TN T

ARY

TR

=
<
-

ISSN: 2476-6909; Modares Mechanical Engineering. 2020;20(2):415-424

Experimental and Numerical Investigation of Energy
Absorption in Auxetic Structures under Quasi-static Loading

ARTICLE INFO

ABSTRACT

Article Type
Original Research

Authors

Najafi M.! MSc,
Ahmadi H.*! PhD,
Liaghat G.H.! PhD

"How to cite this article

Najafi M, Ahmadi H, Liaghat G.H.
Experimental and Numerical Inve-
stigation of Energy Absorption in

Auxetic Structures under Quasi-
static Loading. Modares Mechanic-
al Engineering. 2020;20(2):415-
424.

Mechanical Engineering Faculty,
Tarbiat Modares University, Tehran,
Iran

*Correspondence

Address: Room No. 321, Mechani-
cal Engineering Faculty, Tarbiat
Modares University, Jalal-Al-Ahmad
Highway, Tehran, Iran

Phone: +98 (21) 82883391

Fax: +98 (21) 82883391

h_ahmadi@modares.ac.ir

Article History

Received: March 14, 2019
Accepted: June 15,2019
ePublished: February 01, 2020

Human being has always been looking for optimal use of his surrounding materials that has
been able to invent various structures through getting inspired by nature. Some of these
structures are lattice structures. Due to their lower weight, high compressive strength and high
stiffness, lattice structures are widely used in various applications, including energy absorbers.
A new type of lattice structure is auxetic structures that have a negative Poisson’s ratio due
to their geometric structure. This characteristic has caused auxetic structures to have unique
properties such as shear strength, indentation resistance, and high-energy absorption. In this
study, the experimental and numerical investigation of in-plane uniaxial quasi-static loading on
three auxetic structures and one non-auxetic structure have been conducted. The specimens
have three different auxetic geometries including re-entrant, arrowhead and anti-tetra chiral
and one honeycomb geometry that is non-auxetic. The specimens have been manufactured
using additive manufacturing technology (3D printing). Experimental results were compared
with finite element simulation results, which were in a good agreement. As expected, auxetic
structures showed a much better performance in energy absorption compared to the
honeycomb structure. So that the energy absorption of the arrowhead structure was 161%
higher than the honeycomb structure.

Keywords Auxetic Structures; Energy Absorption; Additive Manufacturing; Quasi-Static Com-
pression Loading; Finite Element Analysis
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