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Abstract: The vigorous development of China's space exploration industry has posed numerous challenges to the
reliability of aerospace equipment. In environments with drastic temperature changes, precise control of thermal
deformation in materials and structures such as large-scale space structures, precision detection equipment, and
microelectronic packaging has become a bottleneck issue that urgently needs to be broken through. Therefore, it is
of great significance to develop mechanical metamaterials with tailorable thermal expansion coefficients. This article
provides an overview of the current status and progress of research on the design, preparation, and characteriza-
tion of tailorable thermal expansion mechanical metamaterials. It systematically sorts out the design methods of

tailorable thermal expansion mechanical metamaterials, summarizes the collaborative control strategies of thermal

BB E: 2024-06-20; fEEIHHA: 2024-07-30; SRABEHA: 2024-08-10; MEHLAE: 2024-08-26 14:05:01
M4 E & i3k . https://doi.org/10.13801/j.cnki.fhclxb.20240826.002
HEE&WH: EEARREEES (12302187); W14 HRFHFIL 4 (2023AFB092)
National Natural Science Foundation of China (12302187); Hubei Provincial Natural Science Foundation of China (2023AFB092)
BEES: £ 0T, ML, TRE, DR 05 1 Rt AR T S5l E-mail: wxtj_9449@163.com;
ik i, {4, B, A S0, R 1 o A MR 1A PERERRSY B-mail: zr19950122@163.com
SRRt B, E0T, 23R, 55, TR AEAK 1 = AR & S RAETEIN AT S RS 1], S5 AR, 2024, 41(9): 4589-4605.
ZHAO Chunzheng, WANG Xin, LI Zhen, et al. Research progress in the design, manufacturing, characterization, and evaluation of tailorable
thermal expansion mechanical metamaterials[J]. Acta Materiae Compositae Sinica, 2024, 41(9): 4589-4605(in Chinese).


https://doi.org/10.13801/j.cnki.fhclxb.20240826.002
mailto:wxtj_9449@163.com
mailto:zr19950122@163.com

EEMRER

- 4590 -

expansion, stiffness, Poisson's ratio, and other mechanical parameters, explores the topological optimization
methods of tailorable thermal expansion mechanical metamaterials, and introduces the preparation techniques
and performance evaluation methods of thermally tailorable mechanical metamaterials. This article also looks into
the development trends of tailorable thermal expansion mechanical metamaterials, providing guidance and refer-

ence for their in-depth application in aerospace equipment.
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Table 1 Several typical tailorable thermal expansion mechanical metamaterials and their maximum
negative thermal expansion coefficients

Maximum negative thermal

Metamaterial structure i ) N
expansion coefficient a/°C

Design mechanism

Research method Ref.

2D triangular cell -6.0x10°° Tensile-dominated Theoretical calculation [10]
2D re-entrant lattice -1.4x107° Tensile-dominated Simulation [25]
2D curved beam cell -2.0x10°° Bending-dominated Theoretical calculation + Simulation [21]
2D re-entrant cell -2.0x10° Tensile-dominated Theoretical calculation + Simulation [11]
2D chiral lattice -3.4x107° Bending-dominated Simulation [22]
3D star-shaped lattice -4.2x107° Tensile-dominated Simulation [19]
3D cubic lattice -5.6x107° Tensile-dominated Simulation [19]
3D triangular lattice -6.0x107° Tensile-dominated Theoretical calculation [16]
2D triangular lattice -7.7x107° Tensile-dominated Theoretical calculation + Simulation [18]
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Fig. 13 Testing methods for the performance of tailorable thermal expansion mechanical metamaterials
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