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Analytical Study on the Dynamic Response
of Rubber Qil Seals

Chung Kyun Kim
Tribology Research Center, Hongik University

Abstract—This paper deals with a numerical study of the dynamic response of rubber oil seals for
rotating shaft when interference as well as static and dynamic eccentricities are present. In loss of
contact conditions the dynamic curve of oil seals is numerically simulated using the FEM package
MSC/NASTRAN. The direct integration method is selected to analyze the time domain response of
the seal lip-shaft contact. The computed results based on the experimental data indicate that the in-
creased rotating speed may produce the gap separation between lip edge of rubber seals and shaft.
These results will be very useful in predicting the dynamic leakage due to contact behaviors of rubb-

er oil seals under dynamic conditions.
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Fig. 1. FEM solid model of the seal dynamic response
for cylindrical coordinate with 0.2 degree.

Table 1. Material parameters used in finite element
analysis

Parameters Values
* Inner diameter of oil seal (mm)
—~ With garter spring 67.6
- Without garter spring 68.3
« Shaft diameter (mm) 70.0
+ Shaft interference (mm) 1.2
* Garter spring
~ Mass (g) 5.54
~ Initial length (m) 232
~ Initial spring force (Nm) 37.02
» Spring constant with 0.2° (N/m) 3.31
- Specific mass of nitrile rubber (kg/m®) 1.22%10°
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Fig. 2. Radial displacement of the lip seal in contact
with the rotating shaft.
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Fig. 3. Dynamic response for various values of the in-
itial interference as a function of the elapsed time.
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Fig. 4. Proposed dynamic response through a ma-
croscopic sinusoidal indenter in a viscoelastic solid.
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Fig. 5. Dynamic response for various values of the dy-
namic eccentricity as a function of the elapsed time.

7 '
i ! '
) i :
' ) ' ‘ ,
[l ' L ——— )
! T .
: 7 . ) :
——————— R e R
: ; i ' )
t il ] ' '
. : . ‘ ! !
! ; ; : i i
! i i , i
, ! ‘ . ) )
R PR Lol [ R R
‘ i ‘ g i
: ! ! i ! :
! ! i ' ' i
' | . , '
! i ; ! . X
! ! , . ‘
. ; ! ' i .
1.0 4= - - = mm == = I [ i T .
: ) ' i ' ‘
! . : ' ! '
i ! ; ) ' '
: . . ! ' :
: i ' i '
; ; ' ‘ |
0.5 trrrrvrrh v 4 + —r} e
200 400 800 800 1000 1200 1400

Shaft speed (rpm)

Fig. 6. S/e, vs. shaft speed for lip-shaft separation con-
tact conditions.
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