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Optimization of Material Distribution  in Multi -Material Components
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Introduction
Multi-Material Structuresfor Functionalaswell as Structural Applications

I
Source:https://aerosint.com/multimateriatheat-exchanger/

Applications mainly i n Z
A thermal managementand

A structural reinforcement

Multi-Material Topology Optimization

Single-Material Topology Optimization

Separate components
Single component
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Source:Florea et al., Int. IJNumer. Methods Eng. 121 (2020) 15581594. Source:Fraunhofer IGCV’_ f
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Introduction

Multi-Material Manufacturing Approaches

Additive Manufacturing
Compound/Hybrid Casting

etc.
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Introduction
Multi-Material Manufacturing Approaches
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Introduction
Multi-Material Manufacturing Approaches

Additive Manufacturing:  Aerosint Processby Desktop Metal

Special,proprietary SelectivePowder Deposition (SPDjecoaterdesign.

O aerosint

Desktop Metal Company
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Introduction
Multi-Material Manufacturing Approaches

Additive Manufacturing

Compound /Hybrid Casting

X-ray of
cast part

etc. X
w. insert
‘steel insert )
geometry
Source:
Lehmhus, D.; von Hehl, A.; Hausmann, J.; micrograph of
Kayvantash K.; Alderliesten R.; Hohe, JNew Materials and Processes for Al-steel interface

Transport Applications: Going Hybrid and Beyond.
Advanced Engineering Materials 21 (2019) 1900056.

Alllow thermoplastic matrix FRP
pressure die \L

casting
(LPDC) \

PAG
(injection molded)
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Multi -Phase Topology Optimization

The BasidPrinciple | 1
— U:—-IET-J-JV:—-jET-D-E-dV
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Optimization problem :
Minimization of total strain energy

BasisFinite Element (FEhodel including
loads and boundary conditions.

Representationof material via finite
element properties

LinearelasticFEsimulation yieldselement-
basedstrain energydata.

Elementwise redistribution of material
propertiesleadsto improved variants

Source:Schittenhelm B.; Burblies A.; Busse M. Stahlverstarkter Aluminiumgus® Bauraumoptimierung durch lastfallgerechte Auslegung einen VerburHecklangstragers
mittels MehrphasenTopologieoptimierung Computer Based Porosity Design by Multi Phase Topology Optimizatidforsch.Ingenieurwes 82 (2018) 131-147.
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Multi -Phase Topology Optimization
The BasidPrinciple

1. Setup the FEmodel of the problem under scrutiny

2. Predefinenumber, volume fraction and (elastig properties of materials

3. Associatematerial propertiesto finite elementsets maintaining the predefined volume fractions.

4. Randomlyredistribute material propertiesoverthe FEmodel to generatean arbitrary starting point.

5. Perform FEsimulations and record element -level strain energies, as well astotal strain energy (model -level).

6. Redistribute materials (a) randomly or (b) based on a specific optimization strategy , best including some random element.
7. Make sure material fractions are maintained Dif this is not the case apply appropriate changes

8. Performan FEsimulation, and checkwhether total strain energyhasbeenreducedbif yes continue with the presentconfiguration above
(iteration), if not, createand evaluatenew candidate models.

9. Continue until further iterations do not yield significantimprovementsanymore.
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Optimization Strategies
StochasticApproach.

Randomizedexchangeof elementsto create
a new configuration

Repetition {nner step9 until improvementover
previousstate achieved(outer stepy.

Variants compared :
A fraction of elementssubjectto random

exchangevaried
A unconstrained(i. e. random) exchange
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