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Low-velocity Impact Analysis of Rectangular Sandwich Plates with Composite
Face Sheets Reinforced by SMA Wires and Soft Auxetic Cores
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In the present paper, effect of the shape memory alloy on low-velocity impact response of rectangular
Received 05 January 2018 sandwich plates with composite face sheets and soft auxetic cores is investigated using a new higher-
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‘Avaibable Online 12 April 2018 order global-local hyperbolic plate theory. To obtain accurate results, non-uniform and time-dependent

distributions of the SMA phases and the transverse compliance of the soft core are considered. Also, a

Kepwords: refined contact law is proposed instead of using the traditional Hertz law and different contact laws are

Shape Memory Alloy considered for the loading and unloading phases. Effects of stiffness of all layers along with the plate
Martensite Volume Fraction thickness on the contact stiffness are taken into account. The obtained nonlinear finite element
Impact Response governing equations are solved by making use of an iterative algorithm at each time step. The results of

Composite Sandwich Plate

: the present study are compared with the experimental results of other references, and it is proven that
Soft Auxetic Core

the results are valid. Finally, the effect of auxetic core, core Poisson's ratio, SMA wires, and indenter
energy on impact response of the composite sandwich plat are investigated. The results show that the
auxetic core increases the apparent stiffness of the contact area and consequently an increase in the
impact forces and a decrease in the lateral deflection and impact time duration. Besides, the SMA can
absorb a remarkable portion of the stored impact-induced strain energy due to the superelastic and
hysteretic natures of the SMA material, which results in increasing the impact strength of the sandwich
plate and decreasing the damage caused by the impact.
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Fig. 1 The geometric parameters of the composite sandwich plate with
embedded SMA wires and soft auxetic core and the indenter
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Fig. 3 Comparison between the results of the current analysis and the
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Table 3 Mechanical properties of the core [31]
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Fig. 4 Convergence study based on variations of the maximum contact
force with number of the elements
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Table 4 The properties of SMA wires (Nitinol) [32]

S Ak
51.7 Ex (GPa)
478 Ew (GPa)
29.4 G (GPa)
0.3 YA = vy
6450 p (kg/m®)
345 A (°C)
49 Ae(°C)
18.4 M, (°C)
9 M:(°C)
6.572 Ca=Cy
37 15 (°C)
0.0063 a
600 oy (MPa)
670 oy (MPa)
288 aas (MPa)
254 oas (MPa)
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