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Defects may seem like imperfections, but in the Computational e
world of materials science, they are the key to | Design and
unlocking extraordinary properties and pushing |  Structural

. , . Materials
% the boundaries of what's possible! Y,
BACKGROUND RESEARCH FIELD
Defects under Extreme Environments * Material defect physics and science

F‘QP‘ * From the power generating industry to * Multiscale materials modeling
G '%. m the Microelectromechanical system, * Dislocation Plasticity

; materials are facing extreme conditions * Mechanics/Diffusion modeling
A YN . *“* as they encounter ever more 5DD FEM
' demanding environments, such as high
el WX temperatures and radiation damage.
- : In which, microstructural defects occur
~ over different scales, ranging from
. atomic-level imperfections like _
vacancies and interstitials, to larger- Aero engine

°°§! scale defects such as dislocations, grain A multiscale Discrete-Continuum (DD-FEM) model that bridges the gap between the
Irradiation damage boundaries. and cracks atomic and the continuum scales
, :

OBJECTIVES METHODS
Coupling diffusion and dislocation motion

Incorporates the intricate interactions of various defects -

point defect, precipitates, etc — into dislocation dynamics Under thermal activations, plastic strain is produced by dislocation glide
model to examine mechanical behaviors under extreme at a rate controlled by climb — a diffusion-controlled dislocation motion.
conditions. Variational functional for multiple evolution processes of microstructures
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. ‘ the rate of evolution of the system 1s
H=%Y+G given by the stationary value of TI
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Dislocation cross-slip

Y rate potential, contains contributions from all of the different kinetic and dissipative processes
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(; the rate of change of Gibbs free energy, the origin of the thermo-dynamic driving forces
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Finite boundary conditions

~ / ~ ()/\ Superposition principle is used to enforce the desired traction and
displacement boundary values.

Infinite-body fields Corrective fields
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Dislocation-point defect
interaction
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What,s more... v > Dislocation U=LE‘
Neogmes | é Superposition method
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