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I N VEHI CULAR SUSPENSI ON SYSTENMS. The present invention is
generally directed to vehicul ar suspension syst ens, and in particular

to suspension systens incorporating roll stabilisation P%?W
Nbdern vehi cWR@9%687inor nal |y provided with one or nore roll tion
or "torsion" bars which transversely |ink the wheels of one or nore axles

i n order to afford sone containment of roll notion to prevent
unconf ortabl e and someti mes danger ous swayl ng noti ons when cornering.
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wheel on the same ayhg ﬂréséﬁ}dﬂﬁl‘aﬂnbﬁ :E"dé‘nérﬁnfi‘ directed to vehicular suspension
systems, and in particular to suspension systems incorporating roll stabilisation
A 5 mechanisms.

Modern vehicles are normally provided with one or more roll stabilisation
or "torsion" bars which transversely link the wheels of one or more axies in order
to afford some containment of roll motion to prevent uncomfortable and
sometimes dangerous swaying motions when conering. Roll stabiliser bars are

10 typically manufactured as spring steel bars which permit torsional resilience so
that as one wheel on an axle is caused to move in a generally upward or
downward direction the other wheel on the same axle is induced to move in a
similar direction at the same time. The extent to which the two wheels of a single
axle move in a common direction is defined in part by the torsional rigidity of the

15 roll stabiliser bar which transversely couples the two wheels in response to the
lateral roll force exerted on the vehicle resulting from comering.

Vehicles with high centres of gravity (such as trucks which are prone to
excessive roll motions) and vehicles which are required to ‘corner flat’ without
exhibiting excessive roll motions {such as sports cars) are normally provided

20 with stiff roll stabiliser bars to prevent roll motion. An unbeneficial consequence
of providing stiffer roll stabilisers is that the ride quality becomes harsher as both
wheels of an axle become functionally linked (to an extent) and singie wheel
inputs are therefore not resolved by that single wheel alone which impacts on a
bump or pothole.

25 Luxury passenger vehicles are, therefore, normally equipped with more
compliant roll stabiliser bars so that single wheel inputs are absorbed by that
single wheel's associated spring and damper unit which are relatively free to
move in response to the single input without the additional resistance resuiting
from the stabiliser’s torsional rigidity.

. 30 Regardiess of the torsional rigidity of the torsion bar, the provisional of

such bars do restrict the degree of movement of the wheels relative to each
other. This can be a disadvantage in situations where a large degree of
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simlar direction at the sane tine. The extent to which the two wheels of a
single axle nove in a common direction is defined in part by the torsional
rigidity 15 of the roll stabiliser bar which transversely couples the tmo

wheel s in response to the lateral roll force exerted o &Q
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Regar dl ess of the torsron y of 't Ion VI'Si on of
such provides roll stability during cornering and also provides a comfortabie ride
when travsliing in a near straight line or when transversing an undulating

10 surface.

With this in mind, the present invention provides in one aspect a vehicular
suspension system for a vehicle respectively supported on at least one pair of
transversely adjacent front support assemblies -and at ieast one pair of
transversely adjacent back support assemblies, the suspension system

15 including a force transmitting means interconnecting the at least one pair of
transversely adjacent front support assemblies and a force transmitting means
interconnecting the at least one pair of transversely adjacent back support
assemblies, the force transmitting means transferring forces between the
interconnected support assembiies, wherein each force transmitting means

20 includes connection means for progressively varying the magnitude and
direction of the force transferred between the associated support assemblies by
the force transmitting means as a function of the relative positions of and the
load applied to at least two pairs of the interconnected support assemblies, the
connection means being functionally linked such that the magnitude and the

25 direction of the force transmitted between associated support assemblies by
each of the force transmitting means is progressively varied to thereby maintain
and return the attitude of the vehicle to a position that is at ieast substantially
parallel to the average surface plane suppotting the vehicle.

Because of the functional linking of the connection means, this can

30 provide "passive” control of the vehicle attitude. The suspension system can be
self correcting without the need of any external control means. This avoids the
need for components such as motion and displacement sensors, electronic
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bars do restrict the degree of novenent of the wheels relative to each

ot her. This can be a di sadvantage in situations where a | arge degree of
opposi ng 2 verti cal
wheel nmotion is required, for exanple, when travelling over undul ating
surfaces. TheWOBPMI®Ht i ons of the wheel novenent due to the BGGYAUIPUHRS || ser
bars I nterconnecting the wheels can lead to significant side to side
jerking of the vehi cl e under such condgtions. This novenment limtation

also restricts the 5 amount of traction that the wheels will have when
travel ling ove

ground, the pomg%?%ﬂigrégr?ﬁfggm E’%%ﬁﬂsa%:/\%(ap‘afsf gﬁgla%ﬂ@v r(?gﬁ%\?/tggﬁuf:hi n a
singl e plane. déilaid pamps controlidd by the @ist@nicotoritval units.  Such arrangements
. are expensive and are relatively slow in their response to changes in surface

conditions and vehicle motion.

¢ 5 The force transmitted by the force transmitting means may be a torsional
force. To this end means that allow torsional forces to be transmitted may be
used. Therefore, each force transmitting means may includes a pair of
transverse torsion bars, each torsion bar being respectively connected to a
support assembly, the torsion bars being interconnected by tha connection

10 means. The torsion bars may be rotatable about their elongate axes, the
connection means preferably progressively controlling the axial rotation of the
associated torsion bars relative to each other such that the support assemblies
are free to move when undergoing cross-axle articulation while roll motion of the
vehicle is reacted to by the torsion bars.

15 According to a preferred embodiment of the present invention, each
connection means may provide a mechanical interconnection of the associated
pair of torsion bars. The connection means interconnecting a said pair of
transversely adjacent front support assemblies and the connection means
interconnecting a said pair of transversely adjacent back support assemblies

20 may be functionally linked by a mechanical connection. This mechanical
connection may be a longitudinal shaft interconnecting said connection means,
each connection means preferably including a pair of linkage members
respectively connected at 6ne end thereof to one of the torsion bars, the other
end of each pair of linkage members being interconnected to an end of the

25 longitudinal shaft such that torsional forces can be transmitted between said
connection means.

According to another preferred embodiment of the present invention, the
connection means may alternatively provide a hydraulic connection of the
torsion bars. The connection means may be a double acting ram, the ram

. 380 having a cylinder and a piston assembly separating the cylinder into two fluid

chambers therein. The cylinder may be connected to one of the torsion bars,
and the piston assembly may be connected to the other torsion bar. A fluid
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di agonal | y opposed wheel s becom ng conpressed, with the wheels noving
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articulation with the movement of the piston assembly within each cylinder
allowing the transfer of fluid between the connected fluid chambers with minimal
change in the pressure differential across the piston assembly, while rolt
motions of the vehicle are reacted by an increase in the pressure differential
across the piston assemblies generated by the increase in load on the support
assemblies on one side of the vehicle and the similar reduction in the load on
the support assembilies on the otherside of the vehicle to thereby control the rolt
attitude of the vehicle whilst minimising the changes in load on each support
assembly Furthermore, fluid supply means for supplying fluid to the conduit
means may also be provided so that fiuid can be added to one conduit and fluid
can be at least substantially simuitaneously removed from the other conduit to
thereby enable the roll angle of the vehicle to be controlled. This enable a
degree of active control of the vehicle attitude if so required. Rolt resilience
means such as a hydropneumatic accumulator may also be provided in fluid
communication with both of the conduit means, said roll resilience means
including damping means for damping the rate of roll and isolating means for
isolating the rolt resilience means to thereby improve the roll control. It should
however be noted that such a fluid supply means or roll resilience means is not
essential to the operation of the vehicular suspension system of the present
invention.

According to a further preferred embodiment of the present invention, the
connection means may be a rotary actuation means including a housing
supporting a rotor separating the housing into at least two fluid chambers, the
housing being alternatively connected to one of the torsion bars, the rotor being
connected to the other torsion bar. Conduit means may provide fiuid

T

and the suspension of the other two diagonally
10 opposed wheel s becon ng extended Thi s node ‘of suspension operation is
known as 'warp'
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| ongi tudinal 'y spaced and functionally linked such that the magnitude and

t he direction of the force transmtted between associated transversely
adj acent surface engagi ng nmeans by e?chhof tre f.orce tr?nsnltt}ng ngans
varies rogressively as a function of the relative positions of, an

t he | oad apgl W@%?‘atySO | east two pairs of the interconnBEFAH600S28
transversely adjacent surface engagi ng nmeans, to thereby restrict rol
moti ons of the vehicle whilst sinultaneously facilitating warp notions
of the surface engagi ng neans.

3 Basrhtiicalion Betatitinedha! fiuid ifdrmerlor W ety Kb it HEMSof

this can provi de "passive" control e vehicle a

suspensi on systhénirenttonsion bar with the fluid chambers of the rotary actuation means of the
. back torsion bars. The fluid chambers may be connected such that the support
assemblies are free to move when undergoing cross-axle articulation with the

v 5 movement of the rotor within each houising allowing the transfer of fluid

between the connected fiuid chambers with minimal change in the pressure
differential across the rotor, while roll motions of the vehicle are reacted by an
increase in the pressure differential across the rotor generated by the increase
in load on the support assemblies on one side of the vehicle and the similar

10 reduction in the load on the support assemblies on the otherside of the vehicle
to thereby control the roll attitude of the vehicle whilst minimising the changes in
load on each support assembiy.

In all of the above described embodiments, the resilient support means
may be provided between the support assemblies and the chassis of the vehicie

15 for at least substantially supporting the weight of the vehicle.

Alternatively, a yoke means interconnecting each pair of torsion bars may
be provided, and a resilient means connecting the yoke means to the chassis of
the vehicle may be provided, the yoke means transferring the average load
carried by the associated support assemblies to the resilient means such that

20 the resilient means at least substantially supports at least a portion of the vehicle
to thereby permit the vehicie to maintain an at least substantially uniform load on
each support assembly regardless of any cross-axie articulation of the support
assemblies. The yoke means may be provided by a lever arm respectively
extending from each torsion bar, the lever arms being interconnected by a cross

25 member arrangement. The resilient means can interconnect the cross member
arrangement with the chassis of the vehicle, the resilient means preferably
including a foad support ram having an accumuiator in fluid communication with
the ram to provide said resilient support. Double acting rams may interconnect
the yoke means with the chassis of the vehicle, and conduit means may connect

. 30 cgrresponding chambers of the rams and valve means for controlling the fluid
flow through each conduit means to thereby control the pitch motion of the
vehicle. Accumulators in fluid communication with at least one of the conduits
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self correcting without the need of any external control neans. This avoids
t he need for conponents such as notion and di spl acenent sensors,
electronic 5 control units for processing the sensor signals, and

actuating conponents such as fluid punps controlled by #%ﬁ 64 oni c
control unitSWOSHRhr r angenent s are expensive and are 4 sl ow

in their response to changes in surface condi tions and vehicle notion.
The resilient support nmeans may be provi deg between each said surface 10
engagi ng neans and the chassis of the vehicle. Alternatively, a said
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be assoclated support assemblies. The connection means may prowde a hydraulic
connection of the torsion bar to the associated support assembly. Each said
10 connection means may include a double acting ram located at one end of the
torsion bar, the ram having a cylinder and a piston assembly separating the
cylinder into two fluid chambers therein, the cylinder and the piston assembly
being connected between one end of the torsion bar and the adjacent support
assembly. The rams may be in fluid communication and the fluid
15 communication may be provided by conduit means respectively connecting the
two fiuid chambers of the double acting ram of the front torsion bar with the fluid
chambers of the double acting ram of the back torsion bars. The fluid chambers
may be connected such that the support assemblies are free to move when
undergoing cross-axie articulation with the movement of the piston assembly
20 within each cylinder allowing the transfer of fluid between the connected fiuid
chambers with minimal change in the pressure differential across the piston
assembly, while roll motions of the vehicle are reacted by an increase in the
pressure differential across the piston assemblies generated by the increase in
load on the support assemblies on one side of the vehicle and the similar
25 reduction in the load on the support assemblies on the otherside of the vehicle
to thereby control the roll attitude of the vehicie while minimising the changes in
load on sach support assembly.
The connection means may alternatively be a single acting ram located at
each end of the torsion bars, each ram having a cylinder and a piston assembly
30 supported therein to provide a fluid chamber within the cylinder, the cylinder and
piston assembly being connected to one of the torsion bars and the adjacent
support assembly. A fluid communication may be provided between the rams
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used. Therefore, each force transmtting neans may include at |east one
transverse torsion bar. Preferably, each force transmtting neans may

i nclude a pair of transverse torsion bars, each torsion bar being
respectively connected to a said surface engagi ng neans, the torsion
bars bei ng | W@¥#¥Hect ed by the 25 adjustnent neans. The E&TAUSHI2R s may
be rotatabl e about their elongate axes, the adjustnent neans preferably
progressively controlling the axial rojation of the associated torsion
bars relative to each other such that the surface engagi ng neans are

oF e von, o coHErl S AGL A50nkaNon T2 iASod oy SAIchR e fdpeBivdy
Accor di ng to acqnnecting die &vidochamber Qﬁfealchesmgleaetl'tIg ram coftthe fronttarsion bar
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back torsion bar, the fluid chambers being connected such that the support
. 5 assembilies are free to move when undergoing cross-axie articulation, while roll
motions of the vehicle is reacted to by the torsion bars while minimising the
changes in load on each support assembly.

Alternatively, the connection means may provide a mechanical coupling
of the torsion bar.

10 According to another aspect of the present invention, there is provided a
vehicular suspension system for a vehicle respectively supported on at least
one pair of transversely adjacent support assemblies, the suspension system
including a force transmitting means interconnecting the at least one pair of
transversely adjacent support assemblies, the force transmitting means

15 transferring forces between the interconnected support assemblies, wherein
each force transmitting means includes connection means for progressively
controlfing the magnitude and varying the direction of the force transferred
between the associated support assemblies by the force transmitting means as
a function of the displacement of the associated support assemblies relative to

20 each other and the load applied to the at least one pair of interconnected
support assemblies.

The force transmitted by the force transmitting means may be a torsional
force. Each force transmitting means may include a pair of transverse torsion
bars, each torsion bar being respectively connected to a support assembly, the

25 torsion bars being interconnected by the connecting means. The torsion bars
may be rotatable about their elongate axes, the connection means progressively
controlling the axial rotation of the associated torsion bars relative to each other
such that the support assemblies are free to move when undergoing cross-axie
_articulation while roll motion of the vehicle is reacted to by the torsion bars. The

. 30 connection means may provide a mechanical interconnection of the pair of
torsion bars although a hydraulic interconnection is aiso envisaged.

According to another preferred embodiment of the present mventnon, the
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4 pair of torsion bars. The adjustnent means interconnecting a said
pair of transversely adjacent front surface engagi ng neans and the
adj ust nent neans i nterconnecting a said pair of transversely adjacent

back surface enga in means may be functionally |inked Eﬁﬁ"ﬁ@?ﬁm cal
connecti on. anical 5 connection may be a | ongitudi
I nt erconnectl ng sai d adj ust nent neans, each adjustnent neans preferably

i ncluding a pair of |inkage nenbers regoectively connected at one end
thereof to one of the torsion bars, the other end of each pai r of
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assembly. The actuation of said brakmg assemblies may be controlled by
elactronic controt means such that the stub shait is allowed to move axially in
the direction of its elongate axis and is at least substantially restrained from
rotation about its elongate axis when the vehicle is primarily undergoing roll
10 conditions, and such that the stub shaft is restrained from moving axially in the
direction of its elongate axis when the associated support assemblies are
displaced in opposing at least substantially vertical directions.

According to an alternative preferred embodiment of the present
invention, the connection means may include a pinion gear assembly

15 interconnecting the torsion bars for selectively allowing and restraining counter-
rotation of the torsion bars relative to each other, the pinion gear assembly
having a pinion gear respectively connected to an end of each of the torsion
bars, with a rotatably supported control pinion bar meshing with both of the
pinion gears. Rotation control means may be provided for controiling the

20 rotation of the control pinion gear. The rotation control means may include a
rotational braking assembly, the braking assembly being actuated by an
electronic control means such that the rotation of each control pinion gear being
controlled such that the support assemblies are free to move when undergoing
cross-axie articulation while roll motion of the vehicle is reacted to by the torsion

25 bars. Resilient means may be provided at each of the support assemblies for at
least substantially supporting the weight of the vehicle.

Resilient means may also be located between the pinion gear assembly
and the chassis of the vehicle for at least substantially supporting the weight of
the vehicle to thereby permit the vehicle to maintain an at least substantially

30 uniform load on each support assembly. The resilient means may be a
hydropneumatic strut having at least one associated accumulator providing
damping for the vehicle.
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and the piston assenbly may be connected to the other torsion bar. Afluid
communi cation may provided between the rans. To this end, the fluid
comuni cati on nay be provided by conduit neans connecting the two fluid
chanbers of the double-acting ramof the front torsion bar A&ﬁ fluid
20 chanbers SfO¥M¥%Houbl e-acting ram of the back torsion bi?%a 1 t he
transfer of fluid between the fluid chanbers enables relative

di spl acenent between the pi ston assenbygy and the cylinder. The fluid
chanbers may be connected such that the surface engagi ng neans are

D Ston assenbly. i { el BEEBRHiB 1Y lher desthbs 3 meplor Bf ERKHER D e ' "¢
bet ween the cmmmwnwduwmmrsnmme rpqssMa emlbadwnts of me mention.
DEreer e e | M BB BE 56 hO8nS) 318. Yosstle g LnoBHbbAy 6, | 1°
pi ston as spaﬂblbuwltge@fe iha eatcbmpanyxngndrmgsl is hotadOOhettltm:!ezatorodc as
the Toaq on 3 neunerpding e Sedkiafl o Wi 4ReblhS dRREiRE, aFblspihc | ohic o
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1nvenhon'
Figure 1b. is an isometric view of a second embodiment of the
10 suspension system according to the presént invention;
Figure 1c. is a detail view of the suspension system of Figure 1b;
Figure 2a. is a third embodiment of the suspension system according to
the present invention;
Figure 2b. is a detail view of the suspension system of Figure 2a;

15 Figure 3 is a plan view as seen from the underside of the vehicie chassis
showing the general layout of a fourth embodiment of a suspension system
according to the present invention;

Figure 4 is a schematic isometric view of a general layout showing a fifth
embodiment of a suspension system according to the present invention;

20 Figures 5 and 6 are schematic diagrams respectively showing the fluid
flow direction under cross-axle articulation and roil motions within the
suspension system of Figure 4;

Figure 7 is a schematic isometric view of a general layout showing a sixth
embodiment of a suspension system according to the present invention;

25 Figure 8 is a schematic isometric view of a general layout showing a
seventh embodiment of a suspension system according to the present invention;

" Figure 9 is a schematic diagram showing the fiuid fiow direction under
articulation motion within the suspension system of Figure 8;
Figure 10 is a schematic isometric view of a general layout showing an
30 eighth embodiment of a suspension system according to the present invention;
Figure 11 is é'p!an view of a ninth embodiment of a suspension system
according to the present invention; and
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5 means for supplying fluid to the conduit nmeans may al so be provided,

so t hat flui
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function. Roll
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All the accompanying drawings and figures are similarly marked so that

all identical components in all the drawings carry the same numbers and

5 symbois for simplicity and only those paris that are relevant to the present
invention are shown.

Referring initially to Figure 1, there is shown typical featurss of a vehicie

chassis and a first embodiment according to the present invention. The front of
the vehicle chassis 1 is shown facing the top right hand comer of the sheet. The

10 chassis 1 includes two main longitudinal rails 1a, 1b and chassis cross
members 1c, 1d, 1e, th interconnecting the rails 1a, tb.

Lower wishbones 2a, 2b, 2¢, 2d locate wheels (not shown) permitting

them to move in a substantially vertical direction. The wishbones are in the
shape of an “A” and are pivotally attached to the chassis 1 at the base 3 of each

15 wishbone. The upper wishbone or “McPherson attachment” is omitted from the
drawing for clarity reasons. Wishbone 2a therefore provides a movable location
means for the front right wheel while wishbone 2¢ attaches the rear left wheel
assembly to the chassis 1. Each wheel assembly is respectively attached to the
outer ends 2a(i), 2b{i), 2cf(i), 2d(i) of the wishbones.

20

It should be understood that other known linkage means may

alternatively be used to locate the wheels relative to the chassis 1 such that they
may move in a generally vertical direction. For example, the present invention is
also applicable for vehicles fitted with multi-link wheeil geometry such as trailing
and leading arms, panhard rods and even leaf springs.

25

In Figure 1a, coil springs 4a, 4b, 4¢, 4d are mounted on the upper

surfaces of wishbones 2a, 2b, 2¢, 2d respectively. it is to be understood that the
upper ends of the coil springs are resolved against an attachment joined to the
chassis 1 {although this is not represented) so that as the wishbones move up
and down in a generally vertical direction about pivot points 3, the springs are

30 compressed and allowed to extend between the wishbone and the chassis
attachment as in known suspension systems. The coil springs support most of
the weight of the vehicle.
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that such a fluid supply nmeans or roll resilience neans is not essential to
t he operation of the vehicul ar suspension system of the present
i nvention. The fluid supply nmeans may optionally also be used to

control the roll resilience by changi ng the pressure agq: ghg%
fluid in the WORUPT! neans and the roll 15 resilience nean i

According to a further preferred enbodi nent of the present invention, the
adj ust mrent means may be a rotary actuationqneans i ncl udi ng. a housi ng
supporting a rotor separating the housing into at |east two fluid chanbers,
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| oad on t he suwhicheare aitached to the chassis 1 as in known roll stabiliser bars. Roli
stabiliser bars are normally manufactured from spring steel which provides

10 some torsional resilience along its length.

The above described features of the suspension system do not
significantly depart in design and function from known suspensions
incorporating roll stabiliser bars. However, because the torsion means are each
divided into two components 5a, 5b, and 5¢, 5d, the ‘roli stabiliser’ functions of

15 these components may be reversed. Accordingly it is more appropriate to refer
to these components henceforth as ‘transverse torsion bars’ as at times they
fulfil a function which is entirely contradictory to roll stabilisation. A pair of these
transverse torsion bars are provided at each end of the chassis 1, and each pair
of torsion bars are interconnected by means of a central connection means 11.

20 The connection means 11 provided in between the two transverse torsion
bars at each end thereof, control the function of the transverse torsion bars such
that at some times the two halves may be coupled as though the two halves
were functionally one, and at other times the two halves are caused to contra-

. rotate about their efongate axes relative to each other. Therefore the functions

25 of the transverse torsion bars can be reversible to either effectively increase roll
motions on each axle independently or to prevent such divergent movements of
both wheels on one axle simuitaneously. Furthermore, according to the present
invention, the connection means 11 for each pair of transverse torsion bars can
be controlled simultaneously as a function of the vehicle motion and attitude.

30 This will be made clear from the following description.

Alternative forms of connection means 11 are possible and various such
means are 1Ilustrated In Figures 1a, 1b, and 1c, for exampie, the components
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engagi ng neans on one side of the vehicle and the simlar reduction in the
| oad 30 on the surface engagi ng neans on the other side of the vehicle to

t her eby control the roll attitude of the vehicle whilst sinmultaneously
m nim sing the changes in load on each surface engagi ng to
war p noti ons. WO970 R E

In the preferred arrangenent where a said resilient support neans is
provided for at |east one said pair of trangversely adjacent surface
engagi ng means for carrying the load of both associated transversely

adj acent surfagg the o&ﬁﬁ&bﬁ%ﬁﬁﬁé‘%d tﬁéabbb:%tid ay Femsvs: TEFHES trﬁﬁ}tv&%e
provi ded for said. at | east of tra%svs?ra?‘t)a’lkln acent

surface engagi fr§ienbars ame mtatahy gxeé to the has31s and axie b means
such as sleeves, and these details are omitted in most Figures. Lever ends are

provided at the ends of the transverse torsion bars to enable torsionat forces to

5 be imparted to the transverse torsion bars. The lever ends may be fabricated in

any known manner such as those commonly provided in torsion bar linkages.

Figure 1a shows the connection means 11 connecting the front transverse

torsion bars in a schematic fashion. An embodiment of the connection means

11 is shown in more detail in Figures 1b and 1¢. It should be noted that while

10 only the connection means 11 of the front transverse torsion bars is shown, a
corresponding connection means arrangement can also be provided for the
back transverse torsion bars. Reaferring now to Figures 1b and 1¢, at the
opposite ends of the transverse torsion bars lever ends 5a, 5b are provided
lever arms 7a, 7b, attached to transverse torsion bars 5a, 5b respectively. The

15 outer ends of the lever arms describe arcs in a plane generally parallel to the
general longitudinal plane within which the wheels rotate. The pair of
transverse torsion bars 5a, 5b is interconnected by a linkage assembly 5f. The
ends of the levers arms 7a, 7b are provided with ‘eye boits’ or ball joints or tie
rod ends or bushings Ba, 8b which permit linkages or couplings to be fiexibly

20 joined. :

The flexible joints attach each lever arm to a respective short linkage 9a,
9b. The opposite end of each linkage 9a, 9b is also provided with single or
double flexible joints 10a, 10b which may be similar in construction to joints 8a,
8b.

25 Attached to these paired flexibie joints at each end of the vehicle there is
shown another lever mechanism 11a. This lever mechanism is attached by
known means to a rotatable longitudinal stub shaft 12a which has a main
rotational axis that is generally perpendicular to the axis of the transverse
torsion bars 5a, 5b and which therefore generally follows the longitudinal axis of

30 the vehicle. '

Accordingly with reference to Fig 1b and 1¢, if the right front wheel at-
supported by wishbone 2a moves in a downward direction then the transverse
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at |l east one rearward pair of transversely adjacent surface engagi ng neans

for respectively providing substantially equal |oading on each of the
transversely associ ated surface engagi ng neans. For exanple a yoke
means I nterconnecting each pair of torsion bars nmay be |

wherei n sai dWEYPnt 10 support means connects the yoke ngéﬁé&ﬁﬁg?he
chassis of the vehicle, the yoke means transferring the average | oad
carried by the associ ated surface engagi ng3 means to the resilient
support neans such that the resilient support neans at | east

substanti al |y gygeRbhpsal (ih Fisd 15aR@AE) Btadbed BSrotalel dctt 8 eldiRaRbAXi®aE NI t
t he vehicle to maintain an at | east substantlall uni form I'oad on, each

surface 15 engddesHit fbaRsspeigladievarsarpt 72 nl thersjopaescribe asr arciewasdsithe
engagi ng rentSof tﬂ@? Mf&@ diihis orpﬂlllpddﬁ"%rfﬁﬁ lﬁika?g '%V%scﬁrlmtum will

resgectively exten fromeach torsion ver arns being
i nt er connect edpWthe earegg icular dewves ol adhraughean: atc. transversely| tpwﬁfdssmpﬂm

The veni ol e, 5t AR abold  poctal i BR S ardft @BOZ P01 1) D 10 M oad” ©
support ram havi ng the M@ﬁ&ﬂh‘ﬂd‘rmlﬂﬁ!dﬁlpu rull on pivelraeint 8boatithe top ohieverZh.am
te(r)rbg(rj?\r/rieﬁ? 3 ]‘?' ?Jnfcﬁsv\lih 'd‘é?&nl'?é‘a %"ré towards the rear é?fﬁ%rwfghye taﬂoﬁt'}ﬂé Q&fs &Eﬁ‘ﬁ&ﬁr red
provi ded bet weby thenethen halidmngng'&g|tn@lqm§bamrabyetransmimng a torslonal force
into an upward direction onto the front left wheel assembly supported at
10 wishbone 2b. Therefore, the vertical movement of one wheel can induce the
opposite vertical movement of the other wheel on the same axie.
It should be understood that in order for one transverse torsion bar such
as 5a to cause the other transverse torsion bar 5b to contra-rotate, the
transverse torsion bars 5a, 5b and the longitudinal stub shaft 12a must be free to
15 rotate about their own elongate axis although they should be restrained from
moving axially, that is transversely in the case of torsion bars 5a, 5b and in the
longitudinal piane of the vehicle in the case of stub shaift 12a. if the longitudinal
stub shaft and transverse torsion bars are permitted to move axially this will
result in the ultimate promotion of wheel movements in the same verticai
20 direction simuitaneously on both sides of the vehicle.
in order, therefore, to increase traction by forcing sach wheel to maintain
substantially consistent ground pressure at each tyre, (when travelling in an
approximately straight line), it is necessary to cause the relative contra rotation
of the two transverse torsion bars of each axie by permitting the longitudinal stub
25 shaft 12a to rotate about its elongate axis whilst restraining it from moving
axially.
Conversely, to improve roll stability (when this is desirable such as when
cornering), It is necessary for both wheels on the same axie to attempt to move
in the same vertical direction simultaneously and in this instance it is necessary
30 to restrain the rotational movement of the longitudinal stub shaft 12a about its
elongate axis whilst permitting this stub shaft to move in the axial direction
instead. The transverse torsion bars still have to move rotationally but do not
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chassis of the vehicle for at |east substantially supporting the weight of
the 25 vehicle and additionally, yoke neans nay interconnect each pair of
torsi on bars. Doubl e-acting ranms may interconnect the yoke means with

the chassis tg?’ﬁ??%l vehicle, and conduit neans nmay connegdr/Ladsioaszaondi ng
chambers of the and val ve nmeans nmay be provided in said conduit

nmeans for controlling the fluid fl ow t hrough each conduit neans to

t hereby control the pitch notion of the 30i4ehicle. Accunulators in fluid
communi cation with at | east one of the conduits may al so be provided.
Flui d supply naeed id move @xjaily imthisuimdtanespvi ng fluid fromsaid conduit

means, sensing meant,lood®Hie Wnddl £16'HbE48 Rovk Wine Udrgoing cross-axie
articulation while roll motion of the vehicle are reacted to by the transverse
torsion bafs. According to the present invention, the transverse torsion bars at
5 both ends of the vehicie can aiso be simultaneously controlled in this manner
under vehicle roll conditions.

However, under conditions where opposing vertical wheel movement is
required, relative counter rotation between each pair of torsion bars is facilitated.
Simultaneous control of the front and back transverse torsion bars is essential

10 where substantial cross-axie articulation is required. In such situations, one pair
of diagonally opposed wheels are required to move in the same general
direction while the other pair of diagonaily opposed wheels are required to
move in the opposite direction or be held generally stationary relative to the
former pair of wheels.

15 The linkage means 5f comprising the levers and links between the two
transverse torsion bars 5a, 5b can theretore be controlled such that the
suspension system can both resist roll motion or encourage opposite individuat
whee! movements, in particular, cross-axie articulation. Any differing mix of roll
and load sharing can therefore be applied by restricting the movement of the

20 longitudinal shaft 12a by either restraining the shaft axially, or rotationally,

" individually, collectively or not at all.

it should be noted that it is mechanically feasible, if not sometimes
preferable, to terminate the transverse torsion bars in ways other than the
described links, in order to provide a more positive and durable linkage and

25 control mechanism which may work in similar ways or which may permit
additional benefits. For example, the transverse torsion bars 52, 5b, 5c, 5d, may
optionally terminate in “T” junctions at their inboard ends instead of the “L”
shaped levers as illustrated. The longitudinal shaft 12a may also be provided
with matching double levers. In providing “T” shaped double levers either side

30 of the shafts, these bars are caused to rotate on their axes without significant
eccentric side loads. The cleats and attachment means which locate the shafts
relative to the chassis may be minimised by the double lever terminations.
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and control neans for controlling said fluid supply neans may al so be
provi ded to thereby allow control of the attitude of the vehicle.
According to yet another preferred enbodi nent of -the present invention,
the force transmtting neans may include a single transverse torsion bar
and the 5 W§j91#63knt neans may i nterconnect the torsion BEFALYMES oost

one of the associ ated surface engagi ng neans. The adj ustnment neans nay
provi de a hydraul i ¢ connecti on of the150rsion bar to the associ ated
surface engagi ng means. Each said adjustnent nmeans may include a

doubl e-acti ng J ocat e n nd of the rsion r...the ram havi ng
a cylinder andﬁ‘g‘s}ﬁ?ﬁ'&n‘@s@é‘%%”‘fﬂﬁé‘dﬁ?‘éﬁ’?ﬂg %%“EWFH%&WF%WW% Eﬁui d
E hanber s t her efjeie?teb ﬁn cy diffenent madnéhby f;nctmna' 1137 dral:_aasmgnihieyd?miie enuedTatt ed
etween one end of the torsion bar. and the j.acent surface engagi ng
meame " ha’ r anlinitien B8 the' et B IHEmeHIRE) sheft 16 6 Gopalblen Jp GuRbitiY a2
fhe Two [lU g chaher e ot (e Goubl e e N ol The [rom Lota on 8 bar
W the 118 ciRerATIEEn, Spes Tl oYRS THeeis, e Juerarece SRed B8 HTeRnt keReRl,
The fluid eqargpafeeheRismee connected such that the surface engaging
neans are permited to npve when undergoi ng warp notions with the

movenent of the There ag variousethods which cande used tigeleg) Wosn agd haw to
transfer of fl gdybebpleVEsiiral k8nnection means 11 to enhance roll controt or encourage

vertical wheel! travel motions. Now with reference to Figure 1¢, it will be seen
10 that shaft 12a has a grooved or splined portion 13 to slidably locate a brake unit
14 which for the purpose of demonstrating this part of the invention is drawn
schematically as a segment of disc brake 14a and a brake calliper mechanism
14b.
The segment of disc brake 14a is provided with a splined inner surface
15 which locates on the outer matching splined surface of shaft 12a. B.rake
segment 14a is caused to rotate in a limited arc along with the longitudinal shatft
12a. When the whole of shaft 12a. moves axially, however, the segment of disc
brake 14a remains in its usual axial iocation relative to the chassis as it is
located within the brake calliper mechanism 14b which is permanently fixed
20 onto the vehicle body or chassis cross member by any convenient means such
as by a cleat 15.
in order to promote roll resistance therefore, the brake calliper
mechanism 14b contracts/presses onto, and restrains, brake segment 14a so
that it cannot permit shaft 12a to turn, whilst still allowing this shaft to move
25 axially thereby only permitting the torsion bar levers 7a,7b to move in unison in
the same longitudinal piane, thereby causing both wheeis to become
predisposed towards moving in the same vertical direction at the same time,
also in order to limit roll motion.
A second brake mechanism 16 is also located in such a way so as to
30 prevent the axial movement of shaft 12a, whilst aliowing the shatt to rotate about
its own axis. The purpose of this then is to restrain the lever mechanism 11a
extending from the longitudinal shaft 12a from moving freely in the longitudinal
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connected fluid chanbers with m nimal change in the pressure differential
20 across the piston assenbly, while roll notions of the vehicle are
reacted by an increase in the pressure differential across the piston
assenblies g r the increase in |load on the su 9E0EAD NY
means on one%’c@‘ the vehicl e and the simlar reducﬁ%‘ﬁl n tﬁ”é | oad
on the surface engagi ng neans on the ot her side of the vehicle to
thereby control the roll attitude of the Wéhicle whilst 25 substantially
m nim sing the changes in’‘load on each surface engagi ng neans due to
war p notions. direction whichl escautages rwrnonmmusteenwbt@imgm ity edtatdabout the

having a oyl | SLATRR. 145 to ot g doriis ety Ot e o aee ke SRR,
fluid chanber and mér’ebycmbmuﬂs the tdwo%ﬂeowémmemoeérﬁleﬂsswﬂw@asmned

bei ng connectg&l %one of the torsion bars and the adj acent surface
engagi ng mean l uid communi cati on may be provided bet ween the rans

wherein sai ¢ 1 ui d 1H@EHBINGEHICGake MPSchahibes! 18YbaRMY icomprises a brake plate
16a, which moves in a longitudinal direction through the brake caliiper
mechanism 16b. The plate section is located on the shaft 12a by means of a
tube 16¢ which is free to rotate about shaft 12a but which is located in between
two stops or rings 16d which are permanently fixed to the shaft. All extraneous
10 detaiis such a the brake hoses and pads are omitted from the drawings.

It shouid be understood that the same functions may be achieved by
other known and equivalent means including drum brakes, brake bands on the
outer surface of a cyiinder or simple pin and eye type locking mechanisms
which locate the relative parts in one fixed position or help to centre the relative

15 components to a preferred centrai position.

An additional example of location means which has additional
advantages may be described in terms of a passive or a semi active system, in
which the shaft’s positions and movements are determined by two hydraulic
cylinders mechanically connected between the vehicle chassis dnd longitudinal

20 shatft in place of the brake mechanisms and hydraulically connected to a
pressure source such as a pump or accumulator. The control system need not
necessarily, therefore, rely on merely damping out forces by way of creating
frictional losses as in a passive system, but rather by way of forcing positive roll
correction and vertical wheel travel motions by actively rotating and moving the

25 shafts appropriately (as described above) but in this instance via the hydraulic
actuators.

In any event, whether the roll and wheel motions are passively or actively
effected, the system {as dascribed with reference to the Figures 1a to 1c)
requires that roll forces and wheel travel motions are sensed or monitored so

30 that the appropriate brake or actuator means is caused to work at the correct
time. Under normal situations the wheel positions relative to the body are
measured using any suitabie known devices such as potentiometers attached

il



8 means respectively connecting the fluid chanber of each

singl e-acting ram of the front torsion bar wwth the fluid chanber of

t he | ongi tudinally opposing single- acting ram of .t he back torsion
bar, the fluid chanbers being connected such that t he rf ngagi ng
means are pe™RY¥S¥1t o npve when undergoing warp 5 noti ot ,Aﬁﬁ%ﬁgg ol
notions of the vehicle are reacted to by the torsion bars whil st

simul taneously mnimsing the changes in kgpad on each surface engaging
means due to warp notions. Cptionally, fluid supply neans for supplying

fluid to Htwedid éécﬂegﬂﬁ BQF V'tﬂéd 'b thi\‘&c%l aYoRhetars, be
added to one condult an can east su ant

si mul t aneousl ;stee;mﬁbmmelbWemmwﬁm sm iG sw@chaseaadynernum switches r ol |
a1 2 0T ot e L 1e8 rh BT 60 Villely ysed R hetRBTEIVE HSGHATIO LR | v

control of the ve |cIe a uired,
control to be quroetingdforess. a'l'berrmferraatémgﬁom\tbalwhgef Lm:tentmneters aod |

resilience EanRepliGHeftls tha)/Hl SBGHIHAT A% 1HALRSN FBh fHe*Spditiometer,
{and any other input considered useful), to determine when each regulation or
control means such as the brake units 14, 16 should be made to operate at any
given time to provide the best mix of assisted wheel travel motion and roll
control. An electronic control means (ECU) can typically be provided to receive

10 the various sensor signals and to provide control signals to the connection
means.

Figures 2a and 2b show an alternative central connection means 11
which is mechanically equivalent to the lever and link mechanisms as illustrated
in Figure 1a, 1b, 1c. Figures 2a, 2b are also isometric views of the underside of

15 part of the vehicle chassis as if looking up from the right hand side of the vehicle
towards the front left hand wheel. Accordingly the transverse torsion bar 5b is
located towards the lower left side of the sheet and the other transverse torsion
bar 5a slopes upwards towards the top right of the sheet.

The levers and links shown in Figures 1a to 1¢ are replaced in Figure 2a

20 and 2b by three meshed bevel gears 7bp, 7ap. and 11p. The lever 7a on the
inner end of transverse bar 5a is therefore replaced by bevel 7ap whiie lever 7b
is replaced by bevel 7bp joined onto the end of shaft 5b. Lever 11a is similarly
replaced by bevel 11p. The two bevel gears 7ap and 7bp are caused to
contra-rotate as they are both meshed with the common bevel gear 11p which

25 has a rotational axis that is perpendicular to the axis of rotation of the two
transverse torsion bars.

Although complete bevel gears are illustrated for clarity it is equally
possible to install segments ot bevel gears instead, as the axles in vehicles
usually do not turn through arcs of greater than twelve degrees and

30 consequently the bevel gears themselves do not need to rotate through greater
angles. in order to provide a very positive meshing of the bevel gears they may
be designed with helical gear testh as in other known applications. Additionally

i



provided in fluid conmunication with both of the conduit nmeans, said roll
15 resilience neans including danping neans for danping the rate of roll

and i solating means for isolating the roll resilience neans to thereby
i mprove the roll control. It should however be noted that_such a fluid
supply nmeans 0786971 resilience nmeans is not essenti al g%%?ation
of the vehicul ar suspension system of the present invention. The fluid
supply means may optionally also be 20 useqgto control the roll resilience
by changing the pressure and volunme of fluid in the conduit means and

the roll resiligfathdit tears may be des@hé& lﬁtatthéﬁinkagé 'iﬂste!ﬁltésdraﬁﬂé d'Ridie

may provide a nechanlcal e torsion ba

According to arResive coug :%@ﬁ;ﬁnégem@sqwﬁ/mlp@tﬂs Wﬂhéﬁ@reﬁcﬁmmﬁﬁd a
25 t |

Sorface ™ Cengka ﬁm w8 25828, 13t B3, o i Inen AR Qufipofed i
engagi ng neans :gureeoﬁrhayeeheqrboptmaﬂmwttﬁd am@thaemam supportior the vehicle is

e oo pact ' O, fhab 1, renslBbe I0itln SAE0 HiEh 168, RSB Rrde°
support neans fablassmmbcmssn'gember 30 byavayxifa testientineans insthedollawing manner.
Sar47eE a0 oA uerl ol it b B i e B B (Wi
in this drawing is represented as three bevel gears 7bp, 7ap, and 11p). These
three bevel gears are located in a housing numbered 18. The bevel housing 18
10 is provided with any suitable cleat 18a which provides an anchorage point for a
resilient means located between the cleat 18a and the chassis crossmember 1d.

A hydropneumatic strut 19 is shown in Figure 2b to represent the resilient

- means in corﬁbination with one or more gas springs or accumulators numbered
19a. Damping valves in the mouths of the accumulators 19a. {similar to those ot
15 known construction and not visible in this drawing) may be provided as a shock
absorber for this central resilient means. The advantage of this central damping
mechanism is that it proifides damping for pitch direction inputs alone and can
therefore be matched to this specific frequency requirement, without adversely
effecting the roll damping at a different frequency. Roli damping may be

20 provided at the wheels by way standard shock absorbers for example.

If the coil springs at the whesls ars omitted, then the central resilient
means 19 must provide the ultimate support for that end of the vehicle, and
without this unit the entire assembly comprising of the twin transverse torsion
bars 5a, &b and central connection means 5f would rotate and would thereby

25 permit the vehicle to drop onto the rubber jounce bumpers.

Any suitable combination of resilient means may be provided whereby
outer coil springs could be refatively unsupportive in combination with a strong
central resilient means such as the hydropneumatic strut 19, or conversely, the
central hydropneumatic strut may provide littie support while outer coil springs at

30 the wheels may carry the majority of the vehicle’s weight. Alternatively again,
each central resilient means can carry the entire weight of the wheel that is born
by the associated wheels.
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surface engagi ng neans and for said at | east one rearward pair of

transversely 9

adj acent surface engagi ng neans for respectively providing substantially
equal | oadi ng on each of the transversely associ ated agi ng
means; Yoy transmtting neans interconnecting at ?ﬁ@%@g&gal d
forward pair of transversely adjacent surface engagi ng neans and a
force transmtting neans 5 interconnectitgg at | east one said rearward
pair of transversely adjacent. surface engagi ng nmeans; each force

transm tting means THiCtesiliond andi dirhPENinedRa Such! ddethRdhyrbpRétimatic strut 19
therefore provides an additional level of resilience in the pitch plane to
significantly improve comfort in the longitudinal pitch direction whilst still
maintaining firm roll resilience to maintain a high standard of handling so that

5 the vehicle handies like a sporis car in roll but is as comfortable as a limousine
in pitch.

While a hydropneumatic strut 19. is represented in Fig. 2a, 2b it is equally
convenient at times to replace this unit with any other type of known resilient
means such as a rubber block, or coil spring, which may preferably also

10 accommodate a damper {(shock absorber).

One of the advantages of providing a hydropneumatic strut over say, a
coil spring, is that the hydropneumatic strut may optionally be connected to a
fluid pressure source (fluid pump) and reservoir (tank) so that additional
hydraulic fluid may be introduced into the strut and accumulator to raise the

15 vehicle up, or the fluid may be drained back to the tank to allow the vehicie to
reduce its height. Such attitude and height adjustment is desirable to level the
vehicle when weight is eccentricalty applied onto one end of the machine or the
vehicle may benefit from being lowered at both ends when being driven at high
speed, for exampie. it should however be noted that it is possible to eliminate

20 the resilient means between the torsion bars and the vehicle chassis, the
transverse torsion bars being for example supported against the vehicle chassis
by a solid bar. The resilience would then be provided solely by the resilience of
the torsion bars.

Roll motion and individual dynamic wheel movements of low amplitude at

25 high speed requiring a limited amount of wheel travel are thus resolved by
relatively stitf transverse torsion bars (springs) and shock absorbers (dampers)
which are omitted from drawings. A brake mechanism 14 prevents the central
bevel gear turning freely and this prevents the contra rotation of transverse
forsion bars to promote roll minimisation as required. Components 14a and 14b,

30 in Figure 2b are similarly referenced to those referred to in the similar functional
context with reference to the embodiment illustrated in Figure 1a to 1c.

When traversing uneven terrain the resilient mechanism 19 (Figure 2a

Replace
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means being | ongitudinally spaced and functionally |inked such that the
magni tude and the direction of the force transmtted between associ ated 10
transversely adj acent surface engagi ng neans by each of the force

transmtting S varies progressively as a function Hﬁ%? tive
wooPHL Phchifihod

positions of, | oad applied to, at |least two pairs

I nt erconnected transversely adj acent surface engagi ng neans, to thereby
restrict roll notions of the vehicle whils20 simul taneously facilitating
warp notions of the surface engagi ng neans such 15 that there is negligible

change in the |amidb)oprovidied supportfor theceontragtdtiopal linkagesbis(bevel geantsetlesy

I d Di i . . ' . f Of

| mvention & ner dVRGGOINE [taton of e TS Haiiter Sofiat hrHE o HECRinGred Alye, o1,
as described alwasily, This suspensibh systdm liserefors @xhibits rholtiple speiig dates wtiieh t he
I nvention by r%rence to the 20 acc af] I@ﬁ d&ﬁ\%\n n S_lV\:hICh Il lustr

bossi bl o enboa IR 37 GpSSares APBRaHaIe! fotraitss' 24 ro

i nvention arg [pasistdics résibnes bt afHennd baftéripitch respbiskifetbamidrywién dhding in
acconpanyi ng draw ngs. i,s lﬂ’glte to be understood as supersedi ng the

generality of t%@_ %E%Q'i‘ description of the invention. _ Figure
la. is an isometricC TheCibdVe éﬂﬂspélﬁ%?ﬁfﬁa@ear%d?arnlsér}%% tha R sHows Jor ab sty a

first enbodi ment of the suspensign system accor to the present |
substantially equal loadings 1o be applied to each wheel. In conventional
suspension systems where a coil spring or other resilient means is provided at

10 each wishbone, it is necessary for the suspension system to overcome the
spring force of the resilient means before motion of the wheel can be effected.
However, when the wishbones are free of any resilient means, this allows for
free movement of the wishbone thereby allfowing at least substantially equal
loadings to be applied to each wheel by the suspension system.

15 Further developments of the present invention will now be described
which enable the suspension system itself to intrinsically differentiate between
circumstances when roll resistance should be enhanced or actively reversed,
without the requirement for external sensors and an ECU or intelligence system.
Moreover, the suspension system variations described below automatically and

20 passively react to the various requirements of the system, to provide the
required response without any outside infiuence, or intelligence, or requirement
for energy.

Figure 3 shows a further embodiment of a suspension system according
to the present invention. This embodiment is similar to the embodiment shown

25 in Figures 1a to 1c in that the vehicle chassis 1 is supported on wishbones 2a,
2b, 2¢, 2d, and coil springs 4a, 4b, 4c¢, 4d are also provided as in conventional
suspension systems. Furthermore, the wishbones at each end of the vehicle
chassis 1 are respectively interconnected by respective pairs of transverse
torsion bars 5a, 5b, 5¢, 5d. Each pair of torsion bars are also connected by

30 connection means 11 in the form of linkage means 9a, 9b, 9¢, 9d, 11a as in the
earlier embodiments. The principal difference is that a iongitudinal shaft 20
interconnects the connection means 11 of each pair of torsion bars.
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I nvention; Figure Ib. is an isonetric view of a second enbodi nment
of the suspensi on system according to the present invention;

Figure 1 c. is a detail view of the suspension systemof Figure 1 b; 30
Figure 2a. is a third embodi ment of the suspension system accordin to

the present iWQeHSTN; Figure 2b. is a detail vi RFTEYPM
suspensi on system of Figure 2a;
10 Figure 3 is a plan view as ggen fromthe underside of the

vehi cl e chassi s

The longitudinal shaft 20 is provided with a lever member 11a at each
end thereof to thereby allow the shaft 20 be linked to the linkage means 9a, 9b,
9¢, 9d in the same way as the longitudinal shaft 12a of Figure tb and 1c. The
jongitudinal shaft 20 of Figure 3 further includes a spline joint 21 which aliows a

5 degfee of movement in the longitudinal direction of the shait 20.

The longitudinal functionally links the front and back transverse torsion
bars in such a way so that the torsion bars of the suspension system can react in
unison in dependence on the vehicle dynamics. The functional linking by the
longitudinal shaft of the front and back transverse torsion bars aliow the

10 suspension system to maintain and retumn the attitude of the vehicle to a position
that is at least substantially paralle!l to the average surface plane supporting the
vehicle.

In particular, the wheels are free to move when undergoing cross-axie
articulation when one pair of diagonally opposed wheels are displaced in the

15 same general direction and in an opposite direction relative to the other pair of
diagonally opposite wheels. In situations when the vehicle is primarily
undergoing roll when the wheels on one side of the vehicle are both moving in
the same general direction relative to the wheels on the other side of the
vehicle, the torsion bars can act in the same manner as a conventional stabiliser

20 to provide roll stiffness for the vehicle.

However, under cross-axie articulation situations which results in counter
rotation of adjacent transverse torsion bars also results in rotation of the
longitudinal shaft. This resuits in a transfer of force between the wheels to
thereby facilitate the movement of the wheels. [t should be noted that there is a

25 progressive change in the degree of relative rotation between the torsion bars
as the vehicle is subjected to varying combinations of roll and cross-axie

" articulation situations. The torsion bars will therefore dnly be allowed to counter
rotate relative to each other when the support assemblies are undergoing cross-
axle articulation if the vehicle is also undergoing rolt to thereby maintain the roll

30 attitude of the vehicle.

Figure 4 shows another embodiment of the suspension system. The
vehicle suspension system is shown with the front of the vehicle being directed
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showi ng the general |ayout of a fourth enbodi nent of a suspension system
according to the present invention; Figure 4 is a schematic

i sometric view of a general |ayout showing a fifth 5 enbodinment of a
suspensi on system according to the present invention; MIAWS 5
and 6 are schM@¥997i agr ans respectively showing the fluid

direction under warp and roll notions within the suspension system of

Fi gure 4, Figure 7 is a schemati @2 sonetric view of a general

| ayout showing a sixth 10 enmbodi ment of a suspension systemaccording to

the present i nvuewardsthe bottom left coﬁmtuwédramﬁg sisdw) mewmtsumoue@bhof

a general |ayout, s vent h, enbodi nS| Q stem
acgor di ng toyt Heh rl%?@n%h %%e?ﬁ il springs 4a, "gep&u&is t Sis

di agram show ntg(nbh 'éi'trd;ﬁr@de'féte@sIh@ﬁcélﬂ%é rile ofltréé"gé!gigl%g% f.ncw: ts glrrgt ? Ihg
suspen5| on system o u :

view of a gener al Wﬁ‘gf‘%mﬁw§0:aﬁ1 are Péﬁ"ﬂ&@‘h ab%ﬂ?ﬁe?ﬁd sarpidhg pehinlan
syst em accor ioPorb 38 a1 $i3int GRd rear axies of the Vaicie b lifkety Bh

vi ew of anlnthe 0|rren a suspensi on ordi ng

present i nvent i®achanieally or hydrauhqallgu rRinge th% hydraplio helsaga:smtem l§f9a§lﬂféﬁt h

embodi ment of &, RUaRE A bscribe in a more generic form the ensuing description will refer
to the hydraulic finkage system although other linkage systems may optionally
be used to provide a method for the suspension system to distinguish between
10 roll and cross-axie articulation motions of the vehicle in a similar manner.
Further the suspension system is "passive" and not "active”. In other words no
external sensors are required to operate the system which reacts automatically
to vehicle motion. It should be noted that the system shown in Figure 3is also a
“passive” system. Each arrangement includes a pair of transverse torsion bars
16 Ba, &b, 5c, 5d as in the arrangement shown in the previously described
embodiment. The torsion bars are however interconnected by means of a
hydraulic double acting ram assembly 62, 63. Each ram assembly has a
cylinder 62a, 63a and a piston 62b, 63b supported therein to separate the
cylinder into an inner chamber 62¢, 63c and an outer chamber 62d, 63d. The
20 lever arm 7b, 7c at one end of one of the torsion bar pairs 5b, 5c is coupled with
and movablie fogether with the cylinder 62a, 63a. The lever arm 7a, 7d of the
other of the torsion bar pairs 5a, 5d is coupled with and movable together with
the piston 62b, 63b. Conduits 84, 65 provide fluid communication between the
two ram assemblies 62, 63. In the illustrated embodiment, each conduit 64, 65
25 connects the inner chamber 62¢, 63c of one ram assembly with the outer
chamber 62d, 63d of the other ram assembly. It is however to be appreciated
that other conduit connection arrangements between the two ram assemblies
are also possibie depending on the design of the transverse torsion bars which
may reverse the sense of rotation if, for example, one pair is located behind the
30 axle while the other pair of transverse torsion bars is focated in front of the other
axle. Therefore, the outer chambers can be connected by one conduit whereas

the inner chambers can be connected by another conduit.

[
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20 system according to the present invention. Al'l the
acconpanyi ng drawi ngs and figures are simlarly marked so that al |
i dentical conponents in all the drawings carry the sane nunbers and
synbols for sinplicity and only those parts that are relevant to the

pr esent iWRQAHPHN are shown. 25 Referring initi RFEAPERRjure 1,
there is shown typical features of a vehicle chassis and a first
enbodi nent according to the present inventigon. The front of the vehicle

chassis 1 is shown facing the top right hand corner of the sheet. The

h e 1 includ i . i : .
rcreﬁgzlr: I cl, nidtJ FZ,AWI |€@@Pconnléécété| ng %ﬁ%ﬁ%’?le?waa&%‘gwgwﬁ%éva%?\gr
wi shbones 2a, Supplyand ramove fiid framethesrapmassemblies gngasseciatedconduits. hESt o

Thuse. ot "an " kOGS Bl PRSI RANRREe 300 i G
of each some active roli control for the vehicle, and active assistance with cross-axle
5 articulation to overcome the resistance of the springs (when used). In addition,
the roll attitude of the vehicle can be controlied by varying the volume of fluid
within the hydraulic circuit. To this end, the pump/reservoir assembly 66 is
connected to the conduits 64, 65 connecting the two ram assemblies 62, 63 by
two secondary conduits 67, 68, each respectively connected to one of the
10 conduits 64, 65. Accumulators €9, 70 may also be provided on the secondary
conduits to provide additional resilience in the suspension system. it should be
noted that most of the resilience within the vehicle ride in terms of pitch and
whole body motion is provided by the springs 4a, 4b, 4c, 4d and that roll
resilience is only provided by the resilience in the optional accumulators 68, 70
15 or such resilience as there may be permitted in the transverse torsion bars 5a,’
| 5b, 5S¢ and 5d and linkages and bushes attached thereto. |

Figures 5 and 6 show the fluid fiow within the system and between the
ram assemblies when there is cross-axie articulation motion of the wheels
(Figure 5) and when there is roll motion of the wheels (Figure 8). The schematic

20 diagrams show the suspension system in plan view with the front of the vehicle
being directed to the top of the sheet. Thus as each wheel 20, 21, 22, 23 moves
in a generally vertical direction, this would be a movement in the direction
normal to the piane of the drawing sheet. Accordingly, upward wheel motion is
therefore indicated by the symbo! *-* whereas downward wheel motion is

25 indicated by the symbol *+" .

Referring initially to Figure 5, when there is cross-axie articulation motion
of the wheel, the diagonally adjacent wheels move together in the same
direction which is opposite to the direction of movement of the other diagonally
adjacent wheels of the vehicle. In this situation, because of the direction of

30 movement of the wheels, and the way that the torsion bars are respectively
connected to the cylinder and piston of the cylinder assembly, counter rotation of
the torsion bars are possibie.
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11 wi shbone. The upper w shbone or "MPherson attachnent” is omtted
fromthe drawing for clarity reasons. Wshbone 2a therefore provides
novabl e | ocati on means -for the front right wheel while w shbone 2c

attaches the rear |eft wheel assenbly to the chassis 1. g I
assembly is rv9IRely attached to the 5 outer ends 2a(i}, vo2c(
2d(i) of the w shbones. It should be understood that other kno

| i nkage nmeans may alternatively be use@g4to | ocate the wheels relative
to the chassis 1 such that they may nove in a generally vertical

direction. For exa”ﬁdﬁeﬁaﬁﬁﬂé’ﬁﬁ&ﬁ@h‘s@bﬂﬁé 6t ﬁarce ttaﬁ’érﬁiﬁ: Arigtiohént 50,
vehicles fitted with nulti-| wheel georretrgﬁgsuc 10 and

| eadi ng ar s, pahaming ?%ée&m!le@baﬁmmﬁ
W Shbones 3, - Sowiitaifs e Eodi [Rich o ' noRtrdRRIse forsi el S5 femults
upper ends of tiRea @lecnea@prmn@urae@f rthe uterdchaabersé2cipf the Hephbydraplic rrm
the 5 assembly 62, and an increase in the volume of the inner chamber 62¢c thereof
' because of the relative motion of the piston 62b within the cylinder 62a. Fiuid
therefore fiows from outer chamber 62d through conduit 64 to the inner chamber
63c of the rear hydraulic ram assembly 63 while fluid flows to the inner chamber
62¢ of the front hydraulic cylinder 62 through conduit 65 from the outer chamber
10 63d of the rear hydraulic ram assembly 63. This fluid flow is aided by the
relative motion of the rear transverse torsion bars 5¢, 5d. This fluid movement
ensures that cross-axle articulation motion can be readily achieved by the
suspension system.
By comparison, in Figure 6, the wheels on each side of the vehicle move
15 in the same direction and opposite to the direction of movement of the wheels
on the other side of the vehicle. The direction of movement of the wheels show
that the vehicle is tuming left resuiting in roll motion of the vehicle. Because of
the respective attempted rotation ot each transverse torsion bar, and the
interconnection between the chambers of each ram assembily, the fluid flow from
20 each chamber is counter acted by the fluid flow from the opposing chamber
such that there is little to no relative motion between the piston and cylinder of
each ram assembly. Each pair of transverse torsion bars therefore acts in
unison in a similar manner as a conventional roll stabiliser bar in roll but unlike
conventional rolt bars the system described permits simultaneous roli control
25 stiffness and free wheel motions resulting from cross-axle articulation. The
functional relationship of the linking between the two rams can also be viewed
as a function of the pressure differential across the piston within each ram.
When the vehicle is undergoihg rof as shown in Figure 6, the pressure
differential across the piston of each ram is relatively high, with the load and
30 therefore the pressure carried by fluid chambers 63d and 62b being higher than
for chambers 63b and 62d. However, under cross-axle articulation as shown in
Figure 5, the pressure differential across the pistons will be relatively fow. The
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chassis 1 (although this is not

up 15 and down in a generally vertical direction about pivot points 3,

springs are
t he chassis

i nterconnecting each pair of transverselygogdjacent w shbones

represented) so that as the w shbones nove
t he

conpressed and allowed to extend between the w shbone and

attachnent as in known suspension systens. Eil prings
support nost Wk9706971t he wei ght of the vehicle. T @gﬁé"ﬁ?
system shown in Figure la is provided with torsion 20 neans 50, 51,

2c, 2d. Each torsion neans includes two conponents 5.a,5b and 5c, 5d

whi ch are si
attached to t

i R RERD! RN Brieseiing oqrafes’df The VEAER Alstes

2a, 2b and

drop | i nksirwnpnrmﬂlmmﬂtshteawmb situationb bf erossavle dnticulatipmaer al |y verti cal
direction the 25

housi ngs (not

<owd SnSUI8 e Rreeif ik iR RERVERton] (i Skt i s e

rol | stabili sdordicy sarsRoel*wound suphduting cornieting and df theroad hisortappens taibad

engnr 0 & il da ¥ SnBE Ronuinnd AlebReCo 08w a%e ainERERRT A IEY

not 30 signif ||equirég/ﬂmepaetendmfmmys:oamw isnadditionafly wouhd aprwhileshe rotherns

i ncorporating r(ﬂl §tab

each

10

15

20

25

30

mporany relau(eds angki’hese alterna ing axle movements can cause
rapid shifts of weight born by the wheels which in turn cause the lack of traction
at the tyre contact patches. In the embodiments shown in Figs 3 and 4 the
ground pressure at the wheels is therefore maintained more consistently
thereby reducing the risk of skidding on the corners of poorly surfaced roads.
Additionally, in conventional roli stabilisation systems such as transverse
torsion bars, when a single wheel impacts a bump or encounters a hotlow, the
torsion bar is rapidly wound up causing the impact to be resolved by the
transversely adjacent wheel and spring assembly as well as by the support
points on the chassis, and this results in single wheel input harshness being
experienced by the vehicle occupants. [t should be understood that single
wheel input is, in effect an cross-axle articuiation in that it requires two
diagonally opposite wheels to move in one direction while the other diagonally
opposite pair move in the other direction. Since conventional roll stabiliser bars

of the front and back axies are independent they are intrinsically unable to

differentiate and react differently to single wheel inputs and roll motions and all
such inputs are therefore reacted to in similar manner causing harshness of ride
quality and inferior road holding due to inappropriate weight shifting between
wheels. In contrast the structural and functional refationship of the components
in the system (shown in the accompanying Figures) requires that both axles
interact such that roll and articulation are differentiated and reacted upon in
different ways so that as minor articulations occur as when a single wheel input
occurs this is not experienced as a roll motion {on one axle) requiring maximum
stiffness of the roll stabiliser bar leading to undue harshness. In the iﬁvented

system, therefore, a single wheel input may be reacted to as a minor high speed
articulation motion which need not be resisted and which therefore does not
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divided into two conponents 5a, 5b, and 5c, 5d, the 'roll stabiliser’
functions of 12 t hese
conponents may be reversed. Accordingly it is nore appropriate to refer

to these conponents henceforth as 'transverse torsion bars {'@'ﬁA@SfﬁfﬂBﬁges

t hey ful fWP9%06%hcti on which is entirely contradictory

stabilisation. A pair of these transverse torsion bars are provided at
each end of the chassis 1, and each pair J&gof torsion bars are

i nterconnected by neans of a central adjustnent neans 11. The

adj ust ment neapgedltdr¥oNed by thet ﬂ@ﬁé\rérbé\?t H@jabbRt WHe? Cadseiiiip causind’ar S
at each end thereof, control the function of the transverse torsion bars

such that NSERESaFY HAESHNRESt wo hal ves may be coupl ed as though the two
hal ves The embodimant shown in Figure 7 is similar to the embodiment of Figure

4 except that the hydraulic double acting rams are replaced by rotary actuators

5 or rams 62a, 62b. These rotary rams include a housing supporting a rotor

rotatably supported therein which separates the housing into two fluid

chambers. The housing and the rotor are respectively connected to one of the

adjacent transverse torsion bars. Conduits 64, 65 interconnect the

corresponding fluid chambers of each of the rotary rams 62a, 62b. This

10 embodiment operates in the same way as the embodiment of Figure 4. in

particutar, the wheels are free 1o move when undergoing cross-axle articutation

while roll motion of the vehicle is reacted to by the torsion bars. The primary

advantage is that the use of rotary rams eliminates the need for lever arms on

the transverse torsion bars thereby reducing the amount of clearance required

15 to accommodate the suspension system as well as leading to a neater overall
arrangement.

Figures 8 and 9 illustrates a further embodiment of the vehicle
suspension system wherein the vehicle is also supported by the suspension
system according to the present invention. This embodiment is also simitar to

20 the embodiment shown in Figure 4 except that the coil springs are eliminated
and replaced with a support arrangement 75, 76 interconnecting each pair of
transverse torsion bars. This leads to the abovenoted advantage in that it is
possible to provide at least substantially equal loading on each wheel. Each
support arrangement may include linkage means 75b, 75¢, 78b, 76c connecting

25 each transverse torsion bar pair to a respective cross member 75d, 76d. The
cross member 75d, 76d may be directly connected to the lever arms such as 7a,
7b to obviate the requirement of links 75¢ and 75b when the support means are
located so as not to conflict with components 62 and 63. The cross members
are each coupled to a load support assembly 75a, 76a. In this arrangement, the

30 force to support the vehicle is resolved through the transverse torsion bars to the.
load support ram assemblies 75a, 76a which are secured by support means 82,
83 to the vehicle chassis and which permit some relative movement to
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were functionally one, and at other tinmes the two halves are caused to
contra- 10 rotate about their elongate axes relative to each other.
Therefore the functions of the transverse torsion bars can be
reversible to either effectively increase roll notions on each axl e

i ndependent | yWO7087br event such di vergent novenents of PEHAYISINEE| s on
one axle sinultaneously. Furthernore, according to the present

invention, the adjustnment means 11 for eacBqpair of transverse torsion bars
can 15 be controlled sinultaneously as a function of the vehicle notion and

Alternative fomieonihestadp Br Rl Enarols, . The BruSRrL 18 4rbEs Blmper
neans are il | usrrargechent ﬁaFergges!'stHealoadtnamw by cthe fassoeiatetbload assemblies,
conponents in

transverse tor §W3n£‘2?efa§%1r gg'n'{%?% "(}hﬁi‘b%%?ﬁé%ﬁgﬁﬁsfﬁoﬂ%ﬁy e
any known rreanszehimé]cbassxs Tisé essilienceaidhe bmndwhaybtenaisepwvideueby maan;'.)st
oures: LevE BB BhIR, p 1R corhiypRiied Wi Babh IBS SBPon e °"
torsion bars. Essemmrmdﬁgrayuﬂwaimgm edppcm m;ms :ncd:m'aﬁn go@tlic uch
20 ustment  moa @A AsImyetars F Shdl BE ynderiod Tt ihase, e s@rgevu?e%% 2
schemati ¢ f ashiignrepfiicedriiocornventiondl stéisl ordibisdr o Yonipoais radiliert mbehdhisnis
such as springs. It is noted that the conduit connections in this embodiment are
10 similar to the connections shown in Figure 4. In particular, the inner chambers
of each cylinder assembly 62, 63 are connected by one conduit to the outer
chambers of the other cylinders.
According to the design of the torsion bars, the load support assemblies
may be designed/engineered fo support the vehicle by being in tension or
15 compression. By way of exampie, the front load support assembly 75 and
linkages 75b, 75¢ as seen in Figures 8B and 9 would normally be in tension
when supporting the vehicle’s static weight while the rear assembly 76 and
linkages 76b, 76¢ would be in compression under the same conditions.
The embodiment shown in Figure 10 operates in a similar manner to the
20 embodiment of Figure 8. The primary difference is that the load support ram
assemblies 75a, 76a are replaced by coit springs 100,101.
Figure 11 shows yet another embodiment which is a further development
of the embodiment of Figure 8. The weight of the vehicle primarily supported by
the coil springs 4a,4b,4c,4d located at each wishbone 2a,2b,2¢,2d. The load
25 support rams 75a,76a are retained. Further conduits 103,104 are however
provided to connect corresponding fiuid chambers of those rams. A valve 105
controls the flowpath of fluid between the fluid chambers when the valve is in
one position, the corresponding inner fluid chambers and the respective outer
fiuid chambers are in fluid communication. When the vaive is in a second
30 position, the connection is reversed such that each inner chamber is now in fluid
communication with an outer fluid chamber. This arrangement aliows control of
the pitch of the vehicle by providing means to raise and lower each end of the
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nore detail in Figures |b and 1c. It should be noted that while only the
adj ust nent neans 11 of the front transverse torsion bars is shown,
correspondi ng adj ust ment neans arrangenent can al so be provided for the 30

back transverse torsion bars. Referring now to Figures 1b

and

a

]@P@&%?%C?ded

opposi te endsW¥97@p1t r ansverse torsion bars |ever ends 5a, PER

| ever arns 7a, 7b, attached to transverse torsion bars 5a, 5b respectively.

The- 28 13
the | ever arnms describe arcs in a plane generally parall el
general [ongitug pl ane within which the wheels rotate.

transverse torsion bars 5a, 5b is interconnected by a |inkage assenbly
The Accumulators 108 may also be provided on each conduit. This provides

an amount of damping to control the degree of pitch of the vehicle.

outer ends of
to the
The pair of

5f .

Figure 12 shows a further embodiment of the present invention which

5 operates in a similar fashion to the embodiment of Figure 4. The main
difference is that the transverse torsion bar pairs are substituted by a single front
and rear torsion bar 90, 91. One end of each bar is connected to the wheel
support assembly 98, 99 shown as a simple axle in the drawing by way of a
drop link as commonly used to couple roll stabiliser bars to axie or wheel

10 assemblies. The other end of the torsion bars is connected to the axle by way of
a hydraulic double acting ram assembly 94, 95 which takes the place of the
normal drop link component which links the roll stabiliser bar to the axie whilst
accommodating changes in angle between the components. In this particular
embodiment, the rofl stabiliser bar is coupled to the hydraulic cylinder chamber

15 housing while the piston rod 94b, 95b of each ram assembly is connected to the

wheel support assembly 98, 99.

In the embodiment shown in Figure 12, it will be seen that the piston rods
pass right through the rams so that the upper and lower piston faces have
identical surface areas. In some situations it may be preferable to use a single

20 piston rod extending out of one end of the ram end only or to use rod diameters
of different outside diameters to overcome asymmetrics and/or provide specific

roll spiit geometrises.

in this embodiment, when thers is roll motion of the vehicle, fluid flow is

prevented through the conduits 92, 93 connecting the ram assemblies 94, 95 in

25 the same way as previously described with reference to Figure 4 and Figure 6.
Movement of the end 90a, 91a of the torsion bar 90, 81 secured to the ram
assembly relative to the wheel support is therefore prevented and the torsion

bar therefore operates in a similar mahner as a conventional stabiliser bar.
During cross-axle articulation motion of the wheels, fluid movement through the

30 conduits 92, 93 connecting the ram assemblies 94, 95 allow movement of the
ram assembly end 90a, 91a of the torsion bars relative to the wheel support
assemblies 98, 99 thereby facilitating the cross-axie articutation motion. The

i

I
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ends of the levers arns 7a, 7b are provided with 'eye bolts' or ball joints
or tie 5 rod ends or bushings 8a, 8b which permt |inkages or couplings to

be flexibly j oi ned. The flexible joints attach each | ever arm
to a respective short |inkage 9a, 9b. The opposite end | nkage
9a, 9b is al MPPMVEded with single or doubl e fl exi bl e"%‘f*‘ﬁ’?&s‘;}’ﬂ?a, 10b

which may be simlar in construction to joints 8a, 10 8b.
Attached to these paired flexible joints @9 each end of the vehicle there

S shown anot her |ever nmechani sm lla. This |ever nechanismis attached
by known npshiiie sGsgersiirmbydied Howdke! bifiehwiseSdpdraiBan a ditlladihg AsiiRe 2
mai n rotati onal axis that |,swgeneral | y perpendicular to the axis of the
transverse 15 ¥BPegipanhehawnin FiguregdalhBch t herefore generally fol | ows the

| ongi t udi nal axi ' ' '
ongi tudi nal axis iqifshouid bagho;(@uﬁ't t‘éacm% of fheacttoubteb‘ﬁﬁﬁﬁ%l'é?ﬁé gon‘ggtt% ;gﬁgsaé&nce

to Fig 1b and 1c f . the ri ron f . supporte one 2a
moves in a dovP¥NQISASIe-agtingTamscrespadtivelernnecting the oppesing andx of the roll n

The assoct at S Touse e 18y Boficting A8 s bigmBendiiadch Shyl aing joi R
front of the VR @QreespeAdingram raft thenonnasitepstablliser bas thiskigagementgaah in
turn wll operate in the same general manner as the embodiment of Figure 12.
Although all of the above noted embodiments use torsion bar
arrangements, it is aiso to be understood that the present invention can also
10 encompass arrangements where transverse push/pull rods replace the torsion
rods, with the connection means linking the rods applying tension or
compression forces on each rod.
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pul | the perpendicular lever 1 la through an arc, transversely towards the
front ri ght wheel about its pivotal axis on stub shaft 1 2a.
The linkage 9b will in addition pull on pivot point 8b at the top of |ever

7b_. 25 w_hich wi Il describe an arc towards the rear_of t he \é%_bf.{eﬁ??/ggﬁ;?m t he

axi s defined WOk he other half transverse torsion bar
transmtting a torsional force I nto an upward di+ecti-on onto the front
| eft wheel assenbly supported at wi shbeme 2b. Therefore, the verti cal

movenent of one wheel can induce the opposite- v tw ﬂ{’ﬂ) muwm,of t he
ot her wheel onggmggme axle. 30 It shoul d be n order
for one transverse torsion bar such as b5a to cause the other transverse
torsion bar 5b to contra-rotate, the transverse torsion bars 5a, 5b and

the Tongitudingl staRehitifdr stieBefidion shStel fOF alvehicle respectively supported on at
least one pair of transversely adjacent front suppon assemblies and at least one
pair of transversely adjacent back support assemblies, the suspension system
including a force transmitting means interconnecting the at least one pair of
transversely adjacent front support assemblies and a force transmitting means
interconnecting the at least one pair of transversely adjacent back support
assemblies, the force transmitting means transferring forces between the
interconnected support assemblies, wherein each force transmitting means
includes connection means for progressively varying the magnitude and
direction of the force transferred between the associated support assemblies by
the force transmitting means as a function of the relative positions of and the
~ load applied to at least two pairs of the interconnected support assembliss, the
connection means being functionally linked such that the magnitude and the
direction of the force transmitted between associated support assemblies by
each of the force transmitting means is progressively varied to thereby maintain
" and return the attitude of the vehicle to a position that is at least substantially
paraliel to the average surface piane supporting the vehicle.

2. A vehicular suspension system according to claim 1 wherein the force
transmitted by the force transmitting means is a torsional force.

3. A vehicular suspension system according to claim 2 wherein each force
transmitting means includes a pair of transverse torsion bars, each torsion bar
being respectively connected to a support assembly, the torsion bars being
interconnected by the connection means.
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14 rotate about their own elongate axis alth houl d be
restrained from noving axially, that is ““YW t he case of
torsion bars 5a, 5b and in the Iongltud\\ ofs the vehicle in the
case of stub shaft 12a. If the longitudinal * ‘stub shaft and transverse
torsion bars WO&AMMnitted to nove axially this will 5 re§6‘|vr(‘“f9m
ultimate pronotion of wheel novenents in the sanme verti cal direction

si mul t aneously on both sides of the vehiclg. I n order,

therefore, to increase traction by forcing each wheel to maintain

substanti a1 |¥. £00S! £ \gfibuli Qe SplhEncicctAify 1/ i Y hardin Fidrbiag |

an appr oxi mat el'y “stral ght o cause the re
contra rotati dparso age rotstal abqutsxtbeseeloogsta)raMr sthef coapectiah emeans

per 41 19, ok QRS Bikeinting sl Wolior 3 obObaldh BRAGh ol Frggoe

axi s whi | st arnin VErs
to inprove roltoc eaghiothey sushethat Hhe supm |axsaalnbllemah‘ea&eahbn move when

rove: 15 1 n'  neuderBBO8REPh e artRbaigl BRI bl o Wi fehe §, BbeBth, co

it is necessarlpythetorsion batst ai n the rotational novement of the |ongitudinal
stub shaft 12a about its
5. A vehicular suspension system according to claim 4 wherein each
connection means provides a mechanical interconnection of the associated pair
of torsion bars, and wherein the connection means interconnectirig a said pair of
transversely adjacent front support assemblies and the connection means
interconnecting a said pair of transversely adjacent back suppont assemblies
are functionally linked by a mechanical connection.

6. A vehicular suspension system according to claim 5 wherein the
mechanical connection is a longitudinal shaft interconnecting said connection
means, each connection means inciuding a pair of linkage members
respectively connected at one end thereof to one of the torsion bars, the other
end of each pair of linkage members being interconnected to an end of the
longitudinal shaft such that torsional forces can be transmitted between said
connection means.

7. A vehicular suspension system according to claim 3 wherein the
connection means provides a hydraulic connection of the torsion bars.

8. A vehicular suspension system according to claim 7 wherein the
connection means is a double acting ram, the ram having a cylinder and a
piston assembly separating the cylinder into two fluid chambers therein, the
cylinder being connected to one of the torsion bars, the piston assembly being
connected to the other torsion bar, and wherein a fiuid communication is
provided between the rams.
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el ongate axis whilst permtting this stub sh I n the axi al
direction i nstead. The transverse t E\ g‘ ““I have to nove
rotationally but do not need to nmo nlnsth‘15 i nstance. 20

Therefore, the wheels are permtted to rmve when under goi ng
noti ons whi | e¥PTP69%bt i on of the vehicle are reacted to by Yﬁ@xﬁ’ 8%er se

t orsi on bars. According to the present invention, the transverse
torsion bars at both ends of the vehi @2 can al so be sinultaneously
controlled in this manner under vehicle roll conditions. 25

However g und?r 99ondAt\'rema:lamwwmmngémma&d&&hg\m@ahzmwwMMn itise ﬂund
requiread, relative counter, rot n bet en_eac or s
il aed. comeuniaafaids piovilad b onohk s chrinesfind bns it i cbaind

torsion bars i gf ﬁfesaéﬁblélactmg rameéfethémt ?d?hioﬁ' barakith maﬂma%hamef@aﬂtﬂeed
I n such S|tuat|ons one pai ose eel s re required

to nove in t hedouhlg %ﬂﬂm Q!l“l’%@@?'bﬁ?’%& %Tﬁ‘é’ ?&Y&%Hﬁ“?f&f pt &Pmﬁ!hl ly
opposed wheel sy i Hahls bﬂ?ﬂﬂ.*aQeiaﬁV%]BﬁPlacen%PBﬁvPéneffﬁh’éeﬁaﬁgﬂ rﬁs@énm’y

hel d generally stationary relative tot ormer palr o
and the cylinder.

10. A vehicular suspension system according to claim 9 wherain the fluid
chambers are connected such that the support assemblies are free to move
when undergoing cross-axle articulation with the movement of the piston
assembly within each cylinder allowing the transfer of fluid between the
connected fiuid chambers with minimal change in the pressure differential
across the piston éssembly, while rolt motions of the vehicle are reacted by an
increase in the pressure differential across the piston assemblies generated by
the increase in load on the support assemblies on one side of the vehicle and
the similar reduction in the load on the support assemblies on the otherside of
the vehicle to thereby control the roll attitude of the vehicle whilst minimising the
changes in load on each support assembly.

11. A vehicular suspension system according to claim 10 further including
fluid supply means for supplying fluid to the conduit means so that fluid can be
added to one conduit and fluid can be at least substantially simultansously
removed from the other conduit to thereby enable the roll angle of the vehicle to
be controlled.

12. A vehicular suspension system according to claim 11 further including roll
resilience means such as a hydropneumatic accumulator in fluid communication
with both of the conduit means, said roll resilience means including damping
means for damping the rate of roll and isolating means for isolating the rolt
resilience means to thereby improve the roli control.
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15 - The linkage neans 5f conprising the | evers and |inks between
the two transverse torsion bars 5a, 5b ¢an therefore be controll ed

such that the suspensi on system c mm“ \‘Mm‘ol notion or
encour age opposite individual 1‘ ms‘ articul t he
war p node. AnYOQ7M%%ing nix of roII ltoall sharing B ﬁ’éf”ﬁzgre be
applied by restricting the novenent of t he | ongi tudi nal shaft 12a by
either restraining the shaft axially, or r%at ionally, i ndi vi dual |y,

S

collectively or not at all. It ould be noted that it is
(ranover e tor aton BarehHER.y UFRI dystom HShBiAg & olsly’ B WA frg”
to provide a noprngoliohtmeansaisc Uﬂa@tﬁ@uaﬂmmwaﬁhdluding 2 bousioy supporting &m
whi ch may wor k il SLEE bl YR Rolding 1 it 1%t 5 ik chambers, the housing being
alternatively connected to one of the torsion bars, the rotor being connected to
the other torsion bar.

14. A vehicular suspension system according to claim 13 including conduit
means providing fiuid communication between the two fluid chambers of the
rotary actuation means of the front torsion bar with the fiuid chambers of the
rotary actuation means of the back torsion bars.

15. A vehicular suspension system according to claim 14 wherein the fluid
chambers are connected to thereby progressively vary the relative rotation of the
rotor within the housing in each of the linked rotary actuation means such that
the support assemblies are free to move when undergoing cross-axie
articulation with the movement of the rotor within each houising allowing the
transter of fluid between the connected fluid chambers with minimal change in
the pressure differential across the rotor, while roll motions of the vehicle are
reacted by an increase in the pressure ditterential across the rotor generated by
the increase in load on the support assemblies on one side of the vehicle and
the similar reduction in the load on the support assemblies on the otherside of
the vehicle to thereby control the roll attitude of the vehicle whilst minimising the
changes in ioad on each support assembly.

16. A vehicular suspension system according to any one of the praceding
claims wherein resilient support means are provided between the support

assemblies and the chassis of the vehicle for at least substantially supporting
the weight of the vehicle.

Sheet Has Been Re;iiaced
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addi tional benefits. For exanple, the transwerse torsron bars 5a, 5b, 5c,

5d, may optionally termnate in "T" [uncti eir inboard ends
i nstead of the "L" shaped | evers a !} Eajﬂ’ﬁ@l e longitudinal shaft
12a may al so be row ded 15 with natchi | NpRFRNbéhosss " T
shaped doubl e™ E') 8691 oj t her si de of the shafts, these bl::t?fs are caused
to rotate on thelr axes W thout significant eccentric side |oads. The
cleats and attachnment neans which |ocate tBg shafts relative to the

chassis may be minimsed by the double | ever termnations.

Additionally, rel woéﬁuehlaa%dswsﬁﬁn macomh ﬂ@@i@r&nmﬂeﬁmm ) 19 be
20 selected in . a different nmanner funqtlon |1 usi n t he bl e .ended
"T"  juncti d?FBW"QWeY‘Qﬁ)’"@F ?W@'ém'wpﬁglp éﬁé’? forsig 6‘? ’%@Wﬂ‘bl’%ﬂ"
function as méﬂ%‘gbﬁﬁe&ldgtw?ow MeaRyshy 1HEWAsBR! the Vénisie, iué%l‘(é

shown in Figure 1 an ferent types of |ever neans ma‘y heref ore
be used as dif fleeens transferrig the Wg%lloﬁéc%ﬁ‘ﬁ§n§¥' the associaterh supparte

various nethodgg wphﬁn.eg% *ﬁ :Om%%h50§um?ﬁazap+ﬂe h@gn.éﬁ} mean%aﬂfs?eéé?e
central adjustne nmean 0 en ance rolT control or enco

vertical wheel substantiajiptsupports adeastia pediosr ehihe vehiclegier tfvereby ipermitithepe
seen t hat v 0 0

| ocate a brake%;ué??lgc?e %%%%M Q{!l%lolrggg §ubcsgéﬁt;m;§ B‘?*‘?JJ“P Afro ‘e'{t ?%éﬂ %E'r%xnart
of the inventi @ssembly ragardless of any cross-axle artlculatlon of the support assemblxes

18. A vehicular suspension system according to claim 17 wherein the yoke
means is provided by a lever arm respectively extending from each torsion bar,
the lever arms being interconnected by a cross member arrangement.

19. A vehicular suspension system according to ciaim 18 wherein the
resilient means interconnects the cross member arrangement with the chassis of
the vehicle, the resilient means including a load support ram having an
accumulator in fluid communication with the ram to provide said resilient
support.

20. A vehicular suspension system according to claim 19 further including
double acting rams interconnecting the yoke means with the chassis of the
vahicle, conduit means connecting corresponding chambers of the rams and
valve means for controlling the fluid flow through each conduit means to thereby
controf the pitch motion of the vehicle.

21. A vehicular suspension system according to claim 20 further including
accumulators in fluid communication with at least one of the conduits.

This Shee
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30 schematically as a segnent of disc brake 14a and a brake calli per

mechani sm 14b. The segnent of disc brake 14a is provided with
a splined inner surface

whi ch | ocates on the outer matchi ngaH!‘\m%m“‘\ “‘mum)f shaf

16
t 12a. Brake
segment 14a iWOSH®] to rotate in ed arcSal bng wi t hPETHAU6A
| ongi tudi nal shaft 12a. When the whol e of shaft 12a. noves axi aI I Y,
however, the segnent of disc brake 14azemains in its usual axial
location relative to the chassis as it is 5 |located within the brake

Co! Lhaes; TC oA UAnEAY o Sed T e it o SBK? 206 B ik
including fluid supply means for supplying and removing fluid from said conduit
means, sensing means for sensing the attitude of the vehicle, and controt means
for controliing said fluid supply means to thereby allow controf of the attitude of
the vehicle.

23. A vehicular suspension system according to claim 2 whersin the force
transmitting means includes a single transverse torsion bar and the connection

means interconnects the torsion bar to at least one of the associated support
assembilies.

24. A vehicular suspension system according to claim 23 wherein the

connection means provides a hydraulic connection of the torsion bar to the
associated support assembly.

25. A vehicular suspension system according to claim 24 wherein each said
connection means inciudes a double acting ram located at one end of the
torsion bar, the ram having a cylinder and a piston assembly separating the
cylinder into two fluid chambers therein, the cylinder and the piston assembly
being connected between one end of the torsion bar and the adjacent support
assembly.

26. A vehicular suspension system according to claim 25 wherein the rams
are in fluid communication and wherein said fluid communication is provided by
conduit means respectively connecting the two fluid chambers of the double
acting ram of the front torsion bar with the fluid chambers of the double acting
ram of the back torsion bars.
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as by a cleat 15. In order to prormte rOI I""resistance t her ef ore,

the brake calli per mechani sm 14b contr onto, and restrains,
brake segnent 14a so 10 that it cann a to turn, whilst
still allowi ng.this shaft to nove

hef eb‘y only t he
torsion bar |'WO&6%7L 7h to move in un| son in the sane ﬁ’g.h% i nal

pl ane, thereby causing both wheels to becone pr edi sposed t owards novi ng
in the sane vertical direction at the sane36i ne, also in order to limt
roll notion. 15 A second brake nechanism 16 is also |located in such a

Wﬁy Sg ?S to 27.prev gamcmae s&s;beﬁsmimwmﬁi a_ci_zf]ordihgftb d!atﬂaze\/\/r]théretnhﬁld i ng
the shaft to rotat apbout e rpose thi t nisto
Lot rain the | SYBMHATS A copneited SUh ikt e, SHERGH aRSeRbfos Al drel FamotR a1
12a from novi nayidre eindergoih corbes-axia Arficiilation with’ mét metﬁemhoﬁmwétaﬁs
roll control whil st ncowyagl nqblt t ro ate about th

shafé 12a
to pronote the 2858MRlY (Within; each,oYiin owing, e teags ergf @Hlﬂﬁmween tagd
to thereby pr 0%3&@ AGROSH Jﬁbiét%r Wiﬁla}nlﬁfméﬁrﬂﬁ%%e ‘iiifé tbaep.%%?r. @iffé}entlal

wheel s. ongi tu brake nechani s asi cal rrses a
brake plate  acress thmpléwnrﬁﬁsemhlh whileotalli rpotionsef the N@qu'%ﬁfq by e

brake cal | i per jneraase in the pressure differential across the piston assembiies generated by
the increase in load on the support assemblies on one side of the vehicle and
the similar reduction in the load on the support assemblies on the otherside of
the vehicle to thereby control the roll attitude of the vehicle while minimising the
changes in load on each support assembly.

28. A vehicular suspension system according to claim 27 wherein the
connection means is a single acting ram located at each end of the torsion bars,
each ram having a cylinder and a piston assembly suppbrted therein to provide
a fluid chamber within the cylinder, the cylinder and piston assembly being
connected to one of the torsion bars and the adjacent support assembly.

29. A vehicular suspension system according to claim 28 wherein a fluid
communication is provided between the rams wherein said fluid communication
is provided by conduit means respectively connecting the fluid chamber of each
single acting ram of the front torsion bar with the fluid chamber of the
longitudinally opposing single acting ram of the back torsion bar, the fluid
chambers being connected such that the support assemblies are free to move
when undergoing cross-axie arti'culétion, while roll motion of the vehicle is
reacted to by the torsion bars while minimising the changes in load on each
support assembly.

30. A vehicular suspension system according to claim 23 wherein the
connection means provides a mechanical coupling of the torsion bar.

Has Been Reﬁaced
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25 nmechani sm 16b. The pl ate section is | ocated on'theﬂ shaft 12a by neans of

a tube 16c which is free to rotate abo but which is | ocated

i n between two stops or rings 16%\“\% ently fixed to the
ma

shaft. Al extraneous details su & hoses an r
om tted from MOS®EHN ngs. I't shoul d be understoo%c?ﬁ&?ﬂ@ﬁ% sane
functions may be achi eved by 30 other known and equi val ent neans i ncl udi ng

drum brakes, brake bands on the outer gwrface of a cylinder or sinple
pin and eye type | ocking nechanisns which locate the relative parts in

‘i’ge fi Xegoggz In?r??g ;A(r)végﬁ&}?%r# %s?%ﬁ&i'ggnsb@%nf gtg'g& {lé'fﬁcle respectively supported on at
least one palr of transversely adjacent support assemblies, the suspension
system including a force transmitting means interconnecting the at least one pair
of transversely adjacent support assemblies, the force transmitting means
transferring forces between the interconnected support assemblies, wherein
each force transmitting means includes connection means for progressively
controfling the magnitude and varying the direction of the force transferred
between the associated support assemblies by the force transmitting means as
a function of the displacement of the assocliated support assemblies relative to
each other and the load applied to the at feast one pair of interconnected

suppornt assemblies.

32. A vehicular suspension system according to claim 31 wherein the force
transmitted by the force transmitting means is a torsional force.

33. A vehicular suspension system according to ciaim 32 wherein each force
transmitting means includes a pair of transverse torsion bars, each torsion bar
being respectively connected to a support assembly, the torsion bars being
interconnected by the connection means.

34. A vehicular suspension system according to claim 33 wherein the torsion
bars are rotatable about their elongate axes, the connection means
progressively controlling the axial rotation of the associated torsion bars relative
to each other such that the support assemblies are free to move when
undergoing cross-axle articulation while roll motion of the vehicle is reacted to
by the torsion bars.

35. A vehicular suspension system according to claim 34 wherein the

connection means provides a mechanical interconnection of the pair of torsion
bars.

Sheet Has Been zﬂlaoed
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An addi tional exanple of |ocation nmeans which has additi onal advant ages
may be described in terns of a passive or a sem active system in
which the shaft's positions and novenents are deternined by two hydraulic

S cylinders nech 1y connected between the vehicl e chassi;akdoos2s
| ongi t udi nal Wo Sl gﬁt in place of the brake mechani sns andsﬁw raultcally

connected to a pressure source such as a punp or accunul ator. The
control system need not necessarily, t@gefore, rely on nerely danping
out forces by way of creating frictional |losses as in a passive system

?ut r?t he{ by \Aaa OfAf%i?bﬁ&rmbhfﬁnawdte&oaﬁﬁ]ﬁﬁ@ wrcgﬁnd 36cwhiessih w{ee?el
ravel notions act.ive i.ng_an e shafts .a

(as descri bed a Bﬁtm st'ﬂ&é“’?%? c%rm'of‘ig? MemRRIS LesRect Yg@l’?‘%'ﬁ?‘@ E Y
In any event, wHgs ead tﬁé\‘éof@i onePoEthsheelonBairs QRS oltict dhsatithe® livka@e mémbefl Y

effected, the s stem described with reference to the Fi gures la to 1c)
15 requires thage'r‘alq° FBF’GQST"&%“%@ travel notions are sensed or

nonitored so that the appropriate brake or actuator neans is caused to
work at the correct ti me. Under normal situations the wheel positions
rel ative to t he3hodyAdehicular suspansion sustery aseprding temlaimy A8 furthenineluding,ch

as potenti omet egRaRichbfrBf theans 1OF CYRENing a%ial WnaGotational Hoveriett b thd Wb

Accel eronet er s,
shatt.

38. A vehicular suspension system according to claim 37 wherein the control
means includes an axial braking assembly and a rotational braking assembly.

39. A vehicular suspension system according to claim 38 wherein the
actuation ot said braking assemblies is controlled by electronic control means
such that the stub shaft is allowed to move axially in the direction of its elongate
axis and is at least substantially restrained from rotation about its elongate axis
when the vehicle is primarily undergoing roli conditions, and such that the stub
shaft is restrained from moving axially in the direction of its elongate axis when
the associated support assemblies are displaced in opposing at least
~ substantially vertical directions.

40. A vehicular suspension system according to claim 35 wherein the
connection means includes a pinion gear assembly interconnecting the torsion
bars for selectively allowing and restraining counter-rotation of the torsion bars
relative to each other, the pinion gear assembly having a pinion gear
respectively connected to an end of each of the torsion bars, with a rotatably
supported control pinion bar meshing with both of the pinion gears.

41. A vehicular suspension system according to claim 40 further including
rotation control means for controiling the rotation of the control pinion gear.

Been Re‘laced
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20 steering/throttle/brake pedal position sensors, G swtches, and nercury
SwW t ches are al so now common and wi dely used in the autonotive industry

to detect cornering forces. The" \ 'ﬁwﬂmuﬂhe wheel

potenti oneters and accel eronete M\ “!W‘ d al ong_wi

i nformati on fWVeP$R speedonet er, » (andtany ot hé&r input Wéﬂma
useful), to determ ne when each regulation or 25 control neans such as the
brake units 14, 16 should be nmade to opergg at any given tine to

provi de the best m x of assisted wheel travel notion and roll control.

L2 B0 AR sh PG kg Wby

the various sensor signals an \ r signals to the a Justnrrent
means. 30 contgelrpeans: ingludespagiotational hrakinghasserablyethe braking assemhly

means 11 whi i | cal i t r '

mechani sns as | P&s?cr'gftégaﬂv gﬁné '%?‘%‘?%K%w ﬂ‘)é% g&ﬂ:%{' r“é?r}gééﬁg ll;° fa?aé: haI SO

i sonetric vi encontroltpinionrgrards entrblied such that the support assemblies are free to
move when undergoing cross-axie articulation while roll motion of the vehicle is
reacted to by the torsion bars.

43. A vehicular suspension system according to any one of the preceding
claims wherein resilient means are provided at each of the support assamblies -
for at least substantially supporting the weight of the vehicle.

44. A vehicular suspension system according to any one of claims 40 to 42
including resilient means located between the pinion gear assembly and the
chassis of the vehicle for at least substantially supporting the weight of the
vehicle to thereby permit the vehicle to maintain an at least substantially
uniform load on each support assembly.

45. A vehicular suspension system according to claim 44 wherein the
resilient means is a hydropneumatic strut having at least one associated
accumulator providing damping for the vehicle.
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18 part of the vehicle chassis as if |ooking up fromthe right hand
side of the vehicle towards the front |left hand wheel. Accordingly the
transverse torsion bar 5b is | ocated towards the lower left side of the
sheet and the“gihﬁk%}ransverse torsion bar 5a sl opes upwards towards
the top right "1 (% sheet. 5 The levers and |inks sh&SAURSENSE,r o5
la to |lc are replaced in Figure 2a and 2b by three neshed bevel gears
7bp, 7ap. and 11p. The lever 7a on the ]_:IE§1ner end of transverse bar 5a
is therefore replaced by bevel 7ap while I'ever 7b is replaced by bevel
7bp joined onto the end of shaft 5b. Lever 1lla is simlarly repl aced by
bevel 11p. The twogmell gears 7ap and 7bp are caused to contragpnlO rotate
as they are both h t he common bevel gear 11 p which has a
rotational axis that is perpendicular to the axis_of ;iionwg? the two
transverse torsion bags. q 0
illustrated for clarity it™Nis equally 4z
bevel. gears instead, as the™gxles inzgehi

2a(i
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15 usually do not turn through arcs of greater than twel ve degrees and
consequently the bevel gears thensel ves do not need to rotate through

greater angles. In order to provide a very positive nmeshing of the .
bevel gears the nay be designed with helical gear teeth as in_other
known applidﬁ??%ﬁ?? Addi tionally extra bevel gears mayrSEAH®EHAed into
the linkage unit 5f to provide a nore 20 positive neshing of the shaft and
to resolve the loads with fewer eccentricities. In Figure 2a and
2b, it will be seen that the coil sprihgs (nunbered 4 in Figures 1)
have been optionally omtted and ghg i n support for the vehicle is

t heref ore provided transverse torsion bars which are resolved into the
chassis at crdsg r 1d by way of a resilient neans in the follow ng

manner. 25 Thé transverse torsion bgeds5ab are meshed3n the |inkage
assenbly 5f (which , _in this dra s rgpresented/ as three bevel gears
7bp, 7ap, and 11@ NeSEe threesxX&Tel gears are pocated in a housing
nunbered 18. The Heyfl housi g I8 'S prgvideo o th any suitable cleat
18a whi ch provi gés{#n anchopyage goi nt f&& _g aloar'-%,lient nmeans | ocat ed
bet ween t he clejily ardfhe chissis or dnenbgr /30 1gy - A

hydr opneumati c st 2 oW Fi 0% -.‘.2;: (PrrgelesSent the resilient
means in combi nafi on wit -‘:E!v *""\ -

aqwmﬂaunsnwmmed



19 19a. Danping valves in the nouths of the accumulators 19a. (simlar

to those of known construction and not visible in this drawi ng) may be
provi ded as a shock absorber for this central resilient neans. The
advant age of i ntral danping mechanismis that it provides danpi ng
for pitch dirééhé%ﬁETnputs alone and can 5 therefore be naPEH@H 8hi s
specific frequency requirenent, wthout adversely effecting the rol
danping at a different frequency. Roll ]ﬁgng may be provi ded at the
wheel s by way standard shock absorbers for exanple. If the coi
springs at the wheels are omtted, then the central resilient means 19

must provide the ultinmate support for that end of the vehicle, and




10 without this unit the entire assenbly conprising of the twin transverse
t orsi on bars 5a, 5b and central adjustnment neans 5f would rotate and
woul d t her eby permt the vehicle to drop onto the rubber jounce

bunmpers. Any suitabl e conbination of resilient megy ?#?8

provi ded wher 9706975t er coi|l springs could be relatively 3%@3%% ive in
conbination with a strong 15 central resilient neans such as the

hydr opneumatic strut 19, or conversel y,4 i]_e central hydropneumatic
strut may provide little support while outer coil springs at t he wheel s
may carry the majority of the vehicle's weight. Alternatively again,

each central resilient neans can carry the entire portion of the body

wei ght t hat is born by the associated wheels. 20 The resilient and
danper neans such as the hydropneumatic strut 19 t herefore provi des an
additional |evel of resilience in the pi wgne to significantly

i nprove confort in the |longitudinal pitc ction whilst still

mai ntaining firmroll resilience to naintgin a high standard of handling so
t hat the vehicle handles |ike agports catlaipyoll but is as
confortable as a linousine 2§ in pifA—{ 7 i | &ba hydr opneumati c

strut 19. is represented in Fi Y 2b it\i eqyal conveni ent at
times to replace thi S4zl1mit Wi t Off KTToWR r esi | ggnt
9a 9%
2a 20 2b




means such as a rubber block, or coil spring, which may preferably al so

accommodat e a danper (shock absorber). 30 One of the advantages of
provi ding a hydropneumatic strut over say, a coil spring, is that the
hydr opneumati ¢ strut may optionally be connected to a fluid g&fssure
source (flui dUHH™hind reservoir (tank) so that additional PCT/AUS6/00528

20 hydraulic fluid may be introduced into the strut and accunul at or
to raise the vehi cl e up, or the fEﬁ'iSyay be drai ned back to the tank
to allow the vehicle to reduce its height. Such attitude and hei ght

adjustnent is desirable to | evel the

N
N
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vehi cl e when weight is eccentrically applied onto one end of the nachine or
t he 5 vehicle may benefit from being | owered at both ends when bei ng

driven at high speed, for exanple. It should however be noted that it
is possible t d.nat e the resilient nmeans between the torsion bars
and the vehicﬁgﬁ% assis, the transverse torsion bars be?ﬁﬂmpﬁwmﬁ?anple

supported agai nst the vehicle chassis hy a solid bar. The resilience
woul d then be provided solely by the réi{lfgnce of 10 the torsion bars.
Rol I notion and individual dynam c wheel novenents of |ow anplitude at
hi gh speed requiring a limted ambunt of wheel travel are thus resol ved by
relatively stiff transverse torsion bars (springs) and shock absorbers
(danpers) which are omtted fromdraw ngs. A brake nmechani sm 14 :
prevents the central 15 wvel gear turning freely and this prevents the
contra rotation of the as?%ﬂ%hﬁgd trangverse torsion bars to pronote

roll mnimsation as required. Conponents 14a and 14b, in Figure 2b are
simlarly referenced to those referregdpto ifn the simlar functional
context with reference to the enbodi neNt illlustrated in Figure la to
lc. 20 When traversing uneveg te rain th esilient mechani sm 19
(Figure 2a and b) provides ppart r thgZcontra rot donal | i nkage 5f
(bevel gear set) so q\ 62d /jg

// 67c
20

— 62b -+

21

5d
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that contra rotation of the two transverse torsion bars can be achi eved

nor e easily. This suspension systemtherefore exhibits nultiple spring
rates which differ in response appropriately as when the vehicle
requires a stj r 25 resi stance response or when a soft i

response for @%&P@&bhmhen driving in a nore straight |iﬁ§pﬁh&ﬁﬂsm

The above enbodi nent has an advantage in that it allows for at |east
substantially equal |oadings to be apph%ff;io each wheel. In conventional
suspensi on systens where a coil spring her resilient nmeans is provided
at 30 each wi shbone, it is necessary for the suspension systemto overcone
t he spring force of the resilient neans before notion of the wheel can
be effected. However, when the wi shbones are free of any resilient
means, this allows for

Fig 6.

5d




21 free nmovenent of the wi shbone thereby allow ng at | east

substantially equal | oadings to be applied to each wheel by the
suspensi on system Furt her devel opnents of the present invention
wi |l now be described whi ch enabl e the suspension systemitself to
intrinsical | yYWS¥%¥nti ate between 5 circunstances when r SCTAVR60SE8, o
shoul d be enhanced or actively reversed, w t hout the requirenent for
external sensors and an ECU or intelliqsg system Mor eover, the
suspensi on system vari ati ons descri bed automatically and

passively react to the various requirenents of the system to provide the
requi red response w thout any outside influence, or intelligence, or

requi renent 10 for energy. Figure 3 shows a further enbodi nent
of a suspension system acfordi ng st he present invention. This
enbodi nent is simlarqtoAt he enbodi nent 3hown in Figures latolc in
that the vehicle cha w shbones 2a, 2b, 2c, 2d,
and ¢oil springs 4a, 4b 4d are al so pjovided as in conventional 15
suspensi on systens. Fuyr t he wi shpnes at each end of the vehicle

chassis 1 are respectfiifl . ed/ by respective pairs of transverse
@Q@V, y resp p

L3
<



torsion bars 5a, 5b, 5c, 5d. Each pair of torsion bars are al so connected
by adj ustnent neans 11 in the formof |inkage neans 9a, 9b, 9c, 9d, 11
a as in the earlier enbodi nents. The principal difference is that a

| ongi t udi nal §éb 20 interconnects the adjustnent neans_l11 of each pair
of torsion ba 357505379 The | ongi tudi nal shaft 20 is pro&%& M a

| ever nenber 11 a at each end thereof to thereby allow the shaft 20 be
| inked to the |inkage neans 9a, 9b, .fl 9d in the sane way as the

| ongi tudi nal shaft 12a of Eigu T bl Ei. The | ongi tudi nal shaft 20
of Figure 3 further ipglufles a spline jjint 21 which allows a 25 degree of
novenent in the | ongi NEMRl_directi on4f the shaft 20. The

| ongi tudi nal functionall y™inkSTtThe tropat and back transverse torsion

bars in such a way so thaNthe torsiop”bars of the suspension system can
react in uni son in depend@gmnmcgon the vehicle dynam cs. The functional

I i nking by the | ongi tudi n@l fshaft of the front and back transverse
torsion bars allow the 30 sygpension systemto maintain and return the
attitude of the vehicle &g a=gsition that is at |east substantially
parallel to the average s " e pl ane supporting the vehi cl e.

c

A




22 In particular, the wheels are free to nove when under goi ng
warp notions when one pair of diagonally opposed wheels are displ aced
in the sane general direction and in an opposite direction relative to
the other pair of diagonally opposite wheels. In situations when the
vehicle is prWRH %% undergoing roll 5 when the wheel s onPEHAURGWESLf t he
vehicle are both noving in the sane general direction relative to the
wheel s on the other side of the vehi cﬁ /Sts torsion bars can act in

t he sane manner as a conventional sta () to provide roll stiffness
for the vehicle. However, under warp situations which results in
counter rotation of 10 adjacent transverse torsion bars also results in
rotation of the |ongitudinal shaft. This results in a transfer of force
betmgeh t he wheels to theré§¥ facilitate the

12 9.
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novenent of the wheels. It should be noted that there is a progressive
change in the degree of relative rotation between the torsion bars as
the vehicle is subj ected to varying conbinations of roll and warp

si tuations. T‘%’#@r%i}ion bars 15 will therefore only be. allowed to counter
rotate rel ati 6%4ch ot her when the vehicl e is in roPFT/APP6A0sRE
surface engagi ng neans are al so undergoi ng warp noti ons, thereby
permanent |y mai ntaining control of th?Lgﬂét ttitude of the vehi cl e.
Figure 4 shows anot her enbodi ment of t ggension system The 20 vehicle
suspensi on systemis shown with the front of the vehicle being directed
towards the bottomleft corner of the drawing sheet. The vehicle is

supported on wheel s 20, 21, 22, 23. Coil springs 4a, 4b, 4c, 4d support
t he vehicle chassis (not shown) and provide for resilience in the ride
of the vehicle. ToLs+omr-eans 50, 51 are provided at the front

and rear of the vehicle. 2% These torsioy neans at the front and rear axles

of the vehicle are |inkgd N her necfani cally or hydraulically. Since
the hydraulic |inkage s§Steqm | S EasTer tp package and describe in a
nore generic formthe ensuNag description wll refer to the hydraulic

| i nkage system al t hough ot her TRkage systens may optionally be used to
provi de a nmethod for the suspepsifon systemto di stinguish between




30 roll and warp notions of the surface engaging nmeans in a simlar manner.

Further the suspension systemis "passive" and not "active". In other

wor ds, no external sensors are required to operate the system which
reacts auto | 23

to vehicle ﬁ#%ﬁ&’l’%{ shoul d be noted that the system shomﬁ%‘f—’ﬁ@%ﬁ 3is
al so a "passi ve" system Each arrangenent includes a pair of transverse
torsion bars 5a, 5b, 5c, 5d as in]gzglggrangenent shown in the

previ ously descri bed enbodi ment . | i“gdre 4 however, the torsion bars
are interconnected by 5 neans of a hydraulic doubl e-acting ram assenbly
62, 63. Each ram assenbly has a cylinder 62a, 63a and a piston 62b, 63b

supported therein to separate the

L4

{ Fig 11. 63
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cylinder into an inner chanber 62c, 63c and an outer chanber 62d, 63d. The
| ever arm 7b, 7c at one end of one of the torsion bar pairs 5b, 5c is
coupled with and novabl e together with the cylinder 62a, 63a. The |ever
arm 7a, 7d of od@ypknot her of the torsion bar pairs 5a, 5d is _coupled wth
and novabl e together with the piston 62b, 63b. Condui t s Y654 %?%vide
fluid conmuni cati on between the two ram assenblies 62, 63. In the
illustrated enbodi nent, each conduit 613ﬁ13 connects the inner chanber
62c, 63c of one ram assenbly with the outer chanber 62d, 63d of the
other ramassenbly. It is however to be appreciated 15 that other conduit
connection arrangenents i@tween the two ram assenblies are al so
possi bl e dependi ng on the dssighr—o he transverse torsion bars which

may reverse the sense of rotdW\ion if, forxexanple, one pair is |ocated

behi nd t he axle while tjge other pair of\lransverse torsion bars is

| ocated in front of the othe axle. Therafore, the outer chanbers can
be connected by one ondui Rer eas 20 the inher chanbers can be connected
by anot her conduit. | uid punp apgd reservoir assenbly 66 may
optionally be provided @'ﬂ' : etfbve fluid fromthe ram
assenbl i es and assogj at b

addi ti onal control N6 Loo]

roll control for thé ve‘=E§? L
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PCT/, 7.
25 to overcone the resistance of the springs (when used). f\%} gd§| l/l Qno 5{1«2 8
roll attitude of the vehicle can be controlled by VafECrB];l ‘TENO{QW
fluid within the hydraulic circuit. To this end, the punp/re erv0|
assenbly 66 is connected to the conduits 64, 65 connecting the two ram
assenblies 62, 63 by two secondary cohduits 67, 68, each respectively
connected to one of the condwts 64, 65. 30 Accurml ators 69, 70 may al so be

provi ded on the reS|I|ence in
t he suspension é—@ gNfaE

within the vehicle r|de|'
24

The present invention is generally directed to vehicular suspension

systems, and in particular to suspension systems incorporating roll stabilisation
5 mechanisms.

Modern vehicles are normaily provided with one or more roll stabilisation
or “torsion” bars which transversely link the wheels of one or more axles in order
to afford some containment of roll motion to prevent uncomfortabie and
sometimes dangerous swaying motions when cornering. Roll stabiliser bars are

10 typically manufactured as spring steel bars which permit torsional resilience so
that as one wheel on an axle is caused to move in a generally upward or
downward direction the other wheel on the same axle is induced to move in a
similar direction at the same time. The extent to which the two wheels of a
single axle move in a common direction is defined in part by the torsional rigidity

15 of the roll stabiliser bar which transversely couples the two wheels in response
to the lateral roll force exerted on the vehicle resuiting from comering.

Vehicles with high centres of gravity (such as trucks which are prone to
excessive roll motions) and vehicles which are required to ‘comer flat' without
exhibiting excessive roll motions (such as sports cars) are normally provided

20 with stiff roli stabiliser bars to prevent roll motion. An unbeneficial consequence
of providing stiffer roll stabilisers is that the ride quality becomes harsher as both
wheels of an axle become functionally finked (to an extent) and single wheel
inputs are therefore not resolved by that single wheel alone which impacts on a
bump or pot-hole.

25 Luxury passenger vehicles. are, therefore, normally equipped with more
compliant roll stabiliser bars so that single wheel inputs are absorbed by that
single wheel's associated spring and damper unit which are relatively free to
move in response to the single input without the additional resistance resulting
from the stabiliser's torsional rigidity.

30 Regardless of the torsional rigidity of the torsion bar, the provision of such
bars do restrict the degree of movement of the wheels relative to each other.
This can be a disadvantage in situations where a large degree of opposing
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provi ded by the springs 4a, 4b, 4c, 4d and that roll Ptcesﬂ»"lﬁnﬁe/ 8 onby2 8
provi ded by the resilience in the optional accumul 7
REREIgRN Pg,@“&@?

resilience as there may be permitted in the transverse
5b, 5c and 5d and |inkages and bushes attached thereto. 5 Fi gures
5 and 6 show the fluid flow within the s@stem and between the ram

assenbl i es when there is warp notion of the wheels (Figure 5) and when

h || f the wheel 6). The
the  sustRtERoMRES Sl 15 §paned. o AamAlacwhp avatig,8vet ANGAEIRG! ng
directed t asyrfifes, Tﬁ@Mnﬂfat“th o?fiﬁétwhﬁwﬁo@énéﬁﬁbué"‘?@%e 19 stebiliget batd

moves in a generally 10 vertical direction, this would be a nnvenent in the

di rection natefﬁ@nmepttngethﬁ wheels caprlegdetogsignifiegnt isida to side derking ¢f thewar d
wheel noti qpHige! Uﬁ&é‘;f; ?ggh éﬁﬁ%ﬁé’ Thlsbﬁhobaﬁve?ﬁ Tikation a‘i‘% r?@ﬁm‘i'é"’iﬂ&’ar d

wheel notion 1S indi nbol
initially tmﬁumfdraqtlomﬁat theewheels waﬂr’rmvamhmtraf/emhg owbesush sma‘aces

O o G bo T B AR ool HACh SRR E JRebPiind
wheel s of the groandedrechat. all n hrsmglalﬁlané.l OThis besmwm th‘e kb@p@srmtaftmoof
novenent of .the wheel t that the torsi.on bar
respect i Ve@ag%ﬂ&p@@op‘gatwseels Eecom ng compressec? with the wheels moving
closer to the vehicle body, and the suspension of the other two diagonally
10 opposed wheels becoming extended. This mode of suspension operation is
known as ‘warp’ or alternatively ‘cross-axle articulation’.

It would be advantageous to have a vehicular suspension system which
provides roll stability during cornering and also provides a comfortable ride
when travelling in a near straight line or when traversing an undulating surface.

15 With this in mind, the present invention provides in one aspect a
suspension system for a vehicle having at least one forward pair of surface
engaging means and at least oné rearward pair of surface engaging means
connected to the body of the vehicle to allow substantially vertical relative
motion of each surface engaging means with respect to the body, the

20 suspension system including resilient support means for supporting the vehicle
body with respect to the surface engaging means, a force transmitting means
interconnecting at least one said forward pair of transversely adjacent surface
engaging means and a force transmitting means interconnecting at least one
said rearward pair of transversely adjacent surface engaging means, each force

25 transmitting means including adjustment means, the adjustment means being
longitudinally spaced and functionally linked such that the magnitude and the
direction of the force transmitted between associated transversely adjacent
surface engaging means by each of the force trar,rsmitting means varies
progressively as a function of the relative positions of, and the load applied to, at

30 least two pairs of the interconnected transversely adjacent surface engaging
means, to thereby restrict roll motions of the vehicle whilst simultaneously
facilitating warp motions of the surface engaging means.
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cylinder and piston of the cylinder assembly, countePTotAtdon of vther = 9

torsion bars 20 are possible. For exanple, in the-case of the,
front force transmtting arrangenent 50, when the ftont-ieEt whéeF 201,50
noves upwards and the front right wheel 21 noves downwar ds, the counter
rotation of the front transverse torsion®dars 5a, 5b results in a- :

decrease in volune of the outer chanber 62d of the front hydraulic 25 ram
assenbly 62, andsan_incr e Ln the | UMe 0 he i.nner chanmber 62¢

Cher oof booause BRCRES g hdiial ik BL e cadeRhe O, (bl can
cylinder 62provide "gdssivid" idontref of thef vehislef4ttitiidel t Fie shspéisiord systeht awbe
conduit 64 tci the inner . ﬁ_}h;]mber ?3c of the rear hydraulic . .ram ‘;%%fﬂ%nbly
63 whi | e f18RIHCPITBGRHNG Witheut Ine,Bped of apy gitemab sentiel means Jitis Ayaidsihec
cylinder 62nédd qgp *&:o??ﬁ%ﬁts Guchy 89" rﬁbﬁ?ﬁ%rﬁi d%bé&&ﬁﬂ‘éﬁf s@ﬁgﬂﬁsf, élPétréﬁ%r

6 ed by the're

hydraulic_ram assenbl 3. This flui ow is al . ative
not i on of5 teentralamitsrfan precessingths sensnarsigmals, aad avhiating eoraponentamuehent

ensures t habq Wil plids Bontriibd By "thd Bibtré%ib' cortrdi Vhits"such arrangements
are expensive and are relatively slow in their response to changes in surface
conditions and vehicle motion.
The resilient support means may be provided between each said surface
10 engaging means and the chassis of the vehicle. Alternatively, a said resilient
support means may be provided for at least one said pair of transversely
adjacent surface engaging means for carrying the ioad applied to both of the
associated transversely adjacent surface engaging means. A said resilient
support means may be provided for said at least one forward pair of transversely
15 adjacent surface engaging means and a further said resilient support means
may be provided for said at least one rearward pair of transversely adjacent
surface engaging means for respectively providing substantially equal loading
on each of the transversely associated surface engaging means.
The force transmitted by the force transmitting means may be a torsional
20 force. To this end, means that allow torsional forces to be transmitted may be
used. Therefore, each force transmitting means may include at least one
transverse torsion bar. Preferably, each force transmitting means may include a
pair of transverse torsion bars, each torsion bar being respectively connected to
a said surface engaging means, the torsion bars being interconnected by the
25 adjustment means. The torsion bars may be rotatable about their elongate
axes, the adjustment means preferably progressively controlling the axial
rotation of the associated torsion bars relative to each other such that the
surface engaging means are permitted to move when u’ndergoing warp motions
while the roll attitude of the vehicle is simultaneously restrained by the torsion
30 bars. ‘
According to a preferred embodiment of the present invention, each
adjustment means may provide a mechanica!l interconnection of the associated
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25 suspensi on system
on each side of the vehicle nove

crau 30 /00528

the direction of nmobvenent of the wheels on the other side of the
vehicle. The direction of novenent of the wheels show 5 that the vehicle

IS turning
respective
i nt erconne
from e
chamber

pi ston and ,c

left resulting in roll notiondof the vehicle. Because of
attenpted rotation of each transverse torsion bar, and the

By conparison, in Figure 6, the wheels
in the sane dir RECE WEB dpositieisy

t he

A B A o, TR SlBion Fighrs MBS slng o Sl Hlr ot g

tramsverddiniadijdoent fiont sutface ehgaging meahs \andbiel adjusiphentaneahs
c enbly ' transverse

i nd f 10 each Each f .
Dorsi on barlSterFRARAcing aceaid; air of {iansvarsely adiacant HacksHErcaengaging
convent i ONgheAd m B@‘f&ﬁa&i%ahfﬁnkéu b9:d mdéhakich K&nectioﬁpmﬂl@trhé&}fﬁniéél' |

bars the system descri be

si mul t aneous provides roll contro

stiffnes§ Hoanpetion mayhes longitudinal sbafilintergprinesting-said atiustment means,

10

15

20

25

30

each adjustment means preferably including a pair of linkage members
respectively connected at one end thereof to one of the torsion bars, the other
end of each pair of linkage members being connected to an end of the
longitudinal shaft such that torsional forces can be transmitted between said
adjustment means.

According to another preferred embodiment of the present invention, the
adjustment means may alternatively provide a hydraulic connection of the
torsion bars. The adjustment means may be a double-acting ram, the ram
having a cylinder and a piston assembly separating the cylinder into two fiuid
chambers therein. The cylinder may be connected to one of the torsion bars,
and the piston assembly may be connected to the other torsion bar. A fluid
communication may provided between the rams. To this end, the fluid
communication may be provided by conduit means connecting the two fluid
chambers of the'double-acting ram of the front torsion bars with the fluid
chambers of the double-acting ram of the back torsion bars whereby the transtfer
of fluid between the fluid chambers enables relative displacement between the
piston assembly and the cylinder. The fluid chambers may be connected such
that the surface engaging means are permifted to move when undergoing warp
motions with the movement of the piston assembly within each cylinder allowing
the transfer of fluid between the connected fluid chambers with minimal change
in the pressure differential across the piston assembly, while roll motions of the

vehicle are reacted by an increass in the pressure differential across the piston

assemblies generated by the increase in load on the surface engaging means
on one side of the vehicle and the similar reduction in the load on the surface
engaging means on the other side of the vehicle to thereby control the roil
attitude of the vehicle whilst simultaneousty minimising the changes in load on
each surface engaging means due to warp motions. Furthermore, fluid supply
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pcram @37/ a2 8
rel ationship of the Iinking between the two ranms can al so”be Vi éwed as a 15
function of the pressure differential across the pistpon within each ram
When t he vehicle is undergoing roll as shown in Ftglre 6, t he pressure
differential across the piston of each ramis relatively high, with the
| oad and-therefore the pressure carriged by fluid chanbers 63d and 62b
bei ng hi gher than for chanbers 63b and 62d. However, under warp notions
as shown in Fi%ure 5, the pressure 20 differential acro s the pistons wll

be rel ati vangansfor sipplyings uidetosther eondyit means mayalee PEvid 3 thaty
decreases af,ilhgarn 4l %c{dd&ﬁ ﬁﬁﬂ{%%hahhgsﬂ afpua%én be a?:l%'ﬁlgf 's‘aB§ dritialfg" P

situations. not e I'n convent
stabiliser simulta;zstmsl'g removed fromrtbem‘thbacsndmtatd tmaleuy epableuthientplicangler i ng

dear ee of e frrBBlen@hBs BaohBued, iy Snabibe B3ieies dHALR ftpiiaBel’s
addi ti on@ |yehiclerattitutefisccréduired, loera mdtwaymwwdtwl to be ﬁhwiadd doda
these alternating axle m)ver’rﬁnts can .cause hifts of t

borre by ¢ HATRIB A SrgE VATING UBRLSR: : HEONaERSUBNERaEIeans Ssuchcasy fr.
cont act'_patyfjeppnéiniale ALEUAIAIDF ey BRY G Prévias T A domhurisalenwiA

pressure at the wheel s i s therefore 'mai ntained nore consistently thereby

reduci ng t Hothi elkther conduitimeans, tThe coll resilienge pwrans may 1&@9 dedRRing
means for damping the rate of roll and isolating means for isolating the roll
10 resilience means to thereby improve the roll control. It should however be noted
that such a fluid supply means or roll resilience means is not essential to the
operation of the vehicular suspension system of the present invention. The fluid
supply means may optionally also be used to control the roll resilience by
changing the pressure and volume of fiuid in the conduit means and the roli
15 resilience means.

According to a further preferréd embodiment of the present invention, the
adjustment means may be a rotary actuation means including a housing
supporting a rotor separating the housing into at least two fluid chambers, the
housing being connected to one of the torsion bars, the rotor being connected to

20 the other torsion bar. Conduit means may provide fluid communication between
the two fluid chambers of the rotary actuation means of the front torsion bars with
the fluid chambers of the rotary actuation means of the back torsion bars. The
fluid chambers may be connected such that the surface engaging means are
permitted to move when undergoing warp motions with the movement of the

25 rotor within each housing allowing the transfer of fluid between the connected
fluid chambers with minimal change in the pressure differential across the rotor,
while roll motions of the vehicle are reacted by an increase in the pressure
differential across the rotor generated by the increase in load on the surface
engaging means on one side of the vehicle and the similar reduction in the load

30 on the surface engaging means on the other side of the vehicle to thersby
control the roll attitude of the vehicle whilst simultaneously minimising the
changes in load on each surface engaging means due to warp motions.
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Additionally, in conventional roll stabilisation systems such as Qrgrgv%rge

26 torsion bars, when a single wheel inpacts a bﬂﬂ@cgqvgnyopn;qqﬁiqggy
hol | ow, the torsion bar is rapidly wound up causing the inpact to %e
resol ved by the transversely adjacent _wheel and spring assenbly as well
as by the support points on the chassfs, and this results in single
wheel input harshness being 5 experienced by the vehicle occupants. It

ot on a1 2fe idtorted sl poment 4Rl B resigf) Skt ik i

one directi provideddor fat leastconelisaitbpair of trapsesrselypadjacent surface ighgdiing
other direct)oths %rnggrrﬁﬂavt?\gt :B%Haéf Bgtlhl asséo%l?étleidSt?arnstaerrgelgfaéjgger];tr s?{l]r!fagen d

engaging means, the resilient support means may be provided for said at least

5 one forward pair of transversely adjacent surface engaging means and for said

at least one rearward pair of transversely adjacent surface engaging means for

respectively providing substantially equal loading on each of the transversely

associated surface engaging. means. For example a yoke means

interconnecting each pair of torsion bars may be provided, wherein said resilient

10 support means connects the yoke means to the chassis of the vehicle, the yoke

means transferring the average load carried by the associated surface engaging

means to the resilient support means such that the resilient support means at

least substantially supports at least a portion of the vehicle to thereby permit the

vehicle to maintain an at least substantially uniform load on each surface

15 engaging means regardless of the warp position of the surface engaging

means. The yoke means may be provided by a lever arm respectively

extending from each torsion bar, the lever arms being interconnected by a cross

member arrangement. The resilient support means can interconnect the cross

member arrangement with the chassis of the vehicle, the resilient support

20 means preferably including a load support ram having an accumulator in fluid

communication with the ram to provide said resilient support.

According to another preferred embodiment of the invention, the resilient
support means may be provided between the surface engaging means and the
chassis: of the vehicle for at least substantially supporting the weight of the

25 vehicle and additionally, yoke means may interconnect-each pair of torsion bars.
Double-acting rams may interconnect the yoke means with the chassis of the
vehicle, and conduit means may connect corresponding chambers of the rams
and vaive means may be provided in said conduit mear{s for controlling the fiuid
flow through each conduit means to thereby control the pitch motion of the

30 vehicle. Accumulators in fiuid communication with at least one of the conduits
may also be provided. Fluid supply means for supplying and removing fluid
from said conduit means, sensing means for sensing the attitude of the vehicle,
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back axles are independent they are intrinsically unable tg |/f<9rg1§ aZeB

and 10 react differently to single wheel inputs and roll-.metj.ons and all
such inputs are therefore reacted to in simlar nmanner causing =

har shness of ride quality and inferior road hol ding due to

I nappropriate wei ght shifting between whegls. In -contrast the
structural and functional relationship of the conponents in the system

shown in the acc anying Figures) requires that both axles interact 15
guch that r&nd %91‘3%%%? forontroliing: said Slid supply Joeaas mmnhalise be pravided

ways so t6 rdreBy d"bwomgfmgéﬁméJWP@géern a single wheel input
P aroll mo

occurs this is not i nterpreted as Ion (on one axle) requiring
maxi mum st i f f nesd\asprding tegfet anothert prieferred entimdimentiohthe prasest énvention,

: [ : f . ingle wheel in may
e renct ey T Ke ARG KRATInA EHCRS piofl paft it falbibe! B tne
resi sted &nadjustorent hneahelrmagtoiaﬁ%t}conneetemé Qormlba'dttﬁalrt]qéaitbbne of the
| . ecessar arsnness. |
The orbod noRPOURIAM SH{SER GITGRGIg Siesia.| e AOLRUTARh BN M PrRde
4 except thaydtddichuonnedtich & hbetorsibhnsar mn@r@ssfoefdl}ga%ﬁdcé %frr]gabing

actuators or ranms 62a, 62b. These rotary ranms Inc e a housi

supporti ng Hga8Ser EESh rs@idaﬁgiblﬁyngﬂbm@ﬂﬂ%“%ﬁm@dﬁ ardaublewstingtram tacated
housi ng i nt gt bua dd'bfithe tor&ﬂéﬁ% El'ée T R4S 3%yiRdet BRd"pRitor a8 sembly

respectively connected to one ) ' .
10 separating the cylinder into two fluid chambers therein, the cylinder and the

piston assembly being connected between one end of the torsion bar and the
adjacent surface engaging means. The rams may be in fiuid communication
and the fiuid communication may be provided by conduit means respectively
conneéting the two fluid chambers of the double-acting ram of the front torsion

15 bar with the fluid chambers of the double-acting ram of the back torsion bar. The
fluid chambers may be connected such that the surface engaging means are
permitted to move when undergoing warp motions with the movement of the
piston assembly within each cylinder allowing the transfer of fluid between the
connected fluid chambers with minimal change in the pressure differential

20 across the piston assembly, while roll motions of the vehicle are reacted by an
increase in the pressure differential across the piston assemblies generated by
the increase in load on the surface engaging means on one side of the vehicle
and the similar reduction in the load on the surface engaging means on the
other side of the vehicle to thereby control the roll attitude of the vehicle whilst

25 substantially minimising the changes in load on each surface engaging means
due to warp motions.

The adjustment means may alternatively be a single-acting ram located
at each end of the torsion bars, each ram having é cylinder and a piston
assembly supported therein to provide a fluid chamber within the cylinder, the

30 cylinder and piston assembly being connected to one of the torsion bars and the
adjacent surface engaging means. A fiuid communication may be provided
between the rams wherein said fluid communication is provided by conduit
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adj acent transverse torsion bars. Conduits 64, 65 interconnect the S
corresponding fluid chanbers of each of the rotary rams 62a, 62b. This
enbodi ment operates in the sane way as the enbodi nent of Figure 4. In 30
particular, the wheels are permtted to ngve when under goi ng warp notions
while roll notion of the vehicle is react®d to by the torsion bars. The
primary advantage is that the use of rotary rans elimnates the need

for Iever am@arrespectively connecting the fluid chamber ofe h single-acting ram of
t he transverse toreion barsy ere89 qun Sach single-ae aﬁ({g

required  the foat Mmrewmth ¢he dgmmesqfsmnhoagntud;nau;asppeadg raingle- a
neat er over aling ram?f'th8 Btk tbrsion bar, the fiuid chambers being connected such that

the surface engaging means are permitted to move when undergoing warp
5 motions, while roll motions of the vehicle are reacted to by the torsion bars whilst
simultaneously minimising the changes in load on each surface engaging
means due to warp motions. Optionally, fluid supply means for supplying fluid to
the conduit means may also be. provided, so that fluid can be added to one
conduit and fluid can be at least substantially simuitaneously removed from the
10 other conduit to thereby enable the roll angle of the vehicle to be controlied.
This enables a degree of active control of the vehicle attitude if so required, or a
relatively slow control to be provided for a simple average levelling function.
Roll resilience means such as a hydropneumatic accumulator may also be
provided" in fluid communication with both of the conduit means, said roll
15 resilience meéns including damping means for damping the rate of roll and
isolating means for isolating the roll resilience means to thereby improve the roll
control. |t should however be noted that such a fluid supply means or roli
resilience means is not essential to the operation of the vehicular suspension
system of the present invention. The fluid supply means may optionally afso be
20 used to control the roll resilience by changing the pressure and volume of fluid
in the conduit means and the roll resilience means.
Alternatively, the adjustment means may provide a mechanical coupling
of the torsion bar.
According to another aspect of the present invention, thers is provided a
25 suspension system for a vehicle having at least one forward pair of surface
engaging means and at least one rearward pair of surface engaging means
connected to the body of the vehicle to allow substantially vertical relative
motion of each surface engaging means with respect to the body;
the suspension system including resilient support means for supporting the
30 vehicle body with respect to the surface engaging means, said resilient support
means being provided for said at least one forward pair of transversely adjacent
surface engaging means and for said at least one rearward pair of transversely
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Figures 8 and 9 illustrate a further enbodi‘nent of thE vehitl@® /susdenai gn

5 system wherein the vehicle is also supported by the ' p;sys}@-gni
according to the present invention. This enbodi nent i ﬂ?gqgl% lar to tﬁ?

enbodi ment shown in Figure 4 except that the coil springs are elim nated
and replaced with a support arrangene@t 75, 76 interconnecting each
pair of transverse torsion bars. This |l eads to the abovenoted advant age

in that it is, 1OQEOSSi ble to F)rovi de at |east substantially equal | oading

on each whe8fiacent gurface gngaging HeansfefsptPaativelynrroyising istkatantialiyeguash,
75c, 76b, 7 | p@?@ }gﬁw r
regpect ive ?@gg%d%fStg? t76 : ‘eT € %&Eé%{?tgtggé%é?n%eér}%ﬁﬁ %%%rrsgy be
directly cofnforeedransmitling sveansainterconniectisg %t, least ofib saiddovwatd: paireof

[ t | rt 15 .arrangenents are
| ocat ed so Sansiorely ddmeBRt aided SRlabiG MBERE Zhals Ble Wi ting figans
menber s &b einderconoecting dt feash onessdid eearveardpsait ofransverdaly ddjacent stirfdde

ar r angenent force to support the vehicle is resolved through the
transverse enbg&{)'ps'ﬁ%ﬁnﬁ’ars to the | oad support ram assenblies 75a, 76a

whi ch are seach edrdwy transnhitlgg mehnE fitludiRg %u‘sﬁnéﬁ‘?nﬁﬂs?'tﬁe?%ﬁﬁaﬂ%hﬁeﬁf‘d

which permit sone rel ative, npvenent to accommodate to positi

changes. Th@%ibﬁ% IBF_QFH ingjhysspaced aneh dunetionalle tinked" sueh athad "thene
load carri egagnitudd aRaCHe diéctiBRtof the force transmitted between associated

10 transversely adjacent surface engaging means by each of the force transmitting
means varies progressively as a function of the relative positions of, and the
load applied to, at least two pairs of the interconnected transversely adjacent
surface engaging means, to thereby restrict roll motions of the vehicle whilst
simultaneously facilitating warp motions of the surface engaging means such

15 that there is negligible change in the load on each said surface engaging
means in relatively low speed warp motions.

According to a further aspect of the invention there may be provided a
vehicle including a suspension system as described above.
it will be convenient to further describe the invention by reference to the

20 accompanying drawings which illustrate possible embodiments of the invention.
Other embodiments of the invention are possible and consequently the
particularity of the accompanying drawings is not to be understood as
superseding the generality of the preceding description of the invention.

Figure 1a. is an isometric view of the underside of a vehicle chassis

25 showing a first embodiment of the suspension system according to the present
invention;

Figure 1b. is an isometric view of a second embodiment of the
suspension system according to the present invention:; ,
Figure 1c. is a detail view of the suspension system of Figure 1b;

30 Figure 2a. is a third embodiment of the suspension system according to
the present invention;

Figure 2b. is a detail view of the suspension system of Figure 2a;

AMENDED SHEES
PEA/ALS



assenblies, this average |oad being resolvéd through™the resili‘ent support
means to the vehicle chassis. The resilience of the sugpensgian system;j:s
provi ded by means of accunulators 80, 81 in fluid communitati én with each’
ram assenbly. While Fig 8 illustrates vehicle support neans
I ncorporating hydraulic rans and accunul #@ors it should be understood that
these resilient devices may be replaced by conventional steel or rubber or

conposite resilignt chani sns ,such as springs. It is not .
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25 | oad support

condui t

d that, the
conn

shown in Fi Wﬁiné?tg‘é gbReRAIASH 8f a folfth 8 odﬁﬂéﬁpﬁfﬁ Qﬁsﬁé}ﬁlﬁgﬁ;}swﬁr

assenbly 62, 63

connetct ed py one conduit to the outer ¢

ers of

5

the ot her c3¢qardingsto the present inyemtiandi ng to the design of the torsion bars,
the resilient supgatd 4TE3 Schematic isometric view of a general layout showing a fifth

5

10

15

20

25

30

embodiment of a suspension system according to the present invention;

Figures 5 and 6 are schematic diagrams respectively showing the fluid
flow direction under warp and roll motions within the suspension system of
Figure 4;

Figure 7 is a schematic isometric view of a general layout showing a sixth
embodiment of a suspension system according to the present invention;

Figure 8 is a schematic isometric view of a general layout showing a
seventh embodiment of a suspension system according to the present invention;

Figure 9 is a schematic diagram showing the fluid flow direction under a
warp motion within the suspension system of Figure 8;

Figure 10 is a schematic isometric view of a general layout showing an
eighth embodiment of a suspension éystem according to the present invention;

Figure 11 is a plan view of a ninth embodiment of a suspension system
according to the present invention; and |

Figure 12 is an isometric view of a tenth embodiment of a suspension
system according to the present invention.

All the accompanying drawings and figures are similarly marked so that
all identical components in all the drawings carry the same numbers and
symbols for simplicity and only those parts that are relevant to the present
invention: are shown.

Referring initially to Figure 1, there is shown typical features of a vehicle
chassis and a first embodiment according to the present invention. The front of
the vehicle chassis 1 is shown facing the top right hand corner of the sheet. The
chassis 1 includes two main longitudinal rails 1a, 1b and chassis cross
members 1¢, 1d, 1e, 1h interconnecting the rails 1a, 1b.

Lower wishbones 2a, 2b, 2c, 2d locate wheels (not shown) permitting
them to move in a substantially vertical direction. The wishbones are in the
shape of an “A" and are pivotally attached to the chassis 1 at the base 3 of each
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28 may be desi gned/ engi neered to support the vehicle by being in
tensi on or conpression. By way of exanple, the front resilient support
means 75 and l'i nkages 75b, 75c as seen in Figures 8 and 9 would
normal Iy be in tension when supportln% the vehicle's static weight
while the rear resilient support 5 nmeand176 and |inkages 76b, 76c woul d be
I n conpressi on under the sane condi tions. The enbodi nent

' im.J. L he . di t,of
Flgure 5. TiiStibotle. 0¥ Bbber Wiktbohe b Ao ISEh athchar: is e o uid
assenbl i es drawingtfor slarity ﬁémdm\/ln!fysh#mnb w¥her?teﬁr§@g%\cgl8§0 a rTrli;agvable IoEaﬁbH e
t which is u
erbod ment - BISHERy B ¢he TrOHtagHE, kel el wishtiong °|3§taﬁh?$réiﬂ$ T9aE Infhheel
by the coil agsémbistodihe cHassitCl. £achadidd! Gssbmdhf § fackéd @fhe 2d.

ad support 6a are retai ned Furt er conduits 1 104

;Pg lhgv\BVtﬁ‘ WﬂSdzk)@) a(?@ﬂh&ﬁ(')(%ﬁh%mn% fluid chanbers of those
rams. A 15 valveidlQhaiid! bl %mh?gstfow'eﬁéb Shel! khwhCliffi8lde Ongﬁﬁéhg thay

chanbers when the osIt1on, e corres
fluid chanbsﬂemttuewme used to locate the wheels relatzve to the chassis 1 such that they

may move in a generally vertical direction. For example, the present invention is

also applicable for vehicles fitted with multi-fink wheel geometry such as trailing
10 and leading arms, Panhard rods and even leaf springs.

In Figure 1a, coil springs 4a, 4b, 4c, 4d are mounted on the upper
surfaces of wishbones 2a, 2b, 2c, 2d respectively. It is to be understood that the
upper ends of the coil springs are resolved against an attachment joined to the
chassis 1 (although this is not represented) so that as the wishbones move up

15 and down in a generally vertical direction about pivot points 3, the springs are
compressed and allowed to extend between the wishbone and the chassis
attachment as in known suspension systems. The coil springs support most of
the weight of the vehicle.

The suspension system shown in Figure 1a is provided with torsion

20 means 50, 51, interconnecting each pair of transversely adjacent wishbones
2a,2b and 2c,2d. Each torsion means includes two components 5.a,5b and
5¢,5d which are similar to known transverse roll stabiliser bars. These are
attached to the wishbones by known means such as ball joints, bushes or drop
links so-that as the wheet assemblies move in a generally vertical direction the

~ 25 main shaft of each component is. urged-to turn inside housings (not shown)
which are attached to the chassis 1 as in known roll stabiliser bars. Roll
stabiliser bars are normally manufactured from spring steel which provides
some torsional resilience along its length. '

The above described features of the suspension system do not

30 significantly depart in design and function from known suspensions
incorporating roll stabiliser bars. However, because the torsion means are each
divided into two components 5a, 5b, and 5¢, 5d, the 'roll stabiliser' functions of
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~respective outer fluid chanbers are i n flui'd conmuni cat,j en\r-i\{){‘se‘gt tﬁhg yaﬁvgg-]

isin a second position, the connection is reverse 'Sidh each”

i nner chanber is now in fluid communi cation with an outer fluid
chanber. This arrangenent 20 allows control of the pitch of the vehicle by
provi ding neans to raise and | ower e42h end of the vehicle.

Accumul ators 106 nay al so be provided on each conduit. This provides an

amount of ' ' f |

Flgure 12 shone oot ey baTadERelr Aeedibbl.Rie mkGeEtBblstedp rter
oper at es i ntoattes@ tommpbashisoheheefblth wﬂmhsverée tdrsforgbaes’ 4s ahtimes they

Si ngl e 11 orfull a fiaghion wiich 5 SRR ERRGIcton, toaal SatisatoBac A Ewﬁ‘ief’gweyse
connect ed tﬁaﬁé\%r&@?&'slon baﬂs%tpraﬂldﬁaadlsea%ﬁ erﬁPoﬁiﬂﬁWﬁha%%lsﬁ Saﬁ@bﬁcﬁﬁaﬂ' in
the draw ng by way of a drop | ink as commonly used to CO“P e rol

stabi | i sé¥ @k ‘96 baxs é"Q) mtmane@tggé%mpéas of@ mfaéﬁﬂlﬂs“@ﬁﬂ BTea{nﬁe'”
o) o et ng’r S EEArh e €AY bebie B Faneverse o,
| i nk conponkans atréadh emmt&xereoia cootrol ﬂmafhncnmeof ther transvense aonsmrwbansguch
‘ that at some times the two halves may be coupied as though the two haives
were functionally one, and at other times the two halves are caused to contra-
10 rotate about their elongate axes relative to each other. Therefore the functions
of the transverse torsion bars can be reversible to either effectively increase roll
motions on each axle independently or to prevent such divergent movements of
both wheels on one axie simuitaneously. Furthermore, according to the present
invention, the adjustment means 11 for each pair of transverse torsion bars can
15 be controlled simultaneously as a function of the vehicle motion and attitude.
This will be made clear from the following description.

Alternative forms of adjustnient means 11 are possible and various such
means are illustrated. In Figures 1a, 1b, and 1c, for example, the components in
the adjustment means 11 may be described as follows: The transverse torsion

20 bars are rotatably fixed to the chassis and axle by any known means such as
sleeves, and these details are omitted in most Figures. Lever ends are provided
at the ends of the transverse torsion bars to enable torsional forces to be
imparted to the transverse torsion bars. The lever ends may be fabricated in any
known manner such as those commonly provided in torsion bar linkages. Figure

25 1a shows the adjustment means 11 connecting the front transverse torsion bars
in a schematic fashion. An embodiment of the adjustment means 11 is shown in
more detail in Figures 1b and 1c. It should be noted that while only the
adjustment means 11 of the front transverse toréion bars is shown, a
corresponding adjustment means arrangement can also be provided for the

30 back transverse torsion bars. Referring now to Figures 1b and 1c, at the
opposite ends of the transverse torsion bars lever ends 5a, 5b are provided
lever arms 7a, 7b, attached to transverse torsion bars 5a, 5b respectively. The
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parti cul ar enbodi nent, the roll stabiliser bar is toupled.to { h_egn 159/
hydraul i c cylinder chanber housi ng whil e the piston”Fod=94b, 955 of*
each ram assenbly is connected to the wheel |ocating nmeans 98, 99. 5

In the enbodi ment shown in Figure 12, it1&ill be seen that the piston rods
pass right through the rans so that the upper and | ower piston faces have
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ends of the levers arms 7a, 7b are provided with ‘eye bolts' or ball joints or tie
rod ends or bushings 8a, 8b which permit linkages or couplings to be flexibly
joined.

The flexible joints attach each lever arm to a respective short linkage 9a,
9b. The opposite end of each linkage 9a, 9b is also provided with single or
double flexible joints 10a, 10b which may be similar in construction to joints 8a,
8b.

Attached to these paired flexible joints at each end of the vehicle there is
shown another lever mechanism 11a. This lever mechanism is attached by
known means to a rotatable longitudinal stub shaft 12a which has a main
rotational axis that is generally perpendicular to the axis of the transverse
torsion bars 5a, 5b and which therefore generally follows the longitudinal axis of
the vehicle.

Accordingly with reference to Fig 1b and 1c, if the right front wheel at
supported by wishbone 2a moves in a downward direction then the transverse
torsion bar 5a. (in Figs 1b and 1c) is caused to rotate about its elongate axis as
a result. The associated lever arm 7a will therefore describe an arc towards the
front of the vehicle, and this motion will pull on the linkage 9a. which in turn will
pull the perpendicular lever 11a through an arc, transversely towards the front
right wheel about its pivotal axis on stub shaft 12a.

The linkage 9b will in addition pull on pivot point 8b at the top of lever 7b.
which will describe an arc towards the rear of the vehicle about the axis defined
by the other half transverse torsion bar 5b thereby transmitting a torsional force
into an upward direction onto the front left wheel assembly supported at
wishbone 2b. Therefore, the vertical movement of one wheel can induce the
opposite vertical movement of the other wheel on the same axle.

It should be understood that in order for one transverse torsion bar such
as. ba to cause the other transverse torsion bar 5b to contra-rotate, the
transverse torsion bars 5a, 5b and the longitudinal stub shaft 12a must be free to
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prevented t hrough the conduits 92, 93 connecting the‘?am ‘asseht i es,; 94, /98
I n the sanme way as previously described with refe EHFE gqrgbg
Fi gure 6. Movenent of the end 90a, 91a of the torsion {go 91
secured to the ram 15 assenbly relative to the wheel support is therefore
prevented and the torsion bar thereftde operates in a sinmilar nanner as
a conventional stabiliser bar. During warp notions of the wheels, f|UId
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10 of the two transverse torsion bars of each axle by permitting the longitudinal stub
shaft 12a to rotate about its elongate axis whilst restraining it from moving
axially.

Conversely, to improve roll stability (when this is desirable such as when
cornering), it is necessary for both wheels on the same axie to attempt to move

15 in the same vertical direction simultaneously and in this instance it is necessary
to restrain the rotational movement of the longitudinal stub shaft 12a about its
elongate axis whilst permitting this stub shaft to move in the axial direction
instead. The transverse torsion bars still have to move rotationally but do not
need to move axially in this instance. '

20 Therefore, the wheels are permitted to move when undergoing warp
motions while roll motion of the vehicle are reacted to by the transverse torsion
bars. According to the present invention, the transverse torsion bars at both
ends of the vehicle can also be simuitaneously controlled in this manner under
vehicle roll conditions.

25 However, under conditions where opposing vertical wheel movement is
required, relative counter rotation between each pair of torsion bars is facilitated.
Simultaneous control of the front and back transverse torsion bars is essential
where substantial warp motions are required. In sucl; situations, one pair of
diagonally opposed wheels are required to move in the same general direction

30 while the other pair cf'diagonally opposed wheels are required to move in the
opposite direction or be held generally stationary relative to the former pair of
wheels. '
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30 rods, with the adjustnent nmeans |inking the rods®™appl y|91g§ t/er{%i@)rsoz 8
conpression forces on each rod. . T 11 Jun

30 CLAIMS: 1. A suspension systemfor a vehicle hg\%%‘g'ggq east _‘jgr::}efgg7
forward pair of surface engaging nmeans and at |east one rearward pair of
surface engagi ng means connected to the H&ly of the vehicle to allow
substantially vertical relative notion of each surface engaging neans with

,.t.he suspensjon system.including resilient support
Lg;ﬁgcﬁ Oﬁ OshggoPt ] ghqlﬁge\,m%@peéf comzfcismg the levers gnd links between the two

transverse torsion bars 5a, 5b can therefore be controlled such that the

suspension system can both resist roll motion or encourage opposite individual

wheel movements, in particular, in the warp mode. Any differing mix of roll and

5 load sharing can therefore be applied by restricting the movement of the

longitudinal shaft 12a by either restraining the shaft axially, or rotationally,
individually, collectively or not at alil.

It should be noted that it is mechanically feasible, if not sometimes

preferable, to terminate the transverse torsion bars in ways other than the

10 described links, in order to provide a more positive and durable linkage and
control mechanism which may work in similar ways or which may permit
additional benefits. For example, the transverse torsion bars 5a, 5b, 5¢, 5d, may
optionally terminate in "T" junctions at their inboard ends instead of the "L"
shaped levers as illustrated. The longitudinal shaft 12a may also be provided

15 with matching double levers. In providing "T" shaped double levers either side
of the shafts, these bars are caused to rotate on their axes without significant
eccentric side loads. The cleats and attachment means which locate the shafts
relative to the chassis may be minimised by the double lever terminations.
Additionally, roll control and wheel movement enhancement modes may also be

20 selected in a different manner by functionally causing the double ended T
junction on the end of the longitudinal shaft to be decoupled to function as
required like the previously described "L" lever system as shown in Figure 1 and
the different types of lever means may therefore be used as different kinds of
control mechanisms.

25 There are various methods which can be.used to select when and how to
cause the central adjustment means 11 to enhance roll control or encourage
vertical wheel travel motions. Now with reference to Figure 1c, it will be seen
that shaft 12a has a grooved or splined portion 13 to sii;jably locate a brake unit
14 which for the purpose of demonstrating this part of the invention is drawn

30 schematically as a segment of disc brake 14a and a brake calliper mechanism
14b.

The segment of disc brake 14a is provided with a splined inner surface
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body with respect to the surface engagi ng neans, a forcelﬁﬁaﬁshiftbn& eans,
I nterconnecting at | east one said forward pair of transversely_adlapqnﬂ, -
surface engaging neans and a force transnitting means Rit2Fc¢gnriecting at i/
| east one said rearward pair of transversely adjacent surface engagi ng
means, each force transmtting means incléudi ng adjust ment neans, the

adj ust nrent neans being longitudinally spaced and functionally |inked such

nssoct at ed WHENOERER ghof.oufit bifteing' SR Siricanal shelningyr Efke
force transeghiemd 4aeiscaugaditeyotate i admited drcglongiwitittieolongltudiingl skafet i ve
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warp notions of the surface engagli ng neans. 2. A vehi cul ar suspensi on
syst em aScdocatad withia therbrakehcaliper saechanism il éhtwhichpisr permanently fxed
CEYere? PS5 SRS ol St chasRsSRR igBeDE A bARr R HbAnSRuM”,
sai d as by a cleat 15.
in order to promote roll resistance therefore, the brake calliper

mechanism 14b contracts/presses onto, and restrains, brake segment 14a so

10 that it cannot permit shaft 12a to tum, whilst stiil allowing this shaft to move
axially thereby only permitting the torsion bar levers 7a,7b to move in unison in
the same longitudinal plane, thereby causing both wheels to become
predisposed towards moving in the same vertical direction at the same time,
also in order to limit roll motion.

15 A second brake mechanism 16 is also located in such a way so as to
prevent the axial movement of shaft 12a, whilst aliowing the shaft to rotate about
its own axis. The purpose of this then is to restrain the lever mechanism 11a
extending from the longitudinal shaft 12a from moving freely in the longitudinal
direction which encourages roll control whilst encouraging it to rotate about the

20 axis of shaft 12a to promote the contra rotation of the two transverse torsion bars
and to thereby promote the opposite vertical movements of the associated
wheels.

The longitudinal brake mechanism 16 basically comprises a brake plate
16a, which moves in a longitudinal direction through the brake calliper

25 mechanism 16b. The plate section is located on the shaft 12a by means of a
tube 16c which is free to rotate about shaft 12a but which is located in between
two stops or rings 16d which are permanently fixed to the shaft. All extraneous
details such a the brake hoses and pads are omitted fro}n the drawings.

It should be understood that the same functions may be achieved by

30 other known and equivalent means including drum brakes, brake bands on the
outer surface of a cylinder or simple pin and eye type locking mechanisms
which locate the relative parts in one fixed position or help to centre the rélative
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resilient support neans is provided for at |east one ®ai dUp9i§ 6f0 0 2 2 8
transversely adjacent surface engagi ng neans for carrying the | oad applied
to both of the associated transversely adjacent surface ‘ehgagi ng neans.: 4
A vehi cul ar suspension system according to claim1l or 3 wherein a said
resilient support nmeans is provided for 3&id at |east one forward pair of
transversely adjacent surface engagi ng neans and a further said resilient

3 ouneor | SRR B bldlitel antl fodlion o5, ne esrvard parr of

substantial |y egApl additional example of location means which has additional

advantages may be described in terms of a passive or a semi active system, in

which the shaft's positions and movements are determined by two hydraulic

5 cylinders mechanically connected between the vehicle chassis and longitudinal

shaft in place of the brake mechanisms and hydraulically connected to a

pressure source such as a pump or accumulator. The controi system need not

necessarily, therefore, rely on merely damping out forces by way of creating

frictional losses as in a passive system, but rather by way of forcing positive roll

10 correction and vertical wheel travel motions by actively rotating and moving the

shafts appropriately (as described above) but in this instance via the hydraulic
actuators. _

In any event, whether the roll and wheel motions are passively or actively

effected, the system (as described with reference to the Figures 1a to 1c)

15 requires that rolf forces and wheel travel motions are sensed or monitored so

that the appropriate brake or actuator means is caused to work at the correct

time. Under normal situations the wheel positions relative to the body are

measured using any suitable known devices such as potentiometers attached

between each wheel assembly and the body. Accelerometers,

20 steering/throttie/brake pedal position sensors, G switches, and mercury switches

are also now common and widely used in the automotive industry to detect

cornering forces. The information from the wheel potentiometers and

accelerometers may be collated along with information from the speedometer,

(and any other input considered useful), to determine when each regulation or

25 control means such as the brake units 14, 16 shouid be made to operate at any

given time to provide the best mix of assisted wheel travel motion and roll

control. An electronic control means (ECU) can typically be provided to receive

the various sensor signals and to provide control siénals to the adjustment

means.

30 Figures 2a and 2b show an alternative central adjustment means 11

which is mechanically equivalent to the lever and link mechanisms as illustrated

in Figure 1a, 1b, 1¢c. Figures 2a, 2b are also isometric views of the underside of
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bar 5a slopes upwards towards the top right of the sheet.

_The levers and links shown in Figures 1a to 1c are replaced in Figure 2a
and 2b by three meshed bevel gears 7bp, 7ap. and 11p. The lever 7a on the
inner end of transverse bar 5a is therefore replaced by bevel 7ap while lever 7b
is replaced by bevel 7bp joined onto the end of shaft 5b. Lever 11a is similarly
replaced by bevel 11p. The two bevel gears 7ap and 7bp are caused to contra-
rotate as they are both meshed with the common bevel gear 11p which has a
rotational axis that is perpendicular to the axis of rotation of the two transverse
torsion bars.

Although complete bevel gears are illustrated for clarity it is equally
possible to install segments of bevel gears instead, as the axles in vehicies
usually do not turn through arcs of greater than twelve degrees and
consequently the bevel gears themselves do not need to rotate through greater
angles. In order to provide a very positive meshing of the bevel gears they may
be designed with helical gear teeth as in other known applications. Additionally
extra bevel gears may be designed into the linkage unit 5f to provide a more
positive meshing of the shaft and to resolve the loads with fewer eccentricities.

“In Figure 2a and 2b, it will be seen that the coil springs (numbered 4 in
Figures 1)} have been optionally omitted and the main support for the vehicle is
therefore provided by transverse torsion bars which are resolved into the
chassis at cross member 1d by way of a resilient means in the following manner.
The transverse torsion bars 5ab are meshed in the linkage assembly 5f (which
in this drawing is represented as three bevel gears 7bp, 7ap, and 11p). These
three bevel gears are located in a housing numbered 18. The bevel housing 18
is provided with any suitable cleat 18a which provides é.n anchorage point for a
resilient means located between the cleat 18a and the chassis cross-member
1d.

A hydropneumatic strut 19 is shown in Figure 2b to represent the resilient
means in combination with one or more gas springs or accumulators humbered
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8. A vehi cul ar suspensi on system according to claim?7 \/\herel n th 0
bars are rotatable about their elongate axes, the adREsﬁEria\jiEDrehﬂst.l 1997
progressively controlling the axial rotation of the associated torsion bars
relative to each other such that the surface engagi ng neans are permtted
to nove when undergoing warp notions whil® the roll attitude of the vehicle

I's simultaneously restrained by the torsion bars. 9. A vehi cul ar
suspensi on st according tao clai erein each adjustment means
ot ovi des a 198 HATASNG ANAR BB R dhs of Th goauBbBlorBclsan Pmisy T2 Srasest

bars, and WagsRh reohaﬁueﬁwahaﬁi& VigiB18Sin | thiscdrading crnk q; RRidhd’as 'a Slock
WS a e a

transver sel y adj acent front surface engagin j ust ment means

i nt er connecabserber for thispeentralfresiliantswmeans) @@mage)at: thig @ent-;rabdmgmg ng
eans are f%ﬁhﬂ&% iy tﬁ%tqﬁﬁpo\}?&eé"dgﬁﬂ}g@E@lt&gaﬁﬁtgﬁdrpmpt ts ts 4tbne 4nd can

vehi cul ar suspensi on sys accord ereln
5 therefore be matched to this speciﬁc frequency requirement, without adversely

effecting the roll damping at a different frequency. Roll damping may be
provided at the wheels by way standard shock absorbers for example.

If the coil springs at the wheels are omitted, then the central resilient
means 19 must provide the ultimate support for that end of the vehicle, and

10 without this unit the entire assembly comprising of the twin transverse torsion
bars 5a, 5b and central adjustment means 5f would rotate and would thereby
permit the vehicle to drop onto the rubber jounce bumpers.

Any suitable combination of resilient means may be provided whereby
outer coil springs could be relatively unsupportive in combination with a strong

15 central resilient means such as the hydropneumatic strut 19, or conversely, the
central hydropneumatic strut may provide little support while outer coil springs at
the wheels may carry the majority of the vehicle's weight. Alternatively again,
each central resilient means can carry the entire portion of the body weight that
is born by the associated wheels.

20 The resilient and damper means such as the hydropneumatic strut 19
therefore provides an additional level of resilience in the pitch plane to
significantly improve comfort in the longitudinal pitch direction whilst still
maintaining firm roll resilience to maintain a high standard of handling so that
the vehicle handles like a sports car in roll but is as comfortable as a limousine

25 in pitch.

While a hydropneumatic strut 19. is represented in Fig. 2a, 2b it is equally
convenient at times to replace this unit with any other type of known resilient
means such as a rubber block, or coil spring, whiéh may preferably also
accommodate a damper (shock absorber).

30 One of the advantages of providing a hydropneumatic strut over say, a
coil spring, is that the hydropneumatic strut may optionally be connected to a
fluid pressure source (fluid pump) and reservoir (tank) so that additional
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32 mechani cal connection is a |ongitudinal shaft |ntercdnﬁe;tfng §aud2 8
adj ust rent neans, each adj ustnment neans including a paLrﬁoj,LlnkagQ qgnpgr;
respectively connected at one end thereof to one of th8<fet&ioni bars; ‘the.J
other end of each pair of Iinkage nenbers being connected to an end of the
| ongi tudi nal shaft such that torsional f8Bces can be transnitted between

sai d adj ust nent neans.
hydraulic fluid may be introduced into the strut and accumulator to raise the
vehicle up, or the fluid may be drained back to the tank to allow the vehicle to
reduce its height. Such attitude and height adjustment is desirable to level the
vehicle when weight is eccentrically applied onto one end of the machine or the
5 vehicle may benefit from being lowered at both ends when being driven at high
speed, for example. It should however be noted that it is possibie to eliminate
the resilient means between the torsion bars and the vehicle chassis, the
transverse torsion bars being for example supported against the vehicle chassis
by a solid bar. The resilience would then be provided solely by the resilience of

10 the torsion bars.

Roll motion and individual dynamic wheetl movements of low amplitude at
high speed requiring a limited amount of wheel travel are thus resolved by
relatively stiff transverse torsion bars (springs) and shock absorbers (dampers)
which are omitted from drawings. A brake mechanism 14 prevents the central

15 bevel gear turning freely and this prevents the contra rotation of the associated
transverse torsion bars to promote rolt minimisation as required. Components
14a and 14b, in Figure 2b are similarly referenced to those referred to in the
similar functional context with reference to the embodiment illustrated in Figure
lato 1c.

20 When traversing uneven terrain the resilient mechanism 19 (Figure 2a
and b) provides support for the contra rotational linkage 5f (bevel gear set) so
that contra rotation of the two transverse torsion bars can be achieved more
easily. This suspension system therefore exhibits muitiple spring rates which
differ in- response appropriately as when the vehicle requires a stiff roll

25 resistance response or when a softer pitch response for comfort when driving in
a more straight line.

The above embodiment has an advantage in that it allows for at least
substantially equal loadings to be applied to each wheel. In conventional
suspension systems where a coil spring or other resilient means is provided at

30 each wishbone, it is necessary for the suspension system to overcome the
spring force of the resilient means before motion of the wheel can be effected.
However, when the wishbones are free of any resilient means, this allows for
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11. A vehicul ar suspension system according to cl arftly V\A%r%/n Qﬁl 5 G 8

adj ust rent nmeans provi des a hydraulic connection of ~ EOG EITPN DS 19972
A Lehicular suspensi on system according to claim11l &Eﬁf%?&ﬁgge_adjustnent
nmeans is a double-acting ram the ram having a cylinder and a piston
assenmbly separating the cylinder into twB1fluid chanbers therein, the
cyl i nder being connected to one of the torsion bars, the piston assenbly

P2 oo anelieS b L e VB8 Blhan? BoWPL 5L Tedi! ib oSOy Sacal "
according tioadingsnolie applied to daeh Wh&dbﬁwmuﬁp@iéi@rﬁ\ sy§teﬂ'i.0V'_ ded by
conduit neans cognecting the two fluid chanbers of the doubl e-acting ram of
the front torsi oﬁuﬁgﬁg %"?R’Wﬂ%ﬂtﬁl QFH‘Q: PARSRhtsinyentiae wilupew- betdesgribed of
the back t owhicheRabls thBesLRIPANEIYA ﬁ%s’%éﬁf Réelffo HtﬁthQ@i Weﬁﬁ%gf bétwben
chanbers enabl es rel ative di spl acenent between the piston assenbly and the
cyl i nder .5 circumstances when roll resistance should be enhanced or actively reversed,
without the requirement for external sensors and an ECU or intelligence system.
Moreover, the suspension system variations described below automatically and
passively react to the various requirements of the system, to provide the
required response without any outside influence, or intelligence, or requirement
10 for energy.

Figure 3 shows a further embodiment of a suspension system according
to the present invention. This embodiment is similar to the embodiment shown
in Figures 1a to 1c in that the vehicle chassis 1 is supported on wishbones 2a,
2b, 2c¢, 2d, and coil springs 4a, 4b, 4c, 4d are also provided as in conventional

15 suspension systems. Furthermore, the wishbones at each end of the vehicle
chassis 1 are respectively interconnected by respective pairs of transverse
torsion bars 5a, 5b, 5¢, 5d. Each pair of torsion bars are also connected by
adjustment means 11 in the form of linkage means 9a, 9b, 9¢, 9d, 11a as in the
earlier embodiments. The principal difference is that a longitudinal shaft 20

20 interconnects the adjustment means 11 of each pair of torsion bars.

The longitudinal shaft 20 is provided with a lever member 11a at each
end thereof to thereby allow the shaft 20 be linked to the linkage means 9a, 9b,
9c, 9d in the same way as the longitudinal shaft 12a of Figure 1b and 1¢c. The
longitudinal shaft 20 of Figure 3 further includes a spline joint 21 which allows a

25 degree of movement in the longitudinal direction of the shaft 20.

The longitudinal functionally links the front and back transverse torsion
bars in such a way so that the torsion bars of the suspension system can react in
unison in dependence on the vehicle dynamics. The }unctional linking by the
longitudinal shaft of the front and back transverse torsion bars allow the

30 suspension system to maintain and retum the attitude of the vehicle to a position
that is at least substantially paraliel to the average surface plane supporting the
vehicle.
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14. A vehicul ar suspension system according to claim13 wherein the fluid
chanbers are connected such that the surface engagi ng seans;.are penmtted.
to nove when undergoing warp notions with the nnvenenﬂ‘bﬁ“thb“ﬁiston
assenbly within each cylinder allowing the transfer of fluid between the
connected fluid chanbers causing m ni mal2dhange in the pressure _
differential across the piston assenbly, while roll notions of the vehicle

ascenbi | s gener A RARE b ivols BIS W B ol Wi WierBBbRem meionsans
on one si dewbén ohe paihot Hiagondlly bppesed Wheels are displaced in the samédeneral
direction and in an opposite direction relative to the other pair of diagonaily
opposite wheels. In situations when the vehicle is primarily undergoing roll
5 when the wheels on one side of the vehicle are both moving in the same
general direction relative to the wheels on the other side of the vehicle, the
torsion bars can act in the same manner as a conventional stabiliser to provide
roll stiffness for the vehicle.
However, under warp situations which results in counter rotation of
10 adjacent transverse torsion bars also results in rotation of the longitudinal shaft.
This results in a transfer of force between the wheels to thereby facilitate the
movement of the wheels. It should be noted that there is a progressive change
in the degree of relative rotation between the torsion bars as the vehicle is
subjected to varying combinations of roll and warp situations. The torsion bars
15. will therefore only be allowed to counter rotate relative to each other when the
vehicle is in roll, if the surface engaging means are also undergoing warp
motions, thereby permanently maintaining control of the roli attitude of the
vehicle.
Figure 4 shows another embodiment of the suspension system. The
20 vehicle suspension system is shown with the front of the vehicle being directed
towards the bottom left corner of the drawing sheet. The vehicle is supported on
wheels 20, 21, 22, 23. Coil springs 4a, 4b, 4c, 4d support the vehicle chassis
(not shown) and provide for resilience in the ride of the vehicle.
Torsion means 50, 51 are provided at the front and rear of the vehicle.
25 These torsion means at the front and rear axles of the vehicle are linked either
mechanically or hydraulically. Since the hydraulic linkage system is easier to
package and describe in a more generic form the ensuing description will refer
to the hydraulic linkage system although other linkage ;systems may optionally
be used to provide a method for the suspension system to distinguish between
30 roll and warp motions of the surface engaging means in a similar manner.
Further the suspension system is "passive” and not "active®. In other words, no
external sensors are required to operate the system which reacts automatically
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reduction in the |oad on the surface ehgaging means on the vther Si'de<ok

the vehicle to thereby control the roll attitude of t ' i B
si mul t aneously mnimsing the changes in |oad on eachﬁgﬁgtgbgn%\ggﬁﬁ” 1397
means due to warp notions. 15. A vehicul ar suspension system according to

claim 14 further including fluid supply @8ans for supplying fluid to the
conduit means so that fluid can be added to one conduit and fluid can be at

hor eby onall KRS NP {GHOUN boinoted el the @ysisam SBAWRAN AT 4 ifeRiso a
rel atively epdgsie’ §ydterdD BadH &ﬁahgbﬂnfg.f) mcﬂ@%%%a {Plﬂ’ilebﬁfrh?{é‘défsé kOMdion pgfﬁ a

sinpl e average |evelling function. A ul"ar- suspensi on syst
accor di ng t 82c|&,nPasSduashier thedrtangament ishowdi in sheeprasdoissly udéseribed
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rate of r%l means ofsalhydraudicndeublefacting ratraassamblye2,883. Each ram assembly
has a cylinder 62a, 63a and a piston 62b, 63b supported therein to separate the
cylinder into an inner chamber 62c, 63c and an outer chamber 62d, 63d. The
lever arm 7b, 7c¢ at one end of one of the torsion bar pairs 5b, 5¢ is coupled with
and movable together with the cylinder 62a, 63a. The lever arm 7a, 7d of the
10 other of the torsion bar pairs 5a, 5d is coupled with and movable together with
the piston 62b, 63b. Conduits 64, 65 provide fluid communication between the
two ram assemblies 62, 63. In the illustrated embodiment, each conduit 64, 65
connects the inner chamber 62¢, 63c of one ram assembly with the outer
chamber 62d, 63d of the other ram assembly. It is however to be appreciated
15 that other conduit connection arrangements between the two ram assemblies
are also possible depending on the design of the transverse torsion bars which
may reverse the sense of rotation if, for example, one pair is located behind the
axle while the other pair of transverse torsion bars is located in front of the other
axle. Therefore, the outer chambers can be connected by one conduit whereas
20 the inner chambers can be connected by another conduit.

A fiuid pump and reservoir assembly 66 may optionally be provided to
supply and remove fluid from the ram assemblies and associated conduits. This
arrangement allows for additional control of the roll resilience and also provides
some active roll control for the vehicle, and active assistance with warp motions

25 to overcome: the resistance of the springs (when used). in addition, the roll
attitude of the vehicle can be controlled by varying the volume of fluid within the
hydraulic circuit. To this end, the pump/reservoir assembly 66 is connected to
the conduits 64, 65 connecting the two ram assemblies 62, 63 by two secondary
conduits 67, 68, each respectively connected to one of the conduits 64, 65.

30 Accumulators 69, 70 may also be provided on the secondary conduits to provide
additional resilience in the suspension system. It should be noted that most of
the resilience within the vehicle ride in terms of pitch and whole body motion is
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resilience means to thereby inprove the roll control. 17. A vehicul ar
suspensi on system according to claim16 wherein the ROKITIresiil itedce.isigy!
control | abl e by changing the pressure and volunme of fluid in the conduit
means and the roll resilience neans using the fluid supply means. 18. A
vehi cul ar suspensi on system according t &4l ai m 7 wherein the adjustnent
nmeans is a rotary actuation neans including a housing supporting a rotor

conneet ed-FIOBAEI Y 1 SePiBsa, Bhdk, o HebroiaRENSe i SV B "
ot her tor sitiee rbsitience 19 .the Adptioniat acoumulEtomN 680 A0soyrssich resillentenastthees ai m
Fluld chanfEak DRPaIted e REneaTee oA Bt beabr 50 APOcad SndAnKEses i ¢ n
the fluid ghanhieshesdtiddhed thereto.

5 _Figures 5 and 6 show the fluid flow within the system and between the
ram assemblies when there is warp motion of the wheels (Figure 5) and when
there is roll motion of the wheels (Figure 6). The schematic diagrams show the
suspension system in pian view with the front of the vehicle being directed to the
top of the sheet. Thus as each wheel 20, 21, 22, 23 moves in a generally

10 vertical direction, this would be a movement in the direction normal to the plane
of the drawing sheet. Accordingly, upward wheel motion is therefore indicated
by the symbol "-" whereas downward wheel motion is indicated by the symbol
",

Referring initially to Figure 5, when there is warp motion of the whesels,

15 the diagonally adjacent wheels move together in the same direction which is
opposite to the direction of movement of the other diagonally adjacent wheels of
the vehicle. In this situation, because of the direction of movement of the
wheels, and the way that the torsion bars are respectively connected to the
cylinder and piston of the cylinder assembly, counter rotation of the torsion bars

20 are possible.

For example, in the case of the front force transmitting arrangement 50,
when the front left wheel 20 moves upwards and the front right wheel 21 moves
downwards, the counter rotation of the front transverse torsion bars 5a, 5b
results in- a decrease in volume of the outer chamber 62d of the front hydraulic

25 ram assembly 62, and an increase in the volume of the inner chamber 62c
thereof because of the relative motion of the piston 62b within the cylinder 62a.
Fluid therefore flows from outer chamber 62d through’conduit 64 to the inner
chamber 63¢ of the rear hydraulic ram assembly 63 while fiuid flows to the inner
chamber 62¢ of the front hydraulic cylinder 62 through conduit 65 from the outer

30 chamber 63d of the rear hydraulic ram assembly 63. This fluid flow is aided by
the relative motion of the rear transverse torsion bars 5¢, 5d. This fluid
movement ensures that warp motions can be readily achieved by the
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34 20. A vehicular suspension system according t ' r &8s
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fluid chanbers are connected to thereby progressivel e relative
rotation of the rotor within the housing in each of the linked rotary
actuation nmeans such that the surface efagi ng neans are pernitted to nove
when undergoi ng warp notions with the novenent of the rotor within each
housi ng allomﬁngﬁihe transfer of fluid between the connected fluid chanbers

with nini maUSPRERIGE SYF9 e

By comparison, in Figure 6, the wheels on each side of the vehicle move
in the same direction and opposite to the direction of movement of the wheels
on the other side of the vehicle. The direction of movement of the wheels show

5 that the vehicle is tuming left resulting in roll motion of the vehicle. Because of
the respective attempted rotation of each transverse torsion bar, and the
interconnection between the chambers of each ram assembly, the fluid flow from
each chamber is counter acted by the fluid flow from the opposing chamber
such that there is little to no relative motion between the piston and cylinder of

10 each ram assembly. Each pair of transverse torsion bars therefore acts in
unison in a similar manner as a conventional roll stabitiser bar in roll but unlike
conventional roll bars the system described simuitaneously provides roll control
stiffness and permits wheel motions resulting from warp. The functional
relationship of the linking between the two rams can also be viewed as a

15§ function of the pressure differential across the piston within each ram. When the
vehicle is undergoing roll as shown in Figure 6, the pressure differential across
the piston of each ram is relatively high, with the load and therefore the pressure
carried by fluid chambers 63d and 62b being higher than for chambers 63b and
62d. However, under warp motions as shown in Figure 5, the pressure

20 differential across the pistons will be relatively low. The pressure differential
therefore progressively decreases as the vehicle moves from primarily roll
situations to warp situations.

It should be noted that in conventional roll stabiliser bar systems the
torsion bars are "wound up" during cornering and if the road also happens to be

25 undulating on a comer requiring a degree of warp this then requires that one
end of the torsion bars is additionally wound up while the other end is partially
relaxed and these alternating axle movements can cause rapid shifts of the
weight borne by the wheels which in turn cause the Ia;:k of traction at the tyre
contact patches. In the embodiments shown in Figs 3 and 4 the ground

30 pressure at the wheels is therefore maintained more consistently thereby
reducing the risk of skidding on the corners of poorly surfaced roads.

Additionally, in conventional roll stabilisation systems such as transverse
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pressure differential across the rotor, while roll nptrqnsrochhesmehhﬁle_“,
are reacted by an increase in the pressure differentlaf-acpbé-wthe rotor -
generated by the increase in |oad on the surface engagi ng neans on one side
of the vehicle and the simlar reduction in the |oad on the surface
engagi ng means on the other side of the 2Bhicle to thereby control the rol
attitude of the vehicle whilst sinultaneously m nimsing the changes in
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wﬂeelgs to move in one direction while the other diagonally opposite pair move
in the other direction. Since conventional roll stabiliser bars of the front and
back axles are independent they are intrinsically unable to differentiate and
10 react differently to single wheel inputs and roll motions and all such inputs are
therefore reacted to in similar manner causing harshness of ride quality and
inferior road holding due to inappropriate weight shifting between wheels. In
contrast the structural and functional relationship of the components in the
system (shown in the accompanying Figures) requires that both axles interact
16 such that roll and warp are differentiated and reacted upon in different ways so
that as minor warp motions occur as when a single wheel input occurs this is not
interpreted as a roll motion (on one axle) requiring maximum stiffness of the roll
stabiliser bar leading to undue harshness. In the invented system, therefore, a
single wheel input may be reacted to as a minor high speed warp motion which
20 need not be resisted and which therefore does not need to resolved solely by
the transversely adjacent wheel assembly causing unnecessary harshness.
The embodiment shown in Figure 7 is similar to the embodiment of Figure
4 except that the hydraulic double-acting rams are replaced by rotary actuators
or rams 62a, 62b. These rotary rams include a housing supporting a rotor
25 rotatably."supported therein which separates the housing into two fluid
chambers. The housing and the rotor are respectively connected to one of the
adjacent transverse torsion bars. Conduits 64, 65 interconnect the
corresponding fluid chambers of each of the rotary’ rams 62a, 62b. This
embodiment operates in the same way as the embodiment of Figure 4. In
30 particular, the wheels are permitted to move when undergoing warp motions
while roll motion of the vehicle is reacted to by the torsion bars. The primary
advantage is that the use of rotary rams eliminates the need for lever arms on
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22. A vehicul ar suspension system according to clarm 21 Wwher'ein ¥he froke
means i s provided by a | ever armrespectively extendlpgcfgppggaqh]tg)gﬁlmy
bar, the lever arns being interconnected by a cross nmenber arrangenent.

23. A vehicul ar suspension systemaccording to claim22 wherein the
resilient support neans interconnects t h&7cr oss nmenber arrangement with the
chassis of the vehicle, the resilient support neans including a | oad

fgfﬂp?gt p: Ahe transverse 81ioW baPs #érdBY'rBlREIng thb' dthSufP o UBafde Pogliifey t e
to accommodate the suspension system as well as leading to a neater overall
arrangement. |

Figures 8 and 9 illustrate a further embodiment of the vehicle suspension
S system wherein the vehicle is also supported by the suspension system
according to the present invention. This embodiment is also similar to the
embodiment shown in Figure 4 except that the coil springs are eliminated and
replaced with a support arrangement 75, 76 interconnecting sach pair of
transverse torsion bars. This leads to the abovenoted advantage in that it is
10 possible to provide at least substantially equal loading on each wheel. Each
support arrangement may include linkage means 75b, 75¢, 76b, 76¢ connecting
each transverse torsion bar pair to a respective cross member 75d, 76d. The
cross member 75d, 76d may be directly connected to the lever arms such as 7a,
7b to obviate the requirement of links 75¢ and 75b when the support
15 arrangements are located so as not to conflict with components 62 and 63. The
cross members are each coupled to a resilient support means 75a, 76a. In this
arrangement, the force to support the vehicle is resolved through the transverse
torsion bars to the load support ram assemblies 75a, 76a which are secured by
locating means 82, 83 to the vehicle chassis and which permit some relative
20 movement to accommodate to positional changes. The provision of the cross
member arrangement "averages" the load carried by the associated load
assemblies, this average load being resolved through the resilient support
means to the vehicle chassis. The resilience of the suspension system is
provided: by means of accumulators 80, 81 in fluid communication with each
25 load support ram assembly. While Fig 8 illustrates vehicle support means
incorporating hydraulic rams and accumulators it should be understood that
these resilient devices may be replaced by conventional steel or rubber or
composite resilient mechanisms such as springs. It ié noted that the conduit
connections in this embodiment are similar to the connections shown in Figure
30 4. |In particular, the inner chambers of each cylinder assembly 62, 63 are
connected by one conduit to the outer chambers of the other cylinders.
According to the design of the torsion bars, the resilient support means
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resilient support. 24. A vehicul ar suspension system according to clai
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vehen supporting the vehicle's static weight while the rear resilient support
means 76 and linkages 76b, 76¢ would be in compression under the same
conditions.

The embodiment shown in Figure 10 operates in a similar manner to the
embodiment of Figure 8. The primary difference is that the load support ram
assemblies 75a, 76a are replaced by coil springs 100, 101.

Figure 11 shows yet another embodiment which is a further development
of the embodiment of Figure 8. The weight of the vehicle is primarily supported
by the coll springs 4a, 4b, 4c, 4d located at each wishbone 2a, 2b, 2¢, 2d. The
load support rams 75a, 76a are retained. Further conduits 103, 104 are
however provided to connect corresponding fluid chambers of those rams. A
valve 105 controls the flowpath of fluid between the fluid chambers when the
valve is in one position, the corresponding inner fluid chambers and the
respective outer fluid chambers are in fluid communication. When the valve is in
a second position, the connection is reversed such that each inner chamber is
now in fluid communication with an outer fluid chamber. This arrangement
allows control of the pitch of the vehicle by providing means to raise and lower
each end of the vehicle.

Accumulators 106 may also be provided on each conduit. This provides
an amount of damping to control the degree of pitch of the vehicle.

Figure 12 shows a further embodiment of the present invention which
operates in. a similar fashion to the embodiment of Figure 4. The main
difference is that the transverse torsion bar pairs are substituted by a single front
and rear torsion bar 90, 91. One end of each bar is connected to the wheel
locating means 98, 99 shown as a simple axle in the Jrawing by way of a drop
link as commonly used to couple roll stabiliser bars to axle or wheel assemblies.
The other end of the torsion bar is connected to the axle by way of an hydraulic
double-acting ram assembly 94, 95 which takes the place of the normal drop
link component which links the roll stabiliser bar to the axle whilst
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for controlling said fluid supply neans to ‘thereby allow control of“the .
attitude of the vehicle. 27. A vehicul ar suspensionh system accor di-ng ‘t'e
claim6 wherein the force transmtting means includes a single transverse
torsion bar and the adjustment nmeans interconnects the torsion bar to at
| east one of the associated surface engagPng neans. 28. A vehicul ar
suspensi on system according to claim27 wherein the adjustnent neans

i | s ian he t ' bar to t | at ed
LT ace engagroriddanig EHeiige a SndiBhrtileso MBpcirmbnentS, o His Beionas o
cl ai m 28 whembiodiment thauirdll stibiitserisr iseauplediel Wackydradie ByndeitdHinbém

t ' the ram having a cylinder and a
:Of’g? ;ﬁdazg eﬁ&%}'ﬁé‘ ggﬁ(eaélg%sq%hzr'o%ns%?r%b of each ram assegmbly i connected to the
wheel locating means 98, 99.
5 .In the embodiment shown in Figure 12, it will be seen that the piston rods

pass right through the rams so that the upper and lower piston faces have

identical surface areas. In some situations it may be preferable to use a single

piston rod extending out of one end of the ram end only or to use rod diameters

of different outside diameters to overcome asymmetries and/or provide specific
10 roll split geometries.

In this embadiment, when there is roll motion of the vehicle, fiuid flow is
prevented through the conduits 92, 93 connecting the ram assemblies 94, 95 in
the same way as previously described with reference to Figure 4 and Figure 6.
Movement of the end 90a, 91a of the torsion bar 90, 91 secured to the ram

15 assembly relative to.the wheel support is therefore prevented and the torsion
bar therefore operates in a similar manner as a conventional stabiliser bar.
During warp motions of the wheels, fluid movement through the conduits 92, 93
connecting the ram assemblies 94, 95 allow movement of the ram assembly end
90a, 91a of the torsion bars relative to the wheel locating means 98, 99 thereby

20 facilitating the warp motion. The vehicle suspension system however otherwise
operates in a similar way as the embodiment shown in Figures 4 and 8.

It should be noted that each of the double-acting rams could be provided
by two single-acting rams respectively connecting the opposing ends of the roll
stabiliser bar. By connecting the fluid chamber of each single-acting ram with

25 the corresponding ram of the opposite stabiliser bar, this arrangement can
operate in the same general manner as the embodiment of Figure 12.

Although all of the above noted embddirqents use torsion bar
arrangements, it is also to be understood that the present invention can also
encompass arrangements where transverse push/pull rods replace the torsion

30 rods, with the adjustment means linking the rods applying tension or
compression forces on each rod.
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30. A vehicular suspension systemaccording to claim29 wherein the rams
are in fluid commnication and wherein s&0 fluid communication is provided
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' of the front torsion bar with the fl
doubl e- acti %'SM]

1. A suspension system for a vehicle having at least one forward pair of
surface engaging means and at least one rearward pair of surface engaging
means connected to the body of the vehicle to allow substantially vertical
relative motion of each surface engaging means with respect to the body, the
suspension system including resilient support imeans for supporting the vehicle
body with respect to the surface- engaging means, a force transmitting means
interconnecting at least one said forward pair of transversely adjacent surface
engaging means and a force transmitting means interconnecting at least one
said rearward pair of transversely adjacent surface engaging means, each force
transmitting means including adjustment means, the adjustment means being
longitudinally spaced and functionally linked such that the magnitude and the
direction of the force transmitted between associated transversely adjacent
surface engaging means by each of the force transmitting means varies
progressively as a function of the relative positions of, and the ioad applied to, at
least two pairs of the interconnected transversely adjacent surface engaging
means, to thereby restrict roll motions of the vehicle whilst simultaneously
facilitating warp motions of the surface engaging means.

2. A vehicular suspension system according to claim 1 wherein said
resilient support means are provided between each said surface engaging
means and the chassis of the vehicle. '

3. A vehicular suspension system according to claim 1 wherein a said
resifient support means is provided for at least one said pair of transversely
adjacent surface engaging means for carrying the load applied to both of the
associated transversely adjacent surface engaging meéns.

4, A vehicular suspension system according to claim 1 or 3 wherein a said
resilient support means is provided for said at least one forward pair of
transversely adjacent surface engaging means and a further said resilient
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of fluid between the connected f|UId chahber s causi ng m ni mal change in the
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the changes in | oad on each surface engagi ng nmeans due to warp notions.

32. A vehicul ar, suspensi on tem accordin o0 claim 28 wherein the
adj ust nent Sreand |“'§F‘&u@rn§‘l‘%‘-’%ﬁ?méyﬁm I@Ggf‘iiﬂgéf’ any-enenef the prreading; on

bars, claims wherein the force transmitted by the force transmitting means is a
torsional force. |

6. A vehicular suspension system according to any one of the preceding
claims wherein said force transmitting means includes at least one transverse
torsion bar.

7. A vehicular suspension system according to claim 6 wherein said force
transmitting means includes a pair of transverse torsion bars, each torsion bar
being respectively connected to a said surface engaging means, the torsion
bars being interconnected by the adjustment means.

8. A vehicular suspension system according to claim 7 wherein the torsion
bars are rotatable about their elongate axes, the adjustment means
progressively controlling the axial rotation of the associated torsion bars relative
to each other such that the surface engaging means are permitted to move
when undergoing warp motions while the roli attitude of the vehicle is
simultaneously restrained by the torsion bars.

9. - A vehicular suspension system according to claim 8 wherein each
adjustment means provides a mechanical interconnection of the associated pair
of torsion bars, and wherein the adjustment means interconnecting a said pair of
transversely adjacent front surface engaging means ana the adjustment means
interconnecting a said pair of transversely adjacent back surface engaging
means are functionally linked by a mechanical connection.

10. A vehicular suspension system according to claim 9 wherein the
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surface engagi ng mri‘m‘ “ cul ar suspensi on system according to
claim 32 wherein a ftuid domtunfcation i82provi ded between the rans wherein
said fluid conmmunication is prOV|ded by conduit neans respectlvely

cor" s b bBEndpial pSARERDy & 385 RSl SR ol Rl i bt o
si.ngl e- act iigahg/n @dcH NedjostkehprmeaRsbaicluditg fd Ydir of linkage members
respectively connected at one end thereof to one of the torsion bars, the other
end of each pair of linkage members being connected to an end of the
longitudinal shaft such that torsional forces can be transmitted between said
adjustment means. |

11. A vehicular suspension system according to claim 7 wherein the
adjustment means provides a hydraulic connection of the torsion bars.

12. A vehicular suspension system according to claim 11 whersin the
adjustment means is a double-acting ram, the ram having a cylinder and a
piston assembly separating the cylinder into two fluid chambers therein, the
cylinder being connected to one of the torsion bars, the piston assembly being
connected to the other torsion bar, and wherein a fluid communication is
provided between the rams. '

13. A vehicular suspension system according to claim 12 wherein the fiuid
communication is provided by conduit means connecting the two fluid chambers
of the double-acting ram of the front torsion bars with the fluid chambers of the
double-acting ram of the back torsion bars whereby the transfer of fluid between
the fluid chambers enables relative displacement between the piston assembly
and the cylinder.

14. - A vehicular suspension system according to claim 13 whersin the fiuid
chambers are connected such that the surface engaging means are permitted to
move when undergoing warp motions with the movement of the piston assembly
within each cylinder allowing the transfer of fluid between the connected fluid
chambers causing minimal change in the pressure differential across the piston
assembly, while roll motions of the vehicle are reacted by an increase in the
pressure differential across the piston assemblies generated by the increase in
load on the surface engaging means on one side of the vehicle and the similar
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reacted to by the t Hm i | st si mul t aneousl y mn|mS|ng { he- ¢hidddes
in |oad on each sal 3’ g" means due to warp notions. 34. A

vehi cul ar suspensi on sy§tel=n acC &l ains 31 or 33 further including
fluid supply neans for supplying flui d to the conduit neans so that fluid
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further inghggémg roll resilience means such as a hydr opneurrat i C

accurmul ator in fluid conmunication with both of the conduit neans, said
roll resilience. neans including danping neans for danping the rate of roll

and isol atify) MEQRHidlal 8055n16n ($Y8tdh! dccording to claim 14 further including
fluid supply means for supplying fluid to the conduit means so that fluid can be
added to one conduit and fluid -can be at least substantially simultaneously
removed from the other conduit to thereby enable the roll angle of the vehicle to
be controlled either relatively quickly for an active roli control, or relatively slowly
for a simple average levelling function. |

16. A vehicular suspension system according to claim 15 further including roltl
resilience means such as a hydropneumatic accumutator in fluid communication
with both of the conduit means, said roll resilience means including damping
means for damping the rate of roll and isolating means for isolating the roll
resilience means to thereby improve the roll control.

17. A vehicular suspension system according to claim 16 wherein the roll
resilience is controllable by changing the pressure and volume of fluid in the
conduit means and the roll resilience means using the fluid supply means.

18. A vehicular suspension system according to claim 7 wherein the
adjustment means is a rotary actuation means including a housing supporting a
rotor separating the housing into at least two fluid chambers, the housing being
connected to one of the torsion bars, the rotor being connected to the other
torsion bar. ,

19. A vehicular suspension system according to claim 18 including conduit
means providing fluid communication between the two fiuid chambers of the
rotary actuation means of the front torsion bars with the fluid chambers of the
rotary actuation means of the back torsion bars.
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suspensi on system according to claim35 wherein the roll resilience is ..
control |l abl e by changing the pressure and vol une of -fluid-in the condUit
means and the roll resilience neans using the fluid swplf/ means.

vehi cul ar suspensi on system accordi ng to34l ai m 27 wh "mllﬁmnﬂme |
I CUl ar

nmeans provides a nmechani cal coupling of the t or si on
suspensi on system according to any one of clainms 27 to 33 whef'ei A siid
resilient support nmeans are provided between the surface engagi ng neans and

the chassi spef tRevetfidiial %usp@ﬁsnon'% YSTH SAtoPiin néﬁ%téiﬁlnftolrg wheréinciR fad ng

at |l east one forward pair of surface engagi ng ans and at | east one
rearward pathambets areeennestpdiothereby progresswely vary the relative rotation of the

rotor within the housing in each of the linked rotary actuation means such that
the surface engaging means are permitted to move when undergoing warp
motions with the movement of the rotor within each housing allowing the transfer
of fluid between the connected fluid chambers with minimal change in the
pressure differential across the rotor, while roll motions of the vehicle are
reacted by an increase in the pressure differential across the rotor generated by
the increase in load on the surface engaging means on one side of the vehicle
and the similar reduction in the load on the surface engaging means on the
other side of the vehicle to thereby control the roll attitude of the vehicle whiist
simultaneously minimising the changes in load on each surface engaging
means due to warp motions.

21. A vehicular suspension system according to claim 7 or 8 including a yoke
means interconnecting each pair of torsion bars, wherein said resilient support
means connects the yoke means to the chassis of the vehicle, the yoke means
transferring the average load carried by the associated surface engaging means
to the resilient support means such that the resilient support means at least
substantially supports at least a portion of the vehicle to thereby permit the
vehicle to maintain an at least substantially uniform load on each surface
engaging means regardless of the warp position of the surface engaging
means.

22. A vehicular suspension system according to claim 21 wherein the yoke
means is provided by a lever arm respectively extending from each torsion bar,
the lever arms being interconnected by a cross member arrangement.

23. A vehicular suspension system according to claim 22 wherein the
resilient support means interconnects the cross member arrangement with the
chassis of the vehicle, the resilient support means including a load support ram
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said resilient support means Bel ng providked for said at |east one f or war d
pair of transversely adjacent surface engaging means and for said at |east
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transver selrgsieaPsuppdel surface engagi ng neans;

24. A vehicular suspension system according to claim 2, further including a
yoke means interconnecting each pair of torsion bars, and double-acting rams
interconnecting the yoke means with the chassis of the vehicle, conduit means
connecting corresponding chambers of the rams and valve means for
controlling the fluid flow through each conduit means to thereby control the pitch
motion of the vehicle.

25. A vehicular suspension system according to claim 24 further including
accumulators in fluid communication with at least one of the conduits.

26. A vehicular suspension system according to claim 24 or 25 further
including fiuid supply means for supplying and removing fluid from said conduit
means, sensing means for sensing the attitude of the vehicle, and control means
for controlling said fluid supply means to thereby allow control of the attitude of
the vehicle.

27. A vehicular suspension system according to claim 6 wherein the force
transmitting means includes a single transverse torsion bar and the adjustment
means interconnects the torsion bar to at least one of the associated surface
engaging means.

28. A vehicular suspension system according to claim 27 wherein the
adjustment means provides a hydraulic connection of the torsion bar to the
associated surface engaging means. .

29. A vehicular suspension system according to claim 28 wherein each said
adjustment means includes a double-acting ram located at one end of the
torsion bar, the ram having a cylinder and a piston assembly separating the
cylinder into two fluid chambers therein, the cylinder and the piston assembly
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speed war p aretindluid comgnunigatiemantsvhereirusiaiddgluid coppougication je prowided bydi ng

to any one ofdAemdaR&eUspdchivély Bonnecting the two fluid chambers of the double-
acting ram of the front torsion bar with the fluid chambers of the double-acting
ram of the back torsion bar.

31. A vehicular suspension system according to claim 30 wherein the fluid
chambers are connected such that the surface engaging means are permitted to
move when undergoing warp motions with the movement of the piston assembly
within each cylinder allowing the transfer of fluid between the connected fluid
chambers causing minimal change in the pressure differential across the piston
assembly, while roll motions of the vehicle are reacted by an increase in the
pressure differential across the piston assemblies generated by the increase in
load on the surface engaging means on one side of the vehicle and the similar
reduction in the load on the surface engaging means on the other side of the
vehicle to thereby control the roll attitude of the vehicle whiist substantially
minimising the changes in load on each surface engaging means due to warp
motions.

32. A vehicular suspension system according to claim 28 wherein the
adjustment means is a single-acting ram located at each end of the torsion bars,
each ram having a cylinder and a piston- assembly supported therein to provide .
a fluid chamber within the cylinder, the cylinder and piston assembly being
connected to one of the torsion bars and the adjacent sgrface engaging means.

33. A vehicular suspension system according to claim 32 wherein a fluid
communication is provided between the rams wherein said fluid communication
is provided by conduit means respectively connecting the fluid chamber of each
single-acting ram of the front torsion bar with the fluid chamber of the
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longitudinally opposing single-acting ram of the back torsion bar, the fluid
chambers being connected such that the surface engaging means are permitted
to move when undergoing warp motions, while roll motions of the vehicie are
reacted to by the torsion bars whilst simultaneously minimising the changes in
load on each said surface engaging means due to warp motions.

34. A vehicular suspension system according to claims 31 or 33 further
including fluid supply means for-supplying fluid to the conduit means so that
fluid can be added to one conduit and fluid can be at least substantially
simultaneously removed from the other conduit to thereby enable the roll angle
of the vehicle to be controlled either relatively quickly for an active roll controf, or
relatively slowly for a simple average levelling function.

35. A vehicular suspension system according to claim 34 further including roll
resilience means such as a hydropneumatic accumutator in fluid communication
with both of the conduit means, said roll resilience means including damping
means for damping the rate of roll and isolating means for isolating the roll
resilience means to thereby improve the roll control.

36. A vehicular suspension system according to claim 35 wherein the roll
resilience is controliable by changing the pressure and volume of fluid in the
conduit means and the roll resilience means using the fluid supply means.

37. A-vehicular suspension system according to claim 27 wherein the
adjustment means provides a mechanical coupling of the torsion bar.

38. A vehicular suspension system according to any one of claims 27 to 33
wherein said resilient support means are provided between the surface
engaging means and the chassis of the vehicle.

39. A suspension system for a vehicle having at least one forward pair of
surface engaging means and at least one rearward pair of surface engaging
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means connected to the body of the vehicle to allow substantially vertical
relative motion of each surface engaging means with respect to the body;

the suspension system including resilient support means for supporting the
vehicie body with respect to the surface engaging means, said resilient support
means being provided for said at least one forward pair of transversely adjacent
surface engaging means and for said at least one rearward pair of transversely
adjacent surface engaging means for respectively providing substantially equal
loading on each of the transversely associated surface engaging means;

a force transmitting means interconnecting at least one said forward pair of
transversely adjacent surface engaging means and a force transmitting means
interconnecting at least one said rearward pair of transversely adjacent surface
engaging means,

each force transmitting means including adjustment means, the adjustment
means being longitudinally spaced and functionally linked such that the
- magnitude and the direction of the force transmitted between associated
transversely adjacent surface engaging means by each of the force transmitting
means varies progressively as a function of the relative positions of, and the
load applied to, at least two pairs of the interconnected transversely adjacent
surface engaging means, to thereby restrict roll motions of the vehicle whilst
simultaneously facilitating warp motions of the surface engaging means such
that there is negligible change in the load on each said surface engaging
means in relatively low speed warp motions.

40. A vehicle including a suspension system according to any one of the
preceding claims.
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A vehicular suspension system for a vehicle respectively
supported on at least one pair of transversely adjacent front sup-
port assemblies and at least one pair of transversely adjacent
back support assemblies, the suspension system including a force
transmitting means interconnecting the at least one pair of trans-
versely adjacent front support assemblies and a force tramsmit-
ting means interconnecting the at least one pair of transversely
adjacent back support assemblies, the force transmitting means
transferring forces between the interconnected support assem-
blics, wherein each force transmitting means includes connec-
tion means for progressively varying the magnitude and direction
of the force transferred between the associated support assem-
blies by the force transmitting means as a function of the relative
positions of and the load applied to at least two pairs of the
interconnected support assemblies, the connection means being
functionally linked such that the magnitude and the direction of
the force transmitted between associated support assemblies by
each of the force transmitting means is progressively varied to
thereby maintain and retumn the attitude of the vehicle to a po-
sition that is at least substantially parallel to the average surface
plane supporting the vehicle.




