Situ monitoring with Cornell High Energy Synchotron Source
• New test bed developed for in situ measurements

NIST Dedicated AM Facilities
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Digitalization in Manufacturing



• Current “state-of-the-art” 
most often benefits from 
increased digitalization

• Advanced manufacturing 
processes often driven by 
strong digital component 

• The digital, piecewise nature 
of many of these processes 
lend themselves well to the 
digital twin concept

Leveraging the Digital Nature of Advanced 
Manufacturing
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https://www.nist.gov/mep/manufacturing-infographics/emergence-digital-manufacturing



Characteristics of a Digital Twin:
- A virtual representation of a thing

- Many different definitions

- Scalable
- A twin can exist within a twin

- Flexible
- Simulation and emulation

- Purposeful
- Context dependent adaptations

Foundation for a The Digital Twin
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https://www.ccad.uiowa.edu/military/warfighter-simulation

“a digital informational construct of a physical 
system as an entity on its own”

-Grieves and Vickers (2017)

https://www.nist.gov/itl/iad/mig/nist-smart-space-project/nist-
smart-space-project-data-flow/nist-data-flow-system



• Multi scale in manufacturing:
• Part, machine, factory, 

supply chain

• Common uses in 
manufacturing
• To assess behaviors of parts 

or processes during 
operation
• M&O of machines and parts

• To configure systems on 
component-system levels
• Production system design, 

complex product integration
• To establish provenance 

and/or control during the 
fabrication of a part
• Quality control mechanism

Digital Twin in Manufacturing
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Shao, Guodong, et al. "Digital twin for smart manufacturing: The simulation 

aspect." 2019 Winter Simulation Conference (WSC). IEEE, 2019.

https://www.nist.gov/topics/manufac
turing/nist-led-standard-enables-
agility-cost-and-time-savings

Yeung, Ho, et al. "Continuous laser scan strategy for 

faster build speeds in laser powder bed fusion 

system." Proceedings of the 28th Annual International 

Solid Freeform Fabrication Symposium. 2017.



With the increasing significance of data in 
manufacturing, the Digital Twin has become an 
important concept:

• Implications due to perspective/connotation;

• Couple to a physical counterpart; 

• Often spatial and temporal components

The digital twin approach can be used to provide a 
basis on which detailed analyses can be performed

Leveraging the Digital Twin in Manufacturing
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Obtaining Micro-scale Residual Stresses Using Synchrotron X-Rays

From NIST EL Measurement Science for Additive Manufacturing Program
Precursor Materials Qualification : Thien Phan



Industry 4.0 or Smart Manufacturing
• Often characterized by increased connectivity, 

automation, productivity and quality 

The digital transformation has enabled:
• Increased trust in measured observations

• Enormous amounts of data now being generated
• Real world iterative approaches made possible by 

immediate empirical observations
• Increased  production capabilities and  capacities

• Advancements in hardware and software
• Increased collaboration

• Increased cross pollination in research activities
• Increased cross pollination in standards 

communities

Today’s Capabilities are Underpinned by 
a Digital Transformation

12
Smart Manufacturing Ecosystem: NIST



Enabling a Robust Supply Chain



Many companies are 
successfully using AM  
to create parts used 
across different 
industries!

Parts in Production with AM

GE Advanced turbo prop (ATP)

-35 percent additive content  

and a huge parts-count  

reduction—from 855  

subtractive-manufactured parts  

to just 12 additive-

manufactured parts.

GE T25

sensor

Safran combustor swirler  

and fuel injector nozzle Airbus hydraulic

manifold

VW water connectors
Mercedes Benz  

thermostat cover

Baltic  

Orthoservice  

implant

Unmanned undersea  

vehicle housing
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Established Role of AM in the national 
supply chain

▪ AM is a real alternative in supply 
chain agility

▪ Adjustments made for acceptance 
of parts

▪ Still lessons to learn
Concerns remain with quality control
Not accepted to the level of 
“traditionally manufactured” parts

In Situ and Ex Situ Non-Destructive 
measurements are increasingly used to 
for evaluation

▪ Contribute to creation of a 
“Digital Twin”

Integration of AM into Supply Chain



• With current AM production
• Supply chains are vertical
• Dedicated AM resources with well understood 

processes

• Even within organizations
• Continuous engagement between design and 

manufacture
• Process often “locked down” once suitable 

parameters are reached

What can be done to help make these supply chains 
more horizontal and/or better integrated?

Supply Chain in Additive Manufacturing
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A LOT of Our Ongoing Work Falls in Purview of Digitally-
focused Standards and Robust Supply Chains

Additive Manufacturing—Data – Data 

Packages for AM Parts 

AM Data in HDF5

Digital Twin

Material Property Analysis

STEP-NC to AMMT

AM Bench



• Developing Data-based 

Standards
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Recently Released
• ASTM F3490-21  Standard Practice for Additive Manufacturing — General Principles — Overview of Data Pedigree

• ASME Y14.46- Product Definition for Additive Manufacturing

Recently Balloted
• ASTM WK73978 Standard Practice for Additive Manufacturing- General Principles- Data Registration

Recently Updated
• ASME B46.1-2019 Surface Texture

• ISO 21920-1:2021 - Geometrical product specifications (GPS)

Active Development
• ASTM F42 WK66682 “New Guide for Evaluating Post-processing and Characterization Techniques for AM Part Surfaces”

• ISO TC 261 JG 73: PWI 52951Additive Manufacturing—Data – Data Packages for AM Parts

• ISO TC 184 WG 15 : STEP-NC AP-238 E4 

• ISO TC 184 WG 15 ISO 23247 Digital Twin Framework for Manufacturing

• ASTM WK73289 Guide for In-Process Monitoring of Metal Additively Manufactured Aerospace Parts

• ASTM F42 WK76038 New Test Method for Additive Manufacturing of Metals

Updates on Current Standards Involvement



Leveraging Digital Twins in AM

-Outlining data and format 
representation requirements -I

-Including HDF5
-Extending work with STEP NC

-New standardization 
opportunities for validation

-Qualification through data and 
part analysis 



Data Registration

• ISO/ASTM DIS 52953 Registration of geometric data 
acquired from process-monitoring and for quality 
control 
• To go to DIS ballot this month



Supply Chain Integration through Data 
Packages

ISO TC 261 JG73 (Product Design Definition and AM 
Data Management)
• ISO PWI 52951 Additive Manufacturing—Data –

Data Packages for AM Parts 



F3490-21 Standard Practice for Additive Manufacturing — General Principles —
Overview of Data Pedigree

Distributed  Data Sharing through 
Common Interpretations
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“Common Data Dictionary”



ASME Y14.46- Product Definition for Additive 
Manufacturing

Model Based Definition
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The only standard that extends to capturing relevant additive 
manufacturing detail from design, manufacturing and quality 
engineering is Y14.46. Along with that, this Standard also covers 
definitions of terms & features unique to AM technologies with 
recommendations for their uniform specification.



Neutral Part and Process Representations 

STEP-NC effort to incorporate AM 
process information as neutral STEP 
representation

-Proposed Edits for AP238 E4



Creation of ASTM 
F42.08 on Data 
Standards for AM 
(2020)

Recent Data Standards Developments

New AMSC Chapter (Additive 
Manufacturing Standards 
Collaborative) on Data (2023)



Recent and Upcoming Efforts



• FY23 a transition year for MSAM Program
• Continue to move forward, but with an open mind

• Planning for new 5-year program focused on AM 
• Incorporate feedback from upcoming Additive Manufacturing 

Standards Collaborative Roadmap refresh

• Potential for measurement science road mapping workshops

• Engagement with key stakeholders to identify emerging AM 
measurement science needs

Moving Forward
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