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Mechanical Behaviors under Compression in Wire-woven Bulk Kagome Truss
PCMs (1)

- Effects of Geometric and Material Imperfections -
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Abstract

A newly developed cellular metal based on kagome lattice is an ideal candidate for multifunctional
materials achieving various optimal properties. Intensive efforts have been devoted to develop efficient
techniques for mass production due to its wide potential applications. Since a variety of imperfections would
be inevitably included in the realistic fabrication processes, it is highly important to examine the correlation
between the imperfections and material strengths. Previous performance tests were mostly done by numerical
simulations such as finite element method (FEM), but only for perfect structures without any imperfection. In
this paper, we developed an efficient numerical framework using nonlinear random network analysis (RNA)
to verify how the statistical imperfections (geometrical and material property) contribute to the performance
of general truss structures. The numerical results for kagome truss structures are compared with experimental
measurements on 3-layerd WBK (wire-woven bulk kagome). The mechanical strength of the kagome
structures is shown relatively stable with the Gaussian types of imperfections.
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Fig. 1 Configuration of (a) a bulk WBK PCM, (b) the
unit cell of finite element model
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Fig. 2 A perfect WBK truss model (side view) for the
random network analysis
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Fig. 3 Finite element models for a single truss
element of WBK truss; (a) the initial shape, (b)
the deformed shape under compression with
ball jointed ends, (c) the shape with fixed ends
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Fig. 4 Force vs. displacement curves for various
boundary conditions. The (red) solid curve for
the periodic boundary condition is fitted by 6t
order polynomial functions
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Fig. 5 Stress vs. strain curves for the bulk WBK
models. The perfect truss model shows
relatively low stress than FEM results. As the
geometrical imperfection (Ap) increases, stress
curves become gradually lowered
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Fig. 7 The distributions of normalized truss length for
WBK truss model in normal compression. A
model with a geometrical imperfection
(A;=0.037) shows Gaussian distributions of the
truss lengths before and after the deformation
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Fig. 10 Stress vs strain curves for WBK truss models (perfect
and material imperfections). FEM result and
experimental result for 3-layered WBK are added for
the comparison with the simulation results
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Fig. A1 Two types of unit cells of 2-dimensinal
Kagome truss

Fig. A2 Configuration of two types of unit cells of
our ideal Kagome truss PCM; (a) type A,

(b) type B.

Fig. A3 Configuration of wire-woven Kagome
truss under compression
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