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Summary

This dissertation mainly deals with the development of the full-scale roller
testing rig for railway vehicles and the studies of dynamic performance by using
the roller rig. The following researches are included.

1. As a very useful equipment for the dynamic performance study of
railway vehicles, the roller testing rig plays a very important role in the
development of rolling stocks and locomotives. The brief review of
development of the roller testing rig is presented, and the comparison with
other roller rigs in the world are made as well. Viewpoint of using the
static track irregularity spectral as the exciting input for the roller rig is
pointed out, and its reasonableness is discussed. Based on discoursing
upon that the roller’'s motion combining vibration with rotation is the best
way to simulate the vehicle running condition, a new roller testing rig,
which is located in National Traction Power l.aboratory (TPL) in P. R.
China, is built. In this thesis, the designing scheme and key techniques
are studied, and the roller rig’s structure, main capacities and applications
are introduced. Through the vehicles test on roller rig, it is validated that
the roller testing rig's behavior can meet the requirement of simulating
vehicles running. It also indicates that the design of the roller rig is
successful, and the roller rig is very useful for developing high-speed
passenger car and heavy haul freight car.

2. Wheel-rail contact geometry is the basis for the study of railway
vehicle dynamics. As the roller rig uses finite radius rollers instead of rail,
it makes the roller rig's wheel-roller contact condition different from the
wheel-rail case as in the field. Under wheel-roller contact condition, a
method that can calculate the contact geometry position, contact patch,
creepage and creep coefficient is developed, and the computer program is
developed as well. The contact geometric parameters under TB conical
wheel profile and LM worn wheel profile (with 60 kg rail profile) are
calculated, and both wheel profile’s equivalent conicities and equivalent

contact angles are compared. With comparing the contact geometric



parameters of the wheel-rail case and wheel-roller case, their differences
and influence on vehicle dynamic behavior are investigated.

3. Although the study of vehicle system dynamics comes to
perfection, the study of vehicle-roller rig system dynamics is leaving to
open. In this thesis, the calculation formulas of wheel-roller contact
creepages, creep forces and equations of motion of wheelset are derived.
The mathematical model of the vehicle-roller rig system is established,
and computer program is developed. This is the basic condition for the
study of the vehicle-roller rig system.

4, One of the main capabilities of roller rig is to test and study the
stability of rail vehicles. This is also the only function roller rigs (with
pure rotation without excitement) have. Because the roller rig's
wheel-roller contact condition is different from the actual wheel-rail
condition, this results in difference between roller rig test results and field
test results, expecially for vehicle stability test. Since the characteristics
of suspension parameters and wheel-rail (roller) are nonlinear, the
hunting stability behavior for nonlinear system is certainly different from
lineat system. Therefore, the nonlinear system stability of the rail
vehicles is studied as a key work in this thesis. The Poincare map method
is employed to obtain the limit cycles of the vehicle system and the
stability of the limit cycles is determined by studying the stationary point
on the map. This is the first time to solve the nonlinear stability problem
of rail vehicles successfully by using Poincare map method in China.
Meanwhile the test method for nonlinear stability of the rail vehicles is
given. Also it is the first time to obtain the real railway vehicle’'s limit
cycle curve and Hopf bifurcation point by roller rig test in the world. The
test results validate that there are differences for the hunting critical
speeds between linear system and nonlinear system.

According to the method of calculating nonlinear system stability, a
computer program for full-size rail vehicle model with full degrees of
freedon and full nonlinear suspension characteristics is estabilshed, and
validated by means of high-speed passenger car and freight car tests on

roller rig. Based on it, the differences of rail vehicle's hunting critical
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speeds on roller rig and on track are analyzed. The analyze results indicate
that the hunting critical speed on roller rig is lower than on track, and the
differences are related to the vehicle structure and the suspension
parameters, particularly the primary suspension parameters. The analyzed
results provide good basis for analyzing and modifying the test results of
rail vehicles on roller rig.

The roller rig, as a test equipment, has some state errors such as the
gauge, rail cant and yaw angles, etc. These state errors influence test
results of railway vehicle's stability as well. Limit cycle amplitude-speed
relation is used to determine the hunting critical speed of railway vehicles,
the influence of eight state errors on test results are investigated in detail.
These analyses are very useful for the roller rig tests of vehicles and the
amendment of the test results.

5. Another main function of roller rig (with excitement) is to
simulate track irregularity. It means that using the roller rig can simulate
the railway vehicles running on the track. Unfortunately, the roller rig
can not directly simulate the track random inputs, because up to now
there isn't any standard track irregularity spectral in China. Therefore in
this thesis, applying the technology of recreating random signals, a
method of recreating track irregularity using the testing roller rig is set
up, and a test for recreating track irregularity is introduced. The test is
very successful, and the first track irregularity input function is obtained
in China.

In this thesis, the method of dynamic response test for vehicles on
roller rig is given, and the differences of test results on roller rig and on
track are studied. The study shows that the ride index on roller rig is
slightly larger than that on track. This study is very valuable to modify
the response test results.

Since roller rig system has its own dynamic property, its frequency
response is measured and the influence of roller rig on the response test
results is also investigated. In order to reduce the influence, a test method

using modified input signals in accordance with roller rig's elasticity



characteristic as an input signal, is suggested.

6. Finally, a 1: 5 scale roller rig for railway vehicle, which is located
in Manchester Metropolitan University, is introduced. According to the
study results of similarity relation, it is found that the similarity relation
of the wheel-rail contact can not meet the dynamics similarity relation,
and it leads to that results of scale test can not demonstrate the 1:1
actual railway vehicle's behaviors. It indicates that it is the only way to

simulate railway vehicle’'s running behaviors by using 1 : 1 full-scale test

rig.
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