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Effect of Composition and Microstructure of Si;N, Ball on
Rolling Fatigue Life under Boundary Lubrication
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Abstract — Rolling contact fatigue (RCF) tests were performed for two kinds of commercial silicon nitride
balls using 4-Ball rolling contact fatigue life tester under EHL condition (A =8.9) and boundary lubrication
condition (A=0.2). All the test balls were finished up to the dimensional accuracy of Grade 5 defined in
KS B 2001 (Steel Balls for Ball Bearings) with a size of 8.731 mm. RCF tests were then conducted under
the initial theoretical maximum contact stress 6.63 GPa and the spindle speed 10,000 rpm. All the test balls
were not failed until 3.75 X 10’ contact cycles and wear tracks of test balls were not conspicuous under EHL
condition (A =8.9). In the operations of low lambda regime (A =0.2), all the test balls were surface dam-
aged and high rolling wear resistance was achievable in fully densified using MgO 1 wt% and HIPed balls.
Rolling wear of silicon nitride balls under boundary lubrication condition depend mainly on grain size and

intergranular phase content of silicon nitride balls.
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Table 1. Summary of specimens
A B
Material composition Base SiNs SiNs
Additive MgO Y,0; ALO;
Sintering process HIP GPS
Porosity (area %) <01 <01
Hardness (Hv, GPa) 16.59 16.26
Fracture toughness (MPa * m'?) 4.92 5.10
. . Roundness (umy) 0.053 0.067
Dimensional Accuracy
Roughness (umRa) 0.009 0.010
Microstructure Analysis Ave. Grain size ({m) 0.40 053
Ave. Aspect ratio 2.19 2.90
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Fig. 1. Schematic of the 4-ball tester.
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Fig. 2. Cutaway view of test part.
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Table 2. Formulas for minimum film thickness and
lubrication film parameter

0.53 .67
h;"" =269 Woffj

G=0F, U=hyu/ER, W= o/E R

Hm,‘,, — (1 _ e—0.73k)

Equivalent radious

Pressure coefficient of viscosity
Effective elastic modulus

1o Viscosity at atmospheric
pressure

Entrainment velocity

Force

Ellipticity ratio a/b,

SIS

Oil film Thickness

??‘8_‘:

Pimin
Jot+ct

0, RMS roughness of surface 1
0, RMS roughness of surface 2

A=
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Table 3. Conditions of rolling fatigue life test

Case 1 Case 2
Roughness of steel ball (um) 0.01 0.25
Viscosity of lubricant (cSt) 30 10
Lubricant film parameter (A) 8.9 0.2
Load (N) 980
Spindle speed (rpm) 10,000
Max. contact stress (GPa) 6.63
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Fig. 3. Weibull distribution of rolling fatigue life.
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Fig. 4. Micrograph and rolling track profile of (a) specimen A and (b) specimen B tested under EHL condition.
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Fig. 5. Micrograph and rolling track profile of (a) specimen A and (b) specimen B tested under boundary

lubrication condition.
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Fig. 6. EDS patterns of rolling track on specimen A
tested under EHL condition.
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Fig. 7. SEM micrograph of rolling wear track on
specimen B tested under boundary lubrication
condition.
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Fig. 8. Change of Hardness as a function of load.
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