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Fracture Mechanics Study on Wear Mechanism of Ceramics
— Discussions on Experimental Results of Wear Test —
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Abstract

Analytically induced wear mechanism of elastic body under Hertzian contact is applied in
acutual wear test of ceramics. There are two types of wear in ceramics, a large scale wear and
a small scale wear. The large scale wear is commensurable with Hertzian contact area and the
small scale wear with real contact area. Nondimensional parameter, S., is introduced and fully
examined to estimate or predict wear rate of ceramics. Ceramic wear for S,<0.8 is in small scale
wear and for S.>1.6 in large scale wear.
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Table 1 Speciffications of test specimen

Materials

Si;N, |Cermet| SiC TiO, | ALO;

Surface roughness Rupax, #m
Vickers hardness,

Bending strength, GPa
Elastic modulus, GPa
Poisson’s ratio

Fracture toughness, MPa-m'?
Density, g/cm?®

Coefficient of thermal expansion(40-400°C), 10-¢/°C

Thermal conductivity(20°C), Cal-cm/cm?-sec-"C

2.1 1.7 1.7 1.9 2.8
1532 1426 2541 591 1783
0.49 1.47 0.49 0.15 0.30
294 441 392 167 343
0.27 0.21 0.16 0.26 0.25
3.2 10.2 4.2 2.8 4.0
3.25 6.04 3.04 3.21 3.84

3.7 7.4 3.6 8.4 7.1
0.03 0.04 0.16 - 0.06

Table 2 Experimental conditions in rolling contact

) Speed Load Semi-(.:ontact Hertz stress
Materials -width
rpm N Max., GPa Mean, GPa
#m

SizN, 800 980 122 1.28 1.01
1960 172 1.82 1.43

Cermet 800 980 95 1.51 1.19
1960 134 2.13 1.68

SiC 800 980 1102 1.41 1.11
1960 144 1.99 1.56

TiO, 800 980 152 0.94 0.74
1960 216 1.33 1.04

AlLO, 800 980 107 1.34 1.06
1960 151 1.90 1.49
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Fig. 2 Relationship between wear volume and num-
ber of revolution under the load of 980N

Fig. 3 Relationship between wear volume and num-
ber of revolution under the load of 1960N

Table 3 Specific wear rate and wear coefficient in steady wear

Specific wear rate Ws, mm?/m.N Wear coefficient K
Materials
980N 1960N 980N 1960N

SizN, 2.48%x107® 5.81x1078 3.72X%1077 4.36X107

Cermet 3.61x10° 7.94x1077 5.04%1077 5.55x107°

SiC 4.89%107® 2.10x10°° 1.22%x10°¢ 2.61x10™*

TiO, 4.55x10°% 3.07x107° 2.64%x1077 8.89%x10°°

Al O, 2.22X107° — 3.89x107* —
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Line contact
Material
980N 1960N
SizN, 2.5 4.2
Cermet 2.1 3.5
SiC 2.0 22.8
TiO, 4.7 18.4
Al,O, 25.0 —
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Fig. 4 Scanning electron micrographs of typical worn surfaces and wear debris
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Fig. 8 Modeling of formation of surface foughness in
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