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Systematic Method for Analyzing Vehicle Handling
Characteristics and Stability Focusing on the Inner
State of a Two-Input, Two-Output System

ABSTRACT

The application of electronic control technology to automotive chassis systems
has resulted in significant improvements in vehicle handling characteristics and
stability. However, one problem that has arisen is that electronically
controlled systems cannot be analyzed with conventional analytical techniques.
A new method of analyzing vehicle handling and stability is proposed here with
the aim of overcoming this difficulty. This analytical method has three features
that facilitate more detailed and precise analyses. One is that a new model,
derived from the functions of a two-input, two-output system, is used instead of
a conventional model. Another is that the relationships between the elements
of the system matrix and handling characteristics and stability are made clear by
using the new model. The third feature is that the elements fo the system

matrix are used as the evaluation parameters.

Examples are also presented of analyses of linear and nonlinear systems using a
new graphical analytical technique based on the new method. This graphical
technique is used for analyses conducted on the state plane, which describes the
velocity vectors of the state variables instead of the trajectory, in order to be

able to express more information.

The new analytical method was used to clarify the mechanism whereby the
stability of a 4WS vehicle is improved under transient operating conditions, a
problem that could not be analyzed with conventional methods. It was also
employed to analyze the performance improvement obtained with an integrated
control system. These two studies confirmed the usefulness of the new

analytical method.
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