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A Study on Micro Tool Deflection in Micro Endmilling Process

G H. Kim, G. S. Yoon, Y. M. Heo, W. C. Jung, M. W. Cho
(Received November 16, 2006)

Abstract
In this paper, the real shapes of micro tool deflection were observed. In micro endmilling process, micro tool deflection

generates very serious problems in contrast to macro tool deflection. For analyzing the micro tool deflection, the trend of

micro tool deflection was observed using real captured images in this paper. To get the real images of micro tool

deflection, micro slot cutting processes were executed under cutting volume using micro endmill(Dia. 20040} and real

images of tool deflection were obtained during cutting processing by high-speed camera. Finally, the extent of tool

deflection was calculated by the deflection angle according to cutting volume.
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Table 1 Specification of the micro machining system

Traveling range X, Y-axis (600mm)
Z-axis (200mm)

Resolution All-axes: 100nm

Accuracy X, Y-axis (6,m)
Z-axis (2/m)

Repeatability All-axes: 0.2um

Max. velocity X, Y-axis (200mm/s)

Z-axis (100mm/s)

Rotational speed Max. 100,000rpm

Spindle run-out Max. 0.7/m
Static radial load Min. 6Kgf
Oil-mist 0.05cc/shot
Workpiece weight. Max. 45Kg

Fig. 3 Micro endmill(Union Tools CO., Japan)
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Fig. 4 Cutting process in experiments

Fig. 5 Setup of high-speed camera
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Table 2 Cutting conditions

No | Feed rate Cutting vol. | Depth RPM
(mm/min) (m/min) (pmy (rev/min)
1 ] 200 1.6
2 | 240 1.92
3 | 280 2.24 40 30,000
4 1320 2.56
5 1360 2.88

Table 3 Specification of high-speed camera

Sensor, color CMOS, gray
1024 x 1024 at 2,000 fps
60~120,000 fps

10~0.004 ms

Basic resolution

Frame rate

Shutter speed
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Fig. 6 Definition of tool deflection angle in this study
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Fig. 7 Tool deflection and recovery in cutting process

Table 4 Measurement of Angle,. and Angle,

Feed rate Angle,, Angle,
(mm/min) (Degree) (Degree)
200 86.553 85.711
240 87.74 85.101
280 87.763 84.668
320 87.274 82.875
360 88.356 83.066
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