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Process chain for the development of material models
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1. Analysis of experimental data to

' identify the phenomenology
s i} p— 2. Literature review
3. Formulation of the material model:

- Rheological model
- Formulation of free energy

- Evaluation of Clausius-Duhem inequality

4.Development and implementation of

solution procedure
+—
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5.Identification of material parameters

tins development of material models
aim of the development
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Connection relations of a parallel connection
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Connection relations of a series connection
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Rheological elements
elasticity | hyperelasticity

J1=tr<:g>, J2=;[tr<g>2tr<52>], J3=\/@, ):?:det(g)*

plastic flow
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Black Box for material model evaluation and parameter identification

Black Box

- set of experimental
data evaluation of material models:
P - read the rheological model
g 30 - recursive evaluation of the
0l ) :
20 5 connection relations
°0 0 10 60 parameter identification:
tins - Levenberg-Marquardt algorithm
- theological model - parallel execution
- initial parameters
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Black Box for material model evaluation and parameter identification

Input - identified material
- set of experimental parameters
data - error sum of squares
40 - errormessages
£ 30 - evaluated material
& 205 model
EDN) me e Black Box 10
0L £ 30
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tins =2 20
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- theological model .
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o experiment —— material model
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=2 ‘ Encoding of rheological models

rheological connection

- tree encoding for rheological connections

code element
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Motivation for genetic algorithm genetic algorithm
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Genetic algorithm - procedure

initial population

:

generation of new individuals
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Genetic algorithm — operators (examples)

- Muftation: ,add to leaf™
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Genetic algorithm - procedure

initial population

:

generation of new individuals

v

calculation of fitness
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Genetic algorithm - procedure

initial population

g

generation of new individuals

v

calculation of fitness

v

fitness proportionate selection

fulfillment
of exit condition?

no

end of algorithm
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Validation using synthetic data (viscoelasticity)

- synthetic data:

300 monotonic test
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Validation using synthetic data (viscoelasticity)
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Testing with experimental data

- experimental data:

monotonic test relaxation test
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Testing with experimental data
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Summary

- realization of a method for the automated i1dentification of material
models at large strains

- first validation using synthetic data

- first testing with experimental data

Outlook

- improving the genetic algorithm and the black box

- definition of an experimental investigation procedure

- development of an analyzer of the experimental data
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Concluding remarks

Outlook: Analyzer of the experimental data

Aim:

- preselection of rheological elements and connection structures
ldea:

- definition of a testing directive and analysis with neural networks
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