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The tire, which is the only contact point between the vehicle and the road surface, must
consider basic performance such as handling and stability of vehicle, environmental
performance such as reducing rolling resistance and pass-by noise, and comfort such as ride
quality and quietness. As the development cycle of vehicles shortens, it is required to design
tires that balance these performances at the planning stage before product prototyping. It is
essential to understand the mechanical causal relationship between tire design specifications
and characteristic values for design consideration, and the use of a "tire mechanical model" is
known as a way to achieve this. However, conventional models still have issues to be resolved
in terms of the accuracy of reproducing actual phenomena and practical use in design
considerations.

This study aims to address the challenges of improving the consistency between the contact
characteristics obtained from conventional tire mechanical models and actual measurements,
and rationally linking the friction coefficients and stiffness parameters included in the
models with tire design values. This paper is composed of six chapters, and after stating the
introduction in Chapter 1, the outlines of each chapter are as follows.

In Chapter 2, an "elliptical contact tire model" was constructed by considering the contact
shape, which has traditionally been treated as rectangular, as elliptical, thereby improving
the reproducibility of the measured contact characteristics. The superiority of the proposed
model over conventional models was demonstrated by comparing it with the contact pressure
distribution and lateral stress distribution measured with an inside drum-type tire tester.

In Chapter 3, the issue of contact characteristics in a state where rubber friction does not
have a causal relationship with viscoelastic properties and does not include slip velocity
dependence (mainly corresponding to wet conditions) was addressed. An elliptical contact tire
model incorporating Persson's friction theory was proposed, and the hysteresis friction
coefficient deduced from the viscoelasticity of rubber and its slip velocity dependence were
theoretically linked to the lateral stress distribution. However, there remained an issue in
calculating the scale parameter necessary for the model calculations to align with the tire
experimental results.

In Chapter 4, the issue of contact characteristics in a state where rubber friction has a causal
relationship with viscoelastic properties and includes slip velocity dependence (mainly
corresponding to dry conditions) was tackled. Here, Xu's friction theory, which considers both
hysteresis friction and adhesive friction, was incorporated into the elliptical contact tire
model. The parameters of the friction theory were identified from slip experiments of rubber
pieces with the same composition as the test tire. The proposed method demonstrated that it
could reproduce the measured longitudinal stress distributions more accurately than
conventional models without using the scale parameter, which was an issue in Chapter 3.




In Chapter 5, the issues of the parameters of the contact pressure distribution not having a
mechanical causal relationship with the tire component characteristics, and the conventional
mechanical model for calculating the contact pressure distribution not being able to
reasonably explain the longitudinal deviation of the experimentally confirmed contact
pressure distribution were addressed. Here, model parameters deduced from the tire design
specifications based on stiffness theory were incorporated into the contact pressure
calculation model. The contact pressure calculation model used a three-dimensional elastic
ring model, improved by formulating the hysteresis characteristics of the tire as variable
stiffness of the tread spring element. The proposed model demonstrated that it could
reproduce the deviation of the measured contact pressure distribution.

In Chapter 6, the results obtained in Chapters 2 to 5 were summarized, and the prospects for
future research were presented.
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