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1. _INTRODUGTION, _

The modern road vehicle presents an Sxtr Compli cated
dynemic system, as it possesses a great number of modes of vi-
bration which can be excited under the action of both transient
and repeated loeding conditions. Nevertheless, a vehicle

can only be regerded as satisfactory if it gives acceptable pef-
formance under ell reasonsble conditions of operation to which

it is subjected.

This is particulaerly true of the suspension system, which
is responsible for providing a safe, stable, and comforteble ride
for all combinations of live load, roed surface, an& forward
speed that may be encountered. Unfortunately, these criteris
are in meny ways conflicting, eech requiring different parameters
of the suspension eléments to provide the optimum results.

Thus vehicle suspension design is always concerned with the
degree of compromise which is desirable with respect to the con-
ditions of the particular application. Furthermore, the
development of suspension design hes, till the present time,

been almost entirely experimentasl, with successive modifications
as these became spparent from actual operating performence.
Conseguently, although based essentially onllinear vibration
theory, prectical suspensions have inveriably been modified to
possess some degree of non-linearity in the components of spring-
ing end damping, however the trends are by no means consistent,

indiceting that selection is still primarily a compromise.
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Recently, the proven use of magnetic liquids as a controll-
able force~tremsmitting medium, suggested thnt these might be
employed in the vehicle suspension damper to relate its charac-
teristic in some way to the operating conditions, so that the
overall performance could be optimised.

Thus, this thesis describes en anelytical and experimental
analogue study of the effects of non-linearity in the damping
and springing components of a modern road vehicle suspension.
In this respect, the term "non-linear" is used in its broadest
meaning, as it implies only that spring forces are not propor-
tional to deflection, and demping forces are not proportional
to the magnitude of relative welocity between the elements.

The aim of the project, is to investigete the possibility
of using magnetic liquid dampers in such a way, thet their
performence is controlled by some characteristic of the result-
ant motionsvof the vehicle suspension, to be the ontimum recuired
for the particular operating conditions, so that the overall
performence can be considerably improved.

Thus, although it is the determination of =n optimﬁm
controlled non-lineer damping characteristic vhich is of prime
imrortance, it is necessary to investigete the interacfing
effects of the more standsrd spring non-linearities in order
to ensure an optimum solution for the complete suspension.

With this in view, the thesis hes heen arrsnged to first

vresent the criterie of werformance of the vehicle suspension



and the range of opersting veriables to which the road vehicle
cen be subjected. The overall performance of the complete
vehicle is then reviewed in order to indicete those characterig-
tics which are of grestest influence in satisfying the perform-
ence criteria, and the average suspension parsmeters employed
in the modern road vehicle are also included.

Chapter 5, introduces a two mass system which is recognised to
be the rreatest degres of simplification vhich is allowable if
dynemic responses sre to be compared with those of the whole
vehicle, snd the complete trensient and harmonic responses of
this system zre determined from lineer vibration theory, as a
basis of comparison for the succeeding non-linear effects,
Then, after introducing the concepis of non-linesr demping end
soringing in the suspension, end reviewing the current litera-
ture on the solution of non-linear vibretion problems, an
enalyticesl method is developed to ensble the harmonic response
of the simplified system to be calculated for conditions of
controlled non-linearity in the megnitude of danper effort.
Then, from these results, an optimum form of controlled
damping is suggested. )

Crhepter 7, oives a detesiled description of the mechanibal
enelogue which was desimned and constructed especially for
this project. The following chapter vresents in deteail
the experimentsl work conducted on the analogue, thereby
proving the velidity of the earlier enalyticel work, end

indicating the effects of non-linesrity of suspension spring-



ing.

inslly, the conclusions sre drawn from botl the exverimentsl
end analyticel work, end recormendetions made for = composite
non-linear control of damping effort based on the relative
motion between axle and body, end the recorded sxle zcceleration,
which achieves the desired object of successfully relating

damper effort to the prevailing excitstion conditions.



