HYDRAULI C ANTI - ROLL SYSTEM Cr oss- Reference to Rel ated Applications
This application clainms priority to U S. Provisional Patent Application
Ser. No. wW0/2877/03028, filed Septenber 21, 2009, which ispcmaseqonad7erl herein

by reference. Field of Invention The instant invention relates to
anti-roll systens for vehicles, and nore particularly, to hydraulic
anti-roll systens for vehicles. Background of the Invention A vehicle

anti-roll systemis a systemdesigned to resist vehicle body roll notions
or leans, for exanple, in a turn when a vehicle is steering or cornering.
In a turn, lateral acceleration of the vehicle produces a |lateral force at
the centre of gravity. T%?% I r EF% r r tw sting force about
the roll axis that | eads oRgﬁgﬁcfo %o%%Pga%QE%EFﬁe vehicle. One effect of
the vehicle rolling or leaning is reduction in tire grip due to the

posi tive canber of the wheels on the outside of the turn and negative on
t he inside. Thus, Cross-Reference to Related Applications

This application claims priority to U.S. Provigional Patent
Application Ser. No. 61/277,028, filed September 21, 2009, which

is incorporated herein by reference.

Field of Invention

The instant invention relates to anti-roll systems for
vehicles, and more particularly, to hydraulic anti-roll systems

for vehicles.

Background of the Invention

A vehicle anti-roll system is a system designed to resist
vehicle body roll motions or leans, for example, in a turn when
a vehicle is steering or cornering. In a turn, lateral
acceleration of the vehicle produces a lateral force at the
centre of gravity. This lateral force creates a twisting force
about the roll axis that leads to body roll or lean in the
vehicle. One effect of the vehicle rolling or leaning is
reduction in tire grip due to the positive camber of the wheels

on the outside of the turn and negative on the inside. Thus,



there is clearly a need for an anti-roll systemto prevent or reduce the
rolling or |eaning of the vehicle. Anti-roll systens provide two main
functi onswOBha/dBi#T0gt function is the reduction of body wralrlusesiocloea@n2 The
reduction of body roll or lean is dependent on the total roll stiffness of
the vehicle. Increasing the total roll stiffness of a vehicle does not
change the weight transfer fromthe inside wheels to the outside wheels, it

only yiduces;s body, 11820, AR el FNGtian of1 1ankistled e SYHSBE St 0 tune

t he handl i ng bal ancé of a vehicle. The degree of understeer or oversteer
can q%édg’ée }@/I%riaﬂg{g:g)g he. RIQperdd Qi of the total roll stiffness that
cones fromthe front rear axles.” Increasing the proportion of rol
stiffness at the front will increase the proportion of the total | oad
transfer that the front axle reacts and decrease the proportion that the
rear axle reacts. This will cause the outer front wheel to run at a
conpar at i V&5 HifHe SYS GRS RAY 1 FWh@edit drrcddrnghede §iKsk at a
conparatively |ower slip angle, which is an understeer effect. Increasing
t he priaptricdron softhepledrdtiifaesy dodvhaoldacradieanw Mhehaeduchaocoppdsite
ef fect and decrease understeer. The nost common anti-roll systemis a
mechaudyalradnt ioxr dldarbars, darsmdemiwonashe $weany lbaol la sstidifinkeiszentbar, an
anti-sway bar, aroll bar, or abbreviated as ARE. An anti-roll bar is a
f or miafe arelharSieqn TSRIMdRG iRatc et iddtens ren 1r esiigtEnckie ofokl vehithe vehicle.
Anti-roll bars are usually constructed out of a U shaped piece of netal,
typi cRldey rifte@lnarigdat HeOMREEHS Qe el candnel ghk i8kdgperf st b
suspensi on/ wheel s "and at twd nounting points in between. If the left and
ri ghtth‘é’“%gﬂt% &%V%gl%%%t,h%%’ .otrﬁg, kAL S a!i%%ﬁbq.' kﬁo@%@ 'fﬂg peLpts and
nd or twst ‘and inparts gibl'e i

does not be no or nedli orceto e respective
wheel s and .suspensi on conponents. |f the wheels ve rel ative to each
othef& lﬁépaissgﬁﬁqgftéﬁ g@ % igheaﬁﬁnggﬁggd 9§aPﬁFsP£ *he bar resists
t he torsian throu%g its strength or stiffness. The stiffer or stronger the
bar, VR iSr-e THEr C8IFEGuCLe dNCETHHFE Tt RE PEPESAREYT Fght PRhEBNSIr BYati ve to
each other, which as a result, increases the anmount of force required to
make ctiR@cvalki ¢he palportion obnéhenswitapgr sblénshifingsehahptakonasi - rol
bars is that the bar will transmt the force of one-wheel bunps to the
opposiroe wheelf rbataanse araanticlesl.| Ibareasingctacewheepsronohhefoppdsite
sides of the vehicle together. On rough or broken pavenent, anti-roll bars
can proddeesjisabti Re Fhrdett @igidenbedyseothenproporvadd! bRgtheeasahion),
which increase in severity with the dianeter and stiffness of the anti-rol
bar s 1 E¥C@$8n¥e ek Okhast khEnesentt ¥Rheakbycachihayedepy.g0af Lguri ng an
anti-roll bar too aggressively, wll cause the inside wheels to |lift off

t he [ e hard.c ri hi .of _cour LS I sible if
the Poghrarion taatribe"TbfsaPiIe P ans s ninst uiae SRusPecil Mafde' Che
nUCthg%Ee%ﬁggllg%dkun at a comparatively higher slip angle, and the
outer rear wheel to run at a comparatively lower slip angle,
which is an understeer effect. Increasing the proportion of roll
stiffness at the rear axle will have the opposite effect and

decrease understeer.

The most common anti-roll gsystem ig a mechanical anti-roll

bar, also known as a sway bar, a stabilizer bar, an anti-sway



Anot her problem w th nmechanical anti-roll bars is that they are difficult
or inpossible to install on vehicles with abnormally shaped or sized hulls
or chassiwo2s/dk®eussed above, a nechanical anti-roll par/usg0BwERE Y
constructed out of a U shaped piece of steel that connects to the left and
right sides of the suspension and at two points in between. This may be
difficult for vehicles that have abnormally shaped or sized chassis or

hul | 55,F0rCiRg 18 reheeloshans & 4 fdmaee i r negulan Rdhh @5, chasgi s shapes
reduces that steel shape's stiffness, and the anti-roll bar becones

excesgl el %e%‘@ésfi%rnh:sgﬁékgle%ya%e SRl AHES Sy eglfsﬁt%m%@eQB#Eth s havi ng

a direct effect on ve rformance, 1 ncludin | "econo this is

undesi,rabl e.. For inst.ance, sone specialized vehicles have V-hulls. These

v hulHS Wi e (Tie Che s RA0E GRS 1B Bmiar- fFoPF CBar 6o, e tndli Fi ¥a to- go
under .or above the V-Hull, or for .the V-hull to be outfitted with holes for
al | iR eh@ 1858 Sometidr toRise it SG§8 It néPeEnGPRREEEENEP WEF, this
process of outfitting and installing a nechanical anti-roll bar on an
abnorkfditl pnshapeity shideise odr thigassispenpdprjehesdy anff pgultwoand expensi ve,
or lead to additional design conprom ses. Thus, there is a need to create
an amtdwrtdlng gpsthem timatbedareme iTfstcdlel d@ fan avdr ragdtswaped sofmokial | s and
chassi s, which can address, mtigate, or elimnate these design conprom ses
and wWiggdthea) ehkebaaddidiatral abdtet iierakictintand peihesmangedoes not AN
addi tional problemw th nmechanical anti-roll bars is the inherent

et aldd 0ok wliRe %&B!ih?%&t%ah%-oég%EQAibﬁ%i% melak Woshaped anti-rol

bars are |inked between the |left and rirght wheels of a vehicle. Wth netal
anti - I , 4] f .the r irescthick nger
barsI%%&E?%gﬁgewé%%%gg%%gh%i%¥§ﬁﬁl%org%@%gpgﬁg%éurzftEg% ?hggggcﬁé%?cal
anti-rqll .bar does not yield due to torsional stress, These thicker or

T OR SRS P RarEn DT Er { SEE ERE 4 FEDDEFEDH 5P SREARSEr 8081 of the
vehi cl e' s suspensi on. Consequently, it ver¥ difficult, if not inpossible to
fine HOHRES K€ &MLFLrol ThEoPeEs T6F 18R thanFOaF 18R FRFBIANbAFSf or hi gh
articulation vehicles. For exanple, a high articulation vehicle m ght

desi B&rgngéht girn saibdnessfr Ihei stolfiferesirssanongerf thhi badesthedmanei - rol |
resistance is high, the vehicle will require a thicker, stronger anti-rol
bar tflatewrkkuakkkedwtbomogrotije aeficcahdt raght| ehdehg trelwhéek Ltoftof f
during corning. If the full articulation of the vehicle is allowed by the
anti emehl obaer,t Waishr asghrekullhe bacrgusksbenkowseadr dhi soresults in

|l ess anti-roll forces which |eads to oversteering or understeering. Thus,
thereclgidefeed fhAkeaRnanteniehlk systemthat can be fine tuned regardless
of wheel articulation. A further problemw th nechanical anti-roll bar
systens is that once they are installed it is difficult to bypass or
turnoff the anti-roll feature of the bar w thout having to conpletely
renove or nechanicall isen e the U.shaped, bar omthe.

suspensi off¥th BPgnoPrﬁﬁgeWenggemegﬁﬁﬁlggﬁi3F5§fr?gﬁ géﬁﬁp?ﬁ,tgﬁtoff-road
vehicle, may desire that an anti-roll system be_engaged when traveling at
hi ght8febas YallohdangRd tnricafssC8eSEr enEnERERLi PRBPF §9stBfto be

di sengaged when traveling off-road. Thus, there is a need for an anti-rol
syst epppeita vbheél berhusenay batbypassebasr cahsengagedequckiythad easily.

opposite sides of the vehicle together. On rough or broken
pavement, anti-roll bars can produce jarring, side-to-side body
motions (a "waddling" sensation), which increase in severity
with the diameter and stiffness of the anti-roll bars. Excessive

roll stiffness, typically achieved by configuring an anti-roll



The instant invention is designed to address the above nenti oned probl ens.
Summary of the Invention The instant invention is a hydraulic

anti -rol Iweystiesufoor a vehicle. The hydraulic anti-rol | peydiseomiomckzides a
first hydraulic actuator, a second hydraulic actuator, a first conpression
line, a second conpression line, an anti-roll control nodule, and an
anti-roll bypass valve. The first hydraulic actuator is adapted to be

connesied-die ddieresiyspensionAnG fam ofi dheneehiscle anrengrgi de and
t he second hydraulic actuator is adapted to be connected between the

suspeisl QAN fFame Pl h‘é\% Cc]oq:n%r}iin#;f. e Sledeg, e fLLshyq

conpression line 1s connected between a rst conpression ¢hanber gf the

firs raul i, t uat or .and a _second,expansi ch er t he _second

nyar R i a7 T oo a5 P BT 8 8o S e SREETERN o
second c ressi on_chanber of the second_hydraulic actuator and a first
expaﬁgﬁﬁﬁ'cﬁﬁh%@P%&ﬁ e MUty IRydeasece 18eCuat or. The anti-roll control
nodul e i s connected between the first and second conpression |ines of the
first and second hydraulic actuators. The anti-roll control nodule resists
the conpression of the first hydraulic actuator relative to the expansion
of the sedwmoedheydpravbilemaotitrit orechandcrésaats -trhélcbapsessi bhaof thag second
hydraul ic actuator relative to the expansion of the first hydraulic

act vatrer diFlfd canitti orolimpbypd®d evabyvenissaadaphedehdcaeki wata and deactivate
the resistance of the anti-roll control nodule. Brief Description of the

[xamk&@%rmallg EBEpele cRULRRSE Bli1ikl Bt EARLBY st heakny¥eRL{;9Regt here is
shown in the drawings a formthat is presently preferred; it being

LSO, AR (WISl SELTERL 28 L5uAT | bEbbERLecAB1
a U-shaped piece of steel that connects to the left and right
sides of the suspension and at two points in between. This may
be difficult for vehicles that have abnormally shaped or sized
chassis or hulls. Forcing a steel shape to conform to irregular
hull or chassis shapes reduces that steel shape’s stiffness, and
the anti-roll bar becomes excessively heavy for its relative
stiffness. With component weights having a direct effect on
vehicle performance, including fuel economy, this is
undesirable. For instance, some specialized vehicles have V-
hulls. These V-hulls would require the shape of the anti-roll
bar to be modified to go under or above the V-Hull, or for the
V-hull to be outfitted with holes for allowing the anti-roll bar
to pas through the V-hull. Either way, this process of

outfitting and installing a mechanical anti-roll bar on an

abnormally shaped vehicle or chassis, may be very difficult and



Figure 1 shows a perspective view fromthe front side of one enbodi nent of
the hydraulic anti-roll systemfor a vehicle according to the instant

i nvent i orwo 2011/0342gure 2 shows a perspective view frompChaSc@andsenzie of

t he enbodi nent of the hydraulic anti-roll systemfor a vehicle shown in
Figure 1. Figure 3 shows a top view of the enbodi nent of the hydraulic

anti-roll systemfor a vehicle shown in Figure 1. Figure 4 shows a
Per SREGIdnes W e 101 defite by At 16 ANt gl SREeBiYesd VERLEl e shown in
Figure™>l wth the individual conponents shown in cross-section.

Fi gur 0 S- i_on _of porti-on _of the,anti-roll control
nodultgqeé%ov%\% }grslntaeheg %?/Ddrczfﬁ%lttc? %rl?t ia-n%& IrotslylstS %t %)nr %ga\t/:eﬁlatr:ll éei n Figure 1.
Fi gure 4B shows a per.spective vie f .an enhodi ment. of a . portion of the
e AR G AR S BiRe O Poddde SPthereRer. MAdRRa6as

address, mitigate, or eliminate these design compromises and

which can offer additional functionality and performance.

An additional problem with mechanical anti-roll bars is the
inherent metallurgy of the anti-roll bars. Again, these metal
U-shaped anti-roll bars are linked between the left and right
wheels of a vehicle. With metal anti-roll bars, the metallurgy
of the bars requires thicker and stronger bars to provide
stiffer anti-roll forces, to ensure that the mechanical anti-
roll bar does not yield due to torsional stress. These thicker
or stronger bars inherently affect the articulation or wheel
travel of the vehicle’s suspension. Consequently, it very
difficult, if not impossible to fine tune the anti-roll forces
of a mechanical anti-roll bar for high articulation vehicles.
For example, a high articulation vehicle might degire a certain
amount of anti-roll resistance. If this desired anti-roll
resistance is high, the vehicle will require a thicker, stronger
anti-roll bar that will allow for enough articulation, leading
to wheel liftoff during corning. If the full articulation of
the vehicle is allowed by the anti-roll bar, the strength of the

bar must be lowered. This results in lesgs anti-roll forces



Figure 4C shows a cross-sectiona

4B.

Figure 5 shows a schenmatic representation of another enbodi

of the hywoawlis4mati-roll system according to the instaot/usaventéion.
Figure 6 shows a schematic representation of another enbodi nent of the
hydraulic anti-roll systemaccording to the instant invention.

7 shows a schematic representation of yet another enbodi nent of the

hydralict antdad Ad cWSRBAGERS Y it dr$igant Thikentinhe is a
Fi gure 7A shows a perspective view of the enbodinment of the hydraulic

ur o ‘ . h Cotn h
ant| r{é:é# et loiy ﬁn;chif-g%raﬂlo hsa}é?;%n! ’H%’%t a0, 33 $NQWN (1,0 N "re%%%ﬁ@%bcs

Figure 7. shows a sc

emati c representation yet anot

enbodi{n%geéﬁ §%§i41 %%gg%#c anti-roll systemaccording to the instant

i nventi

‘iption of the Invention

A further problem with mechanical anti-roll bar systems is
that once they are installed it is difficult to bypass or
turnoff the anti-roll feature of the bar without having to
completely remove or mechanically disengage the U-shaped bar
from the suspension/wheels of the vehicle. Some vehicles, for
example, an off-road vehicle, may desire that an anti-roll
system be engaged when traveling at high speeds on road, and may
also desire the anti-roll system to be disengaged when traveling
off-road. Thus, there is a need for an anti-roll system for a

vehicle that may be bypassed or disengaged quickly and easily.

The instant invention is designed to address the above

mentioned problems.

Summary of the Invention

The instant invention is a hydraulic anti-roll system for a
vehicle. The hydraulic anti-roll system includes a first
hydraulic actuator, a second hydraulic actuator, a first
compression line, a second compresgssion line, an anti-roll

control module, and an anti-roll bypass valve. The first

vi ew of the enbodi mnent shown in Figure

ment

Fi gure

of
her



Referring to the draw ngs, wherein |ike nunerals indicate |like el enents,
there is shown in Figures 1-4 an enbodi nent of a hydraulic anti-roll system
10 for a wehnolm470klydraul ic anti-roll system 10 (rmay bePCefusee1em4d702

herei nafter as nerely system 10) nay be installed on a vehicle to provide
anti-roll stiffening to the vehicle. System 10 nay be installed on any type
of vehicle that desires anti-roll stiffening. This includes, but is not

i m tigeh 0,1 10f fadiQat HehiLlRfp QY Radey fhirtl RS e £ YORILAl-HLehi cl es,
personal vehicles, mlitary vehicles, |aw enforcenent vehicles, |eisure

vehi Cgl?s;périﬁ.torﬁra%éfgﬁ%ag&e%ﬂ Qe A R0t %%e"‘%&%:?e%t% Wl %Q?:bn%t C.

System 10 1s a hy IC system a oes not 'inclu e use of a U shaped

anti-roll or. sway bar. This allo hydraul i c syste 0to installed on
MIar%ﬁ%1%%%&%§%ﬁ%i &8 &g‘%%Wﬁ¥?%ﬁ%WﬁWg%wemm to
mechani cal ly attach a torsion bar, or a bent netal shaped bar, froma whee
on o SHEE 6T @l T ©F tthier Wl Rt He Soth&eTsiSdeeof THE vehicl e.
Hydraulic anti-roll system 10 nerely requires hydraulic lines to be run
f r om o tsicpargfe ey dHing d & ¢ arie adisife beatemsier & iftiststconpdesaipe
actuator 12 and a second hydraulic actuator 14, and an anti-roll control
nodulahat®etro die thes iftiirere thyoiranduint ed: tor tire aneh iac lse coade wirppesiinnbet ween.
In addition, because system 10 is hydraulic, an anti-roll bypass val ve 46
may lethaaitend deEd thiel Ridtosyss teIrkh1fier aztiiatatd.ng Takd sdeaat vating the
stiffening of the system for exanple, but not limted to, by the push of a
but t bmgr2e stivhn 18he? i3Mdhe @ed H2Y@Rnsamconaeebpretaian- board
vehicl e controls, sensors, or logic. Furthernore, because system 10 is
hydr Qilabie SYE @Rl A BN & draR iUnad 6 B0V JBSL! 8d behiabe gt bheul atl on
ecause t 3

or wheel travel. systemis hydraulic, actuators and 14 may

be provided i i fferen i zes and lengths for _allow ng adequat eel
artig%ﬁggﬁghogt%bgr%ﬁﬁﬁ%s%Véﬁ@?ﬁ&coFchﬁFofesigﬁﬁnégg}'rogﬁ c%?EF@ 10 may
be installed on the fraont suspension of a vehicle, the rear suspension of a
vehi BI0E16r e CORBSSIFPNREGEEPWEER THESEr BRE ARECPEaFO¥REBERSPBNS. | n
addition, nultiple systens 10 may be utilized, where one system 10 is

i nst diiFes of the fisst sushesscod handavhascsysteateosi sThasaakiedobh t he
rear suspension of the vehicle. Furthernore, for nulti-axle vehicles, i.e.,
vehi cloes railt mo8uler resrietaxitas, copptrensiOnopfmihei piessybydmsuldcmay be
installed on any or all of the axles, or a conbination thereof. Wth the
use aktmaltbirprelaysiemsol@het bepayst ens offtyhbeskashal hedrwheie the front
and rear wheels (or any other axles) are cross-linked with one another. For
exanpkeuathe,f hant reikgbt shydeavbhpractiahobrleneodbdohg hinked: i W0

2011/ 034702PCT/ US2010/ 046722 with the rear |eft hydraulic actuator 14 and

t he f -aul i u oul-d I d,. Wi he rear right
hydr 206 aet CSTAr 1Y, Pn PR SBrPGaeRonr 8, FLERECRYEIATE LT e

provided petnech,Lhe, (o, 2Y5t 81818 91,8 Lohhng LBC8YSLEmBadO Lrgm Peing

deactivate the resistance of the anti-roll control module.

Brief Description of the Drawings

For the purpose of illustrating the invention, there is
shown in the drawings a form that is presently preferred; it
being understood, however, that this invention is not limited to

the precise arrangements and instrumentalities shown.



First hydraulic actuator 12 may be provided in hydraulic anti-roll system
10. See Figures 1-8. First hydraulic actuator 12 may be adapted for
connect i onohetvisem2t he suspension and frame of a vehi cl econseone/nsé7de. Fir st
hydraul i c actuator 12 nay be nounted between the suspension and franme of a
vehi cl e by any nethods known to one skilled in the art, for exanple,
nmethods simlar to the installation of a standard shock. First hydraulic
actuator 12 nmay be for providing an actuator on one side of the vehicle for
resisting the roll towards that side of the vehicle. First hydraulic
actuator 12;ERYcbe aR%whYREpREsPbEe 6!t YALA £ Uk gi}%”ﬁi‘oﬂsa??&sccgfd based

on the type and size of vehicle that system 10 na e 1 nst ed on. In one
enbodi.nen M ydraulic r . raulic_actuyator simlar
fo o SPenuphuidke R ProtEkoERETHRLEE REuTatrrs Burtaboroto nts Beheral Iy
include: a.firs ag%uator gi@ton 18 |l ocated inside the first actuator; a
first “56PhELBY pPsFBR rBH 28 coANERFE o first actuator piston 18: a first
actuat or suspensi on nmount 22 connected to the end of first piston rod 20
for mounting the actuator to the suspension of the vehicle; and a first
actuat or body nount 24 for nounting the actuator to the vehicles body.

Fi rst hydr Bibheecadt ahows a2pauprarsovenciedefnohi the ceapresdéd onf ctiaaber 19

| ~above first actuator piston 18 and a first expansion chanber 21 bel ow first

act uatobogimeon &8, the hiydeaudisaanEirsblhydyauthcfact yatonidle nstyohe

 sinilar to part nunber MSI 25210238, designed and nmanufactured by NS

Def engsg Befuteonms, LLC of Mooresville, NC Second hydraul i ¢ actuat or
14 may be provided in hydraulic anti-roll system 10. See Figures 1-8.
Second hydraulic actuator 14 nay be adapted for connection between the
suspensi on and frame of a vehicle on the opposite side of first hydraulic
actuator 12, ond aul | t . ount e et ween the
suspensiongéﬁg?grgn%ﬂ% gagv%ﬁP2§%g§y8%n%é%ggﬁggglﬂg%ﬂﬁo og%%e skilled in

t he aﬁt fo;.exangle @lnethod s%nilar to.the instal|ation of a standard
shock™Y EEEBhEC et huF Pl atY BREBrEe% rayeBEc+orsirRi Hh Mt @ @ct uat or on t he
“opposite side of the vehicle fromfirst hydraulic actuator 12 for resisting
the roll towards that side of the vehicle. Second hydraulic actuator 14 nmay
be any type or size actuator, which may be sel ected based on the type and
size of vehiglheethatheystanpdOspeayt bee i nseal ¢ dtlon. hi8bcondi hyatrtaid i ¢
actuator 14 may be simlar to first hydraulic actuator 12. In one
enbodrokht sysWn 2044/ H 3MF02EE/ $152011 01 9 4B7P2r s et ounik Hytchiea Ul i ~aictuself or 14
may be a hydraulic actuator simlar to a standard hydraulic shock. Second
hydr agbmgomet tiat iiovhd 1mycoeser adyibmcl ude: a second actuator piston 26

| ocated I nside second hydraulic actuator 14; a second actuator piston rod
28 connected to second actuator piston 26; a second actuator suspension
mount 30 connected to the end of second piston rod 28 for nounting the
hydraul i c of 5t h u [ f _the:vehicle: and second act uat or
body muntﬁ%&%ri%%h ‘?’%gét%gg%%d%;% ]i%ﬁ ac uaat%()rrtiloor% hoef ste ¥ ca}ner{sl“body.
Second draul i c, act or 14 may also .include a second conpression chamnber
57 oY St B bt i P COH R on AR5 bel ow
second actuator, piston 26, or vice versa. Second hydraulic actuator 14 may
‘be siFiVRIEE peit tF ¥R rL MBI 25210238, desi gned and nanuf actured by MS

Def ense Sol utions LLC of Mooresville, NC

Figure 4B shows a perspective view of an embodiment of a
portion of the ant—roll control module with the stressed tube

member included.



Anti-roll control nodule 16 may be included in hydraulic anti-roll system
10. See Figures 1-8. Anti-roll control nodule 16 may be for resisting the
conpr essiwp 20f1/d3iT08t hydraulic actuator 12 relative to trhe/usz@pansé’on of
second hydraulic actuator 14. Anti-roll control nodule 16 may al so be for
resisting the conpression of second hydraulic actuator 14 relative to the
expansi on of first hydraulic actuator 12. Anti-roll control nodule 16 may
be any deHicmireapablshoofs esirstdsigedthenaanprhessiogn ot thbstilrdeaul ic
actuator 12 relative to the expansion of second hydraulic actuator 14 and
t he Qgﬁﬁﬁﬁggj@ﬁgg&esqund hydraulic actuator 14 relative to the expansion
of first hydraulic actuator 12. These resisting forces provided by
anti-roll control nodule 16 to hydraulic actuators 12 and 14 provide roll
resistance to the vehicle. In addition to providing roll resistance to the
hydraul i c tQr he may al so vi de danpenjng forces to the
f1uid traﬁgg%%%fgo%ﬁgﬁé actu%egﬁ% 5%8F8§§P§ﬁ%§PPOQ gg Fh@grebound st roke
of the.o posi en h draullc anti-roll system 10 is

act i VAPEGT F&SP% Sﬁﬁ BYEraH i Ranper “ 18141 SKPFER ﬁ?GPééFPH bettBeor 12 nay
be in f|UId comuni cation with second expansion chamber 29 of second
hydré@ﬁﬁénécﬂﬁaﬁﬁﬁlQE -via a first conpression line 13. In addition, second
conpressi on chanber 27 of second hydraulic actuator 14 may be in f1uid
comuni cation with first expansi on chanber 21 of first hydraulic actuator
12 via a second conpression line 15. As shown in Figures 1-4, for

conveni encEigulre 6éosheati anschemacoaprepseoant hbesnldrangdodheto both the
conpressi on chanber and expansi on chanber of first hydraulic actuator 12
and seeeadmbydr 8yl tacaglHakan i 4aRY -bg1 P stésﬂ é&cébélﬁgpteftﬂge
hydraulic actuators (actuators are provided with internal cylinder for
routhﬂgtgggogﬂgeﬁg§gpers to the top of the actuators). However, the
invention is not so l'imted, and the connections may be prOV|ded anywher e
on hydraulic actuators 12 and 14. Anti-roll control nodule 16 may then be
connected between first conpression chanber 19 of first hydraulic actuator
12 and second expansi on.chanper 29 of second hydraulic actuator 14 via
first conpr8¥§Fon FPRES13. S%ﬂ?wanFlr%Bﬁ??%Ptﬁ%ﬁﬁmeoﬁ6y%%ya%?%%ﬁ%e
connect ed between second conpression chanber 27 of second hydraulic

act ugfBpdimenhdofi Fae Jéxéaﬁgfbﬁ ahbhbEPlR1speten raccoydinal fe wet uator 12
via second conpression line 15. This |inkage between first hydraulic

act uangkanp apdesetond hydraulic actuator 14 allows anti-roll control
nodul e 16 to take-up while resisting the transfer of fluid fromthe
conpression of first hydraulic actuator 12 and the expansi on of second
hydraul i ¢ actuator 14, and to take-up and resist the transfer of fluid from

the conpresghed PA SEERYU: hysrapdé€iACt Had @ oA 4 RO dihiss SXNANS @fhrRJ first
hydraullc actuator 12. This process of taking-up and resisting flurd

transf&rafy; @nthe{ oy £oabnol 6, Al 9 V'de
antrﬁ¥ol? f%rces to the ve % égﬂé%g-%ﬁgﬁhégééfen tS% Hg 1 ffness
~of t V, h arces tr nsnltted bet ween t he body and suspen5|on

' roﬁ@ %ﬂé& ?%éac{ atorss g and 14. Anti-roll bypass valve 46 may
be |ncluded in hydraulic anti-roll system 10. See Figures 1-8. Anti-rol
bypass val ve

Figure 8 shows a schematic representation of yet another
embodiment of the hydraulic anti-roll system according to the

instant invention.



46 may be for activating and deactivating the resistance of anti-roll
control nodule 16. Anti-roll bypass valve 46 may all ow the operator of a
vehi cl e twoeasi/d3y7o0ewi t ch bet ween havi ng the anti-roll| ofrcmiustéendorehi cl e
activated and not having the anti-roll of his/her vehicle activated, i.e.,
the systemis deactivated. Anti-roll bypass valve 46 may include a housing
with an activation position and a deactivation position, as shown in

Figures 1-4. The adidtatest posddid g adn hypasse vialwetdbdmay be adapted to
connect first conpression chanber 19 with second expansi on chanber 29 via

first comuasshomd ine did aldwaeaNd GRTRIESSI10R Ghatlen L4 nMitdadki rst
expansi on chanber 21 via second conpression |line 15. The activated position
of by i.call - : ressio r..of -one

PasS Ml ddf Nanlially SEAPCLP sl SOaS 30N, GRaNReN O

actuator wt e ‘expansi on chanper of e opposité ac o al N'ow

syst 0 to resist t roll_of the vehicle., The deactivated pqgsition of

by pa?@d\}rﬁuvlel 46 ey roogieladséﬁteecﬁn e 'Osrcc?nﬁ’eeg’thﬁﬁe %yr%ﬁa“\éﬁﬂ’ §&dnd 011
conpression |ines 13 and 15 where the first conpression chanber 19 is
conneHEHith TRy RS G iSFssiteh Rareipet ter 6° Merst yhyaeaem & 0act uat or
12 and second conpression chanber 27 is connected with the second expansion
chant¥&Y 3 iffEadd®st iomrted giosilie &9 Girdyyisles anfdl-ve 146 stdfifealing takes
first and second hydraulic actuators 12 and 14 closed circuits, so that no
f or cé&Eeorvahdglliegi blSy sftemc 8)0 imsyp ey iiched aflledt foinr stiyangpseodndehydiaul i c
~actuators 12 and 14 on the vehicle's suspension. Anti-roll bypass valve
46 i slshwwedireli gutds rbld Withilf flond rel . ectm@sneekanideal, vakves teemmercially
avai |l abl e val ves from Parker-Hannifin of O eveland, OH part nunber
GCS068620VeGCRe24 ) -9l aC taraldiag  ang -deaet hyaticngsantbuhelligent rol nodul e
16. However, the invention is not so limted, and bypass valve 46 may be
any Qhgleislal akoehaq! Lammehanl cali14Rlues vy Ay OhURr JfBauaLLuALves. (see

Figure 7A), or "by any other valves capa of “activafing an ctrvating

control .nmodul e.16. I n one.enbadi nent, bypass val.ve 46 nmay he. an el ectronic
Vol v 2P ey e e A SRS e8! CERASVR! EpebeTHEE ePaLRY B ¢
_enbodi nent of bypass valve 46 may allow a user of the vehicle to easily

act i VA€ TaRG YR LAV e Shfdraul i c anti-rol | system 10. In addition,
-anti-roll bypass valve 46 being an el ectronic valve may allow system 10 to
be a variable system For instance, anti-roll bypass valve 46 may be in
comuni cation with the vehicles speedoneter, where at | ow speeds, anti-rol
syst em 10Syayehe 1@east avalyddauand avysheghaspeddss anti inolllidsyshem 10 nmay
be activated. In another instance, anti-roll bypass valve 46 may be in
comuskcaffi anUwshhptheavehi-ebes bir ewpyebaur e $HskEeAL 1vREr Byatageitai n

hi gher tire pressures, anti-roll system 10 may be activated, and at certain
| ovekybice ROEESULESindRki1EEl bns¥steAbAOHBY1DesHspehi ¥atgdzeq ~ The
hydraulic anti-roll system 10 of the instant invention nay be provided with
an apgh: I Si cesyia th L oV I i - contro
nndu?ghf%ggTﬁéarggﬁggaﬁéého Bagfgg?%Fﬁgégngéoﬁégggﬁ#ga?g§n%%e%%hp%ovided by
any %gﬁ.nlgaoneogngogi nt tﬂﬁ éesi tgnce ?f anti-%ol control nodule 16
may beT5rovi 684’ b9 at PPEE BEEdRUP ?Pﬁé 2t uat b6Y™37 YHaca LRcohd
accumyl.ating actuator _39. The accunul ating actuators 37 _and 39 may be for

t aki Ag9GpCanblFe¥PELFAG t h8 #r¥RSPLr OBf thEuPHEF ofi ¥ ref BRE second
hydraul i c_actuators 12 and 14. The stiffness of accunulating actuators 37
and 39hAEyepe PrévpuddchbynhisraglesHatemr bP| mepelngredquises Figures 1-4 and
8) associated with both accumul ati ng actuators, or may be provided by a
firshydnauliol Lispsi hg B4 assofiranednai $hdéi o5t tlaccuami al ¢ ngo achelat or 37
and a second anti-roll spring 35 associated with second accunul ati ng

act uather3Be{seenFhgii st ShfdiraliDi angtbestenbodi seata tbeosdi ffness of
anti-roll control nodule 16 may be provided by a dual sided actuator 58

bi asggatauerd L8eudtddl eabyaaat hnr 9hti Sphi NIt 298 §64QNE ARtisrgl!l spring
35 (see Figure 7). The stiffness of anti-roll control nodule 16 may be

vari £0s by; SALY1 89 §86nBLAT LHCBRe O AFCHIULBTLAG AC HRTRL 8, S, andy 39 Of dual
si ded actuat or provided 1 n system via anti-ro Spring 34 and/ or
second anti-roll spring 35. In addition, the resistance of hydraulic
anti-roll system 10 may be varied through many other neans for varying the
stiffness of accumulating actuatord037 and 39, or dual sided actuator 58.
These neans, include, but are not limted to, varying the effective area of
the hydraulic actuators, providing a variable stiffness circuit 48 with a
first variable stiffness reducer 52 and a second variabl e stiffness reducer
54, providing an anti-roll stiffness increaser 40, a conbination of these
el enents, and/or any other neans for stiffening or reducing the resistance

Y = T .Y —yr e - o o o a o A o~ o




First and second accunul ating actuators 37 and 39 nmay be provided in
anti-roll control nodule 16. See Figures 1-6 and 8. First accunul ating
act uat or 80 20myo3lsm2f or taki ng-up and resisting the trangCermusediohdharcd from
first conpression chanber 19 and second expansi on chanber 29. First
accurnul ati ng actuator 37 takes up the fluid fromfirst conpression chanber
19 and second expansi on chanber 29 while resisting this flow. Accordingly,
the vodaiei &f, fddsduac@imiat ing actiiaten13¢ sheulehhe 1 1l 3%k appr oxi mat e
to the volunme of first conpression chanber 19 pl us the vol umé of second
expans] , ; . I iculafi i.ff of first
Pansi QR GhaTRES Béﬂpfﬂdfa%é<uiéﬁiﬂj%yQEéM{fﬁ égﬁifgﬁg%ixﬁaz

accunul ati ng act'uator 37 I's provi y anti-roll spring bi ases

first;acqu it ct yat 37 fr onpr.essi ng.. Second accunul ati ng

act ua(%egar%%rrtgl;d gQg:h%orsl{taia%reﬁlgl- ngrr?ctf%e resi St n Otrhg}&afngﬂﬁ’e U5t %PFui d from
seco&%iao essi Qn chanber 27 and first expansi on chanber 21. Second

accu “Hﬁ% Cot Pt PSP USIk & G B R uitdhSr tors €CoAd SEdSTesSon chanber
27 and first expansion chanber 21 while resisting this flow Accordingly,

t he VHAHgofSogiec SRPTEESIRN &9 g -Roerst orehEgleheend od sat Skagers,
approximate to the volune of second conpression chanber 27 plus the vol une
of fiarstlagdgansiForrtdieamoare 2 becemsal Ispwtieor 1foulils aytreulldti, osysTtha
stiffness of second accunul ating actuator 39 is provided by a spring which
bi asd9 segome: ddermithaiidng tachyatders i3edf vemicorpaessicngatIbnsogpring.i s
anti-roll spring 34 in sone enbodi nents (Figures 1-4 and 8) and a second
ant i whelell %ﬂ%w@g.35He&a@%QEEh%”@?@h@&nﬁ% hageres c3- AbcuBY o-8khBgaHR and
resisting the transfer of fluid fromfirst hydraulic actuator 12 and second
hydr 3ul infa ABIUBRs iba fif o £200 3eCARG BCCUAL 3LERALAGLUALYA S, FFqand 39
provide a’l oad resi stance to the ui"d from one actuator’s conpreg5|on
stro the.reho .St roke of _the _opposite_sid t hus ovi di ng
antigggﬁﬁg‘grggggﬁogggﬁgplgﬁ C?eg%naaﬁ anquéeﬁggaitSstfgﬁand 14,
respectngl%. First and second accumnul ati ng actuators 37 and 39, in

combi" &5y al so allow first hydraulic actuator 12 and second
“hydraulic actuator 14 to be conpressed sinultaneously. In this situation,
fluid fromfirst conpression chanber 19 may enter second expansi on chanber
29, however, because the volunes of these chanbers are different, the
excess fl Gyveteustof mhew et ankitprdfledconnthet Emgnactuapens3dn A€ &he sane
time, fluid fromsecond conpression chanber 27 nmay enter first expansion
chanbehi2le, haheveearbgcapsestibe wal aneshot-1these phasbers-arakdafferent,
the excess fluid nust flowinto second accunul ating actuator 39. First and

secopdtaeeHmhat fpgnachyat ee8r34u,apdn39oABY aksohakeidn, f Jnuhéi{éigm t her mal

expansion of the fluid in the hydraulic system First and secon

accuBYLAbhBg18ChaP! BESuET1300a39, HBY PERBNY. deuhces ganahle. plohakhng up

and sisting the'transter o | urd or providing a |oad resistant to fluid
tran r-_ln one_enbodiment, first_and secqond accu ti.ng actuators 37 and
39 ngégbgrngnagﬁ “HydaPHul FRYaRPGafér ?mF?SS%SaﬁHSg%igﬁﬁ §8cﬁﬁﬁlﬁ??ﬁg
actuators 37 and_39 may be simlar to part nunber MSI 25210239, designed and
nanuFHEPEFEHOBy°§E$hEE¥EHé8130IuFPBEEeET@¥%f MBBr By rexive Dua
si ded actuator 58 may be included in anti-roll control nodule 16. See
 Fi guréh¥clegal ispdedvabigaesr wighmay 68 moretakiag, upyahemre8iering the
transfer of fluid fromfirst conpression chanber 19 and second expansi on
chambett29l¢sepstamst 0f nagt bactusnhalédgoachopt or 3V1i of otheraflguy es) and
for taking up and resisting the transfer of fluid fromsecond conpression
chanmbera2doabiinatish expassion whanbehe 2dsé sbhihaltiplsespaderecraul ating
actuator 39 in other Figures). The

the systems may be installed where the front and rear wheels (or

any other axles) are cross-linked with one another. For

example, the front right hydraulic actuator 12 could be linked

- 11 -



stiffness of dual sided actuator 58 is provided by anti-roll spring 34 and
second anti-roll spring 35, which in conbination, bias the dual sided

act uat or s0 2wo/wkmw2center of first nmounting fl ange 36 amrdTasecana4érnt i ng
flange 38. By taking up and resisting the transfer of fluid fromfirst
hydraul i c actuator 12 and second hydraulic actuator 14, dual sided actuator
58 may provide a |load resistance to the fluid transfer fromone actuator's

conmpyessi @ stdoke and iherdebpunssideke of dte wpposidre sia thus,

providing anti-roll forces to first and second hydraulic actuators 12 and

14, 7.53pect| Vel v, A5 Shopl & ey under siaad . dusl sl deshiactisptor 58 may be

used stitUrion of first and second accunul ati ng actuators 37 and 39.

I n one_enbodi nent, dual_ side t uat dual sided
hydr%ﬁ@?%u%h?u%f%??t?ﬁd}%ulign3%%}gé?%%%§%%?%h?gfﬁgg&%ggﬁégfsinilar to part

nunmber MSI 23609720, desi gned and manuf act ur ed | Def ions LLC
of Meenkdyhe|Rroyiged betwaeq;tie b‘V?/es%%té?(m%h};%bg?Er ﬁwhtﬁ‘%%%fgéc%gnd gi ve
back chanber 44 may be included with anti-rol]l control, dule 16. See

Fi gusestdmd BQdEToB. bal pdoeyds g VENERE k2R aiPler ST A2S r’ﬁg?lf%{lare only shown
in sone enbodi nents (Figures 1-4 and 7-8), it should be understood that
gi ve back chanbers 42 and 44 may be optionally provided in all enbodi nents
of system 10. First give back chanber 42 may be connected in series with
first acpupytahjfgaatigdasetudioyi a2finagtbeoppoesdedninimedndalitrst give
back chanber 42 may be adapted to give back the additional hydraulic fluid
”eedsﬂﬂt?ﬁ}ih CODR' €651 08c0f r8g608d hydr aukigsachparanlid andudter
expansion o f|¥st hydraulic actuator 12 (i.e., fluid entering second

accumyl ati ”ﬁ%ﬁcé—%@%g&. %8}1 c?ﬂﬂéQEiBﬂ%é@@éé@' tzl%ép@@s SRsoéntheafl uid and

ot her“c8mdo erial's of system 10. The vol une of first give back
chanmber 42 nay be at_| east approxinmate. t I f ] ssion
chanBeRTop| s ERGYE! e BF Soabnd Skbans! BuL Shamper 29 T5 5 1o for
full articulation. Second give back changer 44 na§ bevgﬁggfgtgg éﬁ%series
wi t hbsemeHatadchRrtFaERn§hEc EHSPES38™VPRYSEEBHE RbnPr 581 6n | The 15. Second
.give back chanber 44 may be adapted to house the addit'onalﬁ? draulic fluid
needadthpdﬁ1khewcohpreggiéhléﬂeﬂiF§ttH?dP§EPiEoﬁc?ﬁﬁ?Bhelzm ﬁﬁgsthe
expansi on of second hydraulic actuator 14 (i.e., fluid entering first
accugihat bmgtacthat ans8z)Llahdbor ofhe thendakrdegpadlsi onFd¥Sthe fluid and

ot her conponent materials of system 10. The vol une of second give back

- chambeg 44178y abeuatokeast mappbexitprt prowitihegvehusetohteecondoBenpr essi on
chanmbér 27 plus the volunme of first expansion chanber 21, to allow for ful

arti gylat ien.pEi Lshiand $econdsgisvenbackechanbetodarasdthadtnaydbeosi nil ar
to part nunber WMSI 23610051, designed and nmanufactured by MSI Defense

Solu%'ongfkggagf N@géggﬁ%&h EPEQC aFFuatorAlﬁiﬁ§§ 8Bt hngokhpst bif ness

redu sSecon -ro stiffness reducer 54 may be included with

anti-roll control nmodule 16 via a var] abl if f.ne (of i 8.:5ge

Fi guFé&c1 £ tHRECF ﬂgﬁﬁgu&ﬁyihf §F¥F ﬁg?s%?g chgsﬁéf §¥§g5%n§rglgﬁly shown
in sone enbodi nents, stiffness reducers 52 ng 54 may_be _qgptionally

pr oviode y ehiitch ealthagnBydteEn LS. Meyr S éﬁ??ﬁﬁgﬁ St f f nBs§"Feducer 52 may be
for taking-up and reducing the stiffening of first accunulgthg act uat or

37, ambocineequerftingt hysreodpcessitoRter 2r 88YhYPEr 2uPYEra8t 4t or 12 and
expansi on of second hydraulic actuator 14. First anti-roll stiffness

r edugeit B2 oray ihe 1eanec ted tamdsed &y dwanh ifd s&ockccuMirat fycgetdator 37
via first conpression line 13. Second anti-roll stiffness reducer 54 may be
for takingddd 13nchakedidsicta1ile isdifideni rg fofrsseaondadoocumils&onngsact uat or
39, and consequently, the conpression of second hydraulic actuator 14 and
expanslon of iidite bl aulig aelialke ;12 Seeendcaitbicarolol stichf froess
reducer 54 may be connected in series with second accumul ati ng actuator 39
via second conpressi | I I.mgnte,; f iglestuawayd abl e

st i ff%?efé’%c\r}%dggona%}%e@%nc ljié:ed(}f e%v%eggﬁq%:'?a fénlert%it-rol | stiffness
reducer 52 and first accunul atin ctyator 37. Fid.st .vari e i Hisness

val v BPSRLPe HENt e tcéjréfbeﬁt\?g]} 2wat1{: déac iovfle;tf(r'-i\L 7 glsgclrglJtni -Ir%tg: I20
stiffness reducer 52. Likew se, a second variable stiffness valve 51 may be
i ncl uded between second anti-roll stiffness reducer 54 and second

accurul ating WD 2011/ 034702PCT/ US2010/ 646722



actuator 39. Second variable stiffness valve 51 may be adapted to activate
and deactivate second anti-roll stiffness reducer 54. First and second

vari abl e woizbfmssm2val ves 50 and 51 may provide anti-rolPcTasaawoks7andul e 16
with the option of |owering or varying the stiffness of the anti-rol

forces provided by system 10. In one enbodi nent, first and second anti-rol
stiffness reducers 52 and 54 may be hydraulic actuators. First and second

anti -fert Insind fmesshd edaeltoddanthdsumerRs ¢ M ahd adardi durbar
VBl 23610051, designed and manufactured by MSI Defense Solutions LLC of

Moor esviddds Neuator by aHd tadf RRRS, @l iofd

included with first and QZCé%gQ%E?%:¢%ﬁI stﬁ?fﬁ%gg%%éﬁﬁ%%?gﬁkgﬁgﬁ§%54 in
vari t ﬁﬂﬁfs Lrcui t Ei riabl e sti.ffne air
anpl??%g¥§%%;nay be%?S%H5§P§§ﬁ8§§§:fﬁﬁ#%ﬁ“ﬁ%éxgﬁﬁ fﬁ§€§ %gﬁggﬁ%o% provi ded
by fisrst .and second anti-roll stiffness reducers 52 and .54. Variabl e

sti fffr’%erssst ai AT et q?ﬁfi/ e aﬁ%@’edef\rﬁrcgé: PO B S5P™ dfi AGS% he
stiffness reduction provided by first and second anti-roll stiffness

r educers 55 SRPBH LG, GRERsThadi RetCY Fditiskh BE teRitPrn 846ty 18npPKfi er 56
may be an on-board conpressed air system simlar to ones used on
commefidiaalverisgek s Fitredt hysiraye int iadtued oo I2amayolbet gnaiflae $oi phmess of
first and second anti-roll stiffness reducers 52 and 54. WO

2011 /@HEF2 PST/2882020/804 6222 gned afl amhivfhelthred bineiss Deceasser 40 may
be included with anti-roll control nodule 16. See Figure 8. Although

sti f foegsa ilomer, easer o40 Mcerdwi 19RQWNd.n one enbodi nent, as shoul d be

under stood, stiffness increaser 40 may be optionally provided with al
enbodi nents. Anti-roll stiffness increaser 40 may be for increasing the
stiffness of the anti-roll provided by system 10. Anti-roll stiffness

i ncreaser y ed for .increasing.,th i..fness of first
accunulatF%%og?tSgﬁgggég%aggtgggghd1§c§h&upétgﬁégégfga 8r8§3?aR;%F-ro|
stiffn%s§ iﬁ reasgr 4 naySbe Qnnect e etm%en fi.rst _.accunul ati ng act uator
37 afd deélnad SEEGTN ali-ng S5t Gafbr 89l ~Ant i PPGPPIstVRFABLLC) nereaser 40
may be any devices for increasing the stiffness of first accumul ating

act udC6MasPTand ¥e¥okg aceRkecatiragcaergstépnabetygesnehenbyapaeaion
anti-roll stiffness increaser 40 may be an air bl adder attached over

ant i 2pg| Er3pei r§ 84 Vvebdcilacraashegorhesbrassofleanfi f£iokE bpdiraglsd (and
anti-roll spring 35 in sone enbodi nents) on first accunul ati ng actuator 37
and setontoactanul &ecpgdatydatol i89acknaanst her mepbbdi menhteanti - r ol
stiffness increaser 40 nay be an additional spring in association with
anti peelvkespthagsddpeandoneaand ragie- 6@l b $BhiBUe 3byi AngonBLBARLI NeNnt s)
for increasing the bias of anti-roll spring 34 on first accumnul ati ng

?ﬁ§gﬁgﬁwn3zoaaﬂes§ﬁ@@@eacgﬂﬁehatgﬁg,a@BEa&Qémﬁﬁe,Sﬁiaéeﬁéa £aRi pei ncreased

to the installation of a standard shock. Second hydraulic
actuator 14 may be for providing an actuator on the opposite
side of the vehicle from first hydraulic actuator 12 for
resisting the roll towards that side of the vehicle. Second
hydraulic actuator 14 may be any type or size actuator, which
may be selected based on the type and size of vehicle that
system 10 may be installed on. Second hydraulic actuator 14 may

be similar to first hydraulic actuator 12. In one embodiment,

- 13 -



the use of the air bladder, an additional spring, or any other stiffness

i ncreaser 40. The stiffness provided by stiffness increaser 40 may either
be throughotzhe/smtoer e stroke (basically increasing the eCrfise@ss4ab2t he
systemlinearly) or through a portion of the stroke of anti-roll actuators
37 and 39 (i.e. the device would have progressive roll stiffness), or as a
function of hydraulic actuators 12 and/or 14 stroke, or conbinations

ther rd A3 Qo F BUIresy Ind andyBradl £d rdendradi it zof

ot 1 Sogpnd By R O oy g e o

schepgt] cald¥ad Dy L aure.Bic | tnddi s arbodidmaiarAntic [Rlduad rol wmdul e 16

may generartyeinel ITst accumul ating actuator 37, a second

accumul at i actuator 39, a first nmounting. cond ywunti ng

fl an%%n%%?{lg%dl%#ﬁé‘g?i -3 oﬁc%’f)ﬁai%%t SOk ‘?l's%é%gg%6w$%cf%tne;&act uacggr 37 may
be mounted to first mounting flange 36. Second %%cunulq;inqx§§gggtor 39 may
be ndertRd Ry Ewebhe ROWATNY T4 aryeSFRNE FSt U HOUNE HY- ¢ ange nust be
fixed relative to second nounting flange 38. This neans that the distance
bet weenné¢tred poUBREPIRC f2aFHERESE RhTtRRCHNT FORETHY FTEHREBS nust be
fixed. In one enbodi ment (as shown in Figures 1-4 and 8), first and second
noungiggefis g esodht ahd G8nmayt &dt ho behadeipd eelf t e ¢rendraRing el t1Pd e
vehicle, thus allowing the two flanges to be positioned relative to one WO
2011£934702RETAESZRA 0 PdbT2Pi anat bestohete the sispanstometfedrethemis
fixed. First and second nounting flanges 36 and 38 nmay be nounted to the

vei GLe; | e 2k 025600 @nde DY 80Y BBAASTobE! vl ngr htitnindtg | ims ted to,
boltgﬁgl%PghgegaSG and %8 t% the vehicle's chassis. In another enbodi nent,

firs nd _secon i . qg@@g&&pgcto one anot her
by a£¥$¥%g§%a ?nggﬁé%bgg %%g?ggglé?E%ngégBn%%%QE%D adapted to keep the

di stance between nounting.fl anges_36 and.3 ube nenber
60 nﬁ?tBét?ﬁté?cﬁﬁﬁeﬁiﬁa b%?ﬁggﬁ ?i?E%O%%d§%@§%%%§£%%n§$%§§?fg%ées 36 and
38 by any neans, including, but not linmted to, bein b0|ted%£ékér
and QBQV¢n8@9P§deﬁﬁBHFH€ﬁtPlFF?Et2énﬂngeﬁoﬁﬁcﬂ%ﬁn??ﬂ%n?+%ﬂg% and 38
woul d not have to be nounted to the vehicle and could be placed or secured
anywher bebowt hecorfli attuapari PaEPRsafi n§Y 3ULFAYVBESR nt eFPEOMect ed bet ween
first accunul ating actuator 37 and second accumul ati ng actuat or 39.

Ant i hyabhuspei agt34torylbembpr bbi asnhgati rotpantd secbat UEELPI&EFhg
actuators 37 and 39 from conpressing. I n operation, when the vehicle
rol | getoywaedsahir abntiydeaukrea BotMatopei@nséi sslubydnaullé aftuator 12 will
have forces acting on it to conpress and second hydraulic actuator 14 may
haveMggggg§ig§gingcgn it to expand. Wen anti-roll bypass valve 46 is in
the activated position, these forces will force the hydraulic fluid from
first conpression chanber 19 and second expansi on chanber 29 into first
accurnul ati ng actuator 37 via first conpression line 13. First accunul ating

actuator 37 nma sist the transfer _of fluid. T i.on chanber

19 and seéﬁﬁa“é?é§n§P85r8ﬁaW8§Pi§959igagngﬁ-%%ﬁﬁaéééi%é ggagéﬁg§gtiffness

i ncreaser 40, when provided). The anti-raoll stiffneii grovid d QX iirst

accupikatradlasVeaedr 187 nafehEIgREFEdLBY - pr oVFdi h PREEPENTCSEI T ness

of anti-roll spring 34 (or stiffness increaser 40, when proyvided). Wen

firstévanyabkefsti reaessivgl ¢hesgomprepencnf PEst1afti LYSFRUSEFT f ness

reducer 52 may also take in fluid, thereby reducing the roll stiffness

pr ovidedabyrf ipsteaactrel abi nheackpanenod7of Aagcertr Ayfirabndicequi red from

the take up of first accumul ating actuator 37 will be provided by second

gi ve backrehanher 44ttorbhe ebherosi gedafiet he sysgt ersoVWsenfamti-rol | bypass

valve 46 is in the deactivated position, fluid fromfirst conpression

chanber. ;19 15 pUEPEdpRLashLESbrekRaRstoR abanbet: détandopoigor negligible)
S

anti-ro ening rtorces are provided to first hydraulic actuator 12.
relative to the expansion of first hydraulic actuator 12. Anti-

| anges 36

roll control module 16 may be any device capable of resisting
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In operation, when the vehicle rolls towards second hydraulic actuator 14,
second hydraulic actuator 14 will have forces acting on it to conpress and
first hydweubiiw3awtuat or 12 nay have forces acting on i PCcrasexpanci22 When
anti-roll bypass valve 46 is in the activated position, these forces wll
force the hydraulic fluid fromsecond conpression chanber 27 and first
expansi on chanber 21 into second accumul ati ng actuator 39 via second
CONprgssi dind s ikh 32 Gone Aas R AL AN G AGIMRO0N 23S TR ikeSikst thike
transfer of fluid from second conpression chanber 27 and first expansion
cha A tdes i .34 i ff,n i RCr r v Lf

pr m%%%sl?ﬁg ﬁtéie-cicgﬁ @ﬁff nelgts a(ﬁ%gu\%%gd léy%zlécgn@l gg;?:“ r]fu%%tliolrr]lg Ogct uat or
39 j Y. varyi the stiffness of anti-roll sprin 4. en
secgﬁ%ﬁc\t/%gﬁlg{}}ld%%s R %lec}sés}l%\ia rvg“}s ellsaq:dﬁ’eenf%osz%l n& “RACEHE0 Iog%s%ilfrlS ess
reducer. 54 may also take in fluid, thereby reducing the raoll stiffness

pr ovi Bt By e Ao OE U -at i Sa deFsdr 1190 TOAGE Se PECY 106 &Yr 888ired from
the take up of second _accunul ating actuator 39 will be provided by first

gi ve Hdck CRddsdr meglulghdf et ividglaulgypass vasiors 46 iesdi A4t beogadet i vat ed
position, fluid from second conpressi on chanber 27 is punped into second
exparssildn nelsamtt@nc2d tand heo viedvi adegl | ginblegldidibn- tol bretiififieni mgliior ces are
provi ded to second hydraulic actuator 14. Referring to Figures 5 and
6, arsedenhnerbad mkrt hyidrantlii-o eldtueertisql tmedubaule 15 sehesatbcal |y
shown for hydraulic anti-roll system 10. In this enbodi ment, anti-rol

cont loviedulambengereraldcde s e wdesriaili kshna¢ewnmeb-ahl Bgeact uator 37
having an anti-roll spring 34; and a second accunul ati ng actuator 39 havi ng

a secRRd @Rt o Qbly %Q%%Q%n3§§rlgeFQbstgee@g%ghgangtgbkéto?nghgepond
accunul ati ng actuators 37 an 395 ncl ude Separate anti-roll springs that
are @&%oEEQ%egi %gether, as in the enbodi nents shown in Figures 1-4 and 8.
th enbodiment’, the first and second accumnul ati ng actuators 37 and 39
may be nounted on a singled nounting flange together (not shown in
Figures), or first accunul ating actuator 37 may be nmounted on first
mounting flange 36 and second accunul ating actuator 39 may be nounted on
second noWReERN§YPrandé cagnsdpapatesystens fer éat afEdNRERGuUr 86784 and 8, the
mounting flanges 36 and 38 of this enbodi nent may be nmounted anywhere on
t he ¢ehpreesiat ghypmbest A8ceff famstnbydmethér, aahdabprang mesnbe in one
enbodi nent, referring to figure 5, first accunul ating actuator 37 may
i ncl ddeid bpdmanlicatéphi rdeh wetbnaneaphhnstiohl chhsbenr bpsbdesbebng bi ased
by an anti-roll spring 34 and second accumnul ati ng actuator 39 nmay include a
hydr aybireutyki Bdetavbihi1a $esondrapti- E8hpbrBLSiSA 1 Dskdesbei ng biased by a
second anti-roll spring 35. In another enbodi nent, referring to Figure 6,
firs zcupyl at.j c L de-a_hy j:C i with a
e A e S S e e e A
by anti-roll rin 4, .and.second accumu] ating.actuator 39 may,.include a
secoﬁékﬁﬁngu??cm%glgﬁdép gﬂPﬁgaCSEEBHacﬁké?8ngt§ﬁngtfaé ?%P%ngé%%nd pi ston
rod bei ng biased fromthe second hydraulic cglinder by a second anti-rol
Spriﬁ5a§g?r 21 of first hydraulic actuator 12 via a sécond

compression line 15. As shown in Figures 1-4, for convenience,
the connections for compression lines 13 and 15 to both the
compression chamber and expansion chamber of first hydraulic
actuator 12 and second hydraulic actuator 14 may be provided at
the top of the hydraulic actuators (actuators are provided with

internal cylinder for routing rebound chambers to the top of the

- 15 -



I n operation, when the vehicle rolls towards first hydraulic actuator 12,
first hydraulic actuator 12 wll have forces acting on it to conpress and
second hywoaoaiis4met uat or 14 nmay have forces acting on PCTius2@epasTd2 \When
anti-roll bypass valve 46 is in the activated position, these forces wll
force the hydraulic fluid fromfirst conpression chanber 19 and second
expansi on chanber 29 into first accunul ating chanber 37 via first
conprassidtvdd)ne HowdidiSt @es Ulatd tth Ay WRIOIs 31 IR JESIasld ke transfer
of fluid fromfirst conpression chanber 19 and second expansi on chanber 29
via agind @ ol k%_}ar%cﬂﬁ I RlHe ¥ Idd IRRE-RNAW ded ¥ Julsr ﬁ%
accunul ati ng actuator 37 nmay be varied by varying the stiffness o

ant i -4 |14f5_pr i iaﬁ'oilﬁh%rﬂﬂ:tcjl_ rn%dul%yaﬁznﬁ%glrt 4§Jei Scoinrrllet h% deacti vat ed

position, flui romfirst conpressionc I'S punpe 5 gto first
reboynd cha r 21 and no (.or negligible ti-roll stiffening forces are
pr ov:.b gtd" ebeﬁ}qn%eﬁrsst% rﬂ?&%ﬂﬁscwabﬁ?%f‘@%ﬁig ot flrIsrlf SYEraLLds, ahERtORe
vehicle rolls towards second hydraulic actuator 14, second hydraulic

act uatort™ §HAS SFPFLAES ABasE &P iAf 56 e hysiEaydd of AEsUakpdr aul i ¢
actuator 12 may have forces acting on it to expand. Wen anti-roll bypass
val ve-4 e dias fiystthecapiossticn gagiet ilen, tméde riodiceontirol frodudet hé
hydraulic fluid from second conpression chanmber 27 and first expansi on
chantmery 20 sonfoe senmed: tacl lmathveatienn ¢ cacthida tcompl @ seiians ebamibeeoapr egsi on | i ne
15. Second accunul ating actuator 39 may resist the transfer of fluid from
Secone P hesiaeN ieharehtdr and shid $i rexParRphan iehawhamnndt vhasgecond
anti-roll spring 35. The anti-roll stiffness provided by second
accumihald Mg aRGLHaL0nL 3% R e Vahi ed BhavebkbhgsthensstifEnegs of second
anti-roll spring 35. Wen anti-roll bypass valve 46 is in the deactivated
posi than, fLyid f 0 i C 7.LS ed into second
parcy on et PR g R PR el MRk spoalaPeCahtyi ded by
second hydraul ic _actuatqr 1 Referring to Figure 7 and 7A, a third
enbolVRBREIGF BRERAFgE Tdo PG nBat =28 1 SO8hoR RORUAFALAUFPe anti-rol |
system 10. In_this enbodi nent, anti-roll control nodule 16 generally

i ncl GAES VR Phide KESRECAGSF FhRgEraBstsTrsedofiduiduitPigthFange 38, and a
dual sided actuator 58 positioned in between. In one enbodi nent (as shown
i n Ficgopgeppionhetf figstahddsesdnd aotnetny flRanydstB6 anpaB8igmyobe
adapted to be nounted on the vehicle where the flanges are positioned

r el asiecentiohgdeaatdthectuihbs meanantihab theedupt anderbetweesnéi rst and
second nmounting flanges 36 and 38 nust be held constant. In one enbodi nent,

nountiragstkanges£36iandr38 oY bempRuBLednt 8£t Bec¥AAi Bl,8rahinianot her
enbodi nent, first and second nounting flanges 36 and 38 may be connected to

one QBQEQEBrbX43aﬁ8rEﬁ@egxbaﬁgigﬁngﬁrf@?st ﬁ23§a5i93r§3t65t89d1§?3 adapt ed

to keep the di stance between nounting flanges 36 an constant. In this
enbodi ngn LLst an nd ting.flanges.36.apd_38_woul d not. have to
be ngtheér8%%E%oﬁ?dggggggég 32§§ gg%ﬁ?éan§n§%ﬁége96ﬁnfﬁ%rv Vi ¢&! " pual

si ded zituator §8 ngé be Eosh&ioned bet ween first and second npunting

f | anh8ST38°RhHCOS8MOBHAF LPdBYIGEEUTYBF B8 falCi REPVHES aRtFLr 6P+l spring 34
and second anti-roll spring 35, in conbination, biasing dual sided actuator
58 t 6otReSnfadFeeorehirie arndiceesadthintintrhfL e aRaesr3bl andiBBress first
gi ve back chanber 42 may be connected in series with one side of dual sided
act uaforhs8vehhdla wétbnfoytee basksuhanbérbddwaay biee condigcamd i n series

with the other side of dual sided actuator 58. I n operation, when
t he sebpeheionl tkroogardgdtansichydtastoes act uah@rid2, first hydraulic
actuator 12 will have forces acting on it to conpress and second hydraulic

actuator 14 may have forces acting on it to expand. Wen anti-roll bypass
valve 46 is in the activated position, these forces will force the

hydraul i c L L LSt r £8Si pansi on
chanber 2%£%ﬁt%o%%ggz$%%§o¥§§gglgiiﬁgg g%?%@?%%%%%aggaﬁfﬁféﬁh%%npression

i ne i uatQr 58.may resist the tra r of fluid fromfirst
conp?%géfgﬁf%h%¥%€rmig6andgg%cgﬁ u%%%a%é?bn %%%h% ?fQSP%E%F%uH?f§%n| spring
34. Wth these

- 16 -



WO 2011/ 034702PCT/ US2010/ 046722 forces, dual sided actuator 58 wll nove to
the left (as depicted in Figure 7) and anti-roll spring 34 will resist this
novenent .wohet1znstiozr ol | stiffness provided by dual side#caatSe@donc728 may be
varied by varying the stiffness of anti-roll spring 34. Any extra fluid
required fromthe take up of dual sided actuator 58 will be provided by
second gi ve back chanber 44. \Wen anti-roll bypass valve 46 is in the
deactd¢vat8d OFdY @t ifatithd @18 fddagit iGRMRMRS $Hen reRarken L9 s punped
into first expansion chanmber 21 and no (or néegligible) anti-roll stiffening
IS prgsd N RRe[at eN, _ vehi cl I second
hydréﬁ#?b%ggﬁu585Frf2, secg%%]%gdrggﬁ?bﬁggfugﬂggs%4a%ﬁk% %gvgé orces acting
on it_t r i r.st. hydraulic¢ actuator 12 y.have forces_acting on
Tt R BRI SRS ot (I B ARk DabE T R3St 1o,
these forces will faqrce the hydraulic fluid fromsecond conpression chanber
27 aﬁﬁm?ﬁpgﬁ'éfﬂén§%o%lfﬁ ereffqlﬁtﬁcFﬁgaﬁFﬁangiH@topaﬁggﬂ §f8ed
actuator, 58 via second conpression |line 15. Dual sided actuator 58 may

resi SPtEhEllardt 8 sdier iediclemeséddad cConpr Essi GReCHARBEM 2% and fir st
expansi on chanber 21 via anti-roll spring 35. Wth these forces, dual sided
act ugtegctigawied. mdvg it-arolie bypglsts (vad veepicctmey incEugder e Bpuandganti - r ol
spring 35 will resist this novenment. The anti-roll stiffness provided by
dual wditthedn WOt20h14034 Po2RELOUS208060463422 igatiahoposdtudyt, basvari ed by
varying the stiffness of anti-roll spring 35. Any extra fluid required from
the tsakemupnofriduglesshded aghater 98wl bobetpbavibded Py sEi (atvgi ye back
chanber 42. \Wen anti-roll bypass valve 46 is in the deactivated position
flui C I e I J caond, expansi on
b e N S e S T g e e

seco r i u 4. . he_instant invention also_includes a
neth%%c§¥gp%% Fgﬁﬁéha%®%&FéflZgovéavgﬁfg e”CThe Bt Rod 6Feph vid ng
anti-roll to a vehicle neral ly_conprises the steps of: nmounting a first
hydrESFPBdaEPHBFSFSBQngER & GsﬁggglgﬁrﬁﬁdeFPﬁ 187 £hembeki éfe on one
side;, ;nmounting a second hydraulic actuator between the suspension and frane
of tKNéavERFEPrE BRMPEESELREr ldRgelSconhbet PRGLIHAL At POpdELoBoREr ol nodul e
between the fluid |lines of said first and second hydraulic actuators,

wher ebpasgi dadmei 4pobbhséonfliyl copdakéssthef eninngeshgonoahasbsionf of sai d
first actuator relative to the expansion of said second actuator and

sti f beri agttiheocowprrsshaeneabpasnai dnsenandeacbathe oppative Lottideor
expansion of said first actuator; and connecting an anti-roll bypass val ve
bet weenat hewf bits8ehi nestof reaidef thst rand secend Hydiawkic agtuators
adapted to activate and deactivate the stiffening of said anti-roll control

ggggggffﬁgvabealgopstgeﬂe5§t89gasgh@aﬂ$gh@g Ak§ oot NGhYgesqPEgVi ding and
disconnect the first and second compression lines 13 and 15
where the first compression chamber 19 is connected with the
first expansion chamber 21 of first hydraulic actuator 12 and
second compression chamber 27 is connected with the second
expansion chamber 29. The deactivated position of bypass valve
46 basically makes first and second hydraulic actuators 12 and

14 closed circuits, so that no force (or negligible force) is

provided from first and second hydraulic actuators 12 and 14 on

- 17 -



t he optional conponents of anti-roll control nodule 16, as discussed above
and shown in Figures 1-8. EXAMPLE Two enbodi nents of hydraulic
anti-rol Iweystieswd®, as shown in Figure 7, were assenbl edtarsdoionsd’at | ed on
the front and rear suspension/wheels of a 4 wheel, 2 axle vehicle. The
vehicl e was tested on an asphalt paved skidpad with a 200 foot radius

nom nal turning circle. The vehicle was tested in the foll ow ng four

conf i gy atdionsie W tdh Rt ST e chQ (dse ¥218ld 20heel SRRt har ol |
bypass valve 46 in the di sengaged position for both front and rear systens

10), _ﬁ'&ﬁéé'brh—ﬂa%et el %é‘;é%%{}b-%%h%’ﬁgﬁ %%[%%%d (%%n@!e'rc‘%%‘ﬁks
(anti-ro ypass val ve 46 in the engaged position for bothtront and rear
systens .10Q) .- shown in Table 2. wth systens en %3510 the front wheels
and |%§§%§§i512? VFﬁ%i?EQ}%ﬁH%%J% §§H%n9f1 5%3 ' @Hﬁﬁp@ﬁtthe engaged
position for_ front system 10 and anti-roll bypass valve 46 in the,
diseﬁﬂ%ﬂ%ﬁf[ﬁﬁﬂqqﬁﬁ9ﬁﬁacqggﬁ#ﬂsﬁgﬁéﬁ*ﬁ%ﬁﬁa§ﬂﬂﬂm$n@nd?éEFéV§Fl§ﬁdaﬁFﬁh syst ens
10 engaged on the rear wheels and disengaged on the front wheels (anti-rol
by pas® Walapata®li madve cedgagedlquesien ot Mo nveart ispstiennot ged anti-rol |
bypass valve 46 in the disengaged position for front system 10), shown in
WO 201i1iG341 0 2PCT My$2GE0 MAGE2 2 6T alslye bé. afilye otdsul timdflatrthese tests are
shown in the below tables : Table 1

electromechanical valves, by any other manual valves (see Figure

7A), or by any other valves capable of activating and

deactivating control module 16. In one embodiment, bypass valve

46 may be an electronic valve that may be wired to the inside of

the vehicle. This electronic embodiment of bypass valve 46 may

allow a user of the vehicle to eagily activate and deactivate

hydraulic anti-roll system 10. In addition, anti-roll bypass

valve 46 being an electronic valve may allow system 10 to be a

variable system. For instance, anti-roll bypass valve 46 may be

in communication with the vehicles speedometer, where at low

speeds, anti-roll system 10 may be deactivated, and at high

speeds, anti-roll system 10 may be activated. 1In another

instance, anti-roll bypass valve 46 may be in communication with

the vehicles tire pressure system, where at certain higher tire

pressures, anti-roll system 10 may be activated, and at certain

lower tire pressures, anti-roll system 10 may be deactivated.



I nvention D sengaged both Front and Rear, (Actuator D splacenent, |nches)
Cal culated Roll Angle (deg.) % of Baseline Roll Angle Reduced by Invention
LF WO 2011/034702 PCT/US2010/046722

The hydraulic anti-roll system 10 of the instant invention
may be provided with an anti-roll resistance via the stiffness
provided in anti-roll control module 16. The resistance of
anti-roll control module 16 may be provided by any means. In
one embodiment, the resistance of anti-roll control module 16
may be provided by a first accumulating actuator 37 and a second
accumulating actuator 39. The accumulating actuators 37 and 39
may be for taking-up and resisting the transfer of fluid from
first and second hydraulic actuators 12 and 14. The stiffness
of accumulating actuators 37 and 39 may be provided by a single
anti-roll spring 34 (see Figures 1-4 and 8) associated with both
aécumulating actuators, or may be provided by a first anti-roll
spring 34 associated with first accumulating actuator 37 and a
second anti-roll spring 35 associated with second accumulating
actuator 39 (see Figures 5-6). In another embodiment, the
stiffness of anti-roll control module 16 may be provided by a
dual sided actuator 58 biased toward the middle by anti-roll
spring 34 and second anti-roll spring 35 (see Figure 7). The
stiffness of anti-roll control module 16 may be varied by
varying the stiffness of accumulating actuators 37 and 39 or
dual sided actuator 58 provided in system 10 via anti-roll
spring 34 and/or second anti-roll spring 35. In addition, the
resistance of hydraulic anti-roll system 10 may be varied

through many other means for varying the stiffnessg of



1.0 -0.83 RF 1.00 Front Axle Roll Angle NA LR 1.0

WO 2011/034702 PCT/US2010/046722

accumulating actuators 37 and 39, or dual sided actuator 58.
These means, include, but are not limited to, varying the
effective area of the hydraulic actuators, providing a variable
stiffness circuit 48 with a first variable stiffness reducer 52
and a second variable stiffness reducer 54, providing an anti-
roll stiffness increaser 40, a combination of these elements,
and/or any other means for stiffening or reducing the resistance
of anti-roll system 10. These components of anti-roll control

module 16 are discussed in greater detail below.

First and second accumulating actuators 37 and 39 may be
provided in anti-roll control module 16. See Figures 1-6 and 8.
First accumulating actuator 37 may be for taking-up and
resisting the transfer of fluid from first compression chamber
19 and second expansion chamber 29. First accumulating actuator
37 takes up the fluid from first compression chamber 19 and
second expansion chamber 29 while resisting this flow.
Accordingly, the volume of first accumulating actuator 37 should
be at least approximate to the volume of first compression
chamber 19 plus the volume of second expangion chamber 29, to
allow for full articulation. The stiffness of first
accumulating actuator 37 is provided by anti-roll spring 34
which biases first accumulating actuator 37 from compressing.

Second accumulating actuator 39 may be for taking-up and

- 20 -



-0.83 RR 1.00 Rear Axle Roll Angle NV A Shuttle D splacenent, in.: Not
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resisting the transfer of fluid from second compression chamber
27 and first expansion chamber 21. Second accumulating actuator
39 takes up the fluid from second compression chamber 27 and
first expansion chamber 21 while resisting this flow.
Accordingly, the volume of second accumulating actuator 39
should be at least approximate to the volume of second
compression chamber 27 plus the volume of first expansion
chamber 21, to allow for full articulation. The stiffness of
second accumulating actuator 39 is provided by a spring which
biases second accumulating actuator 39 from compressing. This
spring is anti-roll spring 34 in some embodiments (Figures 1-4
and 8) and a second anti-roll spring 35 in other embodiments
(Figures 5-7). By taking up and resisting the transfer of fluid
from first hydraulic actuator 12 and second hydraulic actuator
14, first and second accumulating actuators 37 and 39 provide a
load resistance to the fluid from one actuator’s compression
stroke and the rebound stroke of the opposite side, thus,
providing anti-roll forces to first and second hydraulic
actuators 12 and 14, respectively. First and second
accumulating actuators 37 and 39, in combination, may also allow
first hydraulic actuator 12 and second hydraulic actuator 14 to
be compressed simultaneously. In this situation, £fluid from
first compression chamber 19 may enter second expansion chamber

29, however, because the volumes of these chambers are



NA Table 2 | nventi on Engaged both Front and Rear, (Actuator

D spl acenent, Inches) Cal culated Roll Angle (deg.)
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different, the excess fluid must flow into first accumulating
actuator 37. At the same time, fluid from second compression
chamber 27 may enter first expansion chamber 21, however,
because the volumes of these chambers are different, the excess
fluid must flow into second accumulating actuator 39. First and
second accumulating actuators 37 and 39 may also take-up fluid
from thermal expansion of the fluid in the hydraulic system.
First and second accumulating actuators 37 and 39 may be any
devices capable of taking up and resisting the transfer of fluid
or providing a load resistant to fluid transfer. In one
embodiment, first and second accumulating actuators 37 and 39
‘may be standard hydraulic actuators. First and second
accumulating actuators 37 and 39 may be similar to part number
MSI25210239, designed and manufactured by MSI Defense Solutions

LLC of Mooresville, NC.

Dual sided actuator 58 may be included in anti-roll control
module 16. See Figure 7. Dual sided actuator 58 may be for
taking up and resisting the transfer of fluid from first
compression chamber 19 and second expansion chamber 29 (similar
to first accumulating actuator 37 in other Figurés) and for
taking up and resisting the transfer of fluid from second
compression chamber 27 and first expansion chamber 21 (similar

to second accumulating actuator 39 in other Figures). The
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stiffness of dual sided actuator 58 is provided by anti-roll
spring 34 and second anti-roll spring 35, which in combination,
bias the dual sided actuator 58 to the center of first mounting
flange 36 and second mounting flange 38. By taking up and
resisting the transfer of fluid from first hydraulic actuator 12
and second hydraulic actuator 14, dual sided actuator 58 may
provide a load resistance to the fluid transfer from one
actuator’s compression stroke and the rebound stroke of the
opposite side, thus, providing anti-roll forces to first and
second hydraulic actuators 12 and 14, respectively. As should
be understood, dual sided actuator 58 may be used in
substitution of first and second accumulating actuators 37 and
39. In one embodiment, dual sided actuator 58 may be a standard
dual sided hydraulic actuator. Hydraulic dual-sided actuator 58
may be similar to part number MSI23609720, designed and

manufactured by MSI Defense Solutions LLC of Mooresville, NC.

A first give back chamber 42 and a second give back chamber
44 may be included with anti-roll control module 16. See
Figures 1-4 and 7-8. Although give back chambers 42 and 44 are
only shown in some embodiments (Figures 1-4 and 7-8), it should
be understood that give back chambers 42 and 44 may be
optionally provided in all embodiments of system 10. First give

back chamber 42 may be connected in series with first
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accumulating actuator 37 via first compression line 13. First
give back chamber 42 may be adapted to give back the additional
hydraulic fluid needed from the compression of second hydraulic
actuator 14 and the expansion of first hydraulic actuator 12
(i.e., fluid entering second accumulating actuator 39), and/or
the thermal expansion of the fluid and other component materials
of system 10. The volume of first give back chamber 42 may be
at least approximate to the volume of first compression chamber
19 plus the volume of second expansion chamber 29, to allow for
full articulation. Second give back chamber 44 may be connected
in series with second accumulating actuator 39 via second
compression line 15. Second give back chamber 44 may be adapted
to house the additional hydraulic fluid needed from the
compression of first hydraulic actuator 12 minus the expansion
of second hydraulic actuator 14 (i.e., fluid entering first
accumulating actuator 37) and/or the thermal expansion of the
fluid and other component materials of system 10. The volume of
second give back chamber 44 may be at least approximate to the
volume of second compression chamber 27 plus the volume of first
expansion chamber 21, to allow for full articulation. First and
second give back chamber 42 and 44 may be similar to part number
MSI23610051, designed and manufactured by MSI Defense Solutions

LLC of Mooresville, NC.
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A first anti-roll stiffness reducer 52 and second anti-roll
stiffness reducer 54 may be included with anti-roll control
module 16 via a variable stiffness circuit 48. See Figures 1-4
and 8. Although the stiffness reducers 52 and 54 are only shown
in some embodiments, stiffness reducers 52 and 54 may be
optionally provided with all embodiments. First anti-roll
stiffness reducer 52 may be for taking-up and reducing the
stiffening of first accumulating actuator 37, and consequently,
the compression of first hydraulic actuator 12 and expansion of
second hydraulic actuator 14. First anti-roll stiffness reducer
52 may be connected in series with first accumulating actuator
37 via first compression line 13. Second anti-roll stiffness
reducer 54 may be for taking-up and reducing the stiffening of
second accumulating actuator 39, and consequently, the
compression of second hydraulic actuator 14 and expansion of
first hydraulic actuator 12. Second anti-roll stiffness reducer
54 may be connected in series with second accumulating actuator
39 via second compression line 15. In one embodiment, a first
variable stiffness valve 50 may be included between first anti-
roll stiffness reducer 52 and first accumulating actuator 37.
First variable stiffness valve 50 may be adapted to activate and
deactivate first anti-roll stiffness reducer 52. Likewise, a
second variable stiffness valve 51 may be included between

second anti-roll stiffness reducer 54 and second accumulating
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actuator 39. Second variable stiffness valve 51 may be adapted
to activate and deactivate second anti-roll stiffness reducer
54. First and second variable stiffness valves 50 and 51 may
provide anti-roll control module 16 with the option of lowering
or varying the stiffness of the anti-roll forces provided by
system 10. In one embodiment, first and second anti-roll
stiffness reducers 52 and 54 may be hydraulic actuators. First
and second anti-roll stiffness reducers 52 and 54 may be similar
to part number MSI23610051, designed and manufactured by MSI

Defense Solutions LLC of Mooresville, NC.

A variable stiffness air amplifier 56 may be included with
first and second anti-roll stiffness reducers 52 and 54 in
variable stiffness circuit 48. See Figure 8. Variable stiffness
air amplifier 56 may be for varying or tuning the stiffness
reduction provided by first and second anti-roll stiffness
reducers 52 and 54. Variable stiffness air amplifier 56 may be
any device for varying or tuning the stiffness reduction
provided by first and second anti-roll stiffness reducers 52 and
54. TIn one embodiment, variable stiffness air amplifier 56 may
be an on-board compressed air system, similar to ones used on
commercial trucks, that may be utilized to vary or tune the
stiffness of first and second anti-roll stiffness reducers 52

and 54.
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An anti-roll stiffness increaser 40 may be included with
anti-roll control module 16. See Figure 8. Although stiffness
increaser 40 is only shown in one embodiment, as should be
understood, stiffness increaser 40 may be optiomally provided
with all embodiments. Anti-roll stiffness increaser 40 may be
for increasing the stiffness of the anti-roll provided by system
10. Anti-roll stiffness increaser 40 may be adapted for
increasing the stiffness of first accumulating actuator 37 and
second accumulating actuator 39. Anti-roll stiffness increaser
40 may be connected between first accumulating actuator 37 and
second accumulating actuator 39. Anti-roll stiffness increaser
40 may be any devices for increasing the stiffness of first
accumulating actuator 37 and second accumulating actuator 39.
In one embodiment, anti-roll stiffness increaser 40 may be an
air bladder attached over anti-roll spring 34 for increasing the
bias of anti-roll spring 34 (and anti-roll spring 35 in some
embodiments) on first accumulating actuator 37 and second
accumulating actuator 39. In another embodiment, anti-roll
stiffness increaser 40 may be an additional spring in
association with anti-roll spring 34 (and second anti-roll
spring 35 in some embodiments) for increasing the bias of anti-
roll spring 34 on first accumulating actuator 37 and second

accumulating actuator 39. Stiffness can be increased through
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the use of the air bladder, an additional spring, or any other
stiffness increaser 40. The stiffness provided by stiffness
increaser 40 may either be through the entire stroke (basically
increasing the stiffness of the system linearly) or through a
portion of the stroke of anti-roll actuators 37 and 39 (i.e. the
device would have progressive roll stiffness), or as a function
of hydraulic actuators 12 and/or 14 stroke, or combinations

thereof.

Referring to Figures 1-4 and 8, a first embodiment of anti-
roll control module 16 is shown. This embodiment is shown
schematically in Figure 8. In this embodiment, anti-roll
control module 16 may generally include a first accumulating
actuator 37, a second accumulating actuator 39, a first mounting
flange 36, a second mounting flange 38, and an anti-roll spring
34. First accumulating actuator 37 may be mounted to first
mounting flange 36. Second accumulating actuator 39 may be
mounted to second mounting flange 38. First mounting flange 36
must be fixed relative to second mounting flange 38. This means
that the distance between first mounting flange 36 and second
mounting flange 38 must be fixed. In one embodiment (as shown
in Figures 1-4 and 8), first and second mounting flanges 36 and
38 may both be adapted to be mounted to the wvehicle, thus

allowing the two flanges to be positioned relative to one
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another where the distance between them is fixed. First and
second mounting flanges 36 and 38 may be mounted to the vehicle
in any location and by any means, including, but not limited to,
bolting flanges 36 and 38 to the vehicle’'s chassis. In another
embodiment, first and second mounting flanges 36 and 38 may be
connected to one another by a stressed tube member 60 (see
Figures 4B and 4C) adapted to keep the distance between mounting
flanges 36 and 38 constant. Stressed tube member 60 may be
interconnected between first and second mounting flanges 36 and
38 by any means, including, but not limited to, being bolted to
flanges 36 and 38. 1In this embodiment, first and second
mounting flanges 36 and 38 would not have to be mounted to the
vehicle and could be placed or secured anywhere on the vehicle.
Anti-roll spring 34 may be interconnected between first
accumulating actuator 37 and second accumulating actuator 39.
Anti-roll spring 34 may be for biasing first and second

accumulating actuators 37 and 39 from compressing.

In operation, when the vehicle rolls towards first
hydraulic actuator 12, first hydraulic actuator 12 will have
forces acting on it to compress and second hydraulic actuator 14
may have forces acting on it to expand. When anti-roll bypass
valve 46 is in the activated position, these forces will force

the hydraulic fluid from first compression chamber 19 and second
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expansion chamber 29 into first accumulating actuator 37 via
first compression line 13. First accumulating actuator 37 may
resist the transfer of fluid from first compression chamber 19
and second expansion chamber 29 via anti-roll spring 34 (and
stiffness increaser 40, when provided). The anti-roll stiffness
provided by first accumulating actuator 37 may be varied by
providing a different stiffness of anti-roll spring 34 (or
stiffness increaser 40, when provided). When first variable
stiffness valve 50 is open, first anti-roll stiffness reducer 52
may also take in fluid, thereby reducing the roll stiffness
provided by first accumulating actuator 37. Any extra fluid
required from the take up of first accumulating actuator 37 will
be provided by second give back chamber 44 to the other side of
the system. When anti-roll bypass valve 46 is in the
deactivated position, fluid from first compression chamber 19 is
pumped into first expansion chamber 21 and no (or negligible)
anti-roll stiffening forces are provided to first hydraulic

actuator 12.

In operation, when the vehicle rolls towards second
hydraulic actuator 14, second hydraulic actuator 14 will have
forces acting on it to compress and first hydraulic actuator 12
may have forces acting on it to expand. When anti-roll bypass

valve 46 is in the activated position, these forces will force
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the hydraulic fluid from second compression chamber 27 and first
expansion chamber 21 into second accumulating actuator 39 via
second compression line 15. Second accumulating actuator 39 may
resist the transfer of fluid from second compression chamber 27
and first expansion chamber 21 via anti-roll spring 34 (and
stiffness increaser 40, if provided). The anti-roll stiffness
provided by second accumulating actuator 39 may be varied by
varying the stiffness of anti-roll spring 34. When second
variable stiffness valve 51 is open, second anti-roll stiffness
reducer 54 may also take in fluid, thereby reducing the roll
stiffness provided by second accumulating actuator 39. Any
extra fluid required from the take up of second accumulating
actuator 39 will be provided by first give back chamber 42.

When anti-roll bypass valve 46 is in the deactivated position,
fluid from second compression chamber 27 is pumped into second
expansion chamber 29 and no (or negligible) anti-roll stiffening

forces are provided to second hydraulic actuator 14.

Referring to Figures 5 and 6, a second embodiment of anti-
roll control module 16 is schematically shown for hydraulic
anti-roll system 10. In this embodiment, anti-roll control
module 16 generally includes: a first accumulating actuator 37
having an anti-roll spring 34; and a second accumulating

actuator 39 having a second anti-roll spring 35. In this
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embodiment first and second accumulating actuators 37 and 39
include separate anti-roll springs that are not linked together,
as in the embodiments shown in Figures 1-4 and 8. In this
embodiment, the first and second accumulating actuators 37 and
39 may be mounted on a singled mounting flange together (not
shown in Figures), or first accumulating actuator 37 may be
mounted on first mounting flange 36 and second accumulating
actuator 39 may be mounted on second mounting flange 38
separately. Different from Figures 1-4 and 8, the mounting
flanges 36 and 38 of this embodiment may be mounted anywhere on
the vehicle, at any distance from one another, and by any means.
In one embodiment, referring to figure 5, first accumulating
actuator 37 may include a hydraulic cylinder with an anti-roll
piston inside being biased by an anti-roll spring 34 and second
accumulating actuator 39 may include a hydraulic cylinder with a
second anti-roll piston inside being biased by a second anti-
roll spring 35. 1In another embodiment, referring to Figure 6,
first accumulating actuator 37 may include a hydraulic cylinder
with a piston connected to a piston rod being biased from the
hydraulic cylinder by anti-roll spring 34, and second
accumulating actuator 39 may include a second hydraulic cylinder
with a second piston connected to a second piston rod being

biased from the second hydraulic cylinder by a second anti-roll

spring 35.
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In operation, when the vehicle rolls towards first
hydraulic actuator 12, Ffirst hydraulic actuator 12 will have
forces acting on it to compress and second hydraulic actuator 14
may have forces acting on it to expand. When anti-roll bypass
valve 46 is in the activated position, these forces will force
the hydraulic fluid from first compression chamber 19 and second
expansion chamber 29 into first accumulating chamber 37 via
first compression line 13. First accumulating actuator 37 may
resist the transfer of fluid from first compression chamber 19
and second expansion chamber 29 via anti-roll spring 34. The
anti-roll stiffness provided by first accumulating actuator 37
may be varied by varying the stiffness of anti-roll spring 34.
When anti-roll bypass valve 46 is in the deactivated position,
fluid from first compression chamber 19 is pumped into first
rebound chamber 21 and no (or negligible) anti-roll stiffening

forces are provided by first hydraulic actuator 12.

In operation, when the vehicle rolls towards second
hydraulic actuator 14, second hydraulic actuator 14 will have
forces acting on it to compress and first hydraulic actuator 12
may have forces acting on it to expand. When anti-roll bypass
valve 46 1is in the activated position, these forces will force

the hydraulic fluid from second compression chamber 27 and first
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1. A hydraulic anti-roll systemfor a vehicle conprising: a first hydraulic
actuator; a second hydraulic actuator; said first hydraulic

act uat or weizng/asdmpt ed t o be connected between t he suspeagiusaoiands72z ane of
the vehicle on one side and said second hydraulic actuator being adapted to
be connected between the suspension and frame of the vehicle on its other

si de; a first conpression |line connected between a first

conpregsisni axhathatbeaf Saiihtd radedid A 2atival elctddcd 3econd expansion
chanber of said second hydraulic actuator; a second conpression

l'i ne comiectadhhelaeenm a sreand C@E&rd%ﬁﬁ'a%&m@%% %«'H %%e%@”g XUl
sal ulic

hydraul i ¢ actuator and a first expansi on chanber of Irst hydr
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hydr ayl i ¢ act uat and the expansi on of said second hydraulic actuator via
sgidtﬁ} teﬁﬁﬁp§s§$gﬁ H%ﬁ? g%ov1ded by second accumulating actuator

39 may be varied by varying the stiffness of second anti-roll
spring 35. When anti-roll bypass valve 46 is in the deactivated
position, fluid from second compression chamber 27 is pumped
into second expansion chamber 29 and no anti-roll stiffening

forces are provided by second hydraulic actuator 14.

Referring to Figure 7 and 7A, a third embodiment of anti-
roll control module 16 is shown for hydraulic anti-roll system
10. 1In this embodiment, anti-roll control module 16 generally
includes: a first mounting flange 36, a second mounting flange
38, and a dual sided actuator 58 positioned in between. In one
embodiment (as shown in Figure 7), the first and second mounting
flanges 36 and 38 may be adapted to be mounted on the vehicle
where the flanges are positioned relative to one another. This
means that the distance between first and second mounting
flanges 36 and 38 must be held constant. In one embodiment,
mounting flanges 36 and 38 may be mounted to the vehicle. In
another embodiment, first and second mounting flanges 36 and 38

may be connected to one another by a stressed tube member 60
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WD 2011/ 034702PCT/ US2010/ 046722 said anti-roll control nodul e
taki ng-up and resisting the transfer of fluid fromthe conpression of said
second hywopaoalis4met uat or and the expansi on of said fir®CcThsdeiawnkire2
actuator via said second conpression line; and an anti-rol
bypass val ve adapted to activate and deactivate said anti-roll control
nodul e. 2. The hydraulic anti-roll systemfor a vehicle of claim1 wherein

sai d asé -FOhhrdy passanvdl 4@ havipeanaotdyatad Rosidd R andaLdeacti vated
posi tion; said activated position adapted to connect said first

CONPrgSehOfhd | At REINeLn 5ok Gd IdSls resgl qn,sehahels and,Said ,second

expansi on chamber and to connect said second conpression |pé béetween said
second supLsas R, shab AL e 117 Sle cpnPon Shamber and L
exparts Bt Eh AL U O GG ets 5 i Db O EarproBs & A€ iher ¢ sai d
second conpressi on chanber bei ng connected with said second expansi on

Dual sided actuator 58 may be positioned between first and

second mounting flanges 36 and 38. Dual sided actuator 58 may

include anti-roll spring 34 and second anti-roll spring 35, in

combination, biasing dual sided actuator 58 to the middle of

first and second mounting flanges 36 and 38. A first give back

chamber 42 may be connected in series with one side of dual

sided actuator 58, and a second give back chamber 44 may be

connected in series with the other side of dual sided actuator

58.

In operation, when the vehicle rolls towards first
hydraulic actuator 12, first hydraulic actuator 12 will have
forces acting on it to compress and second hydraulic actuator 14
may have forces acting on it to expand. When anti-roll bypass
valve 46 is in the activated position, these forces will force
the hydraulic fluid from first compression chamber 19 and second
expansion chamber 29 into one side of dual sided actuator 58 via
first compression line 13. Dual sided actuator 58 may resist
the transfer of fluid from first compression chamber 19 and

second expansion chamber 29 via anti-roll spring 34. With these
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chanmber. WD 2011/034702PCT/ US2010/ 046722 3. The hydraulic anti-roll system
for a vehicle of claim1 wherein said anti-roll control nodul e conpri sing:
a first awownulms#iong actuator connected to a first nountcmgistélange2adapt ed
to take-up and resist the transfer of fluid fromsaid first conpression
chanber and said second expansi on chanber via said first conpression |ine;
a second accunul ati ng actuator connected to a second nounting fl ange

adaptgd.-ke,t akgiupiand neshistotrhestwansfeeveftdl the fepm sasd second
conpressi on chanber and said first expansion chanber via said second

Cormasg%e@dl LReFiqure 7) and. 88L9-EbistPPUALI 59 i angeebesnoehixed

relative to said second nounting flange; and
movement. The anti-roll stiffness provided by dual sided
actuator 58 may be varied by varying the stiffness of anti-roll
spring 34. Any extra fluid required from the take up of dual
sided actuator 58 will be provided by second give back chamber
44. When anti-roll bypass valve 46 is in the deactivated
position, fluid from first compression chamber 19 is pumped into

first expansion chamber 21 and no (or negligible) anti-roll

stiffening is provided.

In operation, when the vehicle rolls towards gecond
hydraulic actuator 14, second hydraulic actuator 14 will have
forces acting on it to compress and first hydraulic actuator 12
may have forces acting on it to expand. When anti-roll bypass
valve 46 is in the activated position, these forces will force
the hydraulic fluid from second compression chamber 27 and first
expansion chamber 21 into the other side of dual sided actuator
58 via second compression line 15. Dual sided actuator 58 may
regsist the transfer of fluid from second compression chamber 27
and first expansion chamber 21 via anti-roll spring 35. wWith
these forces, dual sided actuator 58 will move to the right (as
depicted in Figure 7) and anti-roll spring 35 will resist this

movement. The anti-roll stiffness provided by dual sided

- 36 -



an anti-roll spring interconnecting said first accunulating actuator with
sai d second accunul ating actuator and biasing said first and second
accunul atwogormaBwmors from conpressing. 4.The hydraul i eCantszemwokd72syst em
for a vehicle of claim2 wherein said anti-roll control nodule further
conpri si ng: a first give back chanber connected in series with
said first accunul ati ng actuator adapted to house the additional hydraulic

flui dcbtapbihestake Be Phrsaddogecandins el atinfnees uaf cant ancbll
a second gi ve back chanber connected in series with said second

accu kgggngsactkl 0%@9&%991&%@@&%&h@r&ﬂd&ﬁé ofdke Nyglr @l dngat | ui d from

the t ¢ p of saf I rst accunul ati ng actuat or. 5. The hydraulic
anti-r syst e of,a igcle | I 0: . sai t dp control
oS3 B SEBoE NP Py PARUTR 7, PECE, 58 g0 vt

42. When anti-roll bypass valve 46 is in the deactivated

position, fluid from second compression chamber 27 is pumped

into second expansion chamber 29 and no (or negligible) anti-

roll stiffening are provided by second hydraulic actuator 14.

The instant invention also includes a method of providing
anti-roll to a vehicle. The method of providing anti-roll to a
vehicle generally comprises the steps of: mounting a first
hydraulic actuator between the suspension and frame of the
vehicle on one side; mounting a second hydraulic actuator
between the suspension and frame of the vehicle on its other
side; connecting an anti-roll control module between the fluid
lines of said first and second hydraulic actuators, whereby said
anti-roll control module stiffening the compression of said
first actuator relative to the expansion of said second actuator
and stiffening the compression of said second actuator relative
to the expansion of said first actuator; and connecting an anti-
roll bypass valve between the fluid lines of said first and
second hydraulic actuators adapted to activate and deactivate
the stiffening of said anti-roll control module. As should be

understood, the method also includes providing and installing
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6. The hydraulic anti-roll systemfor a vehicle of claim2 wherein said
variable stiffness circuit conprising: a first anti-rol

sti ff nesswpedugss7oeconnected in series with said first aecwmst@abiong2act uat or
adapted to reduce the stiffening of said first accumul ati ng actuator;

a second anti-roll stiffness reducer connected in series with said second
accunul ati ng actuator adapted to reduce the stiffening of said second

accumieatdptg deiluaictigonents of antid ddinstcondiicabh@dstief fimesgsval ve
connected between said first anti-roll stiffness reducer and said first

accumil atd e AGHRIO i rRdapiRsh 1% %‘itgiu%tse japd deactivate said first
anti-roll stiffness reducer; and a second vari able stiffness

val ve connected between said second anti-roll stiffness reducer and said
second WOR011/034702PCT/ US2010/ 046722 accunul ati ng actuator adapted to
activate and deactivate said second anti-roll stiffness reducer.

EXAMPLE

Two embodiments of hydraulic anti-roll system 10, as shown
in Figure 7, were assembled and installed on the front and rear
suspension/wheels of a 4 wheel, 2 axle vehicle. The vehicle was
tested on an asphalt paved skidpad with a 200 foot radius
nominal turning circle. The vehicle was tested in the following
four configurations: with both systems 10 disengaged on all
wheels (anti-roll bypass valve 46 in the disengaged position for
both front and rear systems 10), shown in Table 1; with both
systems 10 engaged on all wheels (anti-roll bypass valve 46 in
the engaged position for both front and rear systems 10), shown
in Table 2; with systems 10 engaged on the front wheels and
disengaged on the rear wheels (anti-roll bypass valve 46 in the
engaged position for front system 10 and anti-roll bypass valve
46 in the disengaged position for rear system 10), shown in
Table 3; and with systems 10 engaged on the rear wheels and
disengaged on the front wheels (anti-roll bypass valve 46 in the
engaged position for rear system 10 and anti-roll bypass valve

46 in the disengaged position for front system 10), shown in
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7. The hydraulic anti-roll systemfor a vehicle of claim2 wherein said
anti-roll control nodule further conprising an anti-roll stiffness

i ncreaserwo=aild3amti -rol | stiffness increaser adapted f@cTiusesieasiny t he
resi stance of said first accunul ating actuator and said second accunul ati ng
act uator. 8. The hydraulic anti-roll systemfor a vehicle of claim?7
wherein said anti-roll stiffness increaser being connected between said
firstTalotenul atTing Pedubt OroBNthSed tk SEEHONT-ACNERH afrl Nchagidpad,er and bei ng
selected fromthe group consisting of: an air bladder and an additi onal
Springables: 9. The hydraulic anti-roll systemfor a vehicle of claim1
where said anti-roll control nodul e conprising: a first
accurul ati ng actuator having an anti-roll spring adapted to take-up and
resist the transfer of fluid fromsaid first conpression chanber and said
second expansi on chanber via said first conpression |ine; and a
second accunul ati ng actuat or havi mggmmesecond anti-roll spring adapted to
take-up and resist the transfer of fluid W) 2011/034702PCT/ US2010/ 046722

frdn1said second conpression chgnber and saird first expansion chanber Vi a
saild second conpression line.
Invention Disengaged both Front and Rear, | Calculated Roll Angle % of Baseline Roll Angle
(Actuator Displacement, Inches) (deg.) Reduced by Invention
LF| 1.0 -0.83 RF 1.00 Front Axle Roll Angle N/A
lR] 1.0 -0.83 RR 1.00 Rear Axle Roll Angle N/A
Shuttle Displacement, in.: Not Recorded 1.00 Average Roll Angle N/A
Table 2
Invention Engaged both Front and Rear, | Calculated Roll Angle % of Baseline Roll Angle
(Actuator Displacement, Inches) (deg.) Reduced by Invention
LF ] 0.33 -0.5 RF 0.455 Front Axle Roll Angle -54.5%
LR} 0.33 -0.4 RR 0.400 Rear Axle Roll Angle -60.0%
Shuttle Displacement, in.:  0.754 0.428 Average Roll Angle -57.3%
Table 3
Invention Engaged on Front Wheels,
Invention Disengaged on Rear Wheels % of Baseline Roll Angle
(Actuator Displacement, Inches) Calculated Roll Angle (deg.) Reduced by Invention
LF 0.60 -0.67 | RF 0.775 Front Axle Roll Angle | -30.9%
LR 0.83 -0.67 | RR 0.819 Rear Axle Roll Angle -18.2%
Shuttle Displacement, in.:  1.100 0.754 Average Roll Angle -24.5%




10. The hydraulic anti-roll systemfor a vehicle of claim9 where said
first accumul ating actuator and said second accunul ati ng actuator being
nount ed twoaofi/assto2znmounti ng fl ange. 11. The hydr aarivs2anie7enl |
system for a vehicle of claim9 where said first accumnul ati ng act uat or

bei ng nounted to a first nounting flange, and said second accunul ati ng
actuator being nounted to a second nounting flange. 12. The
hydraulic anti-roll systemfor a veiid e of claim9 wherein:

said first accunul ating actuator including an anti-roll piston inside being

bi a ti-roll spring. and said second
acgunuihedntiog EsgagethéroRear MHedld] Ng|a second anti-foll piston inside being
bi s etdvdntionDBemEag@be MentyheelsS €¢ eadulatal Roll Rhdle $PT i NG of BY¥line Roll Angle
2011/ 03 h2ARREDIshSENIM, Oth da 2 13(degie hydfaul i cramitdadydhlenfidist €m for a
vehigle gl CT @I M g @her BRh: 0.637 Front Axle Roll Angle -36.4%
LR 0.40 -0.43 RR 0.456 Rear Axle Roll Angle -54.5%
Shuttle Displacement, in.:  Not Recorded 0.546 Average Roll Angle -45.5%

The present invention may be embodied in other forms
without departing from the spirit and the essential attributes
thereof, and, accordingly, reference should be made to the
appended claims, rather than to the foregoing specification, as

indicated in the scope of the invention.
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said first accumul ating actuator including a piston connected to a piston
rod being biased fromsaid first accumul ati ng actuator by an anti-rol

Spring; awo 2011/034702 sai d second accunul ati ng act uat ®cTiused10adi67g2 a
second piston connected to a second piston rod being biased fromsaid
second accunul ati ng actuator by a second anti-roll spring. 14. The

hydraulic anti-roll systemfor a vehicle of claim1 wherein said anti-rol
cont gehfRdul € conprising: a first nmounting flange adapted to be mounted on
the vehicle; a second nounting flange adapted to be nounted on the vehicle;

said first and second unting fl i i ti i

a first hydraulic actuator;
a second hydraulic actuator;

said first hydraulic actuator being adapted to be
connected between the suspension and frame of the vehicle on one
side and said second hydraulic actuator being adapted to be
connected between the suspension and frame of the vehicle on its

other side;

a first compression line connected between a first
compression chamber of said first hydraulic actuator and a

second expansion chamber of said second hydraulic actuator;

a second compression line connected between a second
compression chamber of said second hydraulic actuator and a

first expansion chamber of said first hydraulic actuator;

an anti-roll control module connected between said
first and second compression lines of said first and second
hydraulic actuators;

said anti-roll control module taking-up and resisting
the transfer of fluid from the compression of said first
hydraulic actuator and the expansion of said second hydraulic

actuator via said first compression line;



a dual sided actuator positioned between said first and second nounting
fl anges having two anti-roll springs biasing said dual sided actuator to
t he m ddlwoabiigasim2first and second nounting flanges. WOT/US2010/046722

2011/ 034702PCT/ US2010/ 046722 15. The hydraulic anti-roll system for
a vehicle of claim 14 wherein said anti-roll control nodule further
conpri si ng: a first give back chanber connected in series with

one side of sahdiduahtsidedlacbiaiol, nendla sekbng-gp vandacks Chiairer
connected in series with the other side of said dual sided actuator.

16. The 'E¥Qh§%kcoénkhu£9| ErsuStRE EofpRe¥8hbs! 8f Ofachabatdnaherein said
anti-roll bypass val ve conprising a housi ng for swwtching said anti-roll

byPags val Y€ cbeLReRosalaach L valeduposh! benand saig dggstivaied position

raul1 c an I-1o0 system or a ve e conprising: a first

hydraul i ¢ actuator second h i
y actuator v%a sai secong cggg%ggégogcifaéorand

an anti-roll bypass valve adapted to activate and

deactivate said anti-roll control module.

2. The hydraulic anti-roll system for a vehicle of claim
1 wherein said anti-roll bypass valve having an activated

position and a deactivated position;

said activated position adapted to connect said first
compression line between said first compression chamber and said
second expansion chamber and to connect said second compression
line between said second compression chamber and said first

expansion chamber; and

said deactivated position adapted to disconnect said
first compression line where said first compression chamber
being connected with said first expansion chamber and to
disconnect said second compression line where said second
compression chamber being connected with said second expansion

chamber.
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said first hydraulic actuator being adapted to be connected between the
suspension and franme of the vehicle on one side and said second hydraulic
act uat or weizng/asdmpt ed t o be connected between t he suspeagiusaoiands72z ane of
the vehicle on its other side; a first conpression |ine
connected between a first conpression chanber of said first hydraulic
actuator and a second expansi on chanber of said second hydraulic actuator;

WO 2011/ 034702P6d/ KpdPa01 04648281 -roll systed Secoadvebiplesst onldime
connected between a second conpression chanber of said second hydraulic

aCtuﬁtQﬁe@??nasékasgngfpﬁaihOEOEBQB@eﬁoQﬁléaégméf£§in@ydraU|iC actuator;
an anti-ro control nodul e connected between said first and second

conpression lines of said first and second hydraulic actuators;

said anti-rol | 2acEAEELI 2ABHUREAEARINGCEHPEAY FeRPSEFRY Yﬂeatfhﬁé?er of fluid
fromthe conpression of said first hydraulic actuator and the exgansion of
sai dmsepbndghytiangei edaptadt bp takesapdandrsesésbpEesstearsfeae;©

fluid from said first compression chamber and said second
expansion chamber via said first compression line;

a second accumulating actuator connected to a second
mounting flange adapted to take-up and resist the transfer of
fluid from said second compression chamber and said first
expansion chamber via said second compression line;

said first mounting flange being fixed relative to
said second mounting flange; and

an anti-roll spring interconnecting said first
accumulating actuator with said second accumulating actuator and
biasing said first and second accumulating actuators from

compressing.

4. The hydraulic anti-roll system for a vehicle of claim
2 wherein said anti-roll control module further comprising:
a first give back chamber connected in series with
said first accumulating actuator adapted to house the additional
hydraulic fluid from the take up of said second accumulating

actuator; and
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said anti-roll control nodule taking-up and resisting the transfer of fluid
fromthe conpression of said second hydraulic actuator and the expansi on of
sai d firswohydreswiooc actuator via said second conpressi enTiuse@y/osard
anti-roll control nodul e conpri sing: a first accunul ating
actuator connected to a first nounting flange adapted to take-up and resi st
the transfer of fluid fromsaid first conpression chanber and said second

expansi on chanhege¥badsgidefl bagk 6BARPESSEOANktHEA in series with a
second accumul ati ng actuator connected to a second nmounting flange adapted

to :Tgﬁgaueeéeﬁdr gskahuliheihnanstgneot fhMbdcAr 05 8oL8eSERONd conpression
chanber and said first expansion chanber via said second conpression |ine;

sal dofiht 8t MRYNk AYa[h 8098, REANE Lhxeflr ehRLLYS Lp said secopd mounting
fl ange; and an anti-ro sSpring interconnecting said
first accupulating actuator with said second accumul ati ng actuator and
biasFﬁ@uQHE%tFPQSgCEHat§5Cond accunul ati ng actuators from conpressing;

a first give back chanber connected in series with said first accunul ating
actuat or adapted to house the additional hydraulic fluid fromthe take up
of said second accunul ati ng actuator; and

5. The hydraulic anti-roll system for a vehicle of claim
2 wherein said anti-roll control module further comprising a

variable stiffness circuit.

6. The hydraulic anti-roll system for a vehicle of claim

2 wherein said variable stiffness circuit comprising:

a first anti-roll stiffness reducer connected in
series with said first accumulating actuator adapted to reduce

the stiffening of said first accumulating actuator;

a second anti-roll stiffness reducer connected in
gseries with said second accumulating actuator adapted to reduce

the stiffening of said second accumulating actuator;

a first variable stiffness valve connected between
said first anti-roll stiffness reducer and said first
accumulating actuator adapted to activate and deactivate said

first anti-roll stiffness reducer; and

a second variable stiffness valve connected between

said second anti-roll stiffness reducer and said second
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a second give back chamber connected in series with said second
accunul ati ng actuator adapted to house the additional hydraulic fluid from
the take-wp20fi/maiod first accunulating actuator; a vari abirasstiohieress
circuit conprising a first anti-roll stiffness
reducer connected in series with said first accumul ati ng actuator adapted
to reduce the stiffening of said first accumul ati ng actuator;

a Se%%?ﬂpﬁﬂgkiﬁgl5c§&5£%9e§§%ﬁ€g50€5 sopnestedahy sestesvatéhssadd second
accunul'at1 ng actuator adapted to reduce the stiffening of said second

accunul ating actuator, . 2011 PCT/ US2010/ 046722

a fiF?FOQgrgﬁgﬂergﬁ?fFﬁé§%£$gﬁv%g§§%%%éted between said first anti-rol
stiffness reducer and said first accumul ating actuator adapted to activate
and deactivate said first anti-roll stiffness reducer; and

a second vari abl e stiffness val ve connected_betmeen sai d second anti-rol
stiffness.reduggr gﬁ}ﬂraﬁhgcsﬁﬁ%dré euBYLALINGoACH UALRE cadapt edidomact i vat e

and deactivate sai d*second anti-roll stiffness reducer; and
2 wherein said anti-roll control module further comprising an
anti-roll stiffness increaser, said anti-roll stiffness

increaser adapted for increasing the resistance of said first

accumulating actuator and said second accumulating actuator.

8. The hydraulic anti-roll system for a vehicle of claim
7 wherein said anti-roll stiffness increaser being connected
between said first accumulating actuator and said second
accumulating actuator and being selected from the group

consisting of: an air bladder and an additional spring.

9. The hydraulic anti-roll system for a vehicle of claim
1 where said anti-roll control module comprising:

a first accumulating actuator having an anti-roll
spring adapted to take-up and resist the transfer of fluid from
said first compression chamber and said second expansion chamber
via said first compression line; and

a second accumulating actuator having a second anti-

roll spring adapted to take-up and resist the transfer of fluid
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an anti-roll stiffness increaser, said anti-roll stiffness increaser
adapted for increasing the resistance of said first accunul ati ng actuat or
and sai d wecond3ameumnul ati ng act uat or; PCTAB2@0amd722 r ol |
stiffness increaser being connected between said first accunul ating
actuator and said second accunul ati ng actuator and being selected fromthe
group consisting of: an air bladder and an additional spring; and

an anfrem oddidypesend atdforsapi e diandsds vale andy deacdd \abs saidgh anti-rol |
control nodul e. 18. The hydraulic anti-roll systemof claim17

wher edRadisd € Y 1«4 | syhass. :M§é§¥?ﬂ : activated position and a
deacti vated position; WO 2011f%§%702P B%i%%0/046722 sai d

activated position adapted to connect said first conpression |line between
said first conpression chanber and said second expansi on chanber and to
connect said second conpression |ine between said second conpression

chanber anch saitthd itystraxnaNSAN GRANDENs A for a venic1e¥rd dgagti vat ed
position adapted to disconnect said first conpression |line where said first

conpresgidan chanper; Ll %&M%Ctti% W, 54, d 4 b ;expansion chamber and

to di sconnect said second conpressiton line where said second conpression
cha nt%&{c&ﬁil%g: i%%n %eccctueaq: oA tan isn%f (?nosu% %%d t%x %a r%sllr%r’é (r:ng%rgl?:%l;lg flange.

11. The hydraulic anti-roll system for a vehicle of claim
9 where said first accumulating actuator being mounted to a
first mounting flange, and said second accumulating actuator

being mounted to a second mounting flange.

12. The hydraulic anti-roll system for a vehicle of claim

9 wherein:

said first accumulating actuator including an anti-
roll piston inside being biased from compressing by an anti-roll
spring; and

said second accumulating actuator including a second

anti-roll piston inside being biased from compressing by a

second anti-roll spring.
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19. The hydraulic anti-roll systemfor a vehicle of claim18 wherein said
anti-roll bypass valve conprising a housing for swtching said anti-rol
bypass vavoeoheBwmwen said activated position and sai d deattist@vads7positi on.
20. A nethod of providing anti-roll to a vehicle conprising the steps of:
nmounting a first hydraulic actuator between the suspension and frane of the

vehi cl e on one side; nounti ng a second hydraul i ¢ actuator
bet ween the suspensi@nzandc-fsape-pb1ihgyyebihcteron vésioldest sceim WO
2011/ 034702PCT/ US2010/ 046722 connecting an anti-roll control

nndu%ew 898§ﬁt6d between the fluid lines of said first and second hydraulic
actuators éreby said anti-roll control nodule stiffening the conpression
of said first hydraulic actuator relative to the expansion of said second
hydraul i c act uatdf &hdsst RECEHPAGLing 2eRPRESEI HACHRILRY P SREDWI hydraul i ¢
actuator relative to the expansion of said first hydraulic actuator; and
conneehhegtad aat a-poktohypadsbbéhyckbhnashé frondskideSivttsaid first and
second hydraulic actuators valve adapted to activate and deactivate the

stiffepng1atisgi dcanktorobl, eankhek-roll spring; and

said second accumulating actuator including a second
piston connected to a second piston rod being biased from said

second accumulating actuator by a second anti-roll spring.

14. The hydraulic anti-roll system for a vehicle of claim

1 wherein said anti-roll control module comprising:

a first mounting flange adapted to be mounted on the
vehicle;

a second mounting flange adapted to be mounted on the
vehicle;

said first and second mounting flanges being
positioned relative to one another; and

a dual sided actuator positioned between said first

and second mounting flanges having two anti-roll springs biasing

said dual sided actuator to the middle of said first and second

mounting flanges.
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15. The hydraulic anti-roll system for a vehicle of claim

14 wherein said anti-roll control module further comprising:

a first give back chamber connected in series with one
side of said dual sided actuator, and a second give back chamber
connected in series with the other side of said dual sided

actuator.

16. The hydraulic anti-roll system for a vehicle of claim
1 wherein said anti-roll bypass valve comprising a housing for
switching said anti-roll bypass valve between said activated

position and said deactivated position.

17. A hydraulic anti-roll system for a vehicle comprising:
a first hydraulic actuator;
a gecond hydraulic actuator;

said first hydraulic actuator being adapted to be
connected between the suspension and frame of the vehicle on one
side and said second hydraulic actuator being adapted to be
connected between the suspension and frame of the vehicle on its

other side;

a first compression line connected between a first
compression chamber of said first hydraulic actuator and a

second expansion chamber of said second hydraulic actuator;
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a second compression line connected between a second
compression chamber of said second hydraulic actuator and a

first expansion chamber of said first hydraulic actuator;

an anti-roll control module connected between said
first and second compression lines of said first and second

hydraulic actuators;

said anti-roll control module taking-up and resisting
the transfer of fluid from the compression of said first
hydraulic actuator and the expansion of said second hydraulic

actuator via said first compression line;

said anti-roll control module taking-up and resisting
the transfer of fluid from the compression of said second
hydraulic actuator and the expansion of said first hydraulic

actuator via said second compression line;
said anti-roll control module comprising:

a first accumulating actuator connected to a
first mounting flange adapted to take-up and resist the transfer
of fluid from said first compression chamber and said second

expansion chamber via said first compression line;

a second accumulating actuator connected to a
second mounting flange adapted to take-up and resist the
transfer of fluid from said second compression chamber and said

first expansion chamber via said second compression line;



WO 2011/034702 PCT/US2010/046722

said first mounting flange being fixed relative
to said second mounting flange; and

an anti-roll spring interconnecting said first
accumulating actuator with said second accumulating actuator and
biasing said first and second accumulating actuators from
compressing;

a first give back chamber connected in series
with said first accumulating actuator adapted to house the
additional hydraulic fluid from the take up of said second
accumulating actuator; and

a second give back chamber connected in series
with said second accumulating actuator adapted to house the
additional hydraulic fluid from the take-up of said first
accumulating actuator;

a variable stiffness circuit comprising

a first anti-roll stiffness reducer
connected in series with said first accumulating actuator
adapted to reduce the stiffening of said first accumulating
actuator;

a second anti-roll stiffness reducer
connected in series with said second accumulating actuator
adapted to reduce the stiffening of said second accumulating

actuator;
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a first variable stiffness valve connected
between said first anti-roll stiffness reducer and said first
accumulating actuator adapted to activate and deactivate said

first anti-roll stiffness reducer; and

a second variable stiffness valve connected
between said second anti-roll stiffness reducer and said second
accumulating actuator adapted to activate and deactivate said

second anti-roll stiffness reducer; and

an anti-roll stiffness increaser, said anti-roll
stiffness increaser adapted for increasing the resistance of
said first accumulating actuator and said second accumulating

actuator;

said anti-roll stiffness increaser being
connected between said first accumulating actuator and said
second accumulating actuator and being selected from the group

consisting of: an air bladder and an additional spring; and

an anti-roll bypass valve adapted to activate and

deactivate said anti-roll control module.

18. The hydraulic anti-roll system of claim 17 wherein
said anti-roll bypass valve having an activated position and a

deactivated position;
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said activated position adapted to connect said first
compression line between said first compression chamber and said
second expansion chamber and to connect said second compression
line between said second compression chamber and said first

expansion chamber; and

said deactivated position adapted to disconnect said
first compression line where said first compression chamber
being connected with said first expansion chamber and to
disconnect said second compression line where said second
compression chamber being connected with said second expansion

chamber.

19. The hydraulic anti-roll system for a vehicle of claim
18 wherein said anti-roll bypass valve comprising a housing for
switching said anti-roll bypass valve between said activated

position and said deactivated position.

20. A method of providing anti-roll to a vehicle
comprising the steps of:
mounting a first hydraulic actuator between the

suspension and frame of the vehicle on one side;

mounting a second hydraulic actuator between the

suspension and frame of the vehicle on its other side;
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connecting an anti-roll control module connected
between the fluid lines of said first and second hydraulic
actuators, whereby said anti-roll control module stiffening the
compression of said first hydraulic actuator relative to the
expansion of said second hydraulic actuator and stiffening the
compression of said second hydraulic actuator relative to the

expansion of said first hydraulic actuator; and
connecting an anti-roll bypass between the fluid lines

of said first and second hydraulic actuators valve adapted to

activate and deactivate the stiffening of said anti-roll control

module.



