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ABSTRACT

The limitations of current simulation packages in addressing the true longitudinal behaviour of
railway bogie dynamics during braking/traction has prompted the development of a Rail Bogie
Dynamics (RBD) program in this thesis. The RBD program offers novel features for the
calculation of the speed profile as a function of the brake torque as well as explicitly determining
wheelset angular velocity. With such capability, the speed profile is no longer treated as an input
calculated as a priori as required by most of the current simulation systems. The RBD program
has been developed using a formulation that includes the wheelset pitch degree of freedom
explicitly with a coordinate reference system that is fixed in space and time. The formulation has
made the simulation of the bogie dynamics during braking/traction possible in a natural way
using the brake/traction torque as the input and the resulting speed profile as the output without
any need for working out the speed profile as a priori. Consequently, severe dynamics during
braking such as the wheelset skid and the onset of wheel climb derailment can be modelled and

critical parameters investigated using the RBD program.

The RBD program has been validated, where possible, through a series of simulations using a
commercial software package (VAMPIRE). For cases which cannot be simulated by VAMPIRE
such as the wheelset skid, a novel experimental program has been designed and commissioned in
the Heavy Testing Laboratory of the Central Queensland University as reported in this thesis.
One of the possible applications of the RBD program in examining the effect of asymmetric
brake shoe force in bogies equipped with one-side push brake shoe arrangement is illustrated in
this thesis. It is believed that the model and RBD program will have significant benefit in
understanding the true longitudinal behaviour of wagons in suburban passenger trains that
operate under braking/ traction torques for most of their travel. Similar studies will also be
useful to freight train wagon dynamics during entry and exit of speed restriction zones and tight

curves.
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1. INTRODUCTION

Suburban passenger trains operate under braking / traction condition during most of
their travel. Most heavy haul and long haul trains are also operated under similar
condition when they enter and exit speed restriction zones and/or tight curves.
Although braking/ traction torques modify the operating speed in a complex manner,
which could only be realistically evaluated using rigorous calculations, current
simulations are routinely carried out for constant speed conditions with the speed

profile input as a priori.

With a view to providing a simulation platform which truly accounts for
traction/braking torque induced dynamics of wagons, this thesis formulates a model
that explicitly accounts for the wheelset pitch degree of freedom. The formulation is
provided with reference to a coordinate system that is fixed in space and time. The
formulation enables the simulation to be performed in a natural way using the
brake/traction torque as the input and the resulting speed profile as the output without
any need for working out the speed profile as a priori. A MATLAB computer program
titled Rail Bogie Dynamics (RBD) program which uses the formulation is developed

and reported in this thesis.

1.1. AIM AND OBJECTIVES
The aim of the thesis is to formulate a model with the potential for simulating true
longitudinal dynamics of bogies under braking/traction torque. This aim is achieved

through the enabling objectives listed below:



. Review the dynamics of rail bogies including the effect of braking/traction

through literature study.

. Review the theory of wheel-rail rolling contact available in the literature to

incorporate suitable criteria in the model developed.

. Formulate the system dynamic equations and their solution technique capable of

truly modelling the longitudinal dynamics of bogies subjected to

braking/traction torque.

. Develop the Rail Bogie Dynamics (RBD) program based on the formulation

and solution technique as per objective 3.

. Validate the RBD program against VAMPIRE where possible
. Validate the other and most severe cases using a full-scale laboratory test.

. Apply the RBD program to evaluate the severe dynamics of bogies induced due

to asymmetric brake shoe forces.

1.2. SCOPE AND LIMITATION

The scope of this thesis is to investigate the dynamics of railway bogies subjected to

traction/braking torque. The severe bogie dynamics involving wheelset skid will be

investigated through simulation and experiments. The effect of the asymmetric braking

due to error in the distribution of the brake shoe normal force within a single wheelset

in bogies equipped with one-side push brake shoe will also be examined.

The limitations are:

1.

1l

1il.

Only tangent track will be considered.
Only simple and most common bogies will be considered.

Whole wagon dynamics will not be considered.



1.3. OUTLINE OF THE THESIS
This thesis contains 10 chapters that cover the formulation, validation, and application

of the RBD program.

Chapter 1 outlines the aim, objectives, scope and limitation of the thesis.

In Chapter 2, the basic terminologies used in wagon and bogie dynamics are reviewed.
The mechanics of wheel-rail contact, which is fundamental to the bogie and wagon
dynamics, is discussed. The wagon braking and traction systems and their principle of
working are reviewed briefly for completeness. In the last part of this chapter, a review
of the current railway wagon simulation software systems and their limitations to

perform true longitudinal dynamics of wagon simulation is presented.

Chapter 3 describes in detail the formulation of the RBD program. The coordinates of
reference and the formulation of multibody system equations are presented in detail.
The law of contact between rigid bodies contact and its mathematical formulation
applied to the wheel-rail contact patch are described. The calculation of creep forces
using the Polach formulation is presented. The technique for solving the system
equations that involves the differential equilibrium equations and algebraic constraint
equations in the augmented form is exhibited. Finally, the algorithm for the railway

bogie dynamic analysis is presented in a flow chart.

Validation of the RBD program against VAMPIRE, where possible, is contained in
Chapters 4 and 5. The simulations in Chapter 4 deals with the dynamics of the wheelset
within a bogie frame whilst Chapter 5 deals with the dynamics of simplified two axle
bogies. A series of simulations with or without the application of braking/traction

torque with various track irregularities are presented.



Chapter 6 describes the design of an experimental program to validate the novel
features of the RBD program for the calculation of the speed profile as a function of the
brake torque as well as explicitly determining wheelset angular velocity. The concept
of the measurement system and the specification of measurement devices used in the
experiments are presented. The modifications of the bogie used in the experiment to
suit the mounting of the measurement devices and the construction of the test track are

also explained.

Chapter 7 presents the results of the experimental program described in Chapter 6. For
convenience, the data obtained from the experiments is categorised into two parts. The
first part presents the primary data which is gathered directly from the measurement
devices and the second part presents the derived data which is manipulated from the
primary data. Three brake cylinder pressure cases have been examined from the
experimental data; they are 130 kPa, 150 kPa, and 180 kPa. These cases represent the

condition below the skid limit, at the skid limit, and above the skid limit respectively.

The comparison of the experimental results with the results obtained through the
simulation using the RBD program is exhibited in Chapter 8. The input for the
simulation is the measured experimental brake torque and the output is the longitudinal

acceleration / deceleration, speed profile, angular velocity and slip.

Chapter 9 presents the application of the RBD program to simulate the severe bogie
dynamics due to application of asymmetric brake normal forces within a single
wheelset in bogies equipped with a one-side push brake shoe arrangement. The effect
of various levels of asymmetric brake shoe forces and application time is examined and

reported in this chapter.



Chapter 10 provides the summary of the thesis and lists the conclusions that have
emerged from this research. Some recommendations for further research are also

offered in this chapter.



