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L mprovenents in the suspension systemfor vehicles, and specifically
relates to systens in which the suspension 5 elenents of the respective
wheel s are nutually interactive, so as td provide substantially consistent
wheel | oading on the wheels not directly influenced by wheel travel, and
provi ding i nproved overall ride and handling characteristics for notor
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IS processe f@ﬁé'ﬁ’ﬁ%%ﬁtsﬁwrﬁgﬁgydﬁ%ﬁ) wﬁi ch instructs %ydr aulic _o)?
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t he wheel s %8"}@%9%&[&%0”%\/% terrain, while the vehicle body follows a

nore | evel ut bouncing, rolling and pitching. These active
suspensi on systens regurdcamitimes chéreghas Heenka tpersd sowandsneesildnt spoung

substantial input of external ener drawn.continually fromthe, vehicle's
engi ne, .1 SWEReHOR h%/sé%’?‘éat'ﬁ?%rﬂqa%@n%f‘faélﬁb?? rfieafaaj”@si{#&ﬁt En{jog?]ngéb%
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are not only expensive to manufacture and maintain’in operation but are
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therefore an object o 0 provide a ve suspensi
syst em whi creferetiite astdutive orisemd active shspensiornaystefs; incorporafe a wotberod
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of an as well as speed, acceleration, steering and braking commands. This and other
data is processéd by an on-board computer (ECU) which instructs hydraulic or
pneumatic actuators to extend or contract at high speed to raise or lower the
wheels to follow the uneven terrain, while the vehicle body follows a more level

20 path, without bouncing, rolling and pitching. '

These active suspension systems require an intelligent back-up
system and call for a substantial input of external energy, drawn continually from
the vehicle's engine, to operate the actuators that effect the adjustments to the
suspension system.

25 The active suspension systems described are not only expensive
to manufacture and maintain in operation but are subject to electronic and
hydraulic failures, such as leaking hydraulic seals, due to the extreme
complexity of these suspension systems.

It is therefore an object of this invention to provide a vehicle

30 suspension system which enables the vehicle to exhibit many of the benefits of
the active suspension systems but which is of simple construction and can be
utilised for long periods without the associated expenses and complexities of an
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active ﬁégﬂﬁ%’ﬁon system that require frequent adjust rrec?;(és ancfgserw ci ng.

Wth this object in viewthere is provided a vehicle suspension system
conprising two laterally spaced forward wheel assenblies and two |aterally
-spaced rear wheel assenblies together Supporting a vehicle body, 5 each
wheel assenbly including a wheel and a wheel nounting connecting the wheel
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resilience in the transv e or
provide a mechanism whereby, when relative movement occurs in the vertical

direction between one wheel and the vehicle body, an opposite movement is

20 urged between the longitudina® adjacent and laterally adjacent wheels
respectively. |f the mechanical coupling means possesses resilience, the
degree of movement will be different, the difference being related to the degree
of resilience in the mechanical coupling means and the loading on the reievant
whesels.

25 in a construction where all of the mechanical coupling means are
rigid, the suspension system will provide substantially complete avoidance of
both roll and pitch control of the vehicle body as the vehicle travels uneven
terrain or is subjected to dynamic loadings, such as surface irregularities or
corneririg at speed.

30 If there is a degree of resilience in the first mechanical coupling
means, this will allow a degree of pitch of the vehicle body, the level of pitch
being related to the degree of resilience in the transverse or first coupling
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-means. Si nWOPP2§020; esi | i ence in the second mechani cal coupling rmeans will
allow a dégree of roll of the vehicle body, the level of roll being related
to the degree of resilience in the |ongitudinal or second coupling neans.
It is often preferable to provide a degre® of resilience in each of the 5
respective mechani cal coupling neans to afford an increased confort to the

occupant s ofmddHs. v Biirfilafly, 208 i¥RED i QRb! 4R hechBHaP'RYDIRY. mehngayimal |y
becomes necessary to alsd avoid pitch and/or roll by providing a artlcul ar
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coupling ne Ilng nmeans.
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constructed so that angul ar novenent occurring in the nechani cal cou | i ng

means on on@9§PG\§Sd19QQ$§aWe'm alse aypiskpiteth apdiirall birdreviging amarticulapiess t e
direction i 0

vehi cl e, pr@ éﬁ%%ﬁ@%&%&ﬁ?%#ﬁ&eéﬁegﬁeﬁgﬁg ergﬁm eaéﬂ%llé%‘%&ﬁ‘g
mechani cal aoegris agdtwethe nespbctd&sséﬂoncbsmmhanml e:loupgag enazm&er@ermraw,ed
one to e at er a senbly ul ar n_ response
Pothe gafbdud § Tis beBBietityenss mERaT ettt Bissaanetie ¢eFER 9ot o
the vehicl eclaﬂdunnaﬂi@l VERBRE! iV & RonBikred MBREMpBtaffthal 6P momsibiecal
coupl i ng nmeans being coupled so said angul ar novenent of one el ongate

member wi | | restgetegifan pitchwwetians: in 25 the opposite direction of the other
el ongate member of th%hé?er ﬁh ﬂ?@égﬂgg@?ﬂ@@%@%ﬁgﬂitggft%oagf:gﬂc\&rrﬂ&ﬂaﬁlggl
pring neans rs

respect i ve novenments are
simlarly coosplng mahrsus prsv:dedaegtendmg:?rm Uheslatea'al dicedtioa ¢fdhgi\1ahnttleatﬁe5/
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movement in the opposite direction in the mechanical coupling means on the
opposite side of the vehicle, preferably an equal angular movement.

] Preferably each first mechanical coupling means includes
20 respective elongate members coupled one to each laterally spaced wheel
assembly to angularly move in response to the generally vertical movement of
the wheel mounted thereon relative to the vehicle body. The respective
elongate members of each first mechanical coupling means being coupied so
said angular movement of one elongate member will urge angular movement in
25 the opposite direction of the other elongate member of that first mechanical
coupling means. Preferably the respective movements are equal.

The second mechanical coupling means is similarly constructed

but is arranged with respect to the longitudinally spaced wheel assemblies.
In a preferred embodiment wherein each of the first and second
30 mechanical coupling means include respective elongate members coupled to
each wheel assembly, the respective two elongate members of each
mechanical coupling means are interconnected by gear means. The gear
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bei ng arranged so angul ar novenent of one el ongate nmember will urge angul ar
novenent of the other elongate nenber in the opposite direction. The

rel ative novenents may be equal or diféer to a limted degree. Wth this
arrangenent, torsional forces in the vehicle body normally 5 generated when

axl e artimugheé beimg: akesged g@%n@u%rrmméméﬂ%f Jﬂ@e@ﬂ@éﬁéﬁﬂe‘mtﬁémﬂﬂ&ﬂé
suspensi on system al so sg stantia equal i ses the I'oads borne by_éach of
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groun i ght

be positioned on an the ront ri ) and rear |eft wheels
respectively. In ¢ m@m:s(anmngynmﬂ ungsmmdif@nces in the eehialet bodyr matimalignal

progre Y. e ti.on,thus described causes
t he Io?&sa/e[%g?%%gggﬁérfﬁgﬁl% %&J?‘E@ 6%@%@8% em@éﬂ §e%n t he hi gher ground
while traction is ITist carrenly gromsed suspemisht systbeelatsd Gudistthtianyt he
hol | ows, whi ch becone the | esser | oaded wheels. This type of axle

arti cul atdaRlisegdnenpags et easht dlethen wheely When; aevehigigeiraversesd
wheel s, VMHd%‘htinfsghthafh CAR ﬁé&ﬁé&érﬁ‘;ﬂe‘b@'?h@'sﬁ SfforPROQAEN &iélﬁbn%n%wrousl y

posi ti oned ou be appreC| at'ed t hat t e systemditferentiates
i ntrinsi cnd Ypetkackeight whasal maynbe gpaitinhed onthighergroundithan fHectaomt right

o1 t uat i e, a8 s B adgRE o RRRaME Shhhar et ced ARG |
di spl acertrad:tumfaltmeg:reisbl sigpenksiophsysireelthe ixle aaiculdtorgiig @dscridbtic! e

bod Thi s beh VI IS SI lar to nventional ly suspended vehicl es, but
' the veRHEPS the aads 1P e, POme PriRsiRaly tyww«ﬁ%ﬂaw‘r’wdﬁaﬁv@wr@oyeara. .

there |5 ‘mae f'é%ﬁ%;ﬁﬁag‘“ﬁef oo W“‘f?ﬁ e I g o
25 wheel whighdecame thailessarieaded waeehsOﬁf hls\yqsr \ade articulasiosr frequendlyi n a
bl ongacs EGE R 146 ShBRing Bf the RERE R PR kB PR IR R ASe thE
i nt er connveticlel thpetbmenstotiaor dangerouslyipusgitiomaeds. The respective el ongate
menbers being int erltC (s)r?gu gtbe apgrerc?attgé ittggt t?lfe system differentiates intrinsically
between static and dynamic situations. Significant deformation of the resilient
elongate members occurs only in dynamic situations when impulse forces are
20 applied momentarily causing displacement of the relatively light wheels but not
the heavier vehicle body. This behaviour is similar to conventionally suspended
vehicles, but if the vehicle is stationary or moving slowly through undulating
terrain, the body and the elongate members have time to move to positions
where there is negligible spring deformation, thereby preventing unweighting of
25 wheels, and thus maintaining traction.

As previously referred to in a preferred construction, each
mechanical coupling means comprises two elongate members, one coupled to
each of two wheel assemblies interconnected by the mechanical coupling
means. The respective elongate members being interconnected so rotation of

30 one in one direction urges rotation of the other in the opposite direction,
preferably an equal degree of rotation or of a similar order. This construction
results in the minimisation or prevention of changes in the spring forces at each



30 one in one direction urges rotation of the other in the

di recti on, Worf28028bl y an equal degree of rotation or of a §Qﬁ$q§$k§?aer.
This consfruction results in the mnimsation or prevention of changes in
the. spring forces at each WD 95/ 25020

PCT/ AU95/ 00135 5 wheel supporting the vehbcle during axle articul ation,
hence nai ntai ni ng even wheel weights and therefore traction and secondly no

torsional fQurasd sty oﬂm/gehwedhrcrb hhﬂnge&w@@naﬂ%nIﬁrer%enaerﬁ@nqwbnt he
el ongat e nenbers rray of torsion bar i ke construction, and artanged
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backwar ds tceag%g%?e%j JR?%M‘ gla?%vrlm | e ot her torsi on bar; associ ated with

t he back wh orvvar wards the rear term nation of the front
torsion bars. The connewneoarrargsvaent thecelagate nmerebers may theeof tarsionarat

t b be of f r t
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upwards it tends to cause the |inked on the same side (rear left) to

be thrust ddarsian barsaassqgiatedi with e beqlmwmeémexmdcf@rwamwaéasme FRAr
appr oxi mat el | b I I ng
cont ext o rranafon $F8f roAPAEN BAE) THENERnBCSh Bafydof i dupochiride 00
t he opposi t efsheléront andaeartorsica ard nay e e aganmomfcrrcmsysmaebisleaert fohe
t wo rear eelhs The sus&énsr on systgmé&ayal F‘ﬁ rovided with at | east
one |aterd! 30NR¥E the Babed revaisaliaitpe dirgctionpf r 3“ 'si de mechani cal
coupling 20 neans. Q‘Q'Hu%t»@ﬁ@r'\ ohbrxrné&rq&uéreasrtﬁé lfrot 3t Whiek!)bh 606 BRE 6MY
the torsion bars on one sid he vehicle to the torsion bars on the

opposi te si dBe vehicleds fWﬁ?&ﬁ‘ %Maﬂﬁoﬂ\ﬁﬁ@@ o §ﬁu%éh%|'@896fwﬂ‘¢fﬂ areHiecsamer e
hheche o { Mod Pl Y SeRFRCbded Nid 4 PR ARLler B Bl
di rection. lensufing aagraxuhhteﬂya&ndaltwheél thrnrgahu'mlaﬂ @Eeels r.mnbnodywnic
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gg\r/]terr}egh fe ldn swebHodite BRiecEt tHtAVehiBicsSahd BEIWEER Th Itwbarg@ntdnﬁéer@%nd the
two rear wheels.
The suspension system may also be provided with at least one
lateral linkage, between the left and right hand side mechanical coupling
20 means. One lateral link provides roll stability by connecting the torsion bars on
one side of the vehicle to the torsion bars on the opposite side, so that when the
two wheels on one side of the vehicle are forced up (or down) simultaneously
this urges a movement of the pair of wheels on the other side of the vehicle in
the same upward (or downward) direction. In this way roll stability of the vehicle
25 is controlled without the inclusion of roll stabiliser bars which are commoniy
fitted to conventionally suspended vehicles, and which limit free axle articulation
movements. It should be noted that this transverse linkage does not contribute
to the support of the vehicle, but merely defines its roll attitude and stability
without imposing a restriction on axle articulation movements.
30 The vehicle suspension system herein disciosed provides a
vehicle supported above the terrain in the pitch direction by the front and rear
lateral coupling means and supported in the roll direction by the longitudinal



to the support of the vehicle, but nerely defines its r t e and
st abil i t‘yg\%ﬁ’ﬁ‘ié‘ht i nposing a restriction on axle arti cuﬁla‘ﬁ/‘gé?sf?%t}gnent s. 30

The vehi cl e suspensi on system herein disclosed provides a vehicle
supported above the terrain in the pitch direction by the front and rear
| at eral coupling nmeans and supported i the roll direction by the
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| ateral | yu%f%gi'@e‘ﬁ g%ﬁ”'%‘e@’l eﬁEé'@X‘ﬁfi'%é’QﬁY&@t iRiraig r"‘f'?’f?g ¥ ?\’i‘t&ﬁ body,
each wheegquslisRigthe lbag bafidBy @aohefecind a wheel mounting connecting the
wheel to the vehicle body for novenent relative to the bod?é in the

general Iy vertical EWpressacin genarabieroalthesusinraydad smyehiglecsuspaneioni ng
each Y‘f‘@eér%s’rémaéﬁﬁgﬂgbhgt fwd W&te@gy%ﬁ%e&’%ﬁk?@s wRiER! 'a%%efrﬁ&ligs ECE e
coupl i hg means al'so bel”ng arranged to generate a novenment that is a
propor t i datdrally espagedofear hehesivassemblids tdgsthewo suppettingcanvetitiedbodgr et o,
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one practical arrangenent of the suspension system as picted in the
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being arranged to generate a movement that is a proportional average of the

movement of the two wheels connected thereto, and means to selectively
transfer said generated movement to the mechanical coupling means on the
opposite side of the vehicle.

20 The invention will be more readily understood from the following
description of one practical arrangement of the suspension system as depicted
in the accompanying drawings.

Referring now to the drawings;
Figure 1 is a diagrammatic plan view of one vehicle whee! and

25 suspension layout.

Figure 2A is a diagrammatic plan view of a variation of the vehicle
suspension shown in Figure 1.

Figure 2B is a diagrammatic plan view of an alternative vehicle
suspenéion system wherein each wheel is supported by a respective spring

30 means.

Figure 3 is a detailed view of the lateral connection mechanism
between the suspension mechanism on the opposite sides of the vehicle as



Figure 2A is a diagrammatic plan view of a variation of th ' <
sugpensi onW9I‘?§GPP2Pg Figure 1. Figure 2B is a diagrammtic S})lé;lﬁﬁ\ﬁ??}g%:s%f an
alternative vehicle suspension system wherein each wheel is supported by a
respective spring 30 neans. Figure 3 is a detailed view of the |ateral
cannecti on mechani sm bet ween the suspension mechani smon the opposite sides
of the vehicle as WO 95/ 25020

PCT/ AUR5/ 00R6wr isiFgureia) Figure 2. Figure 4 is a diagrammatic view of a
suspensi on system sin|ar to that shown . jn Figure 2 w ternafiv

X . th |
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of the mechani sm shown I'n ure 4. Figure 6 is | agrammatic plan view of
a suspensi oSuspension oiechasismsnadippgsiiesidasco! theyghiclg. i s a di agrammati c

side el evation of | ongi igal . Leul.af i ' ri .
Figure 8 I's a di agrarrﬂaé#g d;rsaﬂ%?@%%h@'ﬁé&?%ag{ioﬁ)@nﬁﬁﬂ?ﬁ‘gng3@%@5‘5Pon
syst em showfiguredi.gure 4. Figure 9 is a diagranmatic plan view of a

nodi fied formof the suspensjon systemshown in Figure 6. 1.5 In
the drawings, the conPEWIREIScR JAMATENRLY BRANIRY G SHERCRSCR SYF18M Pha ne
descri pti ongpf whBglednvehitigd system have been omtted. Referring to Figures
1 and 2 the suspension system and vehicle are shown diagranmmatically wth
its front of the vehi €iguieaci g @hdliagraramatice side)ce l@vatiant 1oft lngitushinal

wheel s t"l'b”%ﬂiéu%n?éfh% g&}f‘é’ﬁ%é@'mg front left wheel 1 the front 20 right

wheel 2, the' re and rear left wheel 4 support the vehicle.

The | adder type chassiFigdreags a degrammesticplaf vievweatf s thaodified domerdfnibeer
t hereof . W shbone .arns e of a commonly known construction

7, 8 9 .10
and are pi véyﬁP?Qﬁ"&%ﬁﬁﬁt@f’bﬁh?‘ﬁn?ﬁg'%ﬁii s 5to pernit the wheels to

Figure 9 is a diagrammatic plan view of a modified form of the
suspension system shown in Figure 6.

15 In the drawings, the components of the vehicle which are not
essential to the description of the invented system have been omitted.

Referring to Figures 1 and 2 the suspension system and vehicle
are shown diagrammatically with its front of the vehicle facing the top of the page
and with the front wheels turned towards the left. The front left wheel 1 the front

20 right wheel 2, the rear right wheel 3 and rear left wheel 4 support the vehicle.

_ The ladder type chassis frame 5 has a series of cleats 6 on the
perimeter thereof. Wishbone arms 7, 8, 9 and 10 are of a commonly known
construction and are pivotally connected to the chassis 5 to permit the wheels to
move in generally upward and downward directions with respect to the chassis

25 on the pivot axes 7a, 8a, 9a and 10a respectively. A second wishbone (not
shown) may also be provided tc locate the wheel in the third dimension or the
wheel may alternatively be located in the vertical plane by way of a shock
absorber type unit such as is known in vehicles. Other wheel location
constructions such as trailing arms, radius rods and similar devices, which

30 permit the relative movements between the wheels and chassis may be used
instead of the illustrated wishbone units.

The contra-rotating torsion bars 11, 12 which support the front end



nove in g,eneral | y upward and downward directions with resgect é{o éihe
chassi s Y9 %#5%fe pivot axes 7a, 8a, 9a and 10a respecti Vel &K ond
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Any of the torsion bars linkages may be joined to the wishbone
linkages (or any other wheel support linkage mechanisms) in a similar way to
that described above by way of intermediate linkages, or the torsion bars may

20 alternaﬁvely be connected to the wishbone or traili"ng arm or other wheel
location means by way of any other convenient method. An example of this is
shown with reference to the longitudinal torsion bars 13, 14, 17, 18 which are
mounted so that their rotational axes are concentric or coaxial with reference to
the axes of the wishbones pivots 7a, 8a, 9a, 10a so that the ends of the bars may

25 be rigidly fixed to the associated wishbones.

At any convenient and/or advantageous location near to the ends
of the respective torsion bars there are provided support means generally 6,
which locate the torsion bars with reference to the chassis or vehicular body,
whilst ﬁermitting the torsion bars to rotate within the support means. The support

30 means may typically be provided with needle roller bearings or brass bushes
which permit free rotational movement of the torsion bars.

It may be advantageous in some contexts to provide rubber
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20 As previously indicated, the torsion bars linking orthogonal wheeis
are connected so as to contra-rotate at the juncture thereof. In the case of the
front lateral pair of torsion bars 11, 12, these are shown in the Figures 1 and 2
terminating in a slightly overlapping relation near a central point between the
wheel. The individual torsion bars are provided with respective gear teeth

25 formations 25a, 25b in the area of overlap which inter-mesh and thereby ensure
contra-rotational movement of the two torsion bars 11, 12 at this point. The
extent of contra-rotation is defined by the extent of the wheel articulation taking
place (vyhich does not require spring resilience) as opposed to the amount of
wheel travel arising out of the impacting of two orthogonally adjacent wheels

30 simultaneously with a bump which causes the torsion bars to twist along their
lengths to provide a degree of springing.

An alternative arrangement to provide the contra-rotational is
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assemblies 27, 28 as seen in Figure 2 are structurally similar to a differential

gear units as commonly found in the drive train of vehicles and these
20 components will now be described with reterence to Figure 4.

It should be noted that aithough full circle gears or toothed contra-
rotational devices are generally illustrated in the drawings the same contra-
rotational motion of the respective torsion bars may be achieved by segments of
bevel and ring gears as in use these components only need rotate through a

25 maximum of about 45 degrees in each direction from a central position.
Alternatively bevel and other types of geared components may be replaced by
lever arms which are flexibly connected (by way of ball joints or other
components such as bushings) arranged such that as one torsion bar turns in
one direction, the adjacent torsion bar turns in the opposite direction as will be

30 seen in the further description of the operation of the transverse central member
35 linking contra-rotating assemblies 27 and 28.

Referring to diagrams A and B of Figure 3 there is shown an
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wi th a cl eatprovidesld flgxiblet archonage 3er avhigichbar 35 which interconnects the two ring
housings. The central transverse bar 35 is similar in construction, and has
similar termination components at 33, 34, to a conventional Panhard rod,
commonly used in vehicle suspensions, although its function in this instance is
20 entirely different.

It will be noted that the central transverse bar 35 is connected to
the cleat 33 located on the upper portion of the ring housing 32a associated with
the left hand side longitudinal torsion bars, and on the cleat 34 on the underside
of the ring housing 32b, on the right side of the vehicle. Therefore, if the two

25 wheels on the right side of the vehicle are moved upwards with reference to the
chassis, such as in consequence to the vehicle turning to the left as shown in
Figure 1, then the two torsion bars 13, 14 will turn in an anti clockwise direction,
and while this will not cause the bevel gears 31 to turn it will cause the entire
outer housing ring assembly 32b to turn in an anti clockwise direction as seen in

30 diagram B in Figure 3b. The central connecting rod 35 will therefore be pulied
towards the right side of the vehicle, and since it is connected to the upper
portion of the ring housing at 33, it will cause the left ring housing 32a to rotate in
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corneri ng. I ca he roll attitude adjuster component 36a conprises a
housi ng vhigap ggtweeﬂ é'ﬂ% adiaeent ends. The adjacent free ends so formed are
threaded in opposite senses and the roll attitude adjusting housing cylinder 36a
is provided with similar appropriate internal threads to engage the threads on
the rod ends.

20 When the housing cylinder 36a is turned, this causes the overall
length of the rod 35 to be increased or decreased depending upon which way
the cylinder 36a is turned relative to the rods 35. If the overall length of the rod
35, is reduced then the left side of the vehicle will be lowered and the right side
will be raised, thereby leaning the vehicle to the left. If the length is increased

25 then the left side of the vehicle will be raised and the right side will be lowered,
thereby leaning the vehicle to the right. Active versions of the proposed
suspension system can therefore be constructed, incorporating the above
mechanism, to reduce, negate or even reverse vehicle roll. The rod length
being abpropriately adjusted by rotating the housing 36a which can be effected

30 electrically, hydraulically or mechanically according to known ways and from
remote locations. This can be effected by an electronic control mechanism
which receives a signal indicating the required attitude of the vehicle body and a
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at one end of at least one torsion bar which can rotate'the bar to tighten
or rel ax depbaggesy An alemnative rmethed\eiseffeqtiaguireighteand faglitude changes is to

locate a component similar in construction to the roll attitude adjuster 36a in the

appropriate linking such as links 19, 20, 21, 22 which effectively lengthens or
20 shortens these linkages thereby changing the height and/or attitude of the
vehicle.

Referring now to Figure 2B of the drawings, there is depicted a
turther modification of the suspension system previously described. In this
system, the chassis 5 and the wheels 1, 2, 3 and 4 are of the same construction

25 and are relatively arranged as previously discussed with the respective wheels
being connected to the chassis 5§ by wishbone configurations 7, 8, 8 and 10.
The transfer of load between the respective wheels and the chassis 5 are
carried out by individual torsion bar members 102, 103, 105 and 106 connected
between the respective wishbone assemblies and the body with each torsion

30 bar being individually anchored to the body, such as to the anchor blocks 104
and 107 respectively. In this way, the weight of the chassis and load carried
thereby is transferred directly from the chassis to each of the wheels
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pr evi ous| wheebtor iheesther.t Rurtkeér tlesedotsion-bgry proRifiectnd retaksanyatuppentdescri bed
' more dﬁ%eaweigm ro? 'tHeS ivgg'ujcﬁer £r¥d ptrohveldg%glr.mce and pitch resilience to the vehicle.
The longitudinal torsion bars 13, 14, 17 and 18 provide the resistance to body
roll while resistance to axie articulation is only derived by the front and rear
20 individual torsion bars and not the roll control torsion bars 13,' 14, 17 and 18,
thus resulting in a smaller variation in wheel loading during articulation
compared to that of a standard vehicle with conventional stabiliser bars.
Referring to Figure 4 of the drawings wherein there is depicted an
alternative form of interconnection between the respective torsion bars
25 extending laterally and longitudinally of the vehicle chassis. The construction
and layout of the basic chassis and the respective wheels and associated wish-
bone suspension system are the same as that previously described with
reference {o Figure 1, and where appropriate, the same reference numerals
have béen applied in Figure 4 but the general description of the arrangement of
30 these components will not be repeated herein with respect to Figure 4. The
difference in the mechanism as shown in Figure 4 relates to the interconnection
between the respective torsion bars which in Figure 2A is based on a
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wth respect to Figure 2B, the torsion bars 102, 103, 105 and 106 may be of
any known formprovided the 1 5 forces arfesresolved directly into the

vehi cl e body and not transferred fromone wheel to the other. Further,
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nmechani sm asgaHpR i connecti on between the
respective tscor SI %%@rtgb%{oi%ﬁpﬁﬁé?’gﬁfbggﬁ é‘gmtfgﬁsg ‘on a WO 95/ 25020
PCT/ AU95/ 00135 15 ar r age@bave giongiraction loperates sughl heddifithe ttaesiemibadi ient

shown in Fi . Lgal. |i S i ' e
0w b Whh t Ria BRI Ged HSBS S hBRR P Bl PR of
portion of tthe frantswiveelblanithlréspect dithe amdstises,aherthatstute 42 wauld aimidarty ng
mechani snigo. The 5 respective torsjion bars 17 and 18 sre gr ovided with a
rigid vert? R IR AFleekwisg difastan AnergRy G@ysm§§e&fmé 0 PUgRIPMINeIRAR! i s
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bet ween the respectiveé stubs and
and rotate the torsion bar 17 in an anticlockwise direction. Thus it will be seen
that the link mechanism as shown in Figures 4 and 5 produces the same effect
as the bevel gear assembly described with respect to the rear lateral mechanical
20 coupling means in Figure 1.

This suspension system as described with reference to Figures 4
and 5 allows the transverse torsion bars at the front and rear of the vehicle to
counter rotate freely, as in vehicle body roll and axle articulation, but effectively
prevents the motion of the central connection of the transverse torsion bars

25 when a parallel motion of the wheels, as in bounce or pitch, occurs. In this way
the front and rear transverse torsion bars support the load of the vehicle and
provide resistance to bounce and pitch motions only.

_ Neither the, longitudinal or transverse torsion bar systems, provide
any axle articulation resistance resuiting in a constant wheel loading during

30 articulation. As both the transverse and longitudinal systems are totally
independent in their operation it is possible to tune the vehicle independently for
roll, pitch and bounce resistance.



the arns are by way of a conventional ball and socket connection 50 and 51
to al | oWQe828030/e rotation therebetween and/or rel ative BGTAYREYS? angul ar
1 0 displacenent. The other end of each of the arns 43 and 44 are pfvotl.y
connected to the end of the rod 61 by the pivot pin 52. The above
construction operates such that, if tHé&torsion bar 18 were to rotate in
the clockw se direction, as a result of an upward novenment of the front

wheel 1 with reSpe(ﬁef@?rnﬁ@etoCWﬁ'es 42, th%h%nfrﬁﬁ g0 mgumed! fngiep ligrly 15
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suspen @‘Pds?%’isémcggndgg\?PP%'&cF%ﬁFf'ﬂ ‘eference to Figures 4 and 5 allows the
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systens are totally independent in their operation it Is OSSIb|e to tune
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pl'vo I's conn
one end tamotnt dflrnlt. 61 whi ch |s connect ed to the mechani sm 40 detailed in

connecdk2d 1o the ndRIEFER BESHeP ! SSTABSE SRS 1S anek AP M funct i on
5 and constidwetedorelativevioome! bodiether sthbdi2 moves right and stub 41 moves left.
This forces the common end of links 43 and 44 to move towards the rear of the
vehicle and not change the lateral position of link 61. No significant forces are
generated in the longitudinal torsion bars. In this way the abov:z described
20 mechanism only provides resistance to roll motions of the body relative to the
wheels.

Figure 4 also shows a mechanism s as previously described with
reference to Figure 5 used as the connecting means for the transverse torsion
bars connecting the two front wheels and as the connecting means for the

25 transverse torsion bars connecting the two rear wheels. Its operation is similar
to that of the mechanism 40 described above except that the motion of pivot pin
52 shown in Figure 5 is constrained to one in the lateral direction by the slot 75
respectively.

Referring now to Figure 6 of the drawing ‘re is depicted therein a

30 vehicle body and suspension system with the indiv:...al components thereof
represented in the same manner as described previously with respect to Figure
2. However in this vehicle there are three longitudinally spaced axial



When the wheels on the left hand side of the vehicle are |owe rggm(ggl'at
to the boap9ssasnzihen the vehicle turns to the left, the sEGBE d 42 on
the ends ®of torsion bars 17 and 18 nove | eft which in turn nove the |inks
43 and 44 left and thereby displacing the link 61 to the left as well. This
motion is 1 O reversed by link 60 to noyezlink 62 to the right and the
correspondi ng |inks and stubs of mechanism 66 to the right. This results in
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rear of the vehicle and not change the lateral position of link 61. No
si gni fi cénthagnertoes are generated in the longitudinal torsion bars. In this
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two rear whagbficity ihe @é’tﬁﬂ@é uegcmpﬁlow fhekadt wift o @k @bea@@ BRGBATEACR Mhy
descri bed above except that the notion of pivot pin 52 shown in Flgure 51is
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Referring n f 1 ' [

vehi ol ¢ bodyanheCintefufea L BLANEHS 2hY foFBHAER ringbieB e Redor
repr esent ecwheleISh& avwm aamnevioaslyddssnndmﬁwphenefamlcy m Flgureshend the
Figure 2. However in this hif e there are three longitudipally. rBlaced
axi al WSUSPLeAsigpFystems thereo are also the same as previousty described. "Fu
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with the nore conventional four ed vehicle. I'n Figure 6 the front of

t he vehit) carethesame asithe intermadialg pdeelsnand susprnsieryandiasithahpresieusinbl e
front wheel gosoribed with reference to rear wheels 3 and 4 in Figure 2A and again will not
be further described in detail.

The arrangement and interaction of the torsion bars extending in
the longitudinal direction between the front the intermediate wheels is the same

20 as previously described with respect of the front and rear wheels in relation to
Figure 2A. Also the arrangement of the longitudinal torsion bars between the
intermediate wheels and the rear wheels of the six wheels vehicle are as
previously described with reference to the front and rear wheels in Figure 2A.
Further the arrangement of bevel gear trains between the torsion bars 17a and

25 18a and between 13a and 14a are constructed and operates in the identical
manner to that previously described with respect of Figure 2A.

However the mechanisms interconnecting the front wheel
transverse torsion bars 11 and 12 as shown in Figure 6 is not the same as that
previously shown in respect of Figure 2A, however it is the same as that

30 previously described with respect to the interconnecting of the longitudinal
torsion bar members as shown in Figure 2A. This mechanism is also used in
interconnecting the intermediate transverse torsion bar 15, 16 and is also used



inclined to the left, being the position occupied for the vehicle to make a
left 5 ha¥9¥299. The front wheels 1 and 2 and the susper?ﬁ%‘r”é@%‘?ém
connecting same to the chassis 5 is identical to that previously destribed
wi th respect of Figure 2A and have the same reference nunerals applied

t hereto, however, for sinplicity the dét&il ed description thereof will not
be repeated but reference may 1 0 be nade to that previous description in
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descri bed t¥riskefRSBEaF a85eMbyl7e @¥theHEVRIdiateewiBe Raith el RARSWBAECt i Ng
the front wheel transverse torsion bars 11 and 12 as shown in Figure 6 is

not the s&farassembly 1 aliherfithe sekinhesl assepd¥%- of Figure 2A, however it
is th t hat ' | ' ‘ [
| hter conect ing of t pe MR EhY RRFEIPEE siéh el SRS iferdinecting, o

t or si on ar rs as s
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of the reahidiee!However it will be recalled, as previously described, the transfer bar
interconnecting the gear assemblies 32a and 32b as shown in Figure 3 are
arranged so that they are connected to the upper side of the gear assembly on
one side of the vehicle and the lower side of the assembly on the opposite side
20 of the véhicle. Thus the transfer rod 70 extending between the transverse front
gear assembly 71 and the transverse intermediate gear assembly 72, connects
the top of the gear assembly 71 at the front of the vehicle to the top of the gear
assembly 72 of the intermediate wheel assembly. However the transfer rod 73
extending from the transverse gear assembly 72, on the intermediate wheel
25 assembly, to the gear assembly 74 on the rear wheel assembly, extends from
the underside of the intermediate gear assembly 72 to the top of the rear gear
assembly 74 at the rear wheel assembly.
In the construction shown in Figure 8, the basic layout of the
vehicle- chassis and suspension is as has previously been described with
30 respect to Figure 4 of the drawings, with the change that the mechanical link
between the longitudinal torsion bars on either side of the chassis is now in the
form of a hydraulic link.



assemblies. It is to be noted however, that in contrast to E?Bmﬁgﬁﬁ5§us
descri pt i OMORPRIN2® espect to Figure 2 the bevel gear assenbfi &4 pr evi ous
enpl oyed fn 5 respect of the longitudinally extending torsion bars are now
i ncorporated to provide the interconnection between each of the front

i ntermedi ate, and rear transverse torsi ohSbar assenblies 71, 72 and 74
respectively. Also, in the enbodi nent shown in Figure 6, there Is a
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32a and 32b as shown in Figure 3 are arrangnéd so that they are connected to

the upper side of t he Thedwodaiessiiy spasedriible gsting cy¥ndersi$la andBab haxe
| d th
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transfer ween the transvers ont fear asse and
the tr ansvecbambat @rSraedi thee lafe hand i \acling eydindec B8at isecaroectdd thdhegear

of “the | ADaplasi B idtces ot 188 A5 R bAnber S0BY shuA 1 Nas? hRERR ng
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assenbl y, g t he a 5@%@2% 74 gn the rear whe asse ,

t he under si 88NEfCHIAEE]-nt dhydraulie dpteseannastions Q'@Qt R &Y ePNqUs BRar
gear assenmbbyqeh s Fp‘ﬁvél ar wheel assenbly. In the construction shown in
Figure 8, the ba5|c ayout of the vehicle chassis and suspension is as has
previously been descriThus, astmesmusbspesccnneﬁ mithurederence tohEiglrevd mfghewi t h

e hange Hhghight yBBSHAL VBRI SRR S 1 SPOit IS pd 55080 85,
95/25020  vehicle chassis will tend to roll towards the right h&Kd/shi&BaGdidga twisting
action of both the torsion bars 13 and 14, so as to move the piston in the right
hand cylinder 80b towards the left and the resulting fluid displacement will
cause the piston in the left hand cylinder 80a to move to the right. Thus there is a
20 load applied to the torsion bars 17 and 18 which will also lower the left hand
side of the vehicle thus, controlling and substantially eliminating roll of the
vehicle chassis during cornering operations.
Figure 9 is a variation on the six wheel vehicle construction as
previously described with respect to Figure 7 and has been modified to operate
25 using hydraulic cylinders in the same manner as previously described with
reference to Figure 8. In Figure 9, the hydraulic cylinders 80a and 80b are
constructed and interconnected to operate in the same manner as they did in
Figure 8. Also, the additional hydraulic cylinders 90a and 90b cooperate with
gear assemblies 281 and 271 are also arranged to function the same as
30 cylinders 80a and 80b in Figure 8.
However, in the construction shown in Figure 8, further double
acting hydraulic cylinders are provided to interconnect the gear units 81 and 92
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between any of the wheels. This problem is particularly prevalent in currently
known six wheel drive vehicles where ground contact of at least some of the
wheels frequently arises when traversing severely undulating terrain and the
20 resulting increase in load carried by the wheels remaining in contact with the
ground can lead to bogging the vehicle where the ground surface is sandy,
powdery or wet.
Referring now to Figure 7 of the drawings, the representation B of
the vehicle represents the traversing of a lowly undulating surface wherein
25 difficulty is not particularly experienced in maintaining ground contact of all
wheels. However, it must be appreciated that in some terrains, it is possible for
the wheels on one side of the vehicle to be as shown in representation B, but the
wheels on the other side of the vehicle may be traversing a severely undulating
surface‘such as shown in representation A and C.
30 The load distribution and sharing which is achieved with the
suspension system as herein described with reference to Figures 6 and 9,
enables all six wheels to be maintained in ground contact with the load of the
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whi ch funcSY%%sqs%o sane as the gear units 71 and 72 in Fi gure gpﬁg%éver
in this application, the double acting hydraulic cylinders 93 and 94 are

i nterconnected to nove in unison in the sane direction, thus function the
sane as the link 70 in Figure 6. 5 21 Further, the hydraulic
cylinders 95 and 96 associated with the gear units 92 and 97 are

i nt er connect eghible méiagldlstﬂbut%& tstde®A s el P HRPshy ﬁaa‘i’htéﬁ?frﬁ@ﬂ&n ard
that they |ndu§e the gear units 72 and, 74 to rotate in ‘opposite directions.

Thus, it is e Rliminatecihe rf?&é?fsbc’@‘%af He vahicle |dh'§§0%%lf the vahicles on
the sane as It The suspensi on system of
t he six Meefd%g]d\’/gﬁpcﬁ%u%sd:%%éﬁo\ﬁgﬁl %hé) Iéacurnldbed herei n, enabl es driving
ground engagenent to be maintained betmeen all six mheels and the ground
being traversed substantially irrespective of the degree and direction of
undul ation of the ground surface. As will be appreciated, six wheel ed
vehicles are particularly constructed for carrying 1 5 relatively heavy

| oads in off road situations where a substantially high degree of
articulation of the respective wheels is required wi thout the | oss of
traction between any of the wheels. This problemis particularly preval ent
in currently known six wheel drive vehicles where ground contact of at

| east some of the wheels frequently arises when traversing severely

undul ating terrain and the 20 resulting increase in |load carried by the
wheels remaining in contact with the ground can | ead to boggi ng the vehicle
where the ground surface is sandy, powdery or wet. Referring now to Figure
7 of the drawings, the representation B of the vehicle represents the
traversing of a lowy undul ating surface wherein 25 difficulty is not
particul arly experienced in maintaining ground contact of all wheels.
However, it nust be appreciated that in sone terrains, it is possible for
t he wheels on one side of the vehicle to be as shown in representati on B,
but the wheels on the other side of the vehicle may be traversing a
severely undul ati ng surface such as shown in representation A and C. 30
The | oad distribution and sharing which is achieved with the suspension
system as herein described with reference to Figures 6 and 9, enabl es al
six wheels to be maintained in ground contact with the | oad of the
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vehi cl e ‘BQPF@SO&? stributed between all six wheels to therggy%nal né%i n
traction and reduce or elinmnate the risk of bogging of the vehicle‘due to

sonme of the vehicles |losing | oad i nduced contact with the ground. WO
95/ 25020 22 PCT/ AU95/ 00135 22 THE
CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOWS: 1. A vehicle

suspensi OTHEYSLANMS OBFINANGTHEUNYBNEION IARS AECrOLL OWes d wheel assenblies
and two | aterally spaced rear wheel assenblies together supporting a

vehi cl e body, each wheel assenbly including a wheel and a wheel nounting
connecti ng the whee Likeq ol o] n | e body
in the geﬂ'eral |y veét\{ég’é{:lgdlsgﬁ%rﬁéﬁ %gepréc ?@Eﬁgﬁskw@%ﬁééﬁygaﬁtp%c%@pl i ng
means i ntieryarthadidal asseambiigscgnd asveidierallyospaeed aear alHee! aafjsaoediteswheel
assenbly,, r ctive second, .nechani cal . couplin ns 1| nterconnecti ng each
wheel - as<BRBI" SYPPRETE SPDIElE HEHY. ach wiek 2 XiAREN Molthag o Wesrliandy;
first andasevesidmoretiagi cotineeting! thegwheenso hré neraclaptegy ¥6r efdvathentn
responsed%gnnnvenent of one wheel assenbly in a substantially vertical

directio i¥gviariBaogy ip pee generaliyyedicalsaaian, respartive dst esharicalame
nmechani c | A& | ' | | Sak: l,r st and
Second mechEng ednd ARBRedrhotlife BABANIELI HsSERINIP Ty D BER R et
control pwvhefl! aagseoillyof respeotive clsecoody srethamical ntaupliagbsmaanisal |y

consi ste | 0d. I her.e Intain traction, on all

V\/nee: s. 9&&88‘%8&.@ fgﬁbcmgggtzﬁfgﬁg]bg%%gy%eﬁ@{“@%lh@&dﬂ#e&t aVhee! '
wher ei n eggdermbly! heachi sald dinek %ﬁdoﬁdcmhﬂébﬁ@hicép%@thﬁg MRRARs! Beingdes two
torque transmtt] n%gfgeétrrgers each attached at one end to a respective wheel

assenbl y 3RPIEHpI%H G 1e8R0B8RYI0 MIGTRY PEIANS Ve AT OYaIN & wo
torque t reylshdfaifg VERIDAT 8ir8GidH PRAEAERE NGt Bthar widet! d&dbMbiyOne
will urge rotation in the
connected to said same mechanical coupling means in the opposite direction,
whereby said first and second mechanical coupling means together support the
vehicle bounce control pitch and roll of the vehicle body and to maintain
substantially consistent loading on all wheels and thereby maintain traction on

all wheels.

2. A vehicle suspension system as claimed in claim 1 wherein sach
of the first and second mechanical coupling means includes two torque
transmitting members each attached at one end to a respective wheel assembly
and supported by the body to rotate relative thereto, said two torque transmitting
members being operably connected so rotation of one will urge rotation in the
opposite direction of the other torque transmitting member.

3. A vehicle suspension system as claimed in claim 2 wherein each
operable connection between the two torque transmitting members of the
respective second mechanical coupling means are arranged such that rotation
of one torque transmitting member can induce rotation or contra-rotation of the
other torque transmitting member of the same second mechanical coupling
means and/or in the one or both of the torque transmitting members of the other

R O



opp05|te direction of the other torque transmtting menber

vehi cl e suUBPAIEFB@A systemas claimed in claim2 wherein eac‘fFTéﬁé“\sQBF’é
connecti oh between the two torque transmtting nenbers of the respective
second nmechani cal coupling neans are arranged such that rotation of one
torque transmitting nenber can induce rotgiion or contra-rotation of the
other torque transmtti ng rrenber of the sanme second nechani cal coupling
means and/ or |n t.he gne th of the torque transmtting nmenbers of the
ot her VO S§5PPE IDeC anical couphng means

PCT/ AU95/ 00135 23 second nechani cal coupli ng means. 4. A vehicle
suspensi on stemas clained in claim2 or I N whi ch adj acent torque
transmtti ng‘%/manber s o ¥eBisihsEsRRNIYN éﬁswﬂér@w é’"&ﬁﬁb@tﬂ'@nz PEzh Whiste

position is fg @éd?‘t&ﬁ&e%ar?srﬁ'itﬁ%ﬁie‘n%@k Y RoRRAEctSH By1en BRBHANIO EBnRbcildi®
adj acent torque tran suspen5|on
system corrprmealmg mhmselmsmm lsydstpammd;dfby \aaptupmmemlal asezaglel ofetheqmakitions
|aterally sp rear eel er supporting a vehicle body,
each wheel é§§§ ﬁeH?FUBPﬁS &ﬂ%@&fgﬁﬁggkahee| nmounti ng connecting the
wheel to the vehicle body for novenent relative to the body in the
general ly vertical dlrectlo respective second nechani cal coupling neans

i nt er connectdng each Whetahigles suspeNsion  HSteHngPMBASING tyoalataradit
assenbl y on fhRgaRAWHE! gé;ss%fmtmé% 4RB! e 1atePaly SRAESA raBE AN LsSHpdSd

means al so bel n% arrang enerate a nove proportil
aver age novdnge eofsuppertmgoa wabxslesbo@ynramhewheeiea@embl)amlm;agsa wbeelantsf er

sai d generated e n di in aps.,on the o
ide of the SR GTeRhting calheciRg iiCiviRe) 38 dRe: U EBIBRAT det dFafHiBRN °
claim1 or Zeldtsecit® the bedgtinotte @‘emany f\,ierrmaladnleetmncbsrmmel sét¢ond
coupling neans jncludes a gear train. ehi cl e suspensi on

system as cl@PRBANICA! Qouping W@WP&WQ%”QV\B@&WUEQ{ a8$8MmAlY i tegthe
menbers of n
S 98AHiteRAaM o @?&!ﬁ@'vﬂ%el“%&@mmg JFEAES safR §iBbSsICRHRNGENIBR, %% i d

gear train conprising a fespective rst bevel gear nounted on each
two torque tsenehd tnéchamicabeospliagdmeans also being arranged to generate a

movement proportional to the average movement of the two wheels connected

thereto, and means to transfer said generated movement to the longitudinal
coupling means on the opposite side of the vehicle.

6. A vehicle suspension system as claimed in ciaim 1 or 2 wherein at
least one of said first and second mechanical coupling means includes a gear
train.

7. A vehicle suspension system as claimed in claim 2 or 3 wherein
the two torque transmitting members of each second mechanical coupling
means are interconnected by a gear train comprising a respective first bevel
gear mounted on each of said two torque transmitting members, and an
intermediate bevel gear operably engaging each of the first bevel gears, said
intermediate bevel gear being mounted to rotate on an axis to urge rotation of
one of said two torque transmitting members to the other torque transmitting
member in the reverse direction.

AU



I ntermedi ate bevel gear operably engagi ng each of the fi |.gears,-
sai d i nt MO%E35%Pe bevel gear being nounted to rotate on éﬁ*’éﬁ%@%ﬁgurge

rotation of one of said two torque transmtting nmenbers to the other’torqgue
transmtting nmenber in the reverse direction. WO 95/ 25020

PCT/ AU95/ 00135 24 8. A vehi cl e #spensi on systemas clained in
claim?7 wherein the internedi ate bevel gears of each second nechani cal

CﬁUp:c! ng rrgansl i s suppmf‘rikﬂﬁ siUSpenQiahriﬁtemoéﬁhmh_edaihoﬂrh}ibrﬁ Iwmﬂﬂa?hieShOf
the first beve ears of the two, torgque trapsmtting nenbers so that, the
carrier wiNSTRRGIAE RsYel 98aTS SheasH S85UY MPeRanRab COBPIiRd JMEBRSOI t he
two torque m’ t f ek [ | he
sanme di rec?lly%n. 9. f é%g'@rﬁ?%ﬂ'?c?se&fﬁﬁ@ﬂ@ﬁgﬁg?{ﬂéﬁgﬁﬂeh@gaﬁ%| aim
8 wher ei n theatvo tergue dernesaittinth e emRers s that dhe casfiegudl retate abpubsaidach of

| nter nods SeaMSERNE I Pt ERe' BRI InB dwRaBr e PRhSRPhe ¥ pets 9huauce
rot ati on othet $ecoodreechartieal roadplng irbthec$arge alirection.i er of the ot her

i ntermedi ate bevel gear in the opposite direction, to thereby control roll
of the vehicle body. 10. A vehicl e suspension systemas clainmed in

claim2, 3gor 4 whergivBhichestgsbristirisistémaitsahinméd th FRIMY Whefeif Atdans
secondary nechani cal coupling neans are interconnected b | i nkage mneans

a
oper abl e iintereapoecietheninterraediate devehgear cagier obegah QY%/ thes twe t3eapndeber s
to rotate | bt 1 ' [ te

i rect on. mpgnahiesl BLphRy inbBRELD U eaEkbh G0 TRETME G Valklifdear ¢,
wher ei n cocareieri oy oneasteamedjatevbeesl gper abillyinctuteectiationt be thienkdtge neans

of the respectiv econdary _mechani cal, coupling nmeans, sq that novenent of
one |1 nkagBaraisrate, BEVEG08s" CAin: Shinttiey, eftedang pevelgens if e
transm tti GspdBraafeTtion Mdatbafby (HtRN folbf thelvahitte baBy OpPOsi te si mul taneous
average novenent of the two torque transmtting nmenbers connected to the

ot her |inkage neans. 12. A vehicl e suspension systemas clained in

claim 11 wherein theA%Qi?:‘f‘&&bé’t?edEﬁﬂPéyé?&h%&afn‘?@d iVBialrh %< 206r ESHEReln® 2

fluid pressure activate
the two torque transmitting members of each secondary mechanical coupling

means are interconnected by a linkage means operable in response to rotation
of one of said torque transmitting members to rotate the other of said torque
transmitting members in the opposite direction.

11. A vehicle suspension system as claimed in claim 10 wherein
connecting means are provided operably connecting the linkage means of the
respective secondary rhechanical coupling means so that movement of one
linkage means induced by simultaneous movement of the two torque
transmitting members connected thereto will induce an opposite simuitaneous
average movement of the two torque transmitting members connected to the
other linkage means.

12. A vehicle suspension system as claimed in claim 11 wherein th
connecting means between the two linkage means is a fluid pressure activate..

means.
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nmeans. WO 95/ 25020

PCT/ AU95/ BRIBR50% 13. A vehicl e suspensi on system TS n
claim 1l*wherein the connecting neans between the two |inkage neans is a
| ever system 14. A vehicl e suspension systemas clainmed in any one

of clainms 2 to 3 wherein the operabl e copgecti on between the two torque
transmtting nmenbers of the respective first nmechanical coupling neans are

arranged su that ro ' tar r ELL] I I e
rotation i n??he ot herAsroérhg&u%(%urs EE%B&%%@E%%E{E%FH%G&@?”@1f\?$§rte|r§'%
mechani cal cannEcting meams betwdeor thertwohimkage meartisha @vet kgsteor. que
transmtting nmenbers of the other first mechanical coupling. 15. A

vehi cl e suspension systemas clainmed in any one of claims 1 to 12 including

two |ateral iy, spaced Auwghlvis subiserisicis Spstbm £5clapréd Qﬂa&ﬁéhé@f@l&?m_@fzmd
rear wheel asseryblé‘and each conprising a wheel and a wheel nountin

connect i ng WHereihdle opgratie cpaRpetian beearotnenintRiAue t@nsmitliagt mebers
vehi cl e bodys ke GegE8&IA 'fwstVﬁ{édn%gkcfaq“é Ii'n%me%nfsuéweq'rrgdsde% spﬁﬁh@apa'
r | e In e a

coupling means 1 nterconnecting sai urt eel assenb er al
di rection, wationofene deruedtrapsmittihgmenibec mapl indyceerniatiomtiertbenstéet i ng

each said fyurth wheel. assenhl t he adjgcent, | ongitudi.nal rear wheel
assenbly, _e@é U{E{F&S?ﬁ}'pﬁgﬁeW?gp}ﬁwdS%Sgk rESERﬁrf'ﬁ Mﬂggﬁ’éﬁﬂf ﬁﬁgﬁfed
to effect iim tigs s ert BofiP\ENRRL ta¥queNgafbmitdng Meribdrishef thBesther first
assenblies in ﬁes,ubstant lally vertical direction a novenent of the other

wheel assenBe¢nagicabePdRling t he sane mechani cal coupling neans in the
opposite direction, whereby all wheels maintain substantially constant
| oadi ng and thereby nmaintain traction. 16. A vehi cl e suspensi on
system as cl®i ned i n Alvwehigle Sushension syalem asraldiered inrany and ofetaims 1 to

renber s at t Se Ao SRR EHRRER0 st Rt et Bafam s ol Bl 9y
further whesdidasaewhee! asdembhpant edchycdmprisingla wheeband & wheal moainting

thereto, said two further torque transmtting nenbers being operably.
connect ed sePRRRdingAReowheaktavhe vehigle bedwniqromovement rejatige tp the uehicle

opposi te di pggy irPB-generaIly vertical direction, a further first mechanical coupling means
interconnecting said further wheel assemblies in the lateral direction, and further
secondary mechanical coupling means interconnecting each said further wheel
assembly to the adjacent longitudinal rear wheel assembly, each said further
first and second coupling means being adapted to effect in response to
movement of one of rear or further wheel assemblies in a substantially vertical
direction a movement of the other wheel assembly connected to the same
mechanical coupling means in the opposite direction, whereby all wheels
maintain substantially constant loading and thereby maintain traction.

16. A vehicle suspension system as claimed in claim 15 wherein said
further first and second mechanical coupling means each include two further
torque transmitting members attached at one end to a rear wheel assembly and
the other to a further wheel assembly and supported by the body to rotate
relative thereto, said two further torque transmitting members being operably
connected so rotation of one will urge rotation of the other in the opposite
direction.
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17. WOR5?8¥0¢c| e suspension system as clained in clai BFTBUWHEE n each
oper abl e connection between the two further torque transmtting nmenbers of

PCT/ AU95/ 00135 26 -

the respective further second nechani cal coupling neans are arranged such

that rotation of one further torque trarggrtting nmenber can induce rotation
of the other further torque transmtting nenber of the sanme further second

mechani cal coupling neans and/or in the one or both of the further torque

transmttin
18.

menbers of the other further second mechani cal coupling neans.

-vehi cl e A¥episies suspensinresydemcastiatrded in alajmotéewbkraih daeh 16

17 wh ' ' bet the. t furth
Cranerm 111 ropRreb PRRsRA § LE ARt o BHFER Bt veSmistiha membSischihe ng
neans are aespected furtertsezbndahathanicalfl couptingunehes areritshdedasise tHdtng

nmenber can i&cluce {ot at,i o

of the sang€®

bot h of t hesther fu ivhtrhd r fd rechani c
fﬁmértﬁhGéQrdﬂsﬁﬂﬁlﬁ‘g rheMBeFBIRY Sarfé 1lkferddiBhd rhé@%arﬁng’aq& S

coupling. 19.

ianat O fuRthRE MGHP LBANSTBIING AP TR Sam Mmguse ratatior obihe or

vehi cl e suSpension systemas clained n clal

or 18 in whoHplingjmeans gnadenhér theofeect batts wif tthe rfyrtrenberqgueatransmittingt ed

by a furth C ' | L4190 of lch is determ ned
by proportﬁﬁ%@?sgs\?@lrg‘geeaﬁgﬁweh%gégueﬁ%%@?%ﬁ@%@"&ge’ﬂ%ﬁrt her torque

menbers. 20. A vehicl e suspension systemas clained in
claim 16 orcgr%? wherein the two further torgue transmtting nenbers of each

transmtting

further sec1

gear train 1QowREicih Rite ApERIe ebhNEction bétfechithst i each
of said two further torgue transmttin am?r?betpg,twgﬁgﬁgefg%&%%?%ﬂﬁﬁ@}'ﬁéd

d nmechart YNCIERHSPEATORSYREMAS G HIBAJB A QN&ohsiaims 16 ORer

urt

bevel gear BHBPAM §f bRgR§PRAE VeduRhef fitshagahanicel coupling meass agearrangsai d

ot ation of e e et B ofe Rinied BB il FEtiel GHb RN e rdelifn

ot her furt hertheopther furtherntarguegtrassméting nmemberevbtse sameciurther first
mechanical coupling means and/or in the one or both of the further torque
transmitting members of the other first mechanic coupling.

19. A vehicle suspension system as claimed in claim 16, 17 or 18 in

wh

ich adjacent further torque transmitting members are connected by a further

operable connection means the position of which is determined by proportional

average of the positions of the adjacent further torque transmitting members.

20.

A vehicle suspension system as claimed in claim 16 or 17 wherein

the two further torque transmitting members of each further second mechanical

coupling means are interconnected by a further gear train comprising a
respective further first bevel gear mounted on each of said two further torque

transmitting members, and a further intermediate bevel gear operably engaging
each of the further first bevel gears, said further intermediate bevel gear being

mounted to rotate on an axis to urge rotation of one of said further two torque
transmitting members to the other further torque transmitting member in the

reverse direction.

* c L M S *

in the other further torque transm’ttirzg menber
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21. WO e suspension systemas clained in claim20 wherein the
further i'nternedi ate bevel gears of each further second nechani cal coupling
nmeans i s supported in a carrier rotatable about a cormmon axis of the
further first bevel gears of the further 24w torque transmitting menbers so
that the carrier will rotate about said combn axis in response to rotation

of the two famther torguehicieasaspérsiog syswpens chinidie i eldime20 seweeinh the
nmechani cal coupling in the sane, di rect#on. 2f2. A ve%l1 cl.e sus&e],ny on
System as cITHITBEIMATERGHaHBOYE! GarS:8! PACH TUEe(ABFRN TRSANERIERUPING
connecti on QabyRery %%owa iﬁlﬁéé}‘ﬁb[méﬁgﬁ %B&E\%éh‘rﬁtﬂw HEERR 150 ﬂ]‘rtﬁeﬂﬁitr%tat

respective further st nmechani cal cou g neans are arranged suc |
rotation of bevel geansiefithe duther twoatesaue trangmittingomenteefs isadbaktheggattienwilli n

the ot her f rt 1 LELn r. Qf S further first
mechani cal %ﬁ?ﬂ?&%&éﬁséé’ﬁﬁﬁ’ﬁ é’?'%\ @ﬁ?@%%@ rt?%%}f?”o%ﬁe‘%f%m’{?&’ t?%‘“&ue
transmi tti ngraresmittiryg nferhbersr efathel furtiter rescoadi mathamivpl cogplingairstiensaime
opposite direction. 23. A vehicl e suspension systemas clained in
clai m 22 wht'@HOPhe first nechanical coupling means at the front of the
vehicle is arranged such that rotation thereof can induce rotation in the
sanme direction of the internediate first nechanical coupling nmeans and in
t he opposit €2li r ect i orA gehicleesydpessioneyisiemn @sl claimgd innanyead of alaimbd 7renar

of the venhi . i : | Op. _SYSt i I n..claim

22 uhor el n { HoWBE5 e opgrbul ERpReCIT BRIV RIRLER sihDeihaietd

i nt er connectmembebebithey Alspebiwd fuathee fitsti rmectainicdl icokipling Meangedraeirryeds t o

urge each machcg 'ca}ﬂécou |Inﬁ gea S to assune (ts nor | oad share |

regardl ess ot %‘a glio QL PPR SHNARIIOraUe HaPSmiHing SEMRELERR AAHCERtAtIAN and

traction of jRaga REFECH@REr AWiRie DENSMIRAGN mEIREEr BISRBPSYme further first
mechanical coupling means and/or in the one or both of the further torque
transmitting members of the rear first mechanical coupling means in the
opposite direction.

23. A vehicle suspension system as claimed in claim 22 wherein the
first mechanical coupling means at the front of the vehicle is arranged such that
rotation thereof can.induce rotation in the same direction of the intermediate first
mechanical coupling means and in the opposite direction of the first mechanical
coupling means at the rear of the vehicle.

24. A vehicle suspension system as claimed in claim 22 wherein the
operable connections of all the first mechanical means interconnecting
thelateral wheel assemblies are linked in a manner so as to urge each

mechanical coupling means to assume its normal load share regardless of any
wheel position and to thereby provide optimum control and traction of each
associated axle and/or each wheel assembly.
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