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Analysis of Micro Machining Characteristics using End-milling and Its Applications
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Micro structures which are widely used at various fields are commonly fabricated by lithograph,
etching and laser methods. Recently, with the emergence of micro tools and ultra-precision
machine tools, fabrication of the micro structures obtained using end-milling are studied.
However, there are some problems due to the diameter of the micro end-mill getting smaller
below 100 um. The micro run-out resulted from miniaturization of end-mills have influence
seriously on accuracy of micro structures. The error of run-out with a tooling jig showed a
decrease of about 9.3 um. Furthermore, micro structures with width of 30 um could be applied
through experiments of slot machining obtained using 30 and 50 um end-mill. Also, narrow angle
structures with 30° angle could be applied through analysis of machining acute angle structures.
Based on basic experiments, micro fluidics channels and spiral patterns for air bearing were

machined.
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Fig. 1 Error of run-out and the tooling jig
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Fig. 2 Range of run-out with and without the tooling jig
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Table 1 Cutting conditions
WC 0 30 and 50 um flat end-mill
6:4 brass
50,000 and 60,000 rpm

Cutting tool

Workpiece

Spindle revolution

Feed rate (/) 10, 20, and 50 mm/min
Cutting depth (a,) 2, 5, and 10 pm/pass
Cutting oil Oil mist (Kerosene)
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Fig. 4 The machined surface using a @ 50 um end-mill
with various cutting conditions

Fig. 5 The machined surface using a @ 30 um end-mill
with various cutting conditions
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Fig. 6 Surface roughness with various diameters of end-
mills and cutting conditions
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Fig. 7 Cutting force with various diameters of end-mills
and cutting conditions
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Fig. 10 The machined surface of micro spiral structures
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