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Finite Element Analysis on the Sealing
Mechanism of U-Cup Seals
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*Tribology Research Center, Hongik University
**Choongwae Medical Co.

Abstract—Minimum clearance between the U-cup seal groove of a piston and a cylinder bore
to ensure against extrusion of the U-cup ring and leakage of working fluids is an important design
parameter for a seal designer in hydraulic cylinder applications. Therefore, typical U-cup seal
of a hydraulic actuator has been analyzed as a function of a sealing gap using the nonlinear FEM
software MARC. In this study, the ‘useful design data were presented as a function of the sealing

gap and the sealed hydraulic pressure.
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Fig. 1. Typical U-cup seals for a hydraulic actuator.

Fig. 2. Undeformed finite element mesh and applied bou-
ndary conditions of U-cup seals.

Table 1. Data for a finite element analysis

Material parameter Values

* Nominal seal diameter, mm 45

* Number of elements 705

« Number of nodes 1484

* Young's modulus, kg/mm’ 2.44

e Shear modulus, kg/mm?® 0.46

» Hardness(Shore A) 93

« Tensile strength, kg/mm?® 55

* Density, kg/mm? 11.1

¢ Type of element 5-nodes isoparametric
quadrilateral ring
with extra pressure
node and Hermann
formulation
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Fig. 3. Equivalent von Mises stress distribution of U-cup
seals for a hydraulic actwator with initial radial in-
terference.
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(c) Radial interference = 1.8mm
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Fig. 4. Equivalent von Mises stress distribution of U-cup
seals for a hydraulic actuator with initial hydraulic pres-
sure applied.
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Fig. 5. Contact force of U-cup ring as a function of the
interference.
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Fig. 9. Contact force as a function of seal contact posi-
tion against the cylinder bore for G=0.5 and §=1.2m.
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