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Fig.2 XRD patterns of 1# specimen before and after the high-

frequency vibratory stress relief
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Microcosmic Mechanism of High-Frequency Vibratory
Stress Relief Based on Dislocation Density Evolution

Gu Bangping'?, Hu Xiong', Xu Guanhua***, Lai Jintao’, Pan Long’
(1. Shanghai Maritime University, Shanghai 201306, China)
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Abstract: In order to reveal the mechanism of the high-frequency vibratory stress relief, the effect of the evolution of the dislocation density
with the help of high-frequency vibration on the residual stress relaxation was studied. The Williamson-Hall (WH) method and the hole-drilling
method were used to evaluate the dislocation densities and the residual stresses in the Cr12MoV steel quenched specimens before and after
high-frequency vibration. Based on the experimental results, the multi-freedom system of the crystal grain was developed based on the
microscopic dynamics theory in order to analyze the mechanism of high-frequency vibration activated dislocation motion. In addition, the
governing equation of the dislocation density evolution with the aid of high-frequency vibration was proposed in order to reveal the microcosmic
mechanism of the high-frequency vibratory stress relief. The results show that the dislocations inside the materials are activated with the help of
high-frequency vibration. The dislocation density evolution process mainly consists of the dislocation accumulation process and the dislocation
annihilation process. And the dislocation annihilation is dominant with the help of high-frequency vibration, and thus the dislocation density
inside the materials can be reduced. The degree of the lattice distortion can be reduced due to the decrease of the dislocation density. As a result,
the residual stress inside the materials can be relieved by the high-frequency vibratory stress relief.

Key words: high-frequency vibratory stress relief; dislocation density; residual stress; dislocation annihilation
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