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Summary

The object of the present work is to measure and study the interacting forces
betwesn the tyre and the road surface in the comtact patch in case of smail
obstacles of different heights and under different tyre operating conditions. To
realise this object a test-rig was prepared and equipped with a force dynamometer
far measuring both the verlical and the longitudinal dynamic forces in the contact
patch. the experimental investigation was designed to obtain the effect of the
inflation pressure, the tyre deflection and the ohstacle configuration under tyre
rolling condition. The rig was also equipped with a data acquisition system, capable
of recording the analogue signal and converting it to digital one, was used in
collecting and analyses of the acting forces, A module unit was used to supply
power and balancing volt to the used sensors. Twe main groups of experiments
were conducted. The first group was done on a free rolling tyre rotating against a
1.5 m diameter fiywheel. The second group was conducting by introducing obstacles
of different heights with different centre distance between the obstacle and the

dynamometer.

The results of the experimental work were presented as force distribution around the
middle of the contact patch. The distribution of the vertical force in case of free
roliing shows a small deviation of the peaks towards the leading side of the contact
patch. This indicates the correct direction and the value of the rolling resistance, in
case of enveloping an obstacle the vertical farce distribution shows a concentration

in the obstacle zone and relieve of forces in the neighbourhood.

The distribution of the vertical forces far from the neighbourhood is similar to the
case of free rolling. The distribution of the longitudinal forces in the contact patch in

case of free rolling shows an asymmetric distribution around the lateral axis.



il

A positive force in the leading side due to the compression of the tyre before
interring the contact zone is followed by a negative force in the trailing side due to
tread relief . In case of enveloping an obstacle the jongitudinat distribution is
dependent on both the obstacle height and its circumfrentiat distance from the

dynamometer to a great extent .
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Nomenclature

total tyre deflection

tyre deflection due to a flat surface, Appendix {A.2)
extra tyre deflection due to the flywheel
curvature, Appendix (A2}

calibration force applied to

the dynamometer, Appendix (A.1)

tyre enveloping function, equation (2.1)
obstacle height

half contact length, equation {2.1)
distance between obstacle centre and
the dynamemeter centre

contact patch length, equation (4.1)
flywheel speed, equation (4.1)

tyre inflation pressure

flywheel radius

tyre radius, Appendix (A.2)
translational veloctty

tyre total vertical load , equation (4.2)
calibration weights, Appendix (A1)

original road surface irregularities, equation {2.1)
filtered road profile, equation (2.1}

Greek symbols

Q

spatial frequency, equation (2.1}
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CHAPTER {1)

Introduction

The ceombination of road, tyre, vehicle and driver ferm one complete
interacting system. The characteristics of the wehicle may be described
in terms of its performance, handling and ride. The driver response to
vehicle vibration, which may be induced by a variety of sources including
surface irregularities, aerodynamic forces and vibration of the engine and
transmission, is reflected on the perfiormance of the vehicle.

The mechanical characteristics of the fyre in contact with the rcad must
be considered within the wvehicle mechanics. The siructure of the
pneumatic tyres is considered complex. This makes its behaviour
unpredictable by a satisfactory theory. An important properly of a
pneumatic tyre is its ability to cushion a vehicle against road irregularities.

In modern highway vehicles most of the primary contro! and reacting
forces which are applied to the vehicle, with the exception of aerodynamic
forces, are generated in the tyre-road contact patch. Thus, it has been
said that “the crifical control forces that determine how a vehicle turns,
brakes and accelerates are developed in the contact paiches which has
an area not bigger than a man’s hand”.

A thorough understanding of the relationship between tyre, its operating
conditions, and the resulting forces and moments developed at the
contact patch is an essential aspect of the dynamics of the total vehicle.
The tyfe serves essentially four basic functions :

1) Sustains vehicle load,

2} Transmits the drive force and the braking force to the road surface,



