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A Study on the Machinability of Ceramics
in Zirconia System by Low Temperature Cooling
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Jeong Du Kim

ABSTRACT

Crack of breaking toughness of most Ceramics material is 1-SMPa 4/ m but that of Zir-
conia Ceramics is improved to be 6-8MPa +/ m and its development of machining difficult-to-
machine material is on the rise as urgent subject.

For general Zirconia Ceramics machining, diamond grinding wheel is generally used by
selecting an appropriate one and establishing grinding condition but due to such limitations
as economics, grinding efficiency and machining geometry, great interest in machining method
being used for diamond tool is emphasized.

But it is reported that diamond tool is oxidized by cutting heat in the air and is graphitized
in vacuum, which causes bad effects on tool life.

In this study, to restraint cutting heat the internal side of tool is cooled, and restraint
low temperature cooling system and being experimented.

Further, the machinability of diamond tool for Zirconia Ceramics machining is analyzed

with respect to tool wear and stress.

KEY-WORD: Zirconia Ceramics, Low Temperature Cooling, Diamond Tool, Tool Wear, Stress.
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Table 1 Chemical composition of ZrQ, ceramics

Chemical composition | ZrQ;HfO:) wt %

ZrO.(HfO2) 94. 482
Y20s 5 26

AlzOs 0. 037

Fe:04 0. 011

$i0 0,009

Na.Q 0. 001

Ig. loss . 0. 2

Table 2 Mechanical properties of ZrQ, ceramics

Vickers hardness, kg/mm® 1 1250
Bending strength, kg/mm? 110
Elastic modulus, kg/mm’ 2.0x104
Poisson’s ratio 0.30
Density, g/cm® 6.05

Coefficient of thermal
expansion (100~1000C), 10°%7T | 10.5

Fracture toughpess, MN/m*? 5.0
Thermal conduetivity (20C),
(cal /em« sec - C) 0.007

Fip. 3 Microstructure of ZrQ, ceramics

(10,000 by SEM)
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Table 3 Physical properties of component layer
Meterial | ‘ZLZ“/"MI\:?;]“]‘B v, ;"f;;’“'s

Diamord tool 56000 0. 20

Carbide (Pa0) 54000 0. 22

Carbon steel 21000 0. 30
(8M45C)
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Cutting Time: Smin
Depth of Cut: 0.2mm

Cutting Speed: 10m/min
Feed: 0.07mm/rev

Fig. 6 Cutting force pattern of material removal
pracess with residual crack
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a) Nompal cutting
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Fig. 8 Moachining surface of normal and cooled
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Cooled cutting Cutting time Normal cutting

Cutting speed: 10m/min, Depth of cut: 0.2mm Feed: 0.07mm/rev

Fig. 9 Relation of cuiting time and surfoce roughness
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Flank Surface of Diamond

Cooled cutting Normal cutting

Cutting speed: 10m/min, Depth of cut: 0.2mm

Feed: 0.07mm/rev

Fig. 10 Typical patterns of flank wear of sintered dlamond ool -
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Table 4 Calculation of stress for

flank surface

Cooled cutting
_Node Stress ) g, o T T T 0y li 2 Oa sl
No. |Ymm x Y : i il

10 0 |-358.0|-222.1|-168.3(176.8 |-78.85 | 106.3 |-99.64 | -120.7|-528.1| 428 4
14| 0.0262 |-10.56[-103.7| 10.69 |89.95 [~30.41 | -11.03 | 66.77]|-9.07 |-161.2| 228.0
15 | 0. 0524 |-12. 79| -30.46| -3 474(14.88 |~0.1112| 2.341 |-1.58 |-6.069|-39.08 | 37.50
16 | 0.0786 |-2.512{-12.07|0.2378(6.404 |-0.2242 0.2549| 1.124 |-0.1678| -15.30 | 16,43

: 1| 0.10480 | -1. 561 | -6. 109| <0.3038|2. 637 |-0.039 | 0.166910.06 |=0.585|-7.328 | 7. 267
| 234 0. 1834 |~0.196 | -2 534| -0.342{0.6702(~0. 043 | 0.0667| 0.113]0.0021 |-1.289 | 1.403
226 | 0419 |0.0209 | -0.442| 0.023 |0.0708| 0. 0013 ~0.0052] 0.035 [0.020 |-0.454| 0.489
Normal cutting

10 0  |-4045|-223 6|~204.7(192.8 [-90.81 | 128.1 {99.85 [-142.3[-590.8 [ 4909
14 | 0.0262 |-6.824|-03.29|14.77 |97.49 |-35.75 |-13.96 | 83.87|-9.088 |-160.10| 244.0
15| 0.0524 |-12.41|-21.56| -2.89 [13.78 | 1.15 | 2.07 |0.047 |-5.17 |-3L.70| 31.79
16 | 0.0786 [-1.985|-7.164| 0.765 |5.716 | 0.458 | 0.015 | 2.15 | 0.33 |-10.88 | 13.04
1| 01048 |-1.408|-3.65 | -0.15 [2.25 [ 0.31 | 0.07 | 0.305[-0.45 |-5.06" 5.37
234 - 0._1834 -0.131 [-1.532 0.252 (0.667 | 0.045 | 0.068 | 0.096 |-0.003 |-1.314 | 1 411
226 | 0419 |0.0192|-0.330(0.0208 [0.0573| 0.007 [-0.006 [0.0325 |0, 0178 |-0.340 |  0.373
. o L. Stress

- Normal Stress | - Shear Stress Principal Stress )
: Intensity
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