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Numerical Simulation of Residual Stress Field in Strengthened Grinding of
GCr15 Bearing Steel Based on Normal Distribution

FAN Li-wei*®, LIANG Zhong-wei®®*, LIU Xiao-chu®®*, WU Jun®"*,
WU Zi-xuan®*°, GENG Chen®"°, XIE Xin-cheng®"*

(a. School of Mechanical & Electric Engineering, b. Guangzhou Key Laboratory for Strengthened Grinding and High
Performance Machining of Metal Material, c. Guangdong Engineering and Technology Research Centre for Strengthen
Grinding and High Performance Micro-nanomachining, Guangzhou University, Guangzhou 510006, China)

ABSTRACT: This paper aims to explore the influence of fixed point injection on residual stress field of GCrl5 bearing steel
under different process parameters of strengthening grinding. Image processing technology was used to analyze the distribution
characteristics of the surface coverage along the width direction of the strengthening grinding fixed point injection under
different process parameters. The two-dimensional normal distribution function was used to describe the distribution
characteristics of steel ball coordinates under the fixed point injection of strengthening grinding. Python/Opencv was used to
determine the number of steel balls required by the finite element model under different process parameters. Based on Abaqus/
Python, the finite element model with normal distribution of strengthening grinding was constructed. Using the established
normal distribution model, the influence of different injection velocity, ball diameter and coverage rate on the residual stress
field was analyzed. When the injection velocity increased from 45 m/s to 70 m/s, the surface residual compressive stress
increased from —683.5 MPa to —902.4 MPa, the maximum residual compressive stress increased from —981.6 MPa to —1330.6
MPa, and the thickness of residual pressure layer increased from 89 pm to 151 um. The maximum residual compressive stress
depth was moved from 30 pm to 70 pm. When the diameter of the steel ball increased from 0.4 mm to 1.0 mm, the surface
residual compressive stress increased first and then decreased, the maximum residual compressive stress increased from —1063.5
MPa to —1240.7 MPa, and the maximum residual compressive stress depth increased from 30 pm to 60 um. The thickness of
residual compressive stress layer increased from 103 um to 147 pum, and the diameter of steel ball increased from 0.8 mm to 1.0
mm, and the maximum residual compressive stress almost remained unchanged. When the injection coverage rate was from
100% to 300%, the surface residual compressive stress, the maximum residual compressive stress and the maximum residual
compressive stress depth increased slightly, and the residual compressive stress layer thickness almost remained unchanged. The
simulation values of the normal distribution model and the random distribution model were compared with the experimental
values, and it was found that the surface residual compressive stress, maximum residual compressive stress depth and residual
compressive stress thickness of the three models were almost the same. The simulation values of the random distribution model
and the normal distribution model were 32.1% and 18.9% higher than the experimental values of the maximum residual
compressive stress. The finite element model with normal distribution can accurately predict the change process of residual
stress, which can provide some guidance for the optimization of process parameters of strengthening grinding.

KEY WORDS: strengthened grinding; residual stress field; normal distribution; numerical simulation; GCr15 bearing steel
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Fig.11 Statistical method and Avrami equation to
achieve a specific coverage of the total number of
steel balls and their comparison
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Tab.1 J-C constitutive model parameters of
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pl(kg'm™>) E/GPa v A/MPa BMPa C n, m
7827 210 0277 1670 283 0.018 0.41 0.88
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Fig.12 Residual stress profiles along the depth
direction under different injection velocity
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Fig.13 Residual stress profiles with different ball
diameters along the depth direction
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Fig.14 Distribution of residual stress along the depth direction
under different strengthened grinding coverage rates
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Fig.15 Simulation and experimental values of residual stress
of GCr15 bearing steel after strengthened grinding
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