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Addressing the challenges of multi-
physics at multi-scales
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Finding the pattern

A platform for knowledge and know-how
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The challenge of multi-physics across multi-scales..

* Multiple single physics —
A platform for knowledge and know-how

» Coupled physics problems T

« Working across the length
scales
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Multiple single physics

» Most simulation usage is in a —
Single phySiCS domain . A platform for knowledge and know-how
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Coupled physics problems =

A platform for knowledge and know-how

Multiphysics Multidomains

* Loosely coupled field problems are
relatively common

* Closely coupled field problems less so

* Closely coupled true multi-physics
problems are thankfully rare

p?g SHSREEL 1 The 3DEXPERIENCE” Company
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Coupled physics problems

o Loosely COUpled field prOblemS are A platform for knowledge and know-how

Multiphysics Multidomains

relatively common

» Closely coupled field problems less so
* Closely coupled true multi-physics e
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Coupled physics problems —

A platform for knowledge and know-how
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This model highlights a problem
with big results sets..
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Multi-scale analysis

* Analysing systems,
assemblies,
components and is
routinely carried out

* Simulations where the
various length scales
are considered
together are less
common *

EXPERIENCE MATTERS

A platform for knowledge and know-how
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Multi-scale analysis

« Analysing systems,
assemblies,
components and is
routinely carried out

e Simulations where the
various length scales
are considered
together are less
common *
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. . System-of-systems ®
Multi-scale analysis o ¢
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v mie Phase-field simulation

Molecules

" Molecular Dynamics

Chemical reaction
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Multi-scale analysis
We can assume that
components are made of
uniform single materials
We can model the actual
Internal material structure
Or we can model the
material as a mixture of
different materials which
Interact with each other
and the component which
IS made from them.
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Multi-scale analysis
Hi=[E:(CirCr—1)+1] 7,

* Representative volume Hy— [B:(C;i\Cy—1)+1) ",

elements A (1 ) 4 BT,
° I\/I ean fi e I d where g is the smoeoth interpolation function proposed by Lielens (11)
- - 1,
homogenisation o= g7 (14 )

« Model a small section of
the material and use this
instead of saying “steel”
or “aluminium”

« FE?approaches Composite

Crystal structure
Biomaterial
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Multi-scale analysis

Life optimisation tool for asphalt mixture using
multiscale modelling

Stephanie Miot!, Natascha Poeran? and Dolf Broekaart®

I3trategic Simulation and Analysis Ltd, ZBoskalis Nederland BV, *Simulecn B.V.

Absiract: With the objective of extending the life of asphalt mixture, an FE modelling approach was
developed to predict the mechanical response of the mixture at the mesoscale, the scale of the
aggregates, calculate the homogenous properties then evaluate the performance of the asphalt
under a cvelic loading. This project is divided into 3 phases and this paper presents the results of |
the second phase. In the first phase, samples of asphall mixiure were scanmed and a 30 realistic
model was created. The model accounts for the visco-elastic response of the moriar, the adhesive
zone between the aggregates and the mortar and the detatled geometry of the aggregates. The
realistic model was used fo characterise the asphalt mixture and identify the relevant parameters fo
include in the prediciive model. In the second phase, a new model based on a representative volume
element (RVE) has been developed. The model idealizes the asphalt mixture but still accounts for
the geometrical characteristics of the aggregates and the mortar. 4 Python script was writien fo
autormatically create the geometry and generate the mesh. The FE-RVE plug-in can then be used to
calculate the homogenised properties. This allows for multiple iterations over various bipes of
mixture in order to design a specific asphalf for each application. Finally, in the lasi phase of the
project, a macromodel of the asphalf with multiple layers will be created using the properties
obtained from the RVE model The life of the asphalt under a representative cyelic load will be
estimated using an energy based approach.

Kevwords: Asphali, Multiscale Model, Optimisation, Fatigue Life, Scripting, Viscoelasticity
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Multi-scale analysis

Life optimisation tool for asphalt mixture using
multiscale modelling

Stephanie Miot!, Natascha Poeran® and Dolf Broekaart®

3tratepic Simulation and Analysis Ltd, Boskalis Nederland BV, *8imuleon B.V.

Absiract: With the objective of extending the life of asphalt mixture, an FE modelling approach was
developed to predict the mechanical response of the mixture at the mesoscale, the scale of the
aggregates, calculate the homogenous properties then evaluate the performance of the asphalt
under a cyelic loading. This project is divided into 3 phases and this paper presents the results of |
the second phase. In the first phase, samples of asphall mixiure were scanmed and a 30 realistic
model was created. The model accounts for the visco-elastic response of the moriar, the adhesive
zone between the aggregates and the mortar and the detatled geometry of the aggregates. The
realistic model was used fo characterize the asphalt mixture and identifi the relevant parameters fo
include in the prediciive model. In the second phase, a new model based on a representative volume
element (RVE) has been developed. The model idealizes the asphalt mixture but still accounts for
the geometrical characteristics of the aggregates and the mortar. 4 Python script was writfen fo
automatically create the geometry and generate the mesh. The FE-RVE plug-in can then be used fo
calculate the homogenized properties. This allows for multiple iterations over various Oipes aof
mixture in order to design a specific asphalf for each application. Finally, in the lasi phase of the
project, a macromodel of the asphalf with multiple layers will be created using the properties
obtained from the RVE model The life of the asphalt under a representative cyelic load will be
estimated using an energy based approach.

Kevwords: Asphali, Multiscale Model, Optimisation, Fatigue Life, Scripting, Viscoelasticity
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Structural Optimisation

TOSCA

STRUCTURE
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Topology Optimisation
T e s - » Change density of elements within design space (“design
o T A A variables / DV”) considering:

8" ’fe?“"e fl.m.ction Constraints DV constraints
|n|m|ze/maX|m|ze Physical bounds Manufacturing, symmetry
y? quantity
,,,,,,,,,,,, S » Best material distribution for given optimization problem

Relative material
density

Optimization
makx. stiffness
s.t.V<45% V,

Design space
model

Design result

EXPERIENCE MATTERS



TECHNIA

ADDNODE GROUP

Topology Optimisation

o Lattices
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Additive manufacturing process simulation

» Coupled thermal structural . .
analysis with non-linear
material properties and addition

of material

4
Which has created a part with a structure that has

properties which vary according to position, direction,
scale, process, et al..

We’ve used a multi-physics process to
e e create a multi-scale part




TECHNIA

ADDNODE GROUP

A multi-physics multi-scale workflow

We have a production process that puts

fewer restrictions on the types of geometry
that can be produced

4

If you have this freedom what shape
parts would you make?

Topology Tosca

Shape optimisation

Production process simulation

Temperature Process
dependency control

Non-linearity ABAQUS inputs 1 ABAQUS

Material damage Performance simulation
and degredation Deformation and
residual stresses
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Which begs a few questions

« What is structure?

What is material?

What is geometry?

How are these affected by the physics of production and operation?
And how do | manage, exploit and retain this knowledge?

And these are the sorts of challenge that the CSE is there
to address..
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TECHNIA

At TECHNIA, we pave the way for your innovation, creativity and profitability. We combine
industry-leading Product Lifecycle Management tools with specialist knowledge, so you can enjoy
the journey from product concept to implementation. Our experience makes it possible to keep
things simple, personal and accessible so that together we transform your vision into value.

With over 30 years’ experience, more than 6000 Customers worldwide and World-class knowledge
In PLM & Intelligent Engineering, we work together as an extension of your team to create an
exceptional PLM experience.

Our teams work from 21 locations around the world, across vertical industries, delivering a
premium service with a global infrastructure and a local presence. We adopt the latest technology
and agile methodologies so, even as technology changes, our relationships last a lifetime.

www.technia.co.uk
info@technia.co.uk
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