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Simulation Analysis of Critical Grinding of Single Grain Based on the
Thermo-Mechanical Couple
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ABSTRACT: Objective To study the effect of the single grain’s geometric features for the material separation on cut root by
simulation and get the critical grinding parameter values of brittle-ductile transition. Methods For the Ti6Al4V alloy, the ther-
mal-force coupling plane simulation model was established through the analysis of single grain scratch to study the relationship
of the effective flow stress along with the single grain edge radius and the grinding depth in the end of the cutting chip. Results

On the grain’s blade edge, the critical phenomenon of brittle-ductile transition appeared when edge radius » was 0.1 pm and
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grinding depth / was about 0.02 um; when 4 was >0.3 pum, the material’s plastic removal might be removed, which should be

promoted by the grinding heat effect. When the radius of cutting edge » was 1 pm and the grinding depth was # was 0.2 ~3 um,

the minimum value of effective flow stress was 948.479 MPa. At this time, there was no material plastic flow at the grinding

blade edge, and the grinding thermal effect was not obvious. When edge radius » was 10 pm and grinding depth / was about 2 ~

30 pm, the minimum effective flow stress was 716.351 MPa and the maximum value 763.59 MPa, and the chips on blade edge

were generated in plastic flow, which was promoted by the grinding heat effect. Conclusion The threshold range of plastic flow

and the critical value of brittle-plastic transition are got in simulation process, and the effect of the grinding thermal effect on the

formation of the chip is also obtained. Use of grains with edge radius of 0.1 pm or about 10 pm and proper increase of grinding

depth can realize the plastic flow of the material, reduce the impact on the grain and improve the grinding efficiency.

KEY WORDS: single grain; edge radius; grinding depth; effective flow stress; heat effect; critical grind
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Fig.1 Grinding principle picture of a single grain
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Fig.2 Finite element mesh of abrasive grain and workpiece:a)
the mesh of abrasive grain, b) the mesh of workpiece
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Table 1 Material parameters of workpiece and grain
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Fig.3 Simulating model of single grain grinding
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Table 2 Value of each variables (r=0.1 pm)
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5 0.15 1002.16 892.127
6 0.3 953.296 922.139

1100 950
1000 4900
§ M
5 §
o 900t 1850
800 800

0

0.05 0.10 0.15 0.20 0.25 0.30
h/pm

5 BEEIVREEXS omax I Tiax FISZME (4=0.1 pm )
Fig.5 Influence of grinding depth for o,y and Tipax (7=0.1 pm)

Umax%ij()ﬁ?}ﬁlj\o *uﬁﬂ%%", %,l h=0.17 pm Hq"
Omax BB KAE, H 1009.53 MPa, FH3l T R

MPa

+9.474e+02
+8.686e+02
+7.897e+02
+7.109e+02
+6.320e+02
+5.531e+02
+4.743e+02
+3.954e+02
+3.166e+02
+2.377e+02
+1.589e+02
+8.004e+01
+1.191e+00

b r=1um, 2=0.5pum

MPa
+7.511e+02

+5.636e+02
+5.012e+02
+4.387e+02
+3.762e+02
+3.137e+02
+2.512e+02
+1.887e+02
+1.262e+02
+6.371e+01
+1.216e+00

d r=10um, A=3pm
T 2 ) B 477 LAY

Fig.4 Simulating model of single grain grinding at different parameters
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Table 3 Value of each variables (r=1 pm)
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Fig.6 Influence of grinding depth for o, and T, (7=1 pm)
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Table 4 Value of each variables (=10 pm)
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Fig.7 Influence of grinding depth for 0., and Ty (#=0.1 pm)
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