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Evaluation of Wet Machining Characteristics of the Presintered Low
Purity Alumina with the Ceramic, CBN and Diamond Tools

Jae-Woo Lee*

ABSTRACT

In this study, presintered and full sintered low purity alumina ceramics were machined with various tools to
clarify the effect of cutting fluid in machinability. The main conclusions obtained were as follows. When the
presintered ceramics were wet machined with sintered diamond tool, the tool wear becomes extremely large, and
higher cutting speed can be used than in the case of full sintered ceramics. The productivity of wet cutting with
the sintered diamond tool is much higher than that of dry cutting. In the case of the CBN and ceramic tools, the
tool wear were smaller at wet cutting than at dry cutting, especially exhibiting considerably larger grooved tool

wear in wet cutting with ceramic tool.
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Table 1 Characteristics of the ALO; ceramics
presintered at various temperatures
Sintering | Vickers [ Shore |Bending [ Bulk | Porisity | Moisture [ Shrinkage
Temp. hardness | hardness | Strength densitx % rate rate
T GPa H, MPa | kg/m Yo Y%
white body - 0.38 9.00 - 40.12 | 21.40 13.5
500 1.18 22 11.86 | 1850 | 38.14 20.44 12.6
600 2.01 24 13.52 | 1860 | 38.58 21.24 12.2
800 3.45 28 13.72 | 1820 | 40.16 21.92 12.6
1000 6.83 33 35.08 | 1830 | 41.22 22.44 12.1
1050 8.69 42 37.83 1830 | 40.07 21.73 123
1100 9.93 48 57.82 1850 | 37.33 19.37 10.1
1150 10.76 52 100.06 | 1920 | 27.79 12.91 10.7
1200 11.17 54 154.35 | 2150 | 16.16 6.73 7.3
1250 14.25 89 240.82 | 2400 1.38 0.15 1.5
i 200 | 1654 | 105 | 28792 | 2840 { 022 | o004 |
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(h) 1300°C fuil-sintered
Fig. 1 Fractured surfaces of unsintered, presintered
and full-sintered Al,Os; ceramics

(g) 1250C presintered
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Table 2 Geometries of used tools

Tool Geometry Chamfer
ALO; ceramic
(TiC added)
SisNg ceramic 5, -5, 5,5, 15, 15, 0.8 0.15mm,
SiC ceramic =20
CBN
0.07mm,
S.D.1 -5, -5, 5,5, 15,15, 0.8
—20°
S.D2 -5, -5, 15, 15, 15, 15, 0.8 none
Table 3 Turning conditions
Cutting speed, V (m/min) 30 to 120
Feed, f (mm/rev.) 0.1
Depth of cut, t (mm) 0.5
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Cutting time {(min)
(b) 600°C presintered
progress curves of various tools

Cutting time {min)
(a) 1000°C presintered
Fig. 2 Wear
in wet machining of ceramics presintered
<V=120m/min, =0.1 mm/rev, t=0.5mm>

(a) dry cut

b) wet cut
Fig. 3 Typical tool wear pattern in machining of
the ceramics presintered with the sintered
diamond tool, S.D.1
<Workpiece:
V=120m/min, f=0.1mm/rev, t=0.5mm, T=5min>

1000°C presintered,
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(x25)
: 'CBN, dry, T=10min

(x25)
(b) Tool : CBN, wet, T=Imin

(©) Tool : AL,O; ceramic, (d) Tool
dry, T=24min wet, T=1min

: Al,O3 ceramic,

SiC cerl o
wet, T=1min

(¢) Tool : SisNs ceramic, (f) Tool :
wet, T=1min
Fig. 4 Effect of cutting fluid on tool wear in
machining of the ceramics presintered at

1000°C with CBN and ceramic tools
<V=120m/min, f=0.1mm/rev., t=0.5mm>
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(b) Wet cut
Fig. 6 Photographs of discharging chips in dry and
wet machining of the ceramics presintered

100
(b) Wet cut
Fig. 7 Shapes of chips in dry and wet machining of
the ceramics presintered
<workpiece : 1050C presintered, tool : ALO;
ceramic, V=120 m/min, =0.1 mm/rev., t=0.5mm>

Fig. 5 High magnification of the grooved flank face
of AlLO3 ceramic tool after machining of
the ceramics presintered at 1000°C
<V=120m/min, f=0.lmm/rev., t=0.5mm, wet
cutting, T=Imin>
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(b) Wet cut
Fig. 8 Comparison of finished surfaces in dry and
wet machining of the ceramics presintered
<workpiece 1050C presintered, tool
ALO;  ceramic, V=90m/min, f=0.lmm,
t=0.5mm, dry cut>

—— wat 4 tangential force

dry 4k feedforce
4 thrustforce

Cutting force (N)

0 30 60 80 20

Cutting speed (m/min)

Fig. 9 Comparison of cutting force in dry and wet
machining of the ceramics presintered with
the new AL;O; ceramic tools unweared

<workpiece : 1050°C presintered, f=0.1mm,
t=0.5mm>
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(a) dry cutting

{b) wet cutting

Fig. 10 Schematic models of the chips formation
process in dry and wet machining of the
ceramics presintered
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