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A Study on the minimizing of cutting depth in sub-micro machining

SeongMin Son*, SungWoo Her’, JungHwan Ahn™

{ Abstract }

Ultra precision diamond cutting is a very efficient manufacturing method for optical parts such as HOE, Fresnel lenses,
diffraction lenses, and others. During micro cutting, the rake angle is likely to become negative because the tool edge
radius is considerably large compared to the sub-micrometer-order depth of cut. Depending on the ratio of the tool edge
radius to the depth of cut, different micro-cutting mechanism modes appear. Therefore, the tool edge sharpness is the most
important factor affecting the qualities of machined parts. That is why diamond especially mono-crystal diamond, which
has the sharpest edge among all other materials is widely used in micro-cutting.

The question arises, given a diamond tool, what is the minimum (critical) depth of cut to get continuous chips while in the cutting
process? In this paper, the micro machinability around the critical depth of cut is investigated in micro grooving with a diamond tool,
and introduce the minimizing method of cutting depth using vibration cutting. The experimental results show the characteristics of micro
cutting in terms of cutting force ratio (Fx/Fy), chip shape, surface roughness, and surface hardening around the critical depth of cut,
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Fig. 1 Schematic diagram of micro cutting mechanism
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Fig. 2 Simulated critical depth of cut versus friction

coefficients
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Fig. 3 Schematic diagram of cutting depth decreasing

mechanism by vibration cutting
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Table 1
Item Description Condition
Tool M_ono-crystal ed'ge radius : 1ym
Diamond width : Imm
X axis < 1m
Slide Y axis < 2m
Z axis < 0.1ym
Workoi 7-3 Brass
rkpiece
OTRPIEC®|  oFHC
Cutting depth of cut 0.1~0.5 ym
condition | feedrate 1 mm/sec
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Fig.4 Friction forces and coefficients between

workpiece and diamond tool
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Fig. 5 Averaged cutting forces versus depth of cut
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Fig. 6 Surface roughness versus depth of cut
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Fig. 7 Micro-hardness versus depth of cut
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Fig. 8 Cutting forces in vibration cutting
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Fig. 9 Surface roughness in vibration cutting
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Fig. 10 Micro-Hardness in vibration cutting
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