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A Study on the Machinability of Ceramics by

Low Temperature Cooling Diamond Tool
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Abstract

New Materials such as fine ceramics have attracted much attention as structural materials.
The industrial needs of machining such materials will be emphasized more and more in the
future.

The objective of this study is to supply useful knowledges for improvement by cooled
cutting of sintered diamond tool. This study treats with experimental analysis of tool wear,

surface roughness and thermal stress which will lead to the machinability of fine ceramics.
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Fig. 3. Schematic diagram of the data acquisition

system
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Table. 1. Chemical and Physical Composition
Composition ﬁllzucr)r’nna
Gas permeability Impervious

Si0, % 3
Chemical ALO, % 9
Composition CaO 9% 0,7
MgO % 0.3
Grain Density(g/cm®) l 3.7
Color [ White
Compressive Strength(25°C)

(kgf /om?) 21000
Flexural Strength(kgf/cm?) 3200
Tensile Strength(kgf/cm?) | 1950

] Moh’s Scale 9
Hardness

| Rock-w. 45W| 78
Thermal Conductivity (400°C) 6.2

(kcal/mh°C) .
Grain Size(zm) | 5.0

Table. 2. Physical properties of Diamond Tool

Abrasion Resistance Factorl 250

Knoop Hardness (kg/mm?) l 7200

Diamond Grain i 85%

Boundary ‘ 15%

Cobalt 3%
Void 4%
Diamond

Bridge 8%

Diamond ( Cobalt

Young’s Modulus(TPa) ‘ 1.05 i 0.15
Grain size(um) I 8 l 6
Thermal conductivity o

g | 1s00 | 60
Coefficient of thermal R R
elongation(l/k) \ 1.2%10 ! 1.4%10
Thermal shear strength 28 {

(GPa) ) f
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Feed : 0. 1 mm/rev
Depth of Cut: 0.3 mm/rev
Tool : Sintered Diamond(0,0,5,5,15,15,0,8)

Fig. 5. Relation of Cutting Speed and Cutting

Temperature
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Thermal Shear Stress
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Tool : Sintered Diamond(0, 0, 5, 5, 15, 15, 0, 8)
Fig. 8.

Thermal Tensile Stress at variable Cutting
Speed
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Fig. 9. Cutting force patterns of ceramics in
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a) Normal cutting, cutting time : lmin

b) Cooled cutting, cutting time : Smin

Material cut : alumina ceramic
Tool : sintered diamond

Cutting speed : 30m/min Depth of cut : 0, 3mm
Feed : 0. lmm/rev Tool : Sintered diamond

Fig. 11. Patterns of contact rake surface of sintered
diamond specimen in normal and cooled
cutting.
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Tool geometry : 0,0, 5, 5, 15, 15, 0, 8

Depth of cut: 0. 3mm Feed : 0. 1 mm/rev
Cutting speed : 30 m/min
Fig. 12. Typical flank wear patterns of sintered

diamond tool
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Fig. 13. Results of surface roughness

Cutting speed : 30 m/min Depth of cut : 0. 3mm
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Fig. 14. Typical patterns of graphitization of
ceramics in maching
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