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A Study on the Characteristics of Ceramic Ball Bearing

Wan-Doo Kim* and Dong-Chul Han

*Structural Mechanics Lab. KIMM
**Dep. of Mech, & Production Eng. SNU

Abstract—The recent trends of rotating machinery demand high speed and high temperature ope-
ration, and the bearing with new material is required to be developed. Ceramic, especially silicon
nitride, have been receiving attention as alternative material to conventional bearing steel. Ceramic
ball bearing offers major performance advantages over steel bearing, for instance, high speed,
maginal lubrication, high temperature, improved corrosion resistance and nonmagnetic capabilities
etc.. In this paper, the mechanical characteristics of ceramic ball bearing (hybrid ceramic bearing
and all ceramic bearing) were investigated, and the characteristics of ceramic bearing were compa-
red with that of steel bearing. Deep groove ball bearing 6208 was taken the object of analysis.

The main results of analysis were followings: the radial

stiffness of hybrid and all ceramic

bearing were 112% and 130% that of steel bearing, and the axial stiffness of all ceramic bearing
was 110% that of steel bearing. According as rotating speed was up, the ball load, the contact
angle, the contact stress and the spin-to-roll ratio between ball and raceway of ceramic bearing
were far smaller than these of steel bearing. And there was not a significant difference between
the minimum film thickness of ceramic bearing and steel bearing. It is expected that this research
is contributed to enhanced fundamental technology for the practical applications of ceramic ball

bearing.
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Table 1. Dimensions of deep-groove ball bearing 6208

pitch diameter 60 mm
ball diameter 11.906 mm
number of balls 9

inner groove radius 6.02 mm
outer groove radius 6.31 mm
nominal contact angle 0
diametral clearance 0

Table 2. Materials and materials properites of bearings

[8]
steel ceramic
terials KS STB 2 |HPSN(hot pressed
ma (SAE 52100) |silicon nitride)
Young’s modulus 208 GPa 315 GPa
Poission’s ratio 0.30 0.26
density 7850 kg/m? 3200 kg/m?
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Table 3. Results of static analysis under radial and thrust load for steel bearing and all ceramic bearing

Ft (N) 0 100 2000 4000 6000 8000

Fr () * dt dr dt dr dt dr dt dr dt dr dt dr
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (nm) | (mm) | (mm) | (mm) | (mm) | (mm)
0 ST | .000 .000 098 .000 117 000 140 .000 156 000 169 .000
CR| .000 000 .089 .000 106 000 127 000 141 000 .152 .000
7750 ST{ .000 044 .103 .045 117 046 137 047 153 047 .165 046
CR| .000 034 093 035 106 036 124 036 138 036 149 .036
15500 ST| .000 069 115 069 126 070 141 072 154 073 164 073
CR| .000 053 103 053 112 055 127 056 139 057 149 057
23950 ST | .000 091 125 090 133 091 .146 093 157 094 .166 095
CR| .000 070 111 .069 119 070 131 072 141 073 150 073
31000 ST| .000 110 132 109 .140 109 151 111 161 112 169 113
CR| .000 .085 .118 .083 125 085 136 086 145 087 153 .088

* ST : ball bearing with steel ball and steel race
CR : ball bearing with ceramic ball and ceramic race
dt : axial (or thrust) deflection
dr : radial deflection
Fr : radial load
Ft : axial (or thrust) load
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Fig. 1. Radial deflection of steel bearing under radial Fig. 2. Radial deflection of all ceramic bearing under

and thrust load radial and thrust load
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Fig. 4. Axial deflection of all ceramic bearing under
radial and thrust load

Table 4. Radial stiff of 6208 bearing under 15700N
radial load

Steel Hybrid ceramic | All ceramic

24 3144 (225 kN/mm| 253 kN/mm |292 kN/mm
(100%) (112%) (130%)

50,000 rpm (217 KN/mm| 249 kN/mm [ 288 kN/mm
3007 d,N)| (100%) (115%) (133%)

Table 5. Ball load distributions and contact angles of steel bearing and all ceramic bearing under 7750N radial

load and 8000N thrust load

shaft ball ball load (N) contact angle (deg)

speed location steel ceramic steel ceramic
(rpm) (deg) inner outer inner outer inner outer inner outer
A % 0 5153 5153 5351 5351 10.2 10.2 9.8 9.8
50000 4865 5773 5167 5538 118 9.9 10.5 9.8

I

x4 + 40 4200 4200 4418 4418 127 | 127 12.0 12.0
50000 - 3862 4765 4232 4601 151 | 122 129 11.9
& + 80 2564 2564 2798 2798 19.3 19.3 17.7 17.7
50000 - 2171 3049 2612 2975 25.6 18.0 19.8 17.3
S +120 1793 1793 2003 2003 27.1 27.1 24.4 24.4
50000 - 1476 2301 1830 2183 39.5 24.7 28.4 23.6
A 2 + 160 1791 1791 1971 1971 323 32.3 28.8 28.8
50000 - 1504 2292 1804 2148 46.6 29.5 33.7 27.8
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Nomenclature

a : semimajor axis of contact ellipse (m)

b : semiminor axis of contact ellipse (m)
d, : pitch diameter (m)

D : ball diameter (m)

E’' . elastic modulus (N/m?

F : normal applied load (N)

G : dimensionless materials parameter (0E’)
h,.» : minimum film thickness (m)

k : ellipticity parameter (a/b)

r : radius of curvature (m)

R, : effective radius x direction (m)

u : surface velocity in x direction (m/s)

U : dimensionless film thickness (n.u/(E'R.)
W . dimensionless load parameter (F/(E'R/%)
a : viscosity pressure coefficient (m?/N)

B : ball attitude angle (rad)

¥y D/d,

N, : atmospheric viscosity modulus (Ns/m?
v : Poission’s ratio

® : contact angle (rad)

@ : rotational speed (rad/sec)

Subscripts

b : refers to ball

i : refers to inner raceway

r : refers to raceway

o : refers to outer raceway

roll : refers to rolling motion

s : refers to spinning motion

x : refers to x-direction
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