POWER ASSISTED MANUAL VALVE SYSTEM BACKGROUND Field of the Invention [0001] This
invention relates in general to valves, and in particular to valves with power assisted opening and
closing. Description of the Prior Art [0002] It is often required that surface valves are manually
operated. Significant forces may be needed to open and close gate valves, due to high friction as a
result of differential pressure across the gate. Large gate valves used in the oil and gas industry in
surface test trees and surfQ¥\tkse s sHeiSFddaiMd AUk of AaNtwITee!s &id gearboxes to reduce the
torque needed to manually open the valve. Alternatively remotely operated vehicles (ROVs) with
torgue tools may be used to open and close the valves. It would be advantageous to be able to open
and close sugh ¥¥egBYfdHd without using excessive force and with a minimal number of turns.
[0003] Current practice is to install a valve with a fine pitch thread and a gearbox, if it is required that
the valve be ghle4HPeH2ASREARHY closed with minimal force exerted. However, this option would still
require a gredt deal of sirength, a Targe number of turns of the hand wheel and limits to the size,

operating capggiy preiendifions Rea8YSn general to valves, andparticular to valves

with powerassistespening andtlosing.

Description of the Prior Art

[0002] It is often required that surface valves are manualjyerated.
Significant forces maybe needed to open and close gate valves, due to high
friction as a result of differentigbressure

across the gate. Large gate valves used in thendilgas industry in surface test
trees andsurfacetrees often require the use of handwheels and geesbto
reduce the torque needed moanually open the valve. Alternatively remotely
operated vehicles (ROVs) with torque tools mayuled toopen and close the
valves. It would be advantageous to be able to open and coskvalvesby
hand without using excessive force and with a mahimumber ofturns.

[0003] Current practice is to install a valve withfine pitch thread and a
gearbox, if itis requirel that the valve be able to be opened and closell wit
minimal force exertedHowever,this option would still require a great deal of
strength, a large number of turns of the hamldeel and limits to the size,

operating capacity and conditions of trave.

SUMMARY

[0004] Embodiments of this application use powesisied steering technology



SUMMARY with a rack and rotary valve to assist the opening and closing of a valve, for example, for
a gate valve in a surface tree. The output from the rotary valve rotates a valve stem and coupling.

[0005] In an embodiment of the current application, a gate valve includes a gate and a drive train. The
drive train includes a gate rod for linearly moving the gate, a translator operatively coupled to the gate

rod for movingiifie Satkeshtineaily iDdrepensestistotaioppbRIaioanand ss ke Ria sletdee connected
to the translator for providing rotational motion. The gate valve also includes a fluid cylinder

cooperativelysein|sid, tadhe driue i domuaisiaciarassRing faiGe iR Mo thegats,medinearly

and a rotary valve cooperatively connected to the coupling device and in a fluid flow path between the

cylinder and g flyid Pressive %?éﬁ?%m-fiﬁfﬁﬁﬁ applied to the coupling device moves the rotary valve to
an open position to supply fluid pressure to the fluid cylinder. [0006] In alternative embodiments, the

coupling deviceqReludes In u Ij ratationall % lati each
other a fractio?nsglaag%gb%ﬁsgﬁﬁ%%%ﬁaégﬁﬁ@%\%mjé ﬁ:ﬁcﬁﬁggggeuﬁ%%@% \?él\\éegft% move to
the open command position.. A tarsion bar may be disposed between the input coupling and the output
coupiin o oAt Qral o B el ot QBB el eB e P IR e
sufficient torqca%igsa lg}?ﬁf& é‘?%wp#tx % uplin tac{aggﬁd&%g&t{?%f 'Itﬁ]{%’ tg@i%ﬁ%bar. Th{%& ate valve
may include d I e coup Qﬁttﬁu upling
that cause rotation in unison after the fractional amount has been reached. [0007] The translator may

include a nut B8V IBYESRANEE O IQRA Jiption, aamdoupling device connected to the

translator for providing rotational motion. Thet@aalvealsoincludes a fluid
cylinder cooperatively coupled to the drive tragr providing an assistinfprce

to move the gate rod linearly and a rotary valvepewatively connected to the
coupling device and in a fluid flow path between the cylinder andflad
pressure source. Torque appliedthe coupling device moves the rotary valve
to an open position to supply fluid pressure tofthel cylinder.

[0006] In alternative embodiments, the coupling idevincludes input and
output couplingghatare rotationally moveable relative to each othémaational
amount so that the rotation relatit@ each other causes the rotary valve to move
to the open command position. A torsion bar rbaydisposed between the input
coupling and the output coupling to prevent rotaiomovementbetween the
input coupling and the output coupling until sutfict torque is applied to the
input coupling to cause deformation of the torsion barhe gate valve may
include drivedogsmechanically connected between the input couplind the
output coupling that caugsetation

in unison after the fractional amount has bessched.

[0007] The translator may include a nut rod withteemal threads on an outer



surface, a tubular drive with an internal bore, and a travel nut retained within the internal bore of the
tubular drive, the travel nut comprising internal threads which engage the external threads of the nut
rod, so that rotation of the coupling device causes axial movement of the gate rod. [0008] The cylinder
may have an internal cavity comprising a nut end compartment and a gate end compartment. In some

embodimentssiifgateividivrafdribeniitiuge sradpirpbdreatasavatiiavieereidingar, ienmstra separating
the nut end compartment from the gate end compartment, so that a pressure differential between the

nut end compgiEneat BOFLIRE BrIeuRIgATPartment will encourage the gate to move between the
open and a closed position. An open port may be located in a side wall of the nut end compartment for

supplying hydraulic fluid to,and from. the .nut end compartment of the cylinder. A close port may be
ocated i o o8 WA B0 BB o R A G PYE BTHRERRo s ah ST T BERE i 1o anc
from the gate end compartment ofthe cylindey. [0009] In other embodiments, the gate valve ma
inciude a de TR CBRPDEt AL P AP I R 5 SR S AR e 10 5

fractional amount, an open port and a close port in the sleeve spaced circumferentially apart, a supply
void on the inAEMAIRIEPExtending circumferentially and an input port in the sleeve between the open
and close ports to supply hydraulic fluid to the supply void. Rotation of the inner member relative to the
sleeve in the fiP908tectiem mdindes umeyudla¥emauniti@ibal bSaYEYn E9FG\SendartHEldports and
the supply void. The circumferential extension of the supply void may be less than the circumferential
distance betweginpagmgsh atlcste pond. RuTHIRINMENhe ihesamempbaediments, tHoss|gale to the
fractional amount in the first direction may block fluid communication between the close port and the
supply void andlpeofudie flund colesnarpisiton] bedvesitni ihib © pehinetet, aihe thistsup ppaoatinthere may
be a return port on the sleeve and a return void extending circumferentially on the inner member in
fluid communtbationtwithdheoreparnmert Raiatiaheofgate end compattns® that a pressure

differential between the nut end compartment arel dhte end compartment

will encourage the gate to move between the open atmbedcposition. An

open port maybe locatedin a side wall of the nut endompartmentor

supplying hydraulic fluid to and frorthe nut end compartment of the cylinder.

A close port may be located in a side wall of tladeg@ndcompartment of the

cylinder for supplying hydraulic fluid to and frome gate endcompartment

ofthe cylinder.

[0009] In other embodiments, the gate valve mayuohe a sleeve with a
central bore,a cylindrical inner member rotatable within the sleeto a
fractional amount, an open port ara close port in the sleeve spaced
circumferentially apart, a supply void on the innmember extending
circumferentially and an input port in the sledwetween the open and close
ports to supply hydraulic fluid to the supply void. Rotatioof the inner

member relative to the sleevan the first direction provides unequal



the inner member relative to the sleeve in the first direction blocks fluid communication between the
open port and the return void and provides fluid communication between the close port and the return
void. [0010] In other embodiments of the current application, a method for assisting in the operation of
a gate valve having a linearly moveable gate includes (a) coupling a piston rod of a bi- directional

hydraulic cylinggnieuihiearia; (Bae8eRCHNg syeiRane® tness Huralaiidapr PigRN rere (C)

connecting an input coupling to the translator and providing the input coupling with a rotary valve that

is connected BRMYEHB @ MYAIrasilie LIS o iFR ath He yidr aydg exingriaad (d) rotating the input

coupling in a first direction which causes the translator to move the piston rod and gate to an open

ition. Th [ole¥ ' to d id frgni to th
MR L A S IR A ST G AAG H  p

drection may eausedfc yansialoy o axsdns WAIAPIRARd 98119 A Breflpesiion g he rotary

valve to direct rom the source to the cylinder to crea Se assisting tforce on the piston rod.
[0011] The roﬁr valve ma}(nhave.o en command ports and close command ports, and the step of

: , c¥ck uid ca mymfgt . , .
rotating the input cCoupling in a first’ direction may communicate the open command port with the

source and restrict the close command ports from the source. The assisting force provided by the
cylinder may DEMHEROrR GBS BrPAF G OP o RHRD T SOb AR BRI CSLpTg cation
between theopenport and the supply void. There may be a retum po the

sleeve and a return voiextendingcircumferentially on the inner member in

fluid communication with the return port. Rotatiof

the inner member relative to the sleeve in thet folgection blocks fluid
communication betweenthe open port and the return void and providesdflui
communication between the close pamnidthe returnvoid.

[0010] In other embodiments of the current appiica a method for assisting
in the operationof a gate valve having a linearly moveable gate ohetu(a)
coupling a piston rod of &i- directional hydraulic cylinder to the gate; (b)
connecting a rotary to linear translator to fghstonrod; (c) connecting an input
coupling to the translator and providing the inpgoupling with a rotary valve
that is connected between a hydraulic fluid sowand the hydraulic cylinder;
and (d)rotating the input coupling in a first directiorhieh causes the translator
to move thepistonrod and gate to an open position. The rotationtep ¢d) also
causing the rotary valve tirect

fluid froni the source to the cylinder to create @pen assisting force on the
piston rod. Rotatingthe input coupling in a second direction may catrse

translator to move the piston rod agdte to a closed position and the rotary



[0012] The input coupling may have an input portion and an output portion and step (d) initially causes
the input portion to rotate a fractional amount relative to the output portion. The fractional amount of
relative rotation may cause rotation of one component of the rotary valve relative to another
component of the valve. After reaching the fractional amount, continued rotation of the input coupling
may cause thedneut®afiiet aM® B RAEIYD Lec@talet it Uajiaatd3 BIEA AESESRI REKMNfgF THE
DRAWINGS [0013] So that the manner in which the above-recited features, aspects and advantages
of the inventiggy&s Wyethassiskisdhat will become apparent, are attained and can be understood in
detail, a more particular description of the invention briefly summarized above may be had by

reference to tlrtﬁpgwofyogme sth l;eég{,éh eﬁl&@r § ngﬁ]ﬂ{m SHARE g? pre@f%‘%

specification be note ever the app rawings i ustrate 0 erred
embodiments of he| re, therefore, t nﬁ) c f vention's scope,
for the |nvent|8n m’aygg{(? ﬁ% %tll(-%j regaua aq ctﬁl%/% e l?tod|8rner@%8[c(%)l r{nﬂ% QE? E@'{fs naI view

f ds bod f h 015] FIG. 2A |
viow of & B U ALLCA Bl [9%2‘2?‘?2882&51@%} e lo SR G 1EY (51 I R crose

sectional view of a trav deI nut of%he er assisted s%stem of FIG 2A takgndag t%the Ilne 2B-2B of FIG
oA command ports from the source. e assisting ide ythe cylinder

may be proportional to an amount of torque imposedhe inputcoupling.

[0012] The input coupling may have an input portend an output portion and
step (d)initially causes the input portion to rotate a fractional ambaelative to
the output portion. The fractionalamount of relative rotation may cause
rotation of one component of the rotary valwelative to another component of
the valve. After reaching the fractional amourdntinuedrotation of the input

coupling may cause the input portion and outputiporto rotate inunison.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] So that the manner in which the above-rdcifeatures, aspects and
advantages othe invention, as well as others that will become appgr are
attained and can be understoad detail, a more particular description of the
invention briefly summarized above may be Hpdreference to the embodiments
thereof that are illustrated in the drawings thaif a part ofthis specification.
It is to be noted, however, that the appended drawilhgstrate onlypreferred
embodiment®f the invention and are, therefore, not to be wared limiting of
the invention'sscope, for the invention may admit to other equaiective

embodiments.



[0017] FIG. 3A is a sectional view of a valve drive system ofthe power assisted system of FIG 1. [0018]
FIG. 3B is a partial sectional view of a dog and dog recess of the power assisted system of FIG 3A
taken along the line 3B-3B of FIG 3A. [0019] FIG. 3C is a cross sectional view of the valve drive
system ofthe power assisted system of FIG 3A in a neutral position, taken along line 3C-3C of FIG 3A.

[0020] FIG. 3p@1a|cropscectiopal yieyseddhalvahendriye aygemepithrdowpstassistgd gystem of FIG
3A similar to FIG 3C, but with the system in an open position. [0021] FIG. 3E is a cross sectional view

of the valve dﬂﬁ%mtﬂ?%p&ﬂ\f‘?éﬁﬁﬂﬂﬁé&%ﬂem of FIG 3A, similar to FIG 3C, but with the

system in a close position. [0022] FIG. 4 is a schematic view of the hydraulic system of the power

assisted systz@s églﬁé D Télg%@%ﬁ%@l WI(B%\IF{% Iﬁ%own \}0 mgﬁorjoﬁ‘i@ @rsssted

valve system e current application is s ude a valve member,
which may be, for example gate 12 WhICh moves along a central axis 14 of

[0016] FIG. 2B is a cross sectional view of a élanut ofthe power assisted
system of FIG2A

taken along the line 2B-2B of FIGA.

[0017] FIG. 3A is a sectional view of a valve driggstemofthe power assisted
system ofFIG 1.

[0018] FIG. 3B is a partial sectional view of agdand dog recess of the power
assistedsystemof FIG 3A taken along the line 3B-3B of FIGA.

[0019] FIG. 3C is a cross sectional view of théveadrive systenofthe power
assistedsystemof FIG 3A in a neutral position, taken along lin€-3C of FIG
3A.

[0020] FIG. 3D is a cross sectional view of théveadrive systemofthe power
assistedsystemof FIG 3A similar to FIG 3C, but with the system am open

position.

[0021] FIG. 3E is a cross sectional view of theveatirive system of the power
assistedsystemof FIG 3A, similar to FIG 3C, but with the system & close
position.

[0022] FIG. 4 is a schematic view of the hydraudigstem of the power assisted
system of FIGL.

DETAILED DESCRIPTION
[0023] Referring to FIG. 1, a power assisted valsgstem 10 of an
embodiment of theurrentapplication is shown to include a valve member,

which may be, for example, gate Mhich moves along a central axis 14 of



system 10. A gate opening 16 through gate 12 will be in fluid communication with valve bore 18 when
the gate 12 is in an open position and will block the flow of fluid through valve bore 18 when gate 12 is
in a closed position. In alternative embodiments, valve system 10 may instead include alternative valve
types that utilize axial movement to open and close. [0024] One end of output rod, or gate rod 20 is

connected to gy aboare da:eTHReMRT SRR 19a@Q iswpviehi fasianashieaiipiston 22 within

cylinder 24. Cylinder 24 is a tubular member with an internal cavity that contains piston 22. A piston 22

is reciprocallygairipghwithiteyindandd defiune axhambsn BhbatureRSRIRifidf3RAEPISton 22 and

gate end 32 of cylinder 24. As piston 22 moves along axes 14 of system 10 within cylinder 24, gate rod

20 also moveg3loRg g Jrﬁr&ﬁ_gﬁsmé%@?ﬂ%ﬂ?éﬁ {0 35AMYERAANGRRRA ghsystem 10

between open and closed positions. When piston 22 moves axially away from gate end 32 of cylinder

24 and towar i 24 e los iti y, when
piston 22 mog@ﬂ@ﬁ&g@& Pf}(l)rlﬁn?eﬁjgf en\(/1g§}48 o]fl?g)gﬁ%ée?lgl ﬁa}% tov%é%%? ggrﬁt]g@%l}i%ﬁgcylinder 24,
gate 12 moves to an ope sition. [0025] A hydraulic pumpin stem will manage the flow of
hydraulic quichai ?OEL]Y&E %%)?c'jlu |£('(:h 6%%}16%81@%%%5%” ﬁ)?dgrgﬁ ic 0S8 e|o'ort 38 to create differential
pressure between the nut side 40 and gate side 30 of piston 22 to urge piston 22 to move axially
Fowards gate LRIP b BV, FRHL00 P AR08 19 B o 2 SRR FHS RgREet. for
example, by injecting hydraulic fluid into hydraulic open port 36, removing h%/draul_ic fluid through
hydraulic closﬁﬁoﬂ%@f &“@o?ﬁ@%%@ﬁaé%d%lﬁ%‘f?'y fastewed piston” 22 within cylinder

24. Cylinder 24 is aubular membewith an internal cavity that contains piston
22. A piston 22 is reciprocally carriemithin cylinder 24, defining a chamber 28
between gate side 30 of piston 22 and gate end 8¢lioder

24. As piston 22 moves along axes 14 of systerwifltin cylinder 24, gate rod
20 alsomovesalong axis 14 of system 10, causing gate 12 to alswe along
axis 14 of system 1Between opeand closed positions. When piston 22 moves
axially away from gate end 32 of cylinder 24 andidrds nut end 34 of cylinder
24, gate 12 moves to a closed position. Converselyen piston 22 moves
axially away from nut end 34 of cylinder 24 and &vds gate end 32 afylinder

24, gate 12 moves to an oppasition.

[0025] A hydraulic pumping system will manage thewf of hydraulic fluids
through hydraulic open port 36 and hydraulic close port 38 to create
differential pressure between the nut s#l@and gate side 30 of piston 22 to
urge piston 22 to move axially towards gate endf3&ylinder

24 and gate 12 to move to an open position. Thay occur, for example, by
injecting hydraulic fluid into hydraulic open port 36, removing hydnaufluid

through hydraulic close port 38r



[0026] Hydraulic fluid pumped into hydraulic open port 36 is contained within a nut end compartment
42 which is defined by the interior wall of cylinder 24, the nut side 40 of piston 22 and nut end 34 of
cylinder 24. Pumping hydraulic fluid into open port 36 will urge piston 22 to move axially away from nut
end 34 of cylinder 24 and towards gate end 32 of cylinder 24 such that gate 12 moves towards an
open positiong{RR ddrysiraitlsritideepmped into hydraulic close port 38 is contained within gate end
compartment 28. A ring seal 44 is located between piston 22 and the interior wall of cylinder 24,

sealing nut end@eEPRAYIRENL ¢ 2 fianp e O MHIB RgatANiw gpeap 88d<CeBIRariBg vl umping
hydraulic fluid into close port 38 will cause piston 22 to move axially away form gate end 32 of cylinder

24 and towards st 3 BARMIBHET 24 AHih e Aol Wy wesitRurEHRd domsdbposition. [0028] A

mechanical device is used to cause piston 22 to move axially within cylinder 24, and the hydraulic

system assist, in ¢ Kg eiﬁeﬂgﬁﬁ%ﬁie&'?&rﬂ?@'éﬁd’ s iBF'bﬂﬁ%@F%ﬂ‘?‘@ﬂW@rﬁv lagigt a nut

end of valve system 10. Square drive 46 Is a solid elongated member which m a square,
polygonal, or gther. geometric ian. Wh u rv i t%}%g}i ive
coupling 48, t@ﬁrlh(()?té'%% [?lflj\/éeH c%%%ﬁ%ﬁ@ﬁlsu ag%tjlbﬁ%r% g&?ﬁb’ﬂ%ﬁ%‘%’% ; Dﬁégynﬁlﬁﬁa%ﬁémbly 53, as
can be seen i moye detail in F|G 2A, has a travel nut 5 cured within bore 52 of drive coupling 48.
I this examples el 8014 RO O or s 1A% A RN R L9 hacionally
relative to drive couplin 4%Internal bore 52 may be hexagonal in cross section, as can be seen in

FIG 2B. In suPP¥R%M Sl ARPRILINY shape of travel nut 50 will mate with and engage the
hexagonal cross section of internal bore 52 so that relative rotational movement between travel nut 50

and internal bl¥&232 iEYAREHC THEIFE IR BB R iRYAER Hre SIRFBE W IS SRMRIE e BINhreads 56
located on an outer surface of an input rod, or nut rod 58 in proximity to a drive end of a nut rod 58.
[0029] Return@@iasTdcompaetatael i of\nlifgogess i éhireRAtdO BB, A2 @itk 6upling 48
rotates, travel nut 50 will also rotate, but nut rod 58 does not rotate. Instead, the internal threads 54
engage exteriidetipeanatic ¢F | GyBY et atrkingeaking movenedst giatupestiBBtwiigh fromftadises
piston 22 to move axially within cylinder 24 (FIG 1). Therefore, when square drive 46 is rotated, piston
22 will either crovenaxigiatiawawitbnggiteartt Ganopastinekd. Zuamangwhydsandice fidig4 iofeylinder 24,
causing gate 12 to move to a closed position; or conversely, piston 22 will move axially away from nut
end 34 of cyliobse2p@ndB®waldsagate gist@2 abcyinadeva4agadiging datem Hate endv82o0an open
position. Drive nut assembly 53 therefore acts as a translator to convert rotary motion of square drive
46 to linear meyigitent 24 gatel 1dwards nut end 34 of cylinder 2#&hs that gate 12 moves

towardsa closedposition.

[0028] A mechanical device is used to cause pi&Brto move axially within

cylinder 24,andthe hydraulic system assists in the movement. nieehanical

device includes a square dri4é located at a nut end of valve system 10. Square

drive 46 is a solid elongated member whitlay have a square, polygonal, or

other geometric cross section. When square drévés 4otated,it causes a drive

coupling 48, to rotate. Drive coupling 48 is aul#as member with a bor&2.

Drive nut assembly 53, as can be seen in more det&lGn2A, has a travel nut

50 securedwithin bore 52 of drive coupling 48. In this examplavel nut 50 is

fixed within bore 52suchthat it cannot move axially or rotationally relaito

drive coupling 48. Internal bore 52 mhghexagonal in cross section, as can be



[0030] In situations where it is desirable for an operator to manually open and close gate 12,
embodiments of the current application also provide a means for hydraulically assisting the operator to
do so. Turning to FIG 3A, in such an embodiment, square drive 46 may be fitted with a hand wheel.
Square drive 46 is connected to a drive end of input coupling 60. The opposite end of input coupling

60 houses a tessiRnraI@2@nd drivigcHogs BAbBatiméne, tersixxikanfgaant dadshig matgiwith output
coupling 66. Torsion bar 62 may be a solid length of metal, elastomeric or other material with elastic

properties, With A e A G AgemAa FrepssaeeiRRGRREr RN OISR (62 is located
u

within a recess in an end of input coupling 60, which has a similar shaped and sized cross section to

the cross sechoRRfdorIRNliRAIOM BRI BeREIa! apal &1 WarsioBdai férisloLHR WBhig a recess

of output coupling 66 which has a similar shaped and sized cross section to the cross section of

torsion bar 62; ] tlsﬁ%i 6 {:&J“%ri lindr Cfl ' ore 68 and
a solid stem éleﬁ%ﬁ%ﬁ#%t couplﬁl%%% IS ocaﬁﬁwn i%@@ﬁ%@%@&%@%@%ﬁ% Stem
section 70 of %%tgtmgC%Hng%S%is se urgd drive coupling 48 in a manner which prevents relative

e

rotation movemant between outpru ‘é[fﬁ‘ﬁ m% &Pé‘ﬁd drive coupling 48. For example, an end of stem

section 70 may be located within bore 52 of drive coupling 48 and stem section 70 may be bolted to
drive couplingQ8. athRréae Bk DAY dpstefiive 8pphpAdESQHPBput coupling 60, output coupling
66, housing 72 and base plate 76. [0032] When no forces are being applied to valve system 10 to
open or closelg8#O1 Redwsiindhde 82 mdintmPtheraadvef rbtdtisRbisafgARRGIEB id@iFi9Re input
coupling 60 and the output coupling 66. As square drive 46 is rotated, input coupling 60 rotates. If
sufficient forcéds apptisiesnmiingo ddlingta@siotivelbaut2aviilirlepgotdatiadiefocnaBion and allow
for relative rotational movement between input coupling 60 and output coupling 66.

does not rotate. Insteathe internal threads 54 engage external threads 56

(FIG 2B), causing axial movement of nut r&68, which in tum causes piston
22 to move axially within cylinder 24 (FIG 1). Tieéore, whensquare drive
46 is rotated, piston 22 will either move axiallway from gate end 32 of
cylinder

24 and towards nut end 34 of cylinder 24, causiatg ¢2 to move to a closed
position; or conversely, piston 22 will move axially away fronut end 34 of
cylinder 24 and towardgateend 32 of cylinder 24, causing gate 12 to move to
an open position. Drive nut assembbB therefore acts as a translator to
convert rotary motion of square drive 46 to linesmvement of gatd 2.

[0030] In situations where it is desirable for eperator to manually open
and close gatdl2, embodiments of the current application also preval
means for hydraulically assistirttpe operator to do so. Turning to FIG 3A,
in such an embodiment, square drive 46 mayfitbed with a hand wheel.
Square drive 46 is connected to a drive end of timmupling 60. The

opposite end of input coupling 60 houses a toréian62 and drive dogs 64.



[0033] Dogs 64 may be solid members that protrude from the bottom of bore 68 of output coupling 66
and engage dog recesses 65 in the end of input coupling 60. Dogs may be formed of metal or other
suitable material. As seen in FIG 3B, dogs 64 have sufficient clearance within recesses 65 to allow for
a fractional amount of relative rotational movement between input coupling 60 and output coupling 66,
but not so mughtglepeasesida allow the torsion bar 62 to shear. The fractional amount of relative
rotational movement will be sufficient to generate the open and close fluid flow paths as discussed in
more detail hejgirs RN Jog S GRIRAEURIAP sRiolR e BiRY BERBISHANES imayaseOMSoltpgs 64 wil
engage an interior side wall of recess 65 and will transmit the rotation of input coupling 60 to rotation of
Olpur CoupIIEr R Al M SOUNG 48, (IR AT AR AR auie dryainymifios &n oben o
034] A housing 72 surrounds t ular ut cou

closed position. etu section 67 of out pling 66. Housing
7o I > ) : | cavity 74. | : f i q
and has 2 clo S O B e P e Sl B B B R

internal cavityI 74atT§e O@%H drivree end ofI hounsin%JZ ifs seCLtreo(I) to a%%%ﬁ\t%gg, Whi?rrﬁiis rs.tationary.
For example, RS gvy HhyoE66R2d'Tb BasE plate 7BPE0&OHR PPN AN openir?g f'nrod"gh which

the stem 70 of output coupling 66 protrudes, Bottom seal 78 is disposed between qutput coupling 66
and housing PHBEHLNY SHERUREPBOSRUBLILN KRG SEHITRAIE3: GEBIRIYA seal
between output couEIing 66 and housing 72. Cylindrical bearing element 80 maintains a coaxial

relationship bEt&ERYuEIR QURHREBEahPRISsIACRIRY [HEREERRRRIAG PRI cRRRtL82, 84, 86,

88 which pass though a side wall of housing 72. The valve drive system 77 includes a supply hydraulic
fluid flow pathVhishdiag SupiypoR PR RN SHRMCAARRISEGHR LNdsH pBFLIgD, Ahiers|sses
through a side wall of the tubular section 67 of output coupling 66. If housing supply port 86 is not
rotationally al@i@Rwith output supply port 90, an annular supply or gallery groove 92 within internal
cavity 74 of housing 72 will allow for fluid communication between housing supply port 86 and output
supply port 90088ppIOgitpotecOD e a6idthrthaiss s v stakicit g adinlitar sechianobihenilianaeter of both
housing supply port 86 and output supply port 90 (FIG 3A ). Ports 82, 84 are spaced apart from each
other along thiecaxi68f anthaadaliptig GEamshddn impig. Guphtigo6ehidllstated inifiige 3C as being
at different circumferential locations relative to housing supply port 86, ports 82, 84 may be axially
aligned with hipoisingssupplytpor toddipliip@lesseshown in FIG 3C, housing open port 82 and housing
close port 84 optionally may be aligned with an output open port 94 and output close port 96,

respectively, %’ét&’i%”%h&“&%ﬂ? %it&a?ﬁ‘)f/YrZzﬂp%feo%Epé%&%@i?]cQ QMBET%I AREh pé?%%%ﬁ‘&d output

close port 96 are spaced circuniierenti art from each other, such as’about 8 ousing open

port 82 is nOtWhich preventsrelative rotation movement between output couplg and

drive coupling 48. For examplean end of stem section 70 may be located
within bore 52 of drive coupling 48 and stem setti® may be bolted to drive
coupling 48. Therefore the valve drive system @imgrises arninput coupling
60, output coupling 66, housing 72 and base pléte

[0032] When no forces are being applied to valystesn 10 to open or close
gate 12, torsiorbar

62 maintains the relative rotational alignment kesw the input coupling
60 and theoutput coupling 66. As square drive 46 is rotated, input
coupling 60 rotates. If sufficient forcis applied to input coupling 60,
torsion bar 62 will undergo elastic deformation aaltbw for relative

rotational movement between input coupling 60 amgbat coupling66.
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rotationally aligned with output open port 94, an annular open gallery groove 98 within internal cavity
74 of housing 72 will allow for fluid communication between housing open port 82 and output open port
94. Open groove 98 has a width that is substantially similar to that of the diameter of both housing
open port 82 and output open port 94. If housing close port 84 is not rotationally aligned with output

close port 96, o38N WRGEITe Galen: aeRyendRbUihindRterRbaaYinid hotheusmeora el allow for

fluid communication between housing close port 84 and output close port 96. Close groove 100 has a

ength hat is sybsiagtell SimsTde By @ adenai el beUB U FISRSRB andimyout close

port 96. [0037] The valve drive system 77 addifionally includes a return hydraulic fluid tflow path.

Housing returgporifis axiglly Agad i QUIPHF 'SIER BAHaHIBSRGISEIAPSHAS IS Rk

rotationally aligned with output return port 102, an annular return gallery groove 104 within internal

ot port 103 ReRTS B ot 08 R e e oy ey o

return port 102."Retutn groove 1 asawi lameter of
both housing return port 88 and output return port 102. [0038].A supply void 106 is Iqcated on the
outer surface ST Tt S SstieRet, eRafeen: et Rl el S 3 AR ol por
90. As shown in FIG 3C, the circumferentially extending widih of supply void 106 is such that when no
mechanioal 1SRRI B pbaad VA L aRPE oS GPHEE ot 3 LBl void 106
extends to, but not beyond, a near edge_of output open port 94 and output close port 96. The
circumferentid 3HAN8Y AMPUNLGE it spidlianatel M eral Ne rentiaienidA LeRaRR N the
edges of output open port 94 and output close port 96. The Ien‘%t_h of sup_[L)lI%/ void 106 is such that it
extends axiall{/ ROPEMAREUERRESHERA How sribsRSHEBSHR b stk NBRIBocYRENIER N the

housing return port 88. [0039] A return void 108 is located on the outer surface ofthe input coupling 60.
It is a shallowg@dags drive 46s rotated, after such clearance is overcome, dogwilb4ngage

an interior side wall of rece$35 and will transmit the rotation of input coupling
60 to rotation of output coupling 66ausing

drive coupling 48, to rotate and gate 12 to mowwatds either an open or
closed position][0034] A housing 72 surrounds the tubular section 67 uipuat
coupling 66. Housing 72 is generallycylindrical member with an internal
cavity 74. Internal cavity 74 is open at a drivedend hasa closure 79 at the
other end. The tubular section 67 of output coupl66 is located witmi
internal cavity 74. The open drive end of housing 72 isusett to a base plate

76, which

is stationary. For example, housing 72 may beebolo base plate 76. Closure
79 hasan opening through which the stem 70 of output couyplé6 protrudes.
Bottom seal 78 islisposedetween output coupling 66 and housing 72, sealingl
engaging both the output coupling &®dhousing 72, creating a seal between
output coupling 66 and housing 72. Cylindridaaringelement 80 maintains a

coaxial relationship between output coupling 66 hodsing72.
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located on the opposite side of input coupling 60 as supply void 106. The width of return void 108 is
such that when no forces are being applied to valve system 10 to open or close gate 12, the return
void 108 extends to, but not beyond a near edge of both the output open port 94 and output close port
96. The length of return void 108 is such that it extends axially from the housing open port 82 to the

housing returnop@tB81d08HY Tarmiruaey soitk>ah, agaydseulgseysipaasl IRonghdesiaduran 112 for

supplying hydraulic fluids to output supply port 90. Hydraulic fluids can be drawn from a reservoir 114

which containghysliais Al it dhab et dRURUGY QU U FeisR A8t AR SIREMVirdimisicri ine 116

fluidly connects output open port 94 and open port 36in cylinder 24, which is in fluid communication
wih nut end gompariment da o e Cosederantidipie dan fidpeamssis gtput close
port 96 and close port 38, Iinacylilﬁgﬁa%%, which is In Mi%mmunicatiﬁvith ga@fe)wend compartment
28 of cylinder 24. [ : v, 126 s influi ication with
return void 108. : Efé%%%g r{gtrugrlﬁl%ptf)% f\;bg &g%ﬂ%itéﬁgﬂ%ﬁ%%%ﬁpgzngfséygp@vﬂarﬁ%wggugﬁlar section
67 of output ling 66 than output return port 102. and is axially aligned with output return port 102.
100411 I opel Btk aPig: AR Brrir B e uaenty S U Eo Y CUptE B0 or close
gate 12, hydraulic fluid traveling into hqusing supply port 86 . F{ﬁgA will flgw through oufput supply
ot 90, eitnePUIRRUA SR oo GBI ARG ey SHAECAY Y Vg GH el Zupply
groove 92 if th(—:_?{1 are not. As seen in FIG 3C, hydraulic fluid passing through output supply port 90 will
enter supply Vit 368V 16FsfBHh SPEIMHAIRRIAT RS PEREIR T SHERRBN HOH P UBKBYWO0 and
output coupling 66 such that no hydraulic fluid enters output open or close@ﬁ)orts 94, 96. In alternative

embodimentsSHRRIYRYAS? AR SORVABEJIRR Aikieibat inpaitsiyiipgéeratiitbatput

coupling 66 such that equal amounts of hydraulic
of the diameterof both housing supply port 86 and output supplyt @® (FIG

3A ). Ports 82, 84 arespacedapart from each other along the axis of output
coupling 66, as shown in Fig. 3AAlthoughillustrated in Fig. 3C as being at
different circumferential locations relative tousing supplyport 86, ports 82,
84 may be axially aligned with housing supply p®®t

[0036] As shown in FIG 3C, housing open port 82 &ousing close port 84
optionally maybealigned with an output open port 94 and outputelpsrt 96,
respectively, extendinghroughthe side wall of output coupling 66. Output
open port 94 and output close port 96 sjpaced

circumferentiallyapart from each other, such as about.&0 housing open port
82 isnot

rotationally aligned with output open port 94, amular open gallery groove 98
within internal cavity 74 of housing 72 will allow for fluid commigation
between housing open port @doutput open port 94. Open groove 98 has a
width that is substantially similar to that tife diameter of both housing open
port 82 and output open port 94. If housing clped 84 isnot

rotationally aligned with output close port 96, annular close gallery groove

12



fluid enter output open and close ports 94, 96. Therefore a supply flow path of the valve drive system
77 will include housing supply port 86, annular supply groove 92, output supply port 90, and supply
void 106. [0043] As seen in FIG 4, the hydraulic fluid may then be contained in reservoir 114 for
continued use by hydraulic system 110. Therefore a return flow path of the valve drive system 77 will

include returnogdwififin SeEIRAREAVRIHMUPETt HAGsiag Nua Rt G dov eI LR canthiiermg return port
88. [0044] If an operator wishes to open or close the valve, the operator rotates square drive 46. In the

embodiment %ﬁ%@rﬁhé@HQ@[S@&%ﬁ%@%[ﬂBLW%I%@@%%\Q YBVeapsa Igggqiaton wil

close the valve. Torsion bar 62 will twist and allow for some relative rotational movement between

input COUp'i”Qeg%ﬂ‘{‘%%tE%&Bé{@m%@?sﬁﬁiiQP%Ciﬂ%\PﬁEiné?gEﬂ@PBdﬁWMﬁéﬁ@‘ER}&ec YRiing 66,

supply void 106 [ocated on output coupling 66 will rotate relative to the output opén and close ports 94,

96. [0045] Th%ﬂa‘[’gf.,a’ (ljggll&&é\ and 3D, the rotation of square drive 46 in a counterclockwise
motion will cause t @g@g[ed%ve system 77 to move to an open command position. Counterclockwise

rotation of Sqlf&b%gfi%éﬁv\évli\l/le drive system 77 additionally irads a return hydraulic fluid
flow path.Housing return port 88 is axially aligned with outpreturn port. |If
housing return port 88 isot rotationally aligned with output return port 102, a
annular return gallery groove 1@®ithin internal cavity 74 of housing 72 will
allow for fluid communication between housing retynort
88 and output return port 102. Return groove 1@k la width that is
substantially similar tdhat of the diameter of both housing return port 88 and
output return poril02.
[0038] A supply void 106 is located on the outerfate of the input coupling
60. It is ashallowrecess located axially beneath output supply port @s
shown in FIG 3C, theircumferentiallyextending width of supply void 106 is
such that when no mechanical forces are being eppo valve system 10 to
open or close gate 12, the supply void 106 extdanddut not beyond, aear
edge of output open port 94 and output close pbrt Bhe circumferential width
of supplyvoid
106 is approximately the circumferential distarmween the edges of output
open port 94andoutput close port 96. The length of supply vol@b lis such
that it extends axially fronmthe housing open port 82 to the housing close port
84, but does not reach the housing return g&t[0039] A return void 108 is

located on the outer surfaagfthe input coupling 60. It is a&hallow recess
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cause supply void 106 to rotate counterclockwise relative to output ports 90, 94, 96 such that supply

void 106 will rotate counterclockwise relative to output coupling 66 so that the circumferential length of
supply void 106 will be in fluid communication with both output supply port 90 and output open port 94
but not output close port 96. Again, hydraulic fluid is pumped by pump 112 (FIG 4) into housing supply

port 86 will trayehtBepweNtALtBEpBLRBISRIRI 09 G itheb dikeYYelias By Rl Pauts 8Bh8Aaenrotationally
aligned or by way of annular supply groove 92 ifthey are not, and reach supply void 106. [0046] In this

case, some opie AxFRAHC TP b PIRHAP NalliBRvl BYe BEiRYlghfs PAUSdARehinto housing

open port 82, either directly if the open ports 82, 94 are rotationally aligned, or by way of annular open
groove 98. Aﬁ@p@éaéﬂ%h’&gﬁgic fluid will then travel through open hydraulic flow line 116 to
open port 36 and enter nut end compartment 42 of cylinder 24. The extra hydraulic pressure in nut end

compartment 43 of,cyli 4 \ill 0 isfon 22 t V. lally a fr 34 of
cylinder 24 an?i%tb\;\?gd%qg%{ﬁ \é(r\“lYéJ 3%8(% Cﬂéﬁgﬁg‘% 2{§ ’sﬁ%% hﬁ%a‘%ﬁ@i’é I é@emgﬂéo;& Tﬁve\;ﬁgds an open
position. Thergiaie e aRen fga.painoldne xae divecystap, 17wl inglude suophe veid 106, output
open port 94, annularopen groove 98; a OUSIng Open port 82 and rotating square drive 46 can

tivate, lect, t fl th of valve dri tem 77. [0047] In thi , as. t
otates Sauar SO RIS GRES ST R ARl PORE Hpciing 1 TS <o hat

the operator himself does not have to apply all of the force to square drive 46 to overcome all of the
forces require®HMEXEEEte 12 to an open position. In the event the hydraulic system failed, as the
operator rotates square drive 46, after the clearance of the dogs 64 between input coupling 60 and
output coupliff®®]s Dwericgmeyw dgsFBG ehgady dneusicles ysdsnofiidhedess s (U@ BB)LAridwyill
mechanically transmit the rotation of input coupling 60 to rotation of output coupling 66, causing drive
coupling 48 tsupipitang s peenlic FIGABAT@DdtpE cupiggpiBtraated; wdialftuit S0centates and the

internal threads 54 of
drawn from a reservoid14 which contains hydraulic fluids that exit through
output return port 102. Open hydraufiow line 116 fluidly connects output
open port 94 and open port 36in cylinder 24, Whginfluid communication
with nut end compartment 42 of cylinder 24. Cldsaraulic flow line 120
fluidly connects output close port 96 and close 38, in cylinder 24, which is
in fluid
communicatiorwith gate end compartment 28 of cylinder 24. Rehg to FIG
3A, asecondaryeturn port 126 is in fluid communication with uet void 108.
Secondary return port26 extends through an opposite side wall of the tubula
section 67 of output coupling 66 thawutput return port 102 and is axially
aligned with output return poft02.
[0041] In operation, when no rotational forces betng applied to valve system
10 to openor close gate 12, hydraulic fluid traveling into howgisupply port 86

(FIG 3A) will flow throughoutput supply port 90, either directly, if supplpris

86, 90 are rotationally aligned, or by wafannular supply groove 92 if they are
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travel nut 50 engage the external threads 56 of nut rod 58. This causes axial movement of nut rod 58
which in tum causes gate 12 to move to an open position. [0048] Therefore both the continued rotation
of square drive 46 and the hydraulic system 110 are working to move the gate 12 to an open position.
In order for the hydraulic system 110 to provide assistance, the operator only needs to apply sufficient

force to causestippiy g GR 1E1RES, CRIINRIKOGIISBASs RIS G IPBHiBB DS UBRY. St T4 greater

the torque applied to square drive 46, the greater the relative rotation between void 106 and output

ports 90, 94, GasingemerRAvRicBd trhestiasipdniadisatierSERBAAAN Bfoviding

more assistance to the operator e in moving gate 12 to an open position. [0049] As piston 22 moves

towards gate ﬁﬁ)‘ﬂéﬁ%& Ill' A 24n VSRS LaichngaEec R apma inari AR vilhibe datepd out close

port 38, throu lose hydr ulic flow line 120 and into output close port96. Returning to FIG 3A and

3D, hydraulic i LYY'JJgSﬁ‘CQrOH%& UOPR POA Ypeithye %ré‘?ﬁHYJEO’BrHB%@?f tk%?oﬁ%”ﬁ esg close

ports 84, 96 are rotationally aligned, 'or by way of annu close groove ey are not. Because

input Couplmgmam@ams therotationalalignment of input coupling 60 and output coupli6§
such that equal amounts loydraulic
fluid enter output open and close ports 94, 96erétore a supply flow path of
the valvedrive system 77 will include housing supply port 86, danwsupply
groove 92, output supply po®0, and supply voidl0O6.
[0043] As seen in FIG 4, the hydraulic fluid magmhbe contained in reservoir
114 for continued use by hydraulic system 110. Therefnmeturn flow path
of the valve drivesystem

77 will include return void 108, secondary returortpl26, annular return groove
104, and

housing return por88.

[0044] If an operator wishes to open or close tladve; the operator rotates
square drive 461n the embodiment of FIG 3A, a counterclockwise iotatwill
open the valve and @ockwiserotation will close the valve. Torsion bar 62 will
twist and allow for some relativeotationalmovement between input coupling
60 and output coupling 66. As input coupling Gfiatesrelative to output
coupling 66, supply void 106 located on output dimgp66 will rotate relative
to the output open and close ports 98,

[0045] Therefore, as seen in FIG 3A and 3D, thatron of square drive 46 ia
counterclockwisemotion will cause the valve drive system 77 to magean

open commandposition. Counterclockwise rotation of square €ri46 will
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rotated counterclockwise relative to output coupling 66, return void 108 is now in fluid communication
with output close port 96. Hydraulic fluid can therefore travel from output close port 96 and into return
void 108 where it then pass though secondary return port 126 through annular return groove 104 and
exit the housing 72 though housing return port 88. As seen in FIG 4, the hydraulic fluid may then be

contained in heldig dapisiildoiar coptimiatbuse e ez eErave 0o (RRSOhHteesop@Ator desires

to move gate 12 towards a closed position, the operator would instead rotate square drive 46 in a

clockwise moganshenkngiaSEEIPA B IS IFishasalifortRAGIREUALIE IR siagliise motion

will cause the valve drive system 77 to move to a closed command position. Rotation of square drive

46 in a clockvgéegm&'%vgg ?ﬁ&?ﬁ]@%ﬂ!}ﬁ%@@éﬁ@\fqéﬂ@ﬁ b\(}/&ﬁa relative to output ports 90, 94,
y

96 such that supply void 106 will be in tfluid communication with both output supply port 90 and output

v o S RO A A RPN SR BR . o
are rotationally O S B Y RB0H BoSEPRY IRV RGN, MU AGE AT R BpPY Vo
pump 112 (FIG 4) intdwousingsupply port 86 will travel through output supply
port 90, either directly if the supply ports 880 are rotationally aligned or by
way of annular supply groove 9fhey are not, and reacbupplyvoid 106.
[0046] In this case, some of the hydraulic fluidsapply void 106 will travel
into outputopenport 94 and into housing open port 82, either diyed the
open ports 82, 94 aretationallyaligned, or by way of annular open groove 98.
As seen in FIG 4, hydraulic fluid will thetravel through open hydraulic flow
line 116 to open port 36 and enter nut end compartnd2of cylinder 24. The
extra hydraulic pressure in nut end compartment of2cylinder 24 will
encourage piston 22 to move axially away from md &84 of cylinder 24 and

towards gateend

32 of cylinder 24 such that gate 12 (FIG 1) movewards an open position.
Therefore theopen

flow path of the valve drive system 77 will includapply void 106, output open
port 94,annularopen groove 98, and housing open port 82 and mngtatguare
drive 46 can activate, or seletheopen flow path of valve drive systenT.
[0047] In this manner, as an operator rotates requlive 46, the hydraulic
system (FIG 4)will assist with the opening of the valve so that therajor
himself does not have to apply all tfe force to square drive 46 to overcome

all of the forces required to move gate 12 toopen position. In the event the
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[0051] In this case, some of the hydraulic fluid in supply void 106 will travel into output close port 96
and into housing close port 84, either directly if the close ports 84, 96 are rotationally aligned, or by
way of annular close groove 100. As seen in FIG 4, hydraulic fluid will then travel through close
hydraulic flow line 120 to close port 38 and enter gate end compartment 28 of cylinder 24. The extra

hydraulic presgui@ini@asystachceanpartmenrt dfeobpdiatss 2duieRe0drrge RBkMe?2e move axially
towards nut end 34 of cylinder 24 and away from gate end 32 of cylinder 24 such that gate 12 (FIG 1)

moves towards-ap-Fesegmesitiagd er et don Glase RIS RRNRIY & SlivRney TS 77 will

include supply void 106, output close port 96, annular close groove 100, and housing close port 84

and rotating W&Hﬁ%{%éﬁscé‘ﬁ a4l ?ét%é theelash NRrosh flaRatheef \pive dije gygtem 77.

R
[0052] In this manner, as an operato tes square drive 46 in a clockW|s\<(—: motion; the hydraulic

system (FIG ﬁ%&iﬂeﬁﬁéﬁmm oG alitIeoINE l%%QQ@H@Oé’Sr?éOEJE%HBE'ch’PSE@BE have 1o

apply all of the force to square drive 46 to overcome'a ces required to move gate 12 to a

closed position. Returning to FIG 1, as the operator rotates square drive 46, after the clearance of the
dogs 64 betw AT g s NS AR o Lo BTSN I it e gaged and

will transmit the rotation of rotation of input coypling 60 to ratation of outpyt ling 66, causing drive
coupling 48 15 HRIRT ASIRIRTRS FIE i B O EISIREMIRRRAle0 81 39 50 rotates and the
internal threads 54 of travel nut 50 engage the external threads 56 of nut rod 58. This causes axial

movement of FAYbd 5B wRiENERERNBEUSEEHRR I EadSonS1OH RIS pUiRigrfuses axial

movement of nut rod

58 which in tum causes gate 12 to move to an qgsition.

[0048] Therefore both the continued rotation of agu drive 46 and the
hydraulic system 110 are working to move the ga&edlan open position. In
order for the hydraulic system 110

provide assistance, the operator only needs toyagplficient force to cause
supply void 106to rotate counterclockwise relative to output pords 94. The
greater the torque applied Bguaredrive 46, the greater the relative rotation
between void 106 and output ports 90, €dusing

more hydraulic fluid to be directed into the outmpen port 94 and providing
more assistanct the operator e in moving gate 12 to an opesition.

[0049] As piston 22 moves towards gate end 32 dhagr 24, hydraulic fluid
in gateend compartment 28 will be forced out close port 3&otgh close
hydraulic flow line 120 andnto output close port 96. Returning to FIG 3A
and 3D, hydraulic fluid will reach output clopert

96 either directly from housing close port 84, ldse ports 84, 96 are rotationally
aligned, orby

way of annular close groove 100 if they are notecdse input coupling 60 has

rotatedcounterclockwise relative to output coupling 6€turn void 108 is now
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[0053] Therefore both the continued rotation of square drive 46 and the hydraulic system 110 are
working to move the gate 12 to a closed position. In order for the hydraulic system 110 to provide
assistance, the operator only needs to apply sufficient force to cause supply void 106 to rotate

clockwise relative to output ports 90, 96 and the greater the torque applied to square drive 46, the

greater the rejatiyadotatiom bakarinvaid d0paneiesénpbrods. S \Rbathie Maie badngigeluid will be
directed into the output close port 96 and the more assistance the operator will receive in moving gate

12 to a closeqraoeitinantOL b iis disten sy esityaetamuvend 20oNoMinder 2heRygeadic fluid in

nut end compartment 42 will be forced out open port 36, through open hydraulic flow line 116 and into

output open RR g RELHHIY qgtlﬁrﬁﬁcﬁ?ﬁé’@tﬁ%@@ﬁ“%fﬂd&m RRAJL PP UhAPSXIARRE 94 either

directly from housing open port 82, if open ports 82, 94 are rotationally aligned, or by way of annular

open groove 98 if they. ' ' Sd. I [ e to output
coupling 66, rﬂe%ljJ rﬁ%ﬁ%ﬁ%@qﬁ%ﬁ% Eﬁﬁﬁ#ﬁﬁ &%ﬁ%ﬁgﬁ gb?(re?r% vp@?@ﬁ—%%gulic fluid can
therefore travel fro tput ope rt 94 and into return void, 108 wherg. it then pass. though secondary
return port 12%]ﬁ¥r(;{l]r}gth ;]Pl%ufgzg)rnrr{e Iﬁrend?;rlgor\bg l@tﬁ aﬁ%]gxi?;%le OJuéﬁ%'é*e I}Zlfﬁgué)ﬁ hc}/lfjsr%@?eturn port
88. As seen in FIG 4, the hydraulic fluid may then be contained in reservoir 114 for continued use by
hydraulic syst@(ﬁtfﬂ). [0055] In order to maintain the open, close, supply and return hydraulic flow
paths fluidly separated from each other, separations seals 128 are located between the outer diameter
of tubular secttatY 67 of output coupling 66 and the internal cavity 74 of housing 72. Separation seals
are annular seals and are situated on both sides of each of the housing ports 82, 84, 86, 88.
Additional bott8RPSbdidREORREALY iHGRESSUIBUTEYEB AR Dot d BHBRIRESGnRASIHIBR tHBGubular section
67 and stem of output coupling 66 and are in sealing engagement with both output coupling 66 and
input couplingPeer &APthe@Peniasigal tHetrlsulafdatsiod®eofdutut & otlipfty/ise motio

Looking at FIG 3A and FIG 3BEhe

rotation of square drive 46 in a clockwise motionll wause the valve drive
system 77 to movéo a closed command position. Rotation of squareeddig in
a clockwise motion will caussupply void 106 to rotate clockwise relative to
output ports 90, 94, 96 such that supply void 106 kein fluid communication
with both output supply port 90 and output closet @& but notoutputopen port
94. Again, hydraulic fluid is pumped by pump 1EG 4) into housing supply
port

86 will travel through output supply port 90, etthdirectly if the supply ports
86, 90arerotationally aligned or by way of annular supplyagve 92 if they are
not, and reach supphyoid

106.

[0051] In this case, some of the hydraulic flurd Supply void 106 will travel
into output closeport 96 and into housing close port 84, either aliyeif the

close ports 84, 96 ammtationally aligned, or by way of annular close groove
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66, bearing elements 132 and 134 maintain a coaxial relationship between input coupling 60, output
coupling 66 and housing 77. At the closed end of the tubular section bearing element 79 maintains a
coaxial relationship between the input coupling 60 and the output coupling 66. [0056] Although the
present invention has been described in detail, it should be understood that various changes,

substitutions, aogl altesadians parize MadigiRaiRe FRNIGVUIRShderaitiReclign Bleseringdramad scope

ofthe invention. Accordingly, the scope ofthe present invention should be determined by the following
claims and thejs\anpfeptateitedalaguivalenis. ARQEheateoetninifineat265 nmdie” include

plural referents, unless the context clearly dictates otherwise. Optional or optionally means that the

subsequently slescrped EeRt R FACHIFANSERENAY GNP Rt 78 dFSEyRigarnsiudes

instances where the event or cifcumstance occurs and instances where it does not occur. Ranges may

be eXpressedvWﬂ“’eiHc%%F%‘yegszg%%‘?ﬂﬁ 3y rééﬁ&fﬁqﬁﬁv?é%ﬁé%@ﬁ%@?%ﬂﬂd%@ ﬁ“!ﬂtﬂjd’a'”e-

When such a range Is ex , It'is to be understoo odiment is from the one
particular valuew%ndﬁlpr to th%é)rtllaer particular value, along with all combinations within said range.
[0058] Throug%ouYt IS a ellcatlon, where patents or publications are referenced, the disclosures of

i order to mos2 i t“a?iégﬁé‘ﬂ“ S BT T2 T TR o BB those
reference contra@i€t the'Statements made herein. CLAIMS We claim:
close flow path of the valve drive system 77 wiliclude supply void 106,
output close porB6, annular close groove 100, and housing close porarg&#
rotating square drive 46 can activabe,select, the close flow path of valve drive
system77.
[0052] In this manner, as an operator rotates sgdawve 46 in a clockwise
motion, thehydraulic system (FIG 4) will assist with the clogiof the valve
so that the operatdrimself
does not have to apply all of the force to squareed46 to overcome all of the
forces requiredo move gate 12 to a closed position. Returning 8 E| as the
operator rotates square dri4é, after the clearance of the dogs 64 between input
coupling 60 and output coupling &6
overcome, dogs 64 will be engaged and will transtiné rotation of rotation of
input coupling60to rotation of output coupling 66, causing drivaugling 48 to
rotate. As seen in FIG 2A, dsive coupling 48 rotates, travel nut 50 rotates and
the internal threads 54 of travel nut &dgagehe external threads 56 of nut rod
58. This causes axial movement of nut rod 58 whichurn causes gate 12 to

move to a closegbosition.

[0053] Therefore both the continued rotation of agu drive 46 and the
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1. An apparatus for assisting in the operation of a gate valve having a linearly movable gate
compnsmg: a bi-directional hydraulic fluid cylinder having an output rod adopted to be coupled to
the gate to move the gate linearly; a rotary to linear translator connected to an input rod of the
cylinder for converting rotary motion to linear movement; an input coupling and an output coupling

coupled to eagpptigicaggdiethel Tansiasikiag o viskne rofanganotion fe thelasglgesiang

rotary valve operatively coupled to the input coupling and adapted to be connected between a

hydraulic fluidssgeroeaibiRgRAIIREs TSt EMt 1URHRR RIdRR 4utHhasd PlelRFrathivgR madyst

direction causes the translator to linearly move the input and output rods of the cylinder in an opening

direction, andpiagig ofeiinuireunlgd1dbesishTestipa6aYRRS R (RiARe Rk open

command position directing fluid from the source to cylinder to provide an assisting force to the

input and OUt%ld’tgl;r?'egrsB8F}§1§6y5%dgﬁd %]gtézea?qgﬂﬂg%%&ﬁﬁ'@@q r\g@ﬁéﬁ@ﬁbg input coupling and the

output coupling tationally movea ative to each'o amount and the rotation
relative to eacf).other causes the ro%[‘jlr}/. valve, t .mo;)re to the o co mart1d lﬁfositiéyn. 6 ége
apparatus of clai hf,ﬂrﬁﬁé?rc pF ﬁwbvs {SIG8R" e&%ﬁ%@e B nHE} H&?r 8u% Ing and the
output coupling to prevent rotational moyement between
P P tﬂe rﬁorehydrau }Cﬂtﬁd inI Bne dtlrecte into the output close poré @nd the

more assistance the operatoitl receive in moving gate 12 to a clogedsition.

[0054] As piston 22 moves towards nut end 34 oincgdr 24, hydraulic fluid in

nut end compartment 42 will be forced out open porttBéugh open hydraulic

flow line 116 andinto output open port 94. Returning to FIG 3A and 3E,

hydraulic fluid will reach output open port 94 ethdirectly from housing open

port 82, if open ports 82, 94 are rotationallygaéd, or byway

of annular open groove 98 if they are not. Becaugmit coupling 60 has
rotated clockwiserelative to output coupling 66, return void 108nisw in fluid
communication with outpubpenport 94. Hydraulic fluid can therefore travel
from output open port 94 and into return vdi@8 where it then pass though
secondary return port 126 through annular returnogg 104 andexit the
housing 72 though housing return port 88. As seeRIG 4, the hydraulic fluid
may then be contained in reservoir 114 for contihuse by hydraulic system
110.

[0055] In order to maintain the open, close, supahd return hydraulic flow
paths fluidly separated from each other, separations seals 128loaated
between the outer diametef tubularsection 67 of output coupling 66 and the

internal cavity 74 of housing 72.Separationseals are annular seals and are
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the input coupling and the output coupling until sufficient torque is applied to the input coupling to
cause deformation of the torsion bar. 4. The apparatus of claim 2, further comprising drive dogs
mechanically connected between the input coupling and the output coupling that cause rotation in
unison after the fractional amount has been reached. 5. The apparatus of claim 2, wherein the input

rod comprisesigxgsaalonreads siies entensHigcenéhadiRnsiptpaRither gemariaingitionad tubular
drive coupling with an internal bore and a central axis, the tubular drive coupling secured to the output

coupling; BdtRyA! BEARCGHECTLWARIA the theeBlabrere QiR GRUMEIJuHaISRAVE! Mg

comprising internal threads which engage the external threads of the input rod, so that rotation of the

output couplingieauses HEA FTOURMLER Bicolpit 'OGupfing G2 RRE ST AMgkd¥hrtRtn the

cylinder has an internal cavity comprising a nut end compartment and a gate end compartment, the

apparatus furiiey doRTSIRth co b RIOBA SIS MR RAIBIMANEST. e RistypsRCusRghietvieen the
input rod and the output rod and separating the nut end compartment from the gate end compartment,
so that a prestsu%r% gr'ffseergtri]gr?l é)ftg\geoeurt ér&% lr}uf end compartment and the gate end compartment will

encourage the gate to move between O dnd a closed position;

66, bearing elements 132 and 134 maintain a coaglationship between input
coupling 60, output coupling 66 and housing 77. At the closed enhthe tubular
section bearing element9 maintains a coaxial relationship between the input
coupling 60 and the output couplir@f. [0056] Although the present invention
has been described in detail, it should be undedstinat various changes,
substitutions, and alterations can be made herewpthout departing fromthe
principle and scopeofthe invention. Accordingly, the scopefthe present
invention shouldbe determined by the following claims and their rappiate
legal equivalents.

[0057] The singular forms "a", "an" and "the" indtu plural referents, unless the
context clearly dictates otherwise. Optional or optionally mearmst tthe
subsequently described eveot circumstances may or may not occur. The
description includes instances where the ewantcircumstance occurs and
instances where it does not occur. Ranges mayjressed hereias

from about one particular value, and/or to aboudtlaer particular value. When
sucharangeis expressed, it is to be understood that another dimamt is from

the one particular valuand/orto the other particular value, along with all

combinations within saidange.

[0058] Throughout this application, where pateotgublications are referenced,

21



an open port located in a side wall of the nut end compartment for supplying hydraulic fluid to and from
the nut end compartment of the cylinder ; and a close port located in a side wall ofthe gate end
compartment of the cylinder for supplying hydraulic fluid to and from the. gate end compartment of the
cylinder. 7. The apparatus of claim 2, wherein the rotary valve further comprises: a sleeve with a

central bore; gheylideleRlireesimereber reiriaeakithin theealeeygitotirdrasigaatiamotit;zn open port
and a close port in the sleeve spaced circumferentially apart; a supply void on the inner member
extending cirgypaigssiiiailyby reference intois application, in order to more fully describe the

state of the art to which the inventigpertains,except when these reference

contradict the statements maduderein.
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an input port in the sleeve between the open and close ports to supply hydraulic fluid to the supply
void. 8. The apparatus of claim 7, wherein rotation of the inner member relative to the sleeve in the
first direction provides unequal communication between the open and close ports and the supply void.
9. The apparatus of claim 7, wherein the circumferential extension of the supply void is less than the
circumferential distance between the open and close ports. 10. The apparatus of claim 7, wherein
rotation of the inner member relative to the sleeve to the fractional amount in the first direction restricts
fluid commu l:éﬁlI(M §etween the close port and the supply void and provides fluid communication
between the open port and the supply void. 11. The apparatus of claim 7, further comprising: a return
port on the slggrelznd a return void extending circumferentially on the inner member in

1. An apparatus for assisting in the operation gate valve having a linearly
movable gateompnsmg:

a bi-directional hydraulic fluid cylinder having autput rod adopted to be
coupled to the gate to move the gate linearly;

a rotary to linear translator connected to an immat of the cylinder for
converting rotary motion to linear movement;

an input coupling and an output coupling coupleddoh other and to the
translator for providing rotary motion to the trkater; and

a rotary valve operatively coupled to the inputmlong and adapted to be
connected between a hydraulic fluid source andytiader so that rotation of the
input and output couplings in a first direction sas the translator to linearly
move the input and output rods of the cylinder m apening direction, and
rotation of the input coupling in the first diremti causes the rotary valve to an
open command position directing fluid from the s®uto the cylinder to provide

an assisting force to the input and output rodsiefcylinder.

2. The apparatus of claim 1, wherein the inputpiog and the output
coupling are rotationally moveable relative to eather a fractional amount and
the rotation relative to each other causes theryotalve to move to the open

command position.

3. The apparatus of claim 2, further comprisingraibn bar disposed between
the input coupling and the output coupling to prévwetational movement between
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fluid communication with the return port, wherein rotation of the inner member relative to the sleeve in
the first direction blocks fluid communication between the open port and the return void and provides
fluid communication between the close port and the return void. 12. A gate valve comprising: a gate; a
drive train comprising: a gate rod for linearly moving the gate; a translator operatively coupled

to the gate roghéoiHpaviesuiithegaia dothdnaapyircernpRsefefieiahefelduetienamsifed to thea coupling
device connected to the translator for providing rotational motion; the gate valve further comprising:
input coupling to cause deformation
of the torsion bar.
4. The apparatus of claim 2, further comprisingvelridogs mechanically

connected between the input coupling and the owtpupling that cause rotation in

unison after thé&actionalamount has been reached.

5. The apparatus of claim 2, wherein the input omanprises external
threads on an outer surface, the translator fudteprising:

a tubular drive coupling with an internal bore andentral axis, the
tubular drive coupling secured to the output caupli

a travel nut secured within the internal bore @& thive coupling, the travel
nut comprising internal threads which engage thereal threads of the input rod,

so that rotation of the output coupling causeslam@aement of the input rod.

6. The apparatus of claim 1, wherein the cylindas lan internal cavity
comprising a nut end compartment and a gate enga&ament, the apparatus
further comprising:

a piston located within the cylinder, the pistorcwsed between the
input rod andhe output rod and separating the nut end compartment the
gate end compartment, so that a pressure diffateb8tween the nut end
compartment and the gate end compartment will eageuthe gate to move
between the open and a closed position;

an open port located in a side wall of the nut emthpartment for supplying
hydraulic

fluid to and from the nut end compartment of théncler ; and

a close port located in a side walfthe gate end compartment of
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a fluid cylinder cooperatively coupled to the drive train for providing an assisting force to move the gate
rod linearly; a rotary valve cooperatively connected to the coupling device and in a fluid flow path
between the cylinder and a fluid pressure source; and wherein torque applied to the coupling
device moves the rotary valve to an open position to supply fluid pressure to the fluid cylinder. 13. The

gate valve of ghaingyihdeheseid i Gauplingdaviee sriaptseamn Mokt GREP|meanshan output
coupling rotationally moveable relative to each other a fractional amount so that the rotation relativeto
each other cagsep iRV B indapve to the open command position.  14. The gate valve of
claim 13 further comprising a torsion bar disposed between the input coupling and the output coupling
to prevent rotational movement between the input coupling and the output coupling until sufficient
torque is applied to thiténpppacatpkngftelaause, elkhstieidefoennatiny @fitint &viondres:

a sleeve with a centrddore;

a cylindrical inner member rotatable within the esle to a fractional
amount;

an open port and a close port in the sleeve speaceamferentially apart;
a supply void on the inner member extendaigcumferentially;

an input port in the sleeve between the open aosecports to supply

hydraulic fluidto the supplyvoid.

8. The apparatus of claim 7, wherein rotationhef inner member relative
to the sleevean the first direction provides unequal communicatitetween

the open and close ports atige supply void.

9. The apparatus of claim 7, wherein the circuerfgal extension of the
supply void islessthan the circumferential distance between the cg®h close

ports.

10. The apparatus of claim 7, wherein rotatiorthef inner member relative
to the sleeveto the fractional amount in the first direction restsi fluid
communication between the clopert and the supply void and provides fluid

communication between the open port andsingplyvoid.

11.  The apparatus of claim 7, furthmmprising:
a return port on the sleevand

a return void extending circumferentially on theneér member in
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15. The gate valve of claim 13, further comprising drive dogs mechanically connected between the
input coupling and the output coupling that cause rotation in unison after the fractional amount has
been reached. 16. The gate valve of claim 12, wherein the translator comprises: a nut rod with external
threads on an outer surface; a tubular drive with an internal bore; a travel nut secured within the

internal bore qfjthe dokiau sidegiom@itravBlenFee@MpPHsing DkRseah thigadsvhiehiragrgrethe external
threads of the nut rod, so that rotation of the coupling device causes axial movement of the gate rod.

17. The gate yadyfel Claiihiige WHerethdhe gybinder iRashgritetial GRNY EaseRYsI,Rnut end

compartment and a gate end compartment, the gate valve further comprising: a piston located

within the cyliagier s RISIN SRARAINGHESBUASPECAMPIHERGL R IhH)5 SaiFeeRgompartment, so

that a pressure ditferential between the nut end compartment and the gate end compartment will

encourage thg o%r’ﬁﬁﬂi E%‘?.é% bg%ﬁgggnﬂm ORER grbdoﬂ calﬂaetﬂ @R&{H?&? an open port located in a side

wall of the nut end compartmen

12. A gate valveomprising:
agate;
a drive traincomprising:
a gate rod for linearly moving thgate;
a translator operatively coupled to the gate rod rfwving the
gate rod linearlyin response to rotational motioand
a coupling device connected to the translator fooviping
rotational motion;thegate valve furthecomprising:

a fluid cylinder cooperatively coupled to the dritrain for providing an
assisting forcdo

move the gate rotinearly;
a rotary valve cooperatively connected to the togpdevice and in

a fluid flow pathbetween the cylinder and a fluid pressure sourod; a
wherein torque applied to the coupling device mothes rotary valve to

an open positionto supply fluid pressure to the flua/linder.

13. The gate valve of claim 12, wherein the coupldevice comprises an
input coupling and an output coupling rotationally moveable relative gach

other a fractional amount so thaie

rotation relativeto each other causes the rotary valve to move to theno
commandposition.
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supplying hydraulic fluid to and from the nut end compartment of the cylinder ; and a close port
located in a side wall of the gate end compartment of the cylinder for supplying hydraulic fluid to and
from the gate end compartment of the cylinder. 18. The gate valve of claim 12, wherein the rotary
valve further comprises: a sleeve with a central bore; a cylindrical inner member rotatable within the

sleeve to a fragfionalaeoyateadppendpotiand azlaseHertdpriisiags seacedcitrypyssentially
apart; a supply void on the. inner member extending circumferentially; an input port in the sleeve

between the pReREI HeSAPAFESYSHA!YANEraEC Juigie theuppRly ¥Pichrenthediaile valve of

claim 18, wherein rotation of the inner member relative to the sleeve in the first direction provides

Unequal compiuicgian HSAWRSSH A OREAANCLHBRSIRPIH 200 IR LRRP dnd0sThegate valve of

claim 18, wherein the circumferential extension ot the supply void is less than the circumferential
distance betv‘fg?(ﬁb@?sogﬁﬂli%dtmﬁg Pﬂﬂﬁ'coupling to caesmsticdeformation of the torsion

bar.

15. The gate valve of claim 13, further comprisimgive dogs
mechanically connectedbetween the input coupling and the output
coupling that cause rotation in unison attee fractional amount has been

reached.

16. The gate valve of claim 12, wherein the tratoslcomprises:

a nut rod with external threads on an owerface;

a tubular drive with an interndore;

a travel nut secured within the internal bore & thbular drive, the travel
nut comprisinginternal threads which engage the external threddke nut rod,

so that rotation of theouplingdevice causes axial movement of the gatk

17.  The gate valve of claim 12, wherein the cydinthas an internal cavity
comprising anutend compartment and a gate end compartment, teevghve
further comprising:

a piston located within the cylinder, the pistorpaating the nut end
compartmentfrom the gate end compartment, so that a pressure etitial
between the nut end compartmemind the gate end compartment will

encourage the gate to move between the open alu$edposition;

an open port located in a side wall of the nut eothpartment for
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21. The apparatus of claim 18, wherein rotation of the inner member relative to the sleeve to the
fractional amount in the first direction restricts fluid communication between the close port and the
supply void and provides fluid communication between the open port and the supply void. 22. The
apparatus of claim 18, further comprising: a return port on the sleeve; and a return void extending

circumferenti@ubppmﬂ@ Wﬂ%lﬁﬂ@fﬂbi@ 10 Huid ﬁ@mnﬂh@iﬁati@mﬁbdnméﬁum ﬂ@tcwﬁﬂ@ir} rotation of
the inner member relative to the sleeve in the first direction restricts fluid communication between the

open port angfee return void and provides fluid communication between the close port and the return
void. 23.A method for assisting in the operation of a gate valve having a linearly moveable gate

comprising the stepa@fioés peHAtiRARPIHANIAE Al B theegiraabltsiiarient of the
cylinder for supplying hydraulic fluid to and frothe gate end compartment

of the cylinder.

18. The gate valve of claim 12, wherein the rotaalye further comprises:
a sleeve with a central bore;
a cylindrical inner member rotatable within tleeveo a fractional amount;
an open port and a close port in the sleeve spamaanferentially apart;
a supply void orthe.inner member extending circumferentially;
an input port in the sleeve between the open aasecports to supply

hydraulic fluid to the supply void.

19. The gate valve of claim 18, wherein rotatiorthe inner member relative to
the sleevan the first direction provides unequal communicatimriween the open

and close ports arttie supply void.

20. The gate valve of claim 18, wherein the circemaftial extension of the
supply voidis less than the circumferential distance betwéendpen and close

ports.

21.  The apparatus of claim 18, wherein rotatiothefinner member relative to
the sleeve to the fractional amount in the firstredion restricts fluid

communication between the close port and the suppig and provides fluid

communication between the open port and the sumpty

22. The apparatus of claim 18, further comprising:

28



cylinder to the gate; (b) connecting a rotary to linear translator to the piston rod; (c) connecting an
input coupling to the translator and providing the input coupling with a rotary valve that is connected
between a hydraulic fluid source and the hydraulic cylinder; (d) rotating the input coupling in a first
direction which causes the translator to move the piston rod and gate to an open position; and (e)
the rotation in step () reig@repUsiG thee resyesadvel to direct fluid from the source to the cylinder to
create an open assisting force on the piston rod. 24.The method of claim 23, further comprising the

steps of rotating the ipefueAURGRD éxt@5EieRNEifbiRataB NAIN 6AUTREINPEANSERIAT thufaove the
piston rod and gate to a closed position and the rotary valve to direct fluid from the source to the

cylinder to creigmglNeatrREsisting tecerefuthe pustominste?d. Ihatoeties ohsiainnddnmdierein the
rotary valve has open command ports

relative to the sleeve in tHigst direction restricts fluid communication bewve

the open port and the return void and provideslfommunication between the

close port and the return void.

23. A method for assisting in the operation of gegealve having a linearly
moveable gate comprising the steps of:

(@) coupling a piston rod of a bi-directional hyadra

cylinder to the gate; (b) connecting a rotary taedr

translator to the piston rod;

(c) connecting an input coupling to the translaiod providing the input
coupling witharotary valve that is connected between a hydrdlulid source and
the hydraulic cylinder;

(d) rotating the input coupling in a first direatiowhich causes the
translator to move the piston rod and gate to amguosition; and

(e) the rotation in step (d) also causing the xotatve to direct fluid from

the source to the cylinder to create an open asgiftrce on the piston rod.

24. The method of claim 23, further comprising siteps of rotating the input
coupling ina second direction which causes the translator toertbe piston rod
and gate to a closed position and the rotary vedwdirect fluid from the source to

the cylinder to create a close assisting forcenerpiston rod.

25. The method of claim 23, wherein the rotary gahas open command ports

and close command ports, and the step of rotahiegiriput coupling in a first
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and close command ports, and the step of rotating the input coupling in a first direction communicates
the open command port with the source and blocks the close command ports from the source. 26.
The method of claim 23, wherein the assisting force provided by the cylinder is proportional to an
amount of torque imposed on the input coupling. 27. The method of claim 23, wherein the input

coupling has gindBRbh REGHAA 116 AEEMItBBEROEBARINIARRES IeE ANithi R SoURRSs ARl IBRIEEROEHON to
rotate a fractional amount relative to the output portion. 28. The method of claim 27, wherein the

fractional amesyeot betmtidad Patieireansies setaiden of one component of the rotary valve relative to
another component of the valve. 29. The method of claim 27, wherein after reaching the fractional

amount, continued rotation of the input coupling causes the input portion and output portion to rotate in
unison. 26. The method of claim 23, wherein the assistorgd provided by

the cylinder is proportional to an amount of torgogosed on the input

coupling.

27. The method of claim 23, wherein the input dimgphas an input portion
and an output portion and step (d) initially cautes input portion to rotate a

fractional amount relative to the output portion.

28. The method of claim 27, wherein the fractioaalount of relative
rotation causes rotation of one component of tharyovalve relative to

another component of the valve.

29. The method of claim 27, wherein after reachihg fractional amount,
continued rotation of the input coupling causesitipeit portion and output portion

to rotate in unison.
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