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A Study on the Micro Parts Manufacturing Technology by Micro End-milling

T. J. Je*, J. C. Lee’, H. Choi’, E. S. Lee™

Jl Abstract Jl

The machining method by using end-milling tool has been applying in machining structures of various
shapes because of the availability.

Recently, all kinds of industries based on the parts of micro shape are developing, and the demands
of mechanical micro machining technology are increasing suddenly to produce these parts. According
to such changes, the technology of the micro end-milling machining is applying as one of the most
important machining means.

This research is to aim at developing machining technology for various micro structures using micro
end-mill. This paper introduces micro mechanical machining system with ultra precision, and
demonstrates methods manufacturing all sorts of parts and moldings for industry and examples of
applicable machining by using micro end~milling tool of micro sizes from hundreds to tens in diameter.
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Fig. 1. Feature of micro end-mill
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Table 1. Specifications of micro machining system

} Flute Used Cutting Feed
Diameter .
(m) length | revolution speed Rate
(pm) {rpm) (m/min) | (mm/min)

@200 400 | 30,000~60,000 | 37.7~75.4 | 80~120

2100 200 |30,000~60,000} 18.8~37.7| 60~80

250 150 | 40,000~60,000 [ 4.7~9.42 | 20~60

240 80 | 40.000~60,000} 3.8~7.5 10~40
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Fig. 2. Micro machining system
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Table 2. Specifications of micro machining system

Item Unit Specification
Moving Stioke mm 200x 200
XY
Axis Feeding Speed Range mm/s | 0.005-22(Max.45,000mm/min)
Stage
Min. Incremental Move nm 5 {1mm=200000¢ts}
Position Repeatability m 0.05 (interferometer 2nm)
Moving Stroke mm 100 {Lead Screw:1mm/rev)
Z Axis
Siide Feeding Speed Range mm/s | 0.005-22(Max.45.000mm/min)
Min. Incremental Move nm 40 (1mm=25000cts}
Position Repeatability m 0.3
Z Axis Speed Range pm 0-60.000
Spindle
Tool Dimension mm 0.1 ~6.0
Rotational Error m <0.05
Turning Turning Speed rem 0-6.000
Axis
Spindle Rotational Error Ll <0.05
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Fig. 3. Equipment set-up for micro end-milling experiments

3. 0plEE =2 Y FE 7B o

3.1 Micro Shaft #T& 718

olq =y shgolA LAAE oojag FEE

9 7hge i Fad Hofojch. Fig. 40 A=W &
ufo]32 TR EQ 74| 7t3 ¥ E Uellz, Fig. 5
of A9l 73S Uehdsich

HA, 95 AZE 12E 7M3E 92 §9, Fig 4
2 132 A Yo Ao whet dFyFoz
oj$A7|H ~%9 ol 74 uld HYE FH 7h
S oz A ojRH o2 FE Fo|o AFE 7HFo] 7
s Az ze T ol s At

Fig. 49 $& 132 &7 Zo] ofn] 7t¢
YFE A W HYE F vojaE %lﬁ%
AUF AT EZ 7hgshs WA 0 A, 12 EY A5
7} A AEEE FHolth of Ay @_Hfaﬂl o]
upolaz FxEo| Ho{AAY FA7| ASER R
Ao dAo] F9] sojo} gt}

Az Zhd FrEo\ oty d A

lo

ol
=L

ol-J o}:]
S -
ol rlr mn

i

N [ 1!

T

N

)tE)i

2E 7t5

A slEHozL olg & % 7hA uhe] HeWh

Penetration
direction of tool

Micro shaft

Fig. 4. Principal of micro pole machining

Table 3 Cutting conditions

cutting toot

‘ . $200¢m flat
(rricro endrmill) Cuning tool ﬂI{l a
endmill
Spindle speed| 40,000 rpm
Feed rate 100 mm/min
Z-direction 50 mm/min
feed
Work piece brass, Cu-W
Cutting oil kerosene

Fig. 5. Machining method
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Fig. 11. Machined surface by micro end-mill
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