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Simulation Analysis and Experimental Research on
Surface Grinding Force of GCr15 Steel
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ABSTRACT: The work aims to predict surface grinding force under different grinding process parameters and investigate the
grinding mechanism to control the grinding quality. By considering the diversity of abrasive grain shape on the surface of CBN
grinding wheel, the diversity of form and the randomness of spatial distribution, the CBN grinding wheel model was established
and the finite element grinding wheel grinding simulation of GCrl15 material model was carried out. At the same time, the
single-factor plane grinding experiment of GCrl5 was carried out with different workpiece feed speeds by CBN grinding wheel,
and the grinding force under different grinding parameters was measured with a three-coordinate force gauge. The surface shape
of the simulated grinding wheel model was close to that of the real grinding wheel. The height of the abrasive blade on the
simulated grinding wheel was subject to the normal distribution and consistent with the actual grinding wheel. The random

polyhedral abrasive grain model and the real CBN abrasive grain photograph were similar in appearance. The grinding force
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experiment and simulation results showed that the grinding force increased gradually when the workpiece feed speed was

increased from 3 m/min to 18 m/min. The maximum error of the normal grinding force obtained by the simulation was much

smaller than the maximum error of the tangential grinding force. The experimental results are consistent with the simulation

results, thus proving that the grinding finite element simulation model of grinding wheel can be used for grinding force

prediction. However, because the actual grinding wheel size and the influence of the surface bond of the grinding wheel on the

grinding cannot be considered in the simulation, the result has certain error, and the accuracy of the simulation needs to be

further improved. The research results provide an idea for using the finite element method to study the grinding mechanism and

control the quality of the grinding process.
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Fig.1 Simulated grinding wheel model
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a) random polyhedral abrasive particles; b) SEM photograph of CBN abrasive!®
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Tab.1 Basic physical property parameters of CBN
abrasive grains and GCr15

Elasticity Poisson’s  Density

Material modulus . ) Hardness
/GPa ratio /(kg'm
CBN 706 0.15 3.45x10°  670~700HV
GCrl5 210 0.277 7.827x10°  60~62HRC
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Tab.2 GCr15 material constitutive
model parameter valuel'¥

Parameter name Value
Material yield strength A/MPa 688.17
Strain hardening constant B/MPa 150.82
Strain hardening coefficient n 0.336 2
Strain rate enhancement factor C 0.042 79
Thermal softening coefficient m 2.778 6
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Tab.3 J-C damage model parameters'"”!

Parameter d, d, ds dy ds
Value 0.0368 2.34 1.484 0.0035 0.411
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Tab.4 Simulation and test process parameters

Number  vy/(m's™) Vy/(m-min™") ay/um
1 20 3, 6, 9, 12, 15, 18 15
2 40 3, 6,9, 12, 15, 18 15
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Fig.6 Stress distribution diagram of workpiece obtained by grinding simulation: a) during grinding; b) after grinding
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Fig.8 Measured grinding force data curve
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