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Optimization of Material Distribution in Multi -Material Components
PresentationOverview

1. Introduction
ÁMulti -Material Structuresfor Functionalaswell asStructuralApplications.

ÁMulti -Material ProductionProcesses: Achievingfree Arrangement of Materials.

2. Multi -Phase Topology Optimization
ÁBasic Principle.

ÁComparisonof Optimization Algorithms.

ÁSimple StochasticApproach, unconstrained.

ÁSimple StochasticApproach, constrained.

ÁGeneticAlgorithm.  

3. Conclusion and Outlook
ÁSummary of Results.

ÁNext Steps.
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Introduction
Multi -Material Structuresfor Functionalaswell asStructuralApplications. 

Applications mainly in Ż

Å thermal managementand

Å structural reinforcement.

Source:https://aerosint.com/multimaterial-heat-exchanger/

Source:Fraunhofer IGCVSource:Florea et al., Int. J. Numer. Methods Eng. 121 (2020) 1558-1594.



Introduction
Multi -Material Manufacturing Approaches.

Generally well suited for
multi-material approaches.

Polymer multi-material
options available. 

Additive Manufacturing

Compound/Hybrid Casting

etc.
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Introduction
Multi -Material Manufacturing Approaches.

Source: 
https://www.deze
en.com/2014/10/
28/acadia-annual-
conference-3d-
printed-designs-
zaha-hadid-
francis-bitonti/

Source: 
https://proto3000.com
/polyjet-matrix-3d-
printing-services-
process.php

Source: 
CustomPartNet,
2008

Source: 
Lehmhuset. al.,
Euromat2019
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Additive Manufacturing: Aerosint Processby Desktop Metal

Special, proprietarySelectivePowderDeposition (SPD) recoaterdesign.



Additive Manufacturing

Compound /Hybrid Casting

etc.

Introduction
Multi -Material Manufacturing Approaches.

Source: 
Lehmhus, D.; von Hehl, A.; Hausmann, J.; 
Kayvantash, K.; Alderliesten, R.; Hohe, J. New Materials and Processes for 
Transport Applications: Going Hybrid and Beyond.
Advanced Engineering Materials 21 (2019) 1900056.



Optimization problem :

Minimization of total strain energy

Basis:Finite Element (FE) model including

loadsand boundary conditions.

Representationof material via finite

elementproperties.

Linear elasticFE simulation yieldselement-

basedstrain energydata.

Element-wise redistribution of material

propertiesleadsto improved variants.

Multi -Phase Topology Optimization
The Basic Principle.

Source:Schittenhelm, B.; Burblies, A.; Busse, M. Stahlverstärkter Aluminiumguss ƉBauraumoptimierung durch lastfallgerechte Auslegung einen Verbund-Hecklängsträgers 
mittels Mehrphasen-Topologieoptimierung.  Computer Based Porosity Design by Multi Phase Topology Optimization. Forsch. Ingenieurwes. 82 (2018) 131-147.



1. Set up the FE model of the problem under scrutiny.

2. Predefinenumber, volume fraction and (elastic) propertiesof materials.

3. Associatematerial propertiesto finite element sets, maintaining the predefinedvolume fractions.

4. Randomlyredistribute material propertiesover the FE model to generatean arbitrarystarting point.

5. Perform FE simulations and record element -level strain energies , as well as total strain energy (model -level). 

6. Redistribute materials (a) randomly or (b) based on a specific optimization strategy , best including some random element . 

7. Make surematerial fractions are maintainedƉif this is not the case, apply appropriate changes. 

8. Performan FE simulation, and check whether total strain energyhasbeen reducedƉif yes, continue with the presentconfiguration above

(iteration), if not, createand evaluatenew candidatemodels.

9. Continue until further iterations do not yield significant improvementsanymore.

Multi -Phase Topology Optimization
The Basic Principle.



Randomizedexchangeof elementsto create

a new configuration

Repetition (inner steps) until improvementover

previousstate achieved(outer steps).

Variants compared :

Å fraction of elementssubjectto random

exchangevaried

Å unconstrained(i. e. random) exchange

Optimization Strategies
StochasticApproach.


