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Comparison of different cellular structures for the design of SLM parts through the application of a new

lightweight parametric optimisation method

1. Introduction

Design capabilities of AM technologies

¢ Taking into account the capabilities of Additive Manufacturing technologies to create internal structures,
the possibilities of these technologies regarding lightweight optimisation have become an interesting
challenge for AM users.

Parametric optimisation of cellular structures for lightweighted SLM parts

* This work is focused on the application and optimisation of cellular structures to design lightened parts
for Selective Laser Melting (SLM) technology.

* Topology optimisation (available in most Finite Element Method software) can achieve better results than
parametric optimisation, but it may lead to geometries that cannot be manufactured by SLM (hanging
geometries).

* This paper combines CAD, FEM and parametric optimisation to accomplish a lightweight parametric
optimisation.

* With the correct parameterisation of the design variables and intervals, the methodology will lead to
designs that can actually overcame any manufacturing constraints.
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2. Methods

CAD strategy to define the internal Copy of the intia
structure and external surface solid part

Subtraction mm =

tive of the initial design

6 cell geometries evaluated
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2. jMethods
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2. Methods

Optimisation of the 7 proposed geometries

® The 7 parameterised geometries were optimised with the developed algorithm to
minimise the weight and keep the stiffness higher than 43% of the solid geometry.
Cells 1-6 had 3 design variables, while “cell 1 reinforced” had 6 design variables.

&,

Comparison of cell patterns and manufacturing of the optimums

* Figure on the left (bottom) shows the weight and optimisation time compared with a reference value.
* Figure on the right (bottom) shows the optimised parts manufactured by SLM for the 7 parameterised geometries.
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3. Results

Flexural tests

® The SLM parts were tested under flexural load and the results are summarized in the following figure.

¢ The specific stiffness (compared with the average value) was calculated for the real and simulated results.
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4. Discussion

Hanging areas and loss of mechanical properties

* Differences were found between the FE simulations and the real results, may be caused by manufacturing
imperfections.

* The accuracy of the FE model is highly dependent on the strut geometry and cross-sectional radius of the final
part. Therefore, good correlation between simulated and real results is difficult to achieve in 3D printed parts.

e Simulations overestimated the results mainly for cell 1, cell 5 and cell 1 reinforced (precisely the ones with
horizontal hanging structures). This may be caused by the more difficult manufacturing conditions in the first
layer of each horizontal bar (sintered without a complete solid base in the hanging areas, figure on the left).

¢ It was demonstrated that there was a correlation between the loss of specific stiffness (simulations-experimental
results) and the horizontal hanging areas (figure on the right).
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5. Conclusions

Optimisation algorithm suitable for SLM parts

¢ The optimisation algorithm has been tested and overcomes the limitation related to the lightweight optimisation of
SLM parts.

Cubic cell pattern has some advantages

* The cubic cell pattern has some advantages in terms of CAD definition, parameterisation and optimisation time
(due to the simplicity of the geometry) and the quality of the optimums is close to the best achieved with other
complex cells.

* However, cubic cell structures have horizontal bars (hanging structures), which cause a loss of mechanical
properties compared with the estimates of the finite element analysis.

Cubic cellular structures with user-defined reinforcements

¢ The combination of cubic cellular structures with user-defined and parameterised reinforcements allows the
achievement of more efficient designs (higher specific stiffness) but it also involves longer optimization times
derived from the use of more design variables.
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