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Table 1 Static mechanical properties of Ti-6Al-4V
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Table 2 Material parameters of the J-C
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A/MPa B/MPa n C
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Table 3 Parameters of Ti-6Al-4V impact damage
calculation modelt'®!
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Table 4 Numerical simulation results of pit depth
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300 0.67 0.63 597
250 0.54 0.51 5.56
200 0.43 0.41 4.88
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Fig. 1 Impact diagram™
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Table 5 Mechanical property parameters of
sand particles™

TR B/ (kg/m®) B/ MPa THFALL A [GAf 2/ MPa
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Table 6 Single sand impact condition
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Fig.6 Impact schematic diagram of single sand particle
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Fig.8 Finite element model of single sand impact
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Mechanical Modeling and Numerical Simulation for Continuous Impact
Damage of Sand Particles
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Abstract: In the service environment, the aero-engine blade is vulnerable to the continuous impact effect of sand and
dust particles, which makes the blade produce dents, tears, micro-cracks and other damage, thus affecting the high
cycle fatigue properties of the blade. In order to ensure the structural integrity and safety reliability of the aero-engine,
it is necessary to analyze the impact of continuous impact of sand and dust particles on the blade in depth. Based on
the damage mechanics theory, studies are carried out on the mechanical modeling and numerical simulation for the
continuous impact damage of sand particles. Firstly, the J-C constitutive model coupled with damage and the
continuous impact damage model are derived, and the calibration method of material parameters is presented.
Secondly, based on the ABAQUS platform, the Vufield subroutine and the Python script are written to implement the
numerical calculation of the continuous impact damage. The effectiveness of the method is verified by the comparison
between the experimental data and computed results. Finally, the numerical simulations of continuous impacting of
single and multiple sand particles are conducted to analyze the variation laws of impact deformation, residual stresses
and impact damage. For the impact of single sand particle, it is observed that the impact pit depth, impact residual
stress influence span and maximum impact damage increase with the increase of impact speed, sand size and the
number of impacts. For the two different random impact modes, the computed results of multiple sand particles
reveals that the more the number of sand particles, the deeper the maximum impact pit depth. The impact damage
mainly occurs in the contact area between the sand particles and blade, and the impact damage shows a sudden
increase in phase with the number of impact.

Key Words: continuous impact; damage; mechanical modeling; numerical simulation; secondary development
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