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A Study on the Micro Hole Drilling Characteristics of SisN;-hBN
Based Machinable Ceramics
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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, h-BN powders are added to Si;N, by volume of 20, 25 and 30%. And the machinability of the
produced ceramics is tested using micro drilling system. Through required experimental works, it is shown
that the micro drilling machinability is varied along with the volumetric p ercentage of h-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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Fig. 1 Flow chart of experimental procedure

(a) SizN4 powder (b) BN powder

Fig. 2 SEM micrographs of Si;N4 and BN powders
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(b) 20 Vol% BN

(¢) 25 Vol% BN
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Fig. 3 SEM micrographs of Si;Ns;-BN composites

ATE SA3ke] BN 9 AHTZC] 0%, 20%,
25%, 30%< EFAE 23L& Hild AxdFHe
o, Fig3 ol Zt BN 2o ot zAzd 7134 A
gelx sig W SEM ARdE Jeld: gt
HollA BE utel o] BN o go] FUESE
#d F27F Fhse AL B+ 9ok

2.2. 712N AM2i8jAae| BMX]|
Aol A AFg uiet Ze] BN o Fol F7tst

W A44e PR wTE 3 2
& ¢ # gvh 3y, PEE AdRsE A

Y FEFo= /\}%3}7] A& Foin, melr, o}
78 7tgAel $3itia stdE Aes 249
9] Adol A AstEA golok gt wepA A
Z9 A2t st BN o o Ao
Eo W3, F3IAE, a8 FAx=9 gy e
E3st] 2o el

Zt 24 QlolA olE2UrE EFEF(rule of
mixture) &2 TG, ol AlLH "é“?‘ EAE
9] o]lEY=e E7IY AFE AW

Eo dig HAEDE FAHERE Fig.4°ﬂ ve}

50

Weleh Z+ A8 sM, SBS, SB10, SB15, SB20 &4
N AeE5A ARE BE A o|2UEE W
Rew SB25 ¢ SB30 A= A7 97.1%, 96.7%<
UrE Yelidch h-BN Y24 Hrbeko) 718
of wet olgdxe] hF HAEAEE P23

£, ol& 7S AAZA|(Y,0; ALO)E A4S
338t SipNg o o—p Hol8t XEstE AN
49 h-BN fA7F 2ZA] 4R AwES e
37 Moz AzEy.

S w}

Z

g 804

S

g 70

&

-:!; 80}

=

I T S
h-BN content (vol%)
Fig. 4 Density plots of Si;N4-BN ceramics
Fig.5, 6 © AZ¥ A2 e tiste] BN &3

o W& A= 9 :‘3‘7‘5%: SHY %e ‘«PE}L\H
Zolth. 2ol B ukel Zo} BN 9 go] F
HETE ZIAA 4L AdtdHn Sloh webA,
Aeges 249 §4& A AsAA &x 7t

Fo] 7H5® BN o ¥ 9 olo] }E Ao 7}
3z ARel B o|Fo Ao} aFeE BA
2 94 % 9ok
1800 T T T T T T T L]
A
1600 b
a: 1400 | m§ 4
%\ Jom
3 o T“ 2
~ 800} w«u ®
2 ‘\\‘ =
g wol et e
. o
T aof ® 5
K]
fe S 111 3
o R N i dea R . 2
$ 0 5 10 15 20 25 30 35
h-BN content (vol%)

Fig. 5 Effects of BN contents on the Vickers hardness
and Fracture toughness of Si3N4-BN ceramics
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Fig.7 Indentation strength vs indentation load of Si3Ng-
BN based machinable ceramics.
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Tablel Experimental conditions for micro drilling
D(mm) BN(%) Step RPM
0%
20%
0.15 > 10
25%
30%
0%
20%
0.25 > 10 | 25,000
25%
30%
0%
20%
0.4 10
25%
30%
Table2 Experimental conditions for micro drilling
Feed
RPM BN(%) Step (mm/
min)
0%
20%
15,000
25%
30% 10
0% (tatio aspect:5) 30
- Dia:0.4mm
20%
30,000
25%
30%




-8
o
o

EL

HFAYITEIA 21 @ A4 E

Upper limit stop
in one cycle

L

Start position

: Cutting origin stop
I in one cycle

Qrigin position
of cutting

f

Total stroke

Plate thickness

Fig. 10 Step feed diagram for micro drilling
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Fig. 15 Micrographs of machined micro holes
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