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Machinability of Presintered Al,O; Ceramics

Sung-Chung Kim and Jae-Woo Lee
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A1), Tool Life (<), Surface Roughness (3w A A 7))

Abstract

‘When the presintered ceramics are machined with ceramic tool, the tool life becomes extremely
short. The CBN tool exhibits the best performance in dry machining of the ceramics presintered
at 1450°C among all cutting tests. The roughness of the machined surface of the ceramics
presintered below 1350°C is smaller than that of the ceramics presintered at 1450°C. While the
performance of the cemented carbide and CBN tools is better in dry than in wet machining, the
diamond tool shows adverse tendency. The tool life is not affected by the feed rate and depth of
cut. During the following full-sintering after the machining of the presintered ceramics, the
surface roughness decreases up to 62%. The finished surface in machining the presintered
ceramics is much better than that in machining the full-sintered ceramic.
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Table 1 Characteristics of machined materials

Presintering Vickers Bending Shrinkage Density Porisity Moisture

temperature hardness strength rate rate
c GPa MPa % g/cm? % %

Green body
. 0.2 9.82 14.2 2.99 - 5.28

(unsintered)
900 0.3 11.86 12.6 2.80 32.14 1.14
1000 0.9 15.12 12.2 2.89 31.58 0.99
1100 1.4 19.92 12.1 2093 29.16 0.92
1200 1.9 30.68 11.9 2.97 28.22 0.79
1300 5.1 59.87 11.1 3.02 25.07 0.72
1350 7.1 89.92 9.3 3.09 21.33 0.55
1400 9.3 130.86 8.1 3.21 17.79 0.35
1450 12.3 163.35 5.5 3.32 13.16 0.23
1500 13.6 209.86 4.1 3.35 9.8 0.08
1600

(Full-sintered) 18.1 288.92 l - 3.37 0.09 0.03
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Table 2 Materials and geometris of tools used

Tool material

Tool geometry

Chamfer

Cemented carbide, K01
Ceramic (TiC added)

—5 —55,5,1515 0. 8

0. 065 mm, —20°

CBN (Ceramic bonded) 0. 06 mm, —20°
S. D. (Sintered diamond) -5 —5,15,15, 15,15, 0. 8 J None
Table 3 Cutting conditions 30 00
- Workpiece=1100°C Workpiece=1450"C
B T , F=0.1 mmirev F=0.1 mmrev
Cutting speed, V 30, 60, 90 m/min — 25 D=0.5 mm —~ 251 | D=05mm
. E Dry cutting E Dry cutting
~ ~(O- K01, V=90 mvmin -~
Feed rate, F 0.05~0.1 mm/rev 2 20 ~F Ceramic, V=90 | © 20
R —/X— CBN, V=90 R
~ £ /- S, V=00 E
Depth of cut, D 0.2~1.0 mm 3 sl & Ko, v=60 2
5 -~ Ceramic, V=60 5
g —4A— CBN, v=60 g
- 10 -w- SD, V=60 o 10
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(a) Workpiece=11007C presintered

¥ £ "v
(b) Workpiece=1450°C presintered
Fig. 2 Shapes of chips in machining of presintered
ceramics with cemented carbide tool.
V=90 m/min, F=0.1 mm/rev, D=0 5 mm,
T= 1 min, Dry cutting

) em
(b} Workpiece=1450C presintered
Fig. 3 Finished surfaces in machining of presintered
ceramics with cemented carbide tool.
V=90 m/min, F=0.1 mm/rev, D=0.5 mm,
T =1 min, Dry cutting
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(e) Tool:S.D., T=3 min

Rake Tacel

(f) High magnification of round mark zone of

(e)

Typical wear patterns of various tools in
machining of 1100°C presintered ceramics.
Workpiece =1100°C presintered, V =90 m/
min, F=0.1 mm/rev, D=0.5 mm, Dry cutting

Fig. 4

Micrographs, (a}, (c) and (e) exhibit nose
radius view
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te} Tool : CBN, T=10min

(a) Tool : K01, T:==13 min

c‘( Aot
e "
4 ,' A’\:\;&‘ i
E 123 + "
Flank facclllP @ g0 (fi High magnification of round mark zone
of (el

(b} High magnification of round mark zone
of ia)

gy Tool: S D, T=13min

¢y Tool : Ceramic, T - 0.3 min

Flank face

0.05 mm

{dy High magnification of round mark zone tht High magnification of round mark zone
of (c) of (g
Fig. 5 Typical wear patterns of various tools in machining of 1450°C presintered ceramics.
Workpiece =1450° presintered, V. -90m, min, £ 0.1 mm/rev, D=0.5 mm, Dry cutting
Micrographs, {ai. (ci, te' and (g) exhibit nose radius view
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Fig. 6 Tool life curves of cemented carbide tool in
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Cutting time (min)

Fig. 7 Wear progress curves of CBN tool in machin-
ing of the ceramics presintered at various
temperatures. V=90 m/min, F=0_1 mm/rev,
D=0.5 mm, Dry cutting
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Flank face
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(b) High magnification of round mark zone
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: CBN, T=3 min

Typical wear patterns of cemented carbide

(c) Tool

Fig. 8
and CBN tools in machining of 1500C
presintered ceramics. V=90 m/min, F=0.1
mm/rev, D=0.5 mm, Dry cutting, Micro-
graphs, (a) and (c) exhibit nose radius view
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