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Evaluation of Machinability of Ceramics in Grinding, Honing and Superfinishing
Takashi Uepa and Tadaaki Sucita

The functions to evaluate the machinability of ceramics in grinding, honing and superfinish-
ing are derived theoretically, assuming that one stone (wheel) corresponds to a single point tool
with a long cutting edge. The dimensional analysis is employed to investigate the effect of
physical properties of the ceramic material on its machinability. Work materials used in
experiments are Al;Os, SiC, SizNs, ZrO. which are sintered under atmospheric pressure, Mn-Zn
ferrite and SiO.. The main results are as follows. The machinability of the ceramic material
depends on not only its physical properties but also the method of machining. For the work
materials of Al;Os and SiO,, the honing is superior in cutting ability to the grinding. In grinding
and superfinishing the strong relation is observed between the energy release rate of the ceramic
and its machinability, but in honing it is observed between the hardness of the ceramic and its
machinability.

Key words : machinability, energy release rate, hardness, ceramic grinding, ceramic honing,

ceramic superfinishing, specific energy
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Fig. 1 Models of machining
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Table 1 Characteristics of ceramics

SiO. Al;Os SiC SisN, ZrO, Mn-Zn ferrite

Density g/cm® 2.21 3.70 3.12 3.26 5.90 5.08

Hardness HV 700 1580 2520 1870 1290 740

Bending strength MPa 60 343 441 735 980 157

Fracture toughness Kic MN/m*? 0.7 3.86 4.81 6.02 8.98 2.0

Elastic modulus £ GPa 80 370 430 284 216 160

Poisson’s ratio v 0.17 0.21 0.15 0.26 0.3 0.31

Modulus of resilience* MOR J/m® | 23x10° | 159X 10° | 226 x10° | 951X 10° | 2 220X 10° 76%10°

Energy release rate** G. J/m?® 5.95 38.5 52.6 119 340 22.6

* Bending strength is used.
** Fracture toughness Kic is used.
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Table 2 Characteristics of wheel, sticks and stones

Grain size and type | Concentration Bondh/lslg?ngth Workpiece
. ]
Grg;‘:;‘? Re };‘f: #60/80 % B $i0z, AlOs, SIC,
d=256mm, b=24 mm CSGII SisNy, ZrO:
Honing .stxck #140/170 50 80 STC
Bond ; Metal MBG-660 50 100 SisNy, ZrO:
/=50 mm, b=3mm 100 140 - SiOq, Al:0s
finishi t
S“gi; d“,’sM‘:i ls one #1000 100 80 SisNy, ZrO;
) Micron powder 100 140 Al:0s, SiC, ferrite
/=20mm, b=3mm
d ; wheel diameter, b . width, /. length
Table 3 Experimental conditions Tr s Ir ° 0.2
o
Grinding speed V' m/min | 1530 g ———5" | L T) .
Work speed v m/min 10 0.5 0.5 -5~
Feed / mm/rev 5 &
0 1 1 0 il J 0 L J
Over-run ¢ (=5/3) mm 8 40 40 20,
Depth of cut¢ um 2.5-20 e
3
Honing speed V' m/min 30 201 20+ 0 10F
Crosshatch angle26 ° 20 I3 o°
Stroke S mm 70 0 L L 0 L 10 L )
100 200 200
Over-rune mm 10

Finishing speed V' m/min | 40
Frequency N cpm 900
Amplitude ¢ mm 1.6
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Fig. 2 Machining characteristics of SisN4
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