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Simulation Analysis of Micro-shot Peening Based on DEM-FEM Method
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Abstract: Micro-shot peening, as a special shot peening process, has the unclear mechanism due to the lack of experimental data and
simulation technology. The micro-shot peening elastic-plastic model is developed by combining the discrete element method (DEM)
with the finite element method (FEM) in ABAQUS. The initial residual stress and hardened layer gradient are considered to simulate
the gear material state before micro-shot peening process. The effects of peening velocity and coverage rate on residual stress
distribution and surface roughness are investigated. It is found that the arithmetic mean deviation Sa of the gear surface roughness
increases linearly with the increase of the peening velocity. When the coverage rate reaches 100%, the coverage rate has little effect on
Sa and residual compressive stress distribution. The peening velocity has little effect on the maximum value of residual compressive
stress, while has significant effect on the thickness of the residual stress layer. This paper explores the mechanism of micro-shot
peening by DEM-FEM method and provides theoretical support for preparation of micro-shot peening process.
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Table 2 Heat treatment procedure of roller specimen

Proceduve Temperature T/ °C Timet/h
Carburization 930110 19
Carburization 930410 10
High-temperature tempering 670 5
Quenching 830 7
Tempering 190 8
Tempering 180 8
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Fig. 2 Hardness measurement results
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Fig. 3 Original residual stress measurement results
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Table 3 Number of particles required to achieve 100%

coverage at different injection speeds by simulation

Particle speed/ The radius of the Number of particles required

(m/s) crater / um for 100% coverage
150 19.1 3412
160 19.9 3142
170 20.7 2905
180 22.4 2480
190 23.3 2293
200 24.7 2040
210 25.9 1855
220 26.8 1733
230 27.3 1670
240 27.8 1610
250 28.4 1543
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