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7.ábra. EDS elemtérkép az aceton-ecetsavas mintáról:a) Ca, b) P, c) O eloszlásáról, d) eredeti SEM felvétel
Fig. 7. Element mapping of the acetone-acetic acid samples: a) Ca, b) P, c) O and d) the general view (SEM

image).

8.ábra EDS elemtérkép az aceton-izopropanolos mintáról: a) Ca, b) P, c) O eloszlásáról, d) eredeti SEM
felvétel

Fig. 8. Element mapping of the acetone-propanol samples: a) Ca, b) P, c) O and d) the general view (SEM
image)
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Fig.8. Tangential shear strain in Arcan butterfly speci-
men

8. ábra Tangenciális csúsztató nyúlás az Arcan féle
pillangó próbatestben

Verification of material model – numerical
simulations

The orthotropic composite model of the material
with the rubber matrix reinforced by textile cords
was incorporated into the FEM analysis of the
large deformations of the inflated cylindrical air-
spring. The axisymetric membrane element kine-
matics and the constitutive equations were devel-
oped. The tangent stiffness matrix and the external
force vector were also formulated. The computa-
tion in Matlab was carried out by Tran Huu Nam
(2004). Intermediate stages of inflated membrane
and limit points were computed by the combination
of modified Newton-Raphson method with load
increments controlled by the iteration count of
previous convergence and by the arc-length
method. Another model based on rebar elements
at Fig. 9 was implemented in ANSYS by Urban
(2005). Different hyperelastic anisotropic material
models were implemented into Comsol Multiphys-
ics by Hoang Sy Tuan (2007). This FE code allows
largely the user implementation of different mate-
rial models.
Conclusion

The overall objective of rubber composite design-
ing is to produce an optimal product with predict-
able and reliable behavior in service. To achieve
this, it is necessary to identify and evaluate the
effects of the various material parameters and to
determine material characterization under quasi-
static, fatigue and environmental loading condi-
tions. An overview of recent advances in the
theoretical and experimental research of behaviour
of composites with rubber matrix reinforced by
textile cords at Technical University of Liberec was
reported. The effects of the cord reinforcement on
the elastic properties of rubber composite compo-
nents are investigated. A model is presented for
the prediction of the rubber composite material
behaviour. Hyperelastic material properties are

determined on the basis of experimental meas-
urements. The verification of material models by
the comparison of experimental measurements
with numerical simulations in finite element code
shows good agreement.

Fig.9. Deformation of a cylindrical air-spring calculated
in ANSYS code

9. ábra. A légrugó ANSYS kóddal számított deformáció-
ja

Acknowledgement
This work was supported by the subvention from

Ministry of Education of the Czech
Republic under Contract Code MSM 4674788501

References
1. Arcan, M., Hashin, Z., Woloshin, A., (1978) A

Method to Produce Uniform Plane-Stress
States with Application to Fiber-Reinforced Ma-
terials, Exper. Mech., 18, pp. 141-146.

2. Bouguet J. Y., (2004), Camera Calibration
Toolbox for Matlab,

3. http://www.vision.caltech.edu/bouguetj/calib_do
c/index.html

4. Garcia D., Orteu J.J., Penazzi L., (2002) A
combined temporal tracking and stereo-
correlation technique for accurate measurement
of 3D displacements: application to sheet metal
forming, Journal of Materials Processing Tech-
nology, Vol. 125–126, pp. 736–742.






































































