HYDRAULI C SUSPENSI ON W TH | NDEPENDENT PI TCH AND ROLL CONTROL Thi s invention
rel at es .t oworps230sients i n the suspensi on system for a vehi CPET/AHIRIO0096
specifically related to controlling the disposition of the 5 vehicle body
relative to the ground when the vehicle is subject to variations in the
contour of the surface being traversed. In recent tines there has been a
trend towards resilient sprung suspension systens incorporating variable
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reduce novenent of the vehicle body 10 relative to the surface being
traversed. A range of suspension systens known as 'active' and '
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di sclosed in_ said patent a front wheel 30
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mechanisms to regulate the operation of the suspension system in accordance
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with sensed road and/or vehicle operating conditions. These known systems
incorporating pumps and electronic control systems, which both usually operate
continuously while the vehicle is in operation, are comparatively expensive to
20 construct and maintain, and require a substantial energy input. They therefore
are finding limited acceptability in the vehicle industry.
There is previously published an International Patent Application
(International Publication Number WO 93/01948, International Application
Number PCT/AU92/00362 and dated 4th February, 1993) which discloses a
25 ‘'passive’ hydropneumatic vehicular suspension system. This disclosed passive
suspension system has many of the advantages of ‘active’ or ‘semi-active’
suspension systems, whilst avoiding the complexity and expense of such
systems, thereby making it more acceptable to the automotive industry.
In the suspension system disclosed in said patent a front wheel
30 ram and the diagonally opposite rear wheel ram have the upper chamber of the
front ram interconnected with the lower chamber of the rear ram and the lower
chamber of the front ram interconnected to the upper chamber of the rear ram.



Simlarly the respective chanbers of the other front ramand rear ramare
i kew se i nwvernsasyrected. There is thus provided two indivi dugtrhlygéboos
circuits, each conprising a front ramand a diagonally opposite rear ram
Each of the conduits interconnecting the respective upper and | ower
chanbers normally has 5 at | east one convenfional pressure accunmul ator in
comuni cation therewith. The two circuits e interconnected to a pressure
bal anci ng device which is arranged to naintain a substantially equal
pressure in t3imilady the cespectives chamharsrobthe iotherefrant ram tand peawirams gre
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suspended vehicles are therefore nornmall'y provided with roll or sway bars
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Conventional vehicles fitted with accumulator springs are known to provide
aood comfort levels when traversing low amplitude ground surfaces at most
speeds. However, accumulators gasséd to provide a soft ride also tend to
induce and exaggerate unwanted roll and pitch motions when used without roll

20 or sway stabiliser bars. Most hydropneumatically suspended vehicles are
therefore normally provided with roll or sway bars made of spring steel which
mechanically and transversely interconnect the two wheels of each axle thereby
limiting roll but not pitch movements.

In the suspension system described above, (Patent # WO

25 93/01948), excessive roll movements are resisted and controlled
hydropneumatically without roll stabiliser bars and the amount of roll permitted is
defined by a function of the ratio of the rams' cylindrical bore diameters (of the
diagonally opposite rams) to the ram rod diameters, and with regard to their
stroke lengths and with regard to the amount of gas within the various

30 accumulaiors of the suspension system.

it is also to be noted that the type of wheel geometry and the
location and design of various components may give some components a



3 neqhanical'advantage over others thereby providing for exanple, an

appropri at e wotesdsdz6er ent amount of roll stiffness at the frogyyf, | to
the rear of the vehicle which to an extent defines whether the ve'ﬁilggé)@\ség

under or oversteers when cornering. 5 I n conventional vehicles,
roll forces are resisted by the roll or sway _bars, i.e. transverse nounted,
formed spring steel bars which nust be deforfed in torsion for any body
roll to occur. Conversely, pitch nmotion in the longitudinal plane is
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actions in the |longitudinal direction are | ess severe than transverse
roll'ing acti orhen Comeringen found that the system previ ously discl osed
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suspension 25 systemis designed to adequately contain roll novenent 't
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may be furtherggjopsi fied as follows: In order to contain high roll forces
resul ting froma high centre of gravity with respect to the relatively
closely located ranms (inltthas beansfoendethad thié rsystémpreviduslys disetsssepsovides
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articulations and single wheel inputs, however, the magnitude of pitch and roll

control is governed by the same components and the effective linear stifiness of

each wheel in relation to the vehicle body in either pitch or roll is typically the

20 same. In long wheel based vehicles this translates to stiff pitch characteristics in

relation to roll. In short wheel based vehicles, pitch and roll stiffness become

closer in magnitude. As most vehicles are considerably narrower than they are

long, and due to other geometric effects it has been found that roll is more

difficult to control than pitch és noted above. Indeed, when the suspension

25 system is designed to adequately contain roll movement the pitch motions may

be consequently over compensated for in the system. This may be further
clarified as follows: |

In order to contain high roll forces resulting from a high centre of

gravity with respect to the relatively closely located rams (in the transverse

30 direction), it is necessary to supply rams with a greater difference in rod and

bore diameters. This therefore may automatically generate an unnecessary

amount of pitch resistance or control in the longitudinal direction and this can



4 | eadt to harshness of ride quality in sone conditions. In particular it
has been fomodstivasé Whil e body di sturbance due to axle arti cpdtahusinooss
novenent s and single wheel inputs is mnimsed, road surfaces that give
rise to double wheel inputs on a single axle (such as 'speed hunps') or

si nusoi dal road profiles can upset the 5 privi ously discl osed suspensi on
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It is therefore the object of this invention to provide a vehicle
suspension system that will provide a more optimal relationship between the
pitch and roll control of the vehicle.
A suspension system for a vehicle body having a plurality of
20 wheels arranged in lateral and longitudinal spaced relation to support the
vehicle body, said suspension system comprising individual ram means
arranged between each wheel and the vehicle body, each ram means
comprising a cylinder, piston and rod, .
a first and second balance means each having two chambers and
25 force transfer means separating the chambers and displaceable in response to
pressure conditions in the respective chambers,
said force transfer means of each balance means being operably
interconnected to transfer force therebetween to achieve a balanced state
between the two transfer means;
30 the two chambers of each balance means including an inner
chamber adjacent the interconnection and an opposing outer chamber;
the inner chambers of each balance means being in fluid



5 communi cation respectively with the ram neans on one end of t he vehicl e,
and the outwo ssizasiser s of each bal ance neans being in fluid GeFFANdsRBEIEON
respectively with the ram neans on the opposite end of the vehicle body,
such that both chambers of the first balance neans are in fluid

comuni cation wwth 5 the ram neans of one gnde of the vehicle body, both
chanbers of the second bal ance neans being i*n fluid comunication with the
ram neans on the opposing side of the vehicle body; said interconnection
bet ween sai d tomgeunicaticn cespaxiivelyowithdhedam seans an anefend stihe vehicle, and
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novabl e wall s to_achi eve the bal ance
unidirectional movement of any two longitudinally adjacent or two laterally
adjacent wheels relative to the vehicle. Maintenance: of tractive contact of all
wheels with the ground is achieved by the pressure conditions in the respective
20 rams and the control of pitch and roll is by the pressure and movement of fluid
between the rams and between the rams and the balance means.

Preferably the first and second balance means comprises first and
second control chambers each divided into two cavities by respective movable
walls. The two cavities of the first control chamber communicate respectively

25 with the rams of the front and rear wheels on one side of the vehicle, and the
cavities of the second control chamber communicate respectively with the fluid
cylinders of the front and rear wheels on the opposite side of the vehicle. The
force transfer means being arranged to interconnect said movable walls to
transfer force therebetween to achieve a balanced state between the movable

30 walls of the respective control chambers. Also, the interconnection between the
force transfer means includes resilient means adapted to transfer said force and
allow relative movement between the movable walls to achieve the balance



6 between the net forces on the respective novable walls. Conveniently said

resilient n@agydsizfrear ranged to be capabl e of transferring botplyrisansisyss and
conpressive forces. Preferably said resilient means is a nmetal or gas

spring or a nenber of resilient material, such as a 5 nmenber of rubber or
pl astic. Conveniently one or each novable |l can be in a formthat is
resiliently deformable so that the total volPune of the control chanber
occupied by the fluid can vary in response to the pressure in the two
cavities of tbetwesptha hetfortesrorithe rasmadtinelmevabieavalla resilient neans as
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lateral roll ﬁ&mﬁglggﬁﬁ;&%%@lﬁp still permtting a degree of pitch
resilience, then the cha@bwa\wﬁtly lnaef or eachahaevatde nwalhcaarise im a form that is
conmmuni cation with the fluid cha 0 whee on one | ongi fudi na
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the vehicle pitc on of 'the vehicle is the dom nant factor to
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roll axis, | i nders
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the novabl e wdP@epe respectlve control chanbers enables at |east a
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t her ebetween so that a di gree o m)verren IS transterre
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or 15 support for the vehicle are connected to the balance means. If the balance
means are to restrict the lateral roll of the vehicle whilst still permitting a degree
of pitch resilience, then the chambers of the first balance means are in
communication with the fluid chambers of the wheels on one longitudinal side of
the vehicle and the chambers of the second balance means are in

20 communication with the fluid cylinders of the wheels on the other side of the
vehicle. |

if the pitch motion of the vehicle is the dominant factor to be
restricted, while still allowing some additional resilience about the roll axis, then
the fluid cylinders of the front wheels are in communication with the first balance

25 chamber and the fiuid cylinders of the rear wheels in communication with the
second balance chamber. ,

It will be appreciated that the provision of the resilient means
interconnecting the movable walls in the respective control chambers enables at
least a part of the movement of one wall to be absorbed by the resilient means

30 therebetween so that a different degree of movement is transferred to the other
movable wall. The resilient means can be either resiliently elongated or
compressed and thus the difference in the extent of movement of the respective



conpressed and thus the difference in the extent of novenent of the
respective woognorgabl e walls can be by way of an increase orpcieq®as®s The
effect of this differential in the extent of novenent of the respective
nmovabl e walls is that a | esser degree of novenent is transferred to the

. other wheels in response to a severe or rapLd novenent of both wheels on
one axle of the vehicle in the sane 5 direction is that a | esser degree of
movenment is transferred to the other wheels, thus reducing or_ even )
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di agonal | y oprafidt méahs e othéraypby ot résiiosCineupsiich & abbuimtilator may be
comuni cating conduits a first one of said pair of conduits connectingthe

first chanberomittathe front wheel 20 ramto the second chanber of rear wheel
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. thereby constituting a respective c]Josed circuit ere i rst, and secon
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achi eve pressure equilibrium between 'said™closed circuits, said pressure

di stribution system comprisingi@ daubler patng rame Bareonnestes: betweas eatth, whee!
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-notion therebigt velime andesponsé toomlatiie edrticatieneveineht etween tthevaspettive
| wheel and the body. Each front wheel ram is connected to the diagonally
-opposite rear wheel ram by a respective pair of fluid communicating conduits a

first one of said pair of conduits connecting the first chamber of the front wheel

20 ram to the second chamber of rear wheel ram and the second one of said pair of

conduits connecting the second chamber of the front wheel ram to the first

chamber of the rear wheel ram. Each pair of conduits and the front and rear

wheel rams interconnected thereby constituting a respective closed circuit

whereby first and second closed circuits are formed, and a pressure distribution

25 means interposed between the first and second closed circuits and adapted to

substantially achieve pressure equilibrium between said closed circuits, said

pressure distribution means comprising two primary pressure chambers, each

divided into two secondary pressure chambers by piston means, the piston

means of said primary chambers being operatively interconnected to transfer

30 motion therebetween, and permit controlled independent motion to vary the

relative position of the piston means in said primary pressure chamber, said

controlled .independent movement maintaining said substantial pressure



relative position of the piston neans in said primary pressure chanber,

sai d cont r olahgdependent noverment maintaining sai d subst api-balyeR ure
8 equilibriumand permtting additional controlled pitch res?lk:'rg\ryg'e&&%ﬁe

invention will be nore readily understood fromthe foll ow ng description of
a nunber of alternative arrangenents of the vehicle suspension systemwth
reference to the acconpanying drawi ngs. 5 8 In the draw ngs,

Figure 1 is a diagrammatic representation of the suspension system Figure

Cncor por at ed  SopfibRER? SRR pdmItiRY dedifolfal RRfrofiod ditch fesfignes ¢ as
Figures 3 to 7 illustratelhe invendionvwill be maorer raadilyl eaderstaad from the foltowing
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suspensi on systsgemehnmhn@mbhagté&ﬁ@b@c@ﬁbbnﬁnbmmﬂgs; rans to support the
vehi cl e body. 1 Figure 10 is a diagranmatic representati on ot

a suspensi onSsyst em i ncorlpdhatdrawingsi urt her al ternative | oad distribution

it. Fi 11 i i . : T gy
'Oad di stribution | ockout BPFanydbeh Ao HEtR, FoareleBidion, df e 2igpbRdich
hydraulic cyliggstesn.or ranms 1, 2, 3, 20 and 4 are |located in between'the

vehi cul ar body/ chassis ot shown) and the wheel units, (notf. shown) so_that

as each wheel yrmves rel aE’%GBf%/Bt'S 4%8“‘@1‘3&%@#@,9@@&%‘9 8} U!SJE’@GP‘E‘@“H@"W"
tracted ' ' inSif ' |1

contracted or %ﬁtealdmléor M&ﬁﬁﬁb@H%g%y&’f&nrﬁlﬁWnﬁn ggﬁié pnal | y

related to the front left e ram2 r's simlarly sociated with
the front rilfht wheel . Rdrigerass3 G 7dlusitataaiiernative forms of the foaghdistributioniunit

The front of ¢ eAbRY REN B AR Bp Satem aHontE L top o the
page. Four conventional oFigufses apas afs ul"a(?rammatml’ebmrﬁaticﬁls of a &ehicte with
shown such that accumulator 5 is associated with the front |eft wheel and
a version of the suspension system incorporating single acting hydraulic rams to
support the vehicle body. |
15 Figure 10 is a diagrammatic representation ot a suspension
system incorporating a further alternative load distribution unit.
- Figure 11 is a suspension system as shown in Figure 1
incorporating a load distribution fockout arrangement.
Referring now to Figure 1, four hydraulic cylinders or rams 1, 2, 3,
20 and 4 are located in between the vehicular body/ chassis (not shown) and the
wheel units (not shown) so that as each wheel moves relatively to the chassis,
the rams are caused to be contracted or extended.
As shown in Figure 1 the ram is functionally related to the front left
wheel while ram 2 is similarly associated with the front right wheel. Ram 3 is
25 associated with the rear right hand side wheel while ram 4 is located between
the rear left wheel and the chassis. The front of the vehicle is therefore
represented towards the top of the page.
Four conventional oil over gas accumulator springs 5, 6, 7, 8 are
shown such that accumulator 5 is associated with the front left wheel and
30 accumulator 8 with the rear left wheel, for example. The portion or chamber 53,
6a, 7a, 8a of each of the accumulators are filled with gas, while the hydraulic oil
filled pbrtions 5b, 6b, 7b, 8b are in communication with the gas chambers

1 4



30 accunulator 8 with the rear left wheel, for exanple. The portion or
chanber 5a,W8&523%% 8a of each of the accumul ators are fill edCHAUPTGYS
while the hydraulic oil filled portions 5b,- 6b, 7b, 8b are in comrunication
with the gas chanbers 9 b5a, 6a, 7a,8a. The oil and gas chanbers are

. normal ly separated with a flexible diaphragnor free piston. Danper val ves
5c¢, 6¢, 7c, 8c are conveniently located in the nouths of the accunul ators

5 6, 7, 8: e e @Gt Lif r I :
conventi onal %'@?’\?ﬁ% ﬂ?l‘t%oé'r %8% %’:‘%@gﬁ?%%?rjrt?‘g?@%pﬁéegéfaﬁtgea%r%fe@x'ble
chanber 1a, Zfaptitagnver freegistosndampechawbeiSclbe, 24, 8c3are dénverientyniechted
chanber accommpdating a &ihse_t()n E!'ﬁ-ﬂ” Tge ugp r larger chanber la is _
connected to lRfREe s ghthe aGCURHEAOES O8B: 648t he di agonal | y opposite wheel
by way of pipe or conduwy ' wWHYg'r r iae WS Fhally S
_connected to the Iomr%hﬁogpu?%b%thpﬁe T rsrtaqﬁf/llrai}%dgrgaggfh\%hyaz? pI peal!tyo.
' These pi pes tdoavehtiorallyodividedeinto pai rrooirrotali chambersi ingluding: adargerathiambeme

el other pa i PELER P S SBer kel Wt 2B RTRET R SrH Bg feBer
2a to 4b vi a geefhbddingagpidentrod?b via conduit 12. 15 Locat ed
-(centrally) in any convenient place and ip any suitable manner there is a

: y
| conponent whi ch can be FB¢dRad laegelsChaimbebd@ i cennasied da thei lower smaller
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cylindrical0 tthéepgevichenhbey 3a dfithisowhvadl, isscaohriectedtp thetiowarchaptsdrotb ofthe
each chanber ., The t i stons in the former propgsed, constryction wer .
directly confleh GHINGPr by vy ol RIRG 1Ry heSH, BlPestiBeselore Lomplgtens ait Rk fluid

cylinder so toiuit8qhibrebShettmg'BhE et Be diddoriaNyeopPssitd Whelels, WdpS@Nbottom
resulting in two of the 25 chanbers becom ng enlarged sinultaneously while

the ot her twshasbenandgvisausersat dhsosthercpaireet giaganally appesite wheelsiane.
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constructii®, the pistobocatédr(@entrally) in any convenient place and in any suitable
manner there is a component which can be referred to as the load distribution
unit 13.

An earlier version of a load distribution unit is described in the
Applicants’ earlier patent WO 93/01948 and is normally constructed out of

20 cylindrical tube divided by a fixed wall and having a movable piston in each
chamber.

The two pistons in the former proposed construction were directly
connected by a rod extending through the entire length of the cylinder so that
both pistons were caused to move together in unison resulting in two of the

25 chambers becoming enlarged simultaneously while the other two were being
caused to contract reciprocally at the same time. This design has been found to
lead to some inherent problems in certain circumstances described as follows;

In the previously disclosed construction, the piston and rod
assembly is unable to move in response to two orthogonal wheel inputs (such

30 as movements over parallel speed humps). The chambers of the load
distribution unit were described as being hydraulically connected to the wheels
in a sequence such that the fluid pressure and volume changes resulting from



assenbly is unable to nove in response to two orthogonal wheel inputs (such
30 as novewdse3ower parallel speed hunps). The chanbers of RATAUSHE096 :
disstribution unit were described as being hydraulically connected to the
‘wheel s in a sequence such that the fluid pressure and vol une changes
‘resulting from 10 two wheel orthogonal inuts oppose each other in order
.to prevent piston novenents within the | 0adi®di stribution unit. The ori gi nal
proposed system was desi gned specifically to only permt piston and rqd
‘novenents i n tivoewhead afthagonaltinputsscippose each otigrs i sdar 49 opravesk riston

articulations which_jnd | uj d 5 n | L ' d
G st ributi on mAvereptoRtfiR.ins oA SERAHh Yot “THE ol HAGEGSed RBysid Waa
four wheel s \g’éd?gh@d 'SRty fhenly weemit pistorelandosod imosemésts in the load
consequence of the restriction of novenent of the pjstop and rod.a senﬁl%j'
in response tdistriRgtiontuniyasa regronse;te ?90@,%'5@@%#'@9”'3{}?'3?1i%griémilb‘fq H
becones notice | [E | Is iodf O ©IBX r

ot of whebi ReaRa, AP ESiiief chahtds it e 1886 Hist RiEK ML Bg ed¥ire | timal
wi dth of the weigtt wasebéingiibrnsbyf eash by tex fauiri wheels avithau regardcieatiiein wheel

both the front rans, and some of this fluid is forced to enter the
associ at ed adfeavalposBionsy 5 danper valves. Cenerally the 15 greater the

resistance offered by thgsecd encel ofapetrbstrigtien o mdvement ofntheddistonuart
there will be forced to other parts of the connected hydraulic system B and

i nevitabl y some asserdblynineresponge dpaysiarthogensoshesl inbuts sesReAsieR Pitehing

transfer of .flui.d vol f t ¥ | the | ower chanbers of the
rear rans i%r@gbopkcgﬁ%cﬁﬁeee#% Lr{gﬁ%néc'{ﬁ%\;\%%@n%hereby 20 contracting the
two rear rams, which i nwhen, tendsxanmpleaube froat rpmdr aff wheels edneduntecs an

squat. The delay in this procedure at sone frequepci can e, t.he r

of the vehi cl@$tacie; suchifs aSPesy HUUNR RS RS ﬁeq‘é’ﬁﬁ'gt"?ﬁ% ’%ﬁﬁh@”'péﬁﬁﬁ%& r
of wheel s encg*pﬁ Séi-f‘agﬁ A thEitfont dmise afdtsdnde ohid fluid is

pitching respo se]%gjsﬁgﬁv@%{ﬁpapl %ﬁgge&?n direction 1s required at the

rear of the 2foroedhiclenterTie assndated-acqumdatorsyia Hampesaalvas. Ganerally the
axle al so % en

conpr esses 1P h@" ! ért n%r @%ﬁé@é%%ﬁg%%ﬁb@ﬁ%&%ggggah& ?hé‘%%éth?% \Vblume of

fluid there will be forced to other parts of the connected hydraulic system, and
inevitably some fluid enters the diagonally opposite lower chambers.
The transfer of fluid volume from the front rams into the lower
chambers of the rear rams forces the associated pistons upwards thereby
20 contracting the two rear rams, which in turn tends to cause the rear of the vehicle
to squat. The delay in this procedure at some frequencies can cause the rear of
the vehicle to still be moving downwards or squatting when the rear pair of
wheels encounter the same speed hump and this can lead to a rapid pitching
response as a very rapid change in direction is required at the rear of the
25 vehicle. The additional impact on the wheels of the rear axle also then further
contracts the rear rams and this additionally compresses the gas in the
associated accumulators.
As the rear wheels depart from the downside of the speed hump
the cumulative compression of the gas in the rear accumulator gas chamber
30 caused by the quick succession of front and rear wheel inputs is permitted to
expand and thereby expels fluid from the rear accumulator fluid chambers. This
can then ‘cause the rear rams to overextend causing the rear of the vehicle to lift



As the rear wheels depart fromthe downside of the speed hunp the

cumul ati ve w@ymepesgi on of the gas in the rear accumul ator gapcanadsdmbossdO
caused by the quick succession of front and rear wheel inputs is permtted
to expand and thereby expels fluid fromthe rear accunulator fluid
chanbers. This can then cause the rear rans, {0 overextend causing the rear
of the vehicle to lift 1 1 beyond the lebdl which is required to
re-establish normal ride height. If nore hunps in the road are then
encount er ed bbeybadftherievahwhicm iscfaguiredhts vesBstablishaporsal trided height.e b maone
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as the restri ocated in the conduits. Neverthel ess, various
pernut ati ons dapidreyarsals HbV%h'B@s'ﬂ?@ﬂ@@éaK%P[%’Gr r oad surfaces can occur

dependi ng on. wheel base t ghween, .
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wheel geonetr Yhe muthsmmlhe aciﬁhmulaiad als welli dsuthieane stric srsil8cateddndhe gonduitéie
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simlarities in construction to th @5 above described unit in that there
are provi ded fspeedctamping rateisyepring rates and physical mestion afdberrams: with regarndn

t he prior e c re e two piston rods with a resilient
buffer int ellb g?l&l %@vr% Igﬁgm[% &‘l'&%ﬂg Figures 1 to 11 show vari ous
alternative constructi Orfﬁh@flohbedlhﬁ&dmdnsmw ol | aoeomg td&h%pltdsem ¢n\aédt|on
general ly divided into two cylinder portions whi ¢

conpri se two rPé@Y'E%c@IS"K?@P&n‘? tess Prasg 'ﬂé%aﬁeqw"wrﬁ@aﬁ;ﬁmn"@ﬁﬁ HHUHS,
nuneral s are g.%qiﬁhgq gﬁgb s EB@IthQHft%%JI Q"fgﬁifé%ﬁsf?\o%ﬂhagrﬁ%rﬁ??g}ilﬁm&ﬁn

Figure 1 and tr| ution unit shown wt |
chanbers 14, specifigallg.7 Trammi distiibution dnit 9 has sindilardiesuini censtosctiant te the

br anch Iin 9 12 lla.r |veI and. e are | fIU| 25
o cat 113 AhovA- Geseitiac ioR ih FREC erecare BRVIdaIT TanbRamBels. " nvidier e
respectively ¢ne priedupistor? rod Feléired 3 in the prior specifiction is replaced with two

piston rods with a resilient buffer interconnecting the two piston rods. Figures 1
to 11 show various alternative constructions of the load distribution unit 13 which

are all generally divided into two cylinder portions 13a, 13b each of which
20 comprise two reciprocal volume chambers, 14,15 ,16,17. The same reference
numerals are used in each of the Figures for corresponding components.

In Figure 1 and 2, the load distribution unit 13 is shown with four
main chambers 14, 15, 16, 17 respectively in direct fluid communication with
branch lines 9a, 12a, 10a, 11a respectively and these are in fluid

25 communication with ram chambers 1a, 3b, and 4a, 2b, and 3a, 1b, and 2a, 4b
respectively via conduits 9, 12,10, 11.

Chambers 14 and 15 within one cylinder portion 13a act
reciprocally therein, as do chambers 16 and 17 in the other cylinder portion 13b.
Each cylinder portion 13a, 13b supports a piston assembly 18,19, each piston

30 assembly having a piston 18d,19d, an outer piston rod portion 18a, 19a and an
inner piston rod portion 18b, 19b. The two outer piston rod portions 18a, 19a
normally terminate outside the chambers at both ends of each of the cylinders to



Chanbers 14 and 15 within one cylinder portion 13a act reciprocally

therein, asw@ogtmpbers 16 and 17-in the other cylinder portigfydgPoobsch
cyl i nder portion 13a, 13b supports a piston assenbly 18,19, each piston 30

assenbly having a piston 18d,19d, an outer piston rod portion 18a, 19a and
an inner piston rod portion 18b 19b. The two outer piston rod portions
18a, 19a normally term nate outside the charffers at both ends of each of
the cylinders to 12 enable the pistons to nove freely with respect to
the cylinders. efidisledhe pistons e mavedregly sithrrespecttorthemyindgis, 19b whi ch

e o as®, Pach, o8 T e of Bk It Ao B RdEENE BT 1 oB M BER Tifcay
9c. 5 faceBééawathérhﬂawwaﬁswwm a8y coRvemiBht Qﬁa@hﬂh@ﬁt Madis such
menber or buffer 20 is introduced provi de resilience in either

corrplre55| on oras e dise f&*"%ﬁmwﬂﬁt!%"@ﬁﬂ?ﬁ pusbered 18c@ANGUIRL. 2 t he
20
bonded 1o the di scs 18r Eaweed i opBaREq n0nRBh ds3BmiiteSh, - emBer or

t her ef or e i ndubefeb20fi$ intcoguoesisior provite rediliencecihaaiyes dum;mssmi or ta‘ns:on or
reci procal chanber'j &aéjch as chanbers 4 15 .in | i'nder Lon 13a
f gsl

indirectly trahate fxampig shewn ji Met%mﬂj {and mes PT Qimaxge 1p"§§ a
into the other ér{é@ﬁ 6ﬁ'mcﬁ$@,§?ﬁea be bbﬂaed%%éld%aéP@c'aauhglc?mvr:@ure

rod 19 and t hereby |nt e ot her pair of chanbers 16 he 15 purpose
of this indire2t connect | on/ coupling between the two cyI [ nder portions may

Froure 2) O the upper AMafisiesnncfieselads fbfa by WL BRSERE 1Y, Oplitne
front wheel s agkanges lini 6hé QrET df CRlciproc bhaﬁmlﬂbe(l’s&cﬁ‘laﬁﬂﬁnaﬁbémt hip 1i5hen
opposed cyl i nder ortlons of 20, the | oad e%?al I sagti,on unit 13,

obstacl e (suchCHinderspRIignni3a) is indirecty HrIRLAreg viatther fashd Bmé@ﬂgrough the
o 5" Sore e U SRR SO MPST LA g
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may be described as follows:

It will be seen in Figure 1 (in conjunction with Figure 2) that the
upper chambers 1a, 2a of the rams associated with the front wheels are in fluid
communication with chambers 14 and 17 within the opposed cylinder portions of

20 the load equalisation unit 13. If an obstacle (such as a speed hump) is
encountered by both front wheels simultaneously, fiuid will become expelled out
of the upper chambers 1a and 2a. '

Some fiuid will initially enter the nearest accumulators 5 and 6
through damper valves 5c and 6c¢ and some may be distributed to the rear ram

25 and the control unit. Some fluid under increased pressure will therefore enter
the branch lines 9a and 11a associated with the top front chambers of the rams
1 and 2. This fluid then enters chambers 14 and 17 at the opposite ends of the
distribution unit and urge these chambers to enlarge. As they enlarge in volume
the two piston and rod assemblies 18, 19 are forced to slide towards each other

30 and this compresses the resilient member 20 which is located between the two
cylinder portions 13a and 13b

As the two piston assemblies 18, 19 are forced to move towards

.
»



the branch lines 9a and 11 a associated wth the top front chanbers-of the
rams 1 and wo93bsesf| uid then enters chambers 14 and 17 at theTAS800E
ends of the distribution unit and urge these chanbers to enlarge. As they
enlarge in volune the two piston and rod assenblies 18, 19 are forced to
. slide towards each other-30 and this conprq?es the resilient nmenber 20
. Wwhich is |ocated between the two cylinder portions 13a and 13b As the two
' piston assenblies 18, 19 are forced to nove towards, 13 one anot her the
chanbers 15, ame @nother. theeChamberedsl 16 (whieh A8 gesiprecal1with oheaberse1§,) 19
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Fever ses t he thiap 3aS SoR Shembes Re. A8 ot i bhEh b PR Hich (e B1ee fré ar bt
vehi cl e rel atjheevbRicld @ipPas thePramo i exteptieddhi preparatidriiifer the ReaphiRits
“the pitch harshness and hel ps to stabilise resonant pitching notions. It

' shoul d al so biERadiegthecme spe@liNu@Bsie confi guration described 15 with

ref erence Figures 1 bid tR06 +1U At | |t t
ef f ect rolﬁsstiffness. mgmréétggqﬂPFéf?fe %/ggn@gguti'?et thﬁ%’"%‘?’géﬁéﬁf%@g@é’&%
ll:) o be L educgdlai’gnsztyemwewéeﬂthﬁmdwte'réé rpitch réqa)_dmseff niphtha fengiturtinglt plaﬂeeflfﬂlﬂéy
e exchanged tqg .connect to the appropriate di rent chambers on t oa

i str but Pon YRiES riiive 1 the prigtTiBBaset EpnanidioR and Winheniseltees e Phch
resilient nmenpeishAlss Ang ﬁaﬁsk%fhmﬁﬁféswhhpgnaﬂh mdtidrigat the vehicle's
general softness and confort can be enhanced g the introduction of the
resilient member 20 wit Hoshowd@&lsa beiunglerstopddhalowhile $hie cenfiguratien descsbed e

o reduce § b, fmulonls B8Eid ek NeaRE LA S Sbhe Bt WRbHHSTPHEEL kbt

be require n-gas Vo
effect roll stiffiness. However, if it was required that roll stiffness was to be
reduced instead of pitch stiffness the branch line conduits need only be
exchanged to connect to the appropriate different- chambers on the load
distribution unit.

20 A further benefit of introducing a resilient member 20 into the load
distribution unit is that the vehicle's general softness and comfort can be
enhanced by the introduction of the resilient member 20 without sacrificing roll -
stability. It is also possible to reduce the amount of gas in the accumulators
below what would normally be required so that the reduction in gas volume

25 adds roll stiffness without adversely effecting comfort levels. Additionally roll
stability does not reduce as more weight is loaded onto the vehicle as the gas in
the accumulators becomes more compressed ‘which effectively reduces roll.

The introduction of a resilient member such as the rubber
component 20, however, can provide some dynamic isolation between wheels

30 when faster small axle articulation movements are occurring. As large axle
articulation movements occur only when driving at very slow speeds such as
when operating off road, the consequence is there are few pressure spikes



25 adds roll stiffness wi thout adversely effecting confort |evels.

Addi tional | wé 9433094 abi l ity does not reduce as nore weight | Spé'ﬁﬂﬁ%omt o]
the vehicle as the gas in the accunul ators becones nore conpressed which
effectively reduces roll. The introduction of a resilient nmenber such as

t he rubber conponent 20, however, can prow sonme dynam c isolation

bet ween wheel s 30 when faster small axle art cul ati on novenents are
occurring. As large axle articul ation novenents occur only when driving at
very sl ow speefiergising athewnesilioptmaeinbgro2d whisdh, cabeesodwmmmwmlaaonhm

causes. dynam ANPEIPE ding A EbARRpRS shBf At FilaE it nteate,
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adverse pitch notro fn practice pressure spikes are significantly
greater duringwvheelsiasel the gsampe@xl¢ npaceuniain ad wuddens| bwngpedd depression

The chop ce 1Y WEMIRAERY S the 588 roineff therfBef i ok rBally PRGN HiEpd &
i:can_ optional | ydélgﬁ ¢ pbsprde\intdivense pitch adtionganpi ng nechani sm vvh| ch can
simlarly delay the trang}‘er of force and venent from one shaft to the

‘ot her without there bein ®TREG8 PERFSUTE BRIKES (AT ﬁ'gnﬁl@ﬂwn@reaé?wyﬁnghwo
haf | h s
shafts. In t ewﬁéSPr}ﬁm dedd’ | ur%[ﬂﬁ s i 'd?ﬁitn ﬂﬁfosé‘{(eeed rﬁ@lﬁ%ﬁdwh@n sorgr]Ie

,dlfferent 20 forns as r er or ureth Springs
‘accunul at or tyqiémesstls sequired iso tharkeisssome lama:devwmmnme chelcsavpresmfent means -

'i nvention t rin other resiljpent nea qual I used
(and t he sprﬁgzﬁtsiﬂatﬁr gfﬁ’f?gﬁjgerﬁgiep{) h?ﬁ CAAL é}lﬂ{%ﬁ llaﬁgg RNy
g%COr rect rel atig(itabfs dahpivsg mechanism which can similarly delay the transfer of force and
5 ' movement from one shaft to the other without there being a resilient member

such as a spring between the shafts.
In the Figures 3 to 7 the resilient means are illustrated in different
20 forms, such as rubber or urethane blocks, coil springs, or gas accumulator types.
It should be understood that within the scope of this invention that disc springs
and other resilient means may equally be used and the spring mechanisms only
serve to return the component parts to their correct relative positions.
In this regard the two cylinder portions 13a,13b of the load
25 distribution unit 13 are understood to be mechanically attached to one another
so that the relative motions of their piston assemblies 18 and 19 do not cause
their housing cylinders to also move. The attachment cleats numbered 21a, 21b
therefore illustrate attachment means to the chassis (or any convenient member)
of the two cylinder porfions 13a, and 13b respectively.
30 The resilient means 20 is normally either held in compression or
tension depending on which fiuid conduits are connected to which chambers in
relation to which end (or side) of the vehicle is heaviest at any given time and



In this regard the two cylinder portions 13a, 13b of the | oad 25

di stributi dYPBMII763 are understood to be mechanical |y attacheHAUSSHLS
anot her so that the relative notions of their piston assenblies 18 and 19
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(or any conveni ent nenber) of the two cylinder portions 1 3a, and 1 3b
respectively. 30 he resil.i ent ans 2
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the | oad 10 dosipanentiioto dime tload distributiogr whit gar dampt b n anjeumwdpted spting
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response to any novenent induced by two orthogonal  wheel inputs but not
di agonal t wotwd&ndsi efpadampeh(sichias theteleseapic shork bsertsecutmbamd z8ile

further ensuffushsmd) il BaBEd 10 109 85 thAdds RGN aHBefbd)eaR g

that the frictiona esistance Is mnimse anper durin
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danper al so 8Recifieallysand oplywhap n&e@lade@rprbﬂwééhaﬁﬂm%naémﬁisﬁame is minimised
by the damper during axle articulation. This is important so that optimal even
ground pressure occurs at the wheels during axle articulation while additional
damping occurs when wheels impact parallel obstacles with successive axles.
20 The damper unit should be regarded as an important optional
component as it permits the tuning of specific functions in the suspension
system. The damper also can be used to delay the responses and interactions
between the front and back axle so that inputs at sensitive frequencies resulting
from wheel base length road conditions do not upset vehicles smooth passage.
25 Dampers may also take the form of (optionally variable) restrictors 9b, 9c, 12b,
12¢, 11b, 11c, 10b, 10c within the conduits, which permit the individuai tuning of
the various components. For example, when the restrictor-dampers 9b, 10b,
11b, 12b are introduced, fluid is restricted from communicating with the lower
chambers 1b, 2b, 3b, 4b so that the resilient effects of the load distribution unit
30 13 are maximised. Conversely when the dampers 9c, 10c, 11c¢, 12¢ are mainly
used this prevents the free communication of fluid from the rams to the load
distribution unit and encourages fluid to act upon the lower ram chambers 1b,



between the front and back axle so that inputs at sensitive frequencies

resul ting fwawsmiemsl base |ength road conditions do not upsetpcygdiiogheids
gnoot h passage. 25 Danpers may al so take the formof (optionally variable)

restrictors 9b, 9c¢c, 12b, 1 2c¢, 11 b, 11 ¢, 1 Ob, 10c within the conduits,
whi ch permt the individual tuning of the v%i ous conponents. For exanple,
when the restrictor-danpers 9b, 10b, 11 b, b are introduced, fluid is

restricted fromcommuni cating with the | ower chanbers |b, 2b, 3b, 4b so
that the resi2bedb, &l aiths very diféeresh canseguenaes.onAdiwistingathesbalasce of the
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allow for the appropria ng. of the total danping forces acti'ng on the
vehi cl e. Sucappropriate amount of fiiction tecreng|at sinidan damopigig nespoases:f ul

sel ection of conduit sizes to,pLQVi t r ' mount of. friciiqn to
arrive at sim/lar danpi ﬁg?%sgdﬁ?@?ﬂ? i%’?ﬁrgggvé)gﬁé}ﬂéﬁﬁarc%siré‘é\%iqyghﬁa?ﬂ%d
of constructi gigtibutidheuhitad. dirsthis Rmbadiment thd Iwo!dylindes perivrg 180t 13thare
two cylinder portions 13a, 13b are renotely coupled by the resilient means

20a, whi ch rafergeiely coupledchy itheiregiientimesns 1306, which Mmay eampsse & cplindiiogh
1 9b in thegp . B F . ; | 4 ndlt ical
portion faglohgaltqﬁ)g o%éﬁe’r rg%}???g?gﬁinsi%&mﬁ% e\ﬁ%tﬁ?@gﬁaéele@h@ﬁ%@%n%o%g?@é
the opposed reddmpithe cyliridiical poetioaniaiciriyg thecothppead there dslafhmie mdricH.8an easily
extends through the hple. in c§loi§néier 19c¢.so,that a flange 1 8c provided on

the end of th8C¢YY ?6‘?‘??§ Q I%dPBE%r\aaél?'nsi de the chanber and towards

the centre of the cylindae énbf th® opipoRE r6H Goridn 1BE ddtendetHBaghhRbhdie
provided a resilient nmeans such as a coil or disc spring or rubber block

nunbered 1 8eln gylinder ABcaoninat acfigngentBe peaviiad; o theiendaf the ded portion:18b is

remtel y 1| 08B SIR YRS IbEF Hnf oo ank et e 15 By itferRUC. "Brighper

advant age of side ofethiel flange t8ertberuishprovidedaa oesiliertOmeans lsachtdsea tooll or disc

resilient nmenbers nmay be individual ly constructed differently to best suit
spring or Tubber block numberyed 18e, 19e. A?ternatwe!y the chambers on either
side of the flange or piston 18c may be charged with gas to provide a gas spring
to remotely locate the piston 18c within cylinder 19d.

20 One advantage of the resilient means such as 20a over 20 is that
the two resilient members may be individually constructed differently to best suit
their required functions as tension or compression members with reference to
the other parts of the suspension system.

Resilient member 20a may alternatively be constructed by using a

25 shock absorber (damper unit) provided with one or two concentric coil springs
internally or externally of the telescopic component.

Figure 4 shows another alternative to the central resilient member
20 of Figure 2. This version differs from that shown in Figure 2 in that the resilient
member 20 is kept in compression within half cylinders 18c, 19¢ regardiess of

30 whether the two half cylinders 18c and 19¢ are moving away from one another
or towards each other. By keeping the resilient means in compression the
mechanical problems of bonding the rubber blocks to the end flanges 18c, and

2



their required functions as tension or conpression nmenbers with reference
to the ot hewopr28876of t he suspension system Resilient nmenbe PCIVEUFA9096
alternatively be constructed by using a 25 shock absorber (danper unit)

. provided with one or two concentric coil springs internally or externally
of the telescopic conponent. Figure 4 showsj-another alternative to the
central resilient nenber 20 of Fi gure 2. This version differs fromthat
shown in Figur is kept in conpression

2 t hat 2
within hal f c}g?ﬁﬁg{]%eﬁ‘g’ed"ﬁg@t &:’]’-dﬁ'l"&ﬁ é&re e{?ée‘ghet her the two hal f

cylinders 18c and 19c ang Figurd® Avausk ceargete varpbhest te revifeas neémber is
other. By keeping the resilient neans in conpression the mechani cal

probl ems of bilugtrated. hdnresseacetthectwo rodtendseA8c9sngkss casstructed as pistons

versi on of t nBSREEIseBls “iEBans; ifiencel Bhgnerial vAIER i 4 SRRBH 8 dhe.
18c;:19c ar esceyifiidetPortions 18451 8\s Tieatwaopistered subdividerthehsylinger ad rmtbaﬂhree
chanber 21 which is an extension of the 5 gllnder portions 13a, 13b.

two pistons sOHAPRERAMPEIS %&ﬁ.laweangﬂqn@%s BWBe ni nor chanbers 21a, 21b
and 21c as shown. Chambeg Crﬁljsed}% f‘ﬁgaﬂa c Bﬂdé?fﬂé?%débfjﬁ\eoé?ﬁtﬁ e 21 -

chanmber 21a are interconne C SO ese two
chanber s rennare intestonmeicted jayauay M! mﬂultrﬂm sartbattiese: two ichiamierai nemegn

| | e 0 i s.fo prevent a
devel opi ng whFURStRBTAW 24308 SATEATss S whish Sil FRRRiNg selipfadlp votume.
restrictingoarhe pirpbse! gt thiismd Er@e&m a'bRe) devalapig whith dasid Babstntially
val ves 22a, 22b are provided so that one val ve 22a enabl es chanber 21 a to

be charged tocentrappistans i8e,1Acetharebyti@stricting axlee atticylatien uvith even wheel
differenti al by the front of the vehicles weight exceeding that of
t he back, and val v€ 22b enabl es chanbers 21 b and 21 c to be jointly
charged to provide resi I‘ITmlgasSttﬁér'gai\tHWes @2api22boare providdc sbethghlonehealive

o yet anot herZa éneblhs Gramier Slato BE cHEinrd el ARatoptnle esRUis o Risl the

-anot her gagsChA<3tfe bitfdrefialldfisb8 By ih‘ae"ﬁoﬁieé’friﬁe vehicles weight exceeding that of
the back, and valve 22b enables chambers 21b and 21c¢ to be jointly charged to
provide resilience sufficient to maintain vehicle height when the vehicle may
weigh more at the rear as during a pitch motion.

Figure 6 is yet another version of the central resilient means and

20 represents another gas charged form of the resilient means.

In this instance the two cylinder portions 13a and 13b aré located
parallel so that their ends 18c and 19c do not face each other but face in the
same direction. The central cylindrical chamber 21 is divided so that one half is
located adjacent one cylinder portion 13a and accommodates piston 18c, and

25 the other half of cylinder 21 located adjacent the other cylinder portion 13b and
accommodates piston 19¢.

Chambers 21b and 21c are linked by conduit 21d as in Figure 6 so
that they maintain a substantially equivalent pressure. As chamber 21a is now
divided into two sections 21a(i) and 21a(ii) these are now similarly linked by way

30 of conduit 21e.

In function the version shown in Figure 6 is the same as that shown

in Figure S but the advantage of the version in Figure 6 is that the overall length



In thrs instance the two cylinder portions 13a and 13b are | ocated parall el
so that thevoosmesdss 1 8c and 19c do not face each ot her but facpaups/ddoss sane .
direction. The central cylindrical chanber 21 is divided so that one half

Is. located adjacent one cylinder portion 13a and acconmopbdates piston 18c,
and 25 the other half of cylinder 21 |ocat adj acent the other cylinder
portion 1 3b and accommbdates piston 19c. anbers 21b and 21c are |inked

by conduit 21d as in Figure 6 so that they maintain a substantially
equi val ent profdBedead distrimdiancunip 13 ds redunssd whichdadilitate® paglkaging: i ons
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| engt h 18 of the load distribution unit 13 is reduced which facjlitates
packagi ng. FilBi§ressien howevey, E’Tﬁ)ﬂ%s"!ﬁ%%rsﬂf'é’lgs?i?ﬂi“g?rsﬁf@ nepiased; with rubleron
unit in whigchyble EMEiEY Hir?%efn tﬂ@%pﬁnﬁl l@ay-and 13b are located in
parallel. I'n thi's version wever, e rge5|.’i ent gas spring chanbers are
repl aced with rubber 5 bigues/arepreisentpai siqular relevatiaroviewwiequivalent 6 dbae

7a represents.,a simlar elevation,view eguivalent to that shown in Fiqure
6. Figure. 7b SNWIHEY FEHTE PevaonBn7Bis gaies Elkation dagri gFava et right pagles
first and is tpeé fitREnidok iﬁélgﬂé@}brdl@ﬂ?[ pi ston rod portions 18b, 19b are
el ongated to extend to 10 points 18d, 19d. At sone point along the length

of the extended rod pornneispistan sodrorfenstBbLstob Bre elengated docexiend! ont
- ) : ; . .
In functi ofy ;d,?m&%e 15y t@éfc‘%rg%&rﬁg ﬁlgﬁ ?@’?‘83}% Ilbggﬂ'PSf ﬂ%@%&tédt@?{j@ngbﬂlons

t hese Figure c and npr a di'sc nmoun
slidably | ocaherk are pbiats 986, 1Shwhich d@bequiivalentioh functionto ¢he pant rumiseredwo
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menber as that which | ocates the rest of thé body of the |oad distribution

unit 13. D SyosmHdinglirgax each etthese tweddiscs 0a0pPORie sSidescthaee Besiwal $pigatsd

reci procal{y JFURLPhAY Wich i four AR 1SS, TRebEM tirh 28 Simitarly flexibly
joined at points 181, 19f to a common rocker arm 23 which is pivotally mounted
to the same member as that which locates the rest of the body of the load
distribution unit 13. Disc and spigot units 18c and 19c are therefore
mechanically and reciprocally mounted with respect to each other so that if one

20 moves ‘up’ the other moves ‘down’.

Resilient members 24a and 24b are functionally similar to the
resilient means 18d 19d in Fig 3 or the gas springs 21a (i) and (ii) and 21b and
¢, in Figure 6, for example. [n the example shown in Fig 7 the resilient means
24a and b may be rubber or urethane blocks concentrically located around rods

25 18b and 19b and held between end stops marked 25a and 25b which are
prevented from moving apart on the rods by any convenient means as shown.

if therefore, the vehicle wheels impact a speed hump with one
axle, rod portions 18a and 19a will both be caused to be thrust downwards (with
reference to the drawing) which would cause both sets of rubber blocks 24a to

30 become compressed between discs 25a and 18c, 19c while the other rubber
blocks 24b are permitted to extend. The impact of the two front wheels would
therefore be borne to a degree by the blocks 24a and a similar impact on the two



20 noves 'up' the other noves 'down'. Resilient nenbers 24a and 24b are
functi onal IWO85%@r to the.resilient means 18d 19d in Fi g 3PEFAURE009:
springs 2l1la (i) and (ii) and 21b and ¢, in Figure 6, for exanple. In the
exanple shown in Fig 7 the resilient means 24a and b may be rubber or

ur et hane bl ocks concentrically | ocated around rods 25 18b and 19b and hel d
bet ween end stops mar ked 25a and 25b which are prevented from novi ng apart
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the other is- contractin gosme di recti on. hi s way
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24, and i | e SBF b RAtcRc el BiinsPel 4nb s s enited NiireRletlh heol < ar e
resi sted hpdraul i cal | y.Relférring again to Fiflefeet r atrgprag pointtalong the kenith af eache

poi nt along the |l ength of each cond t here be optionally |ocated a
fixed or adj€RAGHI therg) may ke gRHignal &J @& 180 Bt adjustele; allve do agntog

fluid througfedfR §Of&HEtRce wﬁ@@ﬂa@' oferfuidht dﬁgh&ﬁd cHhdudt8D THeldR vaigds &

are normal ly I%cat ed between t l er cylinder chanbers an he bra
| i nes 9a, 10marked,9h,230bwildy 12btand areynasnally dot¢atedhbetwesn rthet small@c

val ves  per m e s 8% 1A drahEf SB35 of O ol Tt B Bl T o
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fluid at higher speeds which are typl cal of wheels i npacting bunps at Speed
operation these valves permit a large volume of fluid to flow at low speed (as
during axle articulation), while the valves restrict the flow of smaller volumes of
fluid at higher speeds which are typical of wheels impacting bumps at speed
and which tend to upset the smooth running of the vehicle.

20 Additionally it is found that for packaging reasons it is sometimes
preferable to have as few accumulators in the wheel arch areas as possible and
accordingly only one accumulator per hydraulic circuit is indicated although
maximum comfort may be obtained by the ‘inclusion of a second small
accumulator located near the lower chambers 1b, 2b, 3b, 4b. Moreover with

25 reference to the type of layout shown in Figures 1 to 7 (which permit additional
pitch resilience as a direct result of the design of the resilient means within the
load equalisation units 13) it has been found that only a small gas volume is
normally required in the accumulator associated with the lower chambers of the
hydraulic cylinders.

30 - Figure 8 of the drawings depicts the present invention applied to a
vehicle wherein the hydraulic rams 1, 2, 3 and 4 are single acting rams in
contrast to the double acting rams as described with reference to Figure 1. As a



and which tend to upset the snooth running of the vehicle. 20

Addi ti onal WO 9323p% found that for packaging reasons it is sHAGVAVASH0096
‘preeferabl e to have as few accumul ators in the wheel arch areas as possible
and accordingly only one accunul ator per hydraulic circuit is indicated

al t hough maxi mum confort may be obtained By the inclusion of a second snall
accunul ator. | ocated near the | ower chanbers 1 b, 2b, 3b, 4b. Mreover with
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20 result of the rams being only single acting, of .the conduits 9,10,
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elimnated. Flow restrictors QE 10b, 11b and 12b positioned in the
remai ni ng porSeMyrACti¥e’ eyRlution alithessYste®. 11 and 12 nay be desirable to

al low furtper tuning offigiye & afReMaitPitestarRet Modfications Yo thellaRl disaiution
restrictors can be fitted to a 'sem -active' evolution of the system 10
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create differential areas fromone sjde of the piston to the other in order
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coul d be l'arger or snma Il aneter conpared to the rnner rod portions
dependi ng onvehisledveightidistribtitiome The outer rod portions could be larger or smaller in

diameter compared to the inner rod portions depending on the direction of the

bias, which in turn is dictated by the connection sequence of the conduits to the
load distribution unit.

20 Figure 9 shows the same circuit arrangement as depicted in Figure
8 but with the modifications being restricted to the load distribution unit 13.
Whereas in Figure 8, outer rod portions 18a and 19a were of differing diameters
to inner rod portions 18b and 19b, by the same reasoning the outer rod portions
18a and 19a could be omitted completely if desired. Depending on the weight

25 distribution of a vehicle it may be necessary to change the sequence in which
the conduits are connected to the load distribution unit as mentioned above.

In addition, the load distribution unit 13 as shown in Figures 1 and
2 has been modified in Figure 9 by replacing the pistons 18 and 19 in Figure 2
with a piston constructed in essentially the same way as resilient member 20 as

30 seen in Figure 2. Equivalents of the disk sections 18c and 19c sandwiching the
resilient member 20 in Figure 2 are constructed to function as pistons which
reciprocate in the chambers 13a and 13b in the same basic manner as the



bias, which in turn is dictated by the connection sequence of the conduits
to the FoaWaRS#3076buti on unit. 20 Fi gure 9 shows RORAAEIVN0096
circuit arrangenent as depicted in Figure 8 but with the nodifications
being restricted to the load distribution unit 13. Wereas in Figure 8,
outer rod portions 18a and 19a were of dlggerlng di aneters to inner rod
portions 18b and 19b, by the sane reasoni g the outer rod portions 18a and
19a could be omtted conpletely if desired. Dependi ng on the weight 25
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are respect irespgcticelymacdatrvodated within eouteinachembets, 333434 Theftre seulotrter
chambers are connected by a conduit 36, with a further accumulator 37 being
provided on this conduit 36. Fluid is contained within the outer chambers 33, 34
and connecting conduit 36, and movement of the piston assemblies 18, 19 away
20 from each other is resisted by the fluid contained therein.

This load distribution unit 13 has the ability to control pitch and
accommodate large variations in vehicle load. For example, if a significant load
is added to the rear of the vehicle, the piston assemblies 18, 19 of the load
distribution unit 13 will be urged further apart due to the increased pressure and

25 fluid volume in the inner chambers 15, 16 thereof. To compensate for the
increased load from the inner chambers 15, 16, additional fluid may be
introduced into outer chambers 33, 34 by a pump 40 or other means to increase
the pressure acting on the ends of the outer rod portions 18a, 19a thereby
allowing the pistons 18, 19 to return to their corréct operating positions despite

30 the increased load in the vehicle. Conversely, when the piston assemblies
move too close together, it may be necessary to release fluid from the outer
chambers 33, .34 to a tank 41 to compensate for removing load from the vehicle



chgﬁbers are connected by a conduit 36, with a further accunul ator 37 being
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Ret ur ni ng theﬁéstgnfe 18,19 to their correct operating position allows
greater clear te-novenent of tthe piston assenblies to 5 thereby

prevent anygestriction 1d chfifro[iee NBBEsSry v B Tt So HhalRoM fHE Bhtéfiitive

respective cylinder portions. Therefore, fOor a set pressure in the centre
‘chanber 35 (i tkad distaoutiev amitt haoaglnadrwwwnon unip pesivnesersrl (nreferaalyva)
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Further details of this load distribution unit is disclosed in the
Applicant’s international application No. PCT/AUS4/00646, and details are
incorporated herein by reference.

20 As noted abdve, the suspension system according to the present
invention tends to reduce pitch motions of a vehicle when going over speed
humps or other obstacles. It is however preferable to maintain the height of the
rear of the vehicle up until immediately before the rear wheels impact the speed
hump and to retract the rear rams as the rear wheels travel over the hump. This

25 helps to further reduce the pitch motion of the vehicle as it travels over humps or
other obstacles.

To this end, a fast acting vaive 42, such as a solenoid valve, is
provided at the mouth of one or both the accumulators 37, 38 of the Ir ad
distribution unit 13. This valve 42 can for example be provided at the mouth of

30 the accumulator 38 of the centre chamber 35 as shown in Figure 10. As gas or
fluid enters the accumulator 38 when the front wheels hit a hump and fluid is

expelled from the top chambers 1a, 2a of the front rams 1, 2 to the load



supplying or releasing fluid fromthe outer chanbers 33, 34. Further
detalls of WO%/230%d di stribution unit is disclosed in the ARdT/A69%00896

i nternational application No. PCT/AU94/ 00646, and details are incorporated
herein by reference. 20 As noted above, the suspension system
according to the present invention tends to%:r;educe pitch notions of a
vehi cl e when goi ng over speed hunps or othef~ obstacles. It is however
preferable to maintain the hei ght of the rear of the vehicle up until
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t he advant age,jn. all.ow,ng |arge gdegrees of axle . articulation" wthout .

Sioni 11 cant Ty SRR e 3B e 7809 Bk 4 cifianzil, BiseBtede WHERE vnea
to the groundchbhenéh\irgtibhai Puflednére]ithase dyBtdths Apposa8Cand®thérédy limit the
extrenely rough ground as over flat ground. The term "articulation™ refers

to the noveneRedpfrolimglinns ¢reatad wheadhanehicle iis, carnasingowitaputdbe; reed for roll

Fur t her nor ns oppose and thereby |limt the body roll nptions
created WhZﬁ %@?ﬁ\%eeli?b%ltrg is cornering without the need for roll

It has been found that in vehicles fitted with the above noted
susnension system, during extreme situations, for example, when there is a
combination of very fast cornering and hard braking or fast acceleration, this can
result in the lightly loaded wheel of the vehicle lifting completely off the ground.

20 While this does not necessarily effect the overall stability of the vehicle, the litting
of one of the vehicle wheels can be disconcerting.
| The load. distribution lockout arrangement includes at least one
“lock-out” valve 30a, 30b provided on at least one of the branch conduits 9a,
10a, 11a, 12a. In the arrangement shown in Figure 11, valves 30a, 30b are
25 respectively provided in branch conduits 9a and 11a communicating with the
outer chambers 14, 17 of the load distribution unit 13.

When the valves 30a, 30b are actuated to block the flow of fluid
through the branch conduits, this acts to disable the suspension system so that
articulation in the suspension system is restricted or prevented. This stops or

30 minimises the lifting of the wheel under the above noted extreme driving
conditions. These conditions can be sensed via a sensor means mounted on
the vehicle, the sensor means for actuating the valves 30a, 30b.



15 stabiliser bars. It has been found that in vehicles fitted with the

above not edwvgugpRnei on system during extrene situations, fopcgxassaleges When -
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acceleration, this can result in the lightly | oaded wheel of the vehicle
lifting conpletely off the ground. 20 While this does not necessarily
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conpri se many ferent sensors a t he contr ol
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| distribution unit 13 as shown in figure 9, it is possible to eliminate the need for
accumulators 5, 6, 7, 8 in the suspension system. This will generally be the case
for any of the embodiments of the suspension system according to the present
invention.

The load distribution unit according to the present invention
provides the suspension system with additional resilience in the pitch direction
of the vehicle while not increasing compliance of the vehicle in the roll direction.
This has the advantage in that the front wheels ‘are practically “de-coupled” from
the back wheels when the front wheels impact a speed hump or other obstacles
so that the back wheels are not significantly influenced by the movement of the
front wheels in this situation. This results in less harsh pitch motions of the

vehicle and softer ride.



alternatively consist of speed, steerin position and brake
pedal 15 p®%Q92¥¥A76sensors. By using resIllmmlmw im i n pCHAYITO0096
pistons in the load distribution unit 1 Wk ITE TIsgure 9, it is
possible to elimnate the need for accunulators 5, 6, 7, 8 in the

suspensi on system This wll generally be Ztci;‘ne case for any of the

enbodi nents of the suspension system according to the present invention.
The load distribution unit according to the present invention provides the
suspensi on systemwi th additional resilience in the pitch direction of the

vehi cl e whi | pHEOC| AMS TFEFININGPTRIE INVENTIONKREAB FORLowWS?e rol |
d| rection. Th| s has the advantage in.that the front wheels are practically

"de-coupl ed" fromthe back wheels when the front wheels i npact a speed hunp
or other obstacles so that the back wheels are not significantly influenced
by the novenent of the front wheels in this situation. This results in Iess

harsh pitch gptions of A kaspehsidnes nwtter IonilEle bod?&waﬁhﬁg@%ﬁlmm){
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connected to the ve support sane an ei ng
di spl aceabl earralngedvbetweeheeaehl wlheeboatyd i thea vebicteabbdyy exadhcabm means

direction, the sus%gnsi OMStem [of0) al ng a double acting ram

i nt er connect SAMRESHGA CYIRGET, RISION 3R P e vehicle body, each ram i ncl udi ng
first and second fluid 4 fitst @A CILUDP BaldAEY Iang e 6h w&.dwtw&&naﬁm@ré and
rel ative vertical novenent between the respective wheel and the vehicle

body, each ftajee tignséer meanssapg: shighthe cdambers @ndi digpieserblecispiesposse dar
wheel ram by | | g’gp{ga ating conduits, a first one
of said pai rpgﬁgsggérigﬁw'gsggmg% Peggdeléh%%ﬂ c%anber of the front wheel
ramto the second chanisald ¢drcktearisfer mdamsl of eactabdldrive m@@nscming operablyd
pair of conduits conréieqé the second r of he [ ont V\g %m:e%mto
the first ch'&tr%'é’to nge to LAngiREJPree, 53 WEaN, q)@c Biygud 94 hatate
front and regg heltdBtrand fg@mct ed thereby constituting a respective
cl osed ci rCU|t ereby first fgn second closed circuits are forned, and a

pressure distribution teariwa ehamigrsdof each balance means including an inner .

chamber adjacent the intesconnection and an opposing outer chamber;

the inner chambers of each balance means being in fluid
communication respectively with the ram means on one end of the vehicle, and
the outer chambers of each balance means being in fluid communication
respectively with the ram means on the opposite end of the vehicle body, such
that both chambers of the first balance means are in fluid communication with
the ram means of one side of the vehicle body, both chambers of the second
balance means being in fluid communication with the ram means on the
opposing side of the vehicle body;

said interconnection between said force transfer means being
adapted to transfer said force and aliow relative movement between said force
transfer means to provide additional resilience in a pitch direction of the vehicle
body relative to a roll direction of the vehicle body. |

2. A suspension system as claimed in claim 1 wherein the force
transmitting means are operably interconnected to effect said transfer of force by
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b&wsen the first and second cl osed ci rGgs t to substantially
achi eve prwessew230mqui | i bri um bet ween saﬂm“ﬂmllﬂﬂm ms, PLUTAYNSHB09GT €
disstri buti on nmeans conpri.sing two primary pressume €hanbers, each divided
into two secondary pressure chanbers by force transfer neans, the force
transfer neans of said primary pressure c %nbers bei ng operatively

I nterconnected by interconnection neans t& transfer notion therebetween,
and permt controlled i ndependent notion to vary the relative position of
the force trasompressiblesfluid. said primary. pressure chanbers, and thereby
provi de additional resilience in a pitch direction of the vehicle body
relative to a roll direction-of the vehicle body. 2. A suspensi on

system as clgimed in claasosgendien esystémneas eclaimied \in pelaims ur aviidreitbehs force
i ncl udes an i nner chanmber adjacent, to the 'niﬁ{)éﬁa ect,i

. 6 d
an opposi ng GaRYEr Fleansare qrasablydatereannacts %ﬁ%«%&‘?&%@%@%ﬁ?&& y

to the first j f Qﬁ{ said closed circuit, the inner-chanbers being
connect ed re%%ﬁ@ﬁgvs‘et?lg "t"% the second conduit of each said closed circuit,

the two secondary chanbers of one said primary pressure chanber being
connected regpectively to the ranms_on one side of .the vehicl j0d he 1 wo
secondary pri'ssure chaﬁbél‘@p%'FS'PHesﬁBﬁ@r %éa‘ﬁ'a"Bgﬁ’dﬁrg%r%&?e"q%ﬁé%tpé
bei ng connecineflidifg P@mpiR] Yndand ier tamiping theemuveerest OF thé fohse \tedristee

body. 3. A suspension systemas clainmed in claim?2 wherein the
force transf@eamsans of the respective prirfmary pressure chanbers are

i nterconnected by said interconnection neans adapted to permt relative
controll ed axi al novenent between the force transfer neans, whereby

di fferenti al snovenent s Acgospensibhesystdnoist tlairhedrin anyl orenof vélaishs 1 to 4
relative to tge ch

i.s. 4, A ' l.ai.med i
Claim 3 wheWBPTPIT 1BsiThice: LaRFlEE Maans Bxieeient 1§ Al e 480 ol fifhigapent
menber. 5. of the trarﬁfé#'ﬁfé"a?a?'iﬁrﬂe?fo‘ﬁs%% id prédsiPe coRditibAsm 3 wherein the
i nterconnection neans Is effected by a conpressible gas neans. 6. A

suspension systemas clained in any one of clainms 1 to 3 wherein each of

ool ated frofithe prind yuapelehicSiiafen GETRY nonfly b BIYlafie 5 4
wherein the first and second balance means each comprise a main chamber
divided bv a niston to form said two chambers, each said piston constituting said
force transfer means, said pistons being interconnected by resilient means,
whereby the effective distance between the pistons is variable.

7. A suspension system for a vehicle having a load support vehicle
body, and a pair of front ground engaging wheels and a pair of rear ground
engaging wheels connected to the vehicle body to support same and each
wheel being displaceable relative to the vehicle body in a generally vertical
direction, the suspension system comprising a double acting ram interconnected
between each wheel and the vehicle body, each ram including first and second
fluid filled chambers varying in volume in response to relative vertical movement
between the respective wheel and the vehicle body, each front wheel ram being
connected to the diagonally opposite rear wheel ram by a respective pair of fluid
communicating conduits, a first one of said pair of conduits connecting the first
chamber of the front wheel ram to the second chamber of the rear wheel ram
and the second one of said pair of conduits connecting the second chamber of

- This Sheet Has Been -Reﬂlaced '

AR




chanber being charged with a fluid to r to each force
transfer m¥HHE5/23p7 A suspensi clm mm#g rmed i RCEAEPSF00086

. Wher.ein an accumul ator i-s in operable h said common

chanber for fluid flow therebetween. 8. A suspensi on system as
clainmed in claim7 wherein the operabl e cayuni cation is through a
sel ectively variable flow rate passage - 27 9. A suspensi on system

"o a respdberER Anef Shail e Sich BRERKRPIAL bR by kAR By BRRE i ﬁﬁ?i
pressure chaggmiuitstand the fromtadnd rearfwhéel ranintercbanbeted theisbyt dorstitutin
chanbers being in _operable conmunication for fluid flow therebetween. 0

A suspensi orfe§9§t7‘é\fﬁ glpsgdaeifeyih whesehy §"’$\ﬂ1§ﬁ@|ﬁ$°§&ﬂd¢|9§%¢ Acyits Arieraeds on
i ncl udes an ref&%cﬁﬂ "Hog\ e 0%% tween the, first #hd second

suspensi on sys as cl ai ne alm e op erapl e Semunrear? on
i's-through acleséecmrmtg/arar|daialmedltmvsubsmmmwage. ..1'2~ nressure, Aquuhbrlum
suspensi on tem as_c % i.n claing. 9, 1 ]t V\ﬂ?

provi ded to Haween: s CL%S |?}’%4“smn5?|ﬁ’dra°w°PF%désf'P L J99R PO APERG Y

13. FoBmare Bleysusy SERGMbRrS) aldBid ditideay iRt tho %'e%hﬁ&a?yt e%%ure
wherein nmeans are provided to selectively supply or withdraw fluid from

sai d common ¢hambers. by force transfepmazfisethe pistery Mmeannof said pimannh chambere

System as cltngRENTSD hibFophb@elticl vafFtorofuring pdateRaAbCPermi
provi ded to coritroiledviabigpendént motiba tpr ey ithe rélativei podiiom ommsorfoeqmaﬁéfer
| east one of said pairs, of fluid conmunicat] n% condui ts.

suspensi on SPEABH ifs SaICh PREANY nPERSFUSR ClhimBEES, a9 t{'ngrqty Rﬁﬂ\é'ﬂél ﬁd@&l@ﬁabf
the force tragfbRte 'Fi?%”ﬁtdt‘f‘ﬁi’ré’@lf‘o?l 8f ?ies\i'é’rﬂcl@%cglnﬁlé’ﬁ\/d 02 61 GireBfion of the

ext endi ng from opposing sides thereo one pi st rod portion being .
vehicle body.
8. A suspension system as claimed in claim 7 wherein the secondary

chambers includes an inner chamber adjacent to the interconnection and an

opposing outer chamber, the outer chamber being connected respectively to the -
first conduit of each said closed circuit, the inner chambers being connected

respectively to the second conduit of each said conduit, the two primary

chambers of one said primary pressure chamber being connected respectively

to the rams on one side of the vehicle body, the two primary chambers of the

other said primary pressure chamber being connected respectively to the rams

on the other side of the vehicle body.

9. A suspension system as claimed in claim 8 wherein the piston
means of the respective primary chambers are interconnected by means
adapted to permit relative controlled axial movement between the force transfer
means, whereby differential movements can be effected of the front and rear

wheels relative to the chassis.

10. A suspension system as claimed in claim 9 wherein the
interconnection is effected by a resilient member.
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28feorrrmdated within the third chanb [_piston rod portion
bei’hg acconmwasigsigozen t hin the conmon cmmmig Emm" A S URITRANGISHN096
systemas clained in claim 16, wherein p s oft¥sai d one piston rod
portion is different to the dianeter of said other piston rod portion. 18.
A suspension systemas clainmed in any one gg claims 1 to 3, wherein said

I nt erconnection neans between the two forc& transfer nmeans includes a
respective rigid nmenber projecting fromeach force transfer nmeans into a
further chanber and attached to respective control pistons therein, said

control pist definin Y ' C fi : :
chanber bet \_/veoit;ﬁsri sai d twg \g(l)}r#ﬁgﬁr:t&l S ){%éﬁgﬁéds oﬂaﬁgaogboésl??g s(g?:}gﬁ§¢elga}: ¥
control pi st dnfercosmeationvs effectetiby adompressibidgas meansl first and said
second control chanbers each being charged with a fluid to normally
centralise the pistons defining the m nor chanbers and to permt controlled

Toverent t herppet ween {4 dligiehionsysférn foPEURMSIE Navirea I8 SlipBSIe bBEL Chnd

and roll of the vehicle. 19. A suspensi on systemas claimed inclaim
18, wherein tagainot domtrgousHaengagingreheelspard@ pairaosTeRs growndiengaging

S do chamber svnagls Eonn8erdd hCHTe Jiy” 36 sUhPRA; SameL A 3R ek Figo
plurality of dispkiceable ardstivé ntol aher bbdpnit lzoneiriendliy abersioat edlréaticn,i eaid o
support the vehicle body, said suspensi ong;ga} em conpri sing indivi dual

singl e acti nSYSAANARMSSYFEEhFAMPEsiRgeR | euAstindafiyid Hary dAteIcenpate
each ram meangetWenudady %%@L@ﬁé %egz;] ghhﬁolraﬁhm@ai?gaﬁét 'ahd 88CbriefgRd

bal ance neans each having t nbers force transtér neans separating
t he chanber s filledl dhapibers atargingninr esipmss én trespenrsss 0o geltadivei védical inuvement

Cespeot Ve 3N Hehy 434" sbBHATs iAGa Eha L bebl, S BBEGReSE RN Beint?
t her ebet ween ddghnected to the diagonally opposite rear wheel ram by a respective pair of fluid
communicating conduits, a first one of said pair of conduits connecting the first
chamber of the front wheel ram to the second chamber of the rear wheel ram
and the second one of said pair of conduits connecting the second chamber of
the front wheel ram to the first chamber of the rear wheel ram, each pair of
conduits and the front and rear wheel rams interconnected thereby constituting a
respective closed circuit whereby first and second closed circuits are formed,
and a pressure distribution means interposed between the first and second
closed circuits and adapted to substantially achieve pressure equilibrium in said
closed circuits, said pressure distribution device comprising two closed
chambers each divided into an inner and outer chamber by a respective piston,
said pistons being movable in the respeciive closed chambers, the inner
chambers being adjacent to the interconnection, the outer chambers being
connected respectively to the first conduit of each said closed circuit, the inner
chambers being connected respectively to the second conduit of each said
closed circuit, such that the inner and outer chambers of one said closed
chamber are connected respectively to the rams on one side of the body, the
inner and outer chambers of the other closed chamber being connected
reépectively to the rams on the other side of the body, whereby in use the
pistons will normally take up a position in the respective closed chambers to
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29 achi eve a bal anced state between th 1 er neans; the two
chanber s: oW@2¥230B@al ance neans i ncl udi aﬂlgil "M!mw’ﬂamlar adPEaRaRpSH09gs

i nt er connecti on neans and an opposi ng c s t4ie inner chanbers of
each bal ance neans being in fluid communi cati on respectively with the
chanber of the ram neans on one end of thegvehicle, and the outer chanbers
of each bal ance neans being in fluid comunication respectively with the

hanb fth the . it d of the, ' b 1 hat
ot charberachipvs imepRure, SoWNBHOEY foar SV dased Gttt BltestHERin™
t he chamber ﬁﬁ,véé?ﬁtﬁé\'ﬁva‘fﬁ@ﬁ)r%f ifRNIRdiRg e ré$pddiiveVAgidc e nlilsely prdjetting from

chanbers of e second balance neans being in fluid conmunication with the

chanbers of é#eh pistondatos acturthes chapekemandiattached: iecrespective aasdrp! RIFIONS n

said intercopnection. mreans i s. | L iS |
force and aﬂ%ﬁﬂﬂeﬁ&lﬁ@ﬁﬂbéﬁé‘ﬁfg béﬁ@ég?\‘ngg'bds?gﬁggﬁtg f tgﬂg%b}??egasfc;ﬁorﬁrol
provi de addi ¢ ARBkr HetivbbANsdd] tivoa cBhtréh pibtors tananonfthe heppasiiec sielcb oty 2o
relative to a roll direction of the vehicle body, and wherejn the.force
transfer neagentselepistons faspective seeond contol Fﬂ@ﬁlb@r%ns‘l"ﬂé"? ofNd §aid seeand

Tt AT B S e S e ko s e

ance neans eac C {
resilient piplstong addfiningsttied minorcchambess and Hospetli eertiolbethsmovameny

i m 21 whcBrADENER B herehy RRTE RsBET ARG PaneS o B9 LRk B ahe

each side thgggiefe.bei ng different. 23. A suspensi on system as
claimed in any one of the preceding clains including danmpi ng nmeans for
danpi ng the novenent of the force transfer neans. 30 18. A

suspensi on sygtem as claim. | W [ abb e WHIFEH haN
i ncloudes an ﬁ'cumjl at oﬁts?rsbfgf‘gilog'l E}'%t\évnﬁ% g@\?\geﬁ. E%Sr'h P2; A e
suspensi on syRksethchantbersrare dispedetd im d Sidehby side reflmticopandisaid control pistons

are each disposed in respective side by side chambers.

14. A suspension system as claimed in claim 12 or 13 wherein each of

said piston means at adjacent ends extend into common chamber isolated from
the primary pressure chambers, said common chamber being charged with a

fluid to apply equal force to each piston means.

15. A suspension system as claimed in claim 14 wherein an
accumulator is in operable communication with said common chamber for fluid

flow therebetween.

16. A suspension system as claimed in claim 15 wherein the operable
communication is through a selectively variable flow rate passage.

17. A suspension system as claim in claims 14, 15 or 16 wherein each
said piston means extends into a respective third chamber located on the
opposite side of the primary chambers to the location of the common chamber,
said third chambers being in operable communication for fluid flow

therebetween.
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ﬁrum cat| on | S rough a sel ectively e pass 20.

A suspenS| -&m as clains 17, 18 orlmﬂ %iﬁj ar e"?!*g\ﬁ*d’%?'sto

sel ectively suppl y or withdraw fluid fr anbers A
suspension systemas clained in any one of clains 14 to 20 where| n means
are provided to selectively supply or witi3draw fluid fromsaid conmon
chanber. 22. A suspension systemas clained in any one of clains 14
to 21 wherein the fluid is a gas. 23. A suspensi on system as cl ai ned
in any one of clainms 7 to 22 wherein neans are provided to selectively

i solate the pBessure dﬁssmpnnsiimg sirstans aisr claim ih @lainoih@ wiierein dajshopsraiie

fluid conmunicatin .ond.u m as claimed in
any one of C?WW"?GP%P& 158 ”qﬁﬁé%ﬁﬁc‘gﬂﬂﬁt%%{ﬁ@fﬂ]ﬁ?‘gﬁgﬁé% WPEQes piston

rod portions extending from opposing sides thereof, one piston rod portion
bei ng accommpdated within the third chanber, the ot her EI ston rod portion

bei ng accormbPat ed wi t Wi BuspensioTBysteshasisigimeshiardaim i Bevierginthe operable d
one pi ston rg&nhﬁrﬁééiowg%ﬁdbhtg%eg é{e\Fa fgbléﬁ ¥ Esgééé‘ton rod

portion. suspensi¥on sy inc a| m wherein the
di anet er of said one piston rod portion is greater than the dianmeter of
said other piston rod %OI"[I on

, 20. suspension system as claims 17, 18 or 19 wherein means are

provided to selectively supply or withdraw fluid from said third chambers.

21. A suspension system as claimed in any one of claims 14 to 20
wherein means are provided to selectively supply or withdraw fiuid from said
common chamber.

22. A suspension system as claimed in any one of claims 14 to 21
wherein the fluid is a gas.

23. A suspension system as claimed in any one of claims 7 to 22
wherein means are provided to selectively isolate the pressure distributing
means fromat lest one of said pairs of fluid communicating conduits.

24. A suspension system as claimed in any one of claims 17 to 23,
wherein each of theh pistons includes piston rod portions extending from
opposing sides thereof, one piston rod porﬁon being accommodated within the
third chamber, the other piston rod portion being accommodated within the
common chamber, wherein the diameter of said one piston rod is different to the
diameter of said other piston rod portion.

25. A suspension system as claimed in claim 24, wherein the diameter
of said one piston rod portion is greater than the diameter of said other piston
rod portion.
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