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Thermal Damage of FGMs

Extended phase-field models with high accuracy are developed to investigate
thermal-induced fracture in functionally graded composites.

The proposed models are validated against experimental results, demonstrating
excellent agreement in fracture behavior.

The temporal evolution of strain energy, fracture energy, and stress distribution during
crack propagation is comprehensively examined.

Phase-field Modeling of Thermal Fracture
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Dynamic Ductile Fracture in Shells

A phase-field formulation incorporating general curved shell kinematics is firstly
developed to model dynamic ductile fracture.

A refined alternate minimization scheme is introduced to efficiently simulate
large-deformation fracture processes.

The approach is validated through numerical reproduction of dynamic fracture
experiments, demonstrating accurate prediction of complex failure patterns.

General Curved Shell Finite Element with Diffuse Cracks
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« Governing equations

* Rule of mixtures

P(2) =P,V +RV,
« Energy release rate for material components
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Numerical Examples of Crack Propagation
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Q Crack propagation in bi-material plates [1]
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@ Burner heating test of functionally graded coating plates
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2> The proposed model of thermal fracture in FGMs demonstrates excellent agreement with
experimental results in both examples compared to the theoretical model.
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Temporal damage and stress fields

> The thermal mismatch at the interfaces between the PSZ and 75 %PSZ layers can increase the stress

in the PSZ layer by 30 % and reduce the stress in the 75 %PSZ layer by 20 %.
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« Free energy:

@ General curved shell kinematics

4-node general shell element DOFs per node

MITC approximation [2,3]

« Incremental displacement field:

@ Linearized equilibrium equations

Test Problems

In-house Codes Ve

@ Out-of-plane stretching and tearing fracture test [4]
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@ Circular steel plate subjected to an underwater blast load
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Example setup Simulation results after 5 ms

> The proposed ductile fracture model exhibits excellent agreement with experimental observations,
achieving superior accuracy compared to the existing model [3].
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Thermoelastic Vibration Stability Thermoelastic Buckling Stahility

This study proposes a stability-preserving load regulation (SPLR) scheme to address A comprehensive framework is established for structural stability, enabling consistent
the limitations of existing approaches in capturing thermoelastic vibration behavior integration of thermoelastic buckling shell analysis.
of coupled systems. A novel SPLR is proposed to maintain spectral consistency and numerical stability,
It further extends the framework to frequency-based problems that cannot be reliably eliminating complex-valued decoupled buckling load factors and ensuring reliable
solved without consistent consideration of both eigenfrequency and thermal stability stability evaluation throughout the process.
effects in coupled systems. The refined adaptive continuum method (RACM) is extended to coupled multiphysics
It comprehensively broadens the applicability of the method to encompass systems, and a refined stabilization technique is introduced to suppress artificial
multimaterial configurations and fully 3D modeling. buckling modes.
Generalized SIMP-based Multimaterial Model Shell Geometry and Field Interpolations
@ Generalized Solid Isotropic Material with Penalization (Generalized SIMP) @ Amapping from (r,s,t) to (x,y,2):
@ Displacement field:

@ Temperature field:

Graphical depiction of a coupled thermomechanical multiphysics system

SPLR for Thermoelastic Free Vibration SPLR and RACM for Thermoelastic Buckling

@ Aims to keeps the vibrating system pre-buckling @ Aims to keep the baseline term in the following surrogate model positive definite:

(+) Necessary conditions: (+) Necessary conditions:
(+) Sufficient conditions:
(+) Sufficient conditions: @ Automatically updates the penalty parameter until reaching the threshold

@ Remark: Final loop satisfies

_ with the increment
Numerical Examples
@ Thermal Compliance Optimization of a 2D Beam Numerical Examples

@ Thermal Compliance Optimization of a 2D Column (proportional coupled buckling)
a a

Optimized 2D beam

« As observed, g. < 1 during several iterations,
leading to w3 , < 0.In contrast, w} > 0 throughout
the process, and g, = g, at the final iteration.

« p is adaptively updated, increasing only when Acr and C stabilize, thereby ensuring smoother
convergence and more reliable topologies compared with the conventional continuum method (CM).

Optimized outc or;;e“*un der @ Thermal Compliance Optimization of Curved Shell (decoupled buckling)

« All 2 g during the process, leading the
optimized w? 1also converges to a positive value.

@ Fundamental Frequency Optimization for 3D plate
(c)

Optimized cylindrical with (a,$)=(m,th): (a-c) no Optimized panel with (a,8)=(th,m): (a-b) no BLF
Optimized 3D plates: (a) no thermal effect, (b) with two heat sources; (c) temperature field of (b). BLF restriction, (d-f) critical BLF under A* =16. restriction, (c-d) critical BLF under 2* =2.
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Topic #1 GAN based Multi-resolution 12-lead ECG Topic #2 3D-CNNNet for Rodent Activity Tracking in

Reconstruction Vaccination Effect Experiments
Novel structure using GNN and CNN in a multi-resolution approach for accurately Novel structure using 3D CNN for direct spatial joint position prediction for rodents.
modelling the relationship between 12-lead ECG signals.
Encoder layers update the edge while decoder update nodes, constraining the Application aimed at verifying vaccine effectiveness by performing statistical
reconstruction to the harnessed relationship between leads. analysis of rodent pose estimation data collected over time from two experimental
A novel Diffusion architecture that combines discrete wavelet transform and diffusion groups: a non-treatment control group and an MCAO treatment group.

to reconstruct the signal in a multi-scale approach.

GAN Multi-resolution Network 3D Rodent Activity Experiments

@ GAN architecture @ Experiment setup
@ Camera calibration @ Binocular camera for depth estimation
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| Section #1 / DNA Automation Technology | Section #2 / Modular Assembly with ATHENA

DNA nanotechnology enables the construction of nanoscale structures with precise @ ATHENA provides an integrated platform to model, design, and generate sequences
spatial control. for wireframe DNA origami.
DNA automation tools streamline sequence generation, scaffold routing, and staple Sl Lo St
assignment, reducing manual design time from weeks to minutes. nlekayered Stucture
Automated DNA design algorithms now make it possible to generate complex 2D
and 3D wireframe architectures rapidly and reliably, accelerating research in 4
molecular engineering, bio-nanofabrication, and programmable nanomaterials. + \ \ Routing model
¥ " v M Editing using cadNAno Multi-Layered Structure
Automated Design Algorithms
. . . . . I
@ General Overview of DNA Nanostructure Synthesis using Different Methodologies
Routing model
Bottom-up Approach Top-down Approach Synthesis of DNA Structures Inputs for oxDNA simulation
o @ AuNP-DO Assembly @ Supermolecular Assemblies
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Self-limiting Finite Superstructures (Scale bars: 100 nm)

Higher-Order DNA Assemblies

Q@ ATHENA enables precise spatial patterning to create programmable nano-
architectures, including higher-order DNA nanostructures.
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@ METIS (Mechanically Enhanced and True orlgami Structures) @ Wireframe DNA origami was employed to construct programmable nanoscale alphabet
structures.
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