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- 1 "Vehicle suspension spring system 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, without affecting the ride quality.
The systemis particularly applicable to independent
suspensi on systens fitted with hydro-pneumatic
suspension struts, although its application is not
limted to i ndependent suspensions. 10 Background of
the I nvention R de and handl i ng perfornmance pose
conflicting requirenents on vehicle .suspensions and
thus desi gns ar evgrigRIsatdansidhispny &tedfhi eve an
acceptable 15 conprom se between the two, depending
on _the application. Wile a stiffer suspension is
eskigldiof the Ipwentiothance the rol | over threshol d val ue and
control performance of the vehicle, a softer

S ensi on yields good ride performance at the
e;@"%ng@s%‘ﬁ ’ ‘@B?O“sfeg?éqﬂ for yehighey sysneasien Gaifg exstansoland 29
| rintredech asx h emenharien 3o Rfsash aF@ USIErdaRlahca\be 8l enelading

o BB R Eanel i o BBV ol i Rl R s o

r dii5BPMdealssusPRNSigN isysterkh fitds wigh hucdro-pneumatic Simpensidtestruts,
qkhdugh 9 8pplisRo 8 AbiGiRed toliRABARBASILpRYGRENST ON

systenms have a nunber of advantages over beam axle 25
suspensi ons. The i ndependent configuration renoves

c Backaroandofithe lnwentionhe wheel s pernitting one wheel to

effectively track a positive obstacle while the other
tracks a negative one. This factor conmbined with the
| & 2ath- %ﬁs\%mgpﬁﬁ@@ém psse eaenilitiog t reatirqoussist ione vehicle
g5 @ipBALIEHBNANICHUS YodiGisNar8] RRACral) dileh bl &BRRve Wh! dbceptanl
wms i sol aetn'n;?]n of the. _sgr ung mass fromthe roga\de
| Ehpfalss Selidn iR, M SRETGRY (37 T SRArAloRAWRER sbgihr
t JYRPSNIn Susisentsl dm eshaicenthdyrolldver UBa@hall value and control
performance of the vehicle, a softer suspension yields good ride performance at

the expense of poor stability and directional control.

In beam axle suspensions, because both wheels share the same axle, vertical
movement of one wheel causes a similar movement in the other wheel. Both
~ wheels respand as one unit, which datracts from the ride quality of the vehicle.

Independent suspension systems have a number of advantages over beam axie
suspensions. The independent configuration removes cross talk between the

- wheels permitting one wheel to effectively track a positive obstacle while the other

tracks a negative one. This factor combined with the lower un-sprung-mass helps
ensure that positive ground contact is maintained at all times, with maximum
isalation of the sprung mass from the road inputs. |

Optimum ride quality is achieved for both types of suspension system by the use of
soft springs and allowihg large amounts of wheel travel. However, the handling-
c¢haracteristics of both fypes of suspension configuration 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 both
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 a
roll event. This rolling is due to weight transfer
fromthe inside wheels to the outside wheels caused

- by the centripetal acceleration of the vehicle as it

corners. This roll is accentuated by the displacenent
of the vehicle centre of gravity towards the outside
Wﬂh hgs, aragodpredske ahd tHadihner Sp@ige @&@ﬁ&edl damwgeg il GBIkl
[ PaSSIV pensi ons
aurchiiE e 5 vlBhe L ok (s pe B S VB Fried
eV F%e@meleragomﬁtther whicletrsritscorrera hiairoll imaccentuated
adYANPEHILOME QNnS %eih&é V&R of g tglﬁel?&l thé guté}ﬁ?wraeelsé an

conptr perfornmance of the ve Front - en
ur?ﬁtS?‘ ‘b?‘ aR @'%?6%? Shvehicles| with high, Fé“tf?étqf QEBiy- Parpive vefidle
s sHénegsionslard thih eftdraddsighéhivittaaxiiag relESiffhatk knefanishiRaLEmt

_é‘ﬁg?r RPEER RER S el bRt e b, an

HQFQ"F?"C&rﬂi they V@m Frentead {dive” undgsrimake adtien isodlso

S tiokd maissabRfwith Rer yfRgs! €. The sane however is not true
for independent suspension systems. The key
‘performance advantage for these is systens is the
afbe faskthatf axexdress dalio BsnHesdnk toalmeakmt dxfes Gaapd Bhhe Introductlon

I BELRSRG, f ful l n
travel . ?L%%%th;t 0 u@hllegn é@%wmen%c%ﬁg%[{&g%\d 5 ﬁeﬁﬂg sty
2lTRERE thRcrolh fitiness of the vghiglee Then garpe feweice ifnot Itme for

s irgemEntian dubpensios l#}ﬂémﬁ THO &Sy pbl@eiﬂlfftarﬁcﬁC&d?/E\Fltelg;Q1 kot these
\A@s C?(ra‘ns' 1991 ectgsc‘éncé]oftaxf3 |':1 ss ltadlggn%ﬁhe f ﬂé%‘q%p%lp%cé gfl \a(?heel
eg‘ﬁ‘é%"%* P‘{ﬁ" IﬂF‘P @HI aarlge rigielgTheninireduniivendf siny @chéafaldinesge
f hdrbRGhaVakId rR R TR in@ep%ﬁdsmﬁg BP?Q Vé%fé’m%h% lnﬁ&ﬁf&&é“& s

Séﬁ‘eE’n@h Q@l’?e :f‘gitllg E’é’r %aﬁg 3&? e{‘t(’e'b (a)faPlH}Y i9fhe vehidiey d3fbe1°PS a
ssigriificagtdess df ridelyaaling bspekally iRclialieidmg ealirosestens have
been proposed to i nprove the
Vehicles fitted with pneumatic or hydro-pneumatic suspension sysfems offér the
~advantage of a variable spring rate, which can be manipulated to improve the rall
stiffiness of the vehicle. A number of systems have been proposed to improve the
roli stiffness of vehicles by manipulating the pneumatic spring rate,.all of which
involve the cross finking of the spring elements on a given axle coupled with some
© means of ofl transfer between them and/or external reservoirs of some description.
See for example DE 4004204. Such systems again serve to detract from &e
independence of an independent suspension system, compromising on ride quality,

Japanese Patent Application Publication No. 62-286817 discloses a hydro-
pneumatic suspension strut with a pistoﬁ dividing a cylinder info a top chamber and
a bottom chamber. Each chamber is connected through a damper with a separate _
accumulator, An external oil pump or accumulator connects to each chamber
through infout ports. This allows chamber pressure to be adjusted for attitude




roll stiffness of vehicles by manipulating the
pneumatic spring rate, all 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 reservoirs of sone description. See
for exanple DE 4004204. Such systens again serve to
detract fromthe independence of an i ndependent
suspensi on system conpronmsing on ride quality. 30
Japanese Patent ApplicaticenzPublication No. 62-286817
di scl oses a hydro- pneumatic suspension strut with a
pi ston dividing a cylinder into a top chanber and a
botantioh dimemadly closeichutolavarbainetts betaasiand ¢ambBrs AR, when

- dagRAka, \MfMgbgd)flgafbglw%& magcumul ator. An external oil
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punmp or accunu onnects to each chanber through
inlout ports. This allows chanber pressure to be

ad!t S b ijfaﬁtrof ahd lpfdé&ﬂ idvenfidi ol ﬁbwdeAa REKiIORs|idhehidiGs @;g'mg

é’ahéﬁe & a bet ween tha nbers which,
PORs™ HotHy SREP 1Y Quen QRTINS (e ?%‘“’ﬁﬁ“%‘ﬂ‘j’"@ﬂt
ofpr@m@nqoar@@ewhlcm ww @rovide thetpobijervitiiadsefal chigiéd. cl e

suspensi on spring 5 systemthat goes at |east sone

'V\ﬁé}s t oward overcom n%mt]he above-nenti oned probl ens

FeknMedgediithal ter UM ceonprise” mia ¥nslenwarying jusisdistiohs be
Chpwovided with ditBeratkeeivbios gedmm&lﬂi mbiingt SFdNtheE BﬁFﬁééeS& this

r [ |sd I Vi
gq%g ﬁ%@ggﬁ' %)ﬁ{ uar vgé'g[se "ﬁ ?/EV ﬁ’@éﬂﬁ'ﬁﬁmmﬁrﬁwﬁ'@"e an
pURghsive mepningi-de. thal ispay bé ladsat loomeanaamdnalsioass not only the
Otilbl@li %rﬁ&m@ﬁﬂ% QirBetly rdiGlchde; bt BRo Bﬁ'ﬁm&%ﬁg&he%e%a %?ts

clusive mmeaning - |
r Sefarifot, s i \forBieos 15p abiitisdunia asibrosdal imerpreaion
C GupIERgri¢ wvithit ady rghven ljytistiefonr @ oBIS ratbile 3héul alb @k used
n%eﬁglgqér%%gm?ggggo&g;&[,%Orgmm cor di régl y, the term

conprise is e at 2d W % as broad. an
interpretation as possible wi thin any given

j %ﬂﬁdﬂlaﬁbéc&rbf&ﬁ& pFeBérﬂ tﬁv@ﬁﬁdﬁﬂﬁff Sec%hﬁlapgar@l\tsfﬂmp ﬁ'aeuechggng
or COﬁprSIhg ar e

USS%Q ‘EBM‘EEP gé‘?ﬂ??ffvgyg?ex?ﬂ@eﬁ?!%sent i nvention wll

. becone apparent fromthe ensuing description which is

ORIty ot mibntfo@ ™l € only. 20 Summary of the
I nvention

The present invention provides a vehicle suspension spring system-which
manipulates the spring rate of each individual hydro-pneumatic suspension spring
system on a vehicle without the need for cross-linking and/or external oil reservoirs
and the associated pumps.

According to the 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.

n a particularly preferred embodiment of the invention means is provided for
“sensing vehicle roll and for controlling spring stiffness at each wheel station in ‘
response to sensed vehicle roll. '
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spring system which nmanipulates the spring rate of
each I ndividual hydro-pneumatic suspensi on spring
systemon a vehicle Wthout the need for cross-1linking
and/ or external oil reservoirs 25 and the associ ated
punps. According to the invention there is provided a
vehi cl e suspensi on systemin which each wheel station
of the vehicle has a hydro-pneunmatic spring system
having an independently vagiable spring rate. 30 In a
particularly preferred enbodi nent of the. invention
means is provided for sensing vehicle roll and for
COt el dritaginfRe ih8@ 15 ordvidee %Sveafclee@&kbn%ﬁ hrirf Ws{eﬁﬁfo!- 2\
r e PONSEiQ ensep vehicle rol I n.one enbodi nment
theres pr PHEFdGeni cl e suspen5|on spring system
for a vehicle wheel station, includihg: a strut

assenb Ia%trblaa\ééé?ﬂ)[%vmf QFI ﬂgﬂélﬁ' c b Lélé? Qﬁlrn ?gdsi \nﬁucR dﬁ/ Dihe |

whi ch divi des the er vo
vol ume CYRder yplums it %\F‘a'ﬂloﬂ VQ}WW ansﬁamdarmdwﬂumel voI ume
communicating via a first oil passage with an

associ t ccunulator havin [n gas vol une,
10 sai gélgﬁﬁ% aorﬁ TS, SPURETICaSAgn 1A gaﬁrﬁgg" \H"“g esWiHL R
oi | passsagatedfi lﬁ?ﬁmmnulas@wmaa ewing@s goldmeccumul at or

having an auxillary gas volune, the oil in each
accumnul ator bei.ng separated fromthe gas by a

separ af® a“%’%t%?("'&?‘eﬁ&‘ﬂwf"aﬁiﬁ? Vg ] FeGoRd 8il Pagsags ygre an
Wi t h- asssbeatbdibécogd alivalatohisving b hediaayas véiems,ai d fir st
and second oil passages, means for switching the

i sol ati ng val ve between open and cl osed positions. 20
char acthedl degadhmaocumylatanbaing jeparpted iodetiefgas by ensspagtor

one Oof pigeH &r diphidghe

a third oil passage with an isolating valve which interconnects said first and
second oil passages, '

means for switching the isolating valve between open and closed positians,

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

- said sensing means being connected to @ controlier which Is operable for -
switching the isolafing valve between open and closed . positions for altering
spring stiffness in response fo said sensed vehicle attitude parameter or
parameters. o

In another embodiment. the sensing means includes- one 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 confroller having means for inferring vehicle lateral
-acceleration from said sensed speed and steer angle, the contraller being operable
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attitude paraneters, said sensing neans being
connected to a controller which I's operable for 25
switching the isolating val ve between open and cl osed
positions for altering spring stiffness in response
to said sensed vehicle attitude paraneter or
paraneters. I n another enbodi nent the sensing neans
i ncl udes one or nore. sensors for 30 detecting
| ateral acceleration of the vehicle. In another
enbodi ment the sensing neanss i.ncl udes neans for
sensing a vehicle's speed and steer angle, the
controll er having neans for inferring vehicle |atera
aC erleguiZtt opératioh@Mthe ddofhtifg R0n FRB&Ee 3o $4R8H vaHiH See
Snééﬁ% |,Ler being operable to regulate operation o
he 150 ng val ve in response to the sensed vehicle
speed and steer angle. In a further énbodi nent the

semd fﬂ&]éf%ﬁtﬁ&llﬁ%ei éﬁscfnd)rﬂga{ é: g rLs%s eccﬁ'ln?orré)g%glgm&eters

€ connec

or 3{'3 rate sensors on
t he" ﬁ'? - 8ie sepsafher e vehidgeanagnted to the cgaralienwhich is esiraiie

| atostetErmine ety laterabacchie@idd #n 60R8MYor inPRYS tht Sortidfor.

controller. In another enbodinent the sensing nmean s
i ncludes one or nore sensors for detecting

| olgRnother eEibodimert| the sensing meanshianciuddsi adecor mdrel sensors for

an@dérihg BAGINEIAIRBIeId-418n SERS [ditydreans ‘conpri ses a
sensor 1n a brake system of the vehicle to detect

operation of the brake system the controller having
nelarsothérommtiodinent tha genselgintdans bﬁﬁ@s&ﬂals&ﬁor AGCHEIR Shlepn

il r&%é@hfé[eﬁg naed uﬁ&%{(o% SR B gf,tu@eg\e 8ﬂ|§rog?rnw{qp%means

nbodi nent the s nmeans I n
cfE’é‘Pf@f’kﬂ%?'é?'%*Oﬂﬁ'tUd'Bﬁ gme&fa’fpafrem%lﬂl%mssd brake bgeratiohi cl e
connected to the controller which is operable to
i tudi nal acceleration fromthe

d hi | |
3 hEhdhd 2mb St Eine S0ghd entbdnon B onsis hess corbOMEiAer

ataﬂlge'a@'ate@eesmpﬂm gehinié ¢dnoextédsto itiesdoatrdlietwhich i BEerabie to
© Mfeforfhe velfcid B BSRA Qdi, &
.thg ﬁeaﬁg for @%@%bﬁg an ﬁﬁgg#ﬂbq%ﬁ&nﬁ@bﬁ I'ng WHFVe
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In another embodiment at least one damping orifice is installed in one or more of

the oil passages. -

in another embodiment the means for opening and c¢losing the isolating valve is
elecirically operated.

In another aspect the invention provides a vehicle suspension system comprising a
plurality of the vehicle suspension spring systems as claimed in any preceding

- claim, each of said suspension spring systems having an independently variable
spring rate.

Ina further .aspect the invention provides a vehicle attitude control system for a
vehicle ha_ving a plurality of wheel stations, including: '

a strui assembly at each wheel station,
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electrically operated. 25 In another aspect the

i nvention provides a vehicle suspension system
conprising a plurality of the vehicle suspension
spring systens as clainmed 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, including- @ -strut assenbly at each
wheel station, 6 each strut assenbly having an
hydraulic cylinder with a piston which divides the
c_y: i ndeach\stlittaseeniliyt Iviag BR hydradlit cyiaddd wh _aﬁlétoﬁmvhﬁ:{if LIREN
oil vo . [ conmmuni,cat i ia a
1 rot oo d bt Ris Rk of SR AEPATRARG B yine
accunul ator having a main gas vol une, said annul ar oi
Vol UneshidiEiof Aolui@ YrAmdhiGRRP WA Qi krsPBP $ALBM R 2D
aSSOC|§%edt§ﬁFqnd agﬁg | at or aV|n? an au)dlTary gas
vol ume®SS IR PHES' FEFURYA R JRH SR Bahsea i Mehei ng separ ated
fromthe gas by a separator piston or diaphragm a '
third g i L j ich .

| nt er connau 8oithe BofuliBhg e 1sgtBid S MlsEd i an
means 36PCAGH teeAndgeymidatordgViag phgpdiany ges Ylunkeen open
and cl osed positions, said struts being connected to

a co ontroller and sensin ns,. 20 the sensing
means TP Boreh REogIHEE, el SEPap EPB tae B0 B seperator
par amerigiersor digghrdgmensi ng means bei ng connected to the

controller which is operable for independently
smﬁtching the isolating valve of each strut between
open #htid & prserpeyiBianisoiaing witve; whinbJelpraenerty saif fist anty
spr i ngsesdridicllpasagsf each strut in 25 response to said
sensed vehicle attitude paraneter or paraneters. In
anot her enbodi ment- the control |l er has nmeans for

i nf er rMeags {ae AVvitchiag thetissfating valve between open and closed positions,

said struts being connected to a common confroller and sensing means,
the sensing means for sensing one or more vehicle atlitude parameters,

said sensing means being connected to the contrdt[er which is operable for
independently switching the isolating valve of each strut between open and-
closed po_siﬁons for independently altering spring sfiffness of each strut in
response to said sensed vehicle attitude parameter or parameters. |

in another embodiment the controller has means for inferring vehicle lateral
acceleration from a sensed vehicle speed and steer angle and a so!enoia actuated
dual rate hydro-pneumatic suspension strut at each wheel stationi of the vehicle, the.
controller being operable fo engage the required spring rate at each wheel station
{o counter body roll induced by the said Iaferél acceleration.

In another embodiment the controller has means for inferting vehicle lengitudinal
acceleration from a sensor in the vehicles braking system and a solenoid actuated
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~accel eration froma sensed vehicle speed and steer

angl e and a solenoid actuated dual rate

hydr o- pneurmati ¢ 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 |atera

accel eration. In another enbodi ment the controller has
means for inferring vehicle |ongitudinal acceleration
froma sensor in the vehiecl es-braking systemand a

sol enoid actuated 7 dual rate hydro-pneunatic

- suspensi on strut at each wheel station of the vehicle,

t haual atertydolpheumdtie bmemm;rsabi R ohiéh viHRgRM oA Hand RMmitld, d

S S

oSl i, SeisBR HER neleBlite oot O BpePpeobiaton
arf@FﬁE\*er éﬁwpwmce@ h&ethémgll@idabaccelgamer abl e for
usi ng sensed neasur enent s fromone or nore

agcel %l;lorret ers or 8‘%‘; rate sensors to actuate a
sdl' BRANY eriefitigr'dte BuPler & erermpif far yingueRtad measurements
sUsweos enmererastel@omelachorvingalbr Gteoddnsdts & adtiiRe a solenoid

\r/ ?&Lul‘é reg éiu!aingte Chg&}'r:: ! ﬁédn?e{tic gﬁ%ﬁﬂs:ﬁﬁ&ﬁ? ol S?ag@ %{8%& %ga%grb tﬂﬂ@% i

' bd’&?'d?oflh? GP'H@[RF &ging pperablerte lengrse dheerequitedreprinkDratenat each

aIwhebietationdeGini@ body R ina G lhdl absuicptigh abl e for
usi ng sensed neasurenents fromone or nore

accel eroneters or angular rate sensors to actuate a
s din endived embodimentt divk chnbibller it apehsplbrior ysing Lsemdel eneasurements

SYBRESR Q'r}né‘}te fable|cd ?é’l% I'br\@(ﬂﬁﬂj:tr lﬁ{eagebfws ?{)aéhﬂl?e a so eﬂmd

vehicle, the contro bei opera en

r &6typted dual sate ydre-gpeumatic é%ﬁpﬁns'@ ssrumee@ph whes! .s@nort of the

C oaliitierthed Gﬂ'yrolmlr beiRg Io{iﬂuﬁlé o Bigage el felsliieB @bring rate at each
ST T e

sald 0|I passages. 20 In a further enbodi nent the

i Whlﬁtﬂeﬂ Gmﬂéﬂuﬁéﬂ BAS olRaRUariphl ofiftdlis inktafed Q% ?fﬁgé}g%f

dose r0VI de a soft or hard spring st
cmfrsg@to PF%SF Preferably said neans Is electrically
operated. Vari ous ot her operating nechanisns for the

i fﬁpé ﬂﬂﬁ\é\%ﬂ%hi}ﬁ%nﬂﬁgis%% \%Mihgg%%gns such that if can be opened
or qlosed to provide a soft or hard spring stiffness characteristic. Preferably said
means is elecirically operated. Various other operating mechanisms for the
isolating valve are also envisaged. '

In one embodiment of the invention, operation of the vehicle on a side slope or
subject fo lateral or }ong_itudinal acceleration is detected using one or rﬁore
accelerometers.  Alternatively or in combination with the accelerometers, vehicle
roll and pitch motions can be sensed using angular rate sensors. Alfernatively,
vehic_:le lateral acceleration is inferred from measurements of vehicle. speed and
steering wheel angle and vehicle longitudinal acceleration is inferred from an input
from the braking system. '

Depending on the roll moment induced on the vehicle by the inferred fateral
acceleration, the confrol system switches the required number of wheel stations to
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25 I'n one enbodi nent of the invention, operation of
the vehicle on a side slope or subject to |lateral or
| ongi tudi nal accel eration is detected using one or
nore acceleroneters. Alternatively or in conbination
with the accel eroneters, vehicle roll and pitch

noti ons can be sensed using angular rate sensors.
Alternatively, vehicle |ateral acceleration is
inferred from neasurenents of vehicle. speed and 30
steering wheel angle and vehicle |ongitudina

-acceleration is inferred froman input fromthe

braki ng system Depending on the roll nonent induced
onthé higherepirglrgteby the inferred lateral acceleration,
the control systemsw tches the required nunber of
wheel stations to the higher spring rate. Gentle

| dPentle|latatet etaeleratipam sequise) wnly ethe rewitchingeofs e tunbviaded edheel

t r@aﬁdﬂé RAfe ‘thw'?ﬁ@ lto eﬁﬁ:ﬁété (ﬁ“\'esja&@\gt Q@ctrﬁf gt'fésé %Jhgelg travelling
ate the ackin f ect. of "t hese

© 1P M i, Boreerg oxFes PEBEUNES Sebyas deHide e cernee

rrmnmegencyssvoﬁjaﬂde rasnodowés, ehd EORBOIGHAEE @ae IaIRIAEY switch all

R P YR o e, e

s FepiFRy oF Qa‘ta@ty afidnthwd giiniigishatrell and dioyiging cwmiswm stibilith end

C @ahdifig Bérfdmanékt Y and thus mininmising roll and
provi ding maxi num stability and handling performance.

10 J Energency braki ng manoeuvres are usually
adrengpany Bekiy maeeevres gk usiilngecofpdrivg byabieed sitching bf thie

' f eRiLie @rﬂﬁ‘ m@'fr\éhﬂgrd Qﬁ%hqtzmﬁ HeSdhr {’i&'iné l@geaﬁmgk CARLOG 24
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| gss of traction. ose ers a neans

ofThe BRI Isysigm Pﬁﬁrgawaafr 9 sRntrRlfing mas byilpwing thaisering rates
beo baliatreane tbr ttRrdutdien siihebaiRg &lent he braki ng event.
Brief Description of the Draw ngs The invention wll
be Ior e c| earl?/ underst ood by the follow ng

of exarrple on vvlth reference to the 20

nyi ng .dr awi ngs is a
T R Pttt Py dsHeood By s @ipuiho aSseipon o some
s espediserds tepedfngivary byeway of example only, with ‘reference to the
accompanying drawings, in which;

Fig. 1 is a diagrammatic illustration of a vehicle suspensionzspring system
according fo the invention;

- Fig.2isa diagrammatic illustration showing the vehicle :suspension spring
system in one position of use;

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

Fig. 4 is a schematic illustration of a vehicle attitude control system of the
invention.,
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according to the invention; 25 Fig. 2 is a
diagrammatic illustration show ng the vehicle
suspensi on spring systemin one position of use; Fig.
3 is a diagrammatic illustration show ng the vehicle
suspensi on spring systemin. another position of use;
30 Fig. 4 is a schematic illustration of a vehicle
attitude control systemof the invention. 9 Detailed
Description of Preferred Enbodi nents The system for

t he purposes of clarity, i.sqrepresented
diagrammatically in Fig. | as individual hydraulic
conmponents. It can be constructed as shown, but the

pr Bétgiled M erigtion¥ PHiforksd BRBodined | Nt egrated strut

uti 1 zing I nternal Vvol'unes and val ves, .as opposed to
externaly |inked conponents. Referring to the

dr Ehwisyigiem, fottee mrbo:aeis bi disity, &treslestnte hﬁ%@nﬁmﬁmﬁgm as
S i nvention in

gﬁﬁ%‘"ﬁa Bl oL A Be BB ER ki, iIHhE Bloireo
suaysuh 8‘?? §fp ap n@te@rytgﬁ et ufilizion Utkemsalaypiumyasr and Maves, as
C Ydpbtuddto @aerﬁanym—n(e@cm,johe,ﬁg ston 3 which has different
areas A. and A. on each side.~ The plston 3 separates
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-t Qit iRe PRI LiX.passage 12 containing an isolafing valve 13. ‘Valve 13 'is

electrically actuated and may be arrangéd to be normally open or-nermally closed.
For ‘safety reasons it may be desirable that valve 13 be arranged to be normally
closed. One or more damping orifices 14 are inserted as may be desirable 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 suitable
‘'sealing, and terminates in a mounting connector 23.

'Operation of the valve13 is regulated by a controller 18. at least one sensor 19 for
'sensing a parameter associated with vehicle atfitude is connected to the controller
18. The controller 18 is operable for switching the isolating valve 13 between open
and closed positions for altering spring stiffness in response 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




10

closed. One or nore danping orifices 14 are inserted
as may be desirable in oil passages 6, 7 or 12. The

cylinder 2 has a mounting connector 21 at one end. A

piston rod 22 extends 25 outwardly fromthe piston 3

‘through the opposite end of the cylinder 2, with

suitable sealing, and term nates in a nounting
connector 23. Operation of the valve 13 is regul ated
by a controller 18. at |east one sensor 19 for
sensing a paraneter associaigd Wth vehicle attitude
is connected to the controller 30 18. The controller

18 is operable for switching the isolating valve 13
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closed.

in this configuration, for an increase in strut length x, P, decreases as the main gas
volume 10 expands by A.x; while P, increases as the auxiiiary gas volume 11 Is
compressed by Axx. The strut force is given by P, A, - P, A, The pressure
changes are governed approximately by the ldeal Gas Law and the rate of increase
in Py Is much greafer than the rate of reduction in £, In a suspension this
movement corresponds to the wheel travelling into rebound or being unloéded. The
change in pressure differential across the cylinder piston 3 graatly sfiffens the
spring and resists the extension of the strut 2.

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
volume 11 expands. Again, the pressure changes are governed approximately by
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continues to operate on the main face of the cylinder
pi ston 3 but the pressure P, of the auxiliary gas
vol une 11 operates on the annular face, as shown in
Fig. 3 20 which schematically illustrates the
effective position when the isolating valve 13 is
closed. In this configuration, for an increase in
strut length x, P, decreases as the nain gas volune
10 expands by Ax; while P, increases as the auxiliary
gas volume 11 |Is 25 conprgssed by Ax. The strut force
is given by P~ A~ - P~ A . The pressure changes are
governed approxinmately by the Ideal Gas Law and the
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station 30. The strut assemblies 1 are all connecied to a common controlier 18
which receives input from one or more sensors 19 which may, for example, sense
vehicle steer angle, speed, braking, for example, or accelerometers or angular rate
sensors may be used to determine lateral and longitudinat acceleration of the
‘vehicle. By way of example a vehicle steer angle sensor 32, a vehicle speed
sensar 33, a vehicle brake sensor 34 and an accelerometer or angular rate sensor
35 are shown in Fig. 4. In response to input from the sensors 19, the controller 18
determines the lateral and/or longitudinal acceleration of the ve_hfcle and
independently adjusts each of the strut assemblies 1 at the wheel stations 30 fo
counter body pitch inddced by the longitudinal acceleration and counter body rolt
.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 arrangements




closes the isolating valve 13 appropriately to alter
the spring stiffness of the strut 2 15 for ‘optinmum
vehicl e performance. Referring nowto Fig. 4, there is
schematically shown a vehicle attitude control system
incorporating a plurality of the strut assenblies
descri bed previously. Parts simlar to those
~described previously are assigned the sane reference
nuneral s- A 20 plurality of wheel stations 30 are
shown with a strut assenhl ysl.at each wheel station
30. The strut assenblies 1 are all connected to a
common controller 18 which receives input fromone or
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2ol DindRAMlaXap! © 2 vehicle steer angl e
sensor 32, a vehicle speed sensor 33, a vehicle brake
sensor 34 and an accel eroneter or angular rate sensor
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o R b ool B ool antfr s aPmLIaw bt e Invtre
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at the wheel stations 30 to 30 counter body pitch
i nduced by the | ongitudinal accel eration and counter
body roll induced by lateral acceleration' Wile the
i sol ati ng val ve 13 has been described as being | ocated
- between the first oil passage 6 and the second oi
passage 7, various other equivalent arrangenents 12
may 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 volume 4 and annular oil volunme 5
6f the cylinder or between the oil chanbers of the
accunul ators 8; 9. Aspects of the present invention
have been descri bed by way of exanple only and it
shoul d -be appreciated that additions and/or
nodi ficati ons may be nade thereto w thout departing
fromthe scope thereof as defined in the appended
cl ai ns.
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-13- CLAIMS 5 1. A vehicle suspension spring system
for a vehicle wheel station, including: 10 a strut
assenbly having an hydraulic cylinder with a piston
whi ch divide the cylinder volune into a main oi

vol unme and an annul ar oil_%piune, said main oil vol ume
communi cating via a first ol passage with an 15
associ ated first accunul ator having a nain gas vol une.
ebAmhsannul ar oil vol ume conmuni cating via a second oil
passage wth an associated second accumnul at or havi ng
an auxiliary gas volune, 20 the oil in each
accumrul at or bei ng separated fromthe gas by a

L efurelictssusnsngienePring sxsieapRt aahicleavhion loaumclti@a'ssage

with an isolating val ve which interconnects said first

and S€§ Qﬂﬂ ?Aemb& BVRG S an h 02 aulic ﬁydingeir th Sp\ri/)\s%c}gc n'\icg%éwcpﬁhe

i solatin en a
char act m@émolilmie m@a mfmalhi@!unse qnd@rmadediarfoé volgremsi ng
one or nore vehicle attitude paraneters, 30 said

ted t t I whi
oper ab B4 G Sl LRGP ROARL B Aot eStabtat =8

open anapsetidediitstpoginulaterdafing a abinagas mgumspr i ng
stiffness in response to said sensed vehicle attitude
paraneter Eara ters. . A vehicl e suspensi on

spring Ws?'awia gl ¥p %i?‘?rﬁ%i"mi‘i"'%ai“a‘ii MR segARd & passpge with an
sensi ngassosaessacot aco@sulaorchading amawkiliag @ kaurhigr
detecting |l ateral acceleration of the

the oil in each accumulator being separated from the gas by a separator

piston or diaphragm,

a third oil passage with an isolating valve which interconnects said first and
second oil passages,

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

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.

2. A vehicle suspension spring system as claimed in claim 1, wherein the sensing
means includes one or more sensors for detecting lateral acceleration of the
vehicle.

3. A vehicle suspension spring system as claimed in claim 2, 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 coniroller being operable to regulate operation of the isolating
valve in response to the sensed vehicle speed and steer angle.
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vehicle. 40 3. A vehicle suspension spring system as
clainmed in claim?2, wherein the sensing neans
i ncl udes neans for sensing a vehicle's speed and steer
angle, the controller having neans for inferring
vehicle lateral acceleratigp fromsaid sensed speed
and steer angle, the controller being operable to
regul ate operation of the isolating valve in response
to the sensed vehicle speed and steer angle. -14- 5 4.
A vehi cl e suspension spring systemas clained in claim
2, Wherein the sensing nmeans conprises one or nore
4ic AeYRBICENERINSIOB SPINGGYFIEM Fafldimed isglpim Brvhersin theesgneing
8 omreand eaprised bee ollomorwbcl:cﬁrerdmitef?fl ot Sngm#][ré!@s@néd?s on the
et ar . aC. ration fromthe
Sorigk Pkt & fie oI, widt e ShGRIE ¢ o EfPfeLRle era
s uSpreiesation frarp therfgnssy inpetrie the centeliered i n any precedi ng
claim wherein the sensing neans includes one or nore

e s ftor detecting |ongitudinal acceleration of
£ nA B bipe i SR ot P ot oy e inG o, Sferhin e
cl &n9d Meaed dQiHdES odseraei moteheseswrsiforg deteBtinge &omgitudinal
COBRYelefdtitn & thtPRe. I N a brake system of the vehicle to
detect operation of the brake system the controller
havi ng neans for inferring vehicle |ongitudina
tac elebiclatsusprension apring i sgistsie esedhit edi loeclaiped, athe@in. thé .sedsing
V € iefihsLoofiBRRRAL: SPA bidle SYHF B IS VGl WitiekllodeldbbiLr
5, erein the sensing 20 neans I ncludes one ar nore
ac HE| EAkSnBelErs ey C%?Hg'%r ARVIpG Meass g difering vehide {pagifudinal
C oncteletation fran tdibsanesd brokd aperasbi.ch 1s operable to
determ ne vehicle longitudinal acceleration fromthe
sensor input to the controller. 8 A vehicle
s US PERISIE SHSRSPPIPHhEPTiag SYdam 5 ddimeisdelaim S mersinetbe ¢emming
cl miesis ihdudefbisdor dore eeleRitterOfang A8MEE Sorbisldndfe Yehicle
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- pr acselgiation fearmihasensar ingiit dthe téndrobeeans f or openi ng and

closing the isolating valve is electrically operated.

o DR SRR SRk i

least one damping orifice is installed in one or more of the oil passages.

9. A vehicle suspension spring system as claimed in any preceding claim, in which

the means for opening and closing the isolating valve is electrically operated.
10. A vehicle suspension system comprising a plurality of the vehicle suspension
spring systems as claimed in any preceding claim, each of said suspension spring

systems having an independently variable spring rate.

11. 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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spring systens as clained in any preceding claim each
of said suspension spring systens having an

i ndependently variable spring rate. 11. A vehicle
attitude control systemfor a vehicle having a
plurality of wheel stations, _435 including: a strut
assenbly at each wheel station, 40 each strut
assenbly having an hydraulic cylinder with a piston
whi ch deach eling astehlythiaking dehydvaliciegendenivith 8 pish Whigh tivides
Vo' UMe ADEliRdkr IAMAL o Phnbin 6PLATFe acth ARl Volhne.

vol ume co nicating via a rirst oIl passage WtR an
associ ated first accunul ator having a nain gas vol une,
sai d angsid afainObll VeReMEoriAABAMLC atal A Uirdti & PaSBEO Nth Odd

passage_ .\ 10 associ at ed second accumnul at or
havi ng ?#%&!Pu?(l ?té‘Fg“md‘Z’%r\%‘SY"cﬁT%E"a'Pﬁas ‘(ﬁltl'mef’n each

accurul ator bei ng separated fromthe gas by a

separ atfd andlisi 8iNveimél baRNEAGHIhg +8 Bsdcbid &l PdskadRAsfase
with an isola |n%5§%Ive which inter onnectﬁ sald first

and | SBRIFS) JeckaCtaaton aln & pAIEOBE IIER t he

i sol ati ng val ve between open and cl osed positions, 20
sai d_Stiha!bi inb&ich Qc&f?rmib‘?&'_tﬂzégmgtsgpé?at‘é? FERMNE 9L byPh!sEpartBd
sensi ng _neans, _the sensing nmeans for sensing one or
nore velii® ¥ dgpPbPehde paraneters, said sensing neans
bei ng connected to the controller which is operable

for 25 aitﬂﬁjdi‘@ﬁdb@?éb‘e'Mth%Wiéo%ﬂﬁ&%l%@@édhé@é@ﬁdgﬁg\@g ¥ 8l

each strut between open an
i ndeperf@eMd|o) Pa3seeRS ng spring stiffness of each strut
in response to said sensed vehicle attitude paraneter

or par 12 A vehicle attitude control st.em
25 o aiane b sufbng e 5o fia Fatdeedh Bedit P Par SR
means for inferring vehicle |ateral acceleration from

a sensedid\eis 6biRg SPEEe B comtR bordikr8nd@Bshsig fRbAY0I d
actuated dual rate hydro-pneunatic suspension strut at

the sensing means for sensing one or more vehicle attitude parameters,

said sensing means being connected to the controller which is operable for
independently switching the isolating valve of each strut between open and
closed positions for independently altering spring stiffness of each strut in
response to said sensed vehicle attitude parameter or parameters.

12. A vehicle attitude control system as claimed in claim 11, wherein the controller 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.

13. A vehicle attitude control system as claimed in claim 11 or 12, 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 controller being operable
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each wheel station of the vehicle, the controller
bei ng operable to engage the required spring rate at
each wheel station to counter body roll induced by the
said l|ateral acceleration. 35 13. A vehicle attitude
control system as clained_ig claim1l or 12, wherein
the controller has neans r inferring vehicle

| ongi tudi nal acceleration froma sensor in the
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