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Micro-EHL Analysis of a Ball Joint Contact with
Surface Roughness

Tae-Jong Kim'

School of Mechanical Engineering, Pusan National University

Abstract — The effect of surface texture on elastohydrodynamic lubrication (EHL) point contact of a ball joint
mechanism in small reciprocating compressors is studied numerically by using multigrid method. Pressure and
film thickness profiles have been calculated for surface roughness with waviness of different orientations and
transverse ridge and dent at minimum and maximum Moes M parameter conditions. The influence of the ampli-
tude and the wavelength of the surface roughness was also studied. Results show that the oblique waviness with

orientation angle of 30° generates the smallest minimum film thickness as compared with those of longitudinal

s

transverse, and other oblique roughness. The influence of transverse waviness on the minimum film thickness

is smaller than for the longitudinal waviness case.

Key words — ball joint mechanism, micro-elastohydrodynamic lubrication (micro-EHL), surface roughness, mul-
tigrid method, pressure profile, minimum and central film thicknesses.
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Fig. 1. Equivalent system of a ball joint contact.
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Fig. 2. Surface roughness.
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Table 1. Minimum and central film thicknesses and maximum and central pressures versus surface roughness

(for maximum load condition : w =257.08 N, u,=

1.67 m/s, E' =2.26x10" Pa, R,,=19.089 mm)

Parameter A, (Um) h. (um) Pra (GP2) p-(GPa)
Smooth (A =0) 0.026 0.089 1.207 1.207
6=0° 0.029 0.106 1.326 1.091
Oblique waviness 30° 0.017 0.076 1.419 0.993
(4=10.05 um, 45° 0.024 0.087 1.398 1.022
w, = 0.1 mm) 60° 0.025 0.088 1.386 1.024
90° 0.031 0.092 1.355 1.022
A=0.04 yum 0.029 0.092 1.322 1.059
w,=0.1 mm 0.07 0.033 0.088 1.418 0.944
0.1 0.037 0.079 1.532 0.824
Transverse

waviness w,=0.1 mm 0.037 0.079 1.532 0.824
(6=90°) 0.15 0.033 0.113 1.409 0.974
A=0.1 uym 0.2 0.026 0.072 1.325 1.024
0.25 0.024 0.089 1.262 1.063
0.3 0.021 0.103 1.218 1.093
A=0.04 um 0.034 0.102 1.298 1.112
w,=0.1 mm 0.07 0.021 0.113 1.384 1.049
o 0.1 0.010 0.124 1.477 0.990

Longitudinal
waviness w,= 0.1 mm 0.01t 0.124 1.477 0.990
(0=0°) 0.15 0.029 0.112 1.382 1.028
A=0.1 yum 0.2 0.01t 0.106 1.315 1.055
0.25 0.036 0.101 1.260 1.083
0.3 0.034 0.099 1.213 1.099
A=0.05 ym 0.028 0.089 1.313 1.313
0.1 0.031 0.089 1.419 1.419
0.14 0.031 0.088 1.504 1.504
Ridge & Dent 0.18 0.031 0.088 1.589 1.589
(w, = 0.2 mm) -0.05 0.024 0.089 1.232 1.101
0.1 0.029 0.090 1.269 0.995
-0.14 0.034 0.091 1.300 0911
-0.18 0.036 0.092 1.330 0.827
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Table 2. Minimum and central film thicknesses and maximum and central pressures versus surface roughness
(for minimum M parameter condition : w=91.41 N, u, =0.923 m/s, E' =2.26x10" Pa, R., = 19.089 mm)

Parameter h,, (Lm) h. (um) Prax (GP2) p.(GPa)
Smooth (A =0) 0.089 0.187 0.860 0.860
0=0" 0.094 0.214 0.942 0.779
Oblique waviness 30° 0.067 0.206 1.053 0.747
(4=0.05 um, 45° 0.082 0.174 1.045 0.662
w,=0.1 mm) 60° 0.074 0.209 1.036 0.724
90° 0.082 0.174 0.992 0.673
A=0.04 um 0.081 0.178 0.962 0.711
w,=0.1 mm 0.07 0.085 0.166 1.049 0.595
0.1 0.090 0.152 1.146 0.477
Transverse
waviness w,=0.1 mm 0.090 0.152 1.146 0.477
(6=90") 0.15 0.084 0.161 1.036 0.623
A=0.1 um 0.2 0.078 0.206 0.956 0.687
0.25 0.075 0.202 0.886 0.723
0.3 0.074 0.185 0.853 0.737
A=0.04 um 0.100 0.208 0.920 0.794
w,=0.1 mm 0.07 0.083 0.225 0.990 0.751
o 0.1 0.066 0.242 1.071 0.712
Longitudinal
waviness w,= 0.1 mm 0.066 0.242 1.071 0.712
(0=0) 0.15 0.066 0.227 0.996 0.719
A=0.1 ym 0.2 0.108 0.217 0.937 0.736
0.25 0.073 0.211 0.873 0.744
0.3 0.067 0.206 0.853 0.753
A=0.05um 0.090 0.186 0.962 0.962
0.1 0.094 0.185 1.065 1.065
0.14 0.097 0.184 1.147 1.147
Ridge & Dent 0.18 0.098 0.183 1.230 1.230
(w,=0.2 mm) —0.05 0.082 0.188 0.880 0.758
—0.1 0.084 0.190 0914 0.658
-0.14 0.088 0.192 0.944 0.578
-0.18 0.093 0.194 0973 0.500
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