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Abstract

Active secondary suspension in trains has been studied for a number of years,
showing promising improvements in ride comfort. However, due to relatively
high implementation and maintenance costs, active technology is not being
used in service operation to a large extent. The objective of this study is to
develop an active lateral secondary suspension concept that offers good
ride comfort improvements and enables centring of the carbody above the
bogies when negotiating curves at unbalanced speed. Simultaneously, the
active suspension concept should be a cost-effective solution for future series
production. The thesis consists of an introductory part and three appended
papers.

The introductory part describes the concept of active secondary suspension
together with different actuator types and control methods. Further, the
present simulation model and applied comfort evaluation methods are
presented. The introductory part also comprises a summary of the appended
papers, an evaluation of track forces and suggestions for further work.

Paper A presents the initial development of an active lateral secondary
suspension concept based on sky-hook damping in order to improve vehicle
dynamic performance, particularly on straight tracks. Furthermore, a Hold-
Off-Device (HOD) function has been included in the suspension concept
in order to centre the carbody above the bogies in curves and hence avoid
bumpstop contact. Preparatory simulations as well as the subsequent on-
track tests in the summer of 2007 showed that the active suspension provides
improved passenger ride comfort and has significant potential to be a cost-
effective solution for future implementation.

In Paper B, measurement results from on-track tests performed in 2008
are presented. The active secondary suspension concept was slightly modified
compared to the one presented in the first paper. One modification was the
implementation of a gyroscope in order to enable detection of transition curves
and to switch off the dynamic damping in these sections. Ride comfort in the
actively suspended carbody was significantly improved compared to that in
the passively suspended car. The satisfactory results led to implementation
of the active suspension system in long-term tests in service operation in the
beginning of 2009.

In Paper C, a quarter-car model in MATLAB has been used to investigate a
more advanced control algorithm: H∞ instead of sky-hook. H∞ control provides
more flexibility in the design process due to the possibility to control several
parameters. In particular, this is done by applying weight functions to selected
signals in the system. When comparing the two control strategies through
simulations, the results show that H∞ control generates similar carbody
accelerations at the same control force as sky-hook; however, the relative
displacement displacement is somewhat lower.
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