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Abstract : In this paper, the sealing performance of the reservoir tank of the coolant supply module under the thermal
management system was studied by using CAE, which considers the hyperelastic and viscoelastic properties of the O-ring.
The type of rubber used in this research is the EPDM rubber, which was modeled under the Parallel Rheological
Frameworks. The material model was drawn from the Marlow model that used uniaxial tension test data, and the hyperelastic
properties, Mullins effect, and permanent set properties were considered. Moreover, in the O-ring sealing analysis, the
viscoelastic properties according to time change were applied to the model, and leakage was determined based on the result
of the contact pressure. In the analysis, the change in the temperature of the system over time was considered as a major
factor. An experiment was conducted to verify the proposed method of analysis, and its validity was verified after confirming
the correlation between the FEA result and the experiment. An analysis of various factors that were estimated to cause O-ring
leakage was performed, and, finally, a design to improve contact pressure was proposed and verified. Through the method
proposed in this paper, it became possible to analyze the sealing performance of thermal management system products that
were operating in complex environmental conditions. It is expected that the level of product development will further
improve as various design elements, such as product cost reduction and weight reduction, can be reviewed.

Key words : Coolant control hub modules system(*§ 2t 35 R& Al2~Hl), Hyperelastic(ZEHd), O-ring(2-%),
Reservoir tank(2] A1 B 1), Sealing performance(”]'d %3 5), Structural analysis(--Z=314), Viscoelasticity(% £+43)

Nomenclature max ) . L . .
dev : maximum deviatoric strain energy density
U, : deviatoric strain energy densit; Ter . . . ;
dev gy y e : equivalent rate of viscoelastic creep (=)
. 1 1 1 —cr . .

U, : strain energy density for volumetric -  equivalent creep strain
Upo(X,) : deviatoric part of the strain energy density q : equivalent deviatoric kirchhoff stress

of primary material response P : kirchhoff pressure
U, () : volumetric part of the strain-energy density ¢y m,nand g, : material parameters

of primary material response r, M, 3 : material parameter in the mullins effect
J! : represents the elastic volume ratio model
erf(x) : error function n : damage variable in the mullins effect model
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Table 1 Material parameters for O-Ring rubber EPDM"'?

Mullins r m Beta
effect 1.34 1.71E-02 3.06E-01
Plastic strain Yield stress [MPa]
0.000 0.379
Plastic 0.027 0.457
0.049 1.066
0.182 3.412
1.823 32.238
Network ID s 9 n m
1 0.2756 | 7.00 1.0 0
Power
2 0.0551 | 69.93 1.0 0
law creep
3 0.0787 | 0.5449 | 1.5 0
models
4 0.1190 | 1.09 11.0 0
-9.5 8.86 101.6
Temperature [°C] ay
-50 0.000239
Coefficient -18 0.000254
of thermal 52 0.000265
expansion 87 0.000302
117 0.000388
150 0.000366
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Fig. 3 Stress-strain curves for PP and PPS plastic

Table 2 Material parameters for Reservoir tank PP plastic

Temperature [°C] ar
_44 1.45E-04
34 1.28E-04
4 6.50E-05
Coefficient 6 4.50E-05
of thermal 23 0.00E+00
expansion 50 6.50E-05
60 8.75E-05
90 1.45E-04
100 1.55E-04
130 1.73E-04
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