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Diagnosis and Control of Machining States in Micro-Drilling for
Productivity Enhancement

Man Sheel Cheong®, Dong Woo Cho**

ABSTRACT

Micro-hole drilling (holes less than 0.5 mm in diameter with aspect ratio larger than 10) is recently hav-
irg more attention in a wide spectrum of precision production industries. Alternative methods such as
EDM, laser drilling, etc. can sometimes replace the mechanical micro-hole drilling but are not acceptable in

'CB manufacture because of the inferior hole quality and accuracy. The major difficulties in micro-hole
dilling are related to small signal to noise ratios, wandering motions of the inlet stage, high aspect ratios.
h.gh temperatures and so forth. Of all the difficulties, the most undesirable one is the increase of drilling
frrce as the drill proceeds deeper into the hole. This is caused mainly from the chip effects. Peck-drilling is
thus widely used for deep hole drilling despite that it suffers from low productivity. In the paper, a method
o’ cutting force regulation is proposed to achieve continuous drilling. A PD and a sliding mode control algo~
rithms were implemented through controlling the spindle rotating frequency. Experimental results show
that the sliding mode control reduces the nominal cutting force and the variation of the cutting force better
than the PD control. The advantages of the regulation, such as increase of drill life. fast stabilization of a

v.andering motion, and the precise positioning of the hole are verified in experiment.
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diameter of 0.7mm.

126



g2y 2tz #1548 #A15 (1998 1Y)

Atk ARt =do] AAo| HolALE Ao vt ¥
AAE el Atk Fig.1894 A7l 2 0. 5mm«l
44, EZY Wy} g AoprEt 3A Yehvde

& & F Ut ol =Y FFo| FolAFE “’4—54
JR&E7} cUH B iR B WgEAl vk
A B3 F2ol FFE VA7 WEelt, AR =8
o AFo] & A4E Fig. 2194 & + %] EAV E
H2EY AP Ert & ¥ ohuzt Ao ¥MsH(Fluc-
;uation)e] Z71% ol A A& e},

Fig. 2291 &dteld Aloj g ol &3l AAE 43
RS A4 298 HAFY WS Hole Aot
A4 EZE A8 HalA 54THzoM 3 & el =2
de A& B F Ad. 28x Fo A& B3} Frtet
3 dHFE F/MA A @,@Eif‘— FA&A 9t
IAZRE 2WE AP 7l/HEe] Y WEE 98
sHA she 4

1l 151\,74011"‘3}

Thrust(N)

0 05 1 15 3 25 3 35
Time (sec)
(a) Thrust variation
0.007
0.0061
0.0051
E 0.004
£
3 0.0034
2 0.002]
0.001 [/
-0.001 . . ;
05 1 15 2 25 3 35
Time { sec)

(b) Torque variation

Fig. 21 Comparison of cutting force variation for a drill of
diameter 0.8mm.

127

£ 2

n
3
~
-

MM'

Froquency ( Hz)
£ % ¢
.':'—'—')‘

;
=

g

Time ( sec )

Fig. 22 Spindle frequency variation when the sliding mode
control applied.
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