1 SUSPENSI ON DEVI CE AND METHOD DURI NG SPRI NG ACTI ON AND/ OR DAMPI NG ACTI ON
FOR A VEH CLE TECHNI CAL FIELD 5 The invention relates to a suspension
device conprising an in- and an out-configuration respectively for a
vehicle according to the preanble of claim1l. The invention also relates to
met hod during danping action and/or spriinging action with in- and
out-configuration of a vehicle according to the preanble of claim10. The
invention further relates to a vehicle according to claim14. The 10

i nventi on aPMPRENSIQN REVICE &Y METHOM PAIRING SERINGHCTION ANBVOR and a
conput er programe product ' i 7 for performng the
met hod. BACKGROUND ART 15£§W§%ﬁﬁ'ﬁi‘ﬁmﬁ%men stics and confort
are inportant paranmeters of vehicles such as cars, mlitary vehicles,

trucks and the like. In order to inprove road hol ding, running
characteristics and confort vehicles are equi pped with suspensions system

which is ar t tect the vehicle, passengers and |oad from damages
and wear. Afgggﬁ\g%?—oﬁ{@ﬁtem 20 conprises spring nenbers for supporting
the vehicle at the correct level and to absorb inpacts such that
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menbers for putting out vibrations, ro and rockin f the vehicle body.
During for estigratianoraspectively ier @ arhitlle acoordingstatheupreatsbleh ciaiid 1axes,

e o ST Bl oh i alehoh e oo B S RGeS
hel i cal spragtipn with in- and out-configuration of a vehicle according to the preamble of
" ctaim 10. The invention further relates to a vehicle according to claim 14. The
10 invention also relates to a computer programme according to claim 15 and a
computer programme product according to claim 16 and 17 for performing
the method.

BACKGROUND ART

15 Road holding, running characteristics and comfort are important parameters
of vehicles such as cars, military vehicles, trucks and the like. In order to
improve road holding, running characteristics and comfort vehicles are
equipped with suspensions system, which is arranged to protect the vehicle,
passengers and load from damages and wear. A suspension system

20 comprises spring members for supporting the vehicle at the correct level and
to absorb impacts such that irregularities on the ground do not propagate to
the vehicle body, and damp members for putting out vibrations, roll and
rocking of the vehicle body.

During for example cornering the vehicle rotates about its own roll axes, i.e.
25  the vehicle tend to incline. By so called hydro pneumatic springs the force of

the spring levels out during spring expansion, as apposed to a helical spring

which has a linear spring curve in which the force approaches zero by spring

expansion. The high pre-load of hydro pneumatic springs results in that in the




whi ch has a linear spring curve in which the force approaches zero by
spring expansion. The high pre-load of hydro pneumatic springs results in
that in the 2 spring expansion position there still is arelatively |large
spring force of the hydro pneumatic spring, which results in the fact that
the vehicle will incline to a greater &tent during for exanple cornering
when roll occurs. By using so called stabilizers, i.e. a suspension
attachnment in the formof a Sbar connecting opposite wheels of the vehicle,
a reduced PRENY RXPROBION Pogitien dherer elill isga oelatively Brge spring dopensf dme i s
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shakes from side to side occurs, ich increase with the 10 di aneter and

stiffness %]t;f the stabilizer, and where applicable may lead to lifting of
the inner WHe&IRg 5P srlispystabilizersi ng. amuspessioneatiagimentan) ibadorn afair o
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aving to be excluded In cross-country vehicles rn certain cases since the
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suspensi on_syste haye. heen .devel oped whi ch adapt to the present state of
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alternatively is arranged to regul ate the spring nstant where the danpi ng
i s kept cowdeghtwheieinchakes o rejde ot sidei accurs anthiah increasgvathetr®0 bot h
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conpression | eads to, when the danping action is increased, the possibility
of the whebydrgtpnaurngfia spingsrafeongneiabilirers argdwayired. whisheasulkuioHhest hat t he

vehicle | Oﬁg\%nbtta %€ 'Peluded in cross-country vehicles in certain cases since the

traversability in terrain is heavily reduced.

15 Lately more active suspension systems have been developed which adapt to
the present state of the vehicle. A so called semi-active suspension system is
arranged to regulate the damping while the spring has a non-variable spring
constant, alteratively is arranged to regulate the spring constant where the
damping is kept constant. An active spring system is arranged to regulate

20 both damping and spring action. Stabilizers may be replaced by semi-
active/active systems where the spring is actively controllable. A problem
with such semi-active/active suspension systems is that variable damping
action by compression leads to, when the damping action is increased, the
possibility of the wheel starting to bounce when the roadway is uneven, such

25  that the vehicle loses its grip.

US 4,153,237 discloses a hydro pneumatic damping device comprising a
damper with a manually adjustable low speed damping on the return and
compression and manually adjustable high speed damping on return. The
suspension device does not have an active damp valve.




US 4,153, 237 di scloses a hydro pneumati c danpi ng devi ce conprising a danper
with a manual | y adj ustabl e | ow speed danping on the return and conpression
and manual | y adj ust abl e hi gh speed danping on return. The suspensi on device
does not have an active danp valve. 3 US 4,720,085 discloses a danping
device with both adjustable conpressiom3and return, where adjustnent of
conpression and return is done by neans of an electric notor. US 4,159, 106

di scl oses a danpi ng device with a danper having a pressure 5 dependant
return danpi®d, &41.08p disdieses a elgonping cieviske witke badtnpdjustabld mempressiani cal | y

automatically. The d ing. of th anpi ng device i.s not,control | able.
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a spring deyq slectriermatoyehi cl e which i nproves the running characteristics of
said vehicle by for exanple cornering, breaking and accel erati on w thout

I mpairing confort and traversability. An additional object with the present
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apparent fromthe foll ow ng description, are
controliable.

OBJECT OF THE INVENTION

10  An object of the present invention is to provide a spring device for a vehicle
which improves the running characteristics of said vehicle by for example
cornering, breaking and acceleration without impairing comfort and

traversability.

An additional object with the present invention is to provide a method by
15 spring/damping action of a vehicle which improves the running characteristics
of said vehicle by for example cornering, breaking and acceleration without

impairing comfort and traversability.

SUMMARY OF THE INVENTION

20 These and other objects, apparent from the following description, are
achieved by a suspension device, a method, a vehicle a computer
programme and computer programme product, which are of the type stated
by way of introduction and which in addition exhibits the features recited in
the characterising clause of the appended claim 1, 10, 14, 15, 16 and 17.

25 Preferred embodiments of the suspension device and the method are defined

in appended dependent claims 2-9 and 11-13.




achi eved by a suspension device, a nethod, a vehicle a conputer programre
and conputer programme product, which are of the type stated by way of

i ntroduction and which in addition exhibits the features recited in the
characterising clause of the appended claim1, 10, 14, 15, 16 and 17. 25
Preferred enbodi nents of the suspensiomdevice and the nethod are defined
i n appended dependent clains 2-9 and 11-13. 4 According to the invention
the objects are achieved by neans of a suspension device conprising an in-
and out - corfigcgidingi tn thes paemnitionl yhe opbjactselare | achiewpd | by nmeasansf f ar

danpi ' ti .sai d_danpi d/ ' t]. [
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out-configuration. This results in the centre o graw ty of the vehicle

bei ng | owerad@/Qy spidig jasgonf being samHraiableaywhereirtheptenttilahdity wf saiddri vi ng

wher eby 5t nSARE SQBr Sprbbactfell SofortsHs A Thehelf o “Miiefntaly BEER  he
roll 10 cemtate if tHeheurebhiigwationr Tic eskuhgeint thd eentredof epavigy of tBeavity

and due to the out-configuration of for exanple the inner spring | eg during
cornering d’@B@% gingslowered byr hrelingngl heevaiidliednelali exaanple Ganemrk &8 or

substant | aldriyine*@fched\y Hfifarfbrt'@Y 10 VeAidie ARHAE he anfER L FoiEiq

According to a t he suspensi on dévic Sem -active in such a
15 way t hatwheaeby dizerpiskgofatifpion is sedncsth gt haglec ofipytatioh cbiced toe roll

substantially, lo d state.in the out-configuration. Jt is easjer to
~control th@eﬁgﬁﬁ%ﬁgeé’ ﬁtl)en'%Eﬁf{}&e@oéllf%t%g?wg@ﬂl‘?%mcﬂfegwl‘tyr?@da@‘@‘?(Wu. It is

‘easier to ¢IuteehficHkika! o déEH?JP [ ; I er.
Control of danping alt ti oln a(I) sfc?rr esu l?% ﬁ%g@%ﬁ%ﬂ:@g%ﬁg@ﬂ iér%ﬁ%ﬁ
requires | doespovterssigl imcotatidgnthet vehiclersiudd iteist ladketlher subpamiiatiy devi ce

sai d dampi ng,,i draulic. Hereby the .spring . force in the out-configuration
of the e. g.lquﬁaem§$$] ﬂé"qye@rﬁﬁfelﬁSBP r‘%maﬂ&ai”ﬁ@r eases only marginally

whereby confort and grip are maintained. Prolonged anti-roll is dealt with
due to theAceekding t®bntdRbeditnet@thé SUEPEMSIBN AHevite ¥ HPniPARNEEH ichySt em
since no oil is allowed to flow 25 through the throttle (danper) by the

out - coh? i giverrt thah saigtdarepingrastiog iaariengedriotansupyaclosked or substantially. t he

spring co [ I int aj ne ' esul. in the vehicle still
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i ncreased inclinatign during prol onged corneri nfg or 30inclination of the
vehi cl e oc@apwing action and consequently cheaper. Confrol of damping action also

results in shorter response time and requires less power.

20  According to an embodiment of the suspension device said damping is
hydraulic. Hereby the spring force in the out-configuration of the e.g. inner
spring leg during cornering increases only marginally whereby comfort and
grip are maintained. Prolonged anti-roll is dealt with due to the locking of the
out-configuration of a hydro pneumatic system, since no oil is allowed to flow

25 through the throttle (damper) by the out-configuration, while damping action
of the in-configuration, i.e. the spring compression is maintained which
results in the vehicle still performing a spring action when it runs on
irregularities. Due to the out-configuration being locked no time dependent
throttling resulting in increased inclination during prolonged cornering or

30 inclination of the vehicle occurs.




5 According to an enbodi nent of the suspension device a valve configuration
is present conprising a valve for control in said out-configuration. This
results in a reliable way of providing the control in said

out - confi gurati on. According to an enbodi nent of the suspension device
the valve 5 configuration conprises a Separate valve in said

i n-configuration. According to an enbodi nent of the suspension device the

val ve configuration conprises a throttle valve arranged in series with the
val ve for e‘gqﬁqrdjng toransembediment: elsthgssuspensiofode e Rayalke ganfiguratipen
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vehi cl es such as e. s-country vehicles. Acco 0 an enbodi nment
t he suspensnareliableceaxoiprovighieg treatentfain seidsoutedméigliratgnof a vehicl e
during cornering, driving in uneven terrain etc. wherein said danping

and/ or spri action is arranged to be | pcked or substanti al | ocked in
the out - cofiGiHIag; dR. ABasBAPBAEERY Hedl PnEUsPRNSEN SPVIsualq néalve
out - conki JHARTihORtIoR I HERS! £ 8dArat@RhIvE ik 8diddHIddMigdFdtidnng. According to
an enbodi ment of the suspension device said sensing heans conprises a

menber for sensing |ateral acceleration. This is one way of sensing
corneri ng fAsicosdingvdei ém f embodtremy &f thRe ssispensiani glgvigs oihe A¥algedi ng to

merber tor COUarAreREHTRERELA tbRe SevER o RS Wi e SRR R
pl ane. By seh#ondThiClachigdtesnusd of he cepbblibile egité WehicRnwitestahaskhige of the
out-configuration may al so occur when the vehicle e.g. is driving aslant

‘but not i n piessHres andcliewsi whichds taskvaniagaausdn hervyorsiiueles saich a8 e
achi evzg bycré@@—?&urmy higésrret hod during danping and/or spring action with
i n- and out-confTiguration of a vehicle conprising the step of controlling
sai d danpi ng and/or spring action, and the step of |ocking or substantially
| ocki ng saiAtodadipg g amdimbodiprentghactispensiont devioa tcoroprisegu nmagananfor Thi s
results inthe,celqtre of grai,tgé)f, . S .

sensing heeling of a vehicle during cornering, driving in uneven terrain etc.

wherein said damping and/or spring action is atranged to be locked or

substantially locked in the out-configuration, based on said heeling. In such a

15  way the out-configuration is automatically controlled during driving.

According to an embodiment of the suspension device said sensing means
comprises a member for sensing lateral acceleration. This is one way of

sensing cormnering for activation for locking of the out-configuration.

According to an embodiment of the suspension device said sensing means
20 comprises a member for sensing inclination of the vehicle relative to the
horizontal plane. By sensing inclination of the vehicle, activation for locking of
the out-configuration may also occur when the vehicle e.g. is driving aslant

but not in a curve.

According to the invention the objecis are also achieved by means of a
25 method during damping and/or spring action with in- and out-configuration of
a vehicle comprising the step of controlling said damping and/or spring
action, and the step of locking or substantially locking said damping and/or

spring action in the out-configuration. This results in the centre of gravity of




6 position of the vehicle being | owered by heeling of the vehicle during
e.g. cornering or driving with heavy inclination of the vehicle in that the
body of the vehicle is |owered, wherein the risk of tipping is reduced. The
angl e of rotation about the roll centre of the vehicle is reduced due to
| owered centre 5 of gravity and du to téhe out-configuration of e.g. the
I nner spring leg during cornering not assisting in rotating the vehicle
since it is |locked or substantially |ocked. In such a way confort and grip
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out -configyration. According t n_enhodi ment, t he, met hod conpri ses the step
of sensi nglll‘?(?amdi' Hh?ﬁ‘%ﬁawa%q?@'“%ﬁ?%‘ggnpﬁsB?Qi’étla'ri - based upon said
position, lock or 20 substantially |lock said danping and/or spring action
in the out 2GeREdiAYr @ bANemBYdRFER! e NidthbAatMPrifds the g{sﬂﬁ'&r‘ Seddihyvat ! on
for | ocki n%@of_ the out-configuration may occur also when the vehicle e.g.
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10 based upon the heeling, lock or substantially lock said damping and/or spring

action in the out-configuration. In such a way the out-configuration is

automatically controlled during driving.

According to an embodiment the method comprises the step of sensing
lateral acceleration in order to, based upon the [ateral acceleration, lock or
15 substantially lock said damping and/or spring action in the out-configuration.
This is one way of sensing cornering for activation for locking of the out-

configuration.

According to an embodiment the method comprises the step of sensing
inclination of the vehicle in order to, based upon said position, lock or
20  substantially lock said damping and/or spring action in the out-configuration.
By sensing inclination of the vehicle activation for locking of the out-
configuration may occur also when the vehicle e.g. is driving on aslant but

not in a corner.

25 DESCRIPTION OF THE DRAWINGS

A better understanding of the present invention will be had upon the

reference to the following detailed description when read in conjunction with




t he acconpanying draw ngs, wherein |like reference characters refer to |like
parts throughout the several views, and in which: Fig. 1 schematically
shows a suspension device according to a first enbodi nrent of the present
invention; 5 Fig. 2 schematically shows a suspension device according to a
second enbodi nent of the present invenion;, Fig. 3 schematically shows a
suspensi on device according to a third enbodi nent of the present invention;
Fig. 4 schematically shows a suspension device according to a fourth 10
enmbodi nent thef aceempaeyaatdrawings, vdierein bke sefeerash ehatacteib | referhiowkke he

cxpanst on. PATHUEBRGR HeEbR vt o SRRE Very. T Ry el n s o

schematically shows the suspensi on device according to the 15 second

enbodi ment Figur il ngchemptiesllyi ahoasd sexpuapension alktdicduracegrdieg! ionga rfst rai n
respectively; Fig. 7a-b schematically shows the suspension device accordi ng
to the thi ?%‘/’bPQU eM Artne dreraiit NantifY: conpressi on and expansion, and during

heeling restrain respectively; 20Fig. 8a-c schematically shows a vehicle in

an unspy ungigSt At@hehihtafP sy b6 BsBEgoA Al é)afei bRiin@"fo: a28EchE P Ung
state according to the prgset |nventlson respect'('lt;ve C; IéP ) 9asc ematically
shows a coembolimsgsi&fthé presearitimadrtiong t he suspensi on device according to

the present invention; and DESCRIPTION OF EMBODI MENTS
Fig. 3 schematically shows a suspension device according to a third

embodiment of the present invention;

Fig. 4 schematically shows a suspension device according to a fourth

10 embodiment of the present invention;

Fig. 5a-b schematically shows the suspension device according to the first
embodiment during compression and expansion, and during heeling restrain

respectively;

Fig. 6a-b schematically shows the suspension device according to the
15 second embodiment during compression and expansion, and during heeling

restrain respectively;

Fig. 7a-b schematically shows the suspension device according to the
third/fourth embodiment during compression and expansion, and during

heeling restrain respectively;

20 Fig. 8a-c schematically shows a vehicle in an unsprung state, in a sprung
state according to prior art, and a sprung state according to the preset

invention respectively;

Fig. 9 schematically shows a control system for controlling the suspension

device according to the present invention; and

25 Fig. 10 schematically shows a flow chart for controlling the suspension

device.




Fig. 1 schematically shows a suspension device | according to a first

enbodi nent of the present invention. The suspension device | conprises an

5 in- and out-configuration, respectively. The suspension device |
conprises a first space 10 and a second space 20 separated by neans of a
val ve configuration 40, which is in fl @ d comunication with the first and
the second space, the valve configuration 40 being arranged to control the
flow of the fluid between the first and second space. 10 The suspension
device | further conprises a piston stem 12 glidably arranged in the first
space. The piston stem 12 is intended to be connected to a wheel of the
vehicl e vi } i m 12 is arranged in the first space 10
in such a %ﬁ%é%@tﬁgﬁ PE%M%@%%E@ a first cavity 14 and a second cavity
16, the first cavity 14 being in fluid communication with the 15 valve
confi gur at Fign #0scheinaticdllgi shogs aa f susgterksian dlevpreefleaeddrgingi fo anfirst he

second cavity containing a second fluid in the form of a gaseous nedi um
o L Sihotenh ) e RIERSTUBISN i, TS hanS ooy SANTae 13 | o
nmovabl es i n; i f L 1eS id i i i i in
arrangEeBd t;ci).F E@ dp?lét:(téoerﬁ@g;ﬁ Ir(rjeﬁgrqgs%&?%y g}hg%uni ngcgfg%ﬂgez!]{c? gnrﬁ? ]tsﬁgbfi rgt
cavity 14 fichesmset 18 aad v seoohd gspaxtd @0 46pacated i by anehnseof i mnvabfe

expansion, in which the oil .is supplied to the first cavity, l4. B

conpr eser ofoE Rt AEenbichind SRRy L e 5V aed thsemnde
vehi cl e angpfe axBapi tohfigiratish s beIHgafngadmb tHntRUtNEFIdwS Bf ti acti on
or return of the vehicle. T%e i n-configudration conprises the direction of

25 conpr esBuidrhedtveenéhefirst @andstesendispacesuppr essi on of the piston stem and
out-configuration conprises the direction of expansion of the piston stem

i.e. ressLo t.he pi.st S Lhird caylt 4 s Liyftkuid
conmmuni cat ?éﬁ)% gﬁ"%eqsrlfgn v%%‘g&cloﬁmﬂr g:toﬁﬂﬁls%g gné’%@%bﬂ%ﬁeﬁ% 1%(—:}5' |arbI fluid,
e.g. oil, andngdeir e first spadd. Whebistontaems s intérdiddrotbeecdraievtad ta
conpressi bl e gaseous nedium _e.g. nitrogen, having a relatively_ high
pressure. Fded Qfihesyaiide Mg @niiikagsn et pistan aterwr?olswps«mﬁ%m #H&pring
accunul at of,. } res e I - guratj ; 0 i.ses a
first val Vﬁrs‘fn";s ecfg tngrpr?% tcﬁeéﬁfymt% Ig\{%(fd\{n\ﬁ(rj%?ﬂ&{r?g gaﬁtgggiﬁaﬂgcﬁﬁ? saS
arranged t se@rdeawty 16hitiew dinstt deevityi 14 thedrey iim yluld cdonmagcatorpvadsttan, . e.
during venent of, the. piston stemin the direction qf r.essiop, i.e.
dur i ng!d mpYa¥e; cATgratial d0sped ARG STt Hifidy BrglpraDly oil. and the

second cavity containing a second fluid in the form of a gaseous medium,

e.g. nitrogen, having a relatively low pressure.

The piston stem 12 is movable in the first space in a direction of
compression, the oil being arranged to be pressed by means of the piston
20 stem 12 from the first cavity 14 towards the valve configuration 40, and in a
direction of expansion, in which the oil is supplied to the first cavity 14. By
compression is thus meant inward damping/ inward spring action of the
vehicle and by expansion is intended ouiward damping/ outward spring
action or return of the vehicle. The in-configuration comprises the direction of
25 compression of the piston stem, i.e. suppression of the piston stem, and out-
configuration comprises the direction of expansion of the piston stem, i.e.

expression of the pision stem.

The second space 20 is divided into a third cavity 24 and a fourth cavity 26

by means of a piston 22, which is glidably arranged in the second space 20.




10 valve 42 is further arranged to not allow oil through fromthe third
cavity 24 during expansion, i.e. during piston novenent in the direction of
expansion, i.e. during expression of the piston stem 12. The val ve
configuration 40 further conprises a second valve nenber 44 in the form of
a controll abl e val ve menber 44. The coftroll able valve nenber 15 44 is
arranged parallel to the non return valve 42. The control | abl e val ve nenber

44 is controllably arranged between an open position where the first fluid,
i.e. oil idhalthsdeavity 2daissindhitd somrodeigation Withcthedvalpe sionfigurafiger4d t he

cont rol | abr 2 JanE Bt ah, B o e 08 S F ERRP PP ool al M i i1
al  oned t otragerdOof he strhpesebi | gaseriusomeushiré gy sibogeas diaving vere t he

fluid passes through the non return val ve 42. Expansion i s consequently not
possi bl e i Felatively fughtpregsule. eThe rf@c@ﬁﬂwﬁ%mj@@pfﬁmgs iconptitkesy a fiydraal ve
confi guf at | . . i [Ny nber 46 in the formof a
throttluée % ﬁ\@ilé%%é&%ﬁﬁgﬁggﬁér;n@faé?f\gﬁn a{ﬂgﬁﬁﬁéﬁﬁé valve 46 is arranged 25
in series with the first and second val ve nenber. The throttle valve 46
const i t ut e§ha vabrpcorgigueatoar 40 whepeistha first value imgmbeny? és theoforianaf a
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of the present nti1on. e suspension device Il conprises an iIn- and
out - conf i gof avinpressias jec dwia yimpTassisn op dmes pstord etans & 2. Thiegroraratetn cl e

.conprises in acgprdance with the first, embodj men first,.space.10, and a 5
cecond Gpat@vaFLls BPERs drinpdrcins it alcty A darony o &8 WHSHNe4n i o in
fluid Comﬂiiﬁ%‘@xgﬁn%h,hi.é.h@uﬁrgg’ ?Fs%rﬁﬁ?bv%ﬁ‘i&ﬁ%%ﬁé%ecﬁbﬁ of &xpansion,

configuration 50 being arrange o control the fluid between the first and

second spate. duringhexaspensif e gislorcatem 1dccording to the second enbodi ment
differs fromthe suspension device | according to the first enbodi ment only

by the desigg \ﬂa(P\leOEOﬁf}?&Jrgﬁé)N QLOCRJWhieg%E%dr%%s a second valve member 44 in

the form of a controllable valve member 44. The controllable valve member
15 44 is arranged parallel to the non return valve 42. The controllable valve
member 44 is controllably arranged between an open position where the first
fluid, i.e. oil is allowed fo pass and a closed, or locked, position where the
first fluid is not allowed to pass. In the closed position of the controllable
valve member 44 consequently only the first fluid, i.e. oil is allowed to pass
20 the valve configuration 40 during compression, where the fiuid passes
through the non return valve 42. Expansion is consequently not possible in

this position, i.e. the outward damping is locked.

The valve configuration further comprises a third valve member 46 in the
form of a throttle valve 46 or a constriction. The throttle valve 46 is arranged
25 in series with the first and second valve member. The throttle valve 46
constitutes a damping member, where the oil during compression and
expansion is forced through the throttle valve 46, whereby a damping action

of the piston movement and thus the vehicle is achieved.




The val ve configuration 50 according to the second enbodi nent conprises a
first pair of valves 52, 53, a second pair of valves 54, 55 and a
control |l abl e val ve nenber 56. The first pair of valves is arranged parall el
to the second pair of valves. The first pair of valves conprises a first
non return valve 52 15 and a first thréftle valve 53 arranged in series.
The second pair of valves conprises a second non return valve 54 and a

second throttle valve 55 arranged in serjes. The controll able val ve nenber
56 is arrand@d?iseheatatiealinishewena sispsRaIPaloUcedhiBeromling 46 a 86904 r st non

return val ue,agitnenebf ﬁ'{é%‘ésgﬁt 1ﬁbé%r?'fhé &sﬁi&%ﬁr{ QXL cfdn‘iﬁﬁs@soz?r’fg‘“ ty

14 during conpression, nmovemnment piston stemin
direction daif- amhpu’ewnﬁgmraﬁore restmotlvgiy Mheesspension delfmeplfs‘boa vehate 12. The
first non return valve is furthe rS'ged not to, al)low oil through the

third cavi CPMPASEIN RFCOIGRIS B’ B0k Rel tSt GPaERe! ‘pPEHOH in the
directign %Ec@?fcﬂ)égé ?B s'eggratgb" Wﬂeﬁﬁ&b?%é)a% %nf%ﬁ%@dﬁ?ﬁr‘wﬁqﬁﬁ 25

The first throttl constlitutes ‘a danpi ng the oil
duri ng confluesseramungcationaeith thﬁmlsgshandjesetonéspam ahelvalweatorfigifatiomer eby a

danpi ng actign.of the ton t he, vehicle is achieved.
The secondtsrqg??"r‘%?[fﬁﬂgé‘a Q §0BYO} tgggﬂf%ﬁ e(rﬁtﬁgc%fr%gl@raﬁ PEEHIOERAFS r om t he
third cavity 24 during expansion, i.e. durl ng novenent of the pi ston stem

in the 11T¢ﬂefﬁféﬁeﬁﬂldhfd@\?ﬁ@@ﬂ§b@ébrdlngeto mgsé&weﬁwzrﬁ@npaufﬁeb@fmton
stem 12. The second non return valve is further arran not to allow oil

t hrough fr &M sHepeEnsiat dewoed yacagrdlm@t@&mﬁiﬁgmhqdlme@tg oglyyniferdssigient of
-the piston ipn th i.reeti f conpression, i.e. during inpression of the
piston%@teﬁ#ﬂ&?vﬁvgﬁgﬁﬁéhgﬂaﬁthrottle val ve 55 constitutes a danping
menber, in which the oil during expansion is forced through the second

throttle vaheesdhi covfeyueatjora 50 arpordingtd tensedoridnembodliem@ittconfprides i st on
and t hus of the vﬁ€|cle is achi eved. The controll abl e val ve nenber 56 is

cont r ol | abfstR3IRAGEIVEROke &R QnSQﬁ%‘ﬁ' R aByﬁ&Vﬁarﬁm an@ia cortrellablved t o
pas and a GhLReeHener!H0C e f:r@??'af abr\fe xS Qirhnd ngaé%“t ‘fﬁéjs& of$ss. In

t he cl osed position of the cont ve nmehbe i's t us al | owed
to only papalrtdfevahaéa/eTha)ﬁlfst grairadi ealved odmprrsgscaalﬁmtem ceturn malwei &h t he
fluid f) sses .t hr.oug e first..non ret(blr.n val ve SIOI’lfJS t hus not

possi ble i A" dpa dir tglir? Bn alye &3 apangsd iR Senss ﬁgsec ndnpalr of valves

comprises a second non return valve 54 and a second throttle valve 55
arranged in series. The controllable valve member 56 is arranged in series

with the second valve member 54, 55.

The first non return valve 52 is arranged to ailow oil through from the first
20  cavity 14 during compression, i.e. during movement of the piston stem in the
direction of compression, i.e. during impression of the piston stem 12. The
first non return valve is further arranged not to allow oil through the third
cavity 24 during expansion, i.e. during movement of the piston in the direction

of expansion, i.e. during expression of the piston stem 12.

25 The first throttle valve 53 constitutes a damping member, in which the oil
during compression is forced through the first throttle valve 53, whereby a

damping action of the piston movement and thus of the vehicle is achieved.

The second non return valve 54 is arranged to allow oil through from the third

cavity 24 during expansion, i.e. during movement of the piston stem in the




15action is locked. Fig. 3 schematically shows a suspension device |1
according to a third enbodi nent of the present invention. The suspension
device Il conprises an in- and out-configuration, respectively. The
suspension device Il for a vehicle conprises a first space 10, a second
space 20 and a third space 30. 20 The fifirst space 10 and the second space
20 are separated by neans of a first valve configuration 60, which is in
fluid conmmuni cation with the first and second space, the first valve

conf i gur at ABRCEHRN 19 sipamsioinded dWingoeXpEIssiate of Ithe dPiptenweler tte The st and

second spa i ; i d by
reans of " aeeahhop plm IBARE s AnfR ahafobll ot 155RER o uRbfigh §F e
communi cat first oavity diving icosipreasidnt her dusipgcepvéinens efahd pistorein the
configuration 70 being arranged to _control the fluid between the first and
the third 8pgekon ofcopprassion; égi dudng irapressiom@idie piHan sfede- stem 12 is
arranged in the first space in such a way that it is divided into a first

cavity 44 gnd saec%ﬁﬁ‘%ﬁﬂ)tﬁé‘\(rb% coﬁ&ﬁuﬁésréﬁaﬁﬁ:‘(ﬁé lébérﬂb%f?iiﬁ'%méh fHaof
comuni cation wth the first valve configuration and’'containing a first
fluid, preflerinplexpankionasdotdes theougil tite seaond Yhiodtle malvielbs) woensabyizat i on

with the second val yve caonfiguration_ 7 nd _cont ai ni a cond, fluid,
br ef et abl yagPN astEn FoleS MaterEnt ot BBl Arh el pEfic JaBta 6 n o
direction gkhigQapression, in which the oil is arranged to be pressed by
means of the piston stem12 fromthe first cavity 13 towards the first

val ve confi %urati on 60, 10 and in a direction of expansion, in which oil is
suppl i ed t dhemontiollgblecealve ynambendll is gonkoliabiviarranged heiwged anoopeN pr essed

compr oLL1 oRSFECn Terk HiaR alUBRIE P SAoRH R PRl BaR e AL AR S e
vehicle, iisenof dllonesstoqiasef I e dosédpositienof éslchytraliapingalos rembat ended

outward da |ngf [outward spring action 150r return of the vehicle, i.e.
expr essi on28f oihie Hius llowesdmto only pass the valve configuration 50 during

compression, in which the fluid passes through the first non return valve 52.
Expansion is thus not possible in this position, i.e. the outward damping

15 action is locked.

Fig. 3 schematically shows a suspension device Il according to a third
embodiment of the present invention. The suspension device lll comprises
an in- and outi-configuration, respectively. The suspension device lll for a
vehicle comprises a first space 10, a second space 20 and a third space 30.

20 The first space 10 and the second space 20 are separated by means of a
first valve configuration 60, which is in fluid communication with the first and
second space, the first valve configuration 60 being arranged to control the
fluid between the first and second space. The first space 10 and the third
space 30 are separated by means of a second valve configuration 70, which

25 is in fluid communication with the firsts and third space, the second valve
configuration 70 being arranged to control the fluid between the first and the
third space.

The suspension device further comprises a piston stem 12 glidably arranged

in the first space. The piston stem 12 is intended to be connected to a wheel




The second space 20 is divided into a third cavity 24 and a fourth cavity
26 by nmeans of a second piston 22, which is glidably arranged in the second
space 20. The third cavity 24 is in fluid communication with the first

val ve configuration 60 and contains the first fluid, e.g. oil, and the
fourth cavity 26 20 contains a fluid in2the formof a conpressible gaseous
medium e.g. nitrogen, having a relatively high pressure. The second space
20 thus constitutes a hydro pneumatic spring accunulator with high
pressure. Phthe vehiglesacelirs@oes Thpwisten stemol 2is arapgedin the st apace si xth

cavity 36 f t:hir d. pj.st - ' j | i r.Lad in the
thi ra’ spach ST 3vah ot i 18 lls® O st BBy 1F AP A nktnd e8P R 1 he
second val wee ciref | gavigt i1an bEingnth cid acomnidrdcsReongitt | thed firet oralwd |, and
the sixth cavity 36 contains a fluid in the formof a conpressible gaseous

medi um e. §onfiguratior®0 radisagtaining atfirskflyid, ereterakly il anditheTpacend st

val ve conf Luhald A8 asfidaloh Suliihd Brbeh&TBR oBa nbud M gosyRpens on

device 111 rses a val ve nenber non

return val genathingacketonddhiidl prefergoipwitper 64 in the formof a first
throttle valve 64, arranged parallel to the first non return valve 62. 5The

first non turn valye 62,.is arranged to allow oil through fromthe_third
covity 20 G0Pi RGNS 43 B MOVARK MgtheoEstorbaet ha! of TISHIPH Bhe

di rection BRI i R, whic: i S§ 0 i t . The
first non re%rtnurn \I/al'v@ Vgglcﬁst@ugﬂtl Egrﬁﬁ{ﬁgtedéﬁﬁo{)reisgégﬁyg%r% tém%ezugh t he
first cavi pistamsigm i1adraoitipe §edicanity i3 dowdidsi thg firsivweatean tonfiguratomB8t on i n
‘the difection.of 10cqnpression,.i.e. during.inpression,of_the pistqgn stem
10 ThiFT T p8F i SSRGS, it B8 % SRR e el SalhErd he o1
during comaprg@ssinpitH 6il fsPae8Rgdd B8 Prédd fromtthblyeRbhli&avi) 18 todardder eby a
danpi ng action of the piston novenent and thus of the vehicle is achieved.

The secondtheapeeorsbmalvgurantiigoratiom 4@.cBy diongpressicndsttivs dntendediinward
damping /inward spring action of the vehicle, i.e. impression of the piston

stem, and by expansion is intended outward damping /outward spring action

15  or return of the vehicle, i.e. expression of the piston stem.

The second space 20 is divided into a third cavity 24 and a fourth cavity 26
by means of a second piston 22, which is glidably arranged in the second
space 20. The third cavity 24 is in fluid communication with the first valve
configuration 60 and contains the first fluid, e.9. oil, and the fourth cavity 26
20  contains a fluid in the form of a compressible gaseous medium, e.g. nitrogen,
having a relatively high pressure. The second space 20 thus constitutes a

hydro pneumatic spring accumulator with high pressure.

The third space 30 is divided inio a fifth cavity 34 and a sixth cavity 36 by
means of a third piston 32, which is glidably arranged in the third space 30.
25 The fifth cavity 34 is in fluid communication with the second valve
configuration 70 and contains the second fluid, e.g. oil, and the sixth cavity
36 contains a fiuid in the form of a compressible gaseous medium, e.g.

nitrogen, having a relatively low pressure.




15 conprises a third valve nenber 72 in the formof a second non return
valve 72, and a fourth valve nenber 74 in the formof a second throttle
val ve 74, arranged parallel to the second non return valve 72. The second
val ve configuration 70 further conprises a controllable valve nenber 76
arranged in series with the third and fidurth val ve nenber. 20 The second
non return valve 72 is arranged to allow oil through fromthe fifth cavity
34 during conpre55|on i.e. during novenent of the piston in the direction
of conpresdh@nfirst Vé‘”&:l@ﬂﬂﬂ@”ﬁﬁ@ﬁ&la@ﬁoﬁflng e Pestid stdedimentrpt thecond

First cavi Sonsr T okgicecREinibesd AR yaRle frRasnie B the B AR 1 e

25direct i ononfrewmarmir@rﬁz iarf adsédongd @4% eﬁéme@r@u inhhePicirpBf st Mt 12. The
second throttle valve 74 conprises a danp nmenber, in which the oil

during exp&HsHignvale 56@66”@%’ parpilel t%th@rfrr APIRr&IHIT AV eby a danpi ng
action of the piston m)verrent and thus of the vehi cle is achieved. 14 The

controlg abrrﬁregfﬁgyﬁonﬁsnﬁp %298rﬁrFéHadne§P pﬁﬁo@@% WoRl 170 1)

position whe ass ose ocked, posi |on

where oi |l kaviho24 durlng\mpt—msmasse dunrtgmooémmdoﬁtbm pistom infthé Irierectron
controllablg val ve menber, 76 oil is thus only allowed to pass. .the first and

second val ¢ eé(p@Bﬁ'PFguPatq%WQGGXpr?és'ﬁ’UrP%H"‘%:(ﬂ'ﬁi?@s%tﬁﬂh 12mﬁé}eef’6ﬁtl Ne% om t he
first cavi Fé&uﬂrf‘v@l@ésﬁsrst Rl ArtanGe H'rfcﬁttotehllbw bi %rﬁﬁpﬁqhé‘l‘rrslat]%ntm e ofl

fromthe fifth cavity 34 passes thArough a third non Feturn valve 77 of the
cont rol | abHeringlopenpreasien, 7.6. dExpgnmovemest wfidse rpstopomsitiel directiarhiog

. posi e out rd da actjion i.s Io ked 10 The suspensi on
devi Ce‘&gccg?@pﬁegss[r% tffe Pf'ng EE@% aﬁ& R"‘ﬁtPF‘ iment is constituted

by a hydro pneumatic suspension device, in mhlch danping action is

hydraul i c @nd fisstrthrati@ehivercd sorutiites RN@ampingtmeniteradant daeoivdlithdg/si ng
hydro pneumatic spring action is that the S{Ijrl ng{ curve i s progressive,
g VR

whi ch r esuFPRIPTESSIARIS ToReed BHPHgh doe drsidhrailie vaber6f.ovlasrely 2 amm_ ina
15 convent %&rﬁi of B tonRhb e zﬁrﬁf I*J%eofﬁtﬂé'v%ﬂrc? Eé[ﬂ&rﬁév&f"s nitrogen

or air, spri'ng occupyl ng € Space an ei ng capable of handl i ng
gr eat forces is achieved. It is further easy to adjust/conpensate for
wei ght . Th&her setaatl valve hmrﬂrgu'rat@nyi?@! decbetingrtoc ghé othirdoen#odimentn road,

e.g. reduced racki ng( éOFI sche ti aI@ shows a suspensi on device |V
accordithg FYRMPOUAL Rir PRSTRD&ST ﬁﬁr Bt 3 ﬁ@‘éﬂ‘ﬁ‘a’é‘ﬁ” r?HE”é@é‘fﬁbnm on
device IV ?gr@ﬁa FRUAA Vdlve FEhBLE 78 GRIthG Yot oP% s déé‘o?ﬁe&ﬁbtpg'\»éw

suspensi on device |1V according to the fourth enbodinent difters rornthe
suspensi onadang@da para!I@lctmrtm repcoodt hentieturd eafvedyBethel petdrad vahee fourth

conpr st b HERETS /aHiRT BaTgrisss o yRielahR, e e BPat T et {A1aRd
pressure. in series wrth the third and fourth valve member.

20  The second non return valve 72 is arranged to allow oil through from the fifth
cavity 34 during compression, i.e. during movement of the piston in the
direction of compression, i.e. during impression of the piston stem 12. The
second non return valve 72 is further arranged not fo allow oil through from

the first cavity 14 during expansion, i.e. during movement of the piston in the

25  direction of expansion, i.e. during expression of the piston stem 12.

The second throttle valve 74 comprises a damping member, in which the oil
during expansion is forced through the throttle valve, whereby a damping

action of the piston movement and thus of the vehicle is achieved.




The suspension device IV according to the fourth enbodinent is forned as a
danpi ng cylinder, which may be conbined with a separate spring nenber,

whi ch nmay be constituted by any suitable spring such as e.g. a helical
spring, 30plate spring, torsion spring, air spring etc. The separate spring
menber is 15 arranged in such a way thét inward and outward spring action
I s achieved during normal drive. Fig. 5-7 shows the function of the

suspensi on_device | -1V during normal drive of the vehicle and during
heel i ng of Thaeopdwilable valve prarpbekr§ is centreliably arrpegedtbetweaniasdpp@ht s of

h ' ' . i : : : . h
srad 1 i ¢ BOFRPASETS Al SRR € Pl Fofl 2°obSiP oy BRked Thdsifer] ke e
conpr essi ooll is muraliowed @ paski dm,thé . dossth@asitive pi tHeoroatremabis vaia essed.

The smal |l black-filled arrows B il]ustrate the flow of the oil during
expansi on/ MERRRH 8’6593 iimgthyet Pol. alteduipt Bass Ithedfirst AW eespRmvalvR

direction I ' t > shows
t he di r5e)ct Pégﬁ%rﬁ@%ﬁi?ﬁéﬁﬂg?ﬁg héeaﬁnl sfs' %’%H’s'?‘;eﬁ%%ggfrgﬁﬁ% QS;O%VE9S %ms a
| ow pr essupassds tHreugiadles disstrtbbttienviaivet 64, and iviheré Gibindmt the fitlachviay row F

shows hi gh_.pressure,of the seous nediumin t ayity 26. Fig. 5a-b
schenat | caPlybamone RIS R JBRET B debirBevave ot g bordliable rtie 10
enbodi ment lispdlo7E OERESSFHPRE L FAPAESINR inaAd Mi!i&ﬂ.i!b‘r‘ethé%t\ﬁlﬁ rain,

respectively. Fig. 5a shows the function of the suspension device during
nor mal i nwdarnping action is locked.

10 The suspension device according to the first, second and third embodiment is
constituted by a hydro pneumatic suspension device, in which damping
action is hydraulic and spring action is hydro pneumatic. The advantage with
using hydro pneumatic spring action is that the spring curve is progressive,
which results in that the spring does not strike through as often as in a

15 conventional linear spring. Since the spring contains gas, e.g. nitrogen or air,
a light spring occupying liftle space and being capable of handling great
forces is achieved. It is further easy to adjust/compensate for weight. The
pre-ioad of the spring yields better comfort on an uneven road, e.g. reduced

rocking.

20 Fig. 4 schematically shows a suspension device IV according to a fourth
embodiment of the present invention. The suspension device IV comprises
an in- and out-configuration, respectively. The suspension device [V
according to the fourth embodiment differs from the suspension device Il
according to the third embodiment in that the fourth cavity 26 of the second
25 space 20 contains a fluid in the form of a compressible gaseous medium, e.g.

nitrogen, having a relatively low pressure.

The suspension device 1V according to the fourth embodiment is formed as a
damping cylinder, which may be combined with a separate spring member,
which may be constituted by any suitable spring such as e.g. a helical spring,

30 plate spring, torsion spring, air spring etc. The separate spring member is




and outward spring action, respectively i.e. during drive where no heavy
curves or slopes occur, but only when normal irregularities on the roadway
20 are present. In this position the controllable valve nmenber 44 is in its
open position. During conpression/ inward spring action the piston stem 12
is inpressed whereby oil is flowing frénthe first cavity 14 through the
non return valve 42 and further through the throttle valve 46, whereby
danping action is achieved, to the third cavity 24 of the second space 20,

in which 283898 dn Syshea Yy gt dewachand QlEWREd SBTIBY FRIPAS'SEACRIBE t r ogen

gas of hig s i ng expansion/ outward spring action the piston
stem 12 isﬂtuaﬁlé) géﬂé%%eby oil is flowng formthe third cavity 24

through the throttle valve 46, whereby danping is achieved, further through
t he cont r oFigald-2 shalvedhedurheionddr, thbausgensiontdeviqeehI\pdering oermabditivee fir st
cavity 14. 6 Fi,g. 5b shows the.function af the suspension, device ] during
ool 1 ng. 1 obMetsiis FaEdgrae PAgin 3 bie Veldclpe e U [dtghRaitgont

i ncli nag i oBnfoRlim¥hELitHe sﬁ@?éﬁﬁbh%vf‘cevialkﬂ&éﬂ?mh@rto%e'iﬁvé}ﬁfdn\./q’ﬁ &k by

means of a sensing nmeans (not shown) arranged to Sense said heeling. In

t hi s posi t figureshthec smallowhégifiied crvews Adidsirate sthenflow sofcthss efl dréng i on.
Duri ng corrEressi on/ /i.nvvar(g SF” n%t.act L on the t%i st.op st%m 12.1s i rrgr essed
wher eby oi POTETFTSRM AGWAFOFPTAS F91O8 "Eath % RIRISLETS A2 "RBFFSSEur n

val ve 42 angefamidihBlack ey dirdviteBtinistitk ahd dloveofithe dNEUARY <IPERSIBE/ action
is achieved, to the third cavity 24, in accordance with the function during

nor mal i nwatdvargdr NG cadtion. ablkd rwhiterfitled fagowsg. showsu e giesgiians Pbn/
| . ¢ o e i
out Warﬁ Z gﬁ%&géeﬁs%‘iér%f grpuﬁgmaﬁsxﬁc Dh& thd BB Arﬁé&h .’Eﬂsiﬁé}C\f/Q‘t‘ﬁé‘ dErBSmgn of

contro ve ne I'S now set oO1Its osed position,

wher eby t hexparsdiom of trenpidtdn stenotThexipinek aadw Buthomanaiow ipresduse o thal
position. The suspension device | accqrdi n?@ o the fi rstsg‘ odi nent thus

conpri ses 933PUHINEOUNR IV HIe/e2Ul 18 ABH IaR DIRFKATTAY dapiew PREGSHRE 1 ow
of oil in Bpﬂgzéggegﬁkirﬁé‘éiunfi'ﬁdth@ éagﬁféépr inward spring action with non
ve and a

return val oop tfor outward spring action with an active
control | abl e val ve nenber 44. The suspension device | constitutes a
si ngl e- act Figy Seph ischeinagcaliy shows the subperfisios tdevivei t gcdatdegdtogtios: firat t he

[ f i i . . .
second1§avgt o%iﬁngnt éuhrlengf écgns"lhre%%?ocnea%g’ex\é\ghsﬁgngggd during heeling restrain,

respectively.

Fig. 5a shows the function of the suspension device during normal inward
and outward spring action, respectively i.e. during drive where no heavy
curves or slopes occur, but only when normal irregularities on the roadway
20 are present. In this position the controllable valve member 44 is in its open
position. During compression/ inward spring action the piston stem 12 is
impressed whereby oil is flowing from the first cavity 14 through the non
return valve 42 and further through the throttle valve 46, whereby damping
action is achieved, to the third cavity 24 of the second space 20, in which
25  second space spring action is achieved by means of the nitrogen gas of high
pressure. During expansion/ outward spring action the piston stem 12 is
expressed whereby oil is flowing form the third cavity 24 through the throttle
valve 46, whereby damping is achieved, further through the controllable valve

member 44, being in its open position, to the first cavity 14.




20 acts as a stop for outward spring action. The gas volunme in the second
cavity 16 of the first space 10 results in avoi dance of negative pressure
inthe first cavity 14 containing the oil when the force/pressure fromthe
gas volune in the second cavity 16 is about the size of the unsprung
weight, i.e. the weight which e.g. is @6nstituted by tires, rim brake
disc, hub etc. 25 Fig. 6a-b schematically shows a suspensi on device |

according to the second enbodi ment during conpression and expansi gn, and
during heeIFi'gwg5tPé§‘PM§i e f%eawf\/mwsusqeméw weyicsr | dyEPg ngsleds iSecur,

but only n | l-aLkt] r ' ; | I tdion the
cont ol | abuigHissh g dgRkd, 6Pyl vdie! BBAHE GRSy Tinbfloh/the. WREA O, (17

i nwar d spr cogtraitdble watveempiriter d4sit exvtiddteidsby meaesfch sdresimdpyneazrs (ot f | owi ng
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expansi on/ treupistordstem i1Bds auprassed ivehareby ail is flemiriRfrom tvepfirebsadtywhér eby
oil is flown romthe third cavi t hroygh t.he second, n 10 return val ve
54 and f ur {HBHOR HAGULRD rRTE YeBR“errod e eus hearals Vel i act i on
is achi eVedﬁhef'é'cB% H?Eneﬁirﬁﬁ %ﬂbntig'?a&l%lﬁéc)?'tbghbethi’ra' SRityeId e 5&30r8f§h£&ﬁe' nits

open position, t first cavity. Fig b shows thé function o

suspensi onwitbvihee funationgdiéng inegnal inwarduepiigg astion awordingnty §9. tiee

vehi cl dgy i 1 ncl ion etc.. t | ] e
menber 86 Pur B8 SRR SLhE RS sy igvehaet 2 Byt PPl ged <o
sense sai diHeebhtrgliabid Ve niwabét a4 WhihcEnhoal sablce ity adlysedrpdBRion56 is in
its closed position. During conpression/ inward spring action the piston
stem 12 i sWhepetasdkel RiONepiendi 12 jis notogkprgssednbihdefmainstin clts inoymel

t hr ough thgogimﬁ non return valve 52 and further through the first throttle
val ve 20 53, ereby danping action is achieved, to the third cavity 24 of
t he second space 20, in accordance wth the function during nornmal inward
spring act iTbe ;aspensiongiavice | geccdidingDor thedirek pabsdinéntahsanthgisasna

action,_oil is preven fromflow ng through the controll abl e val ye nmenber
56 whi &h nb’Wﬁ@sV%@@n‘Eégw(ﬁt@W”ﬂ% 351 8AP8S CAMNG dher ey I Rl ;1 SO st em
12 is not @?f@ét?ogfs‘?%ndbéiiooé%?magd; r@gsaaﬁ{nr%h RORI bR vahea5 Yreasi on

device Il according to the secon i men us has
loop for outward spring action with an active controllable valve member 44.

The suspension device | constitutes a single-acting spring leg with oil in the
first cavity 14 and gas in the second cavity 16 of the first space 10, which gas
20 acts as a stop for outward spring action. The gas volume in the second cavity
16 of the first space 10 results in aveidance of negative pressure in the first
cavity 14 containing the oil when the force/pressure from the gas volume in
the second cavity 16 is about the size of the unsprung weight, i.e. the weight

which e.g. is constituted by fires, rim, brake disc, hub etc.

25 Fig. 6a-b schematically shows a suspension device H according to the
second embodiment during compression and expansion, and during heeling

restrain, respectively.

Fig. 6a shows the function of the suspension device Il during normal inward

and outward spring action, respectively i.e. during driving where no heavy




separate throttle val ves (danpers) 55, 53 for inward and outward spring
action, and non return valves 54, 52 in each | oop. The suspension device ||
constitutes a single-acting spring leg with oil in the first cavity 14 and
gas in 30 the second cavity 16 of the first space 10, which gas acts as a
stop for 18 outward spring action. TH& gas volunme in the second cavity 16
of the first space 10 results in that negative pressure is avoided in the
first cavity 14 containing the oil when the force/pressure fromthe gas
vol une i n ¢U¥es & Jnglinatipnsyoad!ri ubipein nprBeakjrrrguaritiase on BB GIEWRYI ght
i.e. the j-gh ' ARl ' e RYnttdr Ris iRl gl sc,
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accor di ng Dorindneotipregéibalirvwardndmitigractiont the aigtoh \Stemr 1 2gs doppessesi on and
expansion, and heeling restraipt, respectively. Fig._7a shows the function
of the sus‘ﬁ@%rﬁbdr?'fdﬁxf%@énﬁi{fpﬂhberfkﬁ‘ftrﬁﬁ"'wr?\ﬁa 4a HiRISLPRBIGUEDVANG act i on
respects v | ' |V E Vv es or
el et i oo FndRSy Birbligh the SreHiad val e bRAWHORLY PRIPFRLCINT T Thi s
posi ti on tdshiewsd, riol thebthérdvadvity Béndfethe7éecand spats Aipan wloishtsemondDur i ng

conpressi on/ i nwar.d ' .acti t h i st 12 is i . b
o171 S 11 RS FPURY BT i PcbiRey by ameeneng! e sitrogsE cba 5ol ough”
the first SREQHA qae{mﬁg/eexééntgign{ @mr&ﬁ%pﬁﬁb Yé‘ct%gnzmﬁlb{is%h ofle®O12Waer eby

danpi ng action is achieved, . third cavity he second space 20,
i n whi ch segwessahwberaly dihig flating ifrons thec thiirdvesy ity th resgihsthefsechad mionr ogen

gas of, .t hi r essur.e, he .pi St stem 12, LS LNPress ol is als
Prow g 1 BB s, atletys sRisPofieR! fae, el hERE h chheiebYeecond
val ve 20 cqurhpithgr aétiotnis/ Bchievéd, fultherdhrdud® BRNEomrbIRIDIES vaRke mesdier 76,
being in its open position, and further through the second non return val ve

72 to the ¥bd®ing tuils eyen eositionhle thefisst eayiye 10.
Fig. 6b shows the function of the suspension device during heeling, i.e.
during heavy cornering of the vehicle, during heavy inclination etc. when the
15  controllable valve member 56 is activated by means of a sensing means (not
shown) arranged to sense said heeling. In this position the controllable valve
member 56 is in its closed position. During compression/ inward spring action
the piston stem 12 is impressed whereby oil is flowing from the first cavity 14
through the fist non return valve 52 and further through the first throttle valve
20 53, whereby damping action is achieved, to the third cavity 24 of the second
space 20, in accordance with the function during normal inward spring action
according to fig. 6a. During expansion/ outward spring action, oil is prevented
from flowing through the controllable valve member 56 which now has been
set to its closed position, whereby the piston stem 12 is not expressed, but

25 remain in its normal position.

The suspension device Hl according to the second embodiment thus has
separate throttle valves (dampers) 55, 53 for inward and outward spring
action, and non return valves 54, 52 in each loop. The suspension device |l
constitutes a single-acting spring leg with oil in the first cavity 14 and gas in
30 the second cavity 16 of the first space 10, which gas acts as a stop for




During expansion/ outward spring action the piston stem 12 is depressed

whereby oil is flowng formthe third cavity 24 of the second space 20
through 25 the first non return valve 62 of the first valve configuration
60 to the first cavity 14. \Wen the piston stem 12 is depressed oil is also

flow ng formthe second cavity 16 of th8 first space 10 t hrough the second
throttle valve 74 and further through the controllable valve nenber 76,
being in its open position, to the fifth cavity 34 of the third space 30.
19 Fig. 7bosh¥ais spring asbien.ohhegasheolsmepbhiieofeernd cavidur! Pref H@eﬁﬁsﬁg, i e.

during hea r b I I i i set when
the controbPast et ouas il haf négallc Frefliitld BRI if tie Wi Al
arranged t gortaisng $ke dil hdwdn thg. folae/plessupoiomi the dasevaomierinlthalsbeondl ve
menber 76 is in 5. .its c|lgsed position. During. conpression/ jnward spring
action t heCEY':EX 3)% '%@Bﬁjuﬁg"el §‘Zﬁrﬂ§rté§§l§'§pw‘f@r \é’%ﬂiﬁ'_gf 1€ efW@ﬁPh‘dﬁ?‘%ﬁ‘_ %8cor dance
wi th nogmals bowandedt figs Aihi BRIQCHEE Udithdreofd 9. 7a above. During

expansi on/ outward spring action oil I's prevented to flow through the
control | abl e val ve nenber 76 which nowis in its closed position, whereby

t he pi st onFig.efails scbenvdicats ssivwiOdbe saespension avice recolingooi then. The

suspensiondevice.l 1l  accordi t he third enbodinent, is a hydro
oneumt i o SUEhBnoRmeRaTee (Papd Vot SRERiBReN 20 Giedhaidit fdi ng

hi gh pr essu@@ﬁ,ﬁ@réﬁ@iﬁtpkggﬁécgw%,_ty 26 constitutes a gas spring, while the
suspensi on device |1V according to the fourth enbodi nent only constitutes a

15 hydro pneumatic darrtger wher eby a spring nenber nmay be used for spring
.action, whéie fhehgys sl fumstion of HBetBigPERseavieyco alurng: memd deward pace 20

and t hﬁ) ga%nﬁ%dmﬁ{dégprﬁ)@aéﬁﬁﬂ Fés@%}ét}i\zé(lgﬁ??ljiﬁ;q/gﬁ\gel,ti@ro%riﬁggﬁﬁlgﬁgo\g%gf%t I ons

as a gas danper, | ressuri ze ng cavi e sane
or that theodesmiyngunves lorniotlifgtionst ocamrcbuploaly hombdleinegstaridbson theakage.
20The suspension device 111, 1V accordjng to third and _fourth enbodi nent

const i t ut eSO bINe it MasosuTNse RENBRIAIG I vauwReBDEDP e fiSr R avi ty
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oi I is m nimpmaded wheargby &d-is floulrenfrone eid firsé loawha 14 effitbé dirstrsparceut® pr ung
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damping action is achieved, 1o the third cavity 24 of the second space 20, in
which second space spring action is achieved by means of the nitrogen gas
of thigh pressure. When the piston stem 12 is impressed oil is also flowing
from the fifth cavity 34 of the third space 30 through the second valve
20  configuration 70, i.e. through the controllable valve member 76, being in its
open position, and further through the second non return valve 72 to the

second cavity 16 of the first space 10.

During expansion/ outward spring action the piston stem 12 is depressed
whereby oil is flowing form the third cavity 24 of the second space 20 through

25 the first non return valve 62 of the first valve configuration 60 to the first
cavity 14. When the piston stem 12 is depressed oil is also flowing form the
second cavity 16 of the first space 10 through the second throttle valve 74
and further through the controllable valve member 76, being in its open
position, to the fifth cavity 34 of the third space 30.




Fig. 8a schematically shows a vehicle 100 on a roadway Z in an unsprung
state conprising a vehicle body 110, wheels 120, and a suspensi on device
la, I b connected between each wheel and the vehicle according to any of 20
t he enbodi nents 1-1V above, in the formof a spring leg. In the unsprung
state each spring leg la, Ib has the I&gth L. The vehicle has a so called
roll centre RC about which the vehicle body rotates during heeling. Fig. 8b
schematically shows a vehicle 100 on the roadway Z in a_sprun 5 state
during heeFithgtachoma e tfangtiaroef dhe | sugipensiondevieri dyurng ngt &Bi | i zers.

The vehi cl ; ri - i Gl : :

suspensi 0n83Q@g@gbﬁgi?}ﬁg‘\ﬁigfnﬁgﬁééﬁaﬁé@ﬁ%hgggwﬁbéf’&ﬁ%@-t e r\% Ycle
body accor donigoltabi@valre membebiy aoivated by dnéandgf sensing wieamshaednge! of t he
vehi cl e body occurs_ which rot ?ﬁ_es about its roll centre RC. In_the. case of
the 10 sufeprRIoAAdNELBIadt Hhitipegitics theiwntrgliablenalve memeer 68 1S iMjur i ng

e.g. caf nefl Is | i ; r

ot ng Y og > BERE T (L Com PRS0 PR ooy U PR e
suspensi on1deigi iogprebsed iwherebheili mnBowsyr imgcteglancs witiprressad itwasd | engt h
L+x, where x.constitutes the inpressed/ expressed |ength, of the spring |eg
T2 b S dRieh SNG40 gk & ahe DR ORS S BRNSR ROV SPbaay T 10
about the gelidn GRANGST Brdventad 4§ fow Qhtoudhotie ToAtBAMIE! Yiv@fmbRBeperg re of
gravity during driving in a curve wth™a vehicle having conventi onal

mechani cal whicibnow ig irsitsvcloset posifiore whenehy thedpistgmetenaisi rotsdapiessgdn

devi ceyguey| o gieAL nSRbbldifhge 1 the suspension

The suspension device ill according fo the third embodiment is a hydro
pneumatic suspension device, where the second space 20, with gas having
high pressure in the fourth cavity 26 constitutes a gas spring, while the
suspension device IV according to the fourth embodiment only constitutes a
15 hydro pneumatic damper, whereby a spring member may be used for spring
action, where the gas volume in the fourth cavity 26 in the second space 20
and the gas volume in the sixth cavity 36 in the third space 30 functions as a
gas damper, i.e. pressurizes the oil, avoiding cavitation of the same or that

the damping will not have to much play in the case of oil leakage.

20 The suspension device lil, IV according to third and fourth embodiment
constitutes a double-acting suspension device where both the first cavity 14
and the second cavity 16 of the first space 10 contain oil. This results in the

risk of cavitation, i.e. splitting and/or formation of foam of the oil is minimized.

Fig. 8a-c schematically show a vehicle in an unsprung condition, in a sprung
25 condition according to prior art, and in a sprung condition according to the

present invention, respectively.

Fig. 8a schematically shows a vehicle 100 on a roadway Z in an unsprung
state comprising a vehicle body 110, wheels 120, and a suspension device

1a, 1b connected between each wheel and the vehicle according to any of




20 devi ce, whereby the whole vehicle body will be raised. The rotation of
the vehicle body during drive in a curve will be reduced in conventi onal
mechani cal stabilizers due to the great spring force. The outer spring |eg
will get a very high spring constant whi (P wor sens the confort and the grip
of the wheel on an uneven ground. 25 Figff 8c schematically shows a vehicle
100 on a roadway Z in a sprung condition during heeling with a suspenS|on
devi ce accor N % i g h

the. contr ol 181 ambSrlng C8FBbold B Fombif &'4eRg 1e8drfing WSS 2
activated. |statdheactaspring leg $asﬂehss@lme dsmgtl@d: Tae vehide basd sg chited

present invention the vehicle is ro durin cornering so that
the outer suSHYrsREnARRIWICh the ye@cl Vo'i?tt%t?gsdfﬁ”inﬂg]’qeg'gg of the vehicle
is inmpressed to a length L-x, while the inner suspension device la, i.e.

the inner spgjgngyl %herhétuéwg SHOWE S5 9EhiRlE 1081 6 ahé\%oae@ayezlgﬁm kprufignce

t he controllable val ve nenb 44: 56; 76 is activated and t hus Iocks 5 the
i nner suspenstatsdddng beeling amrdnmwewrmrlqn twheredhe vehicie lacks ystatilizeis d

danpi ng and/ SPIl. action co |s S ocke r n.sub i y ed
Stare 'nthel 85 CRURR GoMTRER T, EHeid 88 T’ 1l ahERk Toby A &es
roll centre §spemdion devies ’I%en’(lﬁe?c@ﬁn@tﬁtédlﬁefweéh%ra%htWﬁeéloéﬂld tienveRicleC/
centre of gravity is |owered with Y, and thus reduced rotation of the

vehi cl e bodybodh@ceording ta Rirl pdr CiriNdee sk driviRg o3 [GUEYE dTeeling %femere of
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reduces the risk of tipping. 15The rotation of fhe vehicle bod%gaurl

driving in aCeyag gl that mq autersuspaRsien depice i ¢e the s SRENOVgg ol i
the I ocked pegl &é@ae lgﬁhg?eéé?%ﬁ]o é”l@hgthot X il PR ﬁa%e?'sﬁﬁﬁeﬁasn eNide® Of
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gravity is |ower spfing |leg does not contribute to
any rot ati onllpfi.¢bevehercspringlleg, spdeprgssart wea lengtihd+apwberspcongtitltes does
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accordi to 110 bboysiRNoN REReTRS, Rith
el ectrogllgic c n@%oﬁéﬁﬁﬁi&%ﬂb%wsgﬁhggggﬁgté@n@er@210 arranged to sense tahe

| at eral accetoliramgleonof the vehicle, a roll angle sensor 220 arranged to
sense

The position of the centre of gravity during driving in a curve with a vehicle
having conventional mechanical stabilizers will be raised in a hydro
pneumatic suspension device due to the great spring force in the suspension

20  device, whereby the whole vehicle body will be raised.

The rotation of the vehicle body during drive in a curve will be reduced in
conventional mechanical stabilizers due to the great spring force. The outer
spring leg will get a very high spring constant which worsens the comfort and
the grip of the wheel on an uneven ground.

25 Fig. 8c schematically shows a vehicle 100 on a roadway Z in a sprung
condition during heeling with a suspension device according to the present
invention. During heeling of the vehicle the controllable valve member of the
suspension device is arranged to be activated. In the case of a suspension

device 1a, 1b according to the present invention the vehicle is rolling during




25 the inclination of the vehicle about its roll centre, a speed sensor 230
arranged to sense the speed of the vehicle, a steering angle sensor 240
arranged to sense the steering angle of the vehicle, an inclination sensor
250 arranged to sense the inclination of the vehicle relative to the

hori zontal plane, and a controll able vaftve nmenber 300, conprising any
controll able 30 val ve nenber conprising the controllable val ve nenbers 44,
56, 76 22 according to the enbodi nents of the suspension devices I-1V. The
i ncli nati of-% <IPSBRNNEGE0; hahdin putaigsuspeasioar Havice ata, dieg dbe tavitereaprng he

iti in_r iQn £o_hi left side of th hicle i
brder to aisd: e SElonds 'PRlssa ke e lh G i Bp Red sulifsion e © 1"
el ect roni cdevigeriel, ientie 2@Rr sprifg Mg ds ¢dt expardedANGSHtdifs BRCRINGEh

information fromthe accel eroneter 210, the roll angle sensor 220, the
speed sensbr S8 the wenyplahle yglvengeabas i 56276 iametivaied and thustlpeks sensor
250. The e 3 i %%rﬁ i OpdS~C o) I e val ve
menber %Oo%lfecm;lﬁeﬁi %u ets{e(ﬁeg%'l?lg%i g@cyrﬂ??og&ﬁ%wggﬁ qoéﬁrg)r"%gﬂé;eg# ts%'% ransf er
10 i nf or matampirabautd/draspried stioal esapiisss o dbdkeaingl esubgeditialle Isplesdl and

steering angle.tg the conirollable val ve menber 300. The controll abl e val ve
menmber is ﬁﬁ%ﬁ%ﬁbgﬁﬁ toé‘t“(?@ﬁ{'glﬁ?t'?'ﬂe%ﬁ@ﬁlﬁﬁgﬁItﬁbthé @é]'%‘@m%’htb‘éfraﬂ@‘ﬂ’%é%” an

active, clggotk PASighidon @g%m t tieéﬂgfgimghm?e RS kbl Eﬁ??&*@ %ﬁé‘sf

information transterred ctrohic contro

cont r ol | abfievitylis doweneblewitiofy, tind thus pedsceoh rotetion of dloe eebictegbody,tdred fi rst,
second, thjrd and ourt@ enbodi nent according to above is arranged to be
_controld edThy HemeLANG8Hgor s arranged at each wheel of the vehicle,
respectively, which according to a variant are arranged to determ ne the

yertical PoRbIAMAT P cihe! ofGidvith LrRUKNIOE WV duBhGurfing g L0 each

20 wheel . Acceleroneters 210 e.g. are” arrange o transmt infornation to
t he el ect rowrve, behweted,mith the Contretlableevaheh ndnebérsactivakdceinathiergekdat akes

and turns. The electronigc caontrol unit 200 ig arranged.to reqularly process
" or ot oPOSRr dEeienY ibe PRI T yanEe batn X ldeduhupreRtisglerty
schemat i calyhi:hsHEARly 2edli@Y BBk dfdfppiRtrol ling the suspension 25 device
by neans of a corrpu?,er programe being lnitiated and controlled by the

el ectronic_control unit 200. Alternatively the conputer pr Q%r amme may be
cont r oldl edThy retation of ihe higet bedy chiing ddving ime euas valhi witbothe ol

unit. 23 .ontrollable valve member activated in the locked position, get a lower angle
of rotation o since the centre of gravity is lowered, and since the inner spring
leg does not contribute to any rotation of the vehicle. The spring force in the
outer spring leg does only marginally increase whereby comfort and grip is

20 maintained.

Fig. 9 schematically shows a system for controlling the suspension device
according to the present invention. The control system comprises an
electronic control unit 200, an accelerometer 210 arranged to sense the
lateral acceleration of the vehicle, a roll angle sensor 220 arranged to sense
25 the inclination of the vehicle about its roll centre, a speed sensor 230
arranged to sense the speed of the vehicle, a steering angle sensor 240
arranged to sense the steering angle of the vehicle, an inclination sensor 250
arranged to sense the inclination of the vehicle relative to the horizontal
plane, and a controllable valve member 300, comprising any controliable

30 valve member comprising the controllable valve members 44, 56, 76




e.g. 20 kmih the run is stopped, i.e. no activation of each controllable
val ve nmenber. If the vehicle speed is greater than v kmh the roll angle a
is controlled. If the roll angle a is greater than q degrees, e.g. 3
degrees in either direction, the controllable valve nenber is activated
such that it is 5 | ocked on the susperid&2 on devi ce on whi ch expansion force
Is acting in the out-configuration, so that outward spring action/ outward
danping action is |ocked. According to an enbodi ment of the present

i nvent i on BFROTERRPALIER SiRhefiments ebihersuseenaiopr dayiermre!\6 ode m@gnqim or i ng
heti on Fn TR 88 i HeLoIPIER! Wdtiank i fiedic Bbsd 18 DR BRI EC L 24

on a conputvheelsAncraldiinng td oighh @nlbfididerdsf bk 't/é‘rﬁcler'fmsel‘deritbvﬁétbi'mmet hfe
conput er programe conpri ses programe code for performng the step o
sensi ng he\é’BgW&réﬁef’ﬁ@'cl?e'ﬁi“&?!@"&ﬂj?i Rt cornering, drive in uneven terrain
etc. in order 15 to, based upon the heeling, |lock or substantially I ock

sai d dapi nEe aNEEPEnis PEELI AGhi 2O tcBﬁn@&banﬁfaheug@%i%géu tWheRepal d

conput er programme i s executed on the conputer. Accor to an enbodi nent

of the prebérmationdnerdhe teiceeleommetasr2 16y btz sothenglersenisse 220y hgrsmeeel code in
Cock sai d SARRY o hrlB oneaid raoles SpasEh #o0 REcole: EBTnaGtn SERSHT ihen vai d
conput er  pTRE eRBIRNIScEMES WirfMist dhneefRiHoSthe controllable valve member
300, wherein the electronic control unit 200 is arranged to transfer
10 information about lateral acceleration, roll angle, vehicle speed and steering
angle to the controllable valve member 300. The controllable valve member
is arranged to control the controllable valve member between an active,
closed position and an inactive, open position based on the information

transferred from the electronic control unit.

15 The controllable valve member of the suspension device according to the
first, second, third and fourth embodiment according to above is arranged to
be controlled by means of sensors arranged at each wheel of the vehicle,
respectively, which according to a variant are arranged to determine the
vertical position of each wheel and the amount of the force acting on each

20  wheel. Accelerometers 210 e.g. are arranged to transmit information to the
electronic confrol unit 200 when the vehicle is accelerating, brakes and turns.
The electronic control unit 200 is arranged to regularly process information

and determine the position of each single wheel.

Fig. 10 schematically shows a flow chart for controlling the suspension
25  device by means of a computer programme being initiated and controlled by
the electronic control unit 200. Alternatively the computer programme may be

controlled by an external computer connected to the electronic control unit.

The electronic control unit initiates the computer programme, which is run

continuously during vehicle drive. If the vehicle speed is less than v km/h,




According to an enbodi nent of the present invention the conputer programe
conpri ses programme code for performng the step of sensing 25 inclination
of the vehicle relative to the horizontal plane in order to, based on said
inclination, lock or substantially |ock said danping and/ or spring action
in the out-configuration, when said corputer programre i s executed on the
conputer. 24 According to an enbodi nent of the present invention a
conput er programe product conprises programme code stored on a, by a
conput er reéadad kn/mthe aurf & sli@@pedr h$.ngo tatv@vatucapOf)ﬁaclm@bntrgllahle valve
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programe product conprises 0 orm g the“step of
sensi ng heeitmergdmécﬁm*e thehcaitelidbia nglveomeenbergis dclivaded rsumhetmm iterain
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conput er pb@gé@m@rat%rewmaﬂtdomﬂaw% FRGTIEIBR/ oAREATH APl attcTRedi ment
of the present invention the conputer programme product co rises programre

code storelcsada, by a conputer readable, nedia for performng the step of
sensing |l ateral acceleration in 15 order to, based upon the | ateral

accel eratiQn_lock or substa tla I S and/ or spring action
R s e o B O G A e R e
conput er. programme comprises a programme code for performing the step of locking
10  or substantially locking said damping and/or spring action in the out-

configuration, when said computer programme is executed on a computer.

According to an embodiment of the present invention the computer
programme comprises programme code for performing the step of sensing
heeling of the vehicle during cornering, drive in uneven terrain etc. in order
15 to, based upon the heeling, lock or substantially lock said damping and/or
spring action in the out-configuration, when said computer programme is

executed on the computer.

According to an embodiment of the present invention the computer
programme comprises programme code in order fo, based upon the lateral
20 acceleration, lock or substantially lock said damping and/or spring action in
the out-configuration, when said computer programme is executed on the

computer,

According to an embodiment of the present invention the computer
programme comprises programme code for performing the step of sensing
25 Inclination of the vehicle relative to the horizontal plane in order to, based on
said inclination, lock or substantially lock said damping and/or spring action in
the out-configuration, when said computer programme is executed on the

computer.




According to an enbodi nent of the present invention the conputer programe
product conprises programme code stored on a, by a conputer 20 readabl e,
media for performng the step of sensing inclination of the vehicle
relative to the horizontal plane, in order to, based upon said inclination
| ock or substantially |ock said danpi ngg and/ or spring action in the
out-configuration, when said conputer programe is executed on the
conputer. According to an enbodi ment the present invention conprises a
conput er 25cpeEihitman grtagiment pkibel grepealdaverioma semmiter PRITABMS y i nto
a conputer risl 8 r or.m of

| ocki ng orpgu stéﬁﬁﬁgﬁFs‘ﬁ%gﬁﬁhgkégéﬁgégﬁ%?H89§h ﬁé% é%bﬁ%ﬁ}gg?é%ﬁgin t he
out - conf i gmealia for,padvemirgatie stepmiteskingy ogsastaniiaiiyesekingaaiddambing
conputer. 25 Accarding to an enbodi nent the present invention conprises a
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sensing heelin vehi cl e during cornering, drive in uneven terrain etc.
in order to, based 5 upon the heeling, lock or substantially |ock said
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According to an embodiment of the present invention the computer
programme product comprises programme code stored on a, by a computer
readable, media for performing the step of sensing lateral acceleration in
15 order to, based upon the lateral acceleration lock or substantially lock said
damping and/or spring action in the out-configuration, when said computer

programme is executed on the computer.

According to an embodiment of the present invention the computer
programme product comprises programme code stored on a, by a computer
20 readable, media for performing the step of sensing inclination of the vehicle
relative to the horizontal plane, in order to, based upon said inclination lock or
substantially lock said damping and/or spring action in the out-configuration,

when said computer programme is executed on the computer.

According to an embodiment the present invention comprises a computer
25  programme product directly loadable in an internal memory into a computer,
comprising a computer programme for performing the step of locking or
substantially locking said damping and/or spring action in the out-

configuration, when said computer programme is executed on the computer.




15 programre product directly |oadable in en internal nenory in a conputer
conprising a conputer programme for performng the step of sensing
inclination of the vehicle relative to the horizontal plane in order to,
based upon said inclination, |ock or substantially |ock said danping and/ or
spring action in the out-configuratiorgdwhen said conputer programme is
executed 20 on a conputer. An advantage with the suspension device
according to the present invention according tqg.the enbodi nents above is
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substantially lock said damping and/or spring action in the out-configuration,

when said computer programme is executed on the computer.

According to an embodiment the present invention comprises a compuier
15  programme product directly loadable in en internal memory in a computer,
comprising a computer programme for performing the step of sensing
inclination of the vehicle relative to the horizontal plane in order to, based
upon said inclination, lock or substantially lock said damping and/or spring
action in the out-configuration, when said computer programme is executed

20 on a computer.

An advantage with the suspension device according to the present invention
according to the embodiments above is that in heavy vehicles, such as cross
country military vehicles, the unsprung weight per wheel station of the vehicle
is used as a bailast for preventing roll and kneeling of the vehicle. The weight
25 of the wheel stations reduces the risk that the wheel stations are lifted during

too heavy cornering.

The embodiments of the suspension device mentioned above constitute so
called semi-active suspension devices, but also so called active suspension

devices are conceivable, i.e. where both spring action and damping action is




one fails the other will provide |ocking during e.g. cornering. Above
expansi on and conpression respectively of the suspension device according
to the different enbodi nents has been achi eved by a piston stem

Al ternatively expansi on and conpression of the suspension device according
15 to the invention be achieved by ne&fs of a nenbrane device. Although
only hydro pneumati c danpers have been nmentioned, electric danpers or

magneti ¢ danpe e con ei vabl e. vehl nt ended ki nd of
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vehi cl ¢ cqpmich3s BInABRES tb AccHRiRitAGofhk spingddl Swhich works as a spring,
i.e. a hydro pneumatic system, may from the additional accumulator more
gas temporarily be pressed in the gas volume of the spring leg whereby a
harder spring is achieved. This is conceivable in corners or when the vehicle
starts to incline to a large extent. With such an active system locking of both
10  outward spring action and outward damping action results in backup, i.e. iIf

one fails the other will provide locking during e.g. cornering.

Above expansion and compression respectively of the suspension device
according to the different embodiments has been achieved by a piston stem.
Alternatively expansion and compression of the suspension device according

15 to the invention be achieved by means of a membrane device.

Although only hydro pneumatic dampers have been mentioned, electric

dampers or magnetic dampers are conceivable.

By vehicle is intended any kind of motor vehicle, such as a car, truck, military
vehicle such as crawler-type vehicle, wheel vehicle, cross country vehicle,

20  but also non-motor driven vehicles such as tows, wagons etc.

The invention should not be considered to be limited by the above mentioned

embodiments but may be varied within the scope of the appended claims.




danpi ng action being controllable, wherein the controllability of said
danping 5 action conprises a |locked or substantially |ocked state in the
out -configuration, wherein a valve confb?uration (40; 50; 60, 70) is
present conprising a valve (44; 56, 77) for control in said

out -configuration, said valve configuration conprising a separate val ve
(42; 62, 53; 64, 72, 76) in said in-configuration, characterized in that
the means f qAlp®i ng action is 10 part of a neans for danping and spring
action provision, said neans for danping and spring action providing a
spring and danplng action state in the in-configuration arranged such that
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uneven terrain etc. wherein said danmping and spring action 1s-arranged to
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sai d sensi ng neans conErlses a nmenber for sensing Inclination (220, 250) of
t he vehi cl eCongtaat unlocked staterHbdependent ofileeked or unlocked state in the out-

configuration by means of said separate valve (42; 52, 53; 64, 72, 76).

13 2. A suspension device according to claim 1, wherein the suspension device
(15 1I; 1; 1V) is semi-active in such a way that said damping action is arranged
to occupy a locked or substantially locked state in the out-configuration.

3. A suspension device according to claim 1 or 2, wherein said damping
action is hydraulic.

20 4. A suspension device according to any of claims 1-3, wherein the valve
configuration (40; 50; 60, 70) comprises a throttle vaive (46; 55; 64) arranged
in series with the valve for control (44; 56; 76).

5. A suspension device according to any preceding claim, comprising
means (210, 220, 230, 240, 250) for sensing heeling of vehicle during

25 comering, driving in uneven terrain etc. wherein said damping and spring
action is arranged to be locked or substantially locked in the out-
configuration, based on said heeling.




8. A nethod during danmping action with an in- and out-configuration of a
vehicle conprising the step of controlling said danping action, conprising
the step of |ocking or substantially Iog&ing sai d danpi ng action in the
out-configuration, said out-configurati bei ng controll ed by neans of a
val ve 10 (44; 56; 77) of a valve configuration (40; 50; 60; 70) having a
separate valve (42; 52, 53, 64, 72) in said in-configuration, characterized
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15 damping and spring action to be constantly unlocked in the in-configuration
independent of locked or unlocked state in the out-configuration by means of

said separate valve (42; 52, 53; 64, 72, 76).

9. A method according to claim 8, further comprising the step of sensing
heeling of the vehicle during comering, driving in uneven terrain etc. in order

20 to, based upon the heeling, lock or substantially lock said damping and
spring action in the out-configuration.

10. A method according to claim 8 or 9, further comprising the step of

sensing the lateral acceleration in order to, based upon the lateral

acceleration, fock or substantially lock said damping and spring action in the
25 out-configuration.

11. A method according to any of claims 8-10, further comprising the step of
sensing inclination of the vehicle relative to the horizontal plane, in order to,
based upon said position, lock or substantially lock said damping and spring
action in the out configuration.




15. A computer programme product directly |oadable in an internal nenory in
a conputer, conprising conputer programe for performng the nethod 10
steps according to any of clains 8-11, %en said conputer is executed on

t he conputer.

12. A vehicle comprising a device according to any of claims 1-7.

13. A computer programme comprising a programme code for performing the
method steps in any of claims 8-11, when said computer programme is

executed on a computer.

5 14. A computer programme product comprising a programme code stored on
a, by a computer readable, media for performing the method steps in any of
ciaims 8-11, when said computer programme is executed on the computer.

15. A computer programme product directly loadable in an internal memory in
a computer, comprising computer programme for performing the method
10 steps according to any of claims 8-11, when said computer is executed on

the computer.
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