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A Study on the Micro Hole Drilling Characteristics of Machinable
Ceramics

Uee, =¥,

x=¥& (elsitfgtm), ol

S(E=7(H 78

D.W. Kim, M.W. Cho, W.S. Cho (Inha University) and E.S. Lee (KIMM)

ABSTRACT

Ceramics are very difficult-to-cut materials because
of its high strength and hardness. Their machining
mechanism is characterized by cracking and brittle
fracture. In this paper, to give good machinability to
the ceramics, BN powders are added to Si3N4 by
volume of 20, 25 and 30%. And the machiniability
of the produced ceramics are tested using micro
drilling system. Through required experimental
works, it is shown that the micro drilling
machinability is varied along with the volumetric
percentage of BN powders. Also, it is verified that
the obtained results can be used to develop new
machinable ceramics of good material properties and
machinability.
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(a) Si3N4 powder (b) BN powder
Fig. 1 SEM micrographs of Si3N4 and BN powders
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(c) 25 vol% BN (d) 30 vol% BN
Fig. 2 SEM micrographs of Si3N4-BN composites
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Fig. 3 Density plots of Si3N4-BN ceramics

1100 T Y T T T

Y T

1000 F m } --M-~3-point bending test 4

- i~ 4-point bending test

= 900 |- P 3 ]
& goof J
g 00l Y. w
= - ]
€
2 eoof ~, \\.._\__
] . |
& soof S \.
g aoof o e e ]
s
$ 300f ]
=

200+

100 L . L N N L R

0 5 10 15 20 25 30

h-BN content (vol%)

Fig. 4 Effect of BN contents on the flexural
strength of Si3N4-BN ceramics
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Fig. § Eftects of BN contents on the Vickers
hardness of Si3N4-BN ceramics
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Fig. 6 Micro drilling system

AR Eel EQ Ao EYAES BY
KISTLER 9257A & Al&3&}% 2

£ =3 29 Wato] pC Aol A
e 3 v 4 S A S P O I e s
icro hole 9 7}&+% FIdoxtes &2
24 dn]7 VH-6000 S A%

o o
o ¢St

ofN
I
S,

o T om el #
17
Z 32

(== [
)
L1
381

Fig. 7 Geometry of microdrill
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Table 1. Experimental conditions for micro drilling

D(mm)

BN(%)

Step

RPM

0.15

0%

20%

25%

10

30%

0.25

0%

20%

25%

30%

04

0%

20%

25%

30%

25,000

Table2. Experimental conditions for micro drilling

(Diameter = 0.4mm)

BN(%)

Step

Feed
(mm/
min)

15,000

0%

20%

25%

30%

30,000

0%

20%

25%

30%

10
(ratio aspect:S)

30
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Fig. 8 Step feed diagram for micro drilling
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Fig. 9 Thrust force variation (Dia: 0.15mm)
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Fig. 10 Thrust force variation (Dia : 0.25)
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Fig. 12 Thrust force variation according to rpm
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Fig. 13 3-dimensional plot of a machined hole
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(a) 0 vol% BN
(Hole size = 0.230mm, Roundness = 0.0314)

(b) 20 vol% BN
(Hole size = 0.183mm, Roundness = 0.0307)

(c) 25 vol% BN
(Hole size = 0.167mm, Roundness = 0.0297)



(d) 30 vol% BN
(Hole size = 0.16 1mm, Roundness = 0.0282)

Fig. 14 Micrographs of machined micro holes
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Fig. 15 Variations of hole size and roundness
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