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Abstract: The friction behavior during the cutting of TC4 titanium alloy by single abrasive grain and its impact on
polishing process were studied through finite element simulation software. The Abaqus software was used to establish
a plastic deformation model during the cutting of TC4 titanium alloy by single abrasive grain, and the iterative adaptive
mesh remeshing technology was applied to accurately simulate the contact stress distribution and plastic deformation
under different friction coefficients, which provided a theoretical basis for optimizing the polishing process of TC4
titanium alloy blades. The analysis results reveal the impact of friction coefficient on the cutting depth and material
pile-up ratio, especially during the cutting-out stage of the abrasive grain, the increase in friction coefficient
significantly promotes the accumulation of material at the front end and both sides of the abrasive grain, so it is
important to control the friction coefficient in actual polishing process.
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Fig.1 Abaqus model of single abrasive grain cutting workpiece
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Fig.2 Single abrasive grain movement trajectory of

plastic deformation simulation
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Table 1 Chemical composition of TC4 titanium alloy

Al \% Fe Si C N H O Bal

55~6.5 3.5~45 0.08 <0.15 <0.10 <0.05 <0.01 <0.20 0.11
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Table 2 J-C constitutive model parameters of TC4 titanium alloy

A/MPa B/MPa C n m

875 793 0.01 0.386 0.45
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Fig.3 Schematic diagram of scratch cross-section profile
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Fig.4 Schematic diagram of marking position of

single abrasive grain path
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Fig.5 Simulation results of single abrasive grain cutting TC4 titanium alloy under different friction coefficients:

(3) 1=0; (b) #=0.08; (c) #=0.16; (d) 1=0.24
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Fig.6 Cross-sectional stress distribution maps of scratch at the position of L, under different friction coefficients:

(2) 1=0; (b) ©=0.08; (c) £=0.16; (d) =0.24
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Fig.7 Maximum cutting depth at the positions of L,~Ls under

different friction coefficients
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Fig.8 Material pile-up rate at the positions of Ly~Ls under

different friction coefficients
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Fig.9 Cross-sectional profiles of scratch at L;~Ls positions under different friction coefficients:

(a) L position; (b) L, position; (c) Lz position; (d) L4 position; (e) Ls position
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