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CLUTCH BACKGROUND OF THE I NVENTION 1. Field of the Invention This

i nventi orwpaBatmssto a val ve actuator that is electricall ycopsozoad and
used to selectively nove a valve closurge nmenber in a gate val ve between
open and closed positions and thereby control flow through the valve. The
actuator is used in errergency situations to quickly close the valve by
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cl osed and ereby mnimze actuator conponent wear. 25 Prg g}ous atterrpts
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spring acting in combination with the residual pressure in the valve acting on the stem
to provide the motive force to urge the valve to its closed or failsafe position in a few
seconds. This spring must be sized to have sufficient force to close the valve at the
valve’s rated working pressure. In the case where it is necessary to close the valve
20 while the pressure in the valve is a relatively small percentage of the valve’s rated
pressure, the spring is now somewhat oversized causing the valve to “slam” shut
under a great accelerative force thereby causing increased wear on the valve
actuator's components. It is thus desirable to be able to control the rate at which the
valve is closed and thereby minimize actuator component wear.
25 Previous attempts to control this closing force have focused on controlling the
rate at which the actuator is closed. Various devices such as viscous rotary dampers,
centrifugal clutches and centrifugal pumps with metering valves have been used.
These devices suffer from various deficiencies including high breakout torque, large
torque variance with temperature changes and leakage of the fluid used as the
30 damping media.
It is therefore desirable to have a clutching mechanism or similar apparatus that has a

low breakout torque, is minimally affected by temperature changes and requires no
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at a preselected, linear rate as the stemis noved by the spring to the
fail safe SUMMARY OF THE INVENTION

The present invention comprises a valve actuator having a cylindrical housing

with a bonnet secured to one end of the actuator housing. The bonnet has a stem bore
therethrough and a stem positioned therein that is configured for attachment to a gate

20 in a gate valve such that movement of the stem moves the gate of the gate valve
between open and closed positions corresponding to operating and failsafe positions
of the gate valve. A biasing module, positioned in the actuator housing, is connected to
the stem and having a coil spring to urge the stem and valve gate to a closed, i.e.,
failsafe position. A transmission module including a low friction planetary roller screw is

25 adjacent the biasing module and moves the stem and valve between the open and
closed positions. Movement of the traﬁsmission module is opposed by the spring and
the valve bore pressure. A power module drives the transmission module. An eddy
current clutch is connected to the transmission module to control the movement of the
stem at a preselected, linear rate as the stem is moved by the spring to the failsafe

30 position. A pair of wrap spring clutches are used to restrain and control movement of
the planetary roller screw. A control module is provided to allow selective release of the
wrap spring clutch and thereby allow the spring to move the stem and valve gate to
their failsafe position.

A principal object of the present invention is to provide an electrically operated
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FIGURES 1A - 1D are a sectional view of embodiment of the valve and valve

actuator assembly of the present invention.
FIGURE 2 is a partial sectional view, taken along lines 2 - 2 of FIGURE 1,

20 showing part of the control module.
FIGURE 3 is an elevation view, taken along lines 3 - 3 of FIGURE 2, showing

the details of the releasing means.
FIGURE 4 is an elevation view, partly in section, showing details of the power
module.
25 FIGURES 5A and 5B are a section view of the transmission module.
FIGURE 6 is an elevation view, showing details of the biasing module.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
With reference to the drawings, and particularly to FIGURES 1A - 1D, vaive

actuator assembly 10 embodying the principles of the present invention is shown.

30 Valve actuator assembly 10 includes actuator housing 12 attached to valve bonnet 14
by threaded engagement 16. Valve bonnet 14 is sealingly secured to gate valve 18
(shown in partial section) by suitable securing means as studs 20 and nuts 22. Gate
valve 18 is of a conventional configuration well known to those of ordinary skill in the
art with valve closure member in the form of valve gate 24 movable therein between
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I ncludes electric _notor, 48 secyred to notor nount housing 50 by cap screws
52. The useSes Yhthe extgrior af ‘as the notive force for driving the

actygtor in povwere sppbelieerdof scteatoshalangdi 2 hdsysiweatriodaledd?l attashed not
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greater detail and includes electric motor 48 secured to motor mount housing 50 by
cap screws 52. The use of an electric motor as the motive force for driving the actuator
in power module 32 is considered illustrative only and not limiting. 1t is envisioned that
25 power module 32 could utilize other motive forces such as hydraulic or pneumatic
without departing from the scope of the present invention and such modifications are
considered within the scope of the present invention. Junction box 54 is mounted on
the side of electric motor 48 and electrical cable (not shown) is attached for supplying
electrical power. Motor mount housing 50 is a cylindrical cup shaped member with
30 annular flange 56 formed on its end. Electric motor 48 has ratchet clutch 58 and clutch
coupling 60 positioned on its output shaft to connect motor 48 to speed reducer
gearbox 62. Speed reducer gearbox 62 is used to control the speed of electric motor
48 as it powers transmission module 30, in manner to be described hereinafter.
Torque coupling 64 is mounted on the output side of speed reducer gearbox 62 and
35 has coupling 66 formed on its inside to mate with transmission module 30.
Cap screws 46 attach power module 32 to actuator housing 12 as best seen in
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resists movement of spindle 88 in a direction opposite to that just described to prevent

“overhauling’, i.e., spindle 88 from turning the opposite direction after motor 48 is
turned off. Wrap spring clutch 98 resists this movement by being wrap onto upper

25 stator 82 which is prevented from rotating by being connected to actuator housing 12
through upper end cap 68.

Spindle 88 is supported by axially and radially by thrust bearings 100 and roller
bearings 102 within upper stator 82 and lower stator 84. Counter bore 104 is formed
on the inner end of spindle 88 and has low friction transmission means in the form of

30 planetary roller screw 106 positioned therein. Planetary roller screw 106 is of the type
commercially available from various vendors such as INA Bearing and also used in U.
S. Patent Application No. 09/915,796 by Johnny Newport and Todd Mosley, filed July
26, 2001 and assigned to the same assignee as the present application and
incorporated herein by reference. Planetary roller screw 106 includes roller cage 108,

35 drive rollers 110 and roller shaft 112. Drive key 114 fits in counter bore 104 and
transmits rotation of spindle 88 to roller cage 108, drive rollers 110 and roller shaft 112.
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to I'Gwer 10"“&%#@? '"@méﬁﬂerttﬁé}r"% egg ked BSﬁ' eLhaf t 112 to transl ate,
i .e., nove |ineaphmpepmaunt 86virdsvetutdiB assesntiteinghd fbmpofeddy cunrertt atuitaint 32f
roller shaft 112 with respect to Lower rator., 120  Thi ' r 0ot i
causes rol | Bougkgon '@ﬁ‘dt gg‘g\hgﬂ{m&h cl\gﬁzgéﬁﬂds ﬂggﬁI% © marﬁﬁjcﬁ%gva“%%@%at e
24 to its ONRpAsticTEEdPAGlobiesLtd. bxford, Massadheséttse Sutio clytdhek havech tissarval ve 18,
a releasing neans i s provided that s.tan n ri l,ut ch
128 to rel efRiaiopghip P@“’Yﬁeﬂtte'ﬁuﬁﬁna Sﬁﬁ%@ﬁet‘ﬂgﬁ'&vﬁ}%ﬁdggur\é%ngglru?c%e35 e il
her eignaf t er 413aRpededTRERIN Wlich aonrEcts! to lovas setob il 30 tocdnirel ifsospeed of tiatipn
current clutch 132 munted on_its end. current t ' t he
type conmer & 4l l%;a desgribeg hereinafior. Dust sq'uel; %ié/ connec%rbet\%éh l%}ae?'ggd tap 84
and damper mount 86.
Control module 34 is shown in FIGURE 5 and in greater detail in FIGURES 2
and 3. Control module 34 includes a releasing means 138 comprising solenoid 140,
25 plunger 142 and link arm 144. When solenoid 140 is operated, plunger 142 bears on
the end of link arm 144 which causes link arm 144 to pivot on screw 146 that attaches
link arm 144 to lower stator 84. Surface 148 is milled on the side of lower stator 84 to
allow clearance for the movement of link arm 144.
Biasing module 28 is shown in greater detail in FIGURE 6 and includes spring
30 retainer cap 150 with bearing plate 152 secured thereto. Spring retainer cap 150
includes annular flange 154 formed on one end that contacts biasing member in the
form of spring 156 as best seen in FIGURE 1. Bearing plate 152 includes thrust and
roller bearings 158 and 160 that support roller plate 162. Bearing plate 152 is attached
to end plate 164 by cap screws 166. Hex head cap screw 168 secures biasing module
35 28 to stem 38 while retainer screws 170 secure biasing module 28 to housing end
plate 172. Housing end plate 172 is secured to actuator housing 12 by threaded



Magnetic Technol ogies Ltd., Oxford, Massachusetts. Such clutches have a
linear relationship between torque and speed. The interior of eddy current
clutch 13®@0vasédeey 20 134 di sposed therein which connect s PCo/USowerist ot or
120 to control its speed of rotation asg w |l be described hereinafter.
Dust shield 136 connects between upper end cap 68 and danper nount 86.

Control nodule 34 is_sh in FI 5 and i r bibie 3R iFAHGARES 2
and 3. Conter“SPg‘?fBﬁnJI1@‘313'%‘\3/%:[5\9&85?@&?&’gas F%“ %@ﬁé&fggpég%? ?gll{% sol enoi d
140, 25 pliyp@sorm 4Riirainswitdhials 136 ninat 4iétectiherpositibe nbamhulatGlange dpé pbspsing
pl unger 142 bears on_the_end of |ink arm 144 i 1 4 to
pi vot on sd?fé‘weiﬁﬁpﬂﬁéi?s e aciyatar m?\{en\{gl\garqﬁﬁeiZ%F %eﬁ%\gfo E{Az;'b glrémg?ﬁs ur f ace
148 is m | I pditiefs.t he side of |ower stator 84 to allow clearance for the
novenent of link arm 144. Biasin dul e IS ' tail in
FI GURE 6 and i nct a&eﬂ%eavﬁﬂ@e °*13‘IF%F33@8? H’gf"%é%aepaslré@)%vm@t\/ ﬁ‘R’S‘ 5‘??%‘5“8?‘3#% 152
secur ed t hep gieoposhipnishgwh &i FIGURE d aire. litsfailsafes posities witmithi dord dfavatus 1854
formed on one end, that . contac bi.asi int i ng 156
s bost sedipae Hreppn ohyas 2B s R B B0} D, Wiier 1B & ePREL 10 7
beari ngs 158tz @ith 6petad e stator 840 Hlextrical paveer 169uppliechta mgtophamdichs2 | s
attached to end plate 164 b ap _scre heag EWNe AL 68
secures bi ég?'?\a" Cﬁmrgle&% %&{gg] Ss%teg%r#\?\ﬁg%erbrei al ner rgcr%@/gﬁ@% ‘secur e
bi agpng nodspisdiad 88 tretates umingrne naller page t08lMEoughalive kegy &l \draptspring 2luiteh
secured to actuator housin 2 by.thr.ea 03/ 01151 7
engagement 9718 OrigaedfQ ?'f?d" I?)&élt‘gpd%&@ T?ecﬁgrg.e%%g%t %/pog?@%g? a@ﬂéé{% modul e 34
i s shown itparshfittddtorolid shafrii 12 thnbughhdrive 13iRrs 0. Ridereshaft H& qaopot rotate of
annul ar flange 154 of sprj retajn 5 : Gciyal ve
gate 24 bet Siﬁ@ "bﬂ@fﬁﬁnﬁdo‘%?{d o#ogﬁ?g é?eg/ e%tprgtsa?‘ ?%%‘g?ugét“xg% 3%'5"{@53‘?4 sequence
of operati o/ peudrils httatiom df ddverwstor Y20 with gesipect2d lowauisthtdyed4 andl damepgsosi ti on
shown in FIGURE 1, j.e., its fails 0SJ t | t ve 18
clodad. w a’BOB'grq]en-grh'élcaf'%%r@?ﬁ'\ag 1?'%%??')50% tgég%gw%%’%dt\{%@ﬁ%&ﬁe#g\b\er r ot or
120 cannot roligtpate 162toh biaeinpensdule28. Guntinsddamovergznt ofraliet shaftal 120898 i s
supplied to notor 4 I ch hen dri Spi . r Qg educer
gear box 62 siRop qab?"&ﬁ‘@\f‘wéeoq?ﬁ? ?‘%Jﬁ%xg"igggﬁ%{@e@@%&é@%t es gtrslngt‘é ﬁa?iﬂ roller
cage 108 t hysuith. Simulanksusiyl $gring/f 5nis pngropmpresset an@®ppesing thent ed to al | ow
rotation in this direction. Rotatjan, of .iolJ.er . 108 i itted to
rol | er shaf ?fO’PI‘?ertt'ﬁP%‘ﬁ aﬂmc\YEm?B‘ ‘%@Feén f%d&t t&SIH g‘?ﬁ's"%hg?ﬁ’}"{"ﬁﬁh?:ﬁ%ﬂ rotate
as kgys 116gitBcizh@posifidh effbidsmgemodule @8 ahd@sperireiivalvet 8 is operbBowasie wr ap
spring clut eclgctric motor 48 can then be turned off. Pressure within valve 18 that acts across the
diameter defined by seal 46 on stem 38 will attempt to attempt to backdrive or
soverhaul” electric motor 48. This is prevented by wrap spring clutch 98 that prevents
opposite rotation of roller shaft 112 as previously described.
25 When it is desired to shut the valve, i.e., move it from its operating to failsafe
position, releasing means 138 is activated by removing electrical power from solenoid
140 and extending plunger 142 and moving link arm 144 which in turn moves tang 130
to release wrap spring clutch 128. This allows spring 156 and the pressure end load
acting on stem 38 to urge stem 38 outwardly, i.e., away from valve 18. This causes a
30 rapid movement of stem 38 and roller plate 162 that is bearing on roller shaft 112. As
roller shaft 112 moves upwardly and rotates on drive rollers 110, roller cage 108
attempts to rotate also. However, key 114 between roller cage 108 and spindle 88
prevents rotation of roller cage 108 as spindle 88 is locked against rotation by wrap
clutch 98 which prevents backdriving of spindle 88 as previously described. Thus roller
35 shaft 112 rotates upwardly into spindle 88 to return to the position of FIGURE 1. This
rotation of roller shaft 112 is transmitted to lower rotor 120 and through key 134 to



128 prevents rotation of |lower rotor 120 with respect to | ower stator 84
and danper 15 nount 86. This cause roller shaft 112 to nove linearly toward
val ve 18 wpd3besnson roller plate 162 of biasing nodul e P8T/USes0ilnued
novenent of roller shaft 112 urges stem 38 and valve gate 24 into valve 18
thereby opening valve 18 to its operating position. Simltaneously, spring

Stem 38, AU EUREE i i Bpl B pirdn of ey JEhLANER ‘eR R REeIRUE T

bi asi ng nodidre nitRemret Bsiswnd pinned fo demhpee nddint 86,dpe rate %mmolncpf relleeshaft ¢

t 48 t.h be t ff
the " di amet B2 HeprHae By s Pirt SHEET KT T YeinifhbBucdt Eoisdc Falr oo¢
backdrive oat whlcﬂvsp‘ringuISE cah a:gerstemrﬁstamd \male gEte 24 Dstmqardiwmﬁmedalbyfevw ap
oD 1B, 1 v et BRI Yk SPRRELLE SO bR S g By oo
it from ijt Eredpmoa*etewlthcmt fsammgéthep@bietshah, rel easi ng neans EL38 i s, .

t t t .
Pl unger 142" and TR PRGEHIR oL FY SGaNE orid S B AP bdwy difenf DB gRIFRE N0
rel ease wr arpadlp/rmnugrstéoﬂfcdrm 11R8foréguing ddstoptonsndiitwgll b eamthat heaysr essure end

15 Thi's catogtedaRglepligl oishindlfUh ARy AL Aty fitn RN SPRRIME, TF |

beariong on haingea sebistdritiallylihearorquentdreus speefl relatishshipy Bgrthgimared while the

rotates on dri eroII tate al so.
However , ke‘9 3 N l!)‘@?\?ggi &OJV& %'ﬁaoé:‘%s%éb mé#%ﬁg%?%?'?@’éf%{éﬁents rotation
of roller cagbodman’aslt pbwitue tHES eqslvalenﬂa}mrai@as asd modifigatians wilyoeausito cl ut ch

98 whi ch pr ent ckdri vin I [ Thus
roller 35 st sﬂl 81’"5 ﬁtags F’%Bm (#;qn‘g %d%dg&'ﬁq@%ﬁ tﬂ?)é ¥%%ﬁr§%ﬁdt'gqﬂﬁ
position of prEbéB\ﬂﬁlE/ehnonTinclades albslmhle:qlmvafent altdrdronstmﬂtmqgllfzzatlsnsr, ppfdsritted to
Iovver r ot or rou 1 / 064905 PCT/ US03/ 01151 8 eddy
curriént cl u'frﬁ'ﬁe yby p%a %B?'iq%g\é%'?éeddy current clutch 132 is
restrained from rmverrent by being pinned to danper nount 86, the rate of
rotation of roller shaft 112 is controlled by eddy current clutch 132. The
drag thus produced controls the rate at which spring 156 can urge stem 38
and valve gate 24 outwardly to the failsafe 5 position. This drag of the
eddy current clutch allows the valve to thereby be closed at a reduced
rate wi thout "slamm ng" the valve shut. The construction of ny electric

val ve actuator with eddy current clutch will be readily understood from
the foregoing description and it will be seen that | have provided an

el ectrically operated val ve and actuator assenbly with a clutch apparatus



10 having a substantially linear torque versus speed rel ationship.
Furthernore, while the invention has been shown and described with respect
to certaiwopsebé®rs ed enbodinents, it is obvious that equiP¢altusns/ 01151
alterations and nodifications will occug to others skilled in the art upon
t he readi ng and understandi ng of the specification. The present invention
i ncludes all such equivalent alterations and nodifications, and is 15
limited only byWha isel8inedds: t he appended cl ai ms. WD 03/ 064905

PCT/ US03/ 01151 19 A Wied adtsatel, @bmpfsihg: 1. A val ve actuator, conprising: an
actuat or housing; a bonnet secured to said actuator housi ng having a stem
bor e t her et hr ou@h;actustyf hoUgiRgnosi ti oned within said stem bore of said

bonnet, said st gmdnABl ddtufRrto séuraoaxa&@qmmehg htamng a\mémeocd ibsretieronghber
within a gate val ve wherein npve sai stem aaia L d V. luYed cl osure

memb®r within s& %eﬁﬁé't'QWW‘@‘t%FﬂgéF?%B@ﬁ Oiﬁ"a'd tlﬂ"B 83' SR’
cor r espondisfatiaen@BRe Bld M@dl&uf@iﬂemﬁwnmlatgemsmoé whaieth mavementloie; a

bi asi ng nodul e positioned hin said actu in n sald
10 stem anéalﬁ’m'ﬁgﬂ%’eﬁﬁé@‘ﬁ@’emé"rmﬁ eLW 'H@a aq%’ ‘é?c"é%ﬁ%)%v g'%g&f

position; gdseadpositien &?ré%’p&#dlrﬁj pendgingaind faitsafe ;hr?itlgaenf said dafealdl\teaf e and
operating positions, sai nme S, | asi a power
modul e driving SHpiasing MHP@?@H"%W@FE”@ a&%‘?@"”ﬁﬂ%ﬁo@n?‘ggge@ %% ivel y

r elngélse s aigtbri bRAThEVIAG Al BissingPaembenier pRid saidstentito alfailsdfé positian; d bi asi ng
menber to nove said stemto iits fail saf | on I enbly
connected to sal%"@’}szﬁ'ﬁ%ﬁﬁ?"s'énpgwemﬂi'{ﬂgeschs@@ﬁﬁ&%?eq ﬂaéd g%@fg%gﬁto%%a%ﬁgl d stem
at a preselfRghifs, sbi&ﬂéﬁerﬁ@it@pp@seﬁlady(taﬁiﬁmlngmm by said biasing menber
to said fail safe position. | ve actuator according to Caim1l,

wherein: 20 sa@p%’}’ﬂtrﬁ?fi%g@?ﬂﬂ %ﬁ'q Era%sﬁn'éﬂﬁ'}"PHP ent clutch. 3. A valve
actuat or accor dig\gorit@l ﬁoﬂhl@t@selé&t%@l release shitl ansfrbmsﬁsmpeergIpesntlomalhdjdes

25 981 d 11 1elowRRKEPSPRS MSMBELECHopL SRt P o0 ERRat 28 d ow fri ct: on
transm ssi on neagurfias&nbly SantbcR@saEhistissich podule td congropthessur e
whin sa dmovement of said stem at a preselected, linear rate as said stem is moved by said
biasing member to said failsafe position.
2. A valve actuator according to Claim 1, wherein:

20 said clutch assembly is an eddy current cluich.

3. A valve actuator according to Claim 2, wherein said transmission module
includes:

a low friction transmission means;

first and second wrap spring clutches;

25 said first wrap spring clutch positioned on the end of said low friction
transmission means adjacent said power module and preventing pressure within said
gate valve from moving said valve closure member from its operating to failsafe
position; and,

said second wrap spring clutch positioned on the end of said low friction

30 transmission means adjacent said biasing module and preventing said biasing member
from moving said valve closure member from its operating to failsafe position until said
second wrap spring clutch is selectively released by a releasing means.

4. A valve actuator according to Claim 3, wherein:
said low friction transmission means is a planetary roller screw.
35 5. A valve actuator according to Claim 4, wherein said releasing means

includes:



gate valve fromnoving said val ve closure nenber fromits operating to
failsafe position; and, said second wap spring clutch positioned on the
end of sawo oBow9bF i ction 30 transm ssion neans adjacent sa&cd/usoaeilng nodul e
and preventing said biasing nmenber fromonoving said val ve cl osure nenber
fromits operating to failsafe position until said second wap spring
clutch is selecti Ig rel eased by a rel easing neans. 4. A valve actuator
according to d a?ﬁrn‘% ﬁm n: said low friction transnmi ssion nmeans is a
planetary roll era s6leayid adfualing A pumbee saidtpliaiger cardadingisayl link aBhavhenssaid

wherein said rel n ncl,ude 0 10 a
link arm afREN §cﬂ°§%6ﬁ%d'8?%? M%asgﬁﬁnqjﬁ%sglgn%g cf‘g 4Dungg(?9'§%?%p]r ing said
l'i nk ar m whelitch ahé relegd ecseid de¢cmdamaplapmrg ¢|mchanetlmrem,4 allmessachbigsinwsi t i oned
on said second w spr release said second wap spring
clut & and PREPED @PY%W'&&F’H’E’ E}?'ﬁsﬁg% ?’?étr@ér to nove said stemto its
failsafe positiop. Abualve actlater amcbnalatgdo Chaioa, svhegein:o Cl ai m 5, wherein: said

pover modul e includes 2 r%Sgl;g\eri éi Ar téomcér {o(?E‘@ttHo%?halépggdjo@aléa' d

pl anetary rol | er SUEPEYET or ~accor m 6, wherein:
10 sai d bi aplangtaryodlidrescrev| udes a bear| ng plate, sai d bearing plate

contacting said _pl a\a?t ar(%/ roI I egr Crtg\ﬁlﬁ&% ‘%vﬂe?% ng |inear novenent of

said stemto cau novenent and rotation of said
planggary roller sﬁdlbﬁ&ing&nodme/aicludeaaﬂoaamW platec saidibrgringplaleaiontariingvsaid ei n

said control, nodul e includes: ,a.pluralit f A S to det ect
the positi oPl2BFAELPlenFCLRY AR ﬁ%%@qp Wﬁ)éﬁ'%entp%% tdes%gmﬁg?%@ﬁr ts operating
and fail saf @mﬂmémédlﬁnmear fAoveertlang rﬁetmad;fcsalcbpjamtdnyrrglletr@cev\al m 8, wherein:
said biasing ne pr.in . ly,
conprising: av 1 ai"(f“a%?? %50790_ o? h1ere ?%ﬁgh'\é%_fg%l qq{/eeﬁg%gg%re
menber novably papldralityetipositidni sensars do uabntethepdgutmmomm biesing friepwber hr ough

sl val Ve b L % RADUBLAG ahd ka2 B (© Sai d val ve body having

9. A valve actuator according to Claim 8, wherein:
said biasing member is a spring.
10. A valve and valve actuator assembly, comprising:
a valve body having a bore therethrough;
20 a valve closure member movably positioned within said valve body to control
flow through said valve body bore;
a bonnet sealingly secured to said valve body having a stem bore therethrough;
a stem positioned within said stem bore of said bonnet, said stem configured
for attachment to said valve closure member wherein movement of said stem moves
25 said valve closure member between open and closed positions corresponding to
operating and failsafe positions of said gate valve;
an actuator housing sealingly secured to said bonnet;
a biasing module positioned within said actuator housing, connected to said
stem and having a biasing member for urging said stem to a failsafe position;
30 a transmission module moving said stem between said failsafe and operating
positions, said movement opposed by said biasing member;
a power module driving said transmission module;
a clutch assembly connected to said transmission module to control the
movement of said stem at a preselected, linear rate as said stem is moved by said
35 biasing member to said failsafe position;
a control module to selectively release said stem from its operating position and



a stempositioned within said stem bore of said bonnet, said stem
configured for attachnent to said valve closure nenber wherein novenent of
sai d stemvomsees9d sai d val ve cl osure nenber between openPpPamdses/eaged
positions corresponding to operating and failsafe positions of said gate
val ve; an actuator housing sealingly secured to said bonnet; a biasing
nodul e positioned wthin said, actuator housing..cqonnect.ed said stem and
havi ng a bi 29¥RI%RRBEP W%Pab%ﬁ%m?éfe§§\dc?t??g?ﬂtic,@"%&?gf)ﬁb%q’ea%gbsi tion; 30 a
transm ssi on nodykRitdiassembiyadofinsdtedrtdetidramsnsiasion fmdlieab eostra theper at i ng

(' vi ng. aai BOUPHREAT SER Gt Bharees Sl ingw B2t ory dan i Bede Bleddiq ©

transm ssi opiagigWemiie? t6 o4t fallsafehmsititnvenent of said stemat a presel ected,

| | t d,stem i d by said 35 biasi id
fal| 2ut o posi ¢ ohl- 4 ebmardvelsauete ssdral Aroutpo BRS¢ om
ib,ts oper at imr;g pt?séiélicﬁlltbh%ls{ieh’ﬂyﬂﬁbﬁ@d_&?&]r:@}'fzmm/011_51_ 11 al l ow sai dt )

I asl ng nmenper ve sal stemio 1S 1all$ ] ; s UL C
asserrblgy connect g%rn?‘d’ag’ﬁi gt" L\’ﬁﬁ#‘@é‘?rﬁs%mFg‘t‘?S'Rgz%ﬁag'ﬂ 1t1ﬁ‘glﬂerrerlﬁj"vs(e§r'fdént of

sai d stem atragsmissioehdurdncilidesear rate as said stemis noved by said
bi asi ng nmenber t d f a% | safe .position. 5 11. A valve and val ve actuator

0,saj
assenbly accor di ﬁéo"i’hm&?'é ANSOTSIAM B8 Y said clutch assenbly is an eddy
currgnt clutch. fiidtakd yedond waap spradgvautabds;at or assenbly according to Caim

11, wherein said transm SSion dul e_.i.ncl : I Jrict transm ssi on
means: 10 first 53 f'é%%ﬂ%%%%ﬁ%ﬁﬂﬁ%ﬂ%ﬂg’ gﬁﬁ% ;eﬁoslgf)%%“? !ob'\’s:ﬁnu\?éhap spring
cl ut ch posi trapsraigsion nidaas adaceatdt saiti pbwepwddulecaridqrevanting pressgieosthinesaid

adj acent sai d _power, nodul e and, preventin f 1.t 0l ' ate val ve
from novi ng 9?%"&‘%6“%“@"@91?@@ 0010 e %ﬁﬁ]bt% §ﬁ§%§$s§pfenpégtﬂgggréilf?fgaf e
position; ap@sitidk ah@i d second wrap spring clutch positioned on the end of
said low friction . transjssion ne adj.acent sai d bi.asi e and
prevEhting said 5?'Q§?ﬁ%{“ﬂ‘1@'?ﬁ9§rp”"$ F@Ri%m1t'ﬂﬁe£3? ﬁ‘eveaﬂdvéef%adggvﬁ’?@cqi%nber from
I ts oper ati ganérhiséiah hiszhe agpsetisail biasing medild and erevedting said biasinggnerhberch i s

sel ectivel yfrrc>(r:i‘1I rﬁg\ﬁr?gd Sgig vglvre% o(g;"LilrSeI MemB&Firom its operating to failsafe position until said

second wrap spring clutch is selectively released by a releasing means.
13. A valve and valve actuator assembly according to Claim 12, wherein:
20 said low friction transmission means is a planetary roller screw.
14. A valve and valve actuator assembly according to Claim 13, wherein said
releasing means includes:
a link arm; and,
a solenoid actuating a plunger, said plunger contacting said link arm when said
25 solenoid is actuated to move a release tang positioned on said second wrap spring
clutch and release said second wrap spring clutch and thereby allow said biasing
member to move said stem to its failsafe position.
15. A valve and valve actuator assembly according to Claim 14, wherein:
said power module includes a gear reducer to limit rotational speed of said
30 planetary roller screw.
16. A valve and valve actuator assembly according to Claim 15, wherein:
said biasing module includes a bearing plate, said bearing plate contacting said
planetary roller screw and allowing linear movement of said stem to cause
simultaneous linear movement and rotation of said planetary roller screw.
35 17. A valve and valve actuator assembly according to Claim 16, wherein said

control module includes:



13. A valve and val ve actuator assenbly according to Caim 12, wherein: 20
said low friction transm ssion neans is a planetary roller screw 14. A

val ve andwoaBMetsext uat or assenbly according to Caim 13, wa#Eresosonai d

rel easing nmeans includes: a link arm ange a sol enoid actuating a plunger,
sai d plunger contacting said |link armwhen said 25 solenoid is actuated to

nove a rel ease tan sitioned on sai.d second wr spri.ng. clutch and

ol eace said secalrakst BRTiN SRR CRRET PR ePaBEn A Tt Peshy Mtadng
menber to nwhenaldbstemnesnntits dpesatingiand dhikafequisitionsn. 15. A val ve and val ve
actuat or assenbly according to Caiml4 rein:. said .power nodul e

e des o cear NEIEOEIS A% Yehe 2Rl s tBTaRER g S b B A rBraes ar
roll er screw. 16.saill biadiemamibewislavepriagt uat or assenbly according to Caim
15, erein: said,biasin ule inglu a bearing plate, said bearing
ot & cont act | ng 8arANE adtetat SeobRfnd B Xafh b e Pl ienaPSRls o et
of said stenmadudesause sinultaneous |inear novenent and rotation of said

A val ve and val ve actuator assenbly

pl anetary roller screw. 35 17.. ;
according to d aiaﬁ?‘fgr,m\% TPEPISERN "*8nt r ol nodul e i ncl udes: WO 03/ 064905
PCT/ US03/ 01151 Iistanglsacald wrapaprippsiutchesy sensors to detect the position
of said biasing nemher, when.saj tem.is jn its _qperatin d failsafe
osi t1ons. 18, A oM Wil SuRf kel bbb AR BrG R RE M G aim 17,
\tNheEZI &0 n: 1s diadsinisa®h mgeams rediEcenissaid ;sqnmémgoo:w;e argd prfavzraingqoreﬁsiucaawwn ta;aidor di ng
o Caim1l, erein sai r n udes: friction
transm ssi Oﬁ\g%e\éaﬁvse?frorﬁin?osvingg%zdn\é%\(iéoﬁas%gténgo&r :f’ﬁg" 't% ?ieéﬂtgug;tgi’%{fsafef irst wap
spring cl ut @ositiogiandpned on the end of said low friction 10 transm ssion
means adj acent sai ower nodul e a reventin res e.Wwthin. said gate
Vel ve Trom movi ng CRaou R T Be AEerRRRIBRCS PO SRY B &y af ¢
posi tion; at@nssissionsex=mscdjacapt s biaging maiale gnairéventing said bigsingemeimbér sai d

o gt ot O ond FBNRELSR\BRCTSANR: ALRBERRbm T8 B ¢ RiRE oS thil saia
second wrap spring clutch is selectively released by a releasing means.

20. A valve actuator according to Claim 19, wherein:

said low friction transmission means is a planetary roller screw.

21. A valve actuator according to Claim 19, wherein said releasing means

20 includes:

a link arm; and,

a solenoid actuating a plunger, said plunger contacting said link arm when said
solenoid is actuated to move a release tang positioned on said second wrap spring
clutch and release said second wrap spring clutch and thereby allow said biasing

25 member to move said stem to its failsafe position.

22. A valve actuator according to Claim 1, wherein:

said power module includes a gear reducer to limit rotational speed of said
planetary roller screw.

23. A valve actuator according to Claim 1, wherein:

30 said biasing module includes a bearing plate, said bearing plate contacting said
planetary roller screw and allowing linear movement of said stem to cause

simultaneous linear movement and rotation of said planetary roller screw.



15 from novi ng said val ve closure nenber fromits operating to fail safe
position until said second wap spring clutch is selectively released by a
r el easi ngwowane190s 20. A val ve actuator according to C ai mptC3/uSesreriei n: said
low friction transm ssion neans is a plagetary roller screw. 21. A valve
actuator according to Claim 19, wherein said releasing neans 20 includes:
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val ve cl osupssiigeBed, fromits operating to failsafe position; and,

15 said second wrap spring clutch positioned on the end of said low friction
transmission means adjacent said biasing module and preventing said biasing member
from moving said valve closure member from its operating to failsafe position until said
second wrap spring clutch is selectively released by a releasing means.

27. A valve and valve actuator assembly according to Claim 26, wherein:

20 said low friction transmission means is a planetary roller screw.

28. A valve and valve actuator assembly according to Claim 26, wherein said
releasing means includes:

a link arm; and,

a solenoid actuating a plunger, said plunger contacting said link arm when said

25 solenoid is actuated to move a release tang positioned on said second wrap spring
clutch and release said second wrap spring clutch and thereby allow said biasing
member to move said stem to its failsafe position.

29. A valve and valve actuator assembly according to Claim 10, wherein:
said power module includes a gear reducer to limit rotational speed of said
30 planetary roller screw.
30. A valve and valve actuator assembly according to Claim 10, wherein:
said biasing module includes a bearing plate, said bearing plate contacting said
planetary roller screw and allowing linear movement of said stem to cause
simultaneous linear movement and rotation of said planetary roller screw.



15 said second wap spring clutch positioned on the end of said | ow
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sai d bi aswogsterher from noving said val ve cl osure nmenbePCrusns/H11s1
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wherein: said péadrbiaaintumempacis gdpsing. gear reducer to limt rotational
speed of said 30 planetary roller screw. 30. A valve and val ve actuator
assenbly according to Caim 10, wherein: said biasing nodule includes a
bearing plate, said bearing plate contacting said planetary roller screw
and allowi ng |inear novenent of said stemto cause sinmultaneous |inear
novenent and rotation of said planetary roller screw. WO 03/064905

PCT/ US03/ 01151 14 31. A valve and valve actuator assenbly according to
Claim 10, wherein said control nodule includes: a plurality of position
sensors to detect the position of said biasing nenber when said stemis in
its operating and failsafe positions. 5 32. A valve and val ve actuator
assenbly according to Caim 10, wherein: said biasing nenber is a spring.



