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1 "Vehi cl e suspension spring systen Field of the
I nvention 5 The present invention relates to vehicle
suspensi on spring systens, and is intended as a
mechanismto increase the roll resistance of a
vehicle during cornering, wthout affecting the ride
gquality. The systemis particularly applicable to
i ndependent suspension systens fitted with
hydro- pneumati c suspension struts, although its
application is not limted to |ndependent
suspensi ons. 10 Background of the Invention R de and
handl i ng performance pose conflicting requirements on
vehi cl e suspagéhgﬂ§u Sds§QPS desi gns, are generally
driven to achieve an accept 2Bl ed onprom se - .
bet ween t he two, dependlng on the application. Wile
Feld bf b flvestigoension i s essential to enhance the
rolTover threshold value and control performance of
the vehicle, a softer suspension yields good ride
Ther presenhrimentioh reldles &xpehisle akpason @h@lsyﬁérﬁs agRl is
t spensi o
u‘i'tbt'id%ﬁ é@ iﬁsﬂaﬂ{rﬁ qh ’S(%ar S {P.g%ﬁ Rediekan o? ) \é?l{ug% during

because els sane ax

REGEM mth%'F affsting dhe gfe gualite Shessysten is aarﬂmms replicalle to
idepemiehiesuspdie®dh . syRemb fﬁt&%@@ﬁd‘lﬂwﬂt@%ﬂ&ﬂﬁbt@%u%sﬁﬂ'sﬁuts

B 6 bt PR T et it nber of -

advant ages over beam axle 25 suspensions. The

GRdleNhe ARBAGGHIT ati on renoves cross tal k between
the - eels permriting one wheel to effectively track
a positive obstacle while the other tracks a

Rideg atnid v Bargiireg. . peifineaintacime caimistinge d‘eqﬂlrérheﬁfb Eorh OXMBIcls

<HlleRBoM Gha HRS HelBhD Fre GARMLE AL (PARLLLVE, ALOUD

contact I's. nalnt - .
cPEBORYSe obetrent He- Wy fegensings on rthamapblisationa dVHiia pats§fer30

s&ﬂehmﬂnﬁf egi@nilabi édhahde BRNTANRE th@bhoROLRud YR8 Scdtrol

A p%Hor earqcsel (%Qhes» ¥e§1 c?e a é/nfttep gus%?ensnonfyieids good ride perfonnance at

the expense of poor stablhty' and directional control.

In beam axle suspensions, because both wheels share the same axe, vertical
movement of one wheel causes a similar movement in the other wheel, Both

" wheels respond as one unit, which detracts from the ride quality of the vehrcle :

!ndependent suspension systemé have a number of advantages over beam axie
suspensions. The independent configuration removes cross-. talk between the
wheels permitting o_ne_wheel to effectively frack a positive obstacle while the other
fracks a negative one. This factor combined with the lower un-sprung- mass helgs
ensure that positive ground contact is maintained at all times,. with maximurm
isolation of the sprung mass from the road inputs. A

Optimum ride quality is achieved for both types of suspension system by the use of
soft springs and allowing large amounts'of wheel travel. However, the handling
charactetistics of both types of suspension eonfigurafion suffer when soft springs

are used because of excessive roll. The softer the suspension, the more the outer
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soft springs and allow ng | arge anounts of whee
travel. However, the handling characteristics of
bot h types of suspension configuration suffer when
soft springs are used because of excessive roll. The
softer the suspension, the nore the outer 2 springs
are conpressed and the inner springs extended during
aroll event. This rolling is due to weight transfer
fromthe inside wheels to the outside wheels caused
by the centripetal accelergtion of the vehicle as it
corners. This roll is accentuated by the

di spl acenment of the vehicle centre of gravity towards

fspithge s b&iﬁpr&%%@ |aﬁd ggﬁ?c%égﬁg;]ggtex{ge?%d &din 9 églg,b gﬁm s
ifhods &% & egatartnarn b Wree ks thisimescaused

autid centripetalodckelartiidnf ofalss vatiichanit &meers TBi8 rolBi§ accentuated
C ro.
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W%%Aaﬁoedbm{@,\égﬁgg}ﬁ Loll stiffness - of the vehicle.

he sanme however is not true for independent

. suspen3|on systens.. The key perf.ormance advant age

e fdch@aax@boressShik Sinhsietthe badas &)ﬂé‘s&n&i‘ns @ié't Qle%tﬁﬁé&:hﬂﬂ
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feREeMEn ﬂl@aﬁoﬂ | ﬁﬂﬁrlmg eof therebislet Hbe pame hwveveri st wttthe for
Inﬂ&ﬁ#x@&ﬂ eﬁ@ﬁer@ﬁm t sl}@teﬁ:)é S tl'ﬂm 1RP CbeHB:Ha%QJ ‘?:@ﬁm%lgg '8 Riese -

S i ?V o ? ncr easi ng A
Sieins By et %Weﬁseta BPOtE cREPigle "g*re@wdﬁwcegﬁwheel
mogamant opérdize Gilabigeyiravels Jbe iirddotiyctiomofcdrg| rh@:ﬁ@inm linkage

s&xésr @ %ﬁan&tnc&%yﬂaggérﬁanée' thu?eds ern i 's% Sss

dro- pneurmati c suspensi on -sy
M%g@'%fwfa'ewa@fﬁ%ﬁmgeﬂ@pwl rﬁ@ahmaft of “‘meéhlec awdw a
ﬁgﬂﬂf@ut 1a$sanl ridedqualpr epecidill & dhaltenging bhvicbriaameof t he
vehicle. A nunber of systens have been proposed to
i mprove the

‘Vehicles- fitted withy pneumatlc or hydro-pneumatic suspension systems offer the
" advantage of a variable spring rate, which can be manipulated to.improve the roll

stiffress of the vehicle. A number of systems have been proposed to improve the

voll stiffness of vehicles by 'm_anipula'ﬁng.- the pneumatic spring rate,-all of which

involve the cross iinkirig: of the spring elements on a given axle coupled with some

* means of oil transfer between them and/or extemal reservoirs of some description.

See for exam_plg DE 4004204. Such systerns again serve o detract from the

independence of an independent suispension system, compromising on ride quality.

Japanese Patent Application Publication No. 62-286817 discloses 2 hydro-
preumatic suspension strut with a pist‘oﬁ d'ivid,ing a cylinder info a top chamber and
a bottorn chambsr. _Each, chamber is connected through a damper with a separate
accumulator. An external oil pump or accumutator connects to each chamber
through infout ports. This aflows chamber pressure to be adjusted for attifude -



roll stiffness of vehicles by manipul ating the
pneumatic spring rate,-alt of which 25 invol ve the
cross linking of the spring elenments on a given axle
coupled with some neans of oil transfer between them
and/ or external reservoigi of sone description. See
for exanple DE 4004204. Such systens again serve to
detract fromthe independence of an independent

ensi on st rom si uality. 30
S o SRl SreS AN RRRETOR PRGMPTNDF G Wt i 7
abesad, alpes badyhethhoadjysmentat | ¢ suspension strut with a
piston dividing a cylinder into a top chanber and a
bott om chanber Each chanber is connected through a
Id&n'ﬁ)erobj\abtt d1 the pepantaitesntiarc e pwlvidd ar vehidle sospensival spoing

ERU{HE’E g&e%ugful osro %0\9 %;\I\%FJ gveeéo(nnn %%e—ntenﬁoqggh

al'l ows ressure to
@9*%% etsﬂfor Which Ht“tPFQVIS’G éhe.puglic ‘E‘B‘rﬁ 956 utchgicgor mal | y
cl osed shut val ve connects betmeen t he chambers
i ch N, {RQRSRE IIo dj t
T %%“%ﬁg%%?é@ﬁq %?W T%sgn g%nggéin%% lﬁg&&gmﬁgea
previded| withstibprears exaiusyprdr n@c*usw geeaming hdtor é@e@urmsel ot ds
s?}@&ﬁca‘e?@%’ aﬁ@t‘ﬂ‘ﬁh‘s@ 091\éﬁﬁ|§é0fFBté?:Qexbhﬁly&h@‘téﬂn r&@rﬁbrﬁs@ REE have an

bl e
FRGFEIMERBRCdS T | ok eR U dagEd” PR EHE o By b
llsted mpmipgreEntsiiagitectineéarences, Huh gls athestinetpeoirst dogponents.

mchlngl?dthe'\‘tet’rn Db is %‘b@é&ﬁib&éﬂ Vfﬁh e brbMM%?ﬁ?etatlon as
meani ng t he pur pose of | catl on,

RPSPIRE é’V'tB*P r?@}‘ \%i"%’élur‘i%‘i!“&‘ir“ é‘%?; I”i"sc H“P@f‘e %)*}?é'dtaé‘%orﬁ ‘&ﬁ%ﬁ"i“gfé
tadadrhs Bevaisam and/actangirivieg' peassetty - 1.e. that it may
be taken to nean an inclusion of not only the |listed
conponents it directly references, but al so other
LS E%Ftﬁ B dhec BRI ENERiion Wil E%ﬁomerﬂj’lp?e"tt frn ther gRsuing
JexOMibn @Bich is Sive® bfayak bxanipd@dl. Wi t h as broad an
interpretation as possible w thin any given
jurisdiction and this rationale should al so be used
a e n' conprised and/or'conprising’ are
used. Further aspects of the present invention wll
Eglg%d‘re %nﬁ?gﬁpl egrtes‘éénrt 9nr\per¥tsoﬁé)?ov%%| n\%gic% %Igpengéljl ?phrm%\@ys(fem

exanp
whpvl@manlgwates the spring rate of each lndmdual hydro- pneumattc suspension

spring system on a vehicle without the need for cross-inking and/or external oil

reservoirs and the associated pumps.

According fo embodiments of the present invention there is provided a vehicle
suspension system in which each wheel station of the vehicle has a hydro-

pneumatic spring system having an independently variable spring rate.

in a particularly preferred embodiment of the invention means is provided for
sensing vehicle roll and for confrolling spring stiffness at each wheel station in

rasponse to sensed vehicle roll.



Enbodi ments of the present invention provide a
vehi cl e suspensi on spring system which mani pul ates
the spring rate of each individual hydro-pneunatic
suspensi on spring systemon a vehicle w thout the
need for cross-linking and/or external oi

reservoirs and the associ dted punps. According to
enbodi ments of the present invention there is
~provided a vehicle suspension systemin which each
o | ereodimephthgte Frﬂé"‘@‘@ﬁl T VR SUSRERRRTYr FRING FETIFRL P
Bpkcien@eshssitiemiteadingg an i ndependently variabl e spring
rate. In a particularly preferred enbodi ment of the
invention nmeans is provided for sensing vehicle rol
and PEFUESRITRY 19ViNg 28 YIAYCSYINAeYEE & Pifonaiah diss the
st at icgimdénvolume $3® B §Rintdd v5iIems esh arethebilvetlihe, - 4 I N
one enbodi nent there is provided a vehicle suspension
spring systemfor a vehicle wheel station,

i ncl sdidngainacik vplume agsemdsioptingavieng st ol dhesaabée cwith an
cyl i Rd&fciakilifst BodRinBla@R niMHg& malh YadRainishe  cyl i nder
volume into a main oil volume and an annul ar oi

vol unme, said main oil volunme conmunicating via a

f i r stsaidiahnytsa o8 agemscdérimanicatisgssae sabedoif passige with an
ACCUTBUL LR D% Al B RaflfFan RIS o B hennul ar
oi | volunme comrunicating via a seco ol | passage
with an associated second accunul ator having an
auxiliary gas volune, the oil in each accunul ator

bei nghss eipar ek cicfunatatérieirgasephrgted foepthe aboby spsepb@tor
or dgﬂ&ﬁ gk Jhird oil passage with an isolating
val v ich Int rconnect said first and second oi
passages, neans for swi tching the isolating val ve
bet ween open and cl osed positions, characterised in
t hat anmeadsil psssayeowittdadisbletingswivs iwhigh dmecomestoiag first and

vehi g gk bidsY paraneters, said sensing neans
belngeéghneg ecQ%% a controller which I's operable for

means for switching the isolating vaive between open and closed positions,

characterised in that means is provided for sensing one or more vehicle

attitude parameters,

said sensing means being connected to a controlier which |s operable for
swifching the isolating valve between open and closed positions for altering
spring sfifiness in response to said sensed vehicle attitude parameter or
parameters, wherein the sensing means includes one or more sensors for

detecting lateral acceleration of the vehicle.

In another embediment the sensing means includes aone or more, sensors for

detecting lateral acceleration of the vehicle.

in another embodiment the sensing means includes means for sensing a vehicle's
speed and steer angle, the controller having means for inferring vehicie lateral

acceleration from said sensed speed and steer angle, the controlier being operable
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swi tching the isolating val ve between open and cl osed
positions for altering spring stiffness in response
to said sensed vehicle attitude paraneter or
paranmeters, wherein the sensing neans includes one or
nore sensors for detecting |ateral accel eration of
the vehicle. In another enbodi nent the sensing nmeans
i ncl udes one or nore, sensors for detecting |latera
accel eration of the vehicle. In another enbodi nent
the sensing nmeans includes.neans for sensing a
vehicle's speed and steer  angle, the controller
havi ng neans for inferring vehicle |atera

SR B S SIS oA R B e

apdstegriapgleof the isolating valve in response to the

sensed vehicle speed and steer angle. In a further

ggb@ﬁ%neEé?.het ensi Ng neans conpri ses one or nore
TURT S TGN He =t BeR Sonered@soqigrameters
vedrigokeraarenars enltheochitie covrtied kd the conltrblier vhich REdpakibR

sensor 1 nput to the contr ‘ment
t he . sensing neans includes one or nore sensors for

the atfic Rgnto@RGhE ._uﬂidgaabmgeﬁirie gl b dr Nord SRh&deS for
er._emhodi ne . sensi ng means conpri ses
éggéﬁ%or i mgiﬁagﬁﬁﬁ§vgk5ﬁpggﬁ'the vehicle to detect
operation of the brake system the controller having
Bdther Eiodiniint el SalsiN MBS nﬁﬁ&k L n08; .
or at | f gw\c{?e seTéJ rake o er%?ib%k?sﬁte'f’n

sensed- P

a&gelé‘r‘e?t ion fromsal _ bra 1
g6t MEvCERstertRasratiph af ©a ke gvstemile santrplies bavingracans
foointeringoehicis nGituelingl dabelo@dbgHlrbl sdididdsGERSI shofilion.t hE

~vehicle connected to the controller which is operable

to determ ne vehicle |ongitudinal acceleration from

- inreoberpsiodimepithe sensinganaaps incluti¢scane or inprecasotidremeters or

. NSt ai | e -i@ighe 0 iggre of .g&m?h&émgﬁdgggésa opbie to
deinte S8i4p B ial 2R RSt B seiperpiy e conishory

the isolating valve is

= In another embodiment at least one damping orifice is installed-in one or more of

20

25-

30-

the oil passages. -

in another embodiment the means for opening and dlesing the isolating valve is
electrically operated.

‘n-another aspect the invention provides a vehicle suspension system comprising a
plurafity of the vehicle suspension spring systenis as claimed in any pmoediﬁg

. cialm, each of said suspension spring systems having an independently variable
Sspring rate.

in ‘a further aspect the invention provides a vehicle attitude: control system for a
vehicle having a plurality of wheel stations, including: '

a strut assembly at each wheel station,
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electrically operated. 25 to another aspect the

i nvention provides a vehicle suspension system
conprising a plurality of the vehicl e suspension
spring systens as clained in_any preceding claim
each of said suspension spring systens having an

i ndependently variable spring rate. 30 In a further
aspect the invention provides a vehicle attitude
control systemfor a vehicle having a plurality of
wheel stations, includingg a strut assenbly at each
wheel station, 6 each street assenbly having an
hydraulic cylinder with a piston with divides the

cyl i Reet sti@hdsaRbly RhRnPar Widiau@é byt Wi Qiggn Wi AR
oi | \ﬁ%)l%fam ‘Z"?I d main of f. v?l une conmunicating via a
fi r strPindsy i3 ain o volumesand aejagediay off velyme,
accurmul ator having a main gas vol ung, said annul ar

oi |, Mol 1, catd.ng. se I | _passage

i th o4 HER GO HRL G ATd RUE IS, X oAee A on
auxi PPepriated fist gesumiator havingremaipioas yplussch accunul at or
bei ng separated fromthe gas by a separator piston
or digphragm .a third oil .passage with an isolating
val vERD A of “gﬁnﬁéﬂ@"%g?%“giar%@- Pasgagsn¢th & |
pas s agresiated second pecufnulates wWatindemaydidre gaswlunid, ng val ve
bet ween open and cl osed positions, "~ said struts being
connected to a commpn controller and sensing neans, .

20 t e VA SAEY acruRHiator fring SRRITAGE GRE the geroba sepdrabe
at t i pisthe opaiggeRingr S, sai d sensi ng neans bei ng

- connected to the controller which is operable for

i ndependent |y switching the isolating valve of each
st r edthiailpessege pith aa isdlatineivg yhindi interommedte said first and

| ndepasanenif paésaebr i Ng spring stiffness of each strut
in 25 response to said sensed vehicle attitude

par anet er or p_ar anet ers. _
maans for switching the isolating valve between open and closed posttions,

‘said struts being cohnected fo a common controlier and sensing means,
the sensing means. for sensing ene or more vehicie attitude parameters,

said sensing means being connected to the confrolier which is operable for
- independently switching the isolating valve of each strut between open and.

dosedqusiﬁons for independently altering spring stiffness of @ach strut in

response to said senised vehicle atfitude parameter or parameiérs._r L

in another embodiment the controller has means for inferring. vehicie iéteral*
acceleration from a sensed vehicle speed and steer angle and 2 sol’enoi&' actuated:
dtlal_-rate hydro-pneumatic suspension strut at each wheel station of the véﬁi’cie,_- the
controller being operable to engage the required spring rate at eacki wheel station:
fo counter body rofl induced by the said lateral acceleration. |

in another embodiment the controfler has means for inferring vehicle- longitudinal
acceleration from a sensor in the vehicles braking system and 4 solenoid actuated
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I n anot her enbodi nent the controller has nmeans for
inferring vehicle lateral acceleration froma sensed
vehi cl e speed and steer angle and a sol enoid actuated
dual rate hydro-pneunmati c suspension strut at each
wheel station of the vehicle, the 30 controller being
operable to. engage the required spring rate at each
wheel station to counter body roll induced by the
said lateral acceleration. In another enbodi ment the
controller has neans for_inferring vehicle

| ongi tudinal acceéleration froma sensor in the
vehicl es braking systemand a sol enoid actuated 7 _

ifgg; tgjt] o%&% e ve |g§%%w§§%%{"g{’l er"eg'%e e

Eﬁ'eeflgﬁ%e F‘édﬁ‘i‘f‘@@ SRiTHg af aad vateebﬁeﬁw :
wceaiteﬁioa;« P indlieed by \the Bhgifaarkl setdisiiionnduced by the
| ongi tudi nal accel eration. 5 In another enbodi nent

the controller is operable for using sensed
ireanethpcembpdiment therpotinlleois apprabledorosingrsenssdanaasoements

48 @h@ lor weea&s@ﬁme?er& Qr BRGUSH BtePsei S BPLuatd Gl &4 ?ehsﬂ

dro neunatlc suspension strut at eac
Siiind @5 i B BB, fepaaan Sinlbaicegeh MDEA Siatg phige
mb@ieam&mmtlenmgpoﬁdme egengoed DR dIspHiey Rlte 80&dth

 REE b bl (o W hRlepd Bl bl LG OOt o | o

is operable for using sensed neasurenents from one

RrandBECoridficfl BBRbATSHeOE o@@ﬁﬁﬂe%r Jsﬁ? Qe SMaSubRents
ct uate_ a sol e 0| d ,actuate

Jare: Shatvetat E’ﬂ‘?b“‘é%gf 8?9 'r’ﬁ*F sgf‘s“&%nlﬂna‘?&f?é%? solencid
m&dommblfatat tygro-prebmetice sushiresionomiut ail dael whed! R@ation of the

Mﬂeageel iieg onb{ cod%?og%ggme&lﬁgdr é‘f?'% %
i i cpunigiRady QF‘ét indyeed py, baﬂfﬁ'ﬁ'ﬁﬂ aceaiasefignment  one

or nDre danmping orifice is |nstalled in one. or nore

2 er errbodl me t
the a |ﬁ'g‘38 i\/&] Srﬁcgg%grrfé'gmg suc Ulﬁ'i i'? OH B
‘Bﬁéﬁi@ﬂ‘*%ﬁa@@sed to provide a soft or hard spri ng
stiffness characteristi c : Preferably said neans 1Is

eI ctricall rat us ot her operatin
ﬁfw%lm Mﬁ%&aﬂ %as means such that it can’ ge opened

or closed  provide a soft or hard spring stiffness: dﬁarécterisﬁc ‘Preferably said

means is electrically operated. Various other operating mechamsms for the

:soiahng vaive are also envisaged.

in one ehthnent of the invention, operation of the vehicle on a side slope or
subject to lateral or Iongltudmal acceleration is detected uslng one oFf more
accelerometers. Altematively or in combination with the accelerometers, vehicle
ot and -pitch motions can be sensed using angular rate sensors. Altemaifively,

- vehicle lateral acceleration is inferred from measurements of veticle. speed and

stearing whiee! angle and vehicle iongttudma] accelerafion is inferred from an input
from the braking system.

Depending on the rolf moment induced on the wehicle by the inferred {ateral
acceleration, the control system switches the required number of wheel stations to
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| sol ati ng val ve are al so envisaged. 25 In one
enbodi nent of the invention, operation of the vehicle
on a side slope or subject to lateral or '
| ongi tudi nal acceleration is detected using one or
nore acceleronmeters. Alternatively or in conbination
with the accel eroneters, vehicle roll and pitch
notions can be sensed using angul ar rate sensors.
Alternatively, vehicle |ateral acceleration is
inferred from nmeasurenents, of vehicle. speed and 30
steeri ng wheel angle and vehicl e |ongitudina
acceleration is inferred froman input - fromthe
th% m  Depending on the roll nonment induced
g%% e 3@%?% e by the inferred lateral acceleration
the control system sw tches the required nunber of

{Bﬁﬁi@ ialféiﬂtdceeliﬁ'aﬁd?qsgrequiret Bﬁyhﬁegiéﬁr}idﬁ'{ﬁpbfn&eﬁtﬁﬁ%ﬂeﬁm%&e '
er aCG erall Qns requl.re, on e swmichni n O.
R0 i BRI Gt S M ifeckng Qe o e rubegs gveling

 edlickiyi intatrabauhe: Foa idre grieirieguancelivrehash aslieabls lane change
i kat .
SRBUEKY ot Ak i I o Bl S

. L ane change efrer ge
grfiens igdlne dighee springHatee ginimising dstemb diselagement of the
banire dif ajckty aBiithehmdrhisingVea@ehne bﬁfri&iﬁ?l e etabiht?fh%
ﬁgﬁ*@ﬂmﬁq%% mnimsing lateral displacenment of the
ce PEOP gpgﬁity and thus mnimsing roll and
provi ding maxi rum stability and handling

A0y e RO AU
C

W frentend dvingAd Bisdern fRng P deading e a fasa o Faciomg
U premaidigystetn offdros meafis dficactidling this h@owing PRSBENg rates

- BRI B e BIRANS: R erGGRI GBK T N9 Lhi's DY al | owi ng

‘the spring rates -

“"to be Increased forme duration of
t he braking event. 15 Brief Description of the

Brienbescrigiive drmveDiiuamye | | be nore clearly understood -

by the following d 'on of sone

The invention will be more clearly understood by the fofiowing destiition of some
embodiments thereof, given by way of example only, withteference o the
accompanying drawings, in which;

Fig. 1 is a diagrammatic fllustration of a vehicle suspensiorsspring system
according to the inventior;

" Fig. 25 a diagrammatic Hiustration showing the vehicle suspension spring
system in one position of use;

Fig.3is a dlagrammatnc iiustration showing the vehicle suspension spring
system in another position of use;

Fig. 4 is a schematic iliustration of a vehicle atfitude control system of the
invention.
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enbodi nents thereof, given by way of exanple only,
wth -veference to the 20 acconpanying draw ngs, in

which; Fig. 1 is a diagrammatic illustration of a
vehicle susp n piing system according to the
invention; 25 Fig. 2 is a diagrammatic illustration

showi ng the vehicl e suspension spring systemin one
position of use; Fig. 3 is a diagrammatic
illustration show ng the vehicle suspension spring
system i n-anot her position_of use; 30 Fig. 4 is a
schematic illustration of & vehicle attitude control
systemof the invention. 9 - Detailed Description of

P!é. ferred odi g egs%;st e%: for the purposes of
&au?edl’%sc onofg?oerre E i ticaI_Iy in Fig- | as

i ndi vi dual hydraulic conmponents. It can be

_Cﬁﬁ%wt&ﬁtﬁQhé‘ﬁurﬁtB&%f AR, é@?‘eﬂn@d%‘ggﬁaqnma%él?¥@ﬁ§ 18 |

ﬂ@“%ﬁ an inte rated strut utilizing’interna unes
d | trgrauticeo pBB?cﬂS% drap e sonsiapeied ?%FWM the preferred
dayopoiseotes of Befistegrateg dtart tuilerindr iBtetral Soluh&L bAd ivalves, as

IJ@%%J‘% q@éﬁ%ﬁyﬁlﬁghnve%%%ﬁ@ena on spring system

i ng on i ndicated generally by the

ref erence nuneral 1. The 10 suspension spring system
RefefEna igdae digwingsrherpiit ilesiratedfeyehisle syspansion spiingrsystem

Ricsdraing % mbnmnﬁtasmatbété@ g&r&au@n)@a& Aferéad nﬁme&m 184
56 3 S0 e o0 2 i
vl has different ardag v, @nd Kach eachl sidee The @istbn53 iseparates the

o307 eTe @ﬁ’nd@y sl ke @J)!br)fesv u Rbh ol 'vBI@ﬁ’le A add &lg tam"i‘.gzg' oil
second oi | - passages and 7 to accunmul ators

Jglume s, Jach kelurge apd éé%mﬂégct%hvwwalwﬁ%gﬂ lipes [eifirst angt

Gac@ndvi passgges o/@idumne at€inantbra B aadiS ldnatiay teasm predkueSin
%Ium’é?%%ﬁtd é(&lo% a#ﬂgﬁ % ldu&e%cihdaa%cé{mlj.]a@t AL v%l},lmg 1'18

separated -from é separ at or
deRsfivalym the ol iy eadh Peqya@ 5 Ss 965 awratecbfr@n the gas by a

. IskpREBIIstGACEHRThpAbagm 16, 17. Oil passages 6 and 7 aréifleréonnected by

oil fine or third ofl~passage 12 containing an isolating valve “13.¥falve 13 is
electrically actuated and may be anan'géd_to be aormally open: 6r¢;mannally closed.
For-safety reasons it may be desirable that valve 13 be arranged to be normally
closed. One or more damping orifi lces - 14 are inserfed as may be- desnrable in oil
passages 6, 7 or 12.

The cylinder 2 has a mounting connector 21 at one end. A piston:rod 22 extends
outwardly from the piston 3 through the opposite end of the cylinder 2, with suatable

' 'sealmg, and terminates in a mounting connector 23.

Operaﬁon'of the valve13 is regulated by a coniroller 18. at least one sensor 19 for
sensing a parameler associated with vehicle atfitude is connected to the controller
18. The controller 18 is operable fot switching thé isolating valve 13 between 6peﬂ
and closed positions for aftering spring siiffness in réSponse to the sensed vehicle
attitude parameter or parameters when the vehicle is in motion.

In the following description the pressure drop that occurs when oil flows through
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oil fine or third oil-passage 12 contai ni ng an
isolating valve 13." Valve 13 is electrically
actuated and may be arranged to be nornally open
ornormally closed. 20 For safety reasons it nmay be
desirabl e that valve 13 be arranged to be normally
dosed. One. or nore danping orifices 14 are inserted
as may be desirable in oil passages 6. 7 or 12. The
cylinder 2 has a nmounting connector 21 at one end. A
piston :rod 22 extends 25 outwardly fromthe piston
3 through t he opposite end of the cylinder 2, with
suitable sealing, and termnates in a nounting

C ve I
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sitdsfibmelz thm:sola‘spwa&eﬁacmhm sensed vehicle attitude
paraneter or parameters when the vehicle is in
motion. In the follow ng descrlPtlon the pressure

dthsdet spaing fsea pxertoghianthe sirutds eaus! te fequegisure. A.0n thermdia oik
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nmal n Ol on are
tip U iRe theryehigly ﬁlWﬁ%ﬁfqhhﬁ@es@ﬂtton@ﬂarI%W@e P, in the

annul ar oil volune acting on area Aa, which serves to

(RE] B8 ookl ol {198 irscey 1B sl it i fvelito

iqeplinvgs Iq@emcrpﬂesm tacebf th eylsgiertpiston Fout tie predsuenle

i o 5[%131'3;3)39%91{:%16 9 db@l‘d‘l’égeon ﬁ‘l@"ann@éor‘q‘éce()fas Qhéwrf M Fig. 3

trans erre accunul at ors. ec | ve
Hghreaematically iustratog the gffectiverpesttion f"‘@%‘% W@o&aag valvaitd is

atpsad. to the sumof the two smaller volunmes 10 and

In this configuration, for an 'increaseiin-st:ﬁt le‘hgth X; P decreases.as the main gas
volume 10 expands by Apx; while P, incréases as the auxliary gas volume 11 is
compressed by Ax. The strut force is given by P, Ay - P, A, The pressure

- changes are governed approximately by the Ideal Gas Law and the rate of increase

in P; is much greater than the rate of reduction in P, In a suspension this
movement corresponds to the whesl traVeIﬁng' info rebound or being unloaded. The
change in pressure differenﬁal‘ across the cylinder piston 3 greatly sfiffens the
spring and resists the extension of the strut 2. 7

~ Conversely, as the cylinder 2 is compressed, P,, increases as the gas in the main

gas volume 10 is compressed; while P, decreases as the gas in the auxiliary gas

- volure 11 expands, Again, the pressure changes are governed approxirately by
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11, gives a soft spring rate producing a confortable
ride. This is the spring rate that 15 is used when
the vehicle is irwetraightine notion on a |evel
surface. Wien the isolating valve 13 isdosed, the
pressure P. in the main gas volune 10 continues to
operate on the main face of the cylinder piston 3 but
the pressure P. of the auxiliary gas volune 11
operates on the annul ar face, as shown in Fig. 3 20
whi ch schematically illustrates the effective
position when the isolating valve 13 is dosed. In
this configuratlon, for an increaseinstrut Iength X,

I i o b
0 e 28289 S BT WRelEs in APbtlRn b3 BRAHe B o)
fegducting in Bt @ suseandian thig grovarpent sprraspords rtq:*ée méleg |trveeﬂinlgy
Wto Kithp otﬁaelr@aoadxb eﬁﬁrtﬂﬁﬁg&’ iff pFel&é\.ﬂQ Gﬁfei@h&l Y& he gyhnder
[ n% the Id E% and the rate
PR SR Rirbnd the 5ottt srsiia B S PR ParRutd;

reducti on |n P In a suspension this novenent

BY &P MRk iéh mﬁ ‘l‘@hﬁwﬁlspﬁﬁgaﬁéf%ldf Méq;ugaéh&%,; g;?ﬁy ggstté?ﬁ 1

bei ng unl oa In pressure
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BiDa stregghd gk Greteved igfouhd @he Xispamicdspafg $yRRnBatTaabh RAdividual

y %&YS&E&J \Xduldattehsepf% soit E%Q%f. ng%ai\:% gonpressed. P

I'nCreases a gas volune 10 is
. conpr essed; mhlle P. decreases as the gas in the

@uamhdnaav tfﬁa%olaﬁdﬂ ViR 43 .@&9@1@& bf\IRichhtrolidiC1a which 5

ressu ch es are ver roxi mately by
?‘H@ a‘ifﬂ '@a %{ﬁlssvﬁd"%g ﬁ%*’? A %?’B-‘ fpcTensiag V?mc'fraaﬂm@e
mrahegrse alti @espblszntotifiert frarh dha Sensoretd) dicl @htrolien 1$’epenb ora

7 t rav gﬁis&&ntg%?% r{gg or B ng&ﬁgé]a%ﬁag’ "If{qg%c?} an g‘“;émlt A

foF ertiyrpvelijclereremansg- across the cylinder piston 3
greatly stlffens t he sprlng and resists the
s | O, St Ut By, dosi ng.the, isol ation.
3Pyl o4 Hard o SreParcdinai drhire Aie gre
g&gsmmqmom ami;ursm efdhresing pgemblisstdesaibédipraviously. iParts

- SIRVARE 885k ddaibedpRRicl g ar‘é%@él&rloe% :ﬁessah{e%f@#ehwaméréia%

str |ine on | veI round, the suspensi on sprin
@&é%? Ma‘@?@% wn with a sirut asseneb!y 1 at eachpw
stahon 30. The sm_assembhes 1 are all connedied to a common: oontroller 18

- - which receives input from one or more sensors 19 which may, for.example, sense
vehicle steer-angle, speed, braking, for example, of accelerometers or angular rate
. sensors may be:used to deiem;i’ne fateral and longitudinat- accelération of the
‘vehicle. By way of example a vehicle steer angle sensor 32, a vehicle speed
sensor 33, a vehic‘]e. brake sensor 34 and an accelerometer or angular rate sensor
.35 are sho#’m in Fig. 4. In response to input from the sensors 19, the coritroller 18
-deter’mfn’és the lateral and/or longitudinal acceleration of the vehx:cle and

independently adjusts each of the strut assemblies 1 at the wheel stations 30 to
counter body pitch induced by the longitudinal acceleration and counter body roll
induced by lateral acceleration.”

While the isolating valve 13 has been described as being located between the first

- oil passage 6 and the second oil passage 7, various other equivalent arrahgements.



wheel station would be set to soft by opening val ve
13. 10 Operation of the isolation valve 13 is

regul ated by a. controller 18 which Is connected to
one or nore sensors 19 on the vehicle for sensing
vehicle attitude paraneters. In response to input
fromthe sensor 19, the controller 18 opens or
doses-the isolating valve 13 appropriately to alter
the spring stiffness of. the strut 2 is for optinum
vehicl e performance. Refefping nowto Fig. 4, there
is schematically shown a vehicle attitude contro
systemincorporating a plurality of the strut

aﬁ? 68ploviasd Qﬁﬁféfdoh%i:hlﬁﬁ ﬁ& 'o@ Bykains £386d on op%'ogﬂel @Jes ©Pthe

descr pLeviously are assi ned the sa
PSP P S AR % RS0 P 1S oot mas baresnisd
Belwegreihg h@mﬂ\mlume @ amt rotulasd eolbiny 5tof theagitdembraRtween
gk@ﬁu@mtégmﬁﬁg%&ﬂﬁdgngéqgnbl|es 1 are all connected
to a common contr ol 8 which receives input from
one or nore sensors 19 which may, for exanple, sense

Asreie lob the tpeREntdm@hon HRe B@Bn dé&éﬂbb@ By whPbf &éﬁ.g@ |oﬁly aﬂa

AT Elato iy OB i FrodiFBR RefBy arede fsreter

' ‘t‘fﬁ@%‘?v@m @P@ﬂleByOmeﬂyer@ﬁf ae)ddiqsﬂ @ the amlendddcidheer
angl e sensor 32, a vehicle speed sensor 33, a
vehi cl e brake sensor 34 and an accel eroneter or
angul ar rate sensor 35 are shown in Fig. 4. In
response to input fromthe sensors 19, the controller
18 deternmines the lateral and/or |ongitudina

accel eration of the vehicle and independently

adj usts each of the strut assenblies' 1 at the whee
stations 30 to 30 counter body pitch induced by the
| ongi tudi nal accel eration and counter body rol

i nduced by lateral acceleration Wiile the isolating.
val ve 13 has been described as being | ocated between
the first oil passage 6 and the second oil passage
7, various other equival ent arrangenents 22 nmay be
provided for interconnecting the oil systens acting
- on opposite sides of the piston 3 of the strut 2. -
~ For exanple, the isolating valve 13 may be nounted




between the main oil volune 4 and annul ar oil vol une
5 of the cylinder or between the oil chanbers of the
accurmul ators 8, 9. 5 Aspects of the present invention
have been descri bed by way of exanple only and it
shoul d be appreci ated tha addi ti ons and/ or
modi fi cati ons may be nade %hereto W t hout departing
fromthe scope thereof as defined in the appended
claims. - 13 - CLAIMS 1 A vehicle suspension spring
ClAIMBem for a vehicle wheel station, including: a
strut assenbly having an hydraulic cylinder with a
pi ston which divide the cylinder volume into a nain
1.01 | valydhBe 8iedlonrpnid ssteRi tbr aARhidEBYheidtaRomM i@
vol une communicating via a first oil passage with an
associ ated first accumul ator having a main gas
vol unez statiaskeamlyHasing an lhydralliorgindermibrd gsibn wgicl digida the
second. pide, 8 athdif oA sh %r‘ﬁ%r%ﬁs(;&% |
accunul’ator having an auxiliary gas vol unme e oi
in each accunul ator being separated fromthe gas by a

separ ad=@f mam' ol beiLmh’e dompbrficgng \ea tehiirst adi baspag@s agie an
W! th anﬁ,l :ae |rst cs)ln{f].iléfgr h‘éﬂh%gmlamt ES&iﬂJﬁeeCt s said

first second ol I passages, ans tor swtching
the isolating valve between open and cl osed

posi ti ém-sannu%h%n%m&élobﬁﬂ]ulnﬁattneana BRAESHdI &I fissuge dadl an
for sensin atititude paraneters,
Lol o cael e Tk loBRn T a i el S SRR o o

which is operable for switching the isolating valve
bet ween open and closed ositions_ for aIt rlng spring
stuffn@%g" npach gspygHeert 9§§P%faf§aﬁg'86“e\,9€ﬁ EFE=Par or
attit pdenpadapesen, or paraneters, wherein the

sensi ng neans includes one or nore sensors for

detecting lateral acceleration of the vehic
a third oif passage with an isolating valve which interconnects sa|d first and

second oil passages,
means for switching the isolating valve between open and closed posifions,

- characterized in that means is provided for sensing one or more vehicle
attitude parameters,

said sensing means being connected to a controller which is operable for switching
the isolating valve between open and closed positions for altering spring stiffness in
response to said sensed vehicle attitude parameter or parameters, wherein the
sensing means includes one or more sensors for detecting lateral acceleration of the

vehicie.

A vehicle suspension spring system as claimed in claim 1, wherein the sensing
means includes means for sensing a vehicle's speed and steer angle, the controller
having means for inferring vehicle lateral acceleration from said sensed speed and
steer angle, the controller being operable te reguiate operation of the isolating valve

in response to the sensed vehicle speed and steer angle.
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2. A vehicle suspension spring systemas clained in
claim1l, wherein the sensing neans includes neans
for sensing a vehicle's speed and steer angle, the
controller having nmeans for inferring vehicle

| ateral acceleration fromsaid sensed speed and

steer angle, the cont ror{%r bei ng operable to

regul ate operation of the |solat|ng valve in

EL\%%E%I S&&%&nstogepﬁ%r;%%g Vgs c% rr?ed IR ‘Iean aln ;e%et e segs mg d

ensi on spring sStemas clai

“imeagd abmmrises \wherogimpre mceé%mvztnrg wmgiateﬂi@rserssegs ondhe

Qémé@ E6nREEE ke Fh@"%h%l@r %cna%gweaermer Bt RtRME AehicleNatbhe
ect ngu tg&g troI | er which is operable

|
FB*&?EEE“EP?FP e\ﬁ?ﬂ?"él‘ rc’”%\ccel eration fromthe

sensor input to the control I er. 4. A vehicle

%%R@l@%h%ﬁ@ﬁ épﬁ‘:ﬂg $)dne 3 ASimel W 4 brdBaiRdYaiRY GR&GSH B

| aim whereln sensi ng means i ncl udes_one or
ﬁﬂ?sé‘gé'%??é‘%f@“ﬁ%grmﬁé’( 81 $R5°9® Ry e Gefing danoiing| aceglereiing
of the heniokehi cl e. 5. A vehicl e suspension spring system
as clainmed in claim4, wherein the sensing means
conprises a sensor in a brake system of the vehicle
FoveiBleeRSPRYSION PTTeth SYffem ehélanesikia ojs e mhetefiethe sensing
¢Rahd edrh@ked@vbndgr Weanskd gtehndrand Mﬂl@:le\/temefébteoperatlon of

ngi ud| naI accel era from
6h€e$ra% \rt] th% contﬁoqlerl Fe\avst’n mgﬁrgs (P% ng%rpzlw% vg‘mcie Iogﬁl?ugmal

@P%laﬁ@@nffnm@ﬁlalsmsﬁd bwh@ﬂ@ratloﬂhe sensi ng rreans
incI udes one or nore acceleroneters or angular rate

nsors_on t he vehicl conpect ed e controller

AR SRBERRLPES BV &F (PR BHIEN & MORGIT TRisRaS
aeend Brladasamne or oonet dvecigremsters darmpgiiartrate seesosamtthovdhéie.
Z:onréct‘é@ hb Gclll@ céﬁr%ﬁt.ern\ﬁtlnw zssgﬁérélﬂe R SLEMIRS V@Hl@é rﬂ?lg:tddl?\al

pr ecedi ng n which at |east one danpi ng
G‘F‘fefqr?f@” frem “l’*?s?eﬁfcfré’tﬂ’” tﬂﬂ'ﬁﬁ@”t(ﬂ“e’nore of the oil
passages. 8. A vehicle suspension spring system as

| \%'hi%%ukééné’iﬂ%( a;prrns “sg&érﬂ %? ClafldBin LAY Q!\’Q&e%fhﬁ;tcﬂﬁn WA at

peni'ng I'sol at’i n
éﬁaéfcqnﬁudéﬁpwowsersa@%'e 9‘0”%\00'@Hre<9|f @egugﬁfé@@ison system
conprising a plurallty of the vehicle suspension

Z\Weh%g fsugaéﬁ%g{%ﬁf%é g e%l\ g@gal}ngd %n%gﬂe%&? 99 agmclln %vhn‘-n the

means for opening and closnng the :solatmg vatve is electrlcaliy operated.
A vehicle suspension system comprising a plurality of the vehicie suspension spring
systems as claimed in any preceding claim, each of said suspension spring systems

having an independently variable spring rate.

A vehicie attitude control system for a vehicle having a plurality of wheel stations,

including:

a strut assembly at each wheel station,
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12,

havi ng an i ndependently variable spring rate. 10. A
vehicle attitude control systemfor a vehicle having
a plurality of wheel stations, including: a strut
assenbly at each wheel station, -15- each strut
assenbly having an hydraulic gylinder with a piston
whi ch divides the cylinder V8l ume into a main oi

vol ume and an annul ar oil volunme, said nmain oi

vol u i i -\ i oY i . a,
nssocrel SRTARRl Bk ) Goclichuler wiR 3T M a@es
vol uriee cydrde valmriintera BiD oL WIURRERNE SR IF S VA% a a
second oil passage with an associated second

accumnul at or _havi ng an_auxiliar s. vol unme, . .t he oil
T e e A POt ik AR YoRsE W e
separfatt eccupivstan havigra gaiaghswgme. a third oil passage
with an isolating val ve which interconnects said
first and second oil passages, neans for _swtchin

" the il 8AnUiag O HOHEHEIHREITAHNSHR dh8PENG Sl Passage wilh an

POSi tdsedtfated s2abrid Rturbiliforb@lingacannegisasvdiamd conmmon
controll er and sensing neans, the sensing neans for
sensing one or nore vehicle attitude paraneters, said
sensithgoihie 2ash dveumgatooraingcepeiated frot éhecanstby gl separatphpigen
I's opghaBheghor i ndependently switching the

i sol ating val ve of each strut between open and

cl osed positions for independently altering spring

sti f fness odfpaesagd with rautisdiding VasPaNhise int@caabds saasiat and
vehick£0§g%it&gee£araneter or paraneters. 11. A

vehi 156”5t Pt ude. cont r ol systemas clained in claim
10, wherein the controller has neans for inferring
vehi chesk ad Shddnird GELS4tRAL VAT fdhfdBnpseARatba4e Bbsilofs,
speed and steer "angle and a sol enoid actuated dua
rate hydro-pneunati c suspension strut at each whee

st at | @Rl Dlisttarg ¢efrictke to 4 tnnedrbntalibrednd Bensig rogeas abl e
to engage the required spring rate at each whee

station to counter body roll induced by the said
| at ertht sensing means for sensing one or more vehicle atftitude parameters,

said sensing means being connected to the controlier which is operable for
independently switching the isolating valve of each strut between open and
closed positions for independently altering spring stiffiness of each strut in

response to said sensed vehicle attitude parametar or parameters.

A vehicte attitude control system as claimed in claim 16, wherein the confroller has
means. for inferring vehicle lateral acceleration from a sensed vehicle speed and steer
angle and a solenoid actuated dual rate hydro-pneumatic suspension strut at each
wheel station of the vehicle, the controller being operable to engage the required
spring rate at each wheel station to counter body roll induced by the said lateral

acceleration.

A vehicle attitude confrof system as claimed in claim 10 or 11, wherein the controller
has means for inferring vehicle longitudinal acceleration from a sensor in the vehicles
braking system and a solenoid actuated dual rate hydro-pneumatic suspension strut at

each wheel station of the vehicle, the controlier being operable
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14,

accel eration. 12. A vehicle attitude control system
as clainmed in claim10 or 11, wherein the controller
has nmeans for inferring vehicle |ongitudina

accel eration froma sensor in the vehicles braking
system and a sol enoi d actuated dual rate

hydr o- pneumati ¢ suspensi on strut at each whee
station of the vehicle,-16he controller being operable
-16- to engage the required spring rate at each whee
station to counter body pitch induced by the X

| BrRfiopefd ihgAPIHieE sPERGIdD AL eard Whkel R 8 corpipt by pitch
Clafice®by B¢ Sdngifidat &lcalbmmsh i n any of claims 10 to 12,
wherein the controller is operable for using sensed
nmeasurenents fromone or nore acceleroneters or
argiehige attiatde corirmd eysient es daimadineany of okimsdiodo 4% twiategdthe

ditRbrolleft i€ o;tévé?b’é) f&n%.n@t éeaséouma&bm@n@tﬁdﬂ (fhfe 8aGhbre
wheel station of the vehicle, controller g‘é{”&?ﬁte

oPFEPEIMEE H 0% ?@Hlj’é E 3 aEep? PGP YLl
wineled-pretaitiiconuspansioo sintt @f each etigel slidn of trduebidie e controlier

I i .
eélﬁgr %era@)ﬁactﬁ 'tg@nreg%éedo 2 A@Iegteqt Qadl Méeuga.om@&m{er

/ I s 3, wherein
Y“E'd'r‘ﬁ“?%ﬁ H’Véﬁtefaéa‘iﬁ’ﬁ'é P-e for usi ng sensed
measur enments fromone or nore accel er oneters or
angul.ar . ctutea enal at e
BN pERLE SBRRT et & AEMEE o o 8 FRID T G Rl e
wherwblles t iat preTal fpmexssmeme@rs@ RdRELIeTGHS 1 BT e@neb@i‘ Tapre
09&%@%&1&9 oe Eggm% rgte %eﬁ&%ﬂoraﬁﬂjaﬁaoé |SBIanﬁ@E&ueﬂéd gt hate

bt ot Suseearen vont oo afet) BB g, ne

Speritmiier Syisg eperafb st emape tha repiTee Blmns usip ah sacprwheplrstaiign
S VoAb bbby bRt i AbRities hecslemlib@n | ncl udes a
hyodit“roaﬁ%l c %Eﬂ{ﬁ gr oryqs'fg; ut 20) havll ng a piston (3)
whi ch di vides the cylinder voI umre into a main oil
volume (4) and an annular oil volunme (5). The main
of f volune (4)
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conmuni cates via a first oil passage (6) with a first
accunul ator (8) having a main gas volunme (10). The
annul ar oil volune (5) conmmunicates via a second oi
passage (7) with .a second accunul ator (9) having an
auxiliary gas volune (11). The oil in each

accunul ator (8, 9) is separated fromthe gas by a
separator piston or diaphragm (16,17). A third oi
passage (12) with an isolating valve (13)

i nterconnects said fast and second oil passages (6,
7). Operation of the isolatng valve (13) Is

regul ated by a controller (18). At |east one sensor
(19) for sensing a paraneter associated with vehicle

attitude is cqrg]ﬁglbe‘g{,g&ngrﬁ,ggﬁgég%@n(w) The

controller (18) 1s operable for switching the

i solating valve (13) between open and dosed positions
foraallgring spring stiffness of the strut (2) in
response to said sensed vehicle attitude paraneter
when the vehicle is in notion. Fig. 1

A vehicle suspension spring system (1) for a vehicle wheel station includes a
hydrautic cylinder or strat (2) having a piston (3) which divides the cylinder volume
-into a main oit volume {4} and an annudar oil volume (5). The main oil volume (4)
communicates via a first ol passage (6) with a first accumnulator (8) having a main
gas volume (10). The annular il volume (5) communicates via a second off passage
{7) with a second accumulator (9) having an auxiiary gas volume (11_). The oil in
each accumudator (8, 9) is separated from the gas by a separator pEnon or
diaphragm (16, 17). A third ofl passage (12) with an isolating valve (13) interconnects
said first and second oil passages (6, 7). Operation of the isolating valve (13} is
regulated by a controlier (18). At least one sensor (19} for sensing a parameter
assodiated with vehide attitude is connected to the controller (18). The controller (18)
-is operable for switching the isolating valve (13) befween open.and closed positions
for altering spring stiffness of the strut (2) in response to said sensed vehicle attitude
parameter when fhe vehicle is in motion.

Fig. 1



