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[bookmark: _Toc2]Article summary:
1. The CTE and stiffness of the designed metamaterial can be programmed in two directions.
2. The high relative stiffness and tunable CTE can be realized with the designed metamaterials.
3. The coupling design of the CTE, stiffness, and relative density is preliminary revealed and described.
[bookmark: _Toc3]Article rating:
May be slightly imbalanced: The article presents the information in a generally reliable way, but there are minor points of consideration that could be explored further or claims that are not fully backed by appropriate evidence. Some perspectives may also be omitted, and you are encouraged to use the research topics section to explore the topic further.
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The article provides a detailed description of a bi-directional tunable thermal expansion metamaterial based on bi-material triangular unit that has been developed to provide lightweight materials with adjustable coefficient of thermal expansion (CTE) and stiffness properties. The article presents theories of effective CTE and stiffness that have been established through numerical analysis and verified by experiments, as well as providing details on how the multi-material metamaterial achieves a wide range of tunable CTEs from -31.16 ppm/°C to 56.43 ppm/°C. 
The article appears to be reliable in terms of its content, as it provides detailed information on the development process for the metamaterial, including theoretical analysis, numerical simulations, and experimental verification. However, there are some potential biases in the article that should be noted. For example, while the article does mention potential applications for this type of material in aerospace engineering, it does not explore any other potential applications or industries where this material could be used. Additionally, while the article does discuss possible risks associated with using this type of material in aerospace engineering applications, it does not provide any information on possible risks associated with using this material in other industries or applications. Furthermore, while the article does present both sides equally when discussing potential benefits and drawbacks associated with using this type of material in aerospace engineering applications, it does not do so when discussing other potential uses for this material outside of aerospace engineering applications. 
In conclusion, while this article appears to be reliable overall due to its detailed description of the development process for the metamaterial presented within it, there are some potential biases that should be noted when considering its trustworthiness and reliability such as one-sided reporting on potential uses for this type of material outside of aerospace engineering applications and lack of discussion regarding possible risks associated with using this type of material outside of aerospace engineering applications.
[bookmark: _Toc5]Topics for further research:
· Potential applications of bi-directional tunable thermal expansion metamaterial
· Risks associated with using bi-directional tunable thermal expansion metamaterial
· Benefits of using bi-directional tunable thermal expansion metamaterial
· Industries that could benefit from bi-directional tunable thermal expansion metamaterial
· Advantages of bi-directional tunable thermal expansion metamaterial over traditional materials
· Limitations of bi-directional tunable thermal expansion metamaterial
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