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VEHICLE DYNAMICS RESEARCH
AT QUEEN'S UNIVERSITY

Ronald J. Anderson
Department of MechanicalEngineering

Queen’s University
Kingston, OntaricoCANADA K7L, 3N6

Introdution
In Canada, Queen’s University is known as a
centre of transportation research. This reputation is
largely the result of work in the railway field which
has been carried out by the Canadian Institute of
Guided Ground Transport (CIGGT), an institute lo-
cated on the campus of Queen's University in King-
ston. They,
Queen’s, have conducted research into all aspects of
railway operation ranging from transportation eco-
nomics to MAGLEV studies.
Many academic departments within the univer-

working with faculty members of

sity benefit from cooperative research programs
with CIGGT. The Department of Mechanical Engi-
neering is called upon whenever there is a need for
a Vehicle Dynamics component in a CIGGT project.
This has led to the development of a program of re-
search into RAIL VEHICLE DYNAMICS within
the department over many years.

In addition to research into Rail Vehicles,
there has been a great deal of work done on ROAD
VEHICLE DYNAMICS in the more recent past.
This has been done mainly for the Canadian mili-
tary and has led to the development of a prototype
active suspension for off-road vehicles.

In the following,short descriptions of individu-
al research topics are given.These are current inter-
ests to which effort is now being directed.Some are
well established and others are just beginning.

MULTIBODY DYNAMICS

Since much of the research effort in the field
of vehicle dynamics involves computer simulation
studies of complex mechanical structures,many
groups are actively developing software packages
which have the feature of both deriving and solving
the governing equations-of-motion for the user.
Such packages are called Multibody Dynamics
(MBD)codes.

Multibody Dynamics research at Queen’s has
led to the development of three software packages
which differ in their basic approach to the deriva-
tion of the equations-of-motion. Two are fully non-
linear and currently less developed than the third.
The approach which has seen the most development
is embodied in the A’GEM(Automatic Generation
of Equations-of-Motion)code.The method used here
generates equations-of-motion using the assumption
that geometry is linear(i.e.small angle assumptions

are made)whereas there may be force producing el-
ements(eg. shock absorbers)which have non-linear
characteristics.The equations are derived using a
minimal set of coordinates and allow easy handling
of holonomic constraints.There is a Rail Vehicle
Dynamics version of A’GEM and a Road Vehicle
version.

STEERABLE RAILWAY VEHICLES

The analysis and design of forced-steering rail-
way vehicles has been one of the main efforts under-
taken at Queen’s in the area of railway dynamics. A
local company,the Urban Transportatin Develop-
ment Corporation(UTDC),designs and manufac-
tures steerable transit vehicles.This gives us the op-
portunity to get involved in the analysis.

Many different concepts for steering the vehi-
cles have been studied over the years and a success-
ful product has been developed for the urban transit
market. Now,attention is turning towards the devel-
opment of a high-speed train for North American
use. Population densities in North America,particu-
larly in Canada,make it necessary to consider a
high speed system which is relatively inexpensive.
We are currently looking at the possibility of de-
signing a light weight,steerable high speed train
which would be able to operate on a rail system of
approximately the same quality now used in Norh
American passenger systems. Such a train would
not reach the speeds now achieved in Japan or Eu-
rope but would be significantly less expensive.

ACTIVE SUSPENSION SYSTEMS

All of our work to date in the area of Active
Suspensions has been done for road vehicles.The ap-
plication of active suspensions to rail vehicles is be-
ing considered for future projects.

Over the past few years,we have developed and
installed a prototype active suspension for off-road
vehicles on a small four wheel drive vehicle. This is
a hydraulic suspension with preview control. The
incoming ground profile is sensed with ultrasonic
transducers and this information is used in the ride
control strategy. The system is currently under-
going tests.

Future efforts in the road vehicle area will be
aimed at developing an off-road four-wheel steering
system.
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