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Fig.1 Schematic diagrams of an enlarged model of sapphire single crystal (For visualization reason,

the unit cell is replicated once in the a, b, and ¢ axes.)
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Fig. 3 Temporal variations of the normal and shear stresses at the central position
of the sample along z axis at the shock velocity of 1 km/s
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Force-Thermal Coupling Response of Sapphire under Impact Loading
Based on Molecular Dynamics Simulation

ZHOU Menggian'?, ZHAN Jinhui’, HE Wen?, CAO Xiuxia’, ZHANG Wei', LIU Xiaoxing”

(1. Beijing Key Laboratory of Clean Fuel and High-Efficiency Catalytic Emission Reduction Technology, School of New
Materials and Chemical Engineering, Beijing Institute of Petrochemical Technology, Beijing 102617, China;
2. State Key Laboratory of Mesoscience and Engineering, Institute of Process Engineering,
Chinese Academy of Sciences, Beijing 100190, China;
3. National Key Laboratory of Shock Wave and Detonation Physics, Institute of Fluid Physics,
China Academy of Engineering Physics, Mianyang 621999, Sichuan, China)

Abstract: Sapphire is often chosen as the observation window in shock wave experiments due to its
excellent strength, hardness and optical transparency. A deep understanding of the mechanical and
thermodynamic response mechanisms of sapphire under impact loading and the causes of internal damage is
crucial for accurately evaluating its performance and stability. In this work, molecular dynamics simulations
were performed to explore the mechanical and thermal response of a sapphire single crystal under shock
loading along the C-plane. The results indicate that the activated slip system after the impact loading is the
rhombic plane slip based on the R-plane {0112}. When the impact velocity is in the range of 1-3 km/s, no
slip occurs; when the impact velocity reaches 4 km/s, slip occurs. When the impact velocity reaches to the range of
5-6 km/s, the sample shows inhomogeneous deformation, mainly composed of irregular stripes. Such results
suggest that the activation of the slip system in sapphire depends not only on its lattice structure, but also on
the partial shear stress (which needs to reach a critical value). The analysis of the temperature field indicates
that there is an intrinsic relation between the local slip and temperature increase, i.e., the formation of intense
shear localization is accompanied by the higher temperature.

Keywords: molecular dynamics; sapphire; impact response; damage type
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