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Mechanical Behaviors under Compression in Wire-Woven Bulk Kagome
Truss PCMs (I)

— Upper Bound Solution with Uniform Deformation -
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Abstract

Recently, a new cellular metal, WBK(Wire woven Bulk Kagome) has been introduced. WBK is fabricated
by assembling metal wires in six directions into a Kagome-like truss structure and by brazing it at all the
crossings. Wires as the raw material are easy to handle and to attain high strength with minimum defect. And
the strength and energy absorption are superior to previous cellular metals. Therefore, WBK seems to be
promising once the fabrication process for mass production is developed. In this paper, an upper bound
solution for the mechanical properties of the bulk WBK under compression is presented. In order to simulate
uniform behavior of WBK consisted of perfectly uniform cells, a unit cell of WBK with periodic boundary
conditions is analyzed by the finite element method. In comparison with experimental test results, it is found
that the solution provides a good approximation of the mechanical properties of bulk WBK cellular metals
except for Young’s modulus. And also, the brazing joint size does not have any significant effect on the
properties with an exception of an idealized thin joint.
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Fig. 1 Configuration of (a) a bulk WBK PCM, (b) the
unit cell

Fig. 2 A WBK sample between compression jigs
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Fig. 4 Stress-strain curves of the as-received and
annealed wires during brazing
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Fig. 7 Deformed shape of the WBK unit cell overlapped
with its neighbors: (a) a view from y-axis, (b)
angled view
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Fig. 8 A finite element model of WBK with 6x6x6 cells
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Fig. 9 Variation of maximum Mises stress with
compressive strain founded in the WBK unit cell
with PBC compared with that in the cell located
in WBK composed of 6x6x6 cells
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compression estimated by finite element analyses
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Table 1 Summary of material properties of WBK PCM
under compression

Stress ,0:(MPa)

= Theory
*  Expeniment
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Fig. 12 Stress-strain responses of WBK under compression

E Oy Ormax

(MPa) | (MPa) | (MPa)
Theory 583.7 0.98 0.98
Experiments 300.36 0.9 0.93
FEA with MPC 2824 *0.53 0.57
different | 2mm | 4210 | 08 | 099
brazed 4mm 483.1 *0.73 1.0
joints I cam | 4932 | 06 | 107

*0.2% offset yield stress
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