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NIST Mission and goals in additive manufacturing

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

measurement science

Creating the experimental and theoretical tools — methods, metrics, instruments, and data
—that enable innovation

standards

Disseminating physical standards and providing technical expertise to documentary
standards that enable comparison, ensure interoperability, and support commerce

technology

Driving innovation through knowledge dissemination and public-private partnerships that
bridge the gap between discovery and the marketplace




PPAM Market Space
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Our vision to realize potential of PPAM

To develop the technology to understand the fundamental properties of photopolymer AM materials
both during and after printing to enable high throughout, high fidelity, and high performance PPAM
with user-defined 3D control of the printed properties.
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Our approach to achieve these goals:

* Novel instrumentation & characterization
e Standards development

* Strategic collaboration

final printed
structure



Our PPAM Vision
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Targeted (interested) members (~S50K dues):
* Printer OEMS: 3D Systems, Formlabs, Carbon, Azul 3D
* Resin suppliers: BASF, Sartomer, Henkel, DSM

* End Users: Ford, GE Additive, FastRadius, Uncountable, Align



Realizing the PPAM Vision: in situ characterization
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Scanning Probe Microscopy

SPM: Broad class of instruments
AFM: Cantilever force sensor
Nano-positionable

High resolution

Piconewton force sensitivity

Map topography + material properties

Diverse operating environments
Ambient, UHV, liquids, hot, cold




Some background on AFM sensing
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e Static measurement
 Far below cantilever resonance
* Measure force from cantilever bending

Polystyrene \

* Dynamic measurement
* At cantilever resonance
* Frequency of resonance ~stiffness 109 110 111 112 113 114
* Quality factor of resonance ~damping Frequency (MHz)
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SLA/DLP have inherent mechanical heterogeneity
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Inherent heterogeneity in SLA parts

SLA printed part
10 um layers

Through-thickness
heterogeneity

* Light absorption
e Oxygen inhibition

15 20 25 30 35 40 45

10



Hybrid AFM 3D Printer
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Modality I: In situ polymerization and characterization
modes
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Modality Il: In situ cure depth characterization



Modality Ill: In situ dynamic characterization
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Voxel scale heterogeneity correction
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Voxel scale heterogeneity correction
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