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ABSTRACT

resistance using finite element method. The Abaqus code was used for this

purpose. A two-dimensional axisymmetric model was first designed to form
the tire layout in the mold. After analyzing for rim mounting, an internal pressure was
applied to the tire. Having rotated the tire cross-section about rolling axis, a three-
dimensional model was then created and used for the analyses under static vertical load
and steady state rolling conditions. Owing to the use of arbitrary Lagrangian/Eulerian
framework, a constant linear velocity was assumed and the analysis was performed
for a range of angular velocity of the tire. An in-house developed user subroutine was
employed and linked to the Abaqus for the accurate determination of the free rolling
rotational speed (angular velocity) of the tire based on zero force/torque. Two sets of
analyses were performed. In the first set, it was assumed that the mechanical behaviors
of the rubbery parts could be described by the well-known Ogden hyperelastic model.
In the second set, hyper-viscoelastic behaviors were assumed in which the Ogden
model was combined with the Prony series to take the material history and time effect
into consideration. The difference between the calculated longitudinal forces in rolling
state using the mentioned models was attributed to the rolling resistance of the tire. In
order to check the accuracy of the proposed method, the predicted rolling resistance
force was compared with that of experimentally obtained data which confirmed the
applicability and robustness of the model. The contact pressure distributions have
been presented and discussed in relation to different types of material model.
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