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A Study on Wear Properties of Journal Bearing with
Sommerfeld Number Variation

Cheol-Woo Kim and Kyung-Woong Kim

Living System R & D Center, Samsung Electronics Co.
*Department of Mechanical Engineering, KAIST

Abstract—In this paper, the characteristics of lubrication and wear phenomena of journal bearing
with respect to film parameter and Sommerfeld number variation are investigated experimentally and
the design criterion for the hydrodynamic journal bearing is presented to avoid wear and seizure. Ex-
perimental work is performed with various rotating speed and load, and lubricant is used synthetic oil
and mineral oil. By the results of the experiment, it is found that friction coefficient is decreased as
Sommerfeld number is decreased, and that wear phenomenon is observed when Sommerfeld number
is below 9 10™ and there are much alike in wear properties between synthetic and mineral oil.

Key words—journal bearing, sommerfeld number, wear, film parameter.
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Table 1. Variation of eccentricity ratio, MOFT and load capacity with Sommerfeld number (N=800 rpm, n=0.0126

Ns/m’)

Eccentricity =~ MOFT  Load capacity Sommerfeld Eccentricity MOFT Load Sommerfeld
ratio (um) (N) number ratio (um) capacity number
0.9810 2.66 6598.1 0.1027E-02 0.9842 221 8031.0 0.8435E-03
0.9811 2.64 6636.0 0.1021E-02 0.9843 2.19 8085.3 0.8378E-03
0.9812 2.63 6674.2 0.1015E-02 0.9844 2.18 8140.1 0.8322E-03
0.9813 2.61 6712.7 0.1009E-02 0.9845 217 8195.4 0.8265E-03
0.9814 2.60 6751.5 0.1003E-02 0.9846 2.15 8251.1 0.8210E-03
0.9815 2.59 6790.6 0.9975E-03 0.9847 2.14 8307.3 0.8154E-03
0.9816 2.57 6830.0 0.9918E-03 0.9848 2.12 8363.9 0.8099E-03
0.9817 2.56 6869.7 0.9860E-03 0.9849 2.11 8421.0 0.8044E-03
0.9818 2.54 6909.7 0.9803E-03 0.9850 2.10 8478.6 0.7989E-03
0.9819 2.53 6949.9 0.9747E-03 0.9851 2.08 8536.6 0.7935E-03
0.9820 2.52 6990.5 0.9690E-03 0.9852 2.07 8595.1 0.7881E-03
0.9821 2.50 7031.4 0.9634E-03 0.9853 2.05 8654.1 0.7827E-03
0.9822 2.49 7072.6 0.9578E-03 0.9854 2.04 8713.5 0.7774E-03
0.9823 247 7114.1 0.9522E-03 0.9855 2.03 8773.4 0.7721E-03
0.9824 2.46 7155.9 0.9466E-03 0.9856 2.01 8833.8 0.7668E-03
0.9825 2.45 7198.0 0.9411E-03 0.9857 2.00 8894.6 0.7616E-03
0.9826 243 7240.4 0.9356E-03 0.9858 1.98 8959.5 0.7561E-03
0.9827 2.42 7283.4 0.9300E-03 0.9859 1.97 9025.9 0.7505E-03
0.9828 2.40 7327.8 0.9244E-03 0.9360 1.96 9100.9 0.7443E-03
0.9829 2.39 7372.5 0.9188E-03 0.9861 1.94 9179.3 0.7379E-03
0.9830 2.38 7419.9 0.9129E-03 0.9862 1.93 9258.6 0.7316E-03
0.9831 2.36 7468.2 0.9070E-03 0.9863 191 9338.9 0.7253E-03
(.9832 2.35 7517.0 0.9011E-03 0.9864 1.90 9420.1 0.7191E-03
0.9833 233 7566.1 0.8953E-03 0.9865 1.89 9516.9 0.7118E-03
0.9834 232 7615.6 0.8895E-03 0.9866 1.87 9599.4 0.7056E-03
0.9835 2.31 7665.6 0.8837E-03 0.9867 1.86 9683.1 0.6996E-03
0.9836 2.29 7716.0 0.8779E-03 0.9868 1.84 9767.7 0.6935E-03
0.9837 228 7766.7 0.8722E-03 0.9869 1.83 9853.3 0.6875E-03
0.9838 2.26 7818.2 0.8664E-03 0.9870 1.82 9940.0 0.6815E-03
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Table 2. Specifications of test bearing

Diameter (mm}) 55

Length (mm) 19

0.104-0.122

Al(90), Pb(5), Si(4), Sn(0.5), Mn(0.3)
Cu(0.1), Mg(0.1)

AISI 1010

Clearance (mm)

Composition (%)
Back Steel

Table 3. Composition and properties of shaft material

SCM 440

Material (2% e uaz 7))

C(0.38-0.43), Si(0.15-0.35),
Mn(0.6-0.85) P(0.032]3}),

$(0.032]3}), Cr(0.90-1.20)

Mo(0.10-0.30)

Journal Diameter {mm) 55

Tensile Strength (kgf/mm®) 100

Hardness (Hp) 285~352

Composition (%)

Table 4. Specifications of test oil

Mineral Oil Synthetic Oil
0il Density p=916 kg/m’ p=974 kg/m’
(15°C)
Oil Viscosity ~ n=0.0272 N - s/m” 1=0.0295 N - s/m’
(40°C)
Oil Viscosity n=0.0039 N - s/m* n=0.0050 N - s/m’
(100°C)
Viscosity Index 24 97
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Fig. 8. View of damaged bearing surface at 600 rpm
(lubricatn:synthetic oil).
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Table 5. Test results at transition load

contents transition load viscosity Sommerfeld eccentricity Film
oil rpm N) (N-s/m’) Number ratio Parameter

1200 9780 0.0092 7.5855E-4 0.9858 4.0

o 1000 7840 0.0106 9.0858E-4 0.9831 4.7

synthetic oil 800 8870 0.0126 7.6377E-4 0.9857 4.0

600 9270 0.0157 6.8282E-4 0.9869 37

1200 7890 0.0072 7.3598E-4 0.9861 3.9

oral ol 1000 6920 0.0092 8.9358E-4 0.9833 4.7

mmneral o1 800 7430 0.0108 7.8161E-4 0.9853 4.1

600 7450 0.0141 7.6332E-4 0.9857 4.0
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