KBFAL EESERANRE A WIZEITIGE  No.23, 2009

35

RS A 2 —YJHn T B 4 Lk S RS

Minimum Limit of Surface Roughness
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This paper specifically addresses the critical limit of surface roughness induced by a raster flycutting.

Results of plane cutting experiments of oxygen-free copper using various feed rates show that the minimum

value of surface roughness is about 12 nm (Rz). According to geometrical analyses of cutter marks formed on the

finished surface, the minimum roughness is determined by the fluctuation in the depth of cut during cutting. To

determine the dominant effect on fluctuation in depth of cut, measurements were conducted of vibration property

of tool spindle, cutting force, and non-repeatable run-out (NRRO) of the tool spindle. The measurement results are

as follows: (1) The resonance frequency of the tool spindle is much higher than the frequency of tool rotation in

cutting. Consequently, the tool spindle does not resonate. (2) The cutting tool’s radial displacement attributable to

the cutting force is less than 4 nm, which is much less than the minimum roughness. (3) The tool spindle NRRO in

the radial direction is about 10 nm, which constitutes most of the minimum roughness (12 nm).
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Fig. 1 Schematic view of raster flycutting.
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Fig. 2 Schematic view of cutter marks formed
on finished surface by raster flycutting.
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Table 1 Experimental conditions.

) Nose radius (7,): 5 mm
Form of cutting tool ) )
Rotational radius (r;): 5 mm

Spindle speed 5000 min"'

Depth of cut 5 um

Feed rate (f, = 1, ) 10, 14, 20, 28, 40, 48 um

Cutting direction Up cut, Down cut
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Fig. 4 Micrographs of finished surfaces in up-cutting.
(Square: theoretical shape of cutter mark.)
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Fig. 3 Relationship between depth of cutter mark and feed
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Fig. 6 Schematic showing the depth and width of cutter
mark in varying depth of cut.
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Fig. 7 Transfer function of tool spindle.
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Fig. 8 Impulse response of tool spindle.
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Fig. 9 Relationship between cutting force and feed rate.
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