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Topology Optimization Design of Microstructured Metamaterials
with Negative Poisson’s Ratio and Negative Thermal Expansion

WANG Yu, LUEnli, WANG Yajuan, WANG Feiren, LIN Xiaojuan
(College of Engineering , South China Agricultural University , Guangzhou 510642 , China)

Abstract: A level set-based method was introduced to design the metamaterials which can exhibit
negative Poisson’s ratio and negative thermal expansion simultaneously. Negative Poisson’s ratio
(also called auxeticity) and negative thermal expansion are phenomena that may rarely be found in
the nature materials. It is now known that these unusual properties are mainly dependent on the
particular features in the material’ s micro-or nano- structural deformation when subjected to a
thermal or mechanical load. A numerical homogenization method was applied to evaluate the
effective properties of the microstructure, and the multi-phase level set method was used to
implement the shape and topology evolutions of the microstructure. Two numerical examples were
given to demonstrate the feasibility of the proposed topology optimization method, which provides a

systematic design method for the design of artificial materials with special properties.
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Fig.1 Iteration history of objective
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Fig.3 Iteration history of objective function (Example 2)

AL ORI AR R 2. A R R B 7
] A R AR RIS L AT AR N A 28 AN RE HE B M0
WUE RIMEL. 1 TR ME AR AL e ) 2 3 SR 454 1Y
— BB TT Ik B S PR_EIE A A5 1A T SR A AR
AL RIS F14 TR 58 o DA S X DA fe ol 45 ) i B8 4 )
PRI IR e 5% I8 . fE it ad B b 2 R AR AE
PriR 45 F TR0 B2 (L BT BE 25 A4 Wi T RO B G . O R Ik
DAL A IS 2R D T SR S M« BT A 245 2R D0 14 E
MR BB FITARS FERI B AE ZR 4. S e, %07
EDRIROE T — D RGN E GRS BT Tk
(AR TR] s a8 B TUYI A SEAA EE AN SR K R

(2) HALA 7K A8 i T

(b) FH2AR A4 i T

() KA B

B4 Bkt REREE () 2)

Fig.4 Contour of solid materials (Example 2)
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