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Using molecular dynamics (MD), this thesis explores mechanical response of graphene/aluminum under tension and
compression, revealing microevolution mechanisms. It examines changes in aluminum lattice and effects of graphene layer
on Young's modulus, while observing atomic structural changes during fracture. By merging methods from differential
geometry, the thesis calculates external deformation, elucidating graphene's reinforcement and deformation mechanisms,
thus guiding composite design. Additionally, it studies restrictive compression simulations for graphene/silicon composites,
investigating ripplocation microstructural evolution. Through the integration of Corrugated Plates theory, the thesis links
microscopic and macroscopic deformation. Moreover, it explores the influence various graphene defects on ripplocation
deformation, explaining interlayer deformation.

The specific research objectives include:

1. Controlling graphene layer thickness in graphene/aluminum composites, we analyze their mechanical response under
uniaxial tension and compression. The thesis investigates phase transitions and load distribution, clarifying plastic
deformation and fracture mechanisms. Results show the addition of graphene notably boosts the yield strength of aluminum
composites under tension by hindering dislocation movement. Moreover, kink and bulging deformations are observed under
compression. Mean and Gaussian curvatures are calculated to quantitatively analyze material deformation.

2. By adjusting graphene size/thickness in graphene/silicon composites, we investigate ripplocation deformation under
confined compression. The results indicate that ripplocations form before kink deformation during brief elastic deformation,
as observed through simulations. Ripplocation bands integrate, indicating fully recoverable elastic deformation. Increasing
graphene layers reduces compression stress, highlighting its significance in mechanical stimuli response. Microscopic
simulation aligns with corrugated theory, offering a new approach to study layered solids. Differential geometry describes
graphene's deformation during compression-induced flexure.

3. Regulating defects in graphene/silicon composites, we explore the ripplocation deformation mechanism under confined
compression using the Nudged Elastic Band (NEB) method. The thesis elucidates transition states of graphene defects and
their impact on ripplocation deformation. NEB calculations reveal three dislocation transition states, all corresponding to
the 9th state. Under compression, kink deformation occurs at defect locations, hindering fusion states of ripplocation due to

barriers.
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