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Coupled Thermal-Mechanical Analysis of Rubber Oil Seals

Chung Kyun Kim, In Ki Jun
Tribology Research Center, Hongik University

Abstract—This paper deals with the distributions of the contact stress in oil seals. The distribu-
tions of the contact stress due to the temperature effects are analyzed for various values of the
interference for a nitrile rubber seal.

The calculated FEM results show that the relative maximum stresses occur at the contacting
area against the shaft, the flex zone, and the contacting area of the garter spring grooves. Using
the coupled temperature-stress FEM analysis, the contact force of a radial lip seal with and without
the garter spring are studied as a function of shaft diameter. The calculated results of mechanical
analysis show good correspondence with those of the coupled thermal-mechanical analysis method
except small values of the interference. And the calculated results indicated that the thermal
stresses only have a very minor influence on the deformed shape of the lip seal as the interference
increases. But the coupled temperature-stress analysis will be very useful tool to predict the contact

behaviors of rubber lip seals for smali values of the interference.
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[ W Table 1. Material parameters used in finite element
~Metal Case analysis

Garter prmﬂ U
@l/} PN J (AE\ ) Material parameters Values

Seal anl..%’\\ Mass of garter spring, kg 2.75X1073
/ Garter spring stiffness, N/m 0.108
Initial circumferential force of 4.46X1073
Rotary Shaft garter spring, kg/mm
| / Density of nitrile rubber, kg/m® 1460
— - - - - - Specific heat, J/kgK 2000
Fgi. 1. Radial lip seal Heat conductivity, W/mK 0.43
Thermal expansion coefficient, 1/K 9.44X10°°
Mooney-Rivlin constants of nitrile Ci=-2746
rubber, Mpa C,= —4.597
'T1
H — [TT1] ) .
- Table 2. Simulation data
Conditions Values
Shaft diameter, mm 70
Seal lip edge temperature, C 100
\/ Oil temperature, C 40
v Air temperature, C 20
L__x Housing temperature, C 30
Heat transfer coefficient of oil, W/m’K 200
Fig. 2. Mesh and deformation used in the FEM cal- Heat transfer coefficient of air, W/m?K 10
culations
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Fig. 3. Normal stress distribution of oil seals with gar-
ter spring
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Fig. 4. Normal stress distribution of oil seals with gar-
ter spring based on the thermal-mechanical analysis
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Fig. 5. Normal stress distribution of oil seals without
garter spring
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Fig. 6. Normal stress distribution of oil seals without
garter spring based on the thermal-mechanical analysis
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Fig. 7. Tangential stress distribution of oil seals with
garter spring based on the thermal-mechanical analysis
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Fig. 8. Tangential stress distribution of oil seals wi-
thout garter spring based on the thermal-mechanical
analysis
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Fig. 9. Comparison between mechanical analysis and
coupled thermal-mechanical analysis on the contact fo-
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