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Fig. 1 Schematics of experiment device and load
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Fig. 3 Material properties of finite element model
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(b) Mesh near the ablation center
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Fig. 4 Finite element model and heat source model
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(f) 6 kN compressive load sample
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Fig.5 Macro-morphology after laser irradiation
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Fig. 6 SEM morphology of 4 kN tensile load sample
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Fig. 7 Distribution of various microstructures under different loading conditions
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(a) SEM microstructure of the original
microstructure area
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(¢ ) SEM microstructure in the dendrite area
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(b) The corresponding Cu distribution in
the original microstructure area
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(d) The corresponding Cu distribution
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Fig. 8 Distribution differences of Cu elements in different microstructures in 6 kN compressive load sample
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(a) KAM map of equiaxed grain structure (b) KAM map of dendrite structure
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Fig. 9  EBSD maps of different microstructures of 2 kN compressive load sample
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Fig. 11 Model temperature distribution
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Laser Ablation Characteristics of Prestressed LY12-CZ..

An Experimental and Simulation Study

Zhigin Du' Yu Zhang'* Xianzhe Shi’ Yuzhong Hui' Jianghua Shen'"’
(! School o f Aeronautics, Northwestern Polytechnical University, Xi’an, 710072)
(* Aviation Key Laboratory of Science and Technology on Structure Impact Dynamics
Aircraft Strength Research Institute of China , Xi’an, 710065)

(*Shaanxi Key Laboratory of Impact Dynamics and Its Engineering Application, Xi’an, 710072)

Abstract Considering that aircrafts are typical targets for laser weapons, and aircraft materials are
used under complex mechanical conditions, the response of these materials under laser and prestressing
holds significant value in the aeronautic industry. However, current research on material response under
combined laser and prestressing mainly focuses on mechanical failure affected by laser irradiation, with
limited in-depth understanding of laser ablation characteristics and microscopic mechanisms. In this study,
we investigate the laser ablation characteristics of LY12-CZ alloy by means of experiment and simulation.
We analyze the ablative morphology under prestressing and characterize microstructure and element distri-
bution in the remaining samples. The Vickers hardness test along the radial direction of the heat source is
carried out. In addition, a finite element simulation of laser ablation under prestressing is performed based
on the fully coupled thermal-stress analysis method. The experimental findings reveal three distinct struc-
tures along the radial direction of the spot: the dendrite structure near the spot, the equiaxed grain struc-
ture in the middle, and the original structure far away from the spot. Both the dendrite and equiaxed grain
structures exhibit severe segregation of Cu element, while the equiaxed grain structure also experiences
high internal stress. The hardness in the dendrite structure is close to 80 HV and increases sharply to a-
round 120 HV in the equiaxed grain structure. In the transition zone from the equiaxed grain structure to
the original structure, the hardness decreases first and then increases. Prestressing does not have an obvi-
ous effect on the distribution of microstructure, element segregation, and hardness after laser ablation.
Simulation results indicate that the temperature field is not significantly influenced by the applied pre-
stress. The thermal stress caused by the rise in irradiation temperature is much higher than the applied
prestress, leading to the formation of burn-through cavities and local thermal softening of the material. It
is found that prestressing does not significantly alter the laser ablation characteristics of LY12-CZ alloy.

Key words laser ablation, prestress, microstructure, finite element simulation





