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ABSTRACT

Most machines lose a lot of energy due to friction. Wear due to friction also reduces performance.
Therefore, it is important to reduce friction on the surface to improve energy efficiency and decrease wear.
Surface texturing refers to making patterns on the surface for reducing friction. There are many surface
texturing methods, such as using lasers, abrasive jet machining, and so on. Recently, mechanical
manufacturing methods, such as cutting and grinding, have been highlighted. Among them, the grinding
method has the advantage of making patterns in large areas quickly. Therefore, it is appropriate for surface
texturing on large machines. This paper is a study on the slope change of the surface texturing pattern using
grinding Therefore, we researched the slopes of the patterns corresponding to “spindle speed and feed rate”
and “curvature of workpiece surface” using a mathematical model and experiment. As a result, we made a
proper mathematical model concerning our research. Therefore, using the mathematical model in this paper,
we could predict the slope change of the pattern according to grinding conditions.
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S : Spindle speed

F : Feedrate

k : Curvature of workpiece surface

« : Slope angle of the pattern

@ rar © Slope angle of the pattern on flat surface
@ comvex are : Slope angle of the pattern on convex
arc surface

Slope angle of the pattern on concave

& Concave arc

arc surface
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P : Pitch of helical groove on grinding wheel
SHelical grooving © Spindle speed for helical grooving
Flielical grooving  Feedrate for helical grooving

R : Radius of arc surface of workpice

r : Radius of grinding wheel
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Fig. 4 Experimental result on arc surface

Fig. 5 Experimental result on free form
surfaces
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Table 1 Process variables

Independent Spindle speed(S) and feedrate(F)
variables Curvature of workpiece surface(k)
Dependent

. Slope angle of the pattern( @)
variables
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Table 2 Experimental conditions on flat surface

No. S [rev/min] F [mm/min]
1 200 2000
2 200 4000
3 400 2000
4 400 4000

Table 3 Experimental result on flat surface

_No. | Picture Slope angle
1 5.202 °
2 2.611 °
3 9.931 °
4 5.461 °

Table 4 Comparison of slope angle on flat surface

No. | Calculation | Experiment | Error | Error rate
1 5711 ° 5202 ° ]0.509 °| 8913 %
2 2.862 ° 2611 ° |0251 °| 8770 %
3 11.310 ° 9931 ° | 1.379 °| 12.193 %
4 5711 ° 5.461 ° 025 ° | 4378 %
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Table 5 Workpiece profiles on arc surface

No. | Shape of arc | Radius of arc | Curvature(k)
1 Convex 100 mm 0.01

2 Convex 200 mm 0.005

3 Flat - 0

4 Concave 200 mm -0.005

5 Concave 100 mm -0.01

Table 6 Experimental result on arc surface

No. Picture Slope angle

1 = 8.834 °

2 7.424 °

3 5.202 °

4 3.230 °

5 1.349 °

Table 7 Comparison of slope angle on arc surface
No. | Calculation | Experiment | Error | Error rate
1 9.926 ° 8.834 ° |1.092 ° | 11.001 %
2 7.829 ° 7.424 ° 10405 °| 5173 %
3 5711 ° 5202 ° ]0.509 °| 8913 %
4 3.576 ° 3230 ° ]0.346 °| 9.676 %
5 1.432 ° 1.349 °© | 0.083 ° | 5.796 %
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