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* Active control of cooling rates and temperature gradients
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* Integrated physical process knowledge with numerical
simulations for a fast, integrated framework

J=> Thermal Profile

* Advancing manufacturing capabilities through seamless
PRIMARY PROCESS integration of the physical process with fast process

Temporal Process t RESPONSE CONTROLLER simulations on GPUs through a new data structure

 Multi-loop control system for quick setting of process
parameters that yield the desired part attributes in a given
process chain

* General purpose graphical processing units (GPGPUs) to
accelerate physics-informed analysis of Directed Energy
Deposition — DED - processes

 Unique experiments to validate simulations

e Link between the CAD engine and FEM for mapping
unstructured simulation data into a structured voxelized grid

e Efficient and accurate solidification model to predict
microstructure of grains and build a relationship to material
properties

= Geometry

parameters

Data-Driven modeling of residual stress and
thermal history by recurrent neural networks

e Extensibility to other manufacturing processes, particularly
those that use digital representations of the geometry and
process for future Industry 4.0 factories

e Physical platform for guiding future advanced
manufacturing process controls (demonstrated for DED)

e Advancing Al-based prediction and design solutions for
industrial manufacturing

e Part attribute/property- rather than process response-
driven manufacturing process control

LOOP TIME

[S] Education and Outreach

! e ke
: oo IR

LI]
-~ R S S R e e .

ass flow rate

Experimental dataset aser power

ooling rate

Well-designed

Progress

« Developed data-driven design of microstructure and mechanical , e Proposed multi-loop control system * Undergraduate projects in Capstone Design course (design
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