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Synchrotron X-ray and Neutron Experts



Primary Additive Manufacturing Synchrotron X-ray and Neutron Activities
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AM-Bench was born on October 7, 2015 

What is AM-Bench?
A continuing series of highly controlled 
benchmark measurements for additive 
manufacturing, with modeling challenge 
problems and a corresponding conference 
series 

Primary Goal
To allow modelers to test their simulations 
against rigorous, highly controlled additive 
manufacturing benchmark test data

Who benefits?
• Simulation software companies
• Companies that use AM
• AM machine manufacturers
• End users of AM products
• Academia, national labs

• Everyone!
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AM-Bench Organization
www.nist.gov/ambench
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2018 Benchmark Measurements – an extensive collaboration

• National Institute of Standards and Technology
• U.S. Naval Research Laboratory
• U.S. Army Research Laboratory
• Argonne National Laboratory (Advanced Photon Source)
• Los Alamos National Laboratory
• Cornell High Energy Synchrotron Source
• UC Davis / Hill Engineering
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Scientific Committee (60 organizations, 83 members)
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AMB2018-01: Laser powder bed fusion 3D builds of nickel-based superalloy IN625 and 
15-5 stainless steel test objects

• Part deflection CHAL-AMB2018-01-PD
• Residual elastic strains CHAL-AMB2018-01-RS
• Microstructure CHAL-AMB2018-01-MS
• Phase fractions CHAL-AMB2018-01-PF
• Phase evolution CHAL-AMB2018-01-PFRS

NIST: Andrew Allen, Carolyn Campbell, Sandra Claggett,
Thomas Gnaupel-Herold, Jarred Heigel, Brandon Lane, 
Lyle Levine, Thien Phan, Mark Stoudt, Jared Tarr, 
Maureen Williams, Fan Zhang

LANL:   Donald Brown, Bjørn Clausen, Maria Strantza
ANL (APS):   Jan Ilavsky, Saul Lapidus
UC Davis/Hill Engineering: Christopher D’Elia, 

Michael Hill, Adrian DeWald
Cornell (CHESS):   Darren Pagan 

21 Scientists, 6 organizations

Benchmark Measurements
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Feedstock Characterization
+

Detailed Build Information
+

In Situ Measurements
+

Residual stresses
+

Distortion
+

Microstructure
+

Evolution during Annealing

https://www.nist.gov/ambench/amb2018-01-description
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PI: J. Heigel



Synchrotron X-ray diffraction

Contour method

Neutron diffraction

PIs: T. Phan, M. Strantza, M. Hill
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https://www.nist.gov/sites/default/files/images/2018/10/15/measurement_locations.png
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AMB2018-02: Individual laser traces on bare metal plates of IN625, using the three 
cases: A) 150 W, 400 mm/s, B) 195 W, 800 mm/s, C) 195 W, 1200 mm/s.

• Melt pool geometry CHAL-AMB2018-02-MP
• Cooling rate CHAL-AMB2018-02-CR 
• Topography CHAL-AMB2018-02-TP 
• Grain structure CHAL-AMB2018-02-GS 
• Dendritic microstructure CHAL-AMB2018-02-DM
• Three-dimensional structure CHAL-AMB2018-02-3D

NIST: Carolyn Campbell, Sandra Claggett, Jarred Heigel, Vladimir Khromschenko, 
Brandon Lane, Lyle Levine, Sergey Mekhontsev, Thien Phan, Richard Ricker, 
Mark Stoudt, Maureen Williams, Ivan Zhirnov

NRL: Richard Fonda, David Rowenhorst 14 Scientists, 2 organizations

Benchmark Measurements

C

A
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https://www.nist.gov/ambench/amb2018-02-descriptions


NIST Additive Manufacturing Metrology Testbed (AMMT)

B. Lane (EL), H. Yeung (EL), S. Mekhontsev (PML), S. Grantham (PML)
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TRANSFORMING ADDITIVE MANUFACTURING 

THROUGH EXASCALE SIMULATION (EXAAM)

Advanced Manufacturing

Gaps and Opportunities

• Improve quality, reliability, and application breadth of 
additive manufacturing (AM)

Simulation Challenge Problems

• Continuum level predictions of non-uniform 
microstructure and its relationship to process 
parameters

• Predictive mesoscale models for dendritic 
solidification scale-bridged to continuum

Prospective Outcomes and Impact

• Routine qualification of AM parts via 
process-aware design specs and 
reproducibility through process control

• Fabrication of metal parts with unique 
properties such as light weight strength 
and failure-proof joints and welds
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