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Rolling Fatigue Life of Silicon Nitride Ceramic Balls
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Abstract—The rolling fatigue lives (RFL) of five kinds of silicon nitride balls were investigated. Four kinds
of Si;N, balls were fabricated using different raw materials, sintering aids and sintering conditions. Commer-
cially available Si;N; ball was also studied for comparison. All the balls were finished up to the dimen-
sional accuracy of Grade 10 defined in KS B 2001 (Steel Balls for Ball Bearings) with a size of 9.525 mm.
RFL tests were then conducted under the initial theoretical maximum contact stress 6.38 GPa and the spin-
dle speed 10,000 rpm. Gear oil was provided by oiled race as lubricant. The results of RFL test indicated

the prerequisitic conditions for the long rolling life of Si;N, ball :

(1) the high density, (2) microstructures

consisted of small uniformly distributed grains, (3) little glassy phase in grainboundary, and (4) little crystal-
line phase and secondary phase that induces residual thermal stress due to the differences of thermal expan-

sion coefficient with Si;N, phase.

Key words—Rolling fatigue life, Rolling wear, Silicon nitride balls.
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= FEWgPE FAFFA E(Saint-Gobain/Norton
Industrial Ceramics Co.)& MgOE 472 H7H=Z 3}
o, Gz A4S 2 ) Az Aol

A B C D E
. Base Si;:Ny SizN,, TIN Si;N, SisN, Si;N,
Mater.larl .. Y.0; 4) Y0, (4) Yb,0; (15.4) Y0, (4)
composition - Additive (Wt%) 41 6, () ALO; (2) $i0 (2.5) ALO; (2) MgO (1)

Sintering process GPS GPS GPS GPS HIP
Porosity (area %) 227 <0.1 0.31 <0.1 <0.1
Hardness (Hv, GPa) 13.79 9.31 18.10 18.84 14.94
Fracture toughness (MPa m'?) 4.01 6.22 6.19 6.65 5.69
Flexural strength (MPa) 530 681 785 672 800
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Table 2. Test conditions

Load (N) 980

Spindie speed (rpm) 10,000
Lubricant Gear oil 80W/90
Max. contact stress (GPa) 6.38

Initial contact circle radius (mm)  0.173
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Fig. 3. Weibull distribution of rolling fatigue life of
various Si;N, balls.
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Fig. 4. SEM micrographs showing. (a) the wear track
in the specimen A, (b) the spalling in the specimen B,
(c) the both wear track and spalling in the specimen C.
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Fig. 5. Relation between hardness and L, life in
various Si;N, balls.
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in various Si;N, balls.
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