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Executive Summary

Project Title: Finite element stress-strain analysis of a solid tyre
Principle Researcher and Affiliation:

Asst. Prof. Dr. Arisara Chaikittiratana

Department of Mechanical Engineering, Faculty of Engineering
King Mongkut’s Institute of Technology North Bangkok

1518 Piboonsongkram Rd., Bangsue

Bangkok 10800

E-mail: acn@kmitnb.ac.th

Background and rationale of project

Solid tyres is one of the important engineering parts used widely in heavy industry.
Forklift trucks used for handling heavy materials and goods often use solid tyres. These tyres
have major advantages over the pneumatic tyres that they are puncture-proof, able to bear
heavy loads and, most importantly, less maintenance cost.

Thailand is the biggest producer and exporter of solid tyres in ASEAN. Solid tyres
produced in Thailand use natural rubber, which Thailand has a rich resource, as the major
constituent material (mostly over 80%). Also, Natural rubber has advantages such as low
rolling resistance and heat generation.

Due to the increasing competition in the world solid tyres market, improvements of the
product to meet customers’ demands are progressively important. However, at the present,
Thailand is greatly deficient in the suitable knowledge and effective methodology for the
product development. Up till now most Thai solid tyres producers opt to develop their
products by trial and error or copying tyre designs from abroad without a slightest idea of
what would be the consequence of the modifications they have made.

Solid tyre construction mostly consists of layers of the various rubber compounds of
varying thickness to form a composite structure. Steel wires and canvas are also used as
components in solid tyres. In order to improve the quality and performance of solid tyres to
suit the customers’ need, it is necessary to understand the influence of the tyre components on
the mechanical behaviour such as stress and strain distribution. This can lead to the
identification of locations at risk to damages and also results in a guidance for components
and compound formulations optimisation.

Computational finite element analysis (FEA) is a cheap and powerful tool that presents
an opportunity for a detailed study of the mechanical behaviour of a solid tyre under various
loading conditions. New ideas in the tire structure can be tested with computer models
instead of having to construct real prototypes. However, to get results with good accuracy a
model needs enough nodes, the use of right type of elements, nonlinear material model with
rubber, the use of right boundary conditions, the knowledge of the material characteristics
and parameters and the validation of the finite element analysis.

v



Objectives

1. To analyse and study the stress and strain distribution in the solid tyre cross-section
under the static loading condition imitating the vertical load bearing situation using
finite element analysis.

2. To study and gaining understanding of the influence of rubber components
constituted in the solid tyre on the stress and strain distribution behaviour.

3. To help forming a basis of effective methodology for analysis and design of solid
tyres.

Methodology

1. Literature survey of related published work.

2. Study of methods and steps used for constructing finite element models in ABAQUS
finite element software package.

3. Construct the finite element model of the solid tyre under investigation using ABAQUS
finite element software package.

4. Conduct tests for characterising mechanical behaviour of the all three rubber
components constituted in the solid tyre

5. Analyse the stress and strain distribution and deformation behaviour using Finite
element analysis

6. Validate the deformation due to a static loading of a solid tyre against the real
experimental data.

7. Analyse and study the variation of Stress and strain distribution and solid tyre
deformation due to changes in the rubber components such as volumes and moduli.

8. Conclude the study and write the study report.

Outputs

1. An effective methodology for constructing reliable finite element models of composite
solid tyres and analyses of results was accomplished.

2. An experimental set up for validating finite element results was devised.

3. The investigation of the influences of rubber components constituted in a solid tyre
construction was carried out and thus better understanding of roles of the rubber
components was attained.

Project Duration 1 November 2004 - 30 April 2005

Budget: 90,000 Baht
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Abstract

This study aims to demonstrate that computational finite element analysis is a powerful
tool that can be used to study the mechanical behaviour such as deformation, stress and strain
distribution and strain energy density distribution in composite solid tyres. It also can be used
to give the better understanding of the influence of the components constituted in the solid
tyres on the tyre mechanical behaviour. This can lead to form guidance for better tyre design.
More importantly, the computational modelling can save a lot of time and cost for testing
new designs without having to construct real prototypes for every new designs. However, to
get results with good accuracy a model needs enough nodes, the use of right type of elements,
nonlinear material model with rubber, the use of right boundary conditions, the knowledge of
the material characteristics and parameters and the validation of the finite element analysis.

In this study, a finite element model of a Thai made solid tyre was constructed to
simulate the static compressive loading condition. The solid tyre being modeled constitutes of
three types of rubber of components and steel wires. Rubber materials were represented
using polynomial hyperelastic model. The predictions from the finite element simulation
were validated against the real experimental data for the same static loading condition. The
predictions of displacements in the direction perpendicular and parallel to the contact plane
were in good agreement with the experimental data. Thus it can be said that the finite element
model constructed can give trustworthy analysis. Investigation of the influence of various
aspects of rubber components used in the tyre construction on the strain energy density
distribution which can be linked to identification of damage risk areas was also carried out.

Keywords Solid tire, Finite element stress-strain analysis
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