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Tool Deflection Estimation in Micro Flat End-milling
Using Finite Element Method

Jeong-su Lim", Hee-ju Cho', Tae-il Seo*

% Abstract }

The main purpose of this study strongly concerned micro machining error estimation by using FEM analysis of tool
deflection shapes in micro flat end-milling process. For the precision micro flat end-milling process, analysis of micro
cutting errors is mandatory. In general, tool deflection is a major factor which causes cutting error and limits realization
of the high-precision cutting process. Especially, in micro end-milling process, micro tool deflection generates very
serious problems in contrast to macro tool deflection. Methods which deal with compensation of cutting error by tool
deflection in macro end-milling process have been studied plentifully but, few researches transact with micro scaled
cutting tool deflection in micro cutting process. Therefore, the trend of micro tool deflection was estimated by using
FEM analysis in this paper. Cutting forces were acquired by micro dynamometer and these were utilized in FEM
analysis. In order to verify FEM analysis results, micro machining processes were carried out and real machined profiles
were compared with FEM results, Finally through the proposed approach well suited FEM results were obtained.

Key Words : Micro Flat End-mill(2}o| 518 Bl =), Tool Deflection(3-1H%), Machining Error(7}-5-2.4}), FEM(R-8Ha.44]),
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Fig. 1 Characteristic parameter of surface error
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Fig. 2 Schematizing of research processes

Fig. 3 Micro machining system

Table 1 Specification of micro machining system

Traveling range

X, Y, Z-axis : 600x600x200mm

Resolution X, Y, Z-axis : O.1lum

Accuracy X, Y-axis : 10um Z-axis: Sum
Repeatability X, Y, Z-axis : 0.2um
Max. velocity X, Y-axis : 200mm/sec

Z-axis : 100mm/sec

Rotational speed

Max. 100,000RPM

Spindie run-out Max. 0.6um

Static radial load Min. 6kgf
Workpiece weight Max. 45kgf
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(b) datum plan

(a) Pole
Fig. 5 Pole & datum plan

Table 2 Cutting experiment condition

Micro cutting shape Side cutting
Feed rate (mm/min) 200
Depth of cut (um) 0.5
Radial depth (pm) 200, 250
Tool ®0.3 2 flute Flat End-mill
Workpiece Brass
Cutting speed 40,000(RPM)
Cutting mode Down milling
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Table 3 Specification of micro machining system

Tool diameter 300um
Flute length 600um
End-mill type Flat type

Flute 2 flutes

Fig. 6 Micro end-mill(D0.3)
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Fig. 7 Micro end-mill modeling
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Fig. 8 FEM process of micro end-mill
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Fig. 11 Cutting force of micro end-milling
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Table 4 Cutting error parameter (Rd 200um)

Emin Emax Den— Wm
Real cutting -1.2 -9.2 -52 7.8
FEM analysis | -11.3 -22.7 -17 114

Table 5 Cutting error parameter (Rd 250pm)

Eﬂﬁﬂ Em'ax DCIT WCIT
Real cutting -3.4 -18.6 -11 152
FEM analysis | -12.8 -24.6 -18.7 11.8
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