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SELF- CONTAI NED HYDRAULI C ACTUATOR SYSTEM FI ELD AND
BACKGROUND OF THE | NVENTI ON The present invention

WO edoanes4a 0 sel f-contai ned actuator systens anpCT/IIR006/000844
particular, it concerns a self-contained hydraulic
| i near actuator system having a punp, the punping

R S s S e B AR Pl

system and a |inear actuator responsive to the fluid
flow Self-contained hydraulic actuator systens having
FIEEDoARD BAIC KGR QRIS t@ind Hin ENMidY &IONg bi - di rect i onal

punps are known Ln the art, Heretofaqre, these systens .
7 ed iR BEFSBRL dRYGIERo FRRte oSS PO ARp ApStems and, in

Therefore, 1t S ' ti A0 having
par R TEGor S o ROEte APl bSO P B L 2 P povine o
e ke buRipind @sEMSFRIF wRicht i & dj@d e bl a4 fOcdHiIRHERpeed and
pHt ‘Fﬁe mig%lorps “begt sui tedwf gr 1t hi smgurgose ar eC el ectri cgl
direseo ofithicoflaid fibwathrqrghvthdeystem aind hilingat ectohtngespopeind to the
.and direction quickly as required. This is
fluihflo®i.cul arly rel evant in the field of notion

w Sh e oed 35 Baflis aeate Fis Pah S B QRAM Ystems
incd?POin %?dif%ti%ﬁapgﬁi‘ﬂ?§%e ik;ﬁo{nlﬁafrxh@fe'ﬁ%.rlq&teit&ﬂ&?é, these systems
servonbtors are expensive since they nmust be built to

requigyds ik dive @i aiviridistsapdiriveetheigans, Dicreforbstharspead hyd direction
I nst ant aneous_ changes of speed and/or directiaon ‘
of pranperasagon,i anssthagriluig o t rthasystest, ia theydicectrespls of the

L
e TP XL B SUBRLE S0 BBl W dirctin

quick¥p hereqpmedaThisiepartaailatdy eslevagnianisd field of mbeohlsihdlation.
flow It would be advantageous if the system i ncl uded

a dhosedrehy dumbier ofsirsvbackssummpRiedomithHBe| WENTIeORpmOtors to
N N R T S—
are %%ﬁgl{g%é' sﬂIceWEHegfhlrl'lﬁt adi pisia BerfBnfS 2h8 SRALGRl &b Sigors of,

substantially instantaneous changes of speed and/or direction numerous times during

the performance of a task.

There is therefore a need for a self-contained hydraulic linear actuator system
having a pump, the pumping assembly of which is adjustable so as to control the
speed and direction of the fluid flow through the system and a linear actuator
responsive to the fluid flow. It would be advantageous if the system included a

closed hydraulic system.

SUMMARY OF THE INVENTION

The present invention is a self-contained hydraulic linear actuator system

having a pump, the pumping assembly of which is adjustable so as to control the
speed and direction of the fluid flow through the system and a linear actuator

responsive to the fluid flow.
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speed and direction of the fluid flow through the
systemand a |linear actuator responsive to the fluid

wo b@moAseor di ng to the teachi ngs of the presenPCT/IL2006/000844
invention there is provided, a selfcontained hydraulic
actuator systemconprising; (a) a drive notor

verae RS g et ?ﬁﬂf?ﬂﬁ%g% i Sty RS B royided, a self
confRA hylifdulR Mﬁtﬁ?'s eteﬂ r%gr{ r%@mra IgRiE! 1'1‘1' r configured to

conmunication wt SO as

rotase briatsabstantially cosdtamti veﬂ@mt;qr(bw ligdrablos pam;b amm by the drive
state and in a second direction by the reverse flow
moteraf®; a (yyraulisotinga a@y&@eﬂnaﬂ@@ccmm&tmn wath the hydraulic

b LR SR St e cert qusaite.
sechifd Hﬁ@@t@} E%rtlﬂ‘?rrgx drs O gw ﬁ%‘fe (Q%Q%nyo?\égﬁgﬁlt %s@@ﬁtéﬁ with the

reverse I oni

hydeanfd gumes tie Qrongdesy@c@ht toiadured’ &f renkon &cgaamrﬂagof the
the hydraulic |inear actuator. Accor di ng to a further

hydr@dtchphglpoadjuhtebkﬁ beteveteni mvfenvandnflonhetatey dr aohiftowpustate and a
[ ncldjdes a con kl abI varl abl e punpi ng assenbl y, such
reverpatihe %‘FE] aad e tasp? HORHEsSH IS ol BEeH O tﬂﬁ@“de positional
I V. ly. According to a
infof PR A e A R R RIS RRRGTD V- ool

hy dx@drmon@raafmﬁ]e@ t¥AME P Bhe ﬁ\%%@xﬁtdl'n%ntti& ethé fHF%ﬁﬂm pump
t eachi ng of the pr esent |nvent|on the control

includes abloenfrotipblyg vasiablebpynipicg u&besmbl)stam:hr thalo athel adjustments
di spl aceable in relation to a _rotor deployed within
mcltlﬂ%% & varialion O e ¢oatrodiably warishlapusmingasssmblsr vari es

SR04 Rl BB GRS RGP BRIRUBR i pury

isaF}ﬁﬁé? tp|nvent|on the rotor rot at es at a
subs ally constant velocity. According to a

f ur Abesrdirgachianfurdiert feacling ssfhthel prgat Bivientlon, the controllably
rel ationship of the stator to the rotor includes a
varigblgtpunpisgsisssably ingludgs nistates thahés displateae sn selatiomprla rotor

depfpseBr iiTaRe shier Tk 4 e OISR EeL § Do Bt Yrienp Fpielguration
or EPLREPYBt e splpserent of e [

a mﬁﬂhn@ltb ecfurter t@eHirsSof thetgiesdi@ievdtiohl €W rotor rotates at a
substantially constant velocity.

According to a further teaching of the present invention, a relationship of the
stator to the rotor includes a neutral position that achieves the non-flow state, and
displacement of the displaceable stator away from the neutral position in a first
direction results in the forward flow state, and displacement of the displaceable
stator away from the neutral position in a second direction results in the reverse flow
state.

According to a further teaching of the present invention, an amount of

displacement of the stator in the first and the second directions affects a flow rate of

fluid flow through the hydraulic pump.
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state. According to a further teaching of the present
i nvention, an anount of displacenent of the stator in
wo b@70105s8¢ and t he second directions affects ar€T/me006/000844
rate of fluid flow through the hydraulic
punp. According to a farther teaching of the present

i nvent i t he [ ' u is.a._rotary.pu 1.t .

roraroqrilhe foof HGRT T2 SRt Brehf i ebuRi Beth/dtadlic pump
is a48l¢ Eh}’np RHB A Dt AANbOis@ Wl A8 sub8BeRANY cBhsthfevelocity.

present i'nvention, the control systemintCludes a

bi -Alcceedingotah fetteqpeachingosf thedrasqutlisecigingthe eontrol system
. associated wth the stepper notor; such that a speed
inclades @ biedirpgsiongl stappendnoior rmadt a ipilser peraral@r ipsprirtedswith the

erat or

SterREE JPARRY S0 A0 (REF (8o HITRG I O HEC pRBGUeRt is affected by

pulfdd et {othe st epﬁfdtﬁ @m}{éﬁg@g@ga@eﬁgﬁ! udes a position

ack system con ‘ rovide position
i nfAasartingntd egfndidigtebbigingy of @ ipeedenp dave@tdr)adher positioning
regardl ess of a nunber of steps taken by the stepper .
systept oinclusles ondipasitive  deddhackesysteac wondigofed He prewdat position

. invention, the position feedback system jncludes a
infqrEEion g ko B Srei e dReatar it TaERrol  nufiber of steps

' r ociated with the actuator. According
kRS T SPRL 08

eachi ng of the present invention, the

f I Uh gboz@mmaunh Cat fupthePelcn@ngt be dydpaubic ipMmRiGR) dhkhosition
actuator is via a closed hyar aul i c system According
feedtmch fustemerintledesi atg ledstt hee pofsant optivaénenader t fist ea linear

i s, al so provjded: , ag a fluid expansion reservoir; and
POt?rB)Ol%et@?aPSP@C@&&W rtBe BeRatPnf i gured so as to maintain

fluj jcati et n_thefluid expansion.. .

eSS E N GBS T EEpb B oftd R RHRr Tfihciopunfhe Auid
confiRERIcEing BdvReh Uﬂh%hﬁ?dlta%ﬁﬁﬂ‘gﬁﬂlgoﬁnﬁ N@ePh&SERr is via a closed

i nvention, the hydraulic pu IS configured wth first
hydendicsgstemy, ports, and the first and second ports

alternately act as upstream and downstream ports such

t habcopmdingt e & ifughepdeaching sofasha pseappé tinzantigior therpeis also

. when th
pro?ﬁég? fjagga?{ﬂtul %}tiganas?ont p&%exdxpoviﬂsgl{de 851 P %It\fe én 1gur§tzont anﬂgured

so as to maintain fluid communication between the fluid expansion reservoir and a
downstream port of the hydraulic pump.

According to a further teaching of the present invention, the hydraulic pump
is configured with first and second ports, and the first and second ports alternately
act as upstream and downstream ports such that when the first port acts as the
upstream port the second port acts as the downstream port, and when the first port
acts as the downstream port the second port acts as the upstream port, therefore, the
valve configuration maintains the fluid communication between the fluid expansion
reservoir and one of the first and second ports, dependent on which of the first and
second ports is acting as the downstream port.

According to a further teaching of the present invention, the fluid expansion

reservoir is not vented.
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acts as the downstream port the second port acts as

the upstream port, therefore, the valve configuration
wordoioaisees the fluid comuni cati on between t heP€T/Ui2006/000844

expansi on reservoir and one of the first and second

ports, dependent on which of the first and second

por |.S: act i the downstream port. According to a .
Foreper SEEEk Py TBe PRemBRat R Tk wtepnang fuicebansion
res€XPag ipPeksiA8&I voi I is not vented. According to a
further teaching of the present invention, the fluid
expihnsieds aiwsgrovided hsopdiggsurthg eehchTifgy 6f the @eSént invention, a
rovi ded according to the teachings of the present
meyhedelor i confroingmwpgniant afonhydtaniinpctuaienshe roéthad comprising:

@) BrovRieigh STy B Stuelot Pl el SEReH) PRt gpupp rigen at
subAGEMY | SRR (S Vel R85 B efRy BE R dgeutic pump

adjpytaipledstitwatd bl forwetdview safed aWadifIbhowatt al®a rBverse flow state:
non-flow state and a reverse flow state; and (ii) a

andhfyidreaby dreuli¢ hisear actiatar dn flund thmingudoatiemindtt therhywirawlic pump
t he raylic pu so.,as o be displaced . in a first,

50 45 T Kiplisy ot el FSFAreE o) e sveadd How gase @Adn a second.
- Qir ect.| b r flow state: ancg b) a'custln ,

GrdhERCEL DR, FEHP ] b Aol A0 of e

hydeddleehuidpdior ¢l affecea ditdétidndramill HAVHYOLBR thY HE&MuliE pump,
punp,” thereby affecting nmovement of the hydraulitc
theteby edifectiog watemensodshelhpdrantic dirfenr ddtaatoreachi ng of

t he pr ea,ent i nyention, the hégr aulic systemis )
i nphesRsRngdofsuather deashing ofr tginresesy dnvantione ther iy diguli system

s B SRR By, moerton here
hy df @driifagPtdPa fultfief QBAdHRhe SYS gl‘?fg‘ prosdny dfn%nﬁo?,o there is also

bi -directi"onal stepper notor an pul se genera
prouslsdca abattolvisybtetrh €ois béjugeing ek diydrackielinggl e 8ontrol system
. further teaching of the present invention, there is
inclyige prowiestional stepperanopaetndadwse generatoragssotiated with the
; ad'us%ing of the hydraulic punp by sending pulses to
S el%’ﬁlé“&% %per notor fromthe pul se generator. According

itgzgcfcg)gﬁi'il@efo t£36RHLEY RAcHiDE &Y B PrededY SAVERN on,t BREE is also
provided varying a speed and direction of the adjusting of the hydraulic pump by
sending pulses to the stepper motor from the pulse generator.

According to a further teaching of the” present invention, there is also
provided: (a) providing a position feedback system configured to provide position
information regarding the hydraulic linear actuator, and (b) monitoring a position of
the hydraulic linear actuator by the position feedback system regardless of a number
of steps taken by the stepper motor.

According to a further teaching of the present invention, the position
feedback system is implemented with at least one of an optical encoder and a linear
potentiometer associated with the actuator.

According to a further teaching of the present invention, there is also
provided: (a) providing a fluid expansion reservoir; (b) providing a valve

4
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provided: (a) providing a position feedback system
configured to provide position information regarding

wo b@7loygr@ul i c | i near actuator, and (b) nonit oPCTTL2806/000844
position of the hydraulic |inear actuator by the
positi on feedback system regardl ess of a nunber of

con1c é&r@i%glgc(?}/n{aﬁﬁ]aﬁ@ Y ﬁgl g&?@{ bk rl%t&%fzﬁgheaﬂuid expansion

ng o RvEmt I o,
res®Qirt 00 feedhasdtraanst sofi o1 R aRRMAGHL V‘f{)l&l abysliRAashe valve
one of an optical encoder and a |i'near poten |oneter
comdggioati@t.ed with the actuator. According to a further
teaching of the present invention, there is also

pr okligeds atsg)pr,@mﬁddaq«@r@ngna.tae asashigsoRt Megueswitinvention, a

bR Bl R SR oD BEED vl e mypaping assernbly
sucﬁ)%gﬁtnﬁr%ohefﬁech&‘ %ﬁtr@ﬂﬂo V%?%Fet %ﬁ?\ﬁgr%?éstse&fbl}; ?ﬁec’cs a.di direction

raulic punp using t Ve ¢ at1on

of ﬁhhlelt.ﬂqw oviodeH thhebioditedtipriad hybauliegummgs of the
present invention, a bi-directional hydraulic punp

con‘biﬁ@% ding ® @@mtheil teadhliye vaithabreseptimpientonsthertyidyaulic pump
t hat va tion of .the co rol |l ably variabl e

s Ui HETR SO caRF ST oM BHEIPIBY Framalstiglydes 4 stator
tha@ h§ Qh'%h %%}éo'm dl‘e a?fotn' 9(?‘35( ﬁ@%g @éﬂl{)}fecp%l Aﬁl%%@k&gsuch that

urt teac | nven I on

dlslb‘l}ié’dﬁﬁehhti ©f Pthep sta$ora \Mﬁeﬁ apttrmﬁa@eaﬁdiﬁ FOMHd Qohablldbly variable
vari abl e gun’pl ng assenbly incl udes a stator that is

pumdpisglaseemblye in relation to a rotor deployed wthin

the stator such that displacenent of the stator varies
2 CHPRITGUIE DATTIET (HRebkOF 119 BISPSAAYPHEY theFRIPREDLates at 2

Subg@ﬁﬁg’qﬂ{{}gm Eg[ﬁ;eq&ﬁagtto a further teaching of the

I nventi o he rotor rotates at a

sub/sé@ﬁair@vl foVa ﬁﬁﬁfe‘rélé‘éch‘ﬁ‘?& 8etip re@x@xﬁqméﬁ‘@oﬁ @ Rlationship of the
further téaching of the present i nvention,

statoetcatheonmdm mcbfdes henattat positiont ﬂnewhmhcthermslsuﬁet&naally no fluid
raI osition, in which there is substantially

no
ﬂO\f’|tm‘O(yl |t6& ydFaligpume. adidisplacemsuipl tlg@]dwplaceable stator away

vofl L SERIRCbSU & PAVZEEREL B, AN O e e
A PSPUED e A S TR B EASHRn s
from the neutral position in a second direction results in fluid flow through the
hydraulic pump in a secoénd direction.

According to a further teaching of the present invention, an amount of
displacement of the stator in the first and the second directions affects a flow rate of

fluid flow through the hydraulic pump.

BRIEF DESCRIPTION OF THE DRAWINGS .

The invention is herein described, by way of example only, with reference to

the accompanying drawings, wherein:
FIG. 1 is a side elevation of a preferred embodiment of a self-contained
hydraulic linear actuator system constructed and operative according to the

teachings of the present invention;
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fromthe neutral position in a second direction
results in fluid flow through the hydraulic punp in a
W@ ewansdo recti on. According to a further teacPCTL2006/000844
the present invention, an anount of displacenment of
the stator in the first and the second directions

af f S t he
dfrfaéul T %%{J%%%ﬁf&%%@&ﬁ‘%@%qmwm The
. nvpm | DI} 4 SroReEETHIRETEFY BEthe S¥bYEIMAN oPFACPN Qa8 Yong line
with reference to the acconpanyi ng draw ngs, wherein:
A-£) dhovlingsha seiatadgistedtdveardahe defpridbeafithe pampdobiusin;
of a self-contained hydraulic linear actuator system

coniG: u%f%%roaﬁae%w@ém% o4 dlew pabogiment olel Haak mlw@salono line

B-10, ko Wi B i Sior afiERY Biarathe Ryl §ia8 o B Ll Hobihet)
Vi em@®f5 {eeeRadi g iaf ogltﬁé eﬂqb{gﬁhﬁ@n@ﬂﬁml i ?ﬁxﬁﬁ dlong line

show ng the stator adjusted towar sid
B-B.shopuing tieostaiongiljuisted todvard tles dght side bt drapunp eousihg; -
the_enmbodi ment of FIG 1 taken along |ine B-B, showng
t heF 161t &y craes-setivaal siger of the embodingeuteo foF G hk takemmlong line
0SS; sectjonal .view of the : :
B- é&rﬁg‘B&”ﬁeeme §‘@t0ﬁ|a@ius§edttglggﬁ NEHERGPISIRR- B, showi ng t he
st djust t u
at1ey, & {._sl % 9%1@51?21‘{’?6 df Qg%lre;fl ondalsﬂﬁ?atﬁfc fclﬂ‘%Hﬂ IBnstructed and

housi ng, I'S Cross Vi ew o

opeearbad hcanlingf toFiHG tehchiaksdfahengesdnd 8nerRions RAVWIVISL the shuttle
stator adjusted to the neutral posi tion; FIG 7is a

val&ﬂ@piawtlma flaideugfpdy stadechydraul i ¢ ci r CUI t const ruct ed
@&fe ative ccordln to tE%T%(ﬁS’(
t mén§9 i g i r%l xﬁamréuaewwwted and

ol Mo .%ﬁéﬁlﬁgalot'f@%%ﬁ%%ée&ce BERR: shiaRind he shucte

val@é@@ﬂdv&glrﬁ)ﬂhhﬁréc@ﬁﬁbﬂl B@S::hdt he present invention,
showi ng the shuttle valve deployed in a fluid

r eddft.i%is sblck;diagnfofsa poefesred dihloodimdinagf arnonptrod system for
preferred enbodi nent of a control systemfor the

the {lincas acieatghconSiEesd raet eRCEANT Copeoatngeladborersiings of the
pregen? lﬁ\?e%ﬁh' ngs of the

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is a self-contained hydraulic linear actuator system

having a pump, the pumping assembly of which is adjustable so as to control the
speed and direction of the fluid flow through the system and a linear actuator
responsive to the fluid flow.,

The principles and operation of a self-contained hydraulic linear actuator
system according to the present invention may be better understood with reference
to the drawings and the accompanying description.

By way of introduction, the hydraulic linear actuator system of the present
invention includes a pump that is configured to rotate in a single direction at a
substantially constant velocity. Therefore, the drive motor that drives the pump can

be a single direction constant velocity motor such as is known in the art, rather than

6
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present invention. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS The present invention is a self-contained
woy@rauliske | i near actuator system having a punpCT/AL2e06/000844

punpi ng assenbly of which is adjustable so as to

control the speed and direction of the fluid flow

2 byl Vg el S o P EeTnf 5k s RGPS iRt Bervator
systefl forcont gidiest wdhadhi £ §u'b§‘t%ﬁf1a?%§tah@{)a1ﬁ%%é %mer systems that

according to the present iInvention nay
emplog armbMpther&fcbfeemﬁalt\mﬁabdae qyawl seg@om@trd»rt he

acconpanyi ng descri ption. i ntroduction, the
hyd3 nBIU@ dierden andtilewy csatesqfsﬂm tbfoug%?eth@r%éﬂm is controlled by
nvention ncl udes th nfl ure torqtate
adiing top Rt Senas ot nd Hit. S B AP G S ubanh A flow

stat¥ SA REkdM- -Bhﬂf)‘%f Lie grhereqfei s\éeﬂmts%te.t'hﬂé h?&lla‘{lﬁﬁ lfrﬁﬁr actuator

can e a Sing Irection constant verocit

is rés\p@hs@s tb Sh& oW of ﬁluﬁch ehrdlth thatyemt Jvamato be dlqplaced in a first
bi -directional variable speed servonotor. This gives

directien Hydtheufarevard dkay stese wdttbe raysp emdoh a lsecqgndedizattion by the
|nv§lr(1)t| on aéﬁbst antial cost advantage over systems

reveIRa t o8RGy P iABHEIRex pensi ve bi - di rectional variabl e
Spq?%nﬁﬁﬁ ‘ﬁ%rlﬁttﬁ]tha?ﬁ{erhgehoef L rteq-fﬁrs' fatel O‘a\quE "’gWgéﬁf €. ckwise,”

flui Stémis ¢ ol ‘a

“leff’ hean@onﬁbwr aHré oaise@f héRen PUAR, refbrieiBe 119 aﬁb@mrﬁt&seseen in the
between a forward fl ow state, a neutral non-flow state

drawimgsa reverse flow state. The hydraulic |inear

actu%tor is responsive to the, flow of fluid throug
t hkalggingnney 48 the ge@vdngpl Kigawes A an fsltlluatra@cﬁndsnand top

clesfiphtrieoRbol el EnBaTiing BFerPHeR Ao hofy SF Ry creutic

linegh ﬁé‘ﬂuﬁt&%g@féﬁl? 3 dfite ﬁﬂé@eﬁt?ﬁﬁvéﬁuér{‘ eSeteﬁrHEie b Qﬁé(\&kﬁf@ motor 4,

“count er - ¢l ockw se, and "right" ., are used
the beppéemmotdrhousirer € e ltcmseh thecdtemrer asotee elmtl affdckeeadjustment of
drawi ngs. Referring now to the draw nrg gur es 1 and
the popfigwatiparod the gumanas v he dsensseh dclovadpedineerpsiuaier 8, and

the yfaD; S oarhim S 48 Bafl 2058 ﬁ%%?fﬁwww Zessoir 40, which
Wﬂllgbvgi%ﬁs(ggd bgﬁﬁﬂ here are the drive notor 4,

The drive motor is preferably an AC electric motor. However, it should be
noted that substantially any drive device such as, but not limited to, DC electric
motors, and internal combustion engines, may be used to drive the pump.

The linear actuator 8 may be a hydraulic cylinder and piston actuator, as is
illustrated herein, in which the actuator cylinder 10 is rigidly attached to the pump
20 via the actuator attachment extension 12 of the pump 20 that is configured with
fluid passageways which provide fluid communication between the pump 20 and the
actuator cylinder 10. It will be appreciated that the actuator 8 need not be attached to
the pump 20 and that fluid communication may be provided by substantially any
method known in the art such as, but not limited to, hoses, tubes, pipes, and any

other suitable fluid conduit. It will also be appreciated that substantially any
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the stepper notor housing 6 that houses the stepper
notor that affects adjustnent of the configuration of
wo b@7pousp) as will be di scussed bel ow, the |i NREF/IL2006/000844
actuator 8, and the punp 20. Attached to the punp 20
is the fluid expansion reservoir 40, which will be

i scussed.bel ow. . The drive notar .is.preferably,an
by B cOriatb A gt o et iget VbR Horngtpiaf of e present
invéRst antial ly any drive device such as, but not

[Tmted to, DC electric notors, and internal

corfhus tpreferedgembsdini@y decribed Hepeidl ithe pungy ROMlustBed is a
li near actuator 8 may be a hydraulic cylinder and
rotagy stags pumpat@riguaed iwsith 14 gentreliady heargibde pummhgcdssembly. It

o BRSNS EE Rl 1e ikt B Bee 10,1081 may b

' O . . | Ui
cor 8 5 eE Batithel So AR MO, Dl AR SRAESERARAS 3.
variablé pemass ugsembey, | el i3 Odeployad IWithien appreh@tieshsing 22,
t hat the actuator need not be attached to the punp
inclpdesam dispreaeableustator ddmandiacatardd with ayslupaliyicdedney28 deployed
..Substantially any method known in the art such as, but
withigthe iSfﬁt@re%“-tBbe et 4 1S audigusehee as 4p @rertyabouh die pivot shaft

a0 YUEDYE FLH) 26 O0US il b P ERRCESHCAEE gpsiiona

relaﬁ@nﬁﬁ??@étwe%ﬁ Met Btatdre 2RURRd 28 Ofotbh 2 6PieS LM a%justed. As the
invention. In a preferred enbodi nent described herein,

positieeapuefatidfshipl betweahethei statorr 24 aayd thaeropamB6é is adjusted, the
conf Lfgur ed wiith a contrall ablx vari abl e pumpi.ng. ) )
posiiogepblthe Werking mump evaiemed32 nitbinethe skater Rdeis varied, as is

. rinciples .of-the p t ipvention, my he appl,ied to

i B3 P e oot proeriss REosTREAE ST RIHP Of the

OrK 7 y g I !

oS 88 o hEa2 b bl QU AR SHRRIPM THTAGR Sand 36 e

refediedpbdeeaipl & sillal@rnle?poan bedaliet heir2@lvichingesplith aht Wirection
of vanes 28 deployed within the stator 24. The stator )

of thydiftow shrauglr &¢ punps With pegesd taibatdisdussionvistreihahe rotor is

l,e the.rotor rota es.inastatil%\ﬁosition.

Consbﬁﬁ%%ﬂ%#?&,mfaﬁ@gdaa dIpoRaRe CAHPB A BTV Rden the
St ah Piond At of B4t #6188 REARISER Snd e ifiority of the
t t?]e s?a or nﬁl Jt lrle'

positi Bna! rel ationship ween 4”an
workBieosuidp viopuiaej3asit el thd Re: PodetrbR 280 Thbeerwry, K@ iP&Hwn into

volunme 32 within the stator 24 is varied, as is
the working pump volume 32 during an expansion stroke, through inlet/outlet port
36, which is now acting as the inlet port. As pump comes to an exhaust stroke the
fluid is forced out of the working pump volume 32 through inlet/outlet port 34,
which is now acting as the outlet port.

In Figure 5, the stator 24 is substantially centrally deployed and the working
pump volume 32 is substantially evenly distributed around the rotor 26. Therefore,
there are neither expansion nor exhaust strokes and substantially no fluid is drawn
in, or forced out, of the working pump volume 32 through either of the inlet/outlet

ports 34 and 36. In this “neutral” position, a non-flow state is achieved within the

hydraulic system.
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illustrated clearly in Figures 4-6. This also varies

the positional relationship of the working punp vol une
W@2owo1dse i nl et/ outlet ports 34 and 36. The pPCT/H.28¢6/000844

and 36 are referred to herein as inlet/outlet ports

because their role changes with the di recti on of fluid

her ) REPRE s S %t hinlal SHR et PR bG8 ingiuty of the

VOﬂhl% ing® veiu8E BR OB 6 SBE rfUthW tﬁg)rot Qd? ' rﬁfo?‘e,t f1§id is drawn
st at or 4|sd|spacedto°t e far tan t he

intorejeomiotlyingf purhp vwebuike 39 duins mldmpanﬁaniﬁroﬂce tHreuglefitlet/outlet
of the rotor 26. Therefore, fluid is drawn into t he
poridtk FldCp P W dicting ag zhey mlﬁhgoranAém@ms comes ttp akegxhaust stroke
ch |

the i8S Pl Shir B X by PO 8o MEhe 33 Beeh SIS ini St port 36,
whltch% ﬁoiﬁaé‘tﬁfﬁ%ﬁh@‘dﬁtl@ﬂc ddpe working punp vol ume 32

rough out | et ort 34, which is now acting as

t heTloully @onfiguied, ke Eﬁo@d end direbBos oft iid2AowSthrough the pump
substantially centr al y depl oyed and the worki ng punp
20, vagidufeerg fore sthsoglt dlne | Sa(IS\’leyﬂ, eisenpytroliet tiybatdpdting ohadpositional
r._26. er.ef or ere are neither ex anS|o

relah&sslré% Cratecn, PouEtoE 5 sethentotar % 13u§ ItQi tgej location of the
inlefioBAB bBis O ER 8 1 200k BN T R g osiion

(Flcﬂhb $) zﬂﬁbﬁffﬂiw sReSistdcAfbved \ﬂi‘i’l‘ihnfth@ ySIrﬁHi% dySteRs. m@ﬁf%dstator 24

Wi thin the hydraulic systemIn Figufe 6, e stator
is dl@lw@ipa‘aamfrctm thhaaeﬁaal pogtibnandc finset dquomlrom foméxetmple to the

rkln 2 is to the right of the rotor
o3RI AR QP VAT L G135 BORCT F-0AF s vt slaplced ey

A e
revéi@é flovStafd! Pa SRS, TOWAN b%ﬂ@‘i@&a&ﬁrtﬁﬁtetﬂehﬁlr{%ﬁ lathalySfrom the

forced out of the working pu vol ume 32 throug
neuirl ebsition| g getor i8Glisplacel) ths mom &aid msgllaISe nh®ved though the
outlet port. Thusly configured, the speed and
pumy 20 tThsn agount @f wlﬂomowmgaﬁgﬁughethpmmnwff%m the speed and

s ST St v, SPGB of o
rota%ﬂoﬁt ghd dhidndirkhfod QF {udzﬁ wiy %o{xﬁd&%? tb%ﬁ%ﬁf‘axﬁf I égﬁe flow

i nlet/outl et ports, e sta I'S positione

staténae canideaatd t6 be ldem@h cdmﬁietrat%hs( Eh@wkamples @ed herein are not
non-flow state is achieved within the Irydraulic

to bg gonsigerekast lhmitetionsor 24

Adjustment of the position of stator 24 is affected by a bi-directional stepper
motor (not shown here) that is housed within the stepper motor housing 6 and
controlled by a control system that includes the position controller 64. The stepper
motor drives spur 60, which interacts with spur gear section 62 that extends from the
stator 24. Configured thus, speed and direction of rotation of the stepper motor
affects the speed and direction of stator 24 displacement. As illustrated herein,
rotation of the stepper motor in a clockwise direction will displace the stator 24 to
the left and counter-clockwise rotation will displace the stator 24 to the right.

The speed and rotational direction of the stepper motor is controlled by the

position controller 64 as illustrated in Figure 9. In this embodiment of the present

9
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PO
wh

is displaced away fromthe neutral position in a first
direction, for exanple to the left (Figure 4), a

wo ororati$4d | ow state is achi eved. As the stat or PCHIL29806/000844
di spl aced away fromthe neutral position in a second
direction, for exanple to the right (Figure 6), a

- e i i .t i .eci.at d7 .
RS SR0Eh O RLSEn SRR YRl Mol FPBIREHRL Barautic
linetradcRuaths 8ciospldasieed pbbieioRDEe thibak WhditioR MY draulic linear

t hough the punp 20. The anopunt of fluid nmoving through
actudter puspletdrhned busesl aipéamibankl frtins tthe Ceedbhclasystatothat includes

e e RGBS . i s e Eo o s . I
' , tat .

R g R L e R T

8 nuseBehemppliad e aMHeak ﬂad%&qtfcg?é‘ﬂeg &h §dstasd !df,”b% ?%' egﬂgﬁi%%/ to, the

Adj ust ment _of "t he position stator 24 is atffecte
opteabenchideecBasmiadn steeppeentmuisition obthesheinauliteliggart vdiator 8 and
is housed within the stepper notor housing 6 and o
the spaed 8f Fadchhiheachkengerdfi pesyioeis thhe affectadddee rotetional direction

position.controller 64. The stepper notor drives r
andgihhHPRE St B Blosd ol mERE R kcoand dhe B¢ AhaTIch the step
X 4 : t Conf.L.aur ; e
e, Pt ANE s: Ploe Al SabfL 1p PRE ey motor

drivepe68l then ddlivees ithe appropdter plédeddi APHRC apBRipriafs rate, thereby
illustrated herein, rotation of the stepper notor in a .
caugingcibgi SeppiTr @OLeTond \ip | turnlithp ngcessetyeamioantbin 24d¢ota beng the

58 5 TR B GRS on L O Sphae LS,
i th . i. ] .t he,. .
s LSS 40 SLRBIRR Tl SIS BB g e

havkhesoesraotiatees! that i, henriesembi AMEAb @ﬁ‘?ctNGQﬂaéﬁé%hto the pump
0

position controller receives a command ring the

20, iihdreamtiod Syistesarmaie theatonfigured withe€OMdpqusitd i royidehexternal
current position of &he hydraulic |inear actuator 8 is

CONPEGUAAGHERS 1908 FoBHOf 8¥igick from the feedback system

t hat :d opi.cal_ encoder 70, ich L.s

asg%é‘éi g?%ékdow hn’t%ﬁe&ﬂy f %Yﬁ%?lgg IOSrPéécfr_ ﬁ?@t‘gﬂ”ﬁ Stﬂ?per motors
andSHa PobikioRoba’stdpthd edhre kaindedatdidid ofhge kaetd qge present

of the hydraulic linear actuator 8 nmay be supplied by
inventionneses plot daatuorsebérthe nstepsdreamdtof 660kolely dddithé gRurpose of

to, the optical encoder. Based on_the current position
congpllinge they diaetion andnampunicef staser 34 adigplenemepicend ahe speed at

whi}r‘)fgittg?i(%%nj?gegﬁ%gi?q%glﬁ.oﬁilé ipg&tiio% ct)fo thkzeeh§31 rfaSﬁE: ?Priea% rz]i(cetuator 8 is
monitored by a positioning system that includes the encoder 66 which provides
position feedback to the position controller 64. This provides a more accurate
indication of the true position of the hydraulic linear actuator 8, since the rotation of
the stepper motor 66 is not directly related to the displacement of the hydraulic
linear actuator 8. Rather, rotation of the stepper motor 66 is directly related to the
position of the stator 24 which in turn affect displacement of the hydraulic linear
actuator 8.

It will be appreciated that the use of a hydraulic cylinder and piston actuator

in a closed hydraulic system present the problem of the volume differential between

10
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and nunber of steps the stepper notor 66 nust take,
and the rate at which the step nust be taken is
waledgonismed. The pul se generator included in tPEI/IL2006/000844
stepper notor driver 68 then delivers the appropriate
pul ses, at the appropriate rate, thereby causing the
r.: . e [ Loet
e RS T 08 SSD g AISBE B e IO By i Bures 1
andaf)f ©le Whe t6leslive elisRREblehPy BE iAdl8siBY AT d:4pa@son reservoir
actuator 8. It will "be appreciated that in enbodi nents
40 aid whealpe detat contvadrihie diowtifcfiuidaweo redong efctheafllwidssxpansion
that is, actﬁator that are not directly attached to B .
fesqrﬁ@rpr‘iﬁp Aenthein SOREHY gould, dnelidragoasdig i thar bydraptie linear
oyt o, Rrovide external connectiqn aceess to-the .
acuY BO Lo RS (S 50 3he ASPRRERL U, ARRESRs ! b iston,
therRby RiFfeRtivaltelfi@atiHg thd #6luslEMPRY ol Mlefiv8RPHE R sides.
posi tion bases on tRe nunber and direction of step
t aldendedchibegrabseatthe nirentiowof aes fivhetht @athnheshyafadliepump of

stepper. notor 66 solely for the purpose of controllin
the preseat dvvantion igreprairdledt bo Hisplasesren oL dhs sitater ddnt haradore, as

e T L
punt Eb?g’i;eﬁgat ; e?ctF%@%ﬁ%b@%ﬁl%(ﬁ&&%ﬁﬂéf{@?gkﬁ%{(u%%ﬁa Rfen the first

nco 66 ichp es position to the

porpb htts @8 thonpstedang pofithe Idohdycry #6astsashe dodaseahgort, and
i ndication of the true position of the hydraulic
whan Heafirdqrarbddracss asithe dopmstreanapdrpithoseedne powplfeacts as the
to the displacenent

upsfffairadily dhetithie| R etae P drererablyrar HRE paiR porllustrated
herég%,s @?ﬁltéﬁ@?ﬁ?g gggng‘{l%i?%éf? &gﬂlwf:e%ﬁ.tthé’ i %Qﬁ&sﬁ@n F€rvoir 40 and

Ion o in rum affec

whith eptieceieTirsod4 hhe sbotdidadd p6itd IsNReingasttHaietvmBiredrh port at the
will be appreciated that the use of a hydraulic

timgyThatderthanalyi 42 oncacfigiaedto iresppnd| toseprdsyahealiffiecential within
system,present the problemof .the volune differenti al .
the b%%firé&\g hey $48 §Pge§1aélﬁtat”r$e fiw@t eAMEHHEAtGe Rptween gihe fluid
nLod 14 (Haures 1 and,2):
exphfjoy B82nIIE PR WP dulSiteridrt R HGRe bl 37 1 shPfic pe noted
the SHRRNSeOPalt8SEY KOpfef4AbBNY sBuMR! VEIVA2HOu&OBE hal dik@ble valve
flowof fluid into and 6ut of the fluid expansion

configsetivaiis Within Ao sdwere cfdheprasencimvedtiome! ude
configurin draulic linear actuator 8 with two

actigisr’ irlgwgrg‘%@%@ haid Hosndpigg es cxpansion gwoke of Hze hydraulic
lineR! 28 tor 8. As mentioned above, the amount of fluid displaced from the
cylinder on this side of the piston is insufﬁcient to fill the hydraulic volume of the
cylinder on the other side of the piston. Therefore, the shuttle valve 42 is positioned
to allow fluid to flow from the fluid expansion reservoir 40 into the main flow
stream 48 of the hydraulic circuit, on the downstream side of the pump 20. In this
case, port 44 is acting as the downstream port.
Figure 8 illustrates the fluid flow during a retraction stroke of the hydraulic
linear actuator 8. Here, the amount of fluid displaced from the cylinder is more than
is required to fill the hydraulic volume of the cylinder on the other side of the piston.

Therefore, the shuttle valve 42 is positioned to allow fluid to flow from the main
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t hereby effectively elimnating the vol une

differential between the two sides. As described
wa@b@vmiossthe direction of fluid flow through theCT/IL2006/000844

hydraul i c punp of the present invention is controlled

by di spl acenent of the stator 24. Therefore, as

fow 4t 3 SL e TuBE SBTEY 610 WRe plp a6 iarusreras b on the

t d . , . 7
oz, SERTAR, 0TSO AT Rekels HeBenponeam
porfort 46 acts as the downstream port, and when the

first .Eort 44 acts as the downstream port the second

porlt Wi beappregateti shatps trpafrpet embatienett oféhe present invention,

val.ye 42, .preferably a, shutt|e valve as illustrated , |
the ﬁg{*%ieﬁ?mﬁ% REETHEOF |48 19 g@?ﬁf{: hetais &Rt H@P‘%ﬁé‘eﬁlqrﬁ{i&’ maintaining

NETRe R ' r l.r 4 [ ar, .n i s

e FUIEB205 0aERSENKOLEREDRURIN S GUE hnd R rescrve 40
ma}dB&V??és%@ﬁﬂéd?%éfe?dbw'E@atp‘ré’@uremﬁﬁ atifiospHigesval ve 42 is

configured to respond t0 a pressure differenti al

wi tAwetheheptipdalatdataesys tleenpasstnirdimemtions i fthe dieployment of a

comuni cation between the fluid expansion reservoir 40 .
fiyveirg! Sleasseviamde vl the dre wptart apagsnown ingtherastipdepaising a
t the while t.he valye. 42 s preferably a shuyttle . .
dev!}%l @%t Y ﬁaéesugve aoﬁimaWyggﬁ(ﬁfod]olat avgft{?&mé@ﬂyi Wiﬂ#o\?l?gt}‘ This
oWdeDERe §MeRCANS N ta §RMBE dif¥hey i Antag
P IOi [ lustr a}?g% tccﬁe 1? ?’E?ggﬁfflgﬁﬁggﬁian% gﬁ%éxl%g%?s iﬁg%{f&}‘o néabe over
systefnst heinpyiirditddtionk]l deiae motaratinrwBichAs fisnhéddn@duld be counter

above, the anount of fluid displaced fromthe cylinder
progictivei s side of the pistonis insufficient to fill the

hydr aulic vol u f. t cylinder on the other, sid f

¢ et Bl o6 APBusariad v e ROV REr BNoty e tnbsded Sty fo serve as
exaRP¥dst L echetQaf ookt %Hb@dﬁl% fid QW F)B%?‘})lteh\%itﬁhﬂlge spirit and the

expansion reservoir 40 into the main ow stream 0
scopdef thedsrasdnit ¢nedntionl t, on the downstream side of the

punmp 20. In this case, port 44 is acting as the

downstream port. Figure 8 illustrates the fluid flow

during a retraction stroke of the hydraulic |inear

actuator 8. Here, the anount of fluid displaced from

the cylinder is nore than is required to fill the

hydraul i ¢ vol une of the cylinder on the other side of

the piston. Therefore, the shuttle valve 42 is

positioned to allow fluid to flow fromthe mainfl ow

stream 48 of the hydraulic circuit into the fluid

expansi on reservoir 40, on the downstream side of the

punp 20. In this case, port 46 is acting as the

downst r eam



port. It will be appreciated that in a preferred

enbodi nent of the present invention, the fluid
wepansisen reservoir 40 is closed, that is, noPCTERD&A 00844

t hereby maintaining the hydraulic systemas a cl osed

system Optionally, the fluid expansion reservoir 40

ikged, preferably to a pressure of 2
‘%5&1@5@@%@1 her optional feature of the present
invention is the deploynent of a fljwheel 80
associated with the drive notor 4 as is known in the

ar t1. whAesel fisomgineddsdiradid dabatopb@tes domrisihggl e
direction_at a substantially constant velocity. This _
pr @) de diee Bypéaregandtgur¢btprasatent aisnbetaniially aonstant velocity;

di sf{nct d t ) t [

oi 1B 1 e FORATIGPIPE HOHD SHAARIVEIStoF ywheel woul d

be (epuntly REERYFhEYEacthdtolin Fiube c@%ﬂ{tﬁl%ﬁo%d\ﬂtﬂastai& Bdrautic
above descyrl ptions are |ntende<‘:11 onl'y 10 Serve as

exanpl esuaisisé Bato Panaytuatadn cfaodipeidShRssidAesshl Bow state
within the spirit and the scope of the present

i nvent i andWaaBereCHikkMED bBsaid. reperselffove statei ned

hydraul i ¢ actuat or system conpr.ising;. (a) a drive :
rm?é} c@n??‘&mﬂewsﬂ‘?}nrﬁsﬁ?@t Withs 5% { Brdiiulie \PURs $aifl ¢ control

vel oci ty; l.j.C i y $aj rive ..
motor: el AR b o B SRl R T el oy diutic: pump
communi GaflseAbIWbERy &R £ fAEQAoESBIETR 1RA- ASw sPatB8nd a reverse
actuated in a first direction by said forward fl ow

st at e arftbw state;sadond direction by said reverse flow

st 2t e; (d) a control system associated with said )
hyd8hul iac PRBIHENIE iSYSiEBhtcoBligyiRst Emprekidegppsitiopal information

control adj ystnent,of said. hydraulic punp adjustable
bet ween r§,4r§mﬁasraacti PV%W@@F’@?‘“ gng.%W.rfl ow state and a
r ever $ge foe M HiAhed allf) aBruRAsH ﬁ'fs%lhn&f SEEHEM wherein said

configures to provide positional information regardi ng

hydeailid pyepautivdes ianeattrdbibliatvariabl. puinpirgehdseaddy audedhat said
X h%/dr aulic actuator systemof claim1, wherein said
adjustments includes a variation of said controllably variable pumping assembly.

3. The self-contained hydraulic actuator system of claim 2, wherein said
hydraulic pump is a vane pump.

4. The self-contained hydraulic actuator system of claim 3, wherein said
controllably variable pumping assembly includes a stator that is displaceable in
relation to a rotor deployed within said stator such that displacement of said stator
varies a configuration of said controllably variable pumping assembly.

5. The self-contained hydraulic actuator system of claim 4, wherein said
rotor rotates at a substantially constant velocity.

6. The self-contained hydraulic actuator system of claim 4, wherein a
relationship of said stator to said rotor includes a neutral position that achieves said
non-flow state, and displacement of said displaceable stator away from said neutral
position in a first direction results in said forward flow state, and displacement of
said displaceable stator away from said neutral position in a second direction results

in said reverse flow state.
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hydraul i ¢ punp includes a controllably variable
punpi ng assenbly such that said adjustnents includes a
wao asoratisen of said controllably variabl e punpi PQI/IL2006/000844
assenbly. 3. The sel f-contained hydraulic actuator
system of claim2, wherein said hydraulic punp is a
d, _hydr tuator

sygf ﬁ:ﬁgp secl?gppr{]agle féffigar?‘\r]:ltcg Ig{:]tﬁar&g nﬁrsgqm Bl )}3 8}4r i%apivherein an
aln@&&%ﬂ'tﬁsﬂ%&ﬂ'éﬁlnyof ﬁ'h‘?cli W8S @ sscﬁcf”f dt aﬁlgasta]]d §ec(§)nd Jirections affects

di spl aceabl e |nrea|ontoaro

a flowi dtesoffloid Sorwhhicuah e ﬁ@ﬂmmn}@f Said stator
varies a configuration of said controllably variable
punpi Ageassdenpnigined. hﬂm@uh@lmm aystenh h§adaim ilg wherein said
temof claim4, wherein said yotor rotates

o QR AR TR A AR %

consehf vERRftai ned hydraulic actuator system of claim 4,
erern tf’E}rel ationship of said stator to said rotor

i ndl.udias @lflecbﬁtﬁﬂﬂedpgy_sdrbuﬁ@ dchﬁﬁo@%‘slt@ﬁh%f %‘P&hﬁ] 1, wherem said
non-flow state, and di spl acenent of" said displaceab

Conﬁpét S)frstm/aywﬁrd@m gabddirectioral gespdri aroton andf iar @hlqe cenerator
tion results in said forward fl ow state, and

assc&‘?l%tﬁ aléeitidoSIDRPY MPLYH atishbhatse atheed aayg dlﬂ“@@ﬂOﬂ of said

adjlzsgx:n nfg\%ﬁeggem R{J S? f%rﬂ.}g s%glc g;gqe?'na%ﬁ% byﬁ@@e pﬁ‘lse Senetator.
hy droawhé Cseﬂ%étﬁ&:%dsb(ﬁrﬁﬁlh@facﬁi a5 FoteWNEF %ldgn‘?q wherein said

anmount of displacenent of said stator In sal
postimhis@isytsteat dndudings ca iposttionf fecibacla sﬁflst(em ro@hﬁcafed to provide

fluid _flow through the hydraulic punp The
posgny mé@maélqwgﬁsﬁbna@mdchﬁkﬁum bne@y%qt@afpbfegﬂrélem p6a number

| t th
of R L B YR oP s ubet ant 1811y bonetant
vel1qcThy seff cdﬁ"t‘ﬁné@mdﬁ?ﬁmcﬂh&ﬁ% sﬁ/ Wl i &%ﬁﬁ' 0° wherein said

systemof claiml ereln sal

positiol feddback bysteinr @etudenalt lshgppes ofﬂéhO(B tﬁjaﬂ eAchdSed a linear
generator associated with said stepper rmtor such

POtQIﬁl@ﬂn%ers%ﬁé@@lamﬁdthrSéd actwatef. sai d adj ust ment is
oSG Dk PULSES, SN0, SALE ! spbet mRLRE DY AL i
A B s R T 0
hydeauiicisystegdl to provi de
13.The self-contained hydraulic actuator system of claim 12, further
including: ' B | |
(a)  afluid expansion reservoir; and
(b) a wvalve configuration configured so as to maintain fluid
communication between said fluid expansion reservoir and a
downstream port of said hydraulic pump.
14. The hydraulic actuator system of claim 13, wherein said hydraulic pump
is configured with first and second ports, and said first and second ports alternately
act as upstream and downstream ports such that when said first port acts as said

upstream port said second port acts as said downstream port, and when said first

port acts as said downstream port said second port acts as said upstream port,

14



position information regarding said hydraulic |inear

actuator regardl ess of a nunber of steps taken by said
wat@ppers4not or. 11. The sel f-contai ned hydr aul PCT/IL2006/000844

actuator system of claim 10, wherein said position

f eedback systemincludes at | east one of an optical

: i . entionet er ~associated wt .
58S 0l Pob AR RS QPSS FBRP RSB between sid
fluidcahSionT¥Sdre s Ahd iRl 0P shid HRERBH RS f Hté{&fégencéent on which

comruni cati on between said hydraulic purr% an al
of said fiattendi sscondiparts isoaethohigdnaliidwnsysigport1 3. The
t.ai ned hydraul i c actuator system of claim 12,

| f-
fS 3r {ﬁwgﬁlgi Itdralin getualy systenupé clatpahi whereds eridofivid expansion
. (s val ve configuration configured so as to
res oS baly ¥l

conmuni cati on between said fluid

ex PRNIhEhy Basiy %&4&1&1%gyﬁtgg?%%fdilﬂaf%,p\%&e% $A fuid expansion

hydraul i ¢ “punp. aul'1c act’uator s?stem of
resavairis pBsssuhieg®i n sai d hydraulic punp is configured

with first and second ports, and said first and second

pork’s Aameshothien gontralling petmentnofam diydrawiist acamopathe snethod

such that when said first port acts as said upstream
cmngHm%.ai d second port acts as said downstream port,

Ve it SR {2

sai s as sal d upstream t her ef ore,

sai d val(ye canhi@uiudici impririledl ftSa Sabstardiallsf constant rotational
conmuni cati on between said fluid expansion reservoir

and one of saiadodify Sty andrisecantbrparid,hydepdidenimmpradjustable

Gounst rcam pAIEHEa 2 B SH) IO FIFSe o6 PO BPVeaiecmioR reverse

o i 13, Whogs guaeil |0 expanel on reservalr s

14, wher@hn sahddfubiicdiepanshan: 'iﬁlsf?{ilgo&ﬁrd;@%%tiogf with said

pressurized 17. A nethod for contro g no

hydraul i ¢ acthyararlic pinepretasad beadipslasédin a first direction by said
forward flow state and in a second direction by said reverse
flow state; and

(b)  adjusting said configuration of said hydraulic pump so as to affect a

direction of fluid flow through said hydraulic pump, thereby affecting
movement of said hydraulic linear actuator.

18. The method of claim 16, \;vherein said hydraulic system is implemented as
a closed hydraulic system.

19. The method of claim 16, further providing a control system for adjusting
said hydraulic pump, said control system including a bi-directional stepper motor
and a pulse generator associated with said stepper motor.

20. The method of claim 16, further including varying a speed and direction
of said adjusting of said hydraulic pump by sending pulses to said stepper motor

from said pulse generator.

21. The method of claim 19, further including:
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(a) providing a hydraulic actuator systemincl udi ng:
(i) a hydraulic punp driven at a substantially .
W@ owsarsto r ot ati onal vel ocity by a drive not or PCHHL2006/000844
hydraul i ¢ punp adj ustabl e between a forward fl ow
state, a non-flow state and a reverse flow state; and

iy a | ' ctuator in fluid . .
corttini ey Bthg po 28R EEUHEL el BhusiBund oppwide position
di spl acedfomnaion reghrdthd SHHIHRrAN SRy faefu‘é’?drdaﬁ# ow
state and in a second directron by said reverse | ow
st dbg; andnitbiingdjpesitiongoSsuid hgdriuliguiraht astuefor$ai ¢hid position
hydraul i ¢ pu so as to affect a direction of fluid
f1ow t hrisegackesyaterny sesaudless pliamumbes ofisiepsfthlat bngaid stepper
novenent 8{@ said hydraulic linear actuator. 18. The
met hod JFoai m 16, wherein said hydraulic systemis

[ t C d 1.C .SVS - 19 . :
PSR! AR SOLRRRCI DY SSRGS R sy i

impleneadiusithng Raktd ohy dyfasth ioptiealmenc&ddr darkD At Hdar SYSkRHdmeter
including a bi-directional stepper notor and a pul se
assqpa#fed atigk saidgeblatared with said stepper motor. 20. The

method, of aim.16, further i.ncJuding varying a speed

and d?P@@i‘q%gﬂ g¥ ngpdl%gj}uaéqri lﬁﬁiuéfngs'ai d hydraul i g punp

b ndi : i.d:step .ot or from sai

pﬁl(gg géﬁg\r/igl g&ﬂﬂ&?@%ﬁ@%g&@%ﬂgl aim19, further

i ngbydi ngotidings e¥hvédi e fidubafin; a9 feedback system

configured to provide po§i tion informati on regarding

sai(d) hydnaintaieing fhad aonuuamrdcaticandbétmeermlshidorﬁluﬁg &xpansion
osition of said hydraulic |inear actuator by sai ) )
Bosi t i oRCTEEEQD 7d % Vaiicapaparteelssafl by diawibe pustp using said

steps t I.4: st epper notor. 22. The nethod of
claim 19, @ﬁﬁrgécf% position feedback systemis

;HEMSAF :b‘ri]-glgl;e‘é&ggﬂti‘%lﬁlhlygﬁnag?g P cohihé CRl cGRFARRTY variable
pumping assembly such that variation of said controllably variable pumping
assembly affects a direction of fluid flow through the bi-directional hydraulic pump.

25.The bi-directional hydraulic pump of claim 23, wherein the hydraulic
pump is a vane pump and said controllably variable pumping assembly includes a
stator that is displaceable in relation to a rotor deployed within said stator such that
displacement of said stator varies a configuration of said controllably variable
pump'mg assembly.

26. The bi-directional hydraulic pump of claim 24, wherein said rotor rotates
at a substantially constant velocity.

27.The bi-directional hydraulic pump of claim 24, wherein a relationship of
said stator to said rotor includes a neutral position in which there is substantially no
fluid flow through the hydraulic pump, and displacement of said displaceable stator
away from said neutral position in a first direction results in fluid flow through the
hydraulic pump in a first direction and displacement of said displaceable stator away
from said neutral position in a second direction results in fluid flow through the

hydraulic pump in a second direction.
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associated with said actuator. 23. The nethod of claim
16, further including: (a) providing a fluid expansion
wo e®enwsiHo ; (b) providing a val ve configurati oPCT/#EHI2006/000844
(c) maintaining fluid comuni cati on between said fluid
expansi on reservoir and a downstream port of said

hyggaf%é?ﬁQM%ﬁﬁﬁ%%?gﬁﬁ?hﬂc‘Q&ﬁ?Q%QHEEQEg?gkﬁth?%nAmnountof

bi ~di rect’i on C punp ‘conpri Si

dispERRhicat babhiv svabt aPsad FH5PAHDsAE SEEHldydisettivnk hdfects a flow rate
variation of said controllably variable punping

of flasd ot thrafdhetbedydrailiogotinpn of fluid flow t hrough the
bi -directional hydraulic punp. 25. The bi-directiona
hydraul i c punp of claim 23, wherein the hydraulic punp
Is a vane punp and said controllably variable punping
assenbly includes a stator that is displaceable in
relation to a rotor deployed within said stator such
t hat di splacement of said stator varies a
configuration of said controllably variable punping
assenbly. 26. The bi-directional hydraulic punp of
claim?24, wherein said rotor rotates at a
substantially constant velocity. 27. The
bi -di rectional hydraulic punp of claim 24, wherein a
relationship of said stator to said rotor includes a
neutral position in which there is substantially no
fluid flow through the hydraulic punp, and
di spl acenent of said displaceable stator away from
said neutral position in a first direction results in
fluid flow through the hydraulic punp in a first
direction and di spl acenment of said di splaceabl e stator
away fromsaid neutral position in a second direction
results in fluid fl ow through the hydraulic punp in a
second direction.28. The bi-directional hydraulic punp
of claim 26, wherein an anount of displacenent of said
stator in said first and said second directions
affects a flowrate of fluid flow through the
hydraul i ¢ punp.
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