3D THINKING APPLIED TO A REAL WORKING ENVIRONMENT

SAM-Webinar: 3D Thinking and Design for Additive Manufacturing
Online — March 16" 2021 — Dr. Georg Schlick, Matthias Schneck, Matthias Schmitt, Max Horn
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Across three scientific fields, 30 scientists are working on
Additive Manufacturing.

:.% Head of Additive Manufacturing
el ° Scientists, 60 Students . Prof. Dr. Christian Seidel
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AM@Sand/Tooling AM@Polymer/Composites AM@Metal
Dr. Daniel Gunther Prof. Dr. Iman Taha Dr. Georg Schlick / Dr. Peter Barth /
Prof. Dr. Johannes Schilp
Focus: Focus: Focus:
Additive Manufacturing of Extrusion-based technologies and Laser-based Powder Bed Fusion and
sand moulds and tools via Liquid Deposition Modeling Directed Energy Deposition
Binder Jetting (LDM) for processing of (fibre- (High-Pressure Cold Gas Spraying)
reinforced) Polymers for Metals and Multi-materials
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Optimization example: a hydraulic block
Boundary conditions and development goal
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Optimization example: a hydraulic block
Optimization process — the low hanging fruit

- AM hydraulic block offers 81% of weight reduction and holds a pressure of 300 bar (like conventional part).
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Biomimicry — Design like mother nature
Certain analogies

Glass sponge [16] Diatom algae [11]
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Abstraction and use for a technical part

Rough horsetail (stalks)

Analogy Rough horsetail

Optimization

Zahneingriff 2

Smig= 1,13
31,68%

Zahneingriff .
(|

Safety factor = 1,13

Mass improvement = 31,68 %

Safeay factor = 1,39
Mass improvement = 31,72 %

Abstraction and
implementation

Quelle: VDI 6223
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Abstraction and use for a technical part

Diatom (algae)

Analogy Diatom (algae)

Druckring

Radidre Rippen

Konzentrische
Verstarkung

Zugring

Optimization

Safety factor = 1,13

Mass improvement = 31,39 %

Safety factor = 1,20
Mass improvement = 31,41 %

Abstraction and
implementation

Quelle: VDI 6223
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Abstraction and use for a technical part
Juncus

Analogy Juncus Optimization Abstraction and
implementation

Safety factor = 1,19

Mass improvement = 32,46 %

Zahneingriff
Snin= 1,19

2N A0/

Safety factor = 1,24

Zahneingr Mass improvement = 34,4 %
Smin= 1,24

24 AN0O/

elle: VDIl 6223 L
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Comparison

Starting point

Rough horsetail (stalks)

Diatom (algae)

Juncus

Mass in kg 0,9917 0,677 0,680 0,651
Mass improvement
in % - 31,72 31,41 34,40
RS € P S 0,0172 0,0440 0,0465 0,0636
Safety factor 6,95 1,36 1,20 1,24

—> Nature supplies many relevant optimization examples which can be applied to technical problems
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Multi-material Additive Manufacturing
Next step in Design Freedom

2-D-Multi-material

Graded Material
Transitions

3-D-Multi-material

n Discrete material transition

E Continuous material transition

B Multi-material application

A B Material
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3-D-Multi-material Additive Manufacturing allows to combine materials

with different properties

Material Property Property Material
Biocompatibility . g Biocompatibility
Ti6AI4V Corrosion resistance C(;ppe:’ Intfl_ltrlatedtparts Corrosion resistance Ti6Al4V
Specific strength Or electrical motors Specific strength
Thermal conductivity Thermal conductivity
CuCr1Zr Electrical conductivity Electrical conductivity CuCr1Zr
Ductility Ductility
: Specific strength Specific strength .
AlSi10Mg Electrical conductivity Electrical conductivity AlSi10Mg
T3 Osseo-integration Osseo-integration T3
Biocompatibility Biocompatibility
""""""""" Strength -~ strength . __
1.2703 Hardness Hardness 1.270
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3-D-Multi-material Additive Manufacturing allows to combine materials

with different properties

Material Property Property Material
Biocompatibility - Biocompatibility
Ti6Al4V Corrosion resistance £ Den:?tl |m_plant maded Corrosion resistance Ti6Al4V
Specific strength rom Titanium (a, ) an Specific strength
——————————————————————————————————————————————— Tantalum (b)
Thermal conductivity Thermal conductivity
CuCr1Zr Electrical conductivity Electrical conductivity CuCr1Zr
Ductility Ductility
: Specific strength Specific strength .
AlSi10Mg Electrical conductivity Electrical conductivity AlSi10Mg
T3 Osseo-integration Osseo-integration Ta
Biocompatibility Biocompatibility
""""""""" Strength -~ strength . __
1.2703 Hardness > mm Hardness 1.270
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3-D-Multi-material Additive Manufacturing allows to combine materials

with different properties

Material Property Property Material
Biocompatibility - - Biocompatibility
Ti6AI4V Corrosion resistance Part of a die casting tool Corrosion resistance Ti6AI4V
Specific strength Specific strength
Thermal conductivity Thermal conductivity
CuCr1Zr Electrical conductivity Electrical conductivity CuCr1Zr
Ductility Ductility
: Specific strength Specific strength .
AlS10Mg Electrical conductivity Electrical conductivity AlSi10Mg
T3 Osseo-integration Osseo-integration T3
Biocompatibility Biocompatibility
""""""""""""""""""""""""""" 1cm
Strength Strength
1.2703 Hardness Hardness 1.2709
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3-D-Multi-Material example

- Multi-Material Additive Manufacturing increases the need for 3D thinking on a new level

— Implementation of 3D Thinking in companies will become even more demanding
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Thank you very much!
Questions or remarks?
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Dr Georg Schlick

Head of Department
Components and Processes
Fraunhofer IGCV

Am Technologiezentrum 10
86159 Augsburg

Phone +49 821 90678-179
Georg.schlick@igcv.fraunhofer.de

www.igcv.fraunhofer.de

www.amlab.de
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