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Abstract: In order to investigate the influence of process parameters on the grinding force in V-
notch forming during cylindrical grinding of 18CrNiMo7-6 carburized steel, a cubic boron
nitride (CBN) grinding wheel abrasive particle model composed of random polyhedra generated
by cutting regular hexahedra with spatial random planes was constructed based on the machining
process of fatigue specimens. A three-dimensional simulation model of V-notch forming during
cylindrical grinding was established by using ABAQUS finite element simulation software. With
the grinding wheel speed n,, workpiece speed n,, and radial feed speed v, as independent
variables, single-factor experiments were conducted to study the variation patterns of normal
grinding force F, and tangential grinding force F,. The validity of the V-notch forming simulation
model during plunge grinding was verified through forming grinding force experiments. The
results indicate that the normal grinding force is consistently greater than the tangential grinding
force, and compared with the workpiece speed and the radial feed speed, the influence of
grinding wheel speed on grinding force is more significant. The simulation results agree well with
experimental data, where the average errors for normal grinding force predicted by simulations of
ng, ny, and v, are 11. 06%, 9.21%, and 10. 77%, respectively, and those for tangential grinding
force are 9. 89%, 13. 89%, and 15. 55%, respectively.

Key words: 18CrNiMo7-6 steel; V-notch; forming grinding; finite element simulation;
grinding force
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Fig. 1 CBN abrasive particle model
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Table 1 Chemical composition of 18CrNiMo7-6 steel (mass fraction) %
C Si Mn S P Cr Ni Mo Fe
0. 15~0. 21 0.4 0. 50~0. 90 <0.035 <0.035 1.50~1. 80 1.40~1.70 0.25~0. 35 iy
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Table 2 Basic physical parameters of CBN grinding wheel and workpiece materials

kL FPER /G Pa H{EL/NEA (kg m™) i i
CBN 706 0.15 3450 8 000(HV)
18CrNiMo7-6 210 0.30 7 800 60(HRC)
%3 18CrNiMo7-6 $RAHIE B S 1 1E
Table 3 Parameter values of constitutive model for
18CrNiMo7-6 steel 5
BH el BH Hfii .
o/MPa 263 D, 0.05 -
B_/MPa 624 D, 0. 80
C, 0.017 D, -1.54 —_—
T4
m 1.3 D, 0.01
n 0.26 D 1 R . .
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Fig.5 Schematic diagram of friction contact zone
between abrasive particles and workpiece
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Table 4 Process parameters of single-factor experiment

75 WEE L n/(r-min™) T4 n /(r-min™) WFAR I 25 R v /(mm - min™)
1 4 000,5 000,6 000,7 000,8 000 700 0.15
2 6 000 500,600,700,800,900 0.15
6 000 700 0.1,0.125,0. 15,0. 175,0. 2
(®)

BLJ1/MPa NEF1/MPa
+9.247e+02 +1.044e+03
+8.481c+02 +91579e+02
+7.715e+02 +8.713e+02
+6.949¢+02 +7.847e+02
+6.183e+02 +6.981e+02
+5.417e+02 +6.114e+02
+4.651e+02 +5.248e+02
+3.885e+02 +4:382e+02
+3.120e+02 +3.516e+02
+2.354e+02 +2.650e+02
+1.588e+02 +17784e+02
+8216e+01 +9.180e+01
+5.558e+00 +5.190e+00

@

1. J1/MPa B F1/MPa
+8.607e+02 +1.038¢+03
+7.892¢+02 +9.515e+02
+7.178e+02 +8.655e+02
+6.4636+02 +7.795e+02
+5.749¢+02 +6.935¢+02
+5.034e+02 +6.074e+02
+4.320e+02 +5.214e+02
+3.605e+02 +4:354c+02
+2/891¢+02 +3.494e+02
+2.1766+02 +2.633e+02
+1.4626+02 +1.773e+02
+7.475e+01 +9.129¢+01
+3:307e+00 +5.265e+00
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Fig. 10 Stress distribution on workpiece obtained by V-notch’s cylindrical grinding simulation
(a)—n,=500 r/min; (b)—n, =600 r/min; (¢)—n,=700 r/min; (d)—n =800 r/min.
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