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Auxetic structures exhibit a negative Poisson’s ratio and advantageous energy absorption characteristics    
during dynamic (impact) loading

Superior energy absorption qualities make them attractive candidates for crash protection/impact resistant         
components in a variety of potential aerospace, automotive and rail applications

To fabricate three-dimensional auxetic lattice structures from metallic powders via 3-D laser printing

To study the effects of lattice configuration and constraining walls on the mechanical properties of the  
printed structures

To develop analytical tools that enable the design of auxetic structures with optimal performance

Crash protection (crumple zones) in high-speed trains 
and other vehicles

Replacement of honeycomb cores in gas turbine fan 
blades and other aeroengine components

Non-pneumatic (airless) tires in automotive applications

Cracking due to residual stress in printed structures can 
compromise structural integrity and performance

Cost-effective mass production of large scale auxetic 
structures may be an issue

Surface finish is poor in as-printed components

From https://smartstructures.wikispaces.com/Auxetic+Materials

Auxetic materials and structures exhibit a negative 
Poisson’s ratio and hence expand laterally when 
loaded in tension (rather than contract), as shown in 
the schematic illustration below. 

Auxetic lattice structures have been successfully 
fabricated from Ti-6Al-4V and stainless-steel powders 
via 3-D laser printing (below left). Additionally, 
specimens with constraining walls were also printed 
to assess the effect of constraint on the auxetic 
behavior (below right). 

Two different lattice geometries were fabricated: with 
and without an “extra strut”, as shown below.  
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Finite element simulations (below) of the compressive deformation confirm 
the mechanically robust nature of the structure and show densification of 
material due to the auxetic effect. 

Research was performed in collaboration with 
Thomas Speck and Marc Thielen of the Plant 
Biomechanics Group, University of Freiburg, 
Germany, and Daniel Balint and Junyi Lee of the 
Department of Mechanical Engineering, Imperial 
College London, United Kingdom

Densification of 
material

Graded auxetic structures can be designed to exhibit controlled energy 
dissipation and deformation in specific regions. This can be very useful for 
crash protection in vehicles and will be a topic of the continued research. 

Auxetic structure 
with varying cell 
geometry will 
produce a change 
of Poisson’s ratio 
in a functionally 
graded manner 

Mechanical testing 
verifies auxetic 
behaviour and a 
robust, stable structure 
under all loading 
conditions. Lattice 
stiffness was found to 
vary markedly with 
loading configuration. 

Central area only compression


