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SIMULATING THE DYNAMIC DEFORMATION BEHAVIOUR OF 
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ABSTRACT: A full scale 3D finite element model was developed to simulate the dynamic 
deformation behaviour of stainless steel 316L microlattice structures manufactured by the selective 
laser melting technique. The experiments were performed in the modified split-Hopkinson 
pressure bars to validate the model. The prediction reveals that plastic strains occur and 
accumulate near the nodal joints, resulting in the nearly plateau region in the stress–strain curve. 
The dynamic behaviour of the microlattice was then compared to the low rate response. It was 
found that the compressive stress–strain behaviour is influenced by the strain rate. 
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INTRODUCTION 

The microlattice structure with periodic unit cells is the potential core material in sandwich 
construction for high speed applications due to the good impact energy dissipation capacity and 
the tailorability of properties (Wadley et al., 20003; Mines, 2008). Selective laser melting (SLM), 
an advanced additive manufacturing technique, has enabled the fabrication of microlattice 
structures with various complex unit cells (Tsopanos et al., 2010). Numerous studies have focused 
on the quasi-static mechanical behaviour of SLM microlattice structures (Smith et al., 2013; Li, 
2015). It has been reported that the SLM processing parameters and unit cell topologies can 
significantly affect the mechanical behaviour of microlattices (Tsopanos et al., 2010; Smith et al., 
2013). Li (2015) combined x-ray microtomography and finite element (FE) modelling to reveal the 
internal deformation process of SLM stainless steel microlattices subjected to quasi-static 
compression. However, little attention has been received on the dynamic behaviour of 
microlattices, which is a key design consideration for the high speed application. 

The aim of this study was to investigate the dynamic deformation behaviour of stainless steel 316L 
microlattice structures manufactured by the SLM technique. The split-Hopkinson pressure bar 
(SHPB) system was modified to measure the stress–strain response of the microlattices at the high 
strain rates. A full scale 3D FE model was developed and experimentally validated to simulate the 
deformation process of the microlattice subjected to dynamic compression. 

EXPERIMENTAL PROCEDURE 

The stainless steel 316L microlattice structures with 4×4×4 body centred cubic (BCC) unit cells 
were manufactured in the selective laser melting facility (Figure 1). Each BCC unit cell with the 
edge ~2.7 mm consisted of eight struts of ~0.220 mm diameter. 
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Figure 1. The stainless steel 316L microlattice structures with 4×4×4 BCC unit cells 
manufactured by selective laser melting. 

Uniaxial compression experiments were conducted on the microlattice structures to measure the 
stress–strain curves at the quasi-static (~0.001 s-1) and dynamic (~1500 s-1) strain rates using the 
INSTRON screw-driven mechanical testing machine and the modified split-Hopkinson pressure 
bars (Figure 2), respectively. The microlattice specimens were bonded to the two steel platens to 
prevent lateral sliding. As a result of the low strength of microlattices, the transmitted wave signal 
in the output bar was low. Therefore, the hollow output bar was employed to further increase the 
transmitted wave signal in the SHPB tests (Li & Wang, 2016). High speed photography was used 
to track the deformation history in the microlattices. Finally, the stress and strain histories in the 
specimen were calculated based on the measured strain waves in the bars on the assumption of 
homogeneous deformation and 1D longitudinal wave propagation. 

Input bar Output bar

Microlattice 
structure

Steel platen

Figure 2. The schematic of the modified split-Hopkinson pressure bar system to measure the 
dynamic compressive behaviour of a microlattice structure. 

FINITE ELEMENT MODELLING 

A 3D finite element model was developed in the ABAQUS/Explicit software to predict the quasi-
static and dynamic compressive deformation behaviour of a full scale microlattice structure with 
4×4×4 BCC unit cells of 2.7 mm edge length and 0.220 mm strut diameter (Figure 3). The 
microlattice was meshed with the tetrahedral elements. One platen was fixed whilst the other was 
subjected to the prescribed velocity as in the experiments. To simulate the dynamic behaviour of 
microlattice, the applied velocity is 15 m s-1 that is equal to the relative velocity between the input 
and output bars as measured in the SHPB tests. 

The constitutive data of the SLM 316L steel (Figure 4) was experimentally measured by the 
uniaxial tension experiments of single SLM struts (~50 mm in length and ~0.220 mm in diameter) 
at the quasi-static strain rate (Li et al., 2014; Li, 2015). The strain rate sensitivity (m) was assumed 
for the SLM 316L strut according to the literature (Umbrello et al., 2007). The true stress (σ) 
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versus true plastic strain (εpl) behaviour at various strain rates was then formulated using the 
Johnson-Cook (J-C) hardening equation as follows (Johnson & Cook, 1985): 

� � � �� �*
plpl ln1 ��� �CBA n ��	 (1) 

where *
pl��  is the dimensionless plastic strain rate, A, B C and n are the material constants. The 

constitutive J-C data was input to the FE model. The strain rate sensitivity (m) was calibrated for 
the dynamic constitutive data of SLM 316L such that the predicted dynamic stress–strain curve of 
microlattice structures agrees with those measured in SHPB tests. 

Loading

Fixed platen

Figure 3. The geometrical model of a full scale microlattice structure with 4×4×4 BCC unit 
cells and the magnified view showing the FE meshes. 
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Figure 4. The stress–strain curve of SLM stainless steel 316L struts at the low and high strain 
rates calculated using the J-C model as in Eq. (1). 

471



Chee Kai Chua, Wai Yee Yeong, Ming Jen Tan, Erjia Liu and Shu Beng Tor (Eds.)

RESULTS AND DISCUSSION 

Validation of the FE model 
Figure 5 illustrates the typical stress–strain curves of microlattice structures as measured in the 
uniaxial compression experiments at the quasi-static (~0.001 s-1) and dynamic (~1500 s-1) strain 
rates. A good repeatability was achieved among the tests under the same testing conditions. 
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Figure 5. Comparison between the measured and predicted stress–strain curves of an SLM 
316L microlattice structure under (a) quasi-static and (b) dynamic compression. 

472



Proc. of the 2nd Intl. Conf. on Progress in Additive Manufacturing

Figure 5 also compares the predicted stress–strain curves to the experimental measurements. The 
high speed photographic observations of the deformation process of the microlattices in the SHPB 
tests were compared to the FE predictions at the two strain stages (Figure 6). 

The consistency between the predicted and measured results at the quasi-static strain rate 
(Figure 5(a)) validates the developed FE model and the use of constitutive data of SLM 316L 
struts as measured in the quasi-static uniaxial tension tests. The agreement at the dynamic rates 
(refer to Figures 5(b) and 6) supports the calibration of the strain rate sensitivity of SLM 316L 
struts and the formulation of the J-C material model that incorporates the strain rate effect. 

Dynamic deformation behaviour of microlattice structures 
Similar to most porous materials, the low and high rate deformation process of an SLM 316L 
microlattice structure can be divided into the initial elastic, nearly plateau and final densification 
stages (Figure 5). The approximately linear elastic region in the stress–strain curve of the structure 
results from the elastic deformation of the struts. Under further compression, the majority of the 
central portion of individual struts remains elastic; however, the localised plastic strain 
accumulates near the nodal joint (Figure 6(b)). The formation of plastic hinges in the joints gives 
rise to the nearly plateau region in the stress–strain curves. At the late stage of compression, the 
self-contact interaction between adjacent struts leads to the densification of the microlattice. 
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Figure 6. Comparison between (a) the measured and (b) predicted deformation process in an 
SLM 316L microlattice under dynamic compression. Note that Figure (b) also shows the 
predicted equivalent plastic strain distribution. 
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The shape of the dynamic stress–strain curve is similar to that at the quasi-static rate. However, the 
plateau stress slightly increases with the strain rate (compare Figure 5(a) and (b)). The strain rate 
dependency of microlattice structures can be attributed to the rate sensitivity of the 316L steel. The 
possible high order buckling modes of individual slender struts may allow for the inertia effect to 
contribute to the bulk rate dependent response of the microlattice subjected to the SHPB load. 

CONCLUSIONS 

The strain rate sensitivity was observed in the compressive deformation and stress–strain 
behaviour of the stainless steel 316L microlattice structure manufactured by the selective laser 
melting technique. The developed full scale finite element model can reliably simulate the 
dynamic behaviour in the microlattice. It was also found that plastic strains occur and accumulate 
near the nodal joints in microlattices subjected to dynamic loads. 
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