%OAK RIDGE

- National Laboratory

Accelerating Quality Certification of
Critical Components with Addl’rlve L@ia;f%gm
Manufacturing ' N

0-\ 2V ng

Ay Q “r)wf X
Qm\_mumsm\m?m( 7

10110101 QXXQXQXQ\ 107

Vincent Paquit, PhD
Lead — Energy Systems Analytics group
TCR Lead - Digital/Manufacturing/Testing

Workshop on Advanced Manufacturing Technologies for Nuclear Applications
Session 4 — Approaches to Component Qualification and Aging Management

ORNL is managed by UT-Battelle, LLC for the US Department of Energy 5. DEPARTMENT OF

This work has been authored by UT-Battelle, LLC, under Contract
No. DE-AC05-000R22725 with the U.S. Department of Energy




Scientific drivers

e Certification of AM
components by conventional
methods eliminates the
business case for AM
components
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e Limited understanding of local
and global processing state for
additive manufacturing




Conventional Approach
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Path to Certification

Use data
analyfics and
machine learning
to intentionally
design
components with
location specific
control of
microstructure
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Smart Manufacturing Approach

ORNL has developed a technology agnostic data analytics framework for manufacturing.

A four-steps data driven approach toward processes optimization, and qualification, and
certification of manufactured parts

Step 1: Understanding the process

Step 2: Optimizing the process

Step 3: Feedback loop for self-optimization/correction

Step 4: Certifying and qualifying components
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TCR will demonstrate that an agile development approach
can be applied to accelerate deployment.

* An agile approach breaks

with traditional linear LEARN AND
development models to ITERATE

exercise an iterative,

dynamic development DESIGN | | SIMULATE
Process.

 The approach lends itself
to complex projects in
which a large,
multidisciplinary tfeam
works together closely to
complete a product.
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I ¥QakRIbGE  Digital Platform for Manufacturing

A 'J BlueQuartz

Advanced manufacturing technologies produce valuable datasets at every stage of the
manufacturing workflow. Collecting, structuring, and analysis such data is paramount to
understanding, optimizing and validating the manufacturing process.
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Augmented Intelligence for Advanced Manufacturing

— Deep Learning N Machine Learning —‘
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Web-Based Interface and APl Makes Data Accessible
LDAP authentication Metadata search
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N sourpar  Additive Technologies & Parts
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Anomaly Detection

T incomplete spreodlng

|.  Detect and classify any anomalies
recoater
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2. Localize anomaly detections
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4. Perform process interventions

5. Fully machine agnostic solution
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Al workflow and transfer learning
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Approach: classification results
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Al software for real-time 3D
print monitoring

Main platform for most of the
TCR data analytics activities
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I ¥0akRibGe  Process Correlation Campaign For Properties Predictions
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Achieving Uniform Material Properties through Data
Analyfics and Al
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I ¥OakRIDGE  Relevance and impact

» Objective: Fabricate near net-shaped SGT5-400F airfoil with * Objective: Develop a digital platform and associated
no surface breaking cracks from a high gamma prime Ni- processes to couple data analytics with design and

manufacturing data for use in rapid prototyping and quality
evaluations of manufactured products.
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-ramatome, TVA, Oak
Ridge National Laboratory
to load first 3D-printed
component in
commercial reactor

“The fuel assembly channel fasteners were
printed at ORNL using additive-manufacturing
techniques, also known as 3D printing, as part
of the lab's Transformational Challenge
Reactor Program and installed on ATRIUM
10XM fuel assemblies at Framatome’s nuclear
fuel manufacturing facility in Richland,
Washington.”

Framatome website (Dec 2020)
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Questions?e

Contact: paquitvc@ornl.gov
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