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In this study, presintered low purity alumina ceramics were machined with various tools to clarify
the effects of the tool material, cutting condition and tool geometry on machinability. The main
conclusions obtained were as follows. (a) The wear of tungsten carbide tool becomes smaller with
the increase of the feed and clearance angle, and with the decrease of rake angle, especially
exhibiting considerably smaller wear with both the decrease of rake angle and the increase of
clearance angle. (b) So far as tuming the ceramic presintered at low temperature, the diamond
tool shows the best performance with higher feed. (c) The effect on the tool wear of the feed,
clearance angle and rake angle becomes smaller in turning the ceramic presintered at higher
temperature. (d) The tool wear is not severely affected by the depth of cut.
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Table 1 Characteristics of Al,O; presintered at various

temperatures
Sintering Vickers | Shore (Bending| Bulk Porisity Moisture Shrinkage
Temp. |hardness|Hardness|Strength|density o, rate rate
T GPa H, MPa_[ kg/m’ % %
500 1.18 22 11.86 | 1850 | 38.14 | 20.44 12.6
600 2.01 24 13.52 | 1860 | 38.58 | 21.24 122

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
1300
full- 16.54 105

287.92 | 2840 | 0.12 0.04

sintered
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(¢) presintered at 1000C  (d) full-sintered at 1300C
Fig. 1 Fractured surfaces of unsintered, presintered and
full-sintered Al,O; ceramics
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Table 2 Turning conditions
Varied 30 to 120m/min

Cutting speed, V
Feed, f
Depth of cut, t

0.lmm/rev.

0.5mm

Table 3 Materials and geometries of tools used in turning

Tool material Tool geometry Chamfer
Tungsten carbide,
none

K01
Ceramic -5,-5,5,5,15, 15

P T T T T 0.05mm <200
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g. 2 Effect of tool geometry on the tool wear in turning
with tungsten carbide tools (workpiece A:
presintered at 500°C, B: presintered at 800C,

V=60m/min, f=0.1mm/rev., t=0.5mm)
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Cutting edge

Cutting edge
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" (b) Higher magnification of the flank face of (a)

Fig. 3 Photo of the flank face of tungsten carbide tool
after turning of the ceramics presintered at
800T (V=120m/min, f=0.lmm/rev., t=0.5mm,
T=12min, a=-5°, y=5°)
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(b) a=+10°, y =5°, T=6min
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(c) a=-25°,y=5°, T=8min (d) a=-35°, y=5°, T =12min

(f) a=-5°, y=15°, T=14min

(g) a=-35°, y=15°, T=14min

Fig. 4 Typical wear patterns of tungsten carbide tools in
turning with different tool geometry (workpiece:
presintered at 800, V=60m/min, f=0.Imm/rev.,
t=0.5mm)
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(a) a=-5°,y=5° (b) a=-45°, y=5°
Fig. 5 Shapes of chips in turning with tungsten carbide
tools of different tool geometry (workpiece:
presintered at 800°C, V=60m/min, f=0.Imm/rev.,
t=0.5mm, T=1min)

0.5mm
(b) 0=-45°, y=5°
Fig. 6 Machined surface in turning with tungsten carbide

(a) a=-5°, y=5°

tools of different tool geometry (workpiece:
presintered at 800°C, V=60m/min, f=0.Imm/rev.,
t=0.5mm, T=1min)

e

5 :

f*~"\./ /""\,\\/V»‘f«'/‘* e

f\\/“

(a) o= -5°, y=5°
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(b) a=-45°, y=5°
Fig. 7 Surface roughness profile in turning with tungsten
carbide tools of different tool geometry
(workpiece: presintered at 800°C, V=60m/min,
f=0.1mm/rev., t=0.5mm, T=1min)
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Fig. 8 Effect of feed on the tool wear in turning with
tungsten carbide tools (V=60m/min, t=0.5mm,
a=-5°, y=5°)
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Fig. 9 Typical wear patterns of tungsten carbide tools
with different feeds (workpiece: presintered at
800 C, V=60m/min, t=0.5mm, a=-5°, y=5°)
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(b) £=0.25mm/rev.

Fig. 10 Surface roughness profile in turning with tungsten
carbide tools of different tool geometry
(workpiece: presintered at 800°C, V=60m/min,
t=0.5mm, T=1min, a=-5°, y=5°)
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Fig. 11 Effect of feed on the tool wear in turning with
with ceramic and sintered diamond tools
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(a) £=0.04mm/rev. (b) £=0.25mm/rev.

Fig. 12 Typical wear patterns of TiC added alumina
ceramic tools in turning with different feed
(workpiece : presintered at 600C, V=60m/min,
t=0.5mm, T=5min, 0=-5°, y=5°)

(a) =0.04mm/rev.

200pm

(b) =0.25mm/rev.
Fig. 13 Difference in the shapes of chips due to different
feeds in turning with TiC added alumina ceramic
tool  (workpiece: presintered - at 6007,
V=60m/min, =0.lmm/rev., t=0.5mm, T=1min,
a=-5°, y=5°)
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Fig. 14 Typical wear patterns of diamond tools in turning
with different feeds (workpiece: presintered at
600C, V=60m/min, f=0.1lmm/rev., t=0.5mm,
T=15min, a=-5°, y=5°)
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Fig. 15 Effect of the depth of cut on the tool wear in
turning with tungsten carbide (Workpiece:
presintered at 800°C, V=60m/min, f=0.1mm/rev.,
o=-5°, y=5°)
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