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FOREWORD

Suspension systems are important components for automobiles, which
not only take functional role of supporting forces and torques. but also
have direct effect on the ride comfort and handling stability. The design of
suspension is a key factor that decides the design of the whole vehicle. The
theory of multi-body dynamics and virtual prototyping technique that
developed with mathematics, mechanics and computer science is finding its
wider and wider application in the engineering.

The modeling is built including independent front air suspension,
steering system, dependent rear air suspension and tire-road interaction
based on the multi-body dynamics. In the model, the constraints of the real
parts are analysed strictly and the motion relationships among parts are
described reasonably. All kinds of parameters, such as kinetic and
kinematics parameters are collected by different ways and the error of the
model is reduced. Concerning the load nonlinearity of the air spring and the
stroke the suspension, the stiffness of the air spring is adopted by the
parameters fitting method. Bushings are important components which have
great effect on handling and riding of the vehicle. The linear stiffness of the
bushings is taken into account also in the dynamics model and the stiffness
is decided according to the test data.

Based on the rigid-flexible coupling model, influence of the bushings
on kinematics characteristics for the double wishbone independent
suspension system is examined, and the trend of the alignment parameters
can be enhanced. A method for determination of dynamic nonlinear

suspension stiffness is proposed and nonlinear effects of the double
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wishbone guide frame and the air springs on dynamic stiffness of the front
suspension are investigated respectively. Road tests are performed for the
low floor city bus according to the state regulations for vehicle test
including steady manoeuvre condition, open-loop transient handling. close-
loop lane change, impulse road input riding and random road input riding.
The simulations by the virtual prototyping are also performed accordingly.
Through comparison between the test and simulation results it is verified
that the present virtual prototyping is valid and accurate as well as that
numerical predictions for handling and riding of the low floor city bus are in
fairly good agreement with experimental observations.

Because of nonlinearities of the air springs, the optimization of the air
suspension parameters is more difficult than that of ordinary suspensions.
Based on the test static load characteristics of air spring, the variety of the
nonlinear stiffness and effective area of air spring are studied. The
conclusion can be made that the effective area is unchangable following the
inner pressure. At the mean time, by the analysis of the stiffness
characteristics of air spring at the design height, it is shows that there exist
linear corelation between the stiffness and inner pressure. According the
above analysis, an effective method for the parameters design and match of
air suspension is proposed. Firstly, an ordinary spring which stiffness is set
as the air spring stiffness at the design height is used in the virtual
prototyping. Then the parameters of the suspension can be optimized and
designed according to the arithmetic that is used by constant stiffness
suspension. And then, the air spring load characteristics should be
calculated by the optimal parameters. The guide arm construction should be
allocated carefully because of its large influence on the kinematics and
dynamics of the suspension. The location of the transverse arm can change
the steady handling characteristics of the full bus according to the

simulation research based on the full bus digital model. And the further
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optimal research has been performed according to the variable of the
stiffness of the air spring. The simulation and analysis is also performed by
the low floor city bus virtual prototyping and the results verified the

optimal method.
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Ford Motor Company

Savings from CAE on three major programs:

Engineering Expenses Eliminated | Manufacturing Costs Eliminated

Labor $17.4M > $1 Billion
Prototypes 545M

Testing 203 M :
Tooling 20M With CAE $

$942 M _
Without CAE
CAE Costs  $53.0 M

Net Savings $41.2 M HagElRaT. L

Source: Investigating Virtual Product Development Conference
June 4,1996
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