1 SUSPENSI ON DEVI CE AND METHOD DURI NG SPRI NG ACTI ON ANDY 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 claiml1l. The invention also relates
to met hod during danping action and/or &pringing action with in- and
out-configuration of a vehicle according to the preanble of claim 10. The
invention further relates to a vehicle according to claim14. P&Pe 0
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still hg aihiliftihVaky rbBideiR ChbRpUEY SR gPamiaccording 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, ruhning 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




hydro pneumatic spring, which results in the fact that the vehicle wll
incline to a greater extent during for exanple cornering when roll occurs.
By using so called stabilizers, i.e. a suspension attachnment in the form of
a b5 bar connecting opposite wheels of the vehicle, a reduced inclination
without stiffening of the vertical su€pension is conceivable, facilitating
I nproved - running characteristics with a relatively good confort. A problem

with the use. of stabilizer is that it transfers the power .of a i ng
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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, alternatively 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-
activefactive 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, 720, 085 di scl oses a danping device with both adjustable conpression
and return, where adjustnent of conpression and return is done by neans of
an electric notor. US 4,159,106 di scl oses a danping device with a danper
having a pressure 5 dependant return danping action, where regul ati on of
t he danper is done nechanically autom&ically. The danping of the danping
device is not controllable. OBJECT OF THE | NVENTI ON 10 An object of the
present invention is to provide a spring device for a vehicle which

i mproves t RES AuUiRe, 08P dismicassea demping devicaiwitly batht adjusiabie compspgsien

{raver sabi AEYC U uiRts ARETER earitbRoBh RS RORHD edhE of

provi de a mptdledriBynotdd spring/ danpi ng action of a vehicle which inproves
the running characteristics of said vehicle by for exanple cornering,

breaki ng and accel eration without inpairing confort and traversability.
SUMVARY OF Uiig, 199vEREr disqlons s daB1ning dsviser With feda@pPenppuingf PIGSSMIE he
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the type sta¢crchnidajlywaytohaticadly.odinet idampngl ofhitlh dampingdi tdeviceeishinbit s t he
features reciﬁeﬁ in the characterising clause of the appended claim1l1, 10,
14, 15, 16C8AHOMEPIE5 preferred embodi nents of the suspension device and
the nethod are defined in appended dependent clains 2-9 and 11-13. 4
According to the invention the objects are achi eved by neans of a
suspensi on device conprising an in- and out-configuration respectively for
a vehicle co risin% means for danpi ng and/ or spring action, said danping

and/ or spriQEET QM Thd MNVENI®YI | abl e, wherein the controllability of

sai d
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.




5 danping and/ or spring action conprises a |locked or substantially |ocked
state in the out-configuration. This results in the centre of gravity of
the vehicle being |owered by heeling of the vehicle by for exanple
cornering or driving with heavy inclination of the vehicle, in that the
vehicle is lowered, whereby the risk of tipping is reduced. The angl e of
rotation about the roll 10 centre of the vehicle is reduced due to | owered
centre of gravity and due to the out-configuration of for exanple the
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conprising a vaI ve for control in said out-configuration. This results
According to an embodiment the suspension device is semi-active in such a

15 way that said damping action is arranged to occupy a locked or substantially
locked state in the out-configuration. It is easier to control the damping action
compared to controlling the spring action. It is easier to construct control of
damping action and consequently cheaper. Control of damping action also

resuilts 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 {o the out-configuration being locked no time dependent
throttling resulting in increased inclination during prolonged cornering or

30 inclination of the vehicle occurs.




in areliable way of providing the control in said out-configuration.
According to an enbodi nent of the suspension device the valve 5
configuration conprises a separate valve in said in-configuration.
According to an enbodi nent of the suspension device the valve

configuration conprises a throttle valV® arranged in series with the valve
for control. This facilitates use of a controll able val ve which w t hstands

hi gh pressures and flows, which is advantageous in heavy vehjcles such as
e.g. 10 crserdipadean eekrdineant oftheraisrgnEiongevismadaheneoptiguratiehensi on
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driving in uheven terrail sal np I spring action
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achi eved by neans of a 25 nethod during danpi ng and/ or spri ng action with

in- and outhPressres@nat loms orhich i§ asivantageswsrin haryytvebides sush aso@r ol | i ng

said d i 1 [ action, and the step of |ocking or

substaﬁg})al ?;ﬁngé%ﬁ gpés’gﬁgsdarrpi ng and/or spring action in the

out-configuration. This results in the centre of gravity of 6 position of

t he vehi cl Adwerdigg|toven esnibydiimeetk ithg safspehsionetiévite cdarprisgsemganscfor ner i ng

or driving with heav?/ in Iin%tion of the vehicle.in.that thei boc#/ of
sensing heeling of a vehicle during cornering, driving in uneven terrain etc.
wherein said damping and/or spring action is arranged 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 cornering 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 objects 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




the vehicle is |owered, wherein the risk of tipping is reduced. The angle
of rotation about the roll centre of the vehicle is reduced due to | owered
centre 5 of gravity and du to the out-configuration of e.g. the inner
spring leg during cornering not assisting in rotating the vehicle since it
is locked or substantially |ocked. In&Guch a way confort and grip is

mai nt ai ned. According to an enbodi ment the nmethod conprises the step of
sensing heeling of vehicle durin rnering, driving in_uneven terrain
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automatically controlled during driving.

According to an embodiment the method comprises the step of sensing

lateral acceleration in order to, based upon the lateral 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




5 Fig. 2 schematically shows a suspension device according to a second
enbodi nent of the present invention; Fig. 3 schematically shows a
suspensi on device according to a third enbodinent of the present
invention; Fig. 4 schematically shows a suspension device according to a
fourth 10 enbodi nent of the present ifdvention; Fig. 5a-b schematically
shows the suspension device according to the first enbodi ment during

conpressi on and expansion, and during heeling restrain respectively; Fig.
6a-b schentlls 8a¢OWPaRYAE drAWINGSs YheSBih h'@%w%ée%&%haﬁ%erﬁde &eto {6 second

enbodi nment Pgﬂgbﬁgygggﬁ)ﬁgﬁ?@gr %\fﬁf%ﬁik%bﬁ“d during heeling restrain

respective emati ca ows the suspension device according
to the third/fourth enbodi ment during conpression and expansion, and
during hefig.nd sebematinallesgieets \eel sysp2dsiing.deficec aocheding i ald yfirshows a
vehicle in an unsprung state, .i.n a sprung state according to prior art,
and a spruﬁﬂ‘bﬁdﬁpgma%%?&rﬁﬁéqtdn‘f%'oﬂr eset invention respectively; Fig. 9
schematically shows a control systemfor controlling the suspension device

accordifg gyt hesdhepsatitially Miwd @ isudpensidn Fildvicd aceebd@ingtiocal s¥caitbws a
flow chart for controlling the suspension device. 8 DESCRI PTION OF

EMBODI MENTSTsogimensefibadtresentlipvesions a suspensi on device | according to a
first enbodiment of the present invention. The suspension device |

Govice 1 chkpr PssthafRfical sfBlls' #'sThheRsichCRRTEL At otk RERF, 0"

means of aepmjddeneﬁp@ffﬂqgwrggémnn@qtio\mi chisin fluid conmmunication with
the first and the second

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 resfrain

respectively;

Fig. 6a-b schematically shows the suspension device according fo 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.




space, the valve configuration 40 being arranged to control the flow of the
fluid between the first and second space. 10 The suspensi on 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 vehicle
via a linkage. The piston stem 12 is aBranged in the first space 10 in
such a way that it is divided into a first cavity 14 and a second cavity
16, the first cavity 14 being in fluid communication with the 15 val ve
configuration 40 and containing a first fluid, preferably oil, and the
second cavity containing a second fluid in the formof a gaseous nedi um

e.g. nit rog@hscﬂgﬁlw oF eV RIENTQW pressure. The piston stem12 is
e first spac dl|¥

novable in't e lna rection of conpression, the oil being
arranged to be pressed by neans of the piston 20 stem 12 fromthe first
cavity 14 Fignal dschematicdllyesbons i gususpensioto deying il nagcatdingcte on fost
expansi on, in ich t oil is; supplied,to the first cavit Wi
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action or return of theé vehicle. The i'n-configuration conprises the
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Phe. ot st oncntiirafish 20" GRich a8 i biyRloroRBnieEBayith e 5t e s dilce 20

i s dividedspaded thet VHIVE copfihliatidd 4Mbemd arbhbed avi dontrdb thdYloneehtheof a

pi ston 22, which is glidably arranged In the second space 20. 9 The third

cavity 24 fldidihetweandhe drhandRCcoof SRieCh- t he val ve configuration 40 and
contains the first fluid, e.g. oil, and the fourth cavity 26 contains a

1210, P BSTa SATBE T hs SARGRSSTH iy 12 by 1o 0,
pneunat i c apanhged dcthenfirshspaceriThe pistongdtepr €3 smuintendBddowsd senreotéd tur at i on
40 compri Sgswﬁeélicgfst%ev\?éh\{c?len\ﬁ%elrinfazgei. nl'l'1teh;:e)is%c?nr g}e%tl 2 is arranged in the
first space 10 in such a way that it is divided into a first cavity 14 and a
second cavity 16, the first cavity 14 being in fluid communication with the
15 valve configuration 40 and containing a first fluid, preferably 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 outward 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 piston 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.




non return valve 42 which is arranged to allow oil through the first cavity
14 during conpression, i.e. during novenent of the piston stemin the
direction of conpression, i.e. during inpression of the piston stem 12.
The non return 10 valve 42 is further arranged to not allow oil through
fromthe third cavity 24 during expan® on, 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 nmenber 44 in

t he form offhg thdtaeayity 24 s ndiujé oemmpenication Wik thenvalve icepfigurativdcttrenber

15 44 is a . . r I lye,4 . t bl e
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first flutie form. obid ¢compidseibdsl Jasepass netlum, ce.gsesitrogen] davary eposi tion
where the first fluid is not allowed to pass. In the cl gsed pO%ItIOI’l of
the controfglaively Righvresgwiser Ther sesevdqtiate 2hboMys oeastiuias o yde | . e.

oil is all ?ﬁgmtaﬂcggﬁﬁg%tgﬁ&q‘%!%%wﬁh%%gbg#éggdrg_n 40 during conpression,

where the I'd passes Foug € non urn val ve 42. Expansion is
consequently not possible in this position, i.e. the outward danmping is

| ocked. Th#¥healahe configugaticat 40comprisksra frshpalve eserabeh4 2 ih thel foemnafreber 46
inthe formof ,a thrott|e valve 46 or constriction. The throttle valve
46 1 5 ar r angBACNS VAN &2 MLEIT Arrenged o clommal Bubtan HANGE G * The
throttle va|Mgq 4BnfiBsdibhUi&ES '@‘HSMB TR DR e pIGH Stdrin ®ha dRUERCHD

conpr essi on an%l gﬁgans}?o’n']&'s L?'o ced through t g throttle val ve 46, whereby
a danpi ng attompression,He. piusingrimpoesaieniof dmdl pishers steme e Aibel ron etdghi eved.

10 Fi 2 schemmtical,ly shows suspensi o evice |l according..t second
_errbodiﬂ?ent Vﬂlg’e,t e 'SpIHESH tarfarﬂgé’ﬂﬁoo'ﬁqst &R’é‘" Qﬂgﬁré)r@i%ofﬁo'ae P Icag’gx%ﬁases an
in- and oulufAgfexpHRsibhONe. @wﬁtswrehabveﬁh@wtsmﬁémﬁﬂe_@ﬂoﬁ@vIes(Pahé.ioﬁpr a
vehicle conprises in accordance with the first enbodinment a first space 10
and a 5 setendurphexpreesionsiiie pisteyysiesang. of a val ve configuration 50,
which is in fluid communication with the firsts and second space, the

val ve conf irgurahlo Qonfiguration 40 further comprises a second valve member 44 in
the form of a controllable valve member 44. The controllable valve member

15 44 is arranged parallel io the non return valve 42. The controllable valve
member 44 is controliably arranged between an open position where the first

fluid, i.e. oil is aflowed to 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 fluid 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
constifutes a damping member, where the oil during compression and
expansion is forced through the throtile valve 46, whereby a damping action

of the piston movement and thus the vehicle is achieved.




50 being arranged to control the fluid between the first and second space.
The suspension device Il according to the second enbodi nent differs from

t he suspension device | according to the first enbodi ment only by the
design 10 of the valve configuration. The val ve configuration 50 according
to the second enbodi nent conprises a flDrst pair of valves 52, 53, a second
pair of valves 54, 55 and a controllable valve nenber 56. The first pair

of valves is arranged parallel to the second .pair of valves. The first
pai r of va|$%35&ﬁh%m%§§hﬁ SPPM§tarﬁ5+§PP8§@Png%‘QE%é[@§CQ@'% éﬁ??%'ﬂé
throttle v ?%eﬁir ' lﬁsﬁ;@h@- N &g \ SCHHPr i ses
a second n?rqﬂl?‘oeotﬁrﬁnsﬁf 912 ve géagﬁ 0%@%%%? ottfdgﬁd\j/%YlgééHS%rH@?Sreanged I n
seri es. Thean-camdt ool-tafigruratidn eespadivelys d hessuspeanipadievices Brfora vehidd t he
second val ve nenber, 54, 55. The first_non return valyve,52 is ranged to
ST ow ol | CRIBBRSHIngAaoRaance Sith b5 wabierpodimnl Bntyst Share<d BRIY .
during % ' | ' | 3 I3 I.e.
urf ng Trp s eohd 3babd 20%epaPeRyiERnt oF o AN oIS SOTWAREIST. |
further ar flaidheemnutnicatioal withwthe firsthaod glecohd sphce dthecshva gorfigutatiomg

expansion, Jd..e.. durin vement of 1h I ston,in.the directjon of
expansi on, 50 Engiarehgel i EAEEP IR KBV tbF Turtnd 3665 Sieet | | o
throttle val ve 53 constitutes a danping nmenber, in which the oil during

conpr essi OTHeSsddPepRibri Bewbghl bBortingsto tHy ebtdrRi ¥mberiirhent wiifel€bvng
danpi ng action of the piston novenent and thus of the vehicle is achieved.

The second thRgusransion davige |swcpeding te fipetrst emfradimest enlyyohgHlesi@im t he

third avi ri sion, i.e. during novenment of the piston stem
in the@l 05¥Q%g§|9§gogﬁg@é§§ﬁsi on, i.e. during expression of the piston

stem 12. The second non return valve is further arranged not to allow oil
t hr ough f r dinetVadve tonfiguration 69 ateordigg dothpr sscormhembodimehtraongprimesearent  of

bl ot on' st eArEHEoh e e g Fr SRENG Bl 06 valyeB b s ANedt oDl
menmber, i n\WReCRchBRrAd. The first pair of valves is arranged paralle! to the second
pair of valves. The first pair of valves comprises a first non return valve 52
15 and a first throttle valve 53 arranged in series. The second pair 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 allow 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 alfow oil through from the third

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




during expansion is forced through the second throttle valve 55, whereby a
danpi ng action of the novenent of the piston and thus of the vehicle is
achi eved. The controll abl e valve nmenber 56 is controllably arranged between

an open 10 position where oil is allowed to pas and a cl osed, or | ocked,
position where oil is not allowed to pdss. In the closed position of the
control |l able val ve nenber 56 oil is thus allowed to only pass the val ve

configuration 50 during conpression, in which the fluid passes through the
first non cdeghHan o %@%@.'O”s%a%ﬁ'% SXBreSHifN rﬁ’étthﬁo@ﬁ%‘l gteh 't Ehe

posi tion, ise@onc#] BONOIR" P Pt MGher Ja?ra%?;%b%tité d&@ﬁk@iﬂthrghgh from the
y according hi rd

schemati call'y shows a suspension device to a

enbodi ment fidt tinatypdedegtconmwessionn i eThierisgsmensmani dfvtheepibtdn aoitipe i ses

an in- and gput-configuration, respectively. The suspension device IIl for a
vehi cl e coMJECHYR OLCPMPERSSIPhdE- @B[‘”&'@E@ﬁ%ﬂ’%%@@ Yo $ER 1t%-hi rd space 30.

20 The first space 10 and the second space 20 are separated by neans of a

first vel vaHEORddomdl B vafe 56 6Rstithidsa Watiding HETHBEE 3 Whikcttdod he
first and second space, the first valve configufation 60 being arranged to
control thaurihgubgpansioneisnfordes fhiroggh dinel seeond dhrobtie #alvehsbd, fwhertebypmce 10

and the thiyd .space. 30 e separated neans_ of seco val ye, .

cont i gar at KBTI aic0robiT BXNETIT of BRSO oh e dehte s and
t hird spacechidigdsecond val ve configuration 70 being arranged to control
the fluid between the first and the third space. The suspensi on device

further conprises a gi ston stem 12 gl_idably arranged in the first space.
The pi st on fheceantolipbly valve deember bé ie cantelaldy eoranueH fatween asr opere

vehi cl gy Vi N qmg ool i | r I 0, | space

in sucﬁoa %gglt'toha |t8 ?"s'gg’."g‘.“%éggipﬁ#?ﬂé”l %FLOE’F gtéeﬁgggqﬁb asﬁ]tg)%a\;vééi%%@ cavity

16, the fiig bt slwdd/tolgadieimthd clobéd bdsitionmyfthe adbnionllabild balvbenémbet val ve

configuration 60 and containj ng a first fluid, Vprefer_abl / oi L, and the

second 56 oil is thus allowed t6 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 Ill according to a third
embodiment of the present invention. The suspension device Ill comprises
an in- and out-configuration, respectively. The suspension device liI 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




5 cavity is in fluid communication with the second val ve configuration 70
and containing a second fluid, preferably oil. The piston stem 12 is
novable in the first space 10 in a direction of conpression, in which the
oil is arranged to be pressed by neans of the piston stem12 fromthe
first cavity 13 towards the first val v&configuration 60, 10 and in a
direction of expansion, in which oil is supplied to the first cavity 14,
and in which oil is arranPed to_be pressed fromthe second caV|ty 16
towards tREthavehialevda el + Jhedisten stem B icenpreadiniie st fRaCs nt ended
I nward dak L 7 E on of
the. pi st on T shee B4R e BRiGHE e arel DAY P4 208 o sgBond FBVRT b,

spring act ttee firsb cavityettur rbeﬂiﬁgt e fiadi cbmmunieatiorx prigs sthen fioét tuadvepi st on
stem The second space 20 is divided intg a third cavity 24 and a fourth

Cavity 26 SBYNGHIAHEN G0 andczasiainingsadish Buidwireteratly @i, s V\eaﬁ@%mgbd_ in
the secgnd, n\i}f’%eur?ﬁ deLftﬁnﬁ-J&nf&géﬁVWﬁ 1128 sbBohd v Eldé'go rF"?b' ‘M.th

the first va con I'gur ation conta I'ns t oil,
and t he fogohtairiay iatyecdtdFid, prefaraslyailf luid in the form of a corrpr essi bl e
gaseous nedium e.g. nitrogen, having a rel atively high pressure. The

d 20. th t ut h ) ti | i th
P G pr oo PE. PR P 12p e €I T adly Aoees R 18 1P cARpag! and &
sixth cavig n%‘ﬁeé%‘)fon ”ﬁaﬂfﬁld?]f the bitiis hrArtfedNtc’Be MRISSEd i1y E%ééi'\%bbﬁ/trﬁi ranged

in the third space 25 The fifth cavity 34 is in fldid comunication
with the sp(ﬁ@idstmm aafmmftln@ﬂrsitcamhy 18 ta\mardsdheaflr%valvmce@fmaﬂ@m 60d, e.g.

oil, apd the,sixt 36 contains.a fluid in or f e

corpr obi bPadgh S fuSan mPars. T Wil i RubPies B 1B B bty 14w
pressure. 3ad iddmidh bbis dRbNged eNbé PrésdddRo®hacrebad Rewity 16hewhkdy d
enbodi nent of the suspension device IIl conprises a first valve nenber 62

in the forthoseeond valve epifigugatiom70aBy compregsignds dbes itepded dnwatther 64
in the for H]aﬂ{pl@ é;}z*l{}v%trd dotngt SdtforV Bt Y% Sdnick AN IRthrRakiah! & thkOpishsn T 1 st

non return valv
stem, and by expansion is intended outward damping foutward spring action

15 orreturn 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.g. 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 into 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 fluid in the form of a compressible gaseous medium, e.g.

nitrogen, having a relatively low pressure.




5 The first non return valve 62 is arranged to allow oil through fromthe
third cavity 24 during expansion, i.e. during novenent of the piston in
the direction of expansion, i.e. during expression of the piston stem 12.
The first non return valve 62 is further arranged not to allow oil through
the first cavity 14 during conpressiofd i.e. during novenent of the piston
in the direction of 10 conpression, i.e. during inpression of the piston
stem 12. The first throttle valve 64 constitutes a_danp % nenber wher e

the oi | durihggfirst srbve sentiguradion HQ agcerdingida theethind, §mbp mrﬂh ef $he ve 64,
wher eby a QQBér%ion gw rlnoéo n@%e%'é*ﬂf’éi Jé%eﬁﬁ%%e?r& fnht'ﬁé I tdg%rfg‘%{"c'e s

achi eved. € secon ve configuration according to t
enbodi ment noﬂa&e@mﬂmaleeﬁm drid adsatmndevareatreembar iod inhthe form of aafirsécond
non return val ve and a fourth valve nenber 74 in the formof a second

throttle vmr@@ezvalve B argeaeparealietto the ITRENQREIHED ¥AIME Bt urn val ve 72.
The second valve configuration 70 further conprises a controllable valve

menber 26 FiEARGERon BuFRMNA9e Wil 4 ng}éa fdia%w J.pwréllhgw%mﬁ@@mﬁf- 20

The second non return valve 72 is arranged to allow ol l™through fromthe
fifth cavucBynt;BZAdurlng@xpanpnoessemlunng movelmanhgf theveistomtindhe diteciidrst on i n
the direction of conpression, . r.essi.on e piston stem
120 The St GRBORTRN Seura g peeressiod Pl ietaR SRR 2ndie B1Shi R of |
through frespurd REIVE 651s fimtierar fg@k!%d’(&o%l%ﬂéil%oughf%heqwéﬂétﬂnwﬁent of
the piston in the 25 direction of expansion, i.e. during expresSion of the

pi ston st emduling Cnmp@se@ndlmabnrmgem@aev@nmfdbﬁmls@ssmat ﬁhﬁ@ﬁ@ﬂr@ﬁber in
vvhlchli e qil _duri expansi.on | S. for qﬁg%g throttle val ve,

wher eby™ a 88H1?r%%3'°% 8- &GP "inlﬁ’éespﬁi%QB FRRTER S Tntrt hus of the vehicle is
achieved. 14 The controll able valve nenber 76 is controllably arranged

bet ween anTopefirst thasttlé ivaivevde censtitlitelssa adampw@metmmwhemitr@ ail ey or
| ocked, position where oil is not allo In th Iosed osition

of the conCPBIRrediien isfareed fioyah the f!ﬁtmﬁr%tﬂ% eoﬁiﬁ ad:\2 dag) s the
first and seaands ¥l ¥iston movement and thus of the vehicle is achieved.

The second valve configuration 70 according to the third embodiment
15  comprises a third valve member 72 in the form of a second non return valve
72, and a fourth valve member 74 in the form of a second throttle valve 74,
arranged parallel to the second non return valve 72. The second valve
configuration 70 further comprises a controllable valve member 76 arranged

in series with the third and fourth valve member.

20 The second non return valve 72 is arranged to allow 0il 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 to 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 ol
during expansion is forced through the throttle valve, whereby a damping

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




5 configuration 60, 70 during conpression, where oil fromthe first cavity
14 passes through the first throttle valve 64, and where oil fromthe fifth
cavity i 34 passes through a third non return valve 77 of the controllable
val ve nenber 76. Expansion is thus not possible in this position, i.e. the
outward danping action is |ocked. 10 THe suspension device according to
the first, second and third enbodinent is constituted by a hydro pneumatic
suspensi on _devi ce, in which da inaﬁ_aotion i s hydraulic and spring action
tl

i s hydro pridgneantliablevalue smemper «Biis conypliaphvpaienIeHRBEED HpPPHYy acti on
is that th T r\Eidl r ' | r I [ £ spring
does not s? r0 ?E'ghtmm%ﬂég ]Pgsé%%éggfogég%ynggd%@ l(?g%g/’eﬁﬂég%%ﬁ" ‘F?%@ ‘@%ﬁ? ng.
Si nce the sjrisngoicalidveed $o gasss. dngthentlbsed gositionadf the aohtrolable pralvg
occupyi ng Iittge acg and bei nP capabl e of handling great forces is

ek yaé}'jll

achi eved. IMEMEe (IO REriSeldlp PBYadflowed conparsdhe st ard greondhe@lver e- | oad
of the §prgegfi%m%ﬁ&i@Cﬁtmbuﬁﬁggﬁsrhp%s% \WHere oil %ﬂq tie %rﬁt{ﬁ%}gggf%i ng to

rocking. 2 mati ca OWs a $suspension device
a fourth eabsed teotigbfthe Hesipihesttetvalvey 641 and . wiidre cibfpen#ieofiftleavite |V

conpri ses n in- and out-configuration, respectively. The ensi on
de\r/che RY; 32c88§?ﬁ3n rPHQE'h% tf"HG?f‘ﬂ” eﬁ?ﬁﬁﬂi W& ﬁ'} fcffeb'é PPBWPE@LE,QS‘{F@%nSi on
device 111 &N ihe id i ' ind e T ur ity 26
of the secénnéglfﬁggIr g%'agébg%élgﬁrﬁ Zﬂ‘ l%é;ngﬂple%'g%m? q‘h&eb%??ﬁ’oﬁe'aﬁgéﬁ%\r@?gi bl e

gaseous nedammingagtion isilockegbn, having a relatively | ow pressure. The
suspensi on device IV according to the fourth enbodinment is fornmed as a

danpi ng, cy ki i i.n 1.t.h p e spring. er,
ekl St bR e R S e SR L G
spring, 30cphstitatesipibyng, hydros pasusitic Nguspainsictpidenizeetis . white sapping e
spring nmenber is 15 arranged in such a way that inward and outward spring
action is achPrirlydraylic ARdseripg adionys 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 little space and being capable of handling great
forces is achieved. It is further easy to adjust/compensate for weight. The
pre-load 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 I
according to the third embodiment in thaf 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 {V 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




Fig. 5-7 shows the function of the suspension device I-1V during nornal
drive of the vehicle and during heeling of the vehicle, respectively, for

the different 5 enbodi nents of the suspension device I-1V according to the
invention. In the figures the small white-filled arrows Aillustrate the
flow of the oil during conpression/ ihWard spring action, i.e. when the
piston stemis inpressed. The small black-filled arrows B illustrate the

flow of the oil during expansion/ outward spring action. The white-filled
arrow C shéfanrgrd iisusét a ovawihatonwertheegspdivasd spragmRaiosnissaeheysl t he
bl ack arro irection of expansion of the piston stem The
bl ack arroaUE@&%@aggﬁ% pressure of the gaseous nediumin the cavity 16
and the black arrow F shows high pressure of the gaseous nediumin the
cavity 26. Fig.gb-7 Sholwssibbdmmdticradi heshmpentioa deviqeehB/ daridgwoaaal dawecor di ng

to the firs 15 enpodi prent. duripg c ression and expansiop, d during
heel ing r cét the H?h'gf%egragﬁww .e!'rgs §f the Vel r%%r@o(ffﬁ%& f%rtﬂefﬁ?@fény
suspensg O“eﬂ%ﬂo‘i‘rﬁeﬂféréﬂﬂe@sgéh\s,\%ﬂ%ﬂce ﬁﬂﬁ'a@éﬁrﬁ’ﬁf ostﬂé'iﬁ\g?rﬂﬁ'}d. PR the
respectively i.e. during drive where no heavy curves or slopes occur, but
only when figuresl the sell ahiteifilsd omrolwe A dHustegie 2heaflew pofetrentoil duringi s

osition th tr.ol ) abl | mber. 44 is jn it posi tion., Duri
Eonpr essi ofPTIRERGs BIHS REDDGAFEe 161 Sfish EEchiskos BEM (PRI Hduner eby
oil is f'OVP'hB%rﬁéIPﬁﬂchﬁﬁllfaUra'f‘rFovG@B' Histtdtet REGIEN of T BP Burih§lexban¥iahye 42

and further through the throttle valve 46, whereby danping action is
achi eved, votward spiing action yThe whitefided cavaw Spsbewso the rditgation 26 second

oressult, Bt d R aRERERICR R aPa3HY rbcatfal d RESEF SR Ebuh 85
expressed wheaediyn of thd pistdrogtent T Blathertow EGhowg 4 Youd Hréduiog of thene
throttle valve 46, whereby darggll ?&QI s achi eved, further through the

e

cont r ol | abo@seys mediniie theygav ndrihe tdagdpanrow ds shews highhptassurs st
cavity 14. 011{5?1e Eé&ou@%égiﬁﬂ?intﬁﬂ‘é d‘al‘llﬂgtzison of the suspension device | during
e. ’

heel i ng, i.

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

respectively.

Fig. 5a shows the function of the suspension device during normal inward
and oufward 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 compressionl 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.




during heavy cornering of the vehicle, during heavy inclination etc. when
the controllable valve nenber 44 is activated by neans of a sensing neans
(not shown) arranged to sense said heeling. In this position the
controllable valve 5 nenber is in its closed position. During conpression/
inward spring action the piston stem1@ is inpressed whereby oil is
flowwng fromthe first cavity 14 through the non return valve 42 and

further through the throttle valve 46, whereby danp" Bg .action is_achieved,
to the thi Fig-cavishpwsathe RingtieprefathCeSusRansiaméleristct ABANG ISEHEIN bFral

i nward spri ' | s ; I OV | rd
spring act :dgﬂngﬁéa?g %?g@irﬂi gﬂth%?\éénﬁ@fab%ﬁﬂa&?ﬁggﬁgﬁ]@m? ﬁ@ﬁ%m‘?@% e val ve
nmenber 44 whhtrbllalde vaiveseentbher ddsis dctisatddms nteiaon , of adersityy nmdamspinst on st em
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devi ce | asHBWE) Aganast e Sehre sakhieelindei (i ROSEBRIPPSoTTaTatE ikt ¢ | o
valve 46 T yRohhanidh /S chsdaP&sitisNBLARG (ddPnpre@¥iof] irfldrd! dhriPRf Bction
directions, and a loop for inward spring”action wth non return valve 42
and a | oofhd pistaustenn d29pimpresaedivdreraby loilds flaving owotherfust ety 14l ve

nber 44. , Th i on devi titut ingle-act i ing |
o nCer 1 g WEPERT St b6 ah SR Foda R Belid M B 12
first spac@ntPebyiablpisqachBnas tachisved, 3baBel Bird CCHWRI 24 SIRr adtibr@ghde®n. The

gas volune in the second cavity 16 of the first space 10 results in
avoi dance wfthnthgafunadiopr ddrdng eormat frwaidr spring &ptioh acrasdingalionfidig Sehe oi |
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const i t ut e¢hdyohtroisblervdive iarkbeddgcwhiumbisehow 28t fo iis dosddl pobitioat i cal |y
shows a suspension device Il according to the second enbqdi nent during
conpr essi oWh@rebwthankiston stama tiis mpthespriesged. BE? FEMRIN (RS OE y . Fi g.
6a shows tp‘BsiftiBHCtion of the suspension device Il during normal inward and
outward spring action, respectively i.e. during driving where no heavy 17

The suspension device | according to the first embodiment thus comprises a
15 throttle valve 46 functioning as a damper damping the flow of oil in both
directions, and a loop for inward spring action with non return valve 42 and a

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 avoidance 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 tires, rim, brake disc, hub etc.

25 Fig. 6a-b schematically shows a suspension device [l 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




curves or inclinations occur, but only normal irregularities on the roadway
exist. In this position the controll able valve nenber 56 is in its open
position. During conpression/ inward spring action the piston stem12 is

i mpressed whereby oil is flowng fromhe first cavity 14 through the first
non return valve 5 52 and further throlfgh the first throttle val ve 53,

wher eby danping action is achieved, to the third cavity 24 of the second
space 20, in which second space spring action is achieved by neans of the
ni trogen geidves afi igelingticnssoeeur, DHFQH@/@Qﬁﬁﬁ!sFF&QUWJi%PH 1BBrioagWaYt i on t he

pi ston ste f cavity
t hr ough thg'%comswtﬁﬁﬁﬁgtc\gﬁﬁ%v 1 aévf 21%111 gr!hﬁﬁr%b%gggecond
throttl e vBusMegTompreesiehy mmﬂmmgaabilm the paastbneatem 12 us tlﬂnpreetsledough t he

controllable val ve nenber 56, bejng in its. o tlon to the first
cavity. i Yhesbibiais ok DR deichain e Siehasts o sk 3P st Melyeneel i ng,

ari 89 éﬁ%amﬁhgf&r%hgﬂq fofréthﬁ e g‘é‘lee 5§“Wh@€éd§ﬂ&%ﬁﬁpir@°éétﬂﬁ# json etc.

vvhen t he controll abl'e ve rre er I's acti vat ans
sensi ng neaciaeﬁedzttosﬂmthlrchcamtygéd ofotrmeaeeomhlsdabeezo _ng_wlnmhtsa@nﬂoa tion

the control |l abl e val ve 56 is in its cl sition. ren

conpr essi 0PG5 RRARI sBFHNY '%c"iqh(ﬁ’e£ll?(¥ pIEGn © gigﬁﬂ% oggn-mggl b@g\/\hereby
oil is fl O%Végguifer Olﬁhﬁl%‘ é)dpraﬁfsioﬁﬁ\ﬁdt\)(raﬂfﬂ sphhéoé'z&fbﬁ e fphs%n nAanT qbuish val ve
52 and further through first throttle valve 20 53, whereby darrpl ng

action is emfeeseﬂhwheoebmet! tshlavding dronp yhezthlm‘ cavily tbmhdheﬁﬁé@@ FON in

acc th th t d di
fo T ot sarettun vhSE b At BRnen bt rretREfioRR WP’ Pletiea Mo
fl ow ng t hgamghhd Betieion la@hileabﬂefurﬁie\rethra@methé@omomiélwd@amd@m set to

Its cl osed é)oleon wher eby t he piston stem 12 is not expressed, but 25
remai n i n Pg.deaiog imits ppen poshionTieethefapbeadiyn device 11 according to the
second enbodi nent thus has separate throttle valves (danpers) 55, 53 for

e Ao D RS, 1 4 AP BN Aoy e
oi I i n thedfiirigheaay Cbmdmgamfcthga&hndlle, 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 vaive
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 1l 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




30 the second cavity 16 of the first space 10, which gas acts as a stop for
18 outward spring action. The gas volune 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
in the second cavity 16 is about the $8ze of the unsprung weight, i.e. the
wei ght which e.g. 5 is constituted by tires, rim brake disc, callipers

etc. Fig. 7a-b schematically _shows the suspension device accorgi nfg to the
thi r d/ f our PHMEBORRTREhACTION. Bhrl P9 RivMEgincBieppeedbradRY 1893RS BRL  and
heel i ng re§éé@é Yo r s‘f:[?tg'%ﬁtﬁﬁteln%gaﬁ\'/egPcrjg%i%é‘qg%vbﬂfecf I At Yavitper4
suspensi on"devi ce during normal =1 nwa and outward spring action

r espect i velgntathing mige dit when thedorabdpriesgurdr frornrtpe dasrwiume imézy gecandres or

i nclinations occuyr, but gnly nornmal irreqularjties qon the ro . In this
posi tion tﬁév'%ﬁgr'%ﬁpﬁﬁt e\,ém@fﬁ!@%lgﬁp 9 ‘é’eigﬁ?t'i % tgﬁéﬁ‘?'grﬂ)to‘é’ﬁ'g‘qﬁ%g' Duri ng
conpressi o L R : ti t | m 12 is inpressed whereby
oil is Tl O\I/nﬁjcr:l% fr(}%d?)&reﬁr?ig’r@?' lggﬁ\%et@%%aﬁdét?igkﬁ rst space 10 15 through

the first throttle valve 64 of the first valve configuration 60, whereby
danpi ng acfFigpn7a$d achematidgally shove tthé r suspension Zievise Eeeosd i Hace 20,

In which gsecond spac ring,.acti LS. achieved by neans. of e nifrogen
gas of t hﬁaﬁﬂ%ﬁ'@sﬁmﬁﬁﬁﬂ%ﬁ Itllﬁan%ﬁg’t%wlrgq ERINPAET ri‘r%‘?’e%éoe%sﬁ)%’ éleGt al so
flowing frheBjidd eedtidinthraspectiveipd of the third space 30 through the second
val ve 20 configuration 70, i.e. through the controllable val ve nenber 76,

being in its open position, and further th_rou((j:;h the second non return

val ve 72 t 5ig-hed sbewsni@echurction of the suspensiog: deyier €ufing MRIMardM¥ishnsi on/

£ o ni0 { oPRE Rl Bl Bl BhoREARIL AT BNETRE GydhRIE G Bhore B,
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cavity 14. Wen the piston _stem 12 is ressed oil .is_also flLowing form
the secon®AWaY.yIn1BigPasHion Poﬁﬁﬁﬁéﬁ‘io‘@j‘ﬁ mﬁb?hg%s@cﬁhﬂstweg’ttle

valve 74 position. During compression/ inward spring action the piston stem 12 is
| impressed whereby oil is flowing from the first cavity 14 of the first space 10

15  through the first throttle vaive 64 of the first valve configuration 60, whereby
damping action is achieved, to 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 iis

open position, and further through the second non return vaive 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.




and further through the controll able val ve nenber 76, being in its open
position, to the fifth cavity 34 of the third space 30. 19 Fig. 7b shows
the function of the suspension device during heeling, i.e. during heavy
cornering of the vehicle, during heavy inclination etc. when the
control |l able val ve nenber is activatedi®y nmeans of sensing neans arranged
to sense said heeling. In this position the controllable valve nenber 76 is
in 5 its closed position. During conpression/ inward spring action the

pi st on st efig. 12b jshawsp the fedctiaie pé e osuspessianodevige ﬁumgﬁ@aﬂ@el-w th

normal in L i or di. g la - [ nsi on/
out war d S‘S@Pﬂag ?%M g’\ﬁﬂﬁrfn@gﬁ& e\{/%h@gdaﬁgﬁé ?'8\% F}@ﬁéﬁo? %‘ g@%rr?gﬁaabl e
val ve nmenbesntfGlabdivalivenasniberidacivited bgatemes bf semsinghasagisyartaigyeal st on
stemis not depressed 10 but remains in its normal position.
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suspensi ont@gonse said hegling: in Hys 1wsitivg thai santrolsble valve mambenh (g isin
pneunmatg c SO i : 116,64 QQQE?' e ] S Vi ng
hi gh pr%ssﬁ#e [ n%t;ﬁ%[%r[?ﬁnn Vi ér%%c@mgigju?es aag%sn @'ﬁ‘?ﬁgﬁ‘ ?I:[EI e the
suspensi on1@ei¢i bEpredsed ahalehy dibist Aewinguirt kceomiadicaewith ardrinat omsaid ut es a
15 hydro pneynati
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as a gas danper, pressurizes the™il, avoiding cavitation of the sane

or that thictanpivig iwits claset pomition, svherelby fHeapistan stes saret dspressed eakage.
sion device |1 V.according to third and fourth enbodi nent

20 Th | |
const ?!@EJZBEQF%%}BP@ Y2 NPAG2LRRUPEI on device where both the first cavity

14 and the second cavity 16 of the first space 10 contain oil. This

resul ts i nThBesyddeisicd de@idet at ia@@ordin%-tosﬂhbi tHildhenditdliraent o5 mahiyerd of foam
of the oil is mnimzed. qu%y_Sa-c schematical ly show a vehicle in an
unsprung c@havmiaga suspeasiopr e2 vhesadhei sesond cagend) twithhepehaying and in

a sprung cRpgl bk AEGR" e fburth LGty P°a6RELIRECH §8L sphiRgP Sty eV
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 lll, 1V 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. Ba-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




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, 1b has the Ieﬁﬁ%h L. The vehicle has a so called
roll centre RC about which the vehicle body rotates during heeling. Fig.

b h [
duri ng. heel | 15 SEESAATARLS: G APBrealt Tty of AE SBtng b8 . BFeniecr o
The vehicle §1@E@éb§l¢%phﬁ% laehiaclie hasdiie Jekyth LhFheheslice hag,a sodalied roll
suspensi on devi ce 1la', a connected between each wheel and the vehicle

body accor di eentteRér abeutarhich B vabicte bodwigtatesgiuringdhealifge heel i ng of the

vehi cl e body occurs which rotates about its roll centre RC. In the case of

the 10 suspeﬁﬁg% SENLREHBARPLHbNG 4 9eRIcIP™ 08! bn thE rsaBvAY Z Rld Spli N9

e.g. corneri so that 't out er suspensi on device t he out é&r
spring | ey, state theng deelihg acsording te:spm:r art whererthetvehicle lagks|stabilizers.nner
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Tength Lix, THer vehicleo somrriess e Etop; Bdea Wenteb SuaSPEndel ot e
spring | eg |gyspeliion dBGicHeid Chisa tcBHﬁeét@dg:%t@eén'E%EhYWh@élaéhdJmémehlhré

vehi cl e body 110 about the toll centre RC, wth a roll
posi tion of bbdy @@aorctm@fmgpmﬂ agt. diuringg edy. |dﬂ\ﬂ@9 iin & %W@&Gﬂ"ﬂﬁ %f U’@m cle

h
pneunat | o SuLIRG eahacee Qe aen AGRD I oy ek b Bad¥ B nsi on
20 devicmy wegs IdH"Qz]é’\Nﬂé eaocidipge th ogiowia the vehiglkd rollheduririgats.gn of

t he vehicle boay durin dr| ve in a curve will be reduced in conventlfonal
mechani cal scfamerlngmt tEhe puicrsugpension sievisg Tarice tharutef arsing legr phg 1 eg

will get av p n e e
grip of the ﬁ#yeg& g’%% Htﬁ}g\sl‘gé%]gér %ulrﬁgwg%w'%ﬁﬁsﬁﬁgr%p?@al %ly S (\)’\I/\S'rseha
vehicle 100 op, derhednagr gpiiny legs 3 detgessed to a length L+x, where x constitutes
the impressed/expressed length of the spring leg 1a’, 1b’. The vehicle thus
15 gets a heavy rotation on the vehicle body 110 about the toll centre RC, with a

roll angle a..

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




condition during heeling with a suspension device according to the present

I nvention. During heeling of the vehicle the controll able val ve nmenber of
the suspension device is arranged to be activated. In the case of a
suspension device la, |b according to the present invention the vehicle is
rolling during 21 e.g. cornering so tanat the outer suspension device la,
I.e. the outer spring leg, of the vehicle is inpressed to a |length L-x,
whil e the inner suspension device la, i.e. the inner spring leg, is not
expressed bt coanering se thakbtHeenyten suspessivnedevies dant.coltheoléenziing nenber

44; 56; 76, i ' dth l,acks .5 t ' ' i 1b.
Vor & gener 0, o1 e VEbie B mabraseey 612 Lhdih Suinile RO SRS, o
conpri ses geliegked i ar tieliphbrBpiiRg lag, li9 aleedxprisate bub nidietamy thedehytiur at i on.
This |l eads to the achievenent of a lTower roll centre RC and a | ower centre

of gravityl, sineedhe sentrollable vatveemraybes ek 58; 66 is getivateg angd theadees with v,

dth ti i hi T I
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driving i ndamping \edid/drespone raetionWedrpties eoidakek ablsebetantiallyrdotied
activated in the | ocked osi tion, whereby t ehiclﬁ body is

] ] i ) y the whol e of t%e\f
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angl e of grdvityiiomweresl witle Y, emdctbiot redofed ratativy of $he sakickdbodydarsl nce t he
I nner spring |eg does not contribute to any rotation of the vehicle. The
spri ngtd or tausi ;siadler aglercespring | eg does only marginally increase whereby
confort and grip is 20 maintained. Fig. 9 schematically shows a systemfor

contro 1 NGk NP 2R 3hO RefifL! GorftG BrndOveifclbNGiIPLRRRE! driviNg Hh 1. The
e ron uni

control sys conprises an el ec c contro t' 200, “an accel er onet er
210 ar r angedrviep bedowerdd)evith thiearomtrofiablel wated remioér adtivatashincthe, logkaddl |

angl e sensor 220 arranged to sensf

position, whereby the whole o ethe vehicle body is lowered to a great extent,

which heavily reduces the risk of tipping.

15  The rotation of the vehicle body during driving in a curve will, with the
controllable valve member activated in the locked position, get a lower angle
of rotation a» 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 controllable

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




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 abl e al ve nenber 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 oaccardimgoto BEMbodicwentsiohpet mm)emaidradﬁvims kg elhet incBratim t he

position of the eels in.relation. t eft side of.the yehicle in
Drder to asewstn 280 Rpeenting i % amarditiea sfhte 3hé foditon S, it

el ectroni cymeBls Pl rél8iidn 28Qight GoRRESHE bft icaéhidk RNERIEI S dSeAhife

i nformati on fromthe accel eroneter 210, the roll angle sensor 220, the

speed senwbethEzdhe vabicka isdnelitgnaagnet. sensor 240 and the inclination sensor
250. The electronic control unit 200 is connected to the controll abl e

val ve rganb %ggtro%ef:&\t Fl% eraElr %Bhﬁe‘ft%t &laanbFrFﬁ&Qd t @Jeﬂ)%ged to

transfer ormat i on a acce | on vehi cl e

speed and B-if@ematnm fromgthe dogelgtemetart2 1, lthd rell aaﬂ;heesamnsbeeosm spefee]
control |l able valve nenber .is arranged tqQ contyrqgl the controllablggvalve

menber bet GRRFPratcGcieveieering wie 568591 A0 AN Hie incipalior seBp@nZpBsi ti on
based on !l SRR EBRkold [sh%ﬁercféa I 'hePeStdIGBICV AR Hthpei L. 15

The control menber e suspensi on device according to the
first, sec®00, wiensth athe fmmrdn:@nmﬁrmmitadﬁﬁr ds ngrrangedolee transder anged

to be controlled b ns of sensors arranged at each wheel ,of the

vehi ol ) iEapRatan, Bhgt 1akreheGRalAtioRGTIATD G ol PIRE SREtL AR SR
determ ne Eﬂgle tg;et'hte' trdMaBiet ¥ A0 %elﬁBéPSY}be?he%tbhﬁblé%W m¥mbée force
acting on each 20 whee Accel eroneters .g. are arranged to transmt

i nformat i ois Boanhped fel eonirainthe controltﬂbieumalvezaﬂemben biethweor Harc [astive,
accel erati n|%F88r akes and furns The el ectroni c ,cont,rol ,Mnl t 200

arr anged t 6 upp%%lﬁsl?p ggslqam%t? nﬁpﬁalanposmon based on the mformatlon

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 control 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,




and determ ne the position of each single wheel. Fig. 10 schematically
shows a flow chart for controlling the suspension 25 device by neans of a
conput er programe being initiated and controlled by the electronic
control unit 200. Alternatively the conputer programme may be controlled
by an external conputer connected to tdwg electronic control unit. The

el ectronic control unit initiates the conputer progranme, which is run
continuously during vehicle drive. If the vehicle speed is less than v
knmih, 23 e.q.2@kmkntie tire is stoppedsteppedictivateon obeach icoatroldablefvabech
controll able valve nenber. If the vehicle speed,is, great than v. km h the
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programme igckedecuted on a conputer. According to an enbodi nent of the
present invention the conmputer progranme conprises progranme code for

perform ng the step of sensing. heeling of the vehicle duting cornering,
drive in ufegeidingrioaign e@@pogﬁngﬁdé},{ ﬁ? tRyesEak JAVEENT (e %@mﬁuﬁﬁf | ock
or subst ant, ' | SmARnsl j i ' P@ocki
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in the out-configuration, when said conputer progranme is executed on the
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 to, based upon the lateral
20 acceleration, Jock 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.




conputer. According to an enbodi nent of the present invention the conputer
programme conprises 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-configuratiom when said conputer programme is
executed on the conputer. 24 According to an enmbodi nent of the present

i nvention a conputer programe product conprises progranme code stored on
a, by a codpuobeiing tadakeimhodimedt af fherpreeefiinuemnigprt AcommienprogiyRMey or
substantialhéuhgckin .said da nd/or spring. action in

out - conf i gBF (FOMHER S SRiog™ h’%?@&e UGS QY P CAVRUGY I‘g%g%%blg,
conput er. Aeeps drerdiniy HESdbBIMScidhg bl"@ut@étgﬁﬁ‘él?/ lbBKiag saNdam@irgorput er

programe product conprises programe code for performng the step of

sensi ng heehilfag spfing lastiorlin Heecodbeoniigusatione whes said icPERRSURIOGER MG r ai n
etc. i order t based u the heeling, lock or substantially |ock said
danpi n 10@ﬁ%9Q#g%BFF%ﬂXQ§ﬁ%5n in the out-configuration, when said
conputer programe is executed on the conputer. According to an enbodi nent

of the prepgRbrdifyeftt i@n émeodPnantt &f thy ogresent ipvedtiort ihemuongmter
programme code stored on a, by a conputer readable, nmedia for erf]prm' ng
the step oPregASIME Aregeetaforapisdse PERIBMMe, C@éeofpaéwerftocﬁ[mftga&f@ds%ﬁoﬂ t he

| ateral ac t WS ' J.ock..sad LAG: [
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on the compuiar to, Aseddupon tthe dreatingpdookent sabstanéally éseknsaidndampingn t he

conmput er progranmme product conprises progra caode stored on a, by a
comput B o ARADOECTABR 119 OP-SaR TFAGTL VIR ST SoRtP e RSEATRE i nat i on
of the Veh'i&%feéﬁ%tggb‘fﬁ?tc%{ﬂ‘u?emori zontal plane, in order to, based upon

said inclination

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 focking said damping and/or spring action in the out-

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




substantially | ock said danping and/or spring action in the
out-configuration, when said conputer programme i s executed on the

conput er. According to an enbodi nent the present invention conprises a
computer 25 programe product directly loadable in an internal nenory into
a conputer, conprising a conputer prdgfame for performng the step of

| ocking or substantially |ocking said danping and/or spring action in the
out- configuration, when said conputer programme is executed on the

conput er Ascomiing teliang erbogimendie EpRent HBVRHINe REMPRTERE SRR i ses a
conput er r o ct..di | | I in a
conput er, B'&ﬂ%&?@‘?Rgéi&goéﬁ%klgﬁgé)ér%%%gﬁ’?mﬁpkrg?méér %’?’%hﬁém? hCédFE egy of

sensi ng he@bm@ﬁsingfa yehpater plogiangmedonperforming the stapnofisensarg beelngi n et c.

in order to ased 5 upon the heeling, |ock qr substantially,|lack said
danpi ng an@f ¥ehisle dHgN@Qareering, rfvee Hf’%%’?ng‘?ﬁﬁ'ﬂ"a?{cor‘u’} qm%%t%gt?%segﬁlrrput er

progra ' E O . ' i Jd B h
pr esen{grfnyéﬁﬁ?@%H%gmﬁggﬁgﬁ%&n@ﬁ%& Io@?%@??ﬁﬂgpt‘?oﬂﬁlzt i rectl Ion]f ogdabl e
in en intemile oBtEonfigurations evihart said caifputenprogranyna is enpcited Cp‘ré@' amme

for performng the step of sensing lateral acceleration in order to, based
upon the | &P@P&Ferficce! eration, lock or substantially |ock said danping
and/or spring action in the out-configuration, when said conputer

programre i/%c@f&g@”t@%rp %nﬁﬁ%ﬂirﬁ%ﬁp‘tﬁcﬁrpreﬁﬂ%déﬁlﬁaﬁ @omfprieaboflicsaiputéhe

present invention conprises a conputer 15 programme product directly

| oadabl e i Pr@amn?emadumyl|nadal¢|anlﬂm@ﬂnterflﬂ5d1ﬁem§mw & enputesr

progra or performn he step. of i . ' [ : icle
relatiVe t§OFRESHG? ?BHﬁ)é‘Itterp‘Prg?ﬁégmWeofogg’fer@gm"@;@eéd%hpégn%eg‘%}@%%éﬁrnat i on,
lock or substaBtdthl ¥n | ler S, dodsedi tgomniieolaterdli gcelecdtionn fook t be
out-configuration, when said conputer programe is executed .20 on a
conput er .~ Aubstantialiyalpek vaaith danmpird: 8pERYiSPRNGAGHIOS indbg rtegnfiguiaienpr esent
| nvention when said computer programme is executed on the computer.

According to an embodiment the present invention comprises a computer
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-ballast 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




according to the enbodi nents above is that in heavy vehicles, such as cross
country mlitary vehicles, the unsprung wei ght per wheel station of the
vehicle is used as a ballast 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 2@&avy cornering. The enbodi mnents of

t he suspensi on device nenti oned above constitute so called sem -active
suspensi on devi ces, but also so called active suspension devices are
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of the inngf théeghér ivehdeds ke dockdd, civhishuibuldirfuttber iimpravee thérveunomg ng

characteristics, i.e. reduce roll. By haying an extra acgumul ator wi th gas
5 whi ch | schaastaisias beareduas KIbrBbaving S5 £xEa | FUNYlAtoR ‘W&’?I&asas a

spring, i.g; I : it unul at or
more as MEIRsDp REARERARYIEL ARt Bine S 8 WREHAIEhs £ spAfid

wher eby a i&agdgfdrspinewmatic egdtery aday Thirs the additienal addceniutatoormeres or
when the vehicle starts to incline to a large 5{3 tent. Wth such an active
syst em | ocPhdeBHPorRyiY bEOPESERRAIA tE%rQﬂ?gV‘é’é‘F?%ﬁ SBUPREY "@?ﬁ?ﬁp}‘@ action

results i nhgﬁa%iflé%inb'i§achfeve8.n?hits% | Bnk8FaBid Bl cothéls o \WNEehd 9ekicRg during
e.g. cornerrng. ove expansion and conpression respectively of the

suspensi onsielsi toanclamsctr dilargetaxtete Vit Seclean antivediystann dodkintg bebathachi eved
by a pjston ste Al ternatively ex sion _and,.conpressio f the .

suspen onOHJE‘(ﬂ'" é%(ﬁ@o?%%angéywa&ﬂgam@\ﬁ%ﬂn Egsﬁﬁl"e%@‘% 'T?e%s_ of a
menbr ane dgﬁé?ﬁls et RRNORIINbYIJBYSEEaNS ABHAB . §. daRBRig have been nentioned,

el ectric anpers or magnetic danpers are conceivable. By vehicle is
intended any kind of notor vehicle, such as a car, truck, mlitary vehicle
such as cr Ahbee -expaasioshaoH esompressione Fesgiestively oafs the sHEPSNSihdavice

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.




20 but al so non-notor driven vehicles such as tows, wagons etc. The

i nvention should not be considered to be limted by the above nenti oned
enbodi ments but nmay be varied within the scope of the appended clains. 27
CLAI M5 1. A suspension device (1; 11; 441; 1V) comprising an in- and
out-configuration, respectively, for a vehicle conprising neans for

danpi ng and/or spring action, said danping and/or spring action being
controll ab%: , ”@garacteri zed 5 in that the controllability of said danping
and/ or spr fré tion conprises a |ocked or substantially |ocked state in
the out-configuration. 2. A suspension device according to claim1, wherein

the suspensi om sdspéssion devidel @ ;dll;| 1{|; N)Woﬁﬁriﬁﬁg?rian&ﬁi bM@ duf-cBHEdurativay t hat
(6]

sai d danpi ng action is arrange o occupy a locked or substantially I ocked

state in tespegtvalpnforgar aehisle comBising Juedesh PoHiafening eaad/obranring t o
claim1 or wherein said d ing. action s hydraulic. 4. nsi on
devi ce acc%%m%gsaf(gdép.ﬁ"ﬁg ?,n%ﬁe%g'w é&\'Pj] 98%90?{?’?@'??%' o%aréﬁ%?ﬁg ; 60,
70) i s refehatCRPEdrittdBbity aF ¥aid 44inphfy afdlorfdpringosttion comprsesl a
out-configuration. 15 5. A suspension device according to claim3 or 5,

wher ei n t hiocked pe sustantighy leckesh state in §@ ogeconfigiratitbr i ses a separate
val ve (42; 52, 53; 64, 72, 76) in said in-configuration. 6. A suspension

devi ce accer dj | Al i Vv ad i i :.~00; 60,
70y compr i Zed 2appehiipsByite ARBIERS 10 BRI, ther A EBERSEN dBicel | e
val vedf or (pitiiplVYid4eniitctivé)in sidch A wang fleai Saehddewirgpactaooisdirranged any
preceding claim co isin means (210, 220, .230, 240, 250) for sensing
heel i ng of [QREFUPYA %P?i@r%tée%ﬁ@w'ﬁgécmq* §é’2% i e eyeanfiourdtion, et c.
wherein said danping and/or spring action is arranged to be | ocked or

subst afgj | a! ya IRckBAsibA &\ Wororfing 0TS at bPR, iARsem SaidS@dpitgel | ng.

action is hydraulic.

4. A suspension device according to claim 3, wherein a valve configuration
(40; 50; 60, 70) is present comprising a valve (44; 56, 77) for control in said

out-configuration.

15 5. A suspension device according to claim 3 or 5, wherein the valve
configuration (40; 50; 60, 70) comprises a separate valve (42; 52, 53; 64, 72,
76) in said in-configuration.

6. A suspension device according to claim 4, wherein the valve
configuration (40; 50; 60, 70) comprises a throttle valve (46; 55; 64) arranged

20 in series with the valve for control (44; 56; 76).

7. A suspension device according fo any preceding claim, comprising
means (210, 220, 230, 240, 250) for sensing heeling of vehicle during
cornering, driving in uneven terrain etc. wherein said damping and/or spring
action is arranged to be locked or substantially locked in the out-

25  configuration, based on said heeling.

8. A suspension device according to claim 7, wherein said sensing means

(210) comprises a member for sensing the lateral acceleration.




8. A suspension device according to claim?7, wherein said sensing neans
(210) conprises a nenber for sensing the |lateral acceleration. 28 9. A
suspensi on device according to claim7 or 8, wherein said sensing neans
conprises a nenber for sensing inclination (220, 250) of the vehicle
relative to the horizontal plane. 10. 28 et hod during danpi ng and/ or spring
action wwth an in- and out- 5 configuration of a vehicle conprising the
step of controlling said danping and/or spring action, characterized by
the step of: Ackudpegsion dawisearaoating to slelMng A8 dWSHINRAIARESIN%Spri ng

Furt hor  coltSare sepfiis<cy bl e st P 2l R S vaE,

corneri ng, rélative fRothierhdtened pl@ig.ain etc. in order 10 to, based upon the
heeling, lock or substantially |ock said danping and/or spring action in

compri si ng 108 S durSendprE T MR FaINa g MM A-o7tibroW, b
conpri si ng f n e C r ath i "o r’to, based
upon t I : | er.ag.t ’o‘nﬁﬁ'ﬁ' i ¢ nﬂq-rg)ing
and/ or Epr?ﬁg@éﬁ'@'ﬁ%ﬁf v%?’ic?%ec 0 t-é’%fﬁ%ﬁ%@%n@r{{?m%ﬁg;@ﬁgg accor di ng
to any of ahdiorsplibglactidnraharactesiged byrthetdtep safefpaking sessbaigntialy i nat i on
of the vehicle rel, td'@ve to tafﬂ hor. zont al .IEI ane,.  in forder to, based upon
sai d posi t 12NG FRIF dGMRING anfRrisering acHeR I HigourIT ™ or  spri ng
action in the out configuration. 20 14. A vehicle conprising a device

accordi ng 49 AeffodChetdinty & cibfm 19, FORREE BompFSBIAINEESePGIT datishy a
programe code for performng the nmethod steps in any of clainms 10-13,

“when sai d besiing of the vehiclerduring cenesngedrivng & sompeR eraineic ANCIRBUL er
oot - r b CRERGE Gial IGK BLgEoRat el Rk sad ool e, . o

10-13, wheRpfad GchOMmHitRr olttagifigoraions executed on the conputer.

12. A method according to claim 10 or 11, further comprising the step of
sensing the lateral acceleration in order to, based upon the Iateral
acceleration, lock or substantially lock said damping and/or spring action in

15  the out-configuration.

13. A method according to any of claims 10-12, 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/or

spring action in the out configuration.
20  14. A vehicle comprising a device according to any of claims 1-9.

15. A computer programme comprising a programme code for performing the
method steps in any of claims 10-13, when said computer programme is

executed on a computer.

16. A computer programme product comprising a programme code stored on
25 a, by a computer readable, media for performing the method steps in any of

claims 10-13, when said computer programme is executed on the computer.




29 17. A conputer programre product directly | oadable in an internal
menory in a conputer, conprising conputer programe for performng the
met hod steps according to any of clainms 10-13, when said conputer is
executed on the conputer. 51

29

17. A computer programme product directly loadable in an internal memory in
a computer, comprising computer programme for performing the method

steps according to any of claims 10-13, when said computer is executed on

the computer.




