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Optimization of Lightweight Metallic SLµM Microlattices
by Finite Element Modeling and by Mechanical Testing
• Motivation

• Finite-Element Analysis (FEA)
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Main Aims
Optimized design and fabrication of metallic microlattices by
Selective Laser Micro Melting (SLµM) for lightweight structures. Requires a joint research eﬀort with an interplay of fabrication, modeling, characterization and testing disciplines.

Fig. 4. Scaling laws and Ashby-diagrams for the elastic stiﬀness Ē = C ρn and strength σ̄ = D ρm of various lattice types.
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Fig. 1. SLµM-lattice (present work). Applications: surgeon
tool (Fraunhofer), skull implant (Hanlon, 2006).
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Unique properties of SLµM lattices
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3. Optimized, reliable fabrication by SLµM by virtue of its
high resolution.
Current and Future Applications
Lightweight structures in aerospace and automotive industries;
bone replacement in orthopedic surgery; acoustic, vibration, or
shock energy damping.
• Characterization and Mechanical Tests
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2. Optimization in the numerical lab to narrow down the
’configuration space’ of favorable lattice cells.
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Fig. 5. Plastic localization in shear-bands for (left) a BCCZand (centre) a BCC-lattice along with von-Mises stress. (Right)
SEM micrograph of a shear band in a BCCZ-60◦ -lattice.
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1. Non-stochastic, almost deterministic cellular materials:
→ Eﬀective optimization of stiﬀness and strength,
→ Unambiguous model reduction to a unit cell,
→ Tailored design of gradient materials.

0.3

strain

600
400
data-sheet
tension test

200
0
0

experiment
FEM-data-sheet
FEM-tension-test
50

0.1

0.2
0.3
true strain

0.4

0
0

10

20

30
40
strain [%]

50

60

70

Fig. 6. (From left to right:) Hardening curves of elasto-plastic
tension tests for parameter identification (present work vs. data
of manufacturer). Stress-strain curves for the compression simulation of a BCC-45◦ lattice and the experiment. Deformation
states with von-Mises stress for a BCCZ-lattice simulated with
3d 8-node solid finite elements.
• Issues, Challenges and Future Directions
– Modeling: Material’s anisotropy, damage accumulation. Two-scale finite element modeling for the
homogenization of large lattices. Analysis of the influence of various types of boundary conditions.

Fig. 2. SLµM-BCC and BCC-Z lattice (stainless steel), strut
length to diameter l/t = 4/0.3 mm.

– Characterization and Mechanical Tests: Parameter identification on small scales. Surface postprocessing.
– Optimized design and product properties:
(i) lattices with designed gradients in stiﬀness,
(ii) increasing the lifetime for cyclic loading,
(iii) maximization of dissipation for impact loading.
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Fig. 3. Grinded cross sections of (left) a vertical strut and
(centre) a diagonal, 45◦ -strut with melting deposit and cracks
at the lower strut side. (Right) BCC-node from top.
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