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ABSTRACT

In this study, unsistered, pre-sintered and sintered low purity alumina ceramics were
machined with various tools to clarify the machinability, the optimum tool materials and the
optimum tool materials and the optimum cutting conditions. The main conclusions obtained
were as follows. (1) Machined with alloy steel tool, the machinability of the pre-sintered
ceramics becomes better with the decrease of pre-sintering temperature, but that of
unsintered ceramics(white body) was extremely poor. (2) In the case of carbide tool KOI,
the tool life in machining white body was the longest, and the machinability of pre-sintered
ceramics becomes poorer with the increase of the pre-sintering temperature. (3) In the case
of ceramic tool, the 1000-1100 ‘Cpre-sintered ceramics showed the best machinability

within a certain cutting speed range. So far as dry machining, the above combination and

conditions showed the highest productivity. (4) When the pre-sintered ceramics were wet
machined with sintered diamond tool, the tool life becomes extremely long, and higher
cutting speed can be can be used than in the case of full-sintered ceramics. The

productivity of wet cutting is much higher than that of dry cutting.

Key words @ pre-sintered alumina ceramics, machinability, optimum tool material,

optimum cutting condition, tool life
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Table 1  Characteristics of work materials
Sintering Shore Bending Density Bulk Porosity Moisture Shrinkage ‘
temp. hardness strength g/ent’ density % content rate
T MPa g/em’ % %
500 22 11.86 3.01 1.86 38.14 20.44 126
600 24 13.52 3.01 1.82 38.58 21.24 12.2
800 28 13.72 3.06 1.83 40.16 21.92 126
1000 33 35.08 3.12 1.83 41.22 22.44 12.1
1050 42 37.83 3.10 1.85 40.27 21.73 12.3
1100 48 57.82 3.07 1.92 37.33 19.37 10.1
1150 52 100.06 297 2.15 27.79 12.91 10.7
1200 54 154.35 2.86 2.40 16.16 6.73 7.3
1250 -- -- -- - -- - -
1300 105 287.92 2.84 2.84 0.12 0.04 -

_34_



o} X1, AT
3F L, 125() T 74
71Fe 2 Hol g

F4 Aoz &
AAbdo g Y dat
Aavlz F9 stdd. F4 44t
é AAY(KS W2 A43)E 1:509]
, WE 7 ey vgE 3

I

R

oz
HZ O
4

FEB FHYstAch. Table 2& A
BojFn, Table 3& A}%vl 53 4
AE R FT FEE BAET
ol ke FTEEY %6&—5 = }8}
7V fstd, AAge <100, -5, <257,
35, -45° 2, 4fzE 5,15 2 WA
A A4EE Fego T F3AgE AT gL
TE FTANIE d4g &, vholaz &9
M (#400 telof= A2 dEd sH-

o L

==

Hl'

ox o L od
ofd I N

5
|

Table 2 Cutting conditions

Cutting speed V
Feed rate F
Depth of cut D

Varied from 3 to 120 m/min

0.1
0.5

mm/rev.

mm

Table 3 Materials and geometries of tools used
Tool material Tool geometry Chamfer
K01 Carbide (for cast iron) -
Ceramic TiC added -5, -5, 5, 5,15, 15, 0.8 0.15 mm -20°
CBN Ceramic bonded 0.15 mm -20°
S.D. 1 Sintered diamond 0.07 mm -20°
S.D. 2 Sintered diamond -5, -5, 15, 15, 15, 15, 0.8 -
N. D. Natural diamond -10, -10, 5, 5, 15, 15, 0.5 -
SKS 2 Alloy tool steel -h, =5, 5, 5, 15, 15, 0.2 -
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Fig. 2 Tool life curves of alloy tool steel
(SKS2) in machining of ceramics

Ae) Axtzre] AFHo| okats] @ o,
REAE A4 dAudz 93
LA A7) mlas Bue] Faxst @
oA%@ Atolz AYstd olgHe s
WE) AfW StEE )= AxA Hoh
HaAAE vadA HoE As)
A Q4N BAiEs 2A H) gE
o, TG A4 aske] FZo] HA o],

FrfEoR FYHs FAUE HA =7
W, o)A FYE AfHtEY NY&E
£ vaAAE A4S FS HIE Hojx

_36_

f 7 olgh Ard,

3-2-2 2HEF
Z73TTF KO1& AHE3td, wazdxy 2 7
AAAE A4EA dde] AAE Fig. 3o 2
oAFEh oA, viAANY FAde] AH F

I, HeBANNE ArBLEN ¥ 8
150
< .
£100 500C
White body
600°C
10
1 5 10 20 30 40 50

Cutting time min

Fig. 3 Tool life curves of carbide tool

(K01) in machining of ceramics
D=05 mm, F=0.1
Vemax=0.3 mm, Dry cutting

mm/rev, Criterion
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Fig. 4 Tool life curves of ceramic tool
(TiC added) in machining of
ceramics

D=05 mm, F=0.1 mm/rev., Criterion

Vemax=0.2 mm, Dry cutting
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Fig. 5 Tool life curves of CBN, diamond
and ceramic tools in machining of
pre-sintered ceramics
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