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Characteristic of Rolling Contact Fatigue in Silicon Nitride Ceramics
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Abstract Rolling contact fatigue tests were performed for two types silicon nitrides using disk-type specimens. Mate-
rials showed a fatigue behaviour similar to that typically found in metallic materials. From the fractographic and metal-
lographic observations, it has been found that the crack initation in the silicon nitrides subjected to rolling contact fa-
tigue is to be induced by cyclic subsurface shear stress, as is known in steel bearing. On the mid-sections of the speci-
mens, many subsurface cracks which lay parallel to the contact surface can be found at a depth where fluctuation of

the Herzian shear stress was the maximum.
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Table 1. Mechanical properties of materials.
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) Young's Francture Bending )
. Density
Material (e/cm?) Modulus Toughness Hardness Strength
g/cm
(MPa) (MPay m) {MPa)
Silicon 1590
Nitride- A 3.24 2.95x10° 6.4 ) 1116
TN 03 (Vickers)
Silicon 1530
Nitride- B 3.23 3.20x10° 6.0 ) 900
c J (Vickers)
EC-141
Follower 2 3
(Ceramic specimen) i S o
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Fig.1. Specimen for rolling contact fatigue of ceramics.
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Fig. 2. Maximum contact pressure (Herzian strtss Po) versus
cycles to failure for rolling contact fatigue tests of silicon nitride
-A.

s 3000
7 Silicon nitride-B ® 20Hz

8 A 7Hz

2 2500 |

L]

N

3 " A

2 2000 |- 0\1\. A Aot
g T a

a

8 1500 |

c

Q

Q

£

e ]

E

£ 1000 - . : *

x 2 3 4

g 1o 10 10 10° 10° 10

Cycles 1o failure, Nf

Fig. 3. Maximum contact pressure (Herzian stress Po) versus
cycles to failure for rolling contact fatigue tests of silicon nitride
-B.
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Fig. 4. Fractograph of the specimen designated by “A” in Fig. 2 (Silicon nitride- A). Figures(h), (¢) and (d) are higher magnification
views of a part shown in figure(a).
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Fig. 7. Fractograph of the internal crack of the silicon nitride- A. Figure(b) are higher magnification views of part shown by figure

(a).
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Fig. 8. The shear stress distribution and the microcrack distri-
bution under rolling contact surface (Silicon nitride-B).
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Fig. 9. Fractographs of modell fatigue fracture surfaces of various materials. (a) silicon nitride- A (b) high carbon chromium bearing

steel (¢) tool steel (quench - tempered)
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Fig. 10. Schematic illustration of the precesses of rolling contact
failure in ceramics and metals.
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