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3D Surface Roughness of 18CrNiMo7-6 Steel V-shaped Notch Formed by
Cylindrical Grinding
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Abstract: To investigate the influence of forming outer circle grinding process parameters on the surface quality
of 18CrNiMo7-6 gear steel, and determine the optimal combination of process parameters, this paper uses universal
tool grinder and CBN forming grinding wheel to process a V—-shaped notch by forming grinding. Taking the workpiece
speed, the grinding wheel speed and the grinding wheel radial feed speed as the test variables; the three—
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dimensional surface roughness amplitude parameters: surface roughness, root mean square roughness, surface
skewness and surface kurtosis are used as the evaluation process indicators of surface quality. Single—factor
experiments and orthogonal experiments are conducted separately. The experimental results indicate that as
workpiece speed increases, surface roughness, root mean square roughness, and surface skewness all decrease first
and then increase, while surface kurtosis gradually decreases; as grinding wheel speed increases, surface roughness
and root mean square roughness also decrease first and then increase, while surface skewness and surface kurtosis
increase first and then decrease; as grinding wheel radial feed speed increases, both surface roughness and root
mean square roughness gradually increase, while surface skewness and surface kurtosis first increase and then
decrease. The degree of influence of the three variables on the three—dimensional surface roughness of the
workpiece, ranked from greatest to least, is: grinding wheel speed, grinding wheel radial feed speed, and workpiece
speed. The optimal parameter combination identified from the comprehensive single—factor experiment and orthogonal

experiment results is as follows: a workpiece speed of 900 r/min, a grinding wheel speed of 5 000 r/min, and a

grinding wheel radial feed speed of 0.15 mm/min.
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Fig.1 Raw material notched specimen
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Fig.2 Specimen process dimension(unit: mm)
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Tab.1 Resin CBN forming grinding wheel parameters

AES Bk gl BERRCHER/m WeE/% B EA/mm PRI /mm  WRRRAAE/C) BRI /mm
100/120#  CBN M4 A 151~197 100 75 8 60 0.14
230/270#  CBN  MIRZE A 53~75 100 75 8 60 0.14
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Tab.2 Process parameters for single—factor testing

4 W Hn / AP ) EVRRAR T A
gin=2 .1 .-l .-l
(r-mm ) (r'mln ) v[/(mm-mm )
4000, 5000, 6 000
700 0.15
7000, 8 000
500, 600, 700
2 6 000 0.15
800, 900
0.1, 0.125, 0.15
3 6 000 700
0.175, 0.2
®3 EXRBTIZESH
Tab.3 Process parameters of orthogonal test
Witk  TOFE#E  WRARNELHEE o/
Gk T o . A
(r-mm ) (r'mm ) (mm-mm )
1 4000 600 0.1
2 5000 700 0.125
3 6 000 800 0.15
4 7 000 900 0.175
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Fig.3 Three—dimensional surface roughness data processing
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Fig.4 Effect of workpiece speed on three—dimensional surface

roughness at the bottom of the notch
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Fig.5 Effect of grinding wheel speed on three-dimensional

surface roughness at the bottom of the notch

Fig.6 Effect of radial feed rate of grinding wheel on three—

dimensional surface roughness at the bottom of the notch
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Tab.4 Orthogonal test results

TAFfesdn s ORI T REHREE S TR S,/

B9 Wi En/(romin™) o o ‘ T RMEMALEES, RIS,
(remin™") v/(mm-+min™") pwm wm
1 4 000 600 0.100 0.449 0.585 -0.030 2.906
2 4000 700 0.125 0.391 0.507 0.139 3.589
3 4 000 800 0.150 0.365 0.490 -0.093 3.159
4 4000 900 0.175 0.399 0.503 0.190 2.888
5 5000 600 0.125 0.427 0.529 -0.130 3.15
6 5000 700 0.100 0.388 0.488 -0.105 3.183
7 5000 800 0.175 0.391 0.518 -0.106 3.191
8 5000 900 0.150 0.364 0.446 -0.184 3.503
9 6 000 600 0.150 0.443 0.545 0.031 2.934
10 6 000 700 0.175 0.534 0.653 0.109 2.922
11 6 000 800 0.100 0.467 0.594 -0.172 2.976
12 6 000 900 0.125 0.535 0.648 -0.063 2913
13 7 000 600 0.175 0.578 0.708 -0.261 2.763
14 7 000 700 0.150 0.629 0.774 0.050 2.714
15 7 000 800 0.125 0.408 0.532 0.286 3.130
16 7 000 900 0.100 0.402 0.499 0.232 3.096
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Tab.5 Dimensionless processing of raw data Tab.6 Grey correlation coefficient and grey
B ST S R4 s, KR4 s, Tkt correlation degree

e a2l a2l a2l a2l . TR A8, 0G0 SR AL -

1 0.679 0.576 0.578 0.781 S y(S)  y(S)  y(S)  y(S) SRR
2 0.898 0.814 0.269 0.000 1 0.609 0.541 0.542 0.695 0.597
3 0.996 0.866 0.692 0.491 2 0.831 0.729 0.406 0.333 0.575
4 0.868 0.826 0.176 0.801 3 0.993 0.788 0.619 0.496 0.724
5 0.762 0.747 0.761 0.502 4 0.791 0.742 0.377 0.715 0.657
6 0.909 0.872 0.715 0.464 5 0.678 0.664 0.676 0.501 0.630
7 0.898 0.780 0.717 0.455 6 0.847 0.796 0.637 0.483 0.691
8 1.000 1.000 0.859 0.098 7 0.831 0.695 0.638 0.478 0.661
9 0.702 0.698 0.466 0.749 8 1.000 1.000 0.780 0.357 0.784
10 0.358 0.369 0.324 0.762 9 0.626 0.624 0.484 0.665 0.600
11 0.611 0.549 0.837 0.701 10 0.438 0.442 0.425 0.678 0.496
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15 0.834 0.738 0.000 0.525 14 0.333 0.333 0.468 1.000 0.534
16 0.857 0.838 0.099 0.563 15 0.751 0.656 0.333 0.513 0.563
16 0.777 0.756 0.357 0.534 0.606
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