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WD 2007/ 010540 PCT/ | L2006/ 000844 SELF- CONTAI NED

HYDRAULI C ACTUATOR SYSTEM FI ELD AND BACKGROUND OF THE
WoMebdehloThe present invention relates to PCT/ 20061000844
sel f-contai ned actuator systens and, in 5 particu
it concerns a self-contained hydraul ic linear act uator
system hayin t he npi ng assenbl y of _whi
Lo e yTad B K RATLAL 26 MR S S TR
direction of the fluid fl owthrough the system and a
| inear actuator responsive to the fluid flow.
F@m ADUBA LG RYSITRY OF PALUNPENTIONe T havi ng
'0Sed hydraul1¢ syste ng
- dI'iee piresema | inpention aktatés eowsel Pedrtiainatit actueroet ofsergs and, in
these systens required bi-directional notors to drive
pagteulptinih. congermst @r@lf—wmﬁamp@éwdamdm lineast B@ﬁatcmfsyptﬁm having a
t hus r ou t he

P‘i%aﬁ}ﬁraf@eﬁ?igﬁﬁ?mbiy bhitick et the I eoptiol i speed and
difgc'tl\frh'ﬁ th& $Ry ?TE» ¢ thi agﬁ tgl‘éé{ élo ﬁ bnd Y l‘i TRk ) % sponsive to the

pose are e ors, |ch provi
ﬂL&HIﬂ(}Wy to change speed and direction 15 qui ckly as
required. This is particularly relevant in the field

of risif-eentgined bydranlic athmter systermas rhavirey chifsedrhgwbraidics systems
inghrbarA B o A PUnRScaTR dy o Toih st Herqthdare, these systems

|l e r c . .
ol BEALANSIY ISR 0 R B CPAR S g diverion
of’ andatish) imd ﬂﬁisaﬂ&ﬁnﬂ@@ﬁhﬁﬁﬁ*h%% teRP, I8 ¢h@ Askeef result of the
irection nunerous tines during 20 the perfornmance of
m@vema&k ofhermoiw diireingfthe puaymedt fimtom st Suiteh fod ﬂnwpuq:ose
raul | c linear act uailor system _havi ng .a punp,

th
are) biRsTiR SESBPpra R oY Yechs wbilan © @@ngg spied and direction

oo 8k, TRSET AR B 5L e P Baotaion

to tI'?ﬁui bt § ul@yée dft dl‘éWHa@H)ﬁss%eié?éH AaerHR hde % m%%@otors to

systemincluded a 25 closed hydraulic system

- drioE BiHErdddRAT bENpEh Oner mafmtdrawback iothat biatirectional servomotors

sel f-contai ned hydraulic |inear actuator system ‘
arh SYPARSIYE SRS, thelye npisinbienbuilis ke ptforos apdi withstend the rigors of,

oA R RS e R SREES 2 e s duriog
BRIt SSRETShes Lo (e 11 u e Tlow o

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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According to the teachings of the present invention

there is provided, a self contained hydraulic actuator
rising; (a) a drive notor configure

?gfg@g%§§ﬂ£ substantially constant velocity; (E%éﬁbme6mmm44

hydraul i c punp driven by the drive notor; (c) a

hydraulic linear actuator in fluid communication wth

t he Hyaoadingdoshe terchingsasf the presemt invedrgidni theee fsipidvided, a self-

directjon. by the forward flow state and in a second

cofiagiad BROBLE S0 FLttom eompriaing; (eMp drivormeior configured to
t ' i fh.the . ul,i t he, . .

QR B ST G e DS b R B Sien g e avive

o0 (¢} 1 hpUFR RIS ARfar b TR e RIchibh With the hydraulic

state, "a non-flow state and a reversée tlow state; an

pump so pegbthoncmgtedysit £ firsp diregrivie dyt thepfopwhete flow state and in a
positional 10 information regarding the hydraulic

- S¢GoRdatirectionay the myetedilony staiea(dua corirok sistdm mgsafiated with the

S0 i, BACTAARY MR B Bento it of e
S R o AR, kB o IR RPN ot o

retveesehfloy efatd; hendd (s Hosttiveeng isgBtent kenfi¥dfedWol frdWdd positional
.15 is a vane punp. According to a further teaching of
infprangisseagarding ébe hydravlin dincanactostonbl y * vari abl e

unpi, n senbl y. includes, a sfator that is . .
i spfaceiing o n fuihes ieaaning of themssscnaapycsyion, Wa hydraulic pump
: tat - Gl n f e_shator rie
iniflcd’ 8 Bniflbi} [Phrigthe DRSS asfor slitf B B fustments
inahsketal varia2OnAaRE domoliabl R varEbRYuhSReis8nBly. t he
present invention, the rotor rotates at a
subsfaprnding (o & dwsherteackingaiftthie peseat diveptiba, the hydraulic pump

. further teaching of the present invention, a
ISAUECHPi p of the stator to the rotor includes a

LRk 00 08y BSPLGACHT MRS BB RAR, S otanty

vatiRble ﬁhm@ﬁ‘? hdsembly irehhddsSt stdfor thatqe tdisﬂ:'l‘ac%?ﬁlté'hiéﬁ‘eiaﬁon to a rotor

the forward flow state, andS di spl acenent

degieypidawithhl the statet suchathay disphiveitent 06 tha sthtopegiitt @onfiguration
fa second d!i?rect_i gpgtresujts in the reverse flow state.

ot Ape gppiraliably varinble pnpingasserlivs the present

e yfing €U Bicwits PEURT GRS R Rieiash, S bafor rdtates ata

sub&aftiffy cdfsthhiredodiow through the hydraulic punmp. WO
2007/ 010540 PCT/ 1 L2006/ 000844

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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According to a further teaching of the present
invention, the hydraulic punp is a rotary punp with a

WOl Rb7/46103f0 1 s driven at a substantially constageriraeeso00844
velocity. According to a further teaching of the

present invention, the control system includes a

bi -di rectional st e%per nmotor and a pul se generator .
assodicgotdingitore fundies teachprseof thet preserguiovention, the bpdeatlic pump

I S R shlb ey S e e S PSR b ety
Al i . i
v oritcBuihg 8 d BIOF tedd R oPIng pridifit FRZHRGH, e, ool system

ifobedag bisdirdceiohsonehgit 2btéi0akd AV blRe PRkt associated with the
information regarding the hydrauliC |inear actuator -

stepperr tiates @fchathatirbepecck and efisectibh ofiklen alijustrhent is affected by

st epper. nmotor. According to a further teaching of the
P‘}B‘?@g t 10 (R HEPPH, MmPTs bé’dé‘?ﬂﬁ“@)?? genesiplck system

i ncl | ntd gal d d e
RN ST T—
syAesAr ‘i’lhdlﬁdéfhag édﬁﬁ&lﬁrf&ﬁm NGsQim ¢ %ﬂ%ﬁ%&nﬁo Qrﬁgide position

i nvention, luid 15 cormmini cati on bet ween
intfgutnatidn cegandingathd hyldeadit linearadtsatei segardlesssefla number of steps
ydraugi c system According to a further teaching g of
tajpi by the SHPPERYWIRL- on, there is al so. provided: (a) a

cont {50 SRS (2 8 PR e pachiie. Ot Sk rinvpriep. the position
fe@&H&@H"sgéﬁé RNiRAIRE A t RGsi |dHed &Xﬁgn%{dﬁ&lr CRESYD and a linear
and a 0 éovvnstream port of the hydraulic punp.

pdientionhictey associated vtitiethetaagdtong of the present
invention, the hydraulic punp is configured with )
firsficeprdingcong pbuther tsaghinge off rthe prasestedomentpor,t ghe fluid

alternatel y ct asg upstream and do tream ports sych
oo heffene i BVErSaEs Theng d Hs ACRRpas via & closed
g t t the d t t d wh
port acts as e downstream port, an en
h){(ﬁgulﬁl@?ﬁg? Ebrt 25 acts as the downstream port the

secoAdcqidinig act & AstHeheteElsihbeaM her presédiehiffetin, th&e is also
val ve configuration maintains the fluid conmuni cati on

proEidede fa) Al wixgaesipamesavoiry esd (bpa vabvecanfezuttioneonfigured
o B B B o RS B WRAS b ervore and o
el ORI LI 250 7o Lhe presen
Vent&&soraing 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
U.pstreafn 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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WO 2007/ 010540 PCT/1L2006/ 000844 According to a

further teaching of the present invention, the fluid

WOPANEH @ E€SErvoir is pressurized. There is 3 2006/000844

provided according to the teachings of the presen

invention, a nethod for controlling novenment of a

hydraulic actuator, the method conprising: 5 (a)

pr ov |1°en0ﬁ>§:‘jd1§°° o dr Buthice teashing of tley present invEntiomghe @vid &xpansion
draulic RY nP grlven at a substantially constant

1?8&?1%%%“6%28 ity by a drive motor, the hydraulic

| t at . . '
Pon et AR pEoRBed BELoRME 1 By eptliad oR e pospot invention, a
nierklodidbt Eonttalfing 1B6VABERY of B Hydva 1&?5%9!!3)‘1‘ &?tﬁ’(‘ﬂcf @omprlsmc
di spl ace

the hydrauli¢ punp so as to be In a
(a)ipreviding awdtzhﬂm‘ anteaod sydtemy inthiding ) 4 Hydraaﬁc @ghp driven at a

dlr tion' the reverse flow state; and
‘ét?ﬁt 09%3@0Fﬁtﬁﬁﬁff*%it velecHy bhe dﬂyérlai@mrc tb@ ri'wch‘@ullc pump

fluid f h
e At A o
aﬂitV dif |h5zﬁrdu'h@ﬂﬁ’(ea?%ﬂé¥:&* in ﬂﬁﬁ%&lﬂgﬂfcgﬂﬁg \Viﬁlﬁ P& hydraulic pump

teaching of the present invention
sxgstebe displacgl amerfiret! disctor bﬁsthé ﬂ?MﬂatﬂUﬂbﬁf ﬁé(fétaﬁﬁl in a second

15 Acc%rdl ng to a further teaching of the present '
direcfiamn bynthe; pesresss ékﬁ’i’sfﬁateprfmdl ﬁebaé]wbngrmle sysfi@mation of the

o B e o e P iR St pum,

theewﬁwmaqﬁw%rxt?tﬂo%%ggg@iwﬁi BbrudR " -

According fo a er te e present

| nveAteading foed Gurtiterabaching Of BieOMed@t iMPEtioid tife BP@adlic system
and_direction of the adj ust i ng of the hydraulic punp

is pplesaented gs pelessd hyslralic sstseq:xper motor fromthe pul se

geneyg at or AccoLiptl1 urt {1 t eachi ng of the

pr esefit® TiRge e ® r@‘%@rt@a g1%bt ’forl%i'\?'ﬁ%dmv@ésl‘m, there is also
prBYReldh r&nﬁ'op%gflsfehf’ 'fP nﬁ&' Kok &Pésgfpaﬁgnf' g} e, Gpntgol system

provi de posit OR F'eg

intludéey adsdtdisictionabsedp @9 r{0Ret hAd ial nlgulée %ﬁéx‘a’t&“es%ég%ﬁe&with the

the hydraulic |inear act uator by the pdsition
Sf@;?@rmﬁtﬂegardl ess of a nunber of steps taken by the

step tor. ding tqQ a rther teaching of the
pr es‘g Weeit |3or¥%n£7ﬁ'e t%@"@g the quBsas® W§tl7é@|ﬂ=| there is also

i 18 | a {1c
S T R
sefidinggilées t8hPseppsli 1ﬁ8tdr‘3&@mftﬁé gﬁfs"e defigflihng of the
present inventioh, there
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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provi ded: (a) providing a fluid expansion reservoir;

(b) providing a valve .4 WD 2007/010540

5&;&%%@89&/000844 configuration; and (c) naintﬁhﬂhﬁgmmmomu4
["'urd conmuni cati on between the fluid expansion

reservoir and a downstream port of the hydraulic punp

usi_ng the val ve cpnﬂiFuratjon. There is also provided

capBguritiog; end (HensistainingBuidf cammupicesiontbetweemtlicofinidexpansion
5 bi-directional hydraulic pu conpr.ising a )

EEYRIEI PAB) § BaPSBEEDRSE ngt AbSeRbHiAIB aRIER ausing the valve

Ladai of the controllably variable punping
c§§§€ﬁ%#§ﬁéffects a direction of fluid flow through

the Hitetd (£l PRavidby Hcathdity BY AR t-ACRR) ithqu Présent invention, a

further teaching of the present invention

birdibeativnal hyunpulid pump anepnixing aaodtrolieblyovdriablé phinping assembly
[ 10 t hat

vari abl e puynpi assenmbl y i ncludes a stator h

551@1 Hhas yreatden pg %'il‘fhcqf&'(&{q vegableaueping @gsenlbly, affects a direction
et 1A h t.h i spl f th

of S Boly et e 8- ipetip o BBMES B Rb1 v var abl o

PUNPiARGoAHRE TS aVrurdier @éa‘éhﬁ%f bPufe éféﬁéﬁi%vér?ﬂﬁﬂ \th8 hYliraulic pump

_the present”invention, thetotor Totates at a _

1ss & batia rpurap | andcthesdomntollblyo Catiyble LA RQr Sisembl idcludes a stator
further teaching of the present invention, a .

thaé| igt dispiareablein Kelatien #ooa xajor ldeplayeds wiithin ublesstator such that

d?ss tcraﬁllepfgc% Hgf? gﬂétﬁr %qut&? géq?ﬁ!gl?lﬁaﬁgsgg&hle al:c'n%r&?ably variable

j EBfMy Of the displaceable stator away fromthe
pﬁ%‘?ﬁgai posist'

ion inafirst direction results in fluid

f 1 owAlcbordigh té hdurthytreavhing dfub® préseat iivedtiofll RGLk@ Totates at a
and di spl acement of the displaceable stator away 20

Subsmttaﬂié{cr@@@tamgweh@oﬁmi on in a second direction
SRR NN AU S E S TR E RN M
s 150 S AGE, ey SO 1Bhoyh L 856 Ml no i
o e e gl Y g s vy
frvhie thenentiadpdsgtidieiei o fikss clirdetidn fegultmyinofluik Shgw ethrough the
h)ffm'lgﬁl'éq: \glu}nrfo {nezi %Efsei:ndclsec%i%n atnrc]iedi?&%gg’rr)lggy fl)fn t%edc{i?};/\lﬁégegasb'le stator away
from the neutral position in a second direction results in fluid flow through the
hydraulic pump in a second 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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FIG 1 is a side elevation of a preferred enbodi nent
of a self-contained 30 hydraulic |inear actuator

WOSdobMepst ructed and operative according to t
teachings of the present invention; 5 WO 2007/ 3%‘8‘&6006/000844

PCT/ 1 L2006/ 000844 FI G 2 is atop elevation of the
errbog:j nt of FIG : FIG 3 is a cross-sectional view
of t KeCeAtdaitaRE eV@HOJFtpéthqemhﬂémmtmf&lﬁ Ke A A

h t.ed t th ft .
Fhe 518 S s loch bl SOUBLAR AL B1) Ben alons tne
i | .

ADEBoRR TRt G DA e b U BBy
t he FlGp4 o wsdssgsechibial ﬁehsoiﬁmsﬁnﬁ@&hiém df F‘IGEVII faken along line

he enbodi ment of FIG 1.taken al ong ine B-B
Bsﬁowﬁ@ngﬁbe staseordjustpd doward heded stdaeoﬁnhg Ipmmm hks.lsuxﬁg

t he housi n Ci‘\ .6 iS.cross- ctlon% vi ew of '
tho EHBb SN GRS teciprel icpL e aroheiIoRe of BI15; 1 taken along line
BB e StafiaiBlpl 30 Gird B bikhy B e BT hRing;-

ci r cHIG. 6dm&fdsgcﬁeeﬁowdneﬁﬂﬁftﬁb'eh%&ﬁﬁ&h@bPQ?IGO 11tHBen along line |
teachi ngs of the present invention, show ng )

BBy ghaveingvhe stetareslesiedito themeutral gositiop] y* st at e FIG
SISﬁE hermtlc of a preferred hydraulic circuit
const@ct/ed dndchepata ol Redewad nlydraukineciraic songisucted and

ofgh08 EEGRA 1d R B 00U P05, BORRALS gtbne ghe st

Valﬁedeplloge&lﬂaéﬁﬁa@hﬁ{)l astzﬁgeferred enbodi nent of a
cont rol system or %,e |'i near actuator constructed

and bi$er 8t ive achandiogft a pidetredchydrgsliofciiduit constructed and
20 DESCRI PTI ON OF THE PREFERRED

resent inyentio
OF%W ngho g?f'eéeéﬁhlriaﬁ\ﬁén&hﬁdvres@talnyemtﬂom abosiingdhe shuttle

| h , th
v b L W ARG SRR S st abl 0 s hs To
cont}rm} g ﬁea bRR&EH 2 88K g‘l d %‘iﬁ&fe?&doémﬁgﬁlﬁéntf'o‘f féo?l\ﬁ'ol system for

t hrough the system an ['i"'near actuator resp

the dindae ddtuatdr fdomstru@ed Thed m[fpleftftiw@ G&(ﬁﬂﬁloowftﬁéltéébfﬁﬁgs of the
a self-contained hydraulic [inear actuatér system

Presedieidioto the present invention may be better
understood with reference to the drawi ngs and the

acconmpanyi ng descri ption.
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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By way of introduction, the hydraulic |inear actuator
system of the present invention includes a punp that

wo 00dogred to rotate in a single direction grdr2088000844
substantially constant velocity. Therefore, the drive

notor that drives the punp can be a single direction

&)gns,t ant velocity nmotor such as _is known in the art,
a Pindiect PRV arsspesd mestomatorpENy £bes dho dydranlis linear actuator

syt Hhd e Hlich: ASEaR R R e, Sl ystems that
61%12241:{3“5 hftte xRNSR ditd ot fRS] vé’%?ﬁﬁﬁfs?@@d QGO DYGL €D

enpl oy® a nore expensive ectl ona]I vari abl e

speeBotetheodipéction del flotvhatedlbf €oid diroashl the eyétemtie cdhtrolled by
fluid through the systemis controlled by 5 adjusting
adjeting e vgm%@smmﬁf tha@ummpyhighiis hdjustably bevedeha forward flow
ow , state, ﬁ neytra

bet f d f -1 .
stenp el ooy sateiiaf stiarse AoRetidearnamradiiiipear actuator
PRSP 1o B ASPRRSAE R LNl od L A i o it
dibyctioneby ahavdoeviri owisade of tHehpumprahdaiifai 2cand @0@BHon by the
direction by the reverse flow state of the punp. 10

reversgHbayw dtabeofidiegaunmat t he use of the terns
n | k H , n n t - | . , n II| ftl.l d ,
¥ gehouige neEf RS woort ersinas Seleckwised raspiesrelockwise,”
(13 % “I o )h d i . i t 't h .
186 SRAL b Core M iein 1R FosRaRE Ve Qlcifion, s seen in the

drebv@yad i ons, respectively, of the exterior of a
preferred enbodi nent of the hydraulic 15 |inear
act Udeforrisy stemia tife dtevinges Eigurenverindof. ilBsentdheide and top
are the drive notor 4, the stepper_notor housing 6 .
cleyationgotpspect ssQf[eT@ﬁ@rXt‘PFéﬁ'b@f @mefeaﬁde@nbocaa}qmgpﬁém hydraulic

. Of ' j f . iJl b P
ifheg AR Bt Db % Plsstnt inRERonrSert hovg e g giyg motor 4
_ . b . _
8 Sepfit RGOS0 BT U LB st o
thel confignmtion dfshe pafay, ablwilldse dccedsed thel®wv Mbledinear actuator 8, and

However, it should be noted that substantially any )
theypuged dBydtacked ko ske poup ABtis Itheiflidd espangion ebsveirctd, which

Aot ors, and.i nternal conbustion engines, may be used
Wlﬁgbedﬁi'ise SFﬂc?e&er. .The linear actuator 8 nay be a

hydr j j [ n [ ; :

U A ROBER, pRACBIT SR ATCHEER Y o, Howeyer ifshould be
notexl thegi stibytanticy ey dové Revivenguch2ls, Wutvingt fifkted to, DC electric

actuator attachment extension 12 of the punp 20 that

moters; anfliinfgreal opintbhistion engines, may be used to drive the pump.
~ The linear actuator 8 may be a hydraulic cylinder and piston acttiator, 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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flui d passageways whi ch provide fluid comrunication
bet ween the punp 20 and the actuator cylinder 10. It

Wid dooPEioaRPr eci ated that the actuator 8 need nc
,attacﬂe to the punp 20 and that fluid commnl(if:cél?‘i(i%%%moos“

may be provided by substantially any nethod known in

the art such as, but not limted to, hoses, tubes,
hpdysadicaindlraren devioe eay dei tsbbintdd with conduintp 20t of the present
.Will, also be appreciated that substantially any 7 WO
IB§HRPB10540 PCT/ 1L2006/ 000844 hydraul i cal Iy driven

devi S iated with.t up 0 of the, . .
or es S Prefo R RSO el det il nBisiDofienBh 20 illustrated is a
RS KhRE HuR®s QAL QP | afidbleS pi ;
rvgﬁg_ pun'g) uc nf i gulgg;c?%vm t gz%éfﬁédrlfoéﬁ%bl y Slng g]bnlpcﬁa&é %Eé/embh. Ii
shorkhi ey nassk ripdwever) thdi floptidcipbesnofatle ﬁk@@@ﬁeﬁwehﬁ@% may be

trge princi ples of the present invention nay be applie
apRitedtmpqualvadvaagaget © pistropumpspss wellnells. sean ineBigures 3-6 the

et el oo 8 G A5 il et Bousing 22
i R ARG ot Blor 24 B RrbP38 P MRy BEVERL ieployed

within thecsiatbr Q4( lheeatas 21 Gs PbivALuRENH ad REpRbY AbowWBE thivot shaft
0 30, while the rotor 26 rotates in a static

1
3G owihileoithe Totore26r eotateise imasitatim ghositia. alherefbiep the positional

gagt V\Efn h§§8t atﬁr 24 and thce[ rotor 26_pay be .
relonstidy PEREeqH &e (SEEPE (4 and; theatplon st gnakt b adiugted. As the

[ justed, th i.t1 on
PR Sl ERCaT DebOCd 1R Aol RhE s’ Bar B 35 flusted. e
postiorebf @2 Werkinll ﬁﬁihba’?@ﬁnfé 32 Wtﬂiﬁ_tﬁbgﬁé&’ﬁ %4 qﬁ varied, as is
...This also varies the positional relationship of the 15
illwstratied ¢lgautypiny Higures 826.tThis ladsa whded thet peditipualtrelabbnship of the
Thelgorts 34 and 36 are referred to herein as

and 36. )
workiag P alipis: s icribe dlstowties port b anh A6 Bhe worth 3dread 36 are
i i . £l ui h t.h Wth . d,. .
refirf Rl BiteirPhs MY G Horts KQRAS 1S BT alEEd wiB irection
ofuidofah hioudh T pRHEIWH Ho Sl thel EUGP R, the rotor is
cohsitderehits hehetani iri 4 ylookwiseadirélionqiské BGoRUTR). Vol une

32 is l;,o the | eft of the rotor 26. Therefore, fluid is
dr ki Figees 44 the siatori2dgisplisiplaced taméha fardleft angl the majority of the

wekRDEMAR RS fidb e e e O Fhieetions o drawn into
Nl AP e 1S Ao SR M por
36novhiele s ngwagctinpeasitel ipletRit.. 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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25 In Figure 5, the stator 24 is substantially
centrally depl oyed and the working punp volune 32 is

Wﬁh 51}054':},] ly evenly distributed around the ro#g{,gﬁ%%mosu

erefore, there are neither expansion nor ex
strokes and substantially no fluid is drawn in, or
forced out, of the working punp volune 32 through
ei t hdn Igurehte, thalstatéd iedisppaetito34e dndright and thdingjority of the
utral” positio , . a ngn-fl ow state i s _achi eved

"n
‘Wfﬁme‘%ﬁpll% Va3t Hulq thestichenf te watopd67Tbesgar, fluid is drawn

. 4. igare 6. the stator 24 is .
PSP o PRRE ol 38t BRI e§n Shrrpeh inlevioutle
OB 34, NOhieH TP nb®) iR 2 Tkt tlig:. T4 f of oL A
IJ26. Ther ef or él,%a{‘l ui & 1 sthd%r%f/\bht ﬂb?tﬁt‘%g %B\A%rﬂ%n{go %)Igﬁ‘bhamt stroke
theofluitk isarekd owtgofathe exgdving Emrqi velsme 3DHFABN inlet/outlet port 36,

iinlet/outlet port 34, which is now acting as the

Whickeis nyv acting apthepouleipert o an exhaust stroke 5 the
fluigyls.f d t,of th I ng. 32
thr od S REESER I8 sppd 489 rgiticR DB Ok ot Aigueh the pump
Zg,_h anQ UihleBdfoR0 "tlﬁmugf?;’t?kysfs%lﬁ' g% rcﬁ%&ro%lgﬁp 5y %gﬁlusgﬁ‘% the positional

irection of flul ow 't hr ot

reltboreship dctheaudie tlaeos 29t il the 6@ 26! DRE #Y the location of the
'r@d usting the positional relationship between the

indetiaustet pprisn avheametheostator Bt iDpesitioneddn 2o catialn “abuttdie position
vi\Qen the, stator 24 is

(F:]ggﬁie{%)gh/gg;ﬁ? S B agttievarbithia thedyddranlihsystemgds dhe stator 24
155 q t@Le,d Leved: w thin the. h Li
s Risp BB Ruley bord B ey DO ENRC I s o iy P veinle to the

lefic{Rigate Poi forward o dthtest adhietel] R9.thé t@fat&xmé QishPaced away

the left (Figure 4), a forward flow state Is
frephihevisytrajpositien én atsecoRidirectitirg foreeaploay thé i (Pigure 6), a
neut ral p?si tion.in da second direction, for exanple to
ey ﬁ‘éerﬁ%‘ﬂts il é&ée%f} . Ig Wil heogppreeiatadothat the Birther away from the
[ Ford | b reciated that, the further a
e BiRftion Inetbeglor 38 AARRRE M8 oS i St b bt Boueh the
uihe T0rEhd laticthnp t e
p;ﬁngunt of fl ui é’wﬁfﬁl‘?% %ﬁﬁ’ﬁlg%h th p%l%pplgﬁpg%%&fhtgg%peed and

digignes! afnactuatos tdisgecahemctivaviil bdi apdasemanthat| dirddtion of rotor
1'0%%% understqod that direction of rotor rotation, and

o2 apd Pdueh dregton e flyid flow is sovsidsragetociorverd amdweavdrse flow
BB AT PR S B T St de DS S e o
tobe @gﬁﬁe%&qilﬁﬁa{w{é%t ations. Adjustment ?f' the
position of stator is affected by a bi-directional
st ephdjustment 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 frdm 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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not or (not shown here) that is housed within the

st epper notor housing 6 and controlled by a control

t includes the position controller 64,
@@g@?ﬁg@ not or drives spur 60, which interacﬁ’gl‘ﬁ‘?‘f?m}oos“
spur gear section 62 that extends fromthe stator 24.
.Configured thus, speed and direction of rotation of
IRyentope prlean detsitiar centrallaheceivesd comimdhd eotbiniig dfe hydraulic

tator, 24 djsplacepent. As illustrated herein
PR Brtosrd T e SEUERaiosHuatbrthe rPuireal doRoReotihesbydsulic Tinear

ST A IV ———

counter-c

theo optiealrérgoter 30, \Tfhﬁ:hsi%e&@o@ﬁﬁ%éf Rt ﬂ'ﬁerlﬂldrgﬁlgce.%%&“ a@hator 8. It
the stepper notor is controlled by the -“position

skardrbsl naed et feediack segatin ihe gositioreothel IydrBilic linear actuator
enbodi ment _of {?he yresent 9 WO 2007/ 010540

8pey | he Seplingoby £ [iRcasnpotsntiomstar inhwsisedi of, o in addition to, the

rQl ' a _co nd.t.o bring, the raulic

offiil ehenltr, BRSH K e SRERTReliGh of thohy SHGY ehe aftuator 8 and

tHeogiceti it Wihj F Boditi t ‘ ' . —
oo g ich R PHANRY b BouiBRRS to Be il dnk Yoptionp] direction

andatumber lofidteps thaetepped 00066 ot tlks, andlithB rh at which the step
assgm ated with the hydraulic linear actuator 8. It 5

TURb O dlaken Atdsteririned. f Beelipaldc geaprntirnigchidedpinstite siepper motor

o8t 18P Bl P AU e T S S, ety
. i t .
chfind 1% BB 95 o PRERALR? EHET T prdep g brin e

stsipe@d tatthesequiircdostiangea fBéctRRS UELiRM pdsifich Bthe hydraulic linear
affected, the rotational direction and nunber of

actpaips 8¢ Hevidk ppmprecintedrthabinneinbodialents afithetfresemtiavattion which

whi ch the st 19 myst be taken is determned. The.
bl Gy P, ettt cedathrs 1Bt are Bk Airaely eitaghed 9 the pump

h ld [ I , .
280 i AOREARGLRIOHIN, P00 B 5, o e

cohfiettfori BiEdest ietheeeaRdREYstampuUNt in order to bring the
stator 24 to the required position to affect the

desilt ésl nptesvartiynthof, whiekehyyitamsiof pricteat thachtilit®bteBper motors
.t wll Db reciated that in enbodi nents of the

ang, fé@%‘ﬁ&’oﬁﬁi&%ﬁ 168 Qhitke Mmbesvand dirsetéom of isieprigken, e present
ol : t di tl t tot

b gt 46 WS Eaes0P? 8, aheRdy msbod s soehe dOritR purpose of
coRBMIRMY tife HReBliOYiad8 Sxb&4M8F steﬁ&{‘ Egcchh]g@c@l%%ﬁf %relﬁothe speed at

the control system It is notewor
whsigh tthersligiflagament @ucurd. Hette pbiitioneoR tRPREdrallE Airfear Mohator § is
tr.ack position bases on the nunber and direction of

-megigsed A0k A, Pesidonping swistem Abat inadndésotheusmendenes6 which provides

poélgi@égiege%ggék 48 She! Sgﬁtelcrm nc?c}n?{olﬁi? gfl ’ﬂx% {Jf')orvictilgse 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 tum 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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controlling the direction and anount of stator 24

di spl acenent and the speed at which the displacenent
position of the hydraulic linear a

gﬁfgh%ﬂgﬁ?fored by a positioning systemthat iﬁ%ﬁ@g@@mmmm44

the encoder 66 which provides position feedback to

the posjtion control|ler 64. This provides a nore

the By stdes o the isten rigre die onesidedaclpdes themctedtor med 14 (Figures 1

L e A —
AL SO e 30 1 MAISRD 86 10 g e

reseredie d48.0 Arvgherpeshutioan cofldt htclsd@t @nfidhriddl €he iHydraulic linear
turn affect displacenment of the hydraulic |inear
aglvetast $rvish 3@ petuatar| rode Bhpore esteadintghén eable side offthe piston,

draul i.c .cyl.inder and pi ston, actuat in a closed
iy e G iR falena ufiinnaf betmioco ghe Ao sides.

di ffar, j e 2004/ .

O ! SOt PRARE T SRR Sugnch e byt pump of
tHehpresagt Bivegtibmes va8GoREE beCdisFthosmERdol thd Haf 8 Eherefore, as
.and 2), One way to solve this problemis the inclusion
illystratefd igi the sxlpemstiomievessel Figures Aand 8glthe mbdtwad4fitleo ports of the

contytol . the flow of fluid into and out of the fluid
p%ai@ piigmatedys apt a5 ppsitRannaad dewnstea perte sughythat when the first

s oo o o g
P SR 8D LA LR PR o
wheén tthe fﬁisﬁ?@ﬂ,m h&t.@ ré8bthe e dvisstieus] 013:: tgg‘sﬁéégg@ Dot126 acts as the

volunme differential between the t
upRtam pedt. dBmreforehthedivebet #Dnprdfefabiy & Shwidet Palowods illustrated

the hydraulic punp of the present invention is '
hergip, rﬂ&arl}l@éﬂ%fjuﬂi GpnpaipeHon detwern edilwid expansion reservoir 40 and

oIS A LR g EREEAS S e
tiRENMPhZOisateer 9L Ghts %6&13%@-&&%&%@;@@3% gg?gsgﬁgés ﬁff%emntial within

ports such that when t I Tst

thaphydeaticp eystetoh eangle cdidtaey t{di@ aehgnagichién between the fluid
downstream port, and when the first port 44 acts as

eXpPRBSIgBIRSAT @it h0pEid theHevwspressute pidet ofiheguugp 29. fttsdould be noted
t.r eam t. JTherefor th | ve 42, preferably a
thE T 2AG Se 45 I PIRfCEPly acshuls Seive: dh Hba oy siitsble valve
; i : Lui ' oir 40
A L A A
i s dginrg? leI'atésethéMdtﬂﬁﬂhﬁﬁgtanaéxphﬁgio?gsitﬂ;ﬁe oftAt hydraulic

is, the valve 42 is configured to respon

lingae actiraon)Bf A4S emnitanedi aliive, théerhyditacf ifmidycﬁtlélmedl drom the

Lntains. fl.ui d.comuni catjon_pbetween the fluid
cy IR O JfisrSides P 81 DIRtPrh olnsWEGlen t9r 13k she bydiamicorolume of the
cylilBeP S RnLOtmel LiddMH4hd pRSoR CHESefore, 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

11
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the while the valve 42 is preferably a shuttle valve,

the use of any suitable valve 20 configuration is
wolbheibk® scope of the present invention. Fi g%?ﬂ]z 006/000844
illustrates the fluid flow during an expansion s ro%<e

of the hydraulic |inear actuator 8. As nentioned

above, the anount of fluid displaced fromthe

flow stragan 48rpfithe dydragdicatiropiieinge sheoflnidsexpemsidi resentoitt 0, on the

fill the hydraylic vol of, the cylinder an the
dosypsireadn &@%@Pﬂ}?ep%m 2lnin fhis [CBFHIROM fHAdS sKting|ss thaldpavnstream
Is positioned 25 to allow fluid to flow fromthe
pdiL P
?Ihid expansi on reservoir 40 into the main flow
st r epRvdBbOaprbealMdh @t Loresisad & i : i
si de of the I?ol:gn'paZO. In té:h?tgfél‘g%%é@bgglrlégﬁﬁﬁﬁlg@ gié{si@ﬁginventmn,
thaSluideexponsionrreservpirr40 isclpsed; Wat Id, umt nehesl, tthereby ungintaining
flow dyring a retraction stroke of the hydraulic .
the hydrgulicsyistam as 8 clased systene Quttanallyother fluidexpassionceservoir 40
| .S nore than IS required to fill
m{l}rﬁ gg]ﬁ;%sgﬁﬁ%qggfeﬂ?@y 5 2 PresSEtR ?ﬁg@#"ﬂsﬁ:ﬁ} ®-ot her side
of tARoMIes Loy r t: v [ ,
positi%ned oogl?gﬁﬁ%ﬁuﬁgt@%?¥§%§##bgﬁ¥?ﬁé§%§$%(ﬁfkm6&?“ of 2
fiypolne] BH0sstOcACH itAGh6/ddDRSHhbtorf 4 awiskheam hSthefart Bten using a

hydraulic circuit into the fluid expansion reservoir
dexise Byt yptates) vastinglgndiseationopt ahsubstansially. canstartiielocity. This

ort ,46 i,s,acting as the do tream port. |
Pfsmf iargs 6‘26 ?@é@bg é?ff'f%ﬂ? ﬂﬁ’ﬁng%rae %ﬁ?@&t@ﬁ&@ &ﬁw@rﬁé\@mage over
6_ i [ i R f. i . X i
STHSBPUNEYRATLD e by 1h S RIS upul, b couner
produotive. ni ng the hydraulic systemas a closed system

Optionally, the fluid expansion reservoir 40 may be

pr et Wil beppprcidted gt fhe abevepdasseiptienverelintended only to serve as
exathSph%iﬁf' Anot her optiopal feature of the present,

RIPLL 7200 AL 1PARY QEiSF GRS are DYsSilecy it the spirit and the

rat I & drive notor 4 as is known in the

Smgﬁfgﬁﬁ%&ﬁg¥¥%3§§&ﬁ§8'device that rotates in a single

direction at a substantially constant velocity. This

provi des the system of the present invention a

di stinct energy usage advantage over systens using

bi -directional drive notors in which a fly wheel would

be counter productive. It will be appreciated that

t he above descriptions are intended only to serve as

15 exanpl es and that many ot her enbodi nents are

possible within the spirit and the scope of the-

present invention.



12 13 What is clainmed is: 1. A self contained
hydraul i ¢ actuator system conprising; (a) a drive
notor configured to rotate 1at a substantially
constant velocity; (b) a hydraulic punp driven by said
What i§ltla¥ged®@t or; (c) a hydraulic linear actuator in fluid
communi cation with said hydraulic punp so as to be
actuated in a first direction by a forward fl ow state

1. A sélinébritdingt BREANE Ftua@sitdyeRnPYorApisiHe (P BliinsiorcBhfiduidd to rotate
at a s@bstaRtBlly QonStyet ADASS S atidrauit bupd drivendpRishidC didThotor; () a
hydraufi@|ifbef @Bluafr irbitid esmmRRicateH ®th b&id @9aalRd purisls6l 8k kB BE actuated in
a first @ifectiah Gy Ryfdnadl ifewiitae i iH St $ebRd RREMRANYSA elcfRY MW State; (d) a
controlf dyains heddtiatéd WAR shidavwdsduiit punid) dariaddhirbEMRESHR cbhflired to control
adjustrBémitd? saidMydf=R)ic PuipPAdiustibid1Betineh BITORNNArg HEWStdt, a non-flow state
and sdid Q¥idiSe FRH stafNaind d)f H1pEBitibAIRG I<yeRAtlicBffigtMesdto provide positional
informdtiArragarding! JaftERydradicUmbar actubier, eiHer&iaisdidCamtroPsystats irtilides a bi-
directioraCstepies ndotbt andid paIBE igeAdratdt e BiidtedRitR sadflepbeP W& such that a

speed @R ErEdtRh o888 GdRlsarAeniié Bifécted by haRAS Berfb @Aid s¥éPer motor by said
pulse dehatatér. speed and direction of said adjustnent is

af fected by pul ses sent to said stepper notor by said
2. ThePuéis€orfigingd aiyaraulid acifors §ydterfi Ot abifedl, hwiraill $8id hydraulic pump
includedCé Wsth@bllsbys vaiamd puhin hssehiely edushSbt shimdadiusthients includes a
variatiodWTRaidi dosirold®s variapBipuelpirPhsserdiy. abl e punpi ng
assenbly such that said adjustnments includes a
3. The \slficahiafedHydealilid eRRtdradvkri ¥f ¥aim 2bhhefiBhidthydraulic pump is a
vane p@apenbly. 3. The sel f-contained hydraulic actuator
systemof claim2, wherein said hydraulic punp is a
4. The Vedifcoptdfidd Aydrddlie SdlidtorC Sytéh N cidindl aWwhéreinasdid adRitioning system
includes s b&uIicH feeliBddr slystenh ebisFiguretPicdprddige thosifib thfsiMsdtidM regarding said
hydraulidifiedfl@GtugtopRgatdidy’ df ealiRadek obMebStken BY s8idstshpePmotor.
provi de position information regarding said hydraulic
5. The! ddfehtawfddUBydRaUIICESRNSbE S§stOin of BIHI A wWerdih @R bakedh feedback
systemlbiclG@dstatSESRRRE dTRNOSptichl erldeges ghd aQiﬁ@érZ;bdl@rﬁiidﬁ)ﬁiéraé’ésloéiated with
said acAgtagrat or system of claim4, wherein said position
_ feedback systemincludes at | east one of an optical
6. The @BR-RERtINAA thyarduli® @afuaRPisyslehPBREIGIM aSaBeledt e8ld VAL communication
betweefi @aid BatAE PimpGind BBR ScthdtorcioNadd Qiesbdw@Falt isgstem.
: actuator systemof claiml1l, wherein said fluid
7. TheCSsTBHHt&iAGd Mydradfd RARSAstEMdbRIaIG ®UARthaNGhdhadity: (a) a fluid
expansidBl wedePloirt Sand dbR «1vased chiflfuptionC coffufsd sb6- afh® maintain fluid
commubRbfiorcB&tivabm esid il eipahsioR ¢édémidi arilys HOWhQfeabl PortuPsaid hydraulic
pump. further including: (a) a fluid expansion reservoir;
and (b) a valve configuration configured so as to
8. The FRiraiRi detuakdt s§steROHMBIEIMCAWHRReiR 8hide R aratfé Buhbid Eonfigured with first
and sed®NAbRs O8nd S5 Firs®lahd 8B86brRY SIS RASY Bef 4s Gpst@ahfand downstream
ports sitrdhativhén sBIdMst 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 pod acts
as said upstream port, therefore, said valve configuration maintains said fluid communication
between said fluid expansion reservoir and one of said first and second ports, dependent on
which of said first and second ports is acting as said downstream port.

| 9. The hydraulic actuator system of claim 7, wherein said fluid expansion reservoir is not
vented.

10. A self-contained hydraulic actuator system comprising; (a) a drive motor configured to rotate
at a substantially constant velocity; (b) a hydraulic vane pump driven by said drive motor; (c) a



8. The hydraulic actuator systemof claim7, wherein
said hydraulic punp is configured wwth first and
second ports, and said firstqgand second ports
alternately act as upstream and downstream ports such

hydraulif fteapReilaf@ irfid E%nﬂﬂfsﬁtnﬁ?\kﬁh §‘§d ﬁgﬂ bb:gﬁrﬁﬁ LR be actuated in
a first §|?éc‘§oﬁ 8¢ AR FloRdiRte3hdSA la%ed Héf"ﬂ EéiRf Fdver@fibw state; (d) a

controV§BRns 8ol P lith Qb Iﬁ}aﬁ'a%h@%u ARSI ?%'EB:‘RQ;BH@%@ to control
adjustRERIPY alfa‘?@d?a%ﬁlé pufp adiftls bl!’epﬁé @H‘sglﬁrfﬁmmatf A5KSItE; a non-flow state
and sai@irdverse \fl%wcgtge' Hwgald) o paBONiAY NSseA Coffigitdh to provide positional
mform&tfbﬁ”ﬂé@h Fé’éfﬁ@ﬂm%ﬁ'a@tufa{o‘r" Qh%ﬁﬁgﬁh%dﬁ'eﬁﬁﬁrﬁ%ﬁ includes a

control% gbid puﬁﬁi Eéée?ﬂbl)?gt‘j’cl'ﬁtﬁﬁpwd BAfubSnerfE PRAABE Y iation of said
control yarigble idd 4s3bmB}d second ports I's acting as said

ovvnst ream port. 9. The hydraulic actuator system of
11. Th& lsél'lf Hbrﬁam@@ﬁ&@rbﬂhcsﬁét@at&} SYstbr® BPERR 90, WIRSEHVQIid corftrdiMly variable
pumpinge R LehbiylPciuBes & JtatSPﬂ{a@'lsn@QpEEEé’dtﬁ’éJH Féla%ﬁ;hl{@taoFotéryéép%ped within
said staRFRIULR i diéflacemdit Iof RalP@ior GaRE4 JUESHighRLHR IR Rid Béntmollably

variablé paBRbaREéAbIyy constant velocity; (b) a“hydraulic
vane punp driven by said drive notor; (c) a 14

12. Th@lé@ﬁ‘-%HhttheH'Hﬂ/@?&’ulu@%ﬁ%?d?rsybfén‘f bpblglnﬁ:qmﬂé@ﬁ{ lszS’iEl r&o? hotates at a
substa®filg coyesRWbioginPUMP SO as'to be actuat ed in afirst

direction by a forward flow state and in a second
13. ThdisefebhBMmeBYhyArd BY Hchfitdr §utept 3k %Ialrﬁ )1, dvhePf@Rd Rliationship of said
stator %Y SaRMr8©F ARtIAdRI aVnbhitrsiabSsittd iRt heni@HEP sad@hen-flow state, and
displac6RBht 8f s&Y di§R&aBk! SHIR AR FORTAR ne@fhiUSIIRALINC4 first direction
results fPs4ld Rordariidf sRTRirRHisi @Mt BESAE fkphRbEnib %‘ié(ir@tr Sway from said
neutralpo8ibre inat Sacofid ARBcetion QUL FHisah Said FE\ErsRisly S@Ker se T1ow

state; and (e) a positioning system configures to
14. THer QU @@ntgmédthﬁﬂﬁmc hpfuaioratysidn  691AhN93S&Hbrein an amount of
dlsplac&%@ﬁtadf shidl JtAtBEh s%tﬂ&ﬁté?{d saY&“ﬁJc%ha‘ drésRnbLHEaY b'frawpr'é{@of fiuid flow
througH 1€ hy%ﬁl@purﬁgntrol ably variabl e punpi ng assenbly

such that said adjustnents includes a variation of
15. TheSSdtlcortdd Wdré\ﬂicyac‘t’lﬁtér@s%n%f‘aélﬁm@Sﬁ%ﬁ‘ahﬁaldlﬂydrgﬁﬁ pump is a
rotary pﬁ%ﬁw&%‘hﬁbﬂﬁ& iS WRVSH At &smﬁ%ﬁéﬁ%&@coﬂ%ﬁ?%l@&ty‘: aim 1

wherein said controllably variable punping assenbly

16. A rh@ﬂ;leGfSls conhtliiRh Omolidiabnt & &lingalaakEaRILBtdr NiHeehRiHdANcdrRprising: (a)
pl’OVldi AU REDNERH sYstbm! iRcludifh A(iSh dy@aufd! Blimb dHven at a substantially
consta 'rétQ iR UBBLity Yy S8t ﬁ*abﬁir%ald' RYdrEQichun hdjtstaBik! fBweEn a forward
flow statél n&rpm\a{m{ajtélghd’ a réars@Abf REEPLAH llf)i%sfﬁﬂmty ic In]lgar ddiGator in fluid
commuRightiorC Aith AaREH yA@ABhinG §FhYabote %Béﬁfa@gél G aC kit Birkdtion by said
forward HO@S SAt8 a%@'lrﬁjars%&{d diRdch ﬁ%y%&:d@evéf b2 (ﬁ dn¥ (iil) a control system
for adjusfits sad thy¥&LRS bl d chRfolS8k en?% Ll b di cﬁﬁUEéletepper motor
and a p@lféb @Fatérya%rss itrPdR Leppdf RlofirNafd (b5 aﬂ} SGA 84 Bhfiguration
of said ShatB sd 8s ?@'a ebt Qifrebtﬁ)?l ﬁoﬂ 3P h dlrQth pump,
thereby 2 E b\%ﬁ?ént op4l ?ﬂ?&\' hiOMe3 Q&tﬁ?toﬁn acems _

sai'd di spl aceabl e"stator away from sai d neutral
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tator away fromsaid neutral position in a second
18. The%étﬁ&ﬁ bPBait 36! fhiRhdrInGaliAg VENRIGSE spddiVarsf @fdtion of said adjusting of

-said hydraulic pump by sending pulses to said stepper motor from said puise generator.

19. The method of claim 18, further including: (a) providing a position feedback system
configured to provide position information regarding said hydraulic linear actuator, and (b}
monitoring a position of said hydraulic linear actuator by said position feedback system
regardless of a number of steps taken by said stepper motor.



14. The sel f-contai ned hydraulic actuator system of
claim 13, wherein an anount of displacenent of said
stator in said first and saisl second directions
affects a flowrate of fluid flow through the

20. ThE iR dfCIdHNR, whereinléd p&difiorCrRBYIRRAYsBIOE FHplemented with at least

one of @A bpfidl bndoter 8RY AllincArdnkBmedi 85 Sddlated With RYRI RIS,
punp is a rotary punp with a rotor that is driven at

a substantially constant velocity. 16. A nethod for
control ling novenent of a hydraulic actuator, the

nmet hod conprising: (a) providing a hydraulic actuator
systemincluding: (i) a hydraulic punp driven at a
substantially constant rotational velocity by a drive
notor, said hydraulic punp adjustable between a
forward flow state, a non-flow state and a reverse
flow state; and (ii) a hydraulic linear actuator in
fluid communication with said hydraulic punp so as to
be displaced in a first direction by said forward
flow state and. in a second direction by said reverse
flow state; and (iii) a control system for adjusting
said hydraulic punp, said control systemincluding a
bi -directional stepper notor and a pul se generator
associated with said stepper notor; and (b) adjusting
said configuration of said hydraulic punp so as to
affect a direction of fluid flow through said
‘hydraul i c punp, thereby affecting novenent of said
hydraulic |inear actuator. 17. The nethod of claim 16,
wherein said hydraulic systemis inplenmented as a
closed hydraulic system 18. The net hod of cl ai m 16,
further including varying a speed and direction of
said adjustinng of said hydraulic punp by sending

pul ses to said stepper nmotor fromsaid pul se
generator. 19. The nethod of claim 18, further
including: (a) providing a position feedback system
configured to provide position information regarding
said hydraulic linear actuator, and (b) nonitoring a
position of said hydraulic |linear actuator by said
position feedback system regardless of a nunber of
steps taken by said stepper notor. 15 20. The nethod
of claim 19, wherein said position feedback systemis
i mpl emented with at | east one of an optical encoder
and a linear potentioneter associated with said

act uat or.



