——

tanay F

¥ — T .

= DrivenioExcel

R e P

——

¥/

LTS

f},— EUCATION

=74

S -

DECI :

Suspension misconception

CONTRARY TO POPULAR BELIEF, ROLL STIFFNESS IS NOT NECESSARILY THE
MOST IMPORTANT CONSIDERATION WHEN ANALYSING THE INFLUENCE
OF A SUSPENSION SYSTEM ON A VEHICLE'S DYNAMICS PERFORMANCE,
ACCORDING TO GUEST AUTHOR, ROB DI CRISTOFORO.

It is fair to say that roll stiffness is
important for some aspects of heavy
vehicle stability, such as the steady-state
rollover threshold, because increasing

roll stiffness will automatically reduce the
amount of body roll for a given amount of
lateral force acting on the body.

But, what other aspects of a suspension’s
design can affect a vehicle’s dynamic
performance? Two additional parameters
that need to be considered are ‘roll

centre height’ and 'roll steer coefficient'.
Depending on the situation, each of these
parameters can have a critical impact on
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performance. On behalf of Trailer, Rob Di
Cristoforo had a look at each parameter
from an engineering point of view.

Roll stiffness

Roll stiffness is the term used to describe

a suspension’s resistance to body roll. It is
expressed as the magnitude of the resisting
moment developed per degree of body
roll. If the moment is measured in Newton-
metres, then the roll stiffness is expressed
in Newton-metres per degree (N.m/deg). A
higher value of roll stiffness means that a
suspension is less likely to result in body roll
during travel.

In a typical trailer air suspension, the
resisting moment is developed partly by
differential compression of the airbags
but mostly by ‘auxiliary’ means including
torsion of the axle beam, bending of
the trailing arms and compression of the
pivot bushes. A conventional drive axle
air suspension will rely less on axle beam
and trailing arm distortions and more on
dedicated anti-roll bars to provide the
auxiliary roll stiffness. Either way, if the
vehicle has an overturning moment acting
on it, the amount of resultant body roll
will depend on the amount of total roll
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stiffness in the suspension, being the sum
of roll stiffness inherently derived from
differential compression of the airbags and
the additional auxiliary roll stiffness. Higher
roll stiffness is generally better for vehicle
dynamics.

Roll centre height

When a vehicle’s body leans to one side, it
does so about an imaginary axis running
along the vehicle’s centreline at some
height above the ground. This axis is
known as the roll centre, and its height

is important. For simple suspensions, the
height of the roll centre can be determined
by examining the method by which lateral
constraint is built into the suspension.
Look for what is preventing the axle

from moving sideways. For a trailer air
suspension it is usually the trailing arm
pivot bolts. For a drive axle suspension, it is
typically the V-shaped torque rod mounted
between the chassis rails and the top of

A test truck at the Knorr-Bremse/ Bendix Drive Day 2011 in Brisbane. Motto: Safety tm
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the axle housing. If there can be no lateral
movement at a particular location in the
suspension system, then that location must
be the height of the roll centre. Any part

of body roll, even if roll stiffness is the
same. It follows that a suspension with a
greater roll centre height is preferable from
the perspective of body roll per unit of

&& Two additional parameters that need to be
considered are ‘roll centre height’ and ‘roll steer
coefficient’. Depending on the situation, each of
these parameters can have a critical impact on

performance. 99

of the body that is at a different height will
move laterally by a small amount whenever
the body leans to one side.

So why is roll centre height important?
Take a look at the figure. You can see that
a lower roll centre height (RCH) results in

a larger lever arm (D) for any lateral force
(F) acting on the body. That means that for
the same lateral force, a lower roll centre
height will result in a greater overturning
moment, and therefore a greater amount

lateral force acting on the body.

Roll steer coefficient

Many suspensions have a characteristic
known as roll steer. This is most easily
described in the context of trailing arm
air suspensions. Again, take a look at
the figure. Imagine drawing a line from
the centreline of the trailing arm pivot
bolt through the centreline of the axle. If
that line is at an angle to the horizontal,
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The important quantities.

k&€ When the pivot bolt is higher than the axle, the
effect of roll steer is generally to increase trailer
sway in some dynamic manoeuvres. 3

whenever the body leans to one side there
will be a small amount of axle steer as the
line increases in slope on one side of the
vehicle and flattens out on the other. The
ratio of resultant axle steer angle to body
roll angle is the roll steer coefficient, and it
can be derived from the angle of the pivot
bolt to axle line.

In most cases, the pivot bolt is higher than
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the axle, but it can be level with the axle
or lower than the axle for low ride height
suspensions. When the pivot bolt is higher
than the axle, the effect of roll steer is
generally to increase trailer sway in some
dynamic manoeuvres. While lowering the
pivot bolt height can result in decreased
trailer sway in such manoeuvres, this also
has the effect of lowering the roll centre

height, which can decrease other aspects
of vehicle dynamics. Roll steer coefficient
and roll centre height therefore need to
be balanced for best all-round vehicle
dynamics.

So which suspension is best?
Unfortunately the answer to this question is
‘it depends’. Sometimes, for example when
undertaking a PBS assessment, a vehicle
may perform better with a suspension

that has a lower roll stiffness because the
suspension has a higher roll centre or a
lower roll steer coefficient. Further, the
ranking of suspensions can change from
one vehicle configuration to the next, and
from one loading condition to the next, so
it is rarely an open and shut case. H@E=_g

Rob Di Cristoforo is an
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