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CLUTCH. ND OF THE INVENTION 1. Field of the Invention Thi% JUL 2008
invention relates to a valve actuator that is electrically operated and
used to selectively nove a valve closure nenber in a gate valve between"
open and closed positions and thereby control flow through the valve. The
actuator is usedELECTRIO VALVE ACTUATORWITH BPDYXEURRENEELUTEHval ve by
tripping a release neans that allows 5 a coiled spring acting in
conmbination with the residual pressure in the valve acting on the stemto
rapi dly rmve the val ve cl oBACKGROUWD GF THEANMENSIION ypi cal |y open,
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val ve t otd 4 secbnaieE/pially eidsédfpositiehi tion in a few seconds. This spri ng nust
be sized to hgve sufficient force to dose the valve at the valve's rated

V\ﬁ? ki ng pressVpive actiaters thafare fydraplisally; pneumatically or electrcal eperated are, e
le t hﬁelpkzﬂﬁrﬁvéﬁd fr@qaérmy\weu% the Gt arl gdd ‘H&bé’trys Thbbe PAUE SRLAGA He t e

val ve's rated,  pressure, pring i s now somewhat oversized causing the

VA ve t o'quaf%ﬂﬁo ke gble tg H’HSP t'aa gah@a@mébe'éﬁa? yelve epen pgainstibe Bl\werkngi ng

| ncr eas gsle¥@ldé ofthel Vifive! @W@:nte’%ﬁél%h@rpréséi@@ﬁw}%&aédbsta‘htl&!fwﬁ:edes' rable to
be able to, control the rate at which the valvé is closed and thereby

mi ni m z %Sk fieorctuaiop dndng tapugrcomestherepaningsforse ganeraled by tsnactuator.h; s
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is closed. Various devices such as viscous rotar anpérs, centrifugal
cl utchesth%HaV%é!hﬂmam?@@Ifsﬁmﬂ% with metering val ves have been used. These
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| arge torque varlan ure changes” and the fluid
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m ni mal |'y af ecte t enper at’'r e changes
seconds. This spnng must be sized o have suﬂ‘" cient force to close the valve at the

valve’s rated working pressure. In the case where it is necessary to close the vaive
. ?j 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 fo “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 confrolling 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
forque variance with temperature changes and leakage of the fluid used as the
30 damping media.
| It is therefore desirable fo have a clutbhing mechanism or similar apparatus that has a
jow breakout torque, is minimally affected by temperature changes and requires no
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self-contai ned energency shutdown val ve2and actuator assenbly with a ’ )
hydraulic pilot pressure 5 control systemfor determn ning when an energency
shut down of, 1t valve.is required. Myvenent of the valve stemis done b
use of a rﬁﬂlpgiﬂl‘%el\(% al | and nut shaft arrangenent. U. S. Patent No.y

6, 152,167 to Gerald S. Baker discloses a valve actuator with an energency

shut down featur hat . i.ncl ap spring clutch to control 10 novenent
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t he act uatarrarigensentg. The bonnet has a stem bore therethrough and a stem
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stem and udppirg gesteni.o a cfosed, i.e., failsafe position. A transm ssion
dul e i ncl udi | G| I | | ' ' th -

bi asi ng modul e Sng %%%“e@érﬁ@@#‘neﬁ?z@zﬁ@%?%%ﬁ%gm"iﬁﬁ%d%%@ﬁfg%ﬁﬁﬁﬁ%sede J
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eddy cur stapfeﬁ%fhsqr W g%??%rd"s?d" h Pﬁﬁi‘ ey SLU%(:Euﬁg ?‘o control the

noygent  @brdwi opdra® fithekepr esel ected, linear rate as the stemis noved by

the spring to the failsafe 30 position. A pair of wap spring clutches are

used to restrain and control novenent of the planetary roller screw. A

control nodule is provided t gUMMARY CHF TEIE RNYENTIONse of the wap spring
clutch and thereby all ow the spri ve the stem and ve o]

their failsafe |SERERHH NEREPD ﬁ‘&’?‘g'g?ets?ﬂ)}v%ﬁ a‘c‘i*l”af%baﬁipgéew ’%W’a%?"fs t is to
provi de awil£6dririct sbéore@BEbRd 8Ad YA AALASTousing. Théboldfdihas 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 posifions. Movement of the traﬁsmission module is opposed by the spring and
the valve bore pressure. A power module drives the fransmission 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 Sprihg 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




val ve and actuator assenbly with a clutch apparatus having a substantially
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obj ects a b Lilx Q@E% %f the present invention are set forth bel ow and
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nodule. 25, FL.GJRE.3 is a vation view, taken along |lines - of FI GURE
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angd 5B are a sectiop vjew of the transm ssion nodule. FIGJRE 6 is an
ekbtvat i oﬁcwwnygﬁg&pw@ga@pg.q%c@mn@ the prefersediembedimentsscRI PTI ON OF THE
PREFERRED EMBQDI MENTS Wth reference to the draw ngs, and particularly to
FI GURES 1A -1D, valve actuator assenbl 10 enbodyi ng the principles of the
present invention is Sk MEF BESORIFE e LASOVINGS 10 i ncl udes act uat or

hgusing 12 at t‘ﬁéé&éhdah&.abwec@%a%véﬂta B tﬁ(ﬁﬁ@ﬁ SRARGTER sel forth/al Ve
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art with valve closure In th orm of va novabl e t herein
bet ween WW%@WWB‘BM@BN nyestions open and cI osed posi tions by val ve

actuator assefRURES id 2 paftidh E&tiohhi it taRéh Lidhg'Hbs 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
moduie.

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, valve
actuator assembly 10 embodying the principles of the present invenfion is shown.
30 Valve actuator assembly 10 includes actuator housing 12 attached to valve bonnet 14
o - 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




bore 26 (not shown). Valve gate 24 is typically a reverse acting gate,. .
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notor 48 and el ectrical cable (not wn) is, attac 0, '

el ect ri ca#2pielermingsingrunBipke q(fuﬁt(.)?g? agqﬂﬁé?gl gﬁéfﬁpﬁggq @a%teéwésﬁg%gg nenber
with 30 agpiikdn thb¥ERior6f stemg] on its end. Electric notor 48 has ratchet
clutch 58 and dutch coupling 60 po iti_ongg on its ou t %ggbe&o connect
m20or 48 to spdde erresiepndg a%%f?fé%s'% 25 payeem é@grag(s) I's used to
control { Bysakth Bhp Ehies UBCRERNAG totIGURE £, puwearmodule62 f3 srpvarinnodul e
30, in manner to be ‘described hereinaft

on the ougreaterdeisil gnd nclidgs ,e@g:mgépe@é&g %89”%8 Eﬂﬁt@%ﬁ%%&%@?:@gﬁg nt ed
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0 5 3 U Liroseeer mosuieiRis somsidaied BUpiibe Shuandeitng 3 efhsiphed et
t bB"S m s SbBﬁePR.%Hh% 2ol ({iBE Bther motive forces such as hydraulic or pneumatic Q
| ‘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 eleciric 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 cluich 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 fo 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




5A.and 5B provide an enlarged view of the details of transm ssion nodul e
30. Trwososrssdosn nodul e 30 i ncl udes upper end cap 68 to whi gr wraf;z I ng
cap 70 is secured by cap screws 72. Tl"geaded holes 74 are f §ECJ n e

end of upper end cap 5 68 to receive cap screws 46 and secure power nodul e
32 to transm ssion nodule 30. 10 turned off. Wap spring clutch 98 resists
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reducer gearbox 62.t tate spjndle 88  of fransm §si.on I 0 '
bosi 1| orfda b srcle B8 S et Biaon Pt Prind st ARBSE BT UREE fi3 %R 4 o
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rol ler degjatstopvement gf spipdiedi ipadireryon ARPeia fo thatiustdesgredipipiRvearty 114
fits in-gRuRbRing?qles shittii 88l frohl RRTAY tie 65pdsith AMeSfonsdfterMdtotdd 0 rol | er
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. turned off. Wrap spring clutch 98 resists this movement by being wrap onto upper
stator 82 which is prevented from rotating by being connecied to actuator housing 12
through upper end cap 68.
Spindie 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 assighee 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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attached to end plate 164 by cap screws 166. Hex head cap screw 168
secur es biangh SRIMPRAIJOPYLSE- 28" t 0 stem 38 while retainer screws 170 secure

bi asi ng modul e @gntdl nistiifid 84 iscstbdwrth FIGURES amiblnsgregtee defaji iFISURES i2s
Secured to Ao e o thadsle ¥ irauits b e eSS maand 138 Sompsing 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 fo pivot on screw 146 that attaches
iink 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
rolier 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




7 A typi.cal sequence of operations would be as follows. Valve gate 24 woul d
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sgtati oropwﬂt@rqt@ﬂonsqfawﬂerfhaﬁ 142@saevipushedesssibedver rotor 120 and t hrough
25y 134 10 whenitis 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
fo 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 stém 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 spindie 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




WO 03/064905 8 0 5 JUL 2006 eddy current clutch 132. As the outer portion .
of eddy e bendso¢d utch 132 is restrained from novenent by be@gg.]ﬂ n28 to
danper nount 86, the rate of rotation ofgroller 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 val ve gate 24 outwardllﬁ( to the failsafe 5
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t resm ssilimitedamhly by thevscope ohthe apipendédclaisemn sai d fail safe and operating
positions, said novenent opposed by said biasing nmenber; a power nodul e
driving said transm ssion nodule; a control nodule to selectively rel ease
said stemfromits operating position and all ow said biasing nenber to nove
said stem to its failsafe position; and, a clutch assenbly connected to
said transm ssion nodule to control the novenent of said stemat a

presel ected, linear rate as said stemis noved by said biasing nmenber to
said failsafe position. 2. A valve actuator according to claiml1,
wherein:said clutch assenbly is an eddy current clutch. 3. A valve

actuator according to claim2, wherein said transm ssion nodul e includes:a
“low frictiron transm ssion nmeans; first and second wap spring clutches;
said first wap spring clutch positioned on the end of said low friction
transm ssi on neans adj acent said power nodul e and preventing pressure
within said gate valve fromnoving said val ve closure nmenber fromits
operating to failsafe position; and, said
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second wap spring clutch positioned on the end of said low friction
transm ssi on neans adj acent said biasing nodule and preventing said
bi asi ng nmenber from noving said val vegcl osure nenber fromits operating to
fail safe position until said second wap spring clutch is ssglyeobd vely
rel eased by a releasing means. 4. A valve actuator according to claim3,
wher ewnRatsetisimb® friction transm ssion neans is a planetary roller screw
5. A valve actuator according to claim4, wherein said rel easi ng neans
i ncl utidsvalye lactnktoracompriaingtan actsadrénadindy; a daringbdecitgd & spldur@etor h&ding hplingrger
cont ayem heredreireihrbughka aterm pabitoned aithin s@dl stawibdrei of s@ic banakteshid slempurdigared ok ease
t ang %@§hfﬂ$f‘t§We?d’8Uﬁ clopirg meedemuthiragatesyave mdgesinnmarmantadf sad sers enoges sidsecond
Y f %“"EI A Wit qaﬁ@a@bgafveaﬁwsw enen @ndflesed pgsitrariserespending Jeonseitide st em
to | 1 ap %ef.SPid fe V@'Ve@ Janpenadiepatitgnea uiiyn e%gct%orap%ﬁ% 5,

wher conn%léed Iaaé eF a’ﬂf‘gﬁ qﬁiang ‘érgl %ga gpm t%a ﬁf% pos 'BTQ'EI
ald een sajidTajlsafe a ati sai

speef{, gseﬁ%‘y@ala bér Ser gk ¥Vdr|vn q %Prglsééiué? g}%ﬁﬁ&ﬁé

claing vellQEigise sﬁﬁ rrpfl'cﬁ?l't of i £mbﬁ‘ &% séld |§ r‘ﬂgmp r foveXld ar' ng

pl at eo QQHA’H@% pRBos ah@l aldRdhels by Enh&liedSs Eﬁél'\‘tr:ﬁr@,ﬂns@ ﬂwulmgt doRfthemOVenment

of sanclemiearof bad siar $Ca pebdiRbtddANRASe dsREidstefDY MITRIL byd8M biaeig iefBeab sa@i d

pl andtigeie positidner screw. 8. A val ve actuator according to claim7, wherein

said control nodule includes:a plurality of position sensors-to detect the
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said biasing nenber to nove said stemto its failsafe position. 13. A valve
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9. A valve actuator according te claim 8, wherein:said biasing member is a spring.

10. A valve actuator according to claim 1, wherein said transmission module includes:a low friction
transmission means; first and second wrap spring clutches; 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 pesition; and, said
second wrap spring clutch positioned on the end of said low friction fransmission means adjacent said
biasing module and preventing said biasing member from moving said valve closure member from its




bearing plate contacting said planetary roller screw and all ow ng |inear
novenent of said stemto cause sinultaneous |inear novenent and rotation
of said planetary roller screw. 15. Ajyalve actuator according to claiml,
wherein said control nodule includes:a plurality of positigpysgsnsors to
detect the position of said biasing nenber when said stemis |n its
operating and failsafe positions. 16. A valve actuator according to claim
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includes:a low friction transmission means; first and second wrap spring clutches; said first wrap spring
clutch positioned on the end of said low friction transmission means adjacent said power module and
preventing pressure within sald 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 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.
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wap spring clutch and thereby allow said biasing nmenber to nove said stem
toits failsafe position. 22. A valve and val ve actuator assenbly according
to claim 21, wherein:said power nodul g4i ncludes a gear reducer to limt
rotational speed of said planetary roller screw. 23. A valggiyapgs val ve
actuator assenbly according to claim 22, wherein:said biasing nodul e

I ncl udes a bearing plate, said bearing plate contacting said planetary
roller screw and allowi ng |inear novenent of said stemto cause
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claim 17, wherein:said biasing nenber is a_spring. . _
29. A valve and valve actuator assembly according to claim 17, whereinisaid power module includes a gear

reducer to limit rotational speed of said planetary roller screw.

30. A valve and valve actuator assembly according to claim 17, 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 simultaneocus linear movement and rotation of said planetary roller screw,

" 31. A valve and valve actuator assembly according to claim 17, wherein said control module includes:a
plurality of position sensors to detect the position of said biasing member when said stem is in its operating
and failsafe positions.

32. A valve and valve actuator assembly according to claim 17, wherein:said biasing member is a spring.




