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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 

 

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 is 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 
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