st Xt | Aets ==%& Vol.17 No.2 2008. 4.
Transactions of the Korean Society of Machine Tool Engineers

Machining Error Compensation for Tool Deflection in Micro Slot-Cutting
Processes for Fabrication of Micro Shapes

Jong-In Sohn*, Gil-Sang Yoon', Tae-Il Seo™

Abstract

Micro end-milling has been becoming an important machining process to manufacture a number of small products
such as micro-devices, bio-chips, micro-patterns and so on. Despite the importance of micro end-milling, many related
researches have given grand efforts to micro end-milling phenomenon, for example, micro end-milling mechanism,
cutting force modeling and machinability. This paper strongly concerned actual problem, micro tool deflection, which
causes excessive machining errors on the workpiece. To solve this problem, machining error prediction method was
proposed through a series of test micro cutting and analysis of their SEM images. An iterative algorithm was applied
in order to obtain corrected tool path which allows reducing machining errors in spite of tool deflection. Experiments

are carried out to validate the proposed approaches. In result, remarkable error reduction could be obtained.

Key Words : Micro end-mill(7}o] 22 A=), Tool deflection(3—-t3), Slot-cutting processes(5-571%), Machining error
compensation( 24715 2%}
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Fig. 1 Summary of machining ermor compensation for
tool deflection
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Fig. 2 Micro machining system

Fig. 3 Micro end mill
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Table 1 Specification of Micro machining system

Traveling range X, Y, Z-axis : 600x600x200mm
Resolution X, Y, Z-axis : 0.1/m

Accuracy X, Y-axis : 10umm, Z-axis : Sum
Repeatability X, Y, Z-axis : 0.2um

Max. velocity )Z(—,a;;amsl O:Oi(l)g/zlm/s’
Rotational speed | Max. 100,000rpm

spindle run-out Max. 0.6/m

Static radial load | Min. 6kgf

Workpiece weight| Max. 45kgf

Lubrication Dry cutting
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Table 2 Cutting conditions < Fig. 49} It} o] PARS 7[& 0 F o] ZFHFHo] o]
Y AL ZAGL 7132 ¢ 219l HjE &
RPM 40,000rpm =S S SAHE 7ML} vjud 4 ik
Axial depth | 500um
AlS{z4711 4l x

120, 180, 240, 300, 360, 420, 480, 540 3 E':E""l' x -'—l,g
Feedrate .

(mm/min)
Tool ®0.3(mm), 2-flute flat end-mill 3.1 7t32x}e| Zs}
Workpiece | Brass &7 WY IE T eAE AEEe)] %3*] fo] 24

Reference plane

Fig. 4 Reference and cutting area in micro slot cutting
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Fig. 5 Method of machining error compensation
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Fig. 6 Noncompensation micro slot cutting(feedrate :
120mm/min)
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Fig. 7 Compensation micro slot cutting(feedrate : 120
mm/min)
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Fig. 8 Noncompensation cutting, compensation cutting
and ideal cutting zone(feed rate : 120mm/min)
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Fig. 9 Noncompensation and compensation enror according
to feedrate in down-milling side
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—e&— Noncompensation error
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Fig. 10 Noncompensation and compensation eror according
to feedrate in up-milling side
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Fig. 11 The end part of micro slot cutting
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