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INTRODUCTION
EPDM O-ring sealing structure has become one of the key components in industry sealing devices due to
its simple structure, excellent sealing performance. Sealing structure failure generally reduces the
equipment execution efficiency. Sliding friction process is the key for sealing performance. Therefore, the
in-depth study on friction characteristics of sealing structure can improve the sealing performance of the
seal equipment and extend its service life.
With the growth in computing technologies, finite element method becomes an important analysis tool to
describe the engineering physics model. Finite element model of O-ring radial seal structure was
developed for the sealing performance of electromagnetic measurement in drilling instrument [1]. Sealing
performance of combined seal structure of rubber O-ring and wedge-ring was investigated by using finite
element analysis[2]. A numerical study of grooved shaft under transient conditions was carried out and
the effect of shaft roughness on elasto-hydrodynamic lubrication of rotary lip seals was also conducted by
Gadari [3-4]. Results showed that the numerical results have a good agreement with the experiments. In
above, most of current researches were developed on the sealing performance of macroscopic sealing
structure. However, the multi-scale studies of frictional properties is also very important for sealing
performance.
In this paper, a new macro-micro contact model is developed in sliding friction process based on Hertz
contact theory and fractal theory. Firstly, micro surface morphology of shaft and seal is obtained by
OLYMPUS DSX510, and fractal contact model is established. Then, multi-scale finite element model of
sliding friction is developed by ABAQUS, and influence of roughness and fractal parameters on contact
characteristics are investigated. Finally, influence of compression ratio, temperature, and hydraulic
pressure on the contact characteristics are investigated.

FINITE ELEMENT MODEL

The seals and shaft surface morphologies are observed by DSX-510 Optical Digital Microscope with the
magnification of 416X. The cross-sections are obtained by the post-processing software with paralleled to
the X-axis every 100um. Then, the surface fractal model is developed by the structural function method.
Here, plynomial model based on continuum mechanics theory is used to describe the property of EPDM
rubber[5]. Macro-micro contact model is developed by ABAQUS, seen in Fig.1. Compared to the detailed
whole real sealing model, the 2D symmetry model is developed for minimizing the total times of analysis.
Besides, the micro sealing properties are also investigated by considering the effect of surface
morphology on the sealing properties.
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Fig.1 Macro-micro contact model

RESULTS AND DISCUSSION
The effect of compression ratio, temperature, and hydraulic pressure on the contact characteristics is
shown in Fig.2. Results indicate that contact pressure and compression length ratio increases when
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(a) 2D symmetry macro-contact model (b) Simplified micro contact model

compression ratio and hydraulic pressure increases, however it decreases when temperature increases.
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Fig.2 Contact characteristics under no frictional conditions

The evolution of surface morphology has many typical features. Therefore, it has limitation to describe

Compression length ratio

seal properties only depend on contact pressure. Thus, the compression length ratio A is defined, which

can be written as
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where Eyis the Young's modulus of EPDM rubber obtained by experiment, R is the curvature radius of



single asperity, D is the fractal dimension, y is the plastic coefficient, f(T) is a factor introduced to
correlate Young's modulus.

Theory analysis results of compression length ratio under different temperature are compared with the
simulation results of the real contact model, seen in Fig.3. It can be seen that the theory analysis results
are larger than finite element analysis results, the maximum error is about 7%.
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Fig. 3 Theory and simulation results of real contact model

CONCLUSION
The macro-micro contact characteristics of EPDM rubber O-ring is studied by finite element simulation.
According to the analyses results above, we mainly have the following points:
(1) Contact pressure and compression length ratio increases when compression ratio and hydraulic
pressure increases, however it decreases when temperature increases.
(2) A new method for calculating the real compression length ratio in sliding friction process is developed
on the basis of the theory and finite element coupling analysis method, which provides a reference for the
design and application of seals.

ACKNOWLEDGMENTS
This work is funded by major special project of Shandong province independent innovation achievements
transformation (20142ZCX03407), joint construction project of HIT and Weihai (2017DXGJ11) and Major
Program of National Natural Science Foundation of China (51790502).

REFERENCES
[1] Zhang M., Yao A.G., Luo Y.Z., and Hu X.D., 2013, “The Rubber O-Ring Seal Structure Simulation
Research of Electromagnetic Measurement while Drilling Instrument,” Applied Mechanics & Materials,
271-272, pp. 1717-1721.
[2] Zhou C., Zheng J., Gu C., Zhao Y., and Liu P., 2017, “Sealing performance analysis of rubber O-ring
in high-pressure gaseous hydrogen based on finite element method,” International Journal of Hydrogen
Energy, 42(16), pp. 11996-12004.
[3] Gadari M.E., Fatu A., and Hajjam M., 2016, “Effect of grooved shaft on the rotary lip seal performance
in transient condition: Elasto-hydrodynamic simulations,” Tribology International, 93, pp. 411-418.
[4] Gadari M.E., Fatu A., and Hajjam M., 2015, “Shaft roughness effect on elasto-hydrodynamic
lubrication of rotary lip seals: Experimentation and numerical simulation,” Tribology International, 88, pp.
218-227.
[5] Amin, A.F.M.S., Wiraguna, S.l., Bhuiyan, A.R., and Okui, Y., 2006, “Hyperelasticity model for finite
element analysis of natural and high damping rubbers in compression and shear,” Journal of Engineering
Mechanics, 132(1), pp.54-64.

KEYWORDS
Applied Tribology:Aviation, Seals:Elastomeric Seals, Friction:Friction Mechanisms.



