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A Study

on the Relationship between Stress Relaxation and Performance of a Lip Seal
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A lip seal is widely used not only to prevent leakage of fluids from an actuator or a rotating shaft
but also to exclude outside substances. Recently, TPU(Thermoplastic Polyurethane), which is
one of the sealing materials, has been frequently used due fo its excellent mechanical properties
and wear resistance. The material constants for finite element analysis through the experiment on
stress relaxation are presented. The reaction forces of a shaft as well as the contact pressures of
a lip seal under condition before and after stress relaxation using finite element analysis were

obtained, The results show that stress relaxation has not a little effect on the performance of a lip
seal.
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Table 1 Physical properties of TPU

Items Unit | Result
Tensile strength MPa 36
Elongation at brake % 500
100% Modulus(Stress at 100% strain) | MPa 8
Hardness(Micro-IRHD) - 91.1
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Fig. | Uniaxial tension specimen
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Fig. 2 Testing equipment for stress relaxation
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Fig. 3 Results of stress relaxation test (stress-time curves)
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Table 2 Relaxation rate
Sltrain re?;xf;)trif)n reliietgon Relaxa;[ion
evel (MPa) (MPa) rate (%)

0.1 2.44 1.72 29.51

0.2 3.79 2.72 28.23

0.3 441 3.12 29.25

04 4.65 3.28 29.46
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Fig. 4 Stress-strain curves before and after relaxation
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Table 3 Material constants of TPU

Mooney-Rivlin Constants (MPa)

After Before

Cio -2.427 -4.749

Coi 6.154 10.136

Cn -0.223 0210
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Fig. 5 Comparison of experimental curves with Mooney?3
curves
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Fig. 6 Sealing system of lip seal
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Fig. 7 Boundary conditions
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Fig. 10 Stress distribution (After relaxation)
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(a)Main lip (5. 686MPa) (b) Sub lip (4. 270MPa)
Fig. 11 Max. contact pressure of lip (Before relaxation)

(b)Sub 1ip(41.928 N)
Fig. 12 Contact normal force of lip (Before relaxation)

(a) Main lip(115.178 N)
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TEE FARIAT 42 39 zpolg Holed
HollA HuEESdE 39 3.9MPa, BRZ YA
2.897MPa & HQlth @3 &3 HEHY Fo
108.41 N o]t}

(a)Main lip(3.900MPa)

(b)Sub lip(2.897MPa)
Fig. 13 Max. contact pressure of lip (After relaxation)

Table 4 A4 BEo] o) RE4AY 4 3
9o Ang AL WA A7 314%EF
A),322 %(HZE), 31 %] FAELS B}

Table 4 Comparison of maximum contact pressures and
contact forces

Before After |Relaxation
Pressures and forces relaxation | relaxation | rate (%)
MaX. | \aintip | 5.686 3.900 314
Contact ain lip . . .
pressures .
(MPa) Sub lip 4.270 2.897 322
Contact normal
forces(N) 157.106 | 108.410 31

(b)Sub 1ip(28.842 N)
Fig. 14 Contact normal force of lip (After relaxation)

(a) Main lip(79.568 N)
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Fig. 15 Reaction forces of shaft
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