Active suspension is the next big leap

forward in car technology, yet few

practical systems exist.

ave Bulman has

been looking at the problems

shicie suspansions, asthe

majority of us understand

them, rely on springs and
dampars, the characteristics of
which cannot ba dynamically
changed to suit various driving
conditions,

Dynamically changed? To
explain this statement, considera
vehicle which is set up for fast
tarmac, which would have
relatively high suspension rates
{stitf springs and dampers). Now
If this vehicle were driven aver a
wary rough road the ride would
be unbearable, but what would
happen if we could sense the
mation of the vehicle, say the
vertical acceleration of the
driver's seal, and immadiately
reduce the damping and spring
rates if that aceeleration was
above b certain level? Thisis
what is meant by dynamically
changing the suspension
paramaters.

When we have a suspension

Understanding active su

whigh changes its characteristics
to suitthe conditions, we term it
anactive suspension. A standard
suspension, as fitted to all
production cars, is known as
passive.

Strictly speaking, a simpla self-
levelling suspension may be
termed 23 being sctive,so in this
case we might mclude the Rover
3500 or Rangea Rover, which uses
Boge Nivomat dampers to
achieve self-lavelling. The
Nivemat works by using tha
motion of the suspension to
produce a pumping action, and
when the working leval is'
reached, a blead hole dumps the
exncess oll.

Another possible example of

‘active’ suspansion could be the

Citroen syaiem which uses gas as
the suspension medium coupled
by hydraulic oil to pistons which
actonthe suspension arms. The
suspeﬂslun arms arg conneécted
10 valves which control the flow

of oil inta the system, but flow is
restrictad 1o only provida salf-
lavelling and the response is show
and produces little or no gl

with sUspension Movements
uusad by the vehicls hitting a

bum|

Nan:her of these two systens
ara really classified as active
these days. Generally, for atrus
activa sysiem we axpect 1he
suspension to react quickly, and
as stated eariier, react (o Sensors
which detect soma importani
characieristic of the vehicle
mation,

Before we explain the possibla

The first essential is to
maintain the car ata
particular ride height

susnens:on variations we might

have, we'll look at the various

characteristics which could be
uired from the suspension.

o first essential is to
maintainthe car at a particular
ride height. and this is why active
suspansions have recantly hit the
limatight with the Lotus system.

'hen Formula One was allowed
to use ground effect, the
aaradynamic downforce could be
as high as twice the weaight of the
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Active suspansion is
generally accepted to
involve hydraulics

car. This meant tha ng
ratas ware chosen for
handling on slow comars, by the
tirma the car reached maximum
eed {and hence maximum
ownfarce), the springs would be
bottoming out. Just imagine the
effect if you took your own car
and ioaded it so that it weighed
three times its kerb waight!

To get over this problem,
Formula Ona designs ran
extramely high wheel rates,
which were somaetimes stiffer
than the tyres. This was highly
unsatisfactory and vary wearing
for the drivers; and the teams
locked for awey aut,

The obvious approach was to
have a salf-leveliing systam
which acted quickly anough to
faspond to changes in ground
reaction (bumps. curves, oic) as
the speed changed, Just about
eviry Farmiula Une team
investigated such a systam, but
befora they could be put into
g@ﬂllnn the rules were

s:?ed. Most systems that we
heard of involvad 2 lot moere than
just self-lavelling, bacause once
thers is the capability of
dynamically changing tha
suspension there aro 8 whole
host of other ideas which can be
introduced.

The obvious ones for the CCC
enthusiast are to introduce an
anti-dive and anti-roll capability.
Thene is aven Ih:rr:miburilv of
making the car roll into bands.
This is not so daft as it may seam,

itcould putthe tyresat a
better angle to the road and
achieve maximum adhesion and
hence a higher cornering spaed,
It also might give & maore
comfortable ride and 5o reduce
driver fatigue in a long race or
rally.

Of course the major benefit for
& car manufecturer in active
suspension is an improvad rida,
particularty for a relatively light
wvehicle. This iz going 10 be more
important as vahicle weights are
reduced, and manufacturers try
to improve the ride comfort. This
is perhaps the only reason why
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we may see 8 mass produced
active suspension system. In the
meantime the major interests lis
within competition circles,
research and academic
institutions, the military, and one
or two far-sighted sutomabile
manufacturers.

At the momaent, the method for
1rying to schieve an active
Suspension is generally sccepled
to involve hydraulics. But
working from this bagic
aswmr:tian thare ars many
possible variations.

The Lotus systemuses

draulic actuators {struts] in
p mul&eaprin?}dnmperuniu.
and the flow of oil into or out of
tha actuators is controfled by
very fast scting electro-hydraulic
valves. Thesa valves respondto
signals which are derived from
sengors on the car, witha
computer taking the signals from
the sensors and using the
information 1o control the valves,
and hence the suspansion.

Az an example, the computer
may detect a high upwa
accelerstion of the body al one
corner of the car caused by ona
wheal hitting a bump, To reduce
this acceleration the computer
could open the valve and dump
some oil from the suspension
strut only ot that comer. This
wolld aliow the whesl 1o move
upward over the bump but it
cannot dump too much oil,
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The control walva fov the Automorive:
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One big disadvantage is
that the Lotus system has
no spring to take over

otherwise the strut might bottom
out.

To pravant this happening the

. ter afso needs o know the
displacement of the whiel
relative to the body. It can then
combine the two signals and limit
the upward velocity of the wheel
ralative to the body by closing

n the valve. Once the upward

accaleration of the wheal is
reduced to & safe level, the
computer then notes the pesition
of the wheal relative to the body
and the gystern punmps oil back
into the strut to lewal the car.

Itdoesn't take too much
thought 1o realise that the contral
system bacomes vary complex to
take account of all situations, In
the case of tha Lotus system itis
even more important because
there is-eHectively no 'spring’ to
take over, ona big disadvantage
of the Lotus suspension,

Ivis effectively a total loss
systam, and 5o requires refatively
large amounts of pawer,
Evarytime the whost MOVes up,
oil nesds to be pumped info the
strut e maove the whes! back
down. In a normal suspension, if
the wheel is pushed upwards, the
enargy is stered inthe spring and
this is recovarad when tﬁ‘ wheel
moves the other way. The anly
loss isa small ona fram the
dampers, aithough under severs

nditions even this can be
appreciable. Lotus have of course
realised this, and some sort of
conventional springing may be
added,

Anothar active suspanhmorr

that with the wvehicle stationary,

the centre of gravity of the mass
is to one side and either slightly
above or below a horlzontal fine
wiich passas through the pivol

The operation of the valve
relies on the fact that when the
wehicle accelarates upw:ard: tha
rass (because of its meria)
wiants 1o stay whera it is. Also,
when the wheel mowves ralative to
tha body, there is an additional
force on the arm through the
small spring. A combination of
thase twio produces a movarmant
of the spooi and cansequent ol
flow either into or out of the
suspension strut. thnuah'ior
suceassful operation the correct
combination of mass and spring
is essential, but the system
doesn’t end there.

First, the rear suspension struts
are made to be double-acting.
This means that oil can be
applled 10 gither side of the
P hydraulic connection
s then rnada dlagonally from the
front struts to the undar gide of

ro?mher across the vehicle.

n this way, pitch and rall
stiffness can be controlled. The
next step is to adjust the size of
the mass and the spring in sucha
way that the system is tuned for
the best possible performance.
Whan this is done correctly the
gassprings can be made very
soft, and tha flow of oil through
the valve bacomes reduced,
keeping power consurmption 1o a
minmum.

The result is a very soft
SUSPANSION rate in bump. but
tr“o?ﬁ rolt and pitch stiffness. The

stiffness is increased still
more if the mass on the valve is
above the pivor. The centrifugal
effect causes the spool to move,
dumping or adding oil as
necessary, and hence keeping the
wohicle level. Usually two valves
are used, mountad on either side
of the front of the vehicle. A
further slow nse vailva
controla the level of the rear
suspension.

While the operation is not as
simpla as might first be thought.
it has already bean tried on &
number of saloon cars, an
ambulance, and a couple of

ial research vehicles. The
ride it gives is excellent, butit
requings caraful calculation
during the design stage to make
sure the rasponse to ground
inpuls is correct,

0 now we have not actually
mentionad the use of damping
within the suspension systams.
In‘the case of the Lotus system
thisis all done within a ccmpum
which can contral the velocity of
the wheel refative to the body.

Tha Autarnotive Frudnmssvatam
doas incarporate damping

valves, but these remain fixed,
onee

Bat,

A further idea, this time
suggested by Lucas, isto have a
relgtively canventional
suspension, but have the
damping varied actively.

Thisis done in practice by
using an hydraulic suspension
(lika lhs Citroan) and raplaciny
the standard damping valves
etectronically controlled ones.
Sensors detect the position and
valocity of the wheels relative to
the body, and also the
acceleration of the body itself. A
computer then takes over and
adjusts the damping according to
certain criteria laid down by the
designar, depending on the use
of the vehicle:

In its favour, the Lucas system
does not necassarily nead an
hydraulic supply and therefors
does not need any engine power,
50 it could conceivably be addad
1o the Hydrigas suspénsion as
usad on tha Matro. However it
does not give the sell-levelling
fequirad 1o cope with changes in
load, and this s one of the
'mWﬂam reasons for an aetive
suspension. Salf-lavelling could
ba'added, but then we come:
close to the othar systams.

It will remain to be seen if
active suspensions actually
become a commaercial reality on
private cars, but on vehicles such
as coaches, heavy goods vehicles
and trains we balievait will

i, :
riainly some competition
cars will benafit, but it is
unfortunately not sormething that
the private individual could tackle
with easa.

However, for the inspired CCC
i, a good starting point

ﬂvﬁf{amamﬂmuﬂmm&ir}’tm
a.mmwmam:gm
befaw, with and without) but it has a
big disadvantage in that it is a tots|
anovgy oss isyout, and thare’s no
mrpwagsm::mmrm
spring In & conventional suspension,

wiould be a Cntfoan Mast of what
iz needed isthers, and ali that is
requirad is the correct valving, an
improved oil supply, pius the
control systam.

Somebody ought to try it | |

idwa, which incid bean
around for many vetrs. Ia the
Auromotive Products system.
This is 8 conventional hydraulic
suspension similar 1o that usad
by Citroen, butin addition has a
spacial valve which sither dumps
oil or adds oil fo the system.

It uses 4n ingenious
machanical control system. &
srnall mass is supported on ona
and of an arm, the other end of
which is fastenad to a pivoton
the vehicle body. Movement of
the arm causesa § [ valve to
aither dump oil or 8dd oil to the
suapermm, Asmall spring

nects a point on the arm toa
ilnk which detects the position of
the suspension relative to the
body. Everything is arranged o




