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For a moving wheeled farm tractor, all forces and moments influencing the tractor
performance are mostly applied through the contact patch of the wheel-tire assembly and the
ground surface of the operating environment. Therefore, the study of ride performance,
handling behavior and traction characteristics of wheeled farm tractors is absolutely based on
a basic understanding of the tire—terrain interactions. This thesis describes the development
of methods for investigating the dynamic interactions between the agricultural tires and the
grounds. Three main contributions of the thesis are made towards accurate and reliable data
of stiffness and damping of agricultural tires as well as transient responses of wheels and soft
soils during passage of a farm tractor in different combinations of wheel configuration,
tractor oj)eration, and ground surface condition. The main resuits of the thesis can be
summarized as follows:

1. Cable-suspended—plate method for determining and analyzing the static and dynamic
properties of non-rolling agricultural tires in the longitudinal and lateral directions is
presented. Especially, intensive investigations have been made in order to establish the
magnitudes, trends and ranges of the tire stiffness and damping under different combinations
of tire load and inflation pressure. A model for simulating the tire response has been
developed by taking account into the damping effects on the free vibration of the steel plate
under the constraints of front and rear tires. The simulated and experimental results of the
plate accelerations are presented and compared in order to verify the measured tire

properties.

2. Static load—deflection method and free-vibration method are also introduced to
experimentally determine reliable information concerning the suspension characteristics of
agricultural tires in the vertical direction that also are inputs for tractor dynamic simulation.

3. A method for investigating the soil normal and tangential stress distributions at the
tire—soil contact patch of a2 moving farm tractor at different combinations of wheel load,
wheel slip, inflation pressure, soil type, and tractor operation 1s described.

4. A simple method for measuring the dynamic axle load using strain gage techniques is
introduced. Transducers which are capable of acquiring the torque and moments acting on
drive axle of a moving farm-tractor are designed, calibrated and instrumented in order to
experimentally analyze the effects of wheel configuration, tire non~uniformity, tire lugs, and
ground surface condition on the fluctuation of dynamic axle load.
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