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EHL Analysis of the Ball Joint Contact
in a Reciprocating Compressor

Tae-Jong Kim'

School of Mechanical Engineering, Pusan National University

Abstract — In this study, a multigrid multi-integration method has been used to solve the steady-state, elas-
tohydrodynamic lubrication (EHL) point contact problem of a ball joint mechanism used in small reciprocating
compressors. Pressure and film thickness profiles have been calculated at minimum and maximum Moes M
parameter conditions during one revolution of crankshaft. The effects of various lubricant viscosities, loads, ball
velocities, elastic modulli, and radii of curvature on the calculated pressure distribution and film thicknesses have
been investigated. The results indicate that the viscosity of lubricant, the sliding velocity of ball, and the reduced
radius of curvature have considerable effects on the minimum and central film thicknesses. Solutions obtained
with the multigrid analysis are compared with results calculated according to the Hamrock & Dowson relations

for the minimum and central film thicknesses.

Key words — reciprocating compressors, ball joint mechanism, elastohydrodynamic lubrication (EHL), multigrid
method, pressure profile, minimum and central film thicknesses.
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Table 1. Comparison of minimum and central film thicknesses between Hamrock-Dowson relations and EHL
analysis for maximum load condition with compressible lubricant (w=257.08 N, u,=1.67 m/s, E'=2.26x10" Pa,

R.=19.089 mm)

w U h (LM) h. (m)

Parameter M Loy 0™ ¢ THD  EaL HD EHL

40 39938 9087 7.756 0156 0112 0278 0257

N 20 67167 830 3.878 0097 0057  0.174 0154
P 5 10 112961 698 3122 1939 4972 0061 0026 0110 0089
7 147606 638 1357 0048 0017 0086 0066

5 189977 587 0.969 0038 0011 0069 0049

20% 135553 3746 0059 0022 0108 0085

w 10% 124257 3434 0.060 0024 0109 0087
(A=10mPa-s) —10% 101665 O°° 2800 0 P72 4061 007 0110 0001
~20%  903.69 2497 0062 0030 0111 0094

20% 98524 730 2327 0068 0032 0123 0104

" 0% 105168 715 . 203 0064 0029 016 0097
(A=10mPa - s) —10% 122249 680 : 1745 0056 002 0102 0082
—20% 133540  6.60 1.551 0052 0019 0944 0074
20% 107923 800  2.601 1616 5966 0059 0027 _ 0108 00896
£ 10% 110301 749 2838 1763 5469 0060 0026 0109 0.0895
(A=10mPa-s) —-10% 115976 645 3468 2154 4475 0061 0025  0.110 00892
20% 119442 590 3902 2424 3978 0062 0024 0111 00891

20% 89940 667 2168 1616 0066 0022 0119 0082

R, 10% 100274 681 2580 1763 . 0063 0023 0114 0086
(A=10mPa-s) —10% 128862 716 3854  2.154 0057 0028 0104 0095
0% 149302 738 4876 2424 0054 0032 0098 0.101
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Table 2 Comparison of minimum and central film thicknesses between Hamrock-Dowson relations and EHL
analysis for minimum M parameter condition with compressible lubricant (w=91.4 N, ,=0.923 m/s, E'=2.26x10"

Pa, R..=19.089 mm)

Parameters M L w v fin () he (um)
(x10°)  (x107™) H-D EHL HD EHL
40 22183 850 4279 0111 0089 0199 0.187
A 20 373.08 715 2.139 0.069  0.047 0.125 0.114
(P2 10 62744  6.01 1.110 1070 4972 0.043  0.025 0078  0.069
7 819.88  5.50 0.749 0034 0017 0062 0052
5 105523  5.06 0.535 0027 0012 0049 0040
20% 26620 1332 0.110 0084 0197 0183
w 10%  244.02 1.221 0.111 0.087 0.198  0.185
(A=40mPa - s) -10% 19965 50 (999 4.279 72 0112 0092 0201 0,189
20%  177.47 0.888 0.113  0.095 0202 0.191
20% 19348  8.90 5.135 0.126  0.105 0225 0213
U, 10% 20653 871 1110 4.707 a7y 0119 0097 0212 0200
(A=40 mPa - s) —-10% 24007 829 : 3851 0.104 0081 0.186 0.173
-20% 26225 8.04 3423 0096 0.073 0.172  0.159

20% 211.95 9.75 0.925

E’ 10% 216.61 9.13 1.009
(A=40mPa -s) -10%  227.76 7.86 1.233
—20%  234.56 7.19 1.387

3.566 5966  0.109  0.091 0.197 0.185
3.890 5469  0.110  0.090 0.198  0.186
4754 4475 0113  0.088 0201 0.188
5.349 3978 0.114  0.087 0203  0.190

20% 176.63 8.13 0.771

R, 10% 196.92 8.30 0917
(A=40mPa - s) -10%  253.06 873 1.370
-20%  293.20 8.99 1.734

3.566 0.121  0.081 0217  0.175
3.890 4972 0.117  0.085 0208 0.180
4,754 0.106  0.095 0.190 0.195
5.349 0.160  0.101 0.180 0.204
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