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LOW TORQUE GATE VALVE MECHANI SM CROSS REFERENCE TO
RELATED APPLI CATI ON [ 0001] This application clains the
benefit of U.S. Provisional Application No.

60/ 892,942 filed on March 5, 2007. BACKGROUND Field
of the Invention [0002] The present invention is
related to gate val ve assenblies. Description of the
Rel at ed Art LOWWOBORQUE GATEVAIYEMBGHANISM in a
nunber of industries to control the flow of fluids.
Gate valves are classified as either rising stemgate
val ves or non- IGROSHEEREBENCE T0 BELARED APPEICATIONe val ves.

AQP” i ng emgate valve has a stemfixed to the gate
SWOAT t hat “hive 2Prlication ofleimg othe bepefs efoH et Hspvisignal Application No.

-I] Sl stem gate valve has a stemthreaded into
g%%é‘fﬁeé]g%waﬁc at2%Pbt ati on of the stem rather than
axi al novenent, causes the gate to nove axially.
[0004] Rising stemgate é%al ves be further

ma
classified as either unb WEBU@%/em gate val ves or
bal anged piE M3t val ves. An unbal anced stem gate

val ves has a singt: ngle stem associated with the gate. A

bal anced stem gate val ve has a second stem attached to
fdvezjgat e TAb pleltdt RRGhHBRRANREE td AR Valvk SlsemibiR) The

di aneters of the two stens are chosen such that the

force conponents of pressurized fluid acting on the

two dheomptanef thaRalkreeédst Thus, the force conponents

beari ng on one stemare ideally canceled out by the

force conponents bearing on the opposite stem [0005]
[B99H val vé&stermlvepere rammahly ysacin watederlof indusvies tol dogtrdlke flow
rotational notion of a handwheel into the axial

ploflhidn  Gfatet vadves tazenclasified ayesitentisingiktem gate valvedesi foalisthg (or
for the rim pull

rotating) stem gate valves. A rising stem gate valve has a stem fixed to the gate such that the

stem and gate move together. A non-rising stem gate valve has a stem threaded into the gate

such that rotation of the stem, rather than axial movement, causes the gate to move axially.

[0004] Rising stem gate valves may be further classified as either unbalanced stem
gate valves or balanced stem gate valves. An unbalanced stem gate valves has a single stem
associated with the gate. A balanced stem gate valve has a second stem attached to the gate
at the end opposite the first stem. The diameters of the two stems are chosen such that the
force components of pressurized fluid acting on the two stems are balanced. Thus, the force
components bearing on one stem are ideally canceled out by the force components bearing on

the opposite stem.

[0005] Gate valves may be manually actuated by converting the rotational motion of a

handwheel into the axial motion of the stem. As a general rule, it is desirable for the rim. pull
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gear set |ncludes a plurality of gears arranged to
produce an out put SUMMARY

[0006] These and other disadvantages in the prior art are overcome by providing a
gate valve apparatus according to the present invention. In one embodiment of the present
invention, the gate valve apparatus includes: a gear set, a ball nut, a plurality of balls, a shaft,
a stem and a gate. The gear set includes a plurality of gears arranged to produce an output
torque such that the output torque is greater than an input torque. The ball nut is disposed
with respect to the gear set such that the output torque causes rotation of the ball nut. The
shaft, the plurality of balls and the ball nut are arranged so that rotation of the ball nut relative
to the shaft causes axial movement of the shaft. The stem is connected to the shaft. The gate
is disposed with respect to the stem so that axial movement of the stem causes movement of

the gate.



torque such that the output torque is greater than an
i nput torque. The ball nut is disposed wth respect
to the gear set such that the output torque causes
rotation of the ball nut. The shaft, the plurality of
balls and the ball nut are arranged so that rotation
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out put applied to the ball nut.
[0008] According to another embodiment of the present invention, there is provided a

method for controlling fluid flow through a flowway, the method having the following steps:
applying a rotational force input to a wheel, wherein the rotational force input causes a gear
reducer to produce a rotational force output; transferring the rotational force output of the
gear reducer to one of a ball nut and a shaft; converting the rotational force output to a linear
force with a plurality of balls coacting with at least one of the ball nut and the shaft; applying
the linear force to a gate; and moving the gate between at least two positions so that the gate

at least partially allows or at least partially restricts flow through the flowway.



[ 0008] According to another enbodi nent of the present
invention, there is provided a nethod for controlling
fluid flow through a fl oway, the nethod having the
followi ng steps: applying a rotational force input to
a wheel, wherein the rotational force input causes a
ear reducer to produce a rotational force output;
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understood by reference to these drawings in combination with the description of
embodiments presented herein. Consequently, a more complete understanding of the present
disclosure and advantages thereof may be acquired by referring to the following description

taken in conjunction with the accompanying drawings.

[0011] Figure 1 is a partially cutaway side view of one embodiment of a gate valve in

an open position in accordance with the present invention.

[0012] Figure 2 is a partially cutaway side view of one embodiment of a gate valve in

a closed position in accordance with the present invention.



[0010] The followi ng figures formpart of the present
specification and are included to denonstrate certain
aspects of the present invention. The present
invention may be better understood by reference to
these draw ngs in conmbination wth the description of
present ed herein, Conseguently, a nore
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a gate val ve apparatus 100, in accordance Wth
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i ncludes a
sealably disposed near the intersection of the flowway 110 and the valve body cavity 115. A
bonnet 145 is secured and sealed to the valve body 105 over the valve body cavity 115. An

actuator housing 155 is secured to the bonnet 145, and a gear set enclosure 190 is secured to

the actuator housing 155.

[0015] A gate 120 is sealably and slidably disposed between seats 125a and 125b and
1s suitable for reciprocal motion between at least two positions such as an open position and a
closed position. When the gate valve apparatus 100 is in an open position as shown in Figure
1, a gate opening 130 substantially aligns with seats 125a and 125b in valve body 105. Seats
125a and 125b are in fluid communication with flowway 110 such that, when the gate valve

apparatus 100 is open, fluid passes therethrough. In a closed position as shown in Figure 2,



fl omay 110 extendi ng conpl etely therethrough. A valve
body cavity 115 extends partially through val ve body

105 and intersects the floway 110. A seat 125a and a

seat 125b are seal ably di sposed near the intersection
of the flowway 110 and the valve body cavity 115. A

et 145 securedq and_.sea] ed to the val ve _body 105
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u No! V. nd the gate
c})gﬂg’ %ﬁ%‘g%gg{e%gﬁg&? ?10\%%% g?g (ﬁqw PCYJ’ %ﬁr%b]agp oc\%vvay 110.
[0016] The gate 120 is connected to a val ve stem 135,
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screw shaft 140 is associated with the valve stem 135
SosBs 6 balllistr@@Ishaft 140, the internal grooves of the ball nut 160, and the balls 165

act so as to provide a threaded connection. Such a ball screw approach provides for a low
friction conversion of the rotation of the ball nut 160 into axial movement of the ball screw
shaft 140 and, correspondingly, axial movement of the valve stem 135 and the gate 120. A
fixed rotary means 170 is connected to the ball nut 160 and both are suitably supported by
bearings to allow rotation with respect to the ball screw shaft 140 while preventing axial
N
motion from the thrust load. As shown in Figures 1 and 2, the bearings may be located in the
gear housing 190. In one alterative not shown, the bearings may be located between the
actuator housing 155 and the rotary means 170. The rotary means 170 is rotatably

interconnected to the output of a gear set 175. The gear set 175 is connected to a handwheel



force applied to the ball screw shaft 140 is

transferred to the valve stem 135 and the gate 120.

Thus, axial nmovenment of ball screw shaft 140

corresponds to axial novenent of the valve stem 135

and the gate 120. The actuator housing 155 extends in
roounding relation to the_ ball screw shaft 140. The
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gate erosion due to abrasives during transitions is decreased.

[0019] Therefore, the present invention is well adapted to attain the ends and
advantages mentioned as well as those that are inherent therein. The particular embodiments
disclosed above are illustrative only, as the present invention may be modified and practiced
in different but equivalent manners apparent to those skilled in the art having the benefit of
the teachings herein. Furthermpre, no limitations are intended to the details of construction
or design herein shown, other than as described in the claims below. It is therefore evident

that the particular illustrative embodiments disclosed above may be altered or modified and



screw shaft 140 convert the rotational force to axia
force applied to the ball screw shaft 140. The bal
screw also significantly contributes to the reduction
in the amount of torque required of an operator in
turni ng handwheel 185. The resulting axial thrust is

ransferred fromthe .bal|l screw shaft 140 to the .
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an assenbly . that the torque required to actuate the,
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c@gpqﬂﬁgg.bt rns gequired is increased but is not
excessive” TP efot uncommon for highly pressurized
fluid in the flowmay 110 to contain abrasive particles
that have a potential for eroding the gate 120 during
the traverse between open and cl osed positions. The
m nimzed nunber of turns translates into a faster
traverse of the gate 120, and, thus, the potential for
gate erosion due to abrasives during transitions is
decreased. [0019] Therefore, the present invention is
wel | adapted to attain the ends and advantages
menti oned as well as those that are inherent therein.
The particul ar enbodi nrents discl osed above are
illustrative only, as the present invention may be
nodi fied and practiced in different but equival ent
manners apparent to those skilled in the art having
the benefit of the teachings herein. Furthernore, no
l[imtations are intended to the details of
construction or design herein shown, other than as
described in the clains below. It is therefore evident
that the particular illustrative enbodi nents di scl osed
above may be altered or nodified and -7 all such
variations are considered within the scope and spirit
of the present invention. Also, the terns in the
clai ms have their plain, ordinary neaning unless
ot herwi se explicitly and clearly defined by the
patentee. -8



CLAIMS What is clainmed is: 1. A gate val ve apparatus
conprising: a gear set conprising a plurality of gears
arranged to produce an output torque, wherein the
output torque is greater than an input torque; a bal
nut di sposed with respect to the gear set such that
h tput torque causes rotation of the ball nut; a
éﬁ ity of balls; a shaft, wherein the shaft, the
ral i f balls and the ball nut are arranged so
t gféé%ﬁé gbn of the ball nut relative to the shaft
causes axi al novenent of the shaft; a stem connected

to t he ashafihi RRREbmpMGSy-€i N the stem seal ably
ext ends hroagﬁm?he boﬁﬁef; and a gate di sposed with

respect tp.daN&t SnfRLa E:)ﬂl?atht}ae)chl g%!lrlg] gyéélggﬂétg&wgfﬁ&gé Q]eou%?gquue,

causes novenent of the gate.” 2.7 T .

apparat us of Glyajefd e &H};l;t Ebﬁguqu’ﬁgzitéﬁhﬁ% irﬂzllﬁlpflo%ugn

di sposed with respect to t gear set so that totation
of the pinion causes the input torque to be applied
to the geaPelkpit disposeqdyathyrgsrect,tq| the sens sefr ek ghap thecquspuintorque
2 further conprising: a wheel, wherein rotation of the
wheel causes FYSEPBHOMI thefellgiti on. 4. The gate
val ve apparatus of claim1 further conprising: -9

a plurality of balls;

a shaft, wherein the shaft, the plurality of balls and the ball nut are arranged so
that rotation of the ball nut relative to the shaft causes axial movement

of the shaft;
a stem connected to the shaft;
a bonnet, wherein the stem sealably extends through the bonnet; and

a gate disposed with respect to the stem so that axial movement of the stem

causes movement of the gate.
2. The gate valve apparatus of claim 1 further comprising:

a pinion disposed with respect to the gear set so that rotation of the pinion

causes the input torque to be applied to the gear set.
3. The gate valve apparatus of claim 2 further comprising:
a wheel, wherein rotation of the wheel causes rotation of the pinion.

4. The gate valve apparatus of claim 1 further comprising:



a val ve body including a fl owmay that extends

conpletely therethrough and a valve body cavity that
extends at |east partially therethrough and

intersects the fl oway, wherein the bonnet is seal ably
connected to the valve body and adjacent to a portion

of the val ve boﬁg.c vity; 5. The gate val ve apparatus

of clai m 4VFR P& AnC 3 vy that peends cemplgislygperethrough and a
seal ably connected to the val ve body and di sposed
substantial ly VBBB&?P%’ YR BbAHERds 4 epsh pB@P’i’hé‘i‘eﬁﬁhmugh and
val ve stem wherein hﬁ bal anci ng val ve stem.is :
connected to tH Sec&a‘%“’e WrEpYs whereip e honped psalably pengegted to the
partially through the bal.ance bonnet. 6. The gate

val ve appar at J§lg’8f’°(g'l %E#J%CFUPFH@PO%%WB‘? YadYeRedy PRy

seats in sealable contact with the val ve body, wherein

t he gaflge gae vaive appahtaddfelatn Athather sbimiphisihfte seat s and
novable within the valve body cavity between at | east
two posit) 0 ate at .|east rtially .

al | oa/s or;1 g)tgﬁp%ag%)&%grs%#%lh?f Oeste ; 10y é‘ef oW tbﬁﬁllyou"% disposed
the fl oway. ratus of claiml
further conpr izrétl’sg;gsalg%&)ﬁs}éggl\ér%%%gf’)smﬁenber connect ed

to the ball nut. 8 The gate val ve apparatus of claim

7 furt hera adanging galve stem, whareinlthethplapdingwalvd steps is connected to the
supporting the fixed rotary nenber and the ball nut.

9. The gate v&kigendssplablsexiendsft ledstpartiadly thrpughehe balance bonnet.
conprising: a plurality of roller bearings. 10. The

gat eéV@hé/@t@x&mraﬁﬁéﬂﬁus‘ﬁfcﬁh@h MG ALR: I he gear set

is supported by the plurality of roller bearings.

two seats in sealable contact with the valve body, wherein the gate is in
sealable contact with the seats and movable within the valve body
cavity between at least two positions so that the gate at least partially

allows or at least partially restricts flow through the flowway.
7. The gate valve apparatus of claim 1 further comprising:
a fixed rotary member connected to the ball nut.
8. The gate valve apparatus of claim 7 further comprising:
a plurality of bearings supporting the fixed rotary member and the ball nut.
9. The gate valve apparatus of claim 8 further comprising:
a plurality of roller bearings.

10. The gate valve apparatus of claim 9 wherein the gear set is supported by the

plurality of roller bearings.
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-10 11. A gate val ve apparatus conprising: a valve
body including a fl omay that extends conpletely

t heret hrough and a val ve body cavity that extends at

| east partially therethrough and intersects the

fl omay; a bonnet seal ably connected to the val ve body
over the valve body cavity; two seats in sealable
contact with the valve body; a gate in seal able
contact with the seats and novable within the val ve
body 11cAvgateywvabebpweitusabmpivagd: t Wwo positions so that
the gate at |least partially allows or at |east

partial | yawvaist badytisclddigvi fidwvedyghatteR@ndsl coMpRIEly Beré@ldtBh and a
stemthat is connected to the gate, wherein the valve

stem seal abl y vabxtdgscatibr diaghkxfeh® RORELpartAllE ARdréthrough and
associated with the valve stemso that linear force
appl i ed to thdntshedtdthe Bowwayansferred to the val ve

stem a ball nut; a plurality of balls interconnecting

R s S ER B I B

the shaft; a handmheel, and a gear reducer
ar r angeneho saais wepaabiaconiacthwithithe bavedwideel and t he bal |
nut so that a rotational force input applied to the

handwheel 5 ke C&pﬁb‘éﬁf)ﬁe Q:Gntﬁcg vith hOsatd 8AahovhRE GRMAULE Whive body
applied to the ball

cavity between at least two positions so that the gate at least partially

allows or at least partially restricts flow through the flowway;

a valve stem that is connected to the gate, wherein the valve stem sealably

extends through the bonnet;

a shaft associated with the valve stem so that linear force applied to the shaft is

transferred to the valve stem;
a ball nut;

a plurality of balls interconnecting the ball nut and the shaft so that rotation

relative to the ball nut and the shaft causes axial movement of the

shaft;
a handwheel; and

a gear reducer arrangement associated with the handwheel and the ball nut so
that a rotational force input applied to the handwheel is converted to a

rotational force output applied to the ball nut.
12. The gate valve apparatus of claim 11 further comprising;
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12. The gate val ve apparatus of claim 11 further

conprising: -11 a bal ance bonnet seal ably connected

to the val ve body and di sposed substantially opposite

t he bonnet. 13. The gate val ve apparatus of claim 12

further conprising: a balancing valve stem wherein

t he balanckqgw | ve stemis connected to the gate and

seal abl y BRp@S0Het seelally coppretrdiiolte vakie bagrandesposed

bal ance bonnet 14. The gate val ve apparatus of claim

11 further conPi-iAY: OPBO?‘?%}éeobW ary nmenber connect ed

_.to the ball nut. 15. The gate valve apparatus of claim
14 f uBt ke gomvel appargis & cplirn 2 lfirthyr @mpasiag:i NS

supporting the fixed rotary nenber and the baII nut .

16. The ¢ val ve a aim1l furth

conpri si ngi’aq%“““g NESR Bgr{)lh‘ﬁ ee(r:eflgg.‘ bsfaf“ﬂ'ég VGG Fomiefed to the

The gate val ve, ap L8 m11 f

conpri si ng: agl aﬁ?a e F 5 extrengs ﬂ?:leéﬁt PREAPY t&?ﬁ’é‘gh thg balgppg bonnet.
gate val ve apparatus of cla|n117 wherei n the gear

r edudér The gatmgbenparateoifiohirs é5 flathgemmpsgtg: wherein the
gear set is supported by the plurality of roller

bear i ngs. 5 il rd@ry enfBet Mecft%irto GRALA QL 1 ng fluid T1ow

through a fl oway, the net conprising: applying a
rotatio force input to a wheel, wherein the

r ot at'? oﬂ]éﬁ gafeoyalie apRegaiis of elama A4 fustheyecampriginRicer t o

produce a rotational force output;
a plurality of bearings supporting the fixed rotary member and the ball nut.

16. The gate valve apparatus of claim 11 further comprising:
a pinion connected to the handwheel.

17. The gate valve apparatus of claim 11 further comprising;
a plurality of roller bearings.

18. The gate valve apparatus of claim 17 wherein the gear reducer arrangement

comprises a gear set, wherein the gear set is supported by the plurality of roller

bearings.
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transferring the rotational force output of the gear
reducer to one of a ball nut and a shaft; converting
the rotational force output to a linear force with a
plurality of balls coacting with at | east one of the
bal | nut and the shaft; applying the linear force to a

at e; NDV| g t he etween_at_ | east two
803. thoz\gﬂ nifﬂléﬂ&;@ltl% qY trengh flowey.4hq pethed agmsising:
or at | east part| ally restricts flow through the
fl ownay. &plyivk avetakiochl fopde inmun ta Dk heel) hérbinitk dolaBWhal force input
through a flowmvay as clainmed in claim19, wherein the
transferring aatsei agdadredlcef OEaluedd Pritiowll fdrévougRgr
reducer arrangemsnt to one of the ball nut and the

shaft co e r\és aP c!:eho%tpo t} e gear reéucer to one ofrlluball nut
al? FO I{ h}

and the s mro
and a shaft;

converting the rotational force output to a linear force with a plurality of balls

coacting with at least one of the ball nut and the shaft;
applying the linear force to a gate; and

moving the gate between at least two positions so that the gate at least partially

allows or at least partially restricts flow through the flowway.

20. A method for controlling fluid flow through a flowway as claimed in claim 19,
wherein the transferring a rotational force output of the gear reducer
arrangement to one of the ball nut and the shaft comprises preventing the other

of the ball nut and the shaft from rotating.
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