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Abstract

Construction machines, also referred to as engineering vehicles or earth
movers, are used in a variety of tasks related to infrastructure development
and material handling. While modern construction machines represent a high
level of sophistication in several areas, their suspension systems are generally
rudimentary or even nonexistent. This leads to unacceptably high vibration
levels for the operator, particularly when considering front loaders and dump
trucks, which regularly traverse longer distances at reasonably high velocities.
To meet future demands on operator comfort and high speed capacity, more
refined wheel suspensions will have to be developed. The aim of this thesis is
therefore to investigate which factors need to be considered in the fundamental
design of suspension systems for wheeled construction machines.

The ride dynamics of wheeled construction machines are affected by a
number of particular properties specific to this type of vehicle. The pitch
inertia is typically high in relation to the mass and wheelbase, which leads to
pronounced pitching. The axle loads differ considerably between the loaded
and the unloaded condition, necessitating ride height control, and hence the
suspension properties may be altered as the vehicle is loaded. Furthermore, the
low vertical stiffness of off-road tyres means that changes in the tyre properties
will have a large impact on the dynamics of the suspended mass. The impact
of these factors has been investigated using analytical models and parameters
for a typical wheel loader. Multibody dynamic simulations have also been
used to study the effects of suspended axles on the vehicle ride vibrations in
more detail. The simulation model has also been compared to measurements
performed on a prototype wheel loader with suspended axles.

For reasons of manoeuvrability and robustness, many construction
machines use articulated frame steering. The dynamic behaviour of articulated
vehicles has therefore been examined here, focusing on lateral instabilities in
the form of “snaking” and “folding”. A multibody dynamics model has been
used to investigate how suspended axles influence the snaking stability of
an articulated wheel loader. A remote-controlled, articulated test vehicle in
model-scale has also been developed to enable safe and inexpensive practical
experiments. The test vehicle is used to study the influence of several vehicle
parameters on snaking stability, including suspension, drive configuration
and mass distribution. Comparisons are also made with predictions using a
simplified linear model.

Off-road tyres represent a further complication of construction machine
dynamics, since the tyres’ behaviour is typically highly nonlinear and difficult
to evaluate in testing due to the size of the tyres. A rolling test rig for large tyres
has here been evaluated, showing that the test rig is capable of producing useful
data for validating tyre simulation models of varying complexity.
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The theoretical and experimental studies presented in this thesis contribute
to the deeper understanding of a number of aspects of the dynamic behaviour
of construction machines. This work therefore provides a basis for the
continued development of wheel suspensions for such vehicles.
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