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(Machinability of Pre-sintered Alumina Ceramics)

A AR EFEY ZENAE

S. C. Kim(Chungbuk National U

ABSTRACT

unsintered and  pre-sintered  low
machined  with
optimum

In this study,
purity  alumina
various tools to clarily
tool materials and optimum cutting conditions. The
main conclusions obtained were as follows. (1) In
the case of dry cutting. the sintered diamond and
natural diamond tools exhibit better performance in
pre-sintered  at lower

ceramics  were
the machinability,

machining of the ceramics

temperature, and the tool lives of bhoth tools in
machining the ceramics pre-sintered at  high
temperature  becomes extremely  short. (2) The

performance of CBN tool becomes hetter in drv
machining of the ceramics pre-sintered at higher
temperature. {(3) When the pre-sintered ceramics
were wet machined with sintered diamond, the tool
life becomes considerably long. and higher cutting
speed can be used than in the case of full-sintered
ceramics. (4) In the case of the CBN and ceramic
tools, the tool lives becomes shorter at wet cutting
than at dry cutting, especially exhibiting extremely
short tool life in wet cutting with ceramic tool.

Key Words pre-sintered alumina ceramics,
machinahility, optimum tool tool  life,
optimum cutting condition
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Table 2 Materials and geometries of tools used

Chamfer
0.15mm, —20°

Tool material Tool geometry }

CBN (Ceramic bonded)

. -5, 5, 5, 15, 15, 0.8 |0.15mm, —20°

S.D.1 (Sintered diamond) 0.07mm, —20

-5, ~5, 15, 15, 15, 15, 0.8

N.D. (Natural diamond)

o—

-5, 5, 5 15, 15. 0.2

]

Table 3 Cutting conditions
[Cutting speed  V[Varied from 3 to 120 m/r}?q
|Feed rate F lO.l mm/rev., 0.25 mm/rev.
IDepth of cut D 105 mm
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Fig. 1 Tool life curves of CBN, diamond and
ceramic tools in machining of pre-sintered
ceramics
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Fig. 2 Typical wear patterns of natural diamond
tool in machining of pre-sintered ceramics

V=120 m/min, F=0.1 mm/rev., D=0.5 mm

T, AgE e €2 FFFE dokAA B
=3 CBN 27 2 A2tgyrz A4 de 7t
Aewrt ¥ bl mjabygol FA A, B
Tolol2=g 32 A4} 3 gu Yz 7tadesst
she mabrjel B4t sitAge] A HI, AER
o] dae Atk Fig. 1 ol RAFA AN, 224
ololREFHSDLE AT i Adutolt2EF

o} B3 £ 242 Vel Wtk Fig. 20lE 3
Attolotz =gl siudele dHAE HAFC
600C 7haZdA 2 1000C 7t4adAde & A BT

FrAawoe] Tt mtrEel gl ALY &kl
Ao},

Fig3el Alete)d 3 clololg=gyz Hab 3
el 7IEHe Ho Foh A@dFTe HEW
Fig. 3(a)%F o] Mihe] gl Hez Hof ed u
3, tlololE =gz AAe 79 Fig 3t #
o] o] gl HEd o Fof gk 3 At
o3 D LAY} EFTE AR B 22
oA At 3wl "zl SEM AMR-E Fig. 49
wazEch Mgty Fra 33k g Fig. 4@9A
HAFE wieh ol 2 e Poz Hed ¥,
thololg =2 A4t & d= Tig. 4k el 0|
H 2yl o] YREL 2AJT

0|9} Fol tjolotr e F o] wiryt, 7HAZE LT}
o HadE nLioz Aade Ay 3A He

&



(a)Tool : Ceramic (b)Tool : Natural diamond

Fig. 3 Comparison of the finished surface in
machining the presintered ceramics with
ceramic tool and diamond tool

V=120 m/min, F=0.1 mm/rev., D=0.5 mm

100 /m
(a) Ceramic tool (b) Natural diamond tool
Fig. 4 Shapes of chips in machining of the

pre-sintered ceramics with ceramic tool
and diamond tool
V=120 m/min, F=0.1 mm/rev., D=0.5 mm
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Finished surface covered with chips in
machining of pre-sintered ceramics with
natural diamond tool

Work : 600C pre-sintered, V=60 m/min, F=0.1 mm/rev.,

Fig. 5
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(a) Work: 1000T sintered
T=10 min

(b) Magnification of (a)

(c) Work: 600T sintered
T=10 min

(d) Magnification of (¢)

Fig. 6 Typical wear patterns of CBN tool in

machining of pre-sintered ceramics
V=120 m/min, F=0.1 mm/rev., D=0.5 mm, Dry cuting
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(_a) Work: 1000C sintered (b) Work: 600T sintered

Fig. 7 Effect of cutting fluid on the tool wear in
machining of pre-sintered ceramics with
various tools

V=120 m/min, F=0.1 mm/rev., D=0.5 mm

(b) Wet cut

(a) Dry cut

Effect of cutting fluid on the tool wear in
machining of pre-sintered ceramics with
sintered diamond tool(S.D.1)

iWork: 1000C, T=5 min, V=120 m/min, F=0.1 mm/rev,,
D=05 mm

Fig. 8

ARLTyl 2L HAAS FAsts g AR
tlololR =31 £Hd me dFol Avdes AL
& 4 gl

Fig. 99 &4 A48 W9 CBNTT & AY s
2o ntrygHe 4 BoEd. CBNFTF< Fig.
9(a)st ol FFEALHe AArtEsE ZA ehd
91, nkEHEdE Fig. 9(b)st ol &nEHo] Hd
At} ol2ls dAe AeF AR Ttad L
w7 Be mAAE AAE mo] FAHUC Aty
23E AN B 8Y AN -2}
Eol A3 A4 =HA g3, FARES rirrt 2
so] ok 53 sladesrst 58 IAAANE WA
2A9-E Fig. 9d), () BAFE uish o] & F
Aol nfR S HAETH

Fig. 102 AAA43 434 39 243
o uiaAHE RdFET. AFEAF A$E Fig
10(a)st Zo] BTAAIHe 2 RE Aahyel YU

=
=

W2 €k ool e, FA4EA4E "W Fig
10(b)sll A BedFE uish o] HEASZ Ho &7

AAgez ny dz JeE Az Ao

Fig. 11 o] u wizg FEarye SEM ALz
M, Fig. 11(a)7} A48 4te] A4 A, Fig. LLb)7F &
2)date] Aabzg RoFoh §4744e AsE 14

-
?u'/
-, g

_44-

100 (m

(a) Tool: CBN {b) Magnification of (a)

Work: 1000C, T=1 min

(d) Tool: ceramic
Work: 1000T, T=1 min

(b) Tool: ceramic
Work: 600C, T=1 min
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(e) Tool: ceramic
Work: 1100C, T=0.5 min

Fig. 9 Effect of cutting fluid on the tool wear in
machining ceramics with CBN tool and
ceramic tool

V=120 m/min, F=0.1 mm/rev., D=05 mm

(a) Dry cut (b) Wet cut

Fig. 10 discharge type of chips in machining the
pre-sintered ceramics
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(a) Dry cut (b) Dry cut
Fig. 11 Shapes of chips generated in dry and wet
cutting

Work: 1050°C pre-sintered, Tool: ceramic tool
V=120 m/min, F=0.1 mm/rev., D=05 mm

(a) Dry cut (b) Wet cut
Fig. 12 Finjshed surfaces in the dry and wet
cutting of pre-sintered ceramics
Work: 1050 pre-sintered, Tool: Ceramic tool,
V=120 m/min, F=0.1 mm/rev., D=0.5 mm
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Fig. 13 Comparison of cutting force in dry and
wet cutting

Work: 1050T pre-sintered, Tool: Ceramic tool,

V=120 m/min, F=0.1 mm/rev., D=0.5 mm
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(b) Wet cut

Fig. 14 Schematic models of the chip formation
process i wet and dry cutting of
pre-sintered ceramics
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Fig. 15 Wear progress curves in machining of

ceramics with sintered diamond tools
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(a)Work:1250C presintered (b)Work:1250°C pre-sintered
T=10 min, Tool: $.D.1
V=120 m/min

T=10 min, Tool: S.D.2
V=120 m/min

200 (m
(c)Work:Full sintered
T=5 min, Tool: S.D.1
V=90 m/min

(d)Work:FFull sintered
T=1 min, Tool: S.D.2
V=90 m/min

(e)Magnification of {(d)

Fig. 16 Typical wear patterns of sintered diamond
tools in machining ceramics
F=0.1 mm/rev., D=0.5 mm, Wet cutting
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