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Abstract

In this study, a nonlinear truss finite element is developed to analyze structures with negative Poisson effect-induced tensile buckling. In
general, the well-known buckling phenomenon is a stability problem under a compressive load, whereas tensile buckling occurs because of
local compression caused by tension. It is not as well-known as classical buckling because it is a recent study. The mechanism of tensile
buckling can be briefly explained from an energy standpoint. The nonlinear truss finite element with a torsional spring is formulated because
the finite element has not been reported in the literature yet. The post-buckling analysis is then performed using the generalized displacement
control method, which reveals that the torsional spring plays an important role in tensile buckling. Structures that mimic a negative Poisson
effect can be constructed using such post-buckling behaviors, and one of the possible applications is a mechanical switch. The results obtained
are compared to those of analytical solutions and commercial finite element analysis to assess the validity of the proposed finite element
model. The numerical results show that the developed finite element model could be a viable option for the basic design of nonlinear structures

with a negative Poisson effect.

Keywords : tension buckling, nonlinear finite element method, torsional spring, negative Poisson effect, generalized displacement

control method
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Table 2 Parameters for three-types of the link mechanism

Case Dimensions, initial imperfections and material properties

= 50m, =20m, h=1m, b=1m, E=10°
L =50m, L, =20m, h=1m, b=1m, E=10°F

e | 3 S
Imperfection 0.1m(y —direction of Node 2)
L =100m, L, =10m, h=1m, b=1m, E=10°P
Box K, =10Nm/rad, K,, =5Nm/rad, K,, =10Nm/rad
(Fig. 5) K,, =10Nm/rad, Ky, =5Nm/rad, Kus =10Nm/rad

Imperfection 0.0175m(y —direction of Node 2,5)
Imperfection 0.035m(y —direction of Node 3,4)

L =20m, L, =10m, h=1m, b=1m, E=10°R
Fly K, =10Nm/rad, Ky =0, Ky =0 K, =0

(Fig. 7) Imperfection 0.1m(y —direction of Node 2)

Imperfection —0.1m(y —direction of Node 4)
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