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Figure 24 — Specimen e) with lattice structure and cone shaped teeth

Figure 25 — Specimen f) with tree support (Left 2-D tree; right 3-D tree)

5.4.6 Material usage

The subsequent figure presents the results of the material usage investigations for the new biomimetic
support structures. In contrast to the results of the conventional supports (5.3.5) these data include the
values for material consumption of the support structure itself and enclosed waste powder.
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Figure 26 — Material usage of new biomimetic support structures

It is apparent that for flat surfaces as well as for bores the new biomimetic support structures require
significantly less material than the standard block support. Due to the open structure of the new supports
there was nearly no residual powder after removing the specimens.

5.4.7 Removability

Flat surface

1 Ease of removability

Standard Block Bulb teeth Cone teeth

Figure 27 — Removability of new biomimetic supports for flat surfaces

In comparison to the standard block support the lattice structures with bulb teeth did not show
significant improvements concerning removability. However the use of fractal lattice structures in
combination with cone supports could substantially reduce the effort for removal.
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Figure 28 — Removability of new biomimetic supports for bores

For bores both new support types lead to an improvement of removability. Primary this is due to the
reduced support-part interface area.

6 Conclusions
6.1 Conclusions for design guidelines

The investigations revealed that the properties of support structures differ substantially in dependence
of their type. Depending on the use case and the target figure to optimize (e.g. material consumption or
tensile force), other types of structures are preferable. For an optimization concerning material
consumption the cone and the block-gusset structures are most preferable.

Relating to accuracy of bores there is no significant difference between the support types.

For an easy removability it is essential to use block support with fragmentation or cone supports. If the
support area is small enough (edge length between 2 mm and 5 mm) non fragmented structures are
preferable. This leads to a fragmentation interval up to 5 mm.

The influences of support structures to the specimen’s surfaces are not significant enough to have a
positive effect for the post processing effort regarding surface finishing and can be neglected.

The results of the tensile tests revealed that a perforation introduces a new weak point, if the beam width
of the perforation is smaller than the top length of the teeth. Although the introduction of a Z-offset value
should increase the tensile strength it led to a reduction of the force. If support structures consist of single
elements (e.g. cone or fragmentation) the tensile force is reduced. The block gusset support s just suitable
for applications where only low residual stresses occur since it withstood just a relatively small tensile
force, which is due to the reduced cross section at the lower part of the structure.

6.2 Conclusions for optimized biomimetic support structures

Like the standard support types the new biomimetic structures were investigated in the same way. The
results revealed that a new and biomimetic support design could significantly reduce the amount of used
material for support structures and simplify their removability. For flat surfaces the fractal lattice
structure with cone shaped teeth provides the best results concerning removability. In addition the lattice
support requires just about a quarter (26 %) of the material than the standard structure.

For bores a tree like shaped structure is most preferable. The rotational symmetric version provides a
good combination of material consumption and removability.
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6.3 Outlook

With these experiments first investigations concerning behaviour of aluminium support structures were
performed.

In the following steps these results can be used to create guidelines for the application and optimal
parameterization of support structures in dependence of their use case. With further experiments
concerning support structure properties, these guidelines can be extended.

Although the design guidelines give assistance for optimal choosing and parametrizing of support
structures, experience about the component behaviour and requirements is still necessary. Hence a long-
term goal could be the combination with a process simulation to determine the requirements for the
support structures and enable their automated and adjusted generation, which could lead to a significant
reduction of manually pre-processing efforts and manufacturing costs.

Furthermore influences of the support structure onto the edge region, for example density or
microstructure are worth to be investigated also, since they are unknown.

Because the new biomimetic support types showed promising improvements concerning material
consumption and removability, they should be considered for further investigations e.g. for tensile tests
and dimensional accuracy.

7 Appendix

EOS material data sheet for AlSi10Mg

30



Material data sheet

Mechanical properties of the parts

CWA 17453:2019 (E)

e%S

As built Heat treated [9]
Tensile strength [6]
- in horizontal direction (XY) 460 + 20 MPa 345+ 10 MPA
B6.7 £2.9 ksi 500X 1.5ksi
- in vertical direction (Z) 460 + 20 MPa 350+ 10 MPa
66.7 =29 ksi 508X 1.5ksi
Yield strength (Rp 0.2 %) [6]
- in horizontal direction (XY) 270+ 10 MPa 230+ 15 MPa
392+ 15ksi 334+ 22 ksi
- in vertical direction (Z) 240+ 10 MPa 230+ 15 MPa
348+15ksi 334+ 22ksi
Modulus of elasticity
- in horizontal direction (XY) 75+ 10 GPa 70+ 10 GPa
109 £ 0.7 Msi 102 £0.7 Msi
- in vertical direction (Z) 70+ 10 GPa 60 + 10 GPa
102 £ 0.7 Msi 8.7 0.7 Msi
Elongation at break [6]
- in horizontal direction (XY) [9+2) % 12 £ 2%
- invertical direction (Z) (6x2) 9% 11 2%
Hardness [7] approx.119 = 5 HBW
Fatigue strength [1] [8]
- in vertical direction (Z) approx. 97 £ 7 MPa

approx. 141 =10 ksi

[6] Mechanical strength tested as per IS0 6892-1:2009 (B) annex D, proportional specimens, specimen diameter

5 mm, original gauge length 25 mm (1 inch).

[7] Hardness test in accordance with Brinell (HBW 2.5/62.5) as per DIN EN 150 6506-1. Note that measured hard-

ness can vary significantly depending on how the specimen has been prepared.

[8] Fatigue test with test frequency of 50 Hz, R = -1, measurement stopped on reaching 5 million cycles without

fracture.
[9] Stress relieve: anneal for 2 h at 300 °C (572 °F).

[10] These properties were determined on an EOSINT M 280-400W. Test parts from following machine type EOS M

290-400W correspond with these data.

EQS Aluminium AISi10Mg
AD, WEIL [ 05.2014 43

EOQS GmbH - Electro Optical Systems

Raobert-5tirling-Ring 1
D-82152 Krailling [ Minchen
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e7/S

Material data sheet

Thermal properties of parts

As built [1] Heat treated [1] [9]
Thermal conductivity (at 20 °C)
- in horizontal direction (XY) approx. 103 £ 5 W/m*C approx. 173 £ 10 W/m*C
- in vertical direction (Z) approx. 119 £ 5 W/m*C approx. 173 £ 10 W/m*C
Specific heat capacity
- in horizontal direction (XY) approx. 920 £ 50 J/kg"C approx. 890 £ 50 J/kg"C
- in vertical direction (Z) approx. 910 £ 50 J/kg*C approx. 890 £ 50 J/kg*C

Abbreviation:

approx.  approximately
wt  weight

Notes

The data are valid for the combinations of powder material, machine and parameter sets referred to on page 1,
when used in accordance with the relevant Operating Instructions (including Installation Requirements and
Maintenance) and Parameter Sheet. Part properties are measured using defined test procedures. Further details of
the test procedures used by EOS are available on request.

The data correspond to our knowledge and experience at the time of publication. They do not on their own provide
a sufficient basis for designing parts. Neither do they provide any agreement or guarantee about the specific
properties of a part or the suitability of a part for a specific application. The producer or the purchaser of a part is
responsible for checking the properties and the suitability of a part for a particular application. This also applies
regarding any rights of protection as well as laws and regulations. The data are subject to change without notice as
part of EOS' continuous development and improvement processes.

E0S®, EOSINT® and DMLS® are registered trademarks of EOS GmbH.

© 2014 EQS GmbH - Electro Optical Systems. All rights reserved.

EOS GmbH - Electro Optical Systems

EOS Aluminium AISi10Mg Robert-Stirfing-Ring 1
AD, WEIL/ 05.2014 5/5 D-82152 Krailling [ Minchen
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