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Editorial on the Research Topic 
Lightweight mechanical and aerospace structures and materials


Innovative manufacturing technologies, such as additive manufacturing and auto fiber placement, have made it possible to fabricate high performance lightweight structures for mechanical and aerospace applications. Lightweight structures avoid excessive waste of raw materials and subsequently result in a reduced emission of greenhouse gases and increase energy efficiency. To enable wide applications of lightweight structures fabricated using these innovative manufacturing technologies, it is necessary to understand their structural performance under various operational environments. For example, static and vibration responses of thin-walled structures for wing skins and fuselage panels under aerodynamic loads, the crash behavior of helmet under impact load, stress and buckling response of the pipe vessel structures under hydrodynamic loadings, stress shielding of latticed hip arthroplasty stem structures, energy absorption of sandwich structures, etc. Composite/honeycomb/lattice structures, stiffened thin-walled metal structures, etc., have been widely used for these lightweight structure designs. Therefore, for a better lightweight structural design and subsequent efficient optimization studies, there is a need to develop high fidelity and efficient structural analysis approaches for studying linear and nonlinear responses of these innovative lightweight structures in practical applications.
The four research articles related to this Research Topic focus on obtaining novel insights into the mechanical performance of lightweight structures. Various analysis approaches in solid and structural mechanics, including analytical, semi-analytical, and numerical methods, are adopted in these articles.
The review article by An et al. highlights the critical need for protecting penetration fuzes from extreme g-forces experienced during operation. These devices can be subjected to tens of thousands or even hundreds of thousands of g-forces, necessitating robust protection. The study introduces various internal sealing reinforcements and external energy-absorbing materials, such as foam metals and composite sandwich structures, to safeguard the internal circuitry of the fuze. These materials demonstrate excellent energy absorption and mechanical properties, enhancing the fuze’s reliability. Additionally, the research calls for further exploration of factors like viscoelasticity, porosity, surface coating, and printing processes to optimize these materials’ performance. Advancing buffer materials for penetration fuzes is crucial for improving the safety and efficacy of these weapons.
Amin et al. examine the buckling response of functionally graded multilayer graphene platelet-reinforced composite (FG-GPL RC) rectangular plates with cutouts under various loads. This research is vital for applications demanding high strength-to-weight ratios and resilience, such as in aerospace and civil engineering. Using third-order shear deformation plate theory and finite element analysis, the study evaluates numerous factors, including plate aspect ratios, slenderness ratios, and the effects of different loading conditions. The comprehensive analysis of graphene platelet distributions offers valuable insights for optimizing composite structures, aiding the development of more efficient and resilient materials for critical applications.
Cheng et al. focus on optimizing integrally stiffened shells used in sealed cabins for aerospace purposes. These shells, known for their high stiffness, strength, and fatigue resistance, are essential for enhancing deep space payload detection capabilities. The proposed design framework employs topology optimization and mesh-mapping techniques, achieving up to 17.1% weight reduction compared to traditional designs while maintaining structural integrity. Experimental validation through hydrostatic and airtight tests confirms the framework’s effectiveness. Such advancements in lightweight design are pivotal for improving aerospace structures’ efficiency and performance, supporting more ambitious and cost-effective space missions.
Wael et al. investigate the design and analysis of lightweight gear transmission systems utilizing composite materials. The study addresses the complexities of designing composite gear pairs through a robust numerical approach using the flexible multibody method and MSC MARC solver. This method accurately estimates static transmission error (STE) in lightweight gears, considering nonlinear contact behavior. The research highlights the advantages of hybrid metal-composite gears in reducing vibrations and noise compared to traditional holed gears. Additionally, the study explores the effects of ply arrangements and fiber orientation on composite gears’ performance, paving the way for more efficient and quieter transmission systems essential for various industrial applications.
Collectively, these studies demonstrate the transformative potential of advanced materials and engineering designs. From enhancing military fuze safety and optimizing aerospace structures to improving mechanical gear systems, these innovations drive progress across multiple fields. Ongoing research and development promise even greater advancements, contributing to safer, more efficient, and sustainable technological solutions.
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