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abstract
Cellular solids, such as foamed polymers and metals,
microtrusses and honeycombs are commonly used in
Aerostructural components as sandwich panels cores owing to
high stiffness-to-weight ratio and high transverse shear
strength. These core materials also aid in increasing energy
absorption under crush loading conditions. This is possible
because of the localized and progressive mode of failure that
occurs over a lengthy region of a fairly constant plateau
load. The out-of-plane crush response of circular cell
honeycombs is considered in this presentation. These
honeycombs are essentially thin-walled cylindrical shells that
are bonded together in a hexagonal packing arrangement.
The high rate axial response of honeycombs is studied using
two experimental techniques modified from the traditional
split-Hopkinson pressure bar, namely, a wave loading device
(WLD method) and a Direct Impact Method (DIM). These two
methods make crush velocities available in the range of 4000
– 11,000 mm/s. Rate dependency in the crush response is
observed in these experiments while the mode of crushing is
similar to the concertina-diamond mode seen in the static crush
experiments. This is attributed to the rate dependency of the
polycarbonate material. The experimental results are
analyzed with the aid of finite element simulations. The crush
mechanism of these honeycombs can be modified by adding
a filler material such as a soft elastomer. Filled honeycomb
specimens with 3-cell, 7-cell and 19-cells, are examined
experimentally, and it is found that a synergistic energy
absorption mechanism due to changes in the mode of failure is
at play. Unlike the concertina-diamond mode seen in the
unfilled specimens, the folding mode is more diffused because
the filler material stabilizes collapse. Moreover, the first point
of collapse is more stable than the abrupt drop seen in
unfilled specimens at the onset of collapse. Finite element
computations capture this effect and provide insight on
designing the honeycomb collapse mechanism.
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