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1. Research background

Topology optimization: lightweight and high-performance structures
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Material mechanical behavior description: along-term open <

question due to their intrinsic complexities and multiphysics effects
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1. Research background

Material nonlinearity: One of the main concerns in nonlinear topology optimization
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1. Research background

Traditional topology optimization framework

O Material nonlinearity: Described with phenomenological or physical-based constitutive models
calibrated from experimental and computational data

(a) Initial structure (b) Constitutive model Phenomenological or physical based constitutive modeling
0.1
;m- Type Strain energy Constitutive =
e 0 density W model -
+ g M={(& o) =18} <:| i gy WoShE®h -1 o-Sloat //
= St Venant W:%(;,Z _ 1)2 g:%(;? — 1) g 2 - /
’ 02 Neo-Hookean w —E;2 -1 -2Ini) o=5§G-71) L
-20 -10 0 10 20 Henky W =£&(Ini)? o ="Hni 0 & N s . . . .
strain(%) " Strains.% )
Data 4
C) Optimized structure Structural analysis | . . .
§&)0p el Experimental Theoretical calculation

measurement  Jpu A A oS0

Sensitivity analysis

’-g = ¥ .’ A h »s 5
Structure update 'i @" i!' | ‘ wsm
o x 1128%
Y Mw
Convergent?,_ N Y X eV (@) 1061% 1048%




1. Research background

Data-driven topology optimization framework

O Instead of using empirical constitutive models, material data sets are directly used to describe the
nonlinear constitutive relationship

(a) Initial structure (b) Material data set Material |High-throughput experiments High-throughput computations
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2. Desigh methodology

Structural analysis with empirical constitutive model

Constitutive model

= Newton-Raphson solver
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2. Desigh methodology

Structural analysis with discrete material dataset
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= Data-driven solver

Local strain and stress pair z=(g,6)eC and " =(¢",6")eM

Distance metric d(z,7") = \/S”(e -&)+¥'(c-0")
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2. Desigh methodology

Structural analysis with discrete material dataset
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2. Desigh methodology

Structural analysis with discrete material dataset
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2. Desigh methodology

Structural analysis with discrete material dataset
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2. Desigh methodology

Sensitivity analysis with discrete material dataset
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2. Desigh methodology

Sensitivity analysis with discrete material dataset N
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3. Numerical validation

10-bar plane truss
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3. Numerical validation

Cantilevered space truss
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4. Conclusions & perspectives

» First and preliminary studies are made using datasets for the description of
material behavior in truss topology optimization

» Data-driven structural analysis employed for structural response analysis and
sensitivity analysis are developed based on MLS approach

» The proposed DDTO framework is appealing in engineering applications with

emerging new materials
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