WO 03/ 102451 PCT/ US03/ 17413 Rotary Val ve Actuator Background of the

I nvention The present invention relates to a valve and an actuator for a
val ve. | nwpastiomal ar, the present invention relates to aPealuises/mavs ng an
actuator responsive to rotati oggitall pﬁh’lk'ek%rtu@i_” ng a first valve part

axi ally between open and cl ose ive to a second val ve part.
Many i ndustrial valves have a val ve nenber, such as a valve stem that is
novabl e rel atév to a val ve seat between an open position spaced apart
fromt%&é&ﬂ}——@gﬁﬂ%ﬂmm flow through the valve, and a cl osed

posi tion | nTRAGAAGHERYentoh el 1Yl Vb 881 an IPGalPYBPL GalR) VR pdRUIRE! s

often held In gngagement W t he val ve seat by a spring. Ov )

val ve prreamberveniiall elattste analwechayangtanretuater aespoosivel tudertatoaal inputedr mositigrag
experience material. cree especgially if .made f.ro | astic. If the valve
menber 1% V415t PRy beiBeen PR G s AP SOl tY S I & $88d Vit Bifbensat e T or
such vear OKaGy BMustrid)Svatits VIRvERY vA198 SR, GRIEPALH 8la¥vd ReROMat is movable
circunstances.” Sonme val ves have a cam mechani sm for opening and closing the
val ve. reldtive fie avalvie seetdiedwieennan epenmosition spebedepaxt dron the schip shatding ghiich flownd

t he noyabl al ve _nenber, the cam. nechani s undesi r ab lim
conpentRtied et et SropsRdn FERsaren gl THGR Sy e eeble liene
cam negBaBesy oftdiehsle! MesmgagdmemB At fRVANastdt by Fayrile SONraahe,tBe @IS i al
creep and/or deformation if subjected to the force of the closing spring
for anmebeinyuiforge ivalyeseat manwearsghtadsy contipurd lppdiag expricnpr mstasiab areep,

i nvent | . t .ye ;

act uat SPocif e ford phEhs A e LD bk Plo e Akl Eacd U yotye
movabl sav ad wenipendaey 610 simdy eveat be cvadpy ehereaber maf fnd oladev eorapldtcly dgaionft
the bias of a closing spring. The cam mechani sm does not transmt closing
spri ng°1¥°61m§@n€?§-jthe val ve nmenmber when the val ve menber is being nmoved to
the closed gaat vaRRs Mavd S &fin nEliGA S BRSkRL Oa JBSRLRY Gaiyk NArSpLichg can
conpensate for any nmaterial creep or deformation in the valve nenber or

t he vamgehasmat is interpesed bdtwmee the closmgespliegtamdehe fmdvablel yatenieorber,tthe camm

mechani sm i ncl udes two .each haying a full m profil e, rather than a
Cam andCTBRIGWER trgea Do Ay e a8 T BIPTE RE T TS fefhebe In pggition
exanpl @e gaft§ o€ thed cain \ndcHEnisH! fIRARCIRES A HadE TR plaskbiERay BE sWEibMeiol MatkRalt he
open position. In accordance with another feature of the invention, the
novabl eeanind/er desuaigtien ifasubicted te dieaforogenfithe elhsingspiiag r ahanttinded period of

time.

Summary of the Invention

The present invention relates to a valve and a rotary actuator for a valve. The actuator
includes a cam mechanism for transmitting opening force to a movable valve member to move
the valve member off a valve seat, against the bias of a closing spring. The cam mechanism does
not transmit closing spring force to the valve member when the valve member is being moved to
the closed position or is in the closed position. Therefore, the spring can compensate for any
material creep or deformation in the valve member or the valve seat.

In accordance with one feature of the invention, the cam mechanism includes two cams
each having a full cam profile, rather than a cam and follower, to decrease unit loading on the
cam surfaces. For example, there is a large surface area of contact when the valve is in the open
position. In accordance with another feature of the invention, the movable cam is movable

axially relative to the actuator handle.
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Fig. 5 is a top perspective view of a fixed cam that forms part of the valve of Fig. 1;
Fig. 6 is a graph illustrating displacement of the cams versus rotation angle;

Fig. 7 is a graph illustrating the relative positions of the fixed cam and the movable cam

when the valve is in the open position;

Fig. 8 is a graph illustrating the relative positions of the fixed cam and the movable cam

when the valve is in the closed position;

Fig. 9 is a graph illustrating the relationship between angular displacement and contact

area between the fixed cam and the movable cam; and

Fig. 10 is a graph illustrating the relationship between angular displacement and surface

pressure in the contact area between the fixed cam and the movable cam.

Detailed Description of the Invention

The present invention relates to a valve and an actuator for a valve. In particular, the
present invention relates to a valve actuator responsive to rotational input for moving a first valve
part axially between open and closed positions relative to a second valve part. The present

invention is applicable to various valve actuator constructions. As representative of the present
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with a generally cylindrical configuration centered on a longitudinal central axis 44 of the valve
10. The main body portion 42 terminates in a tip 46. The main body portion 42 and the tip 46 of
the valve stem 40 are disposed in the valve cavity 22 in the valve body 20. The valve stem 40
has an externally threaded extension 48 that extends axially from the main body portion 42.

The valve stem 40 is movable axially between a first position as shown in Figs. 1 and 2
and a second position as shown in Fig, 3. When the valve stem 40 is in the first position, the tip
46 of the valve stem engages the valve seat 30 on the valve body 20. Fluid flow through the
orifice 32, and thereby through the fluid flow passage 28, is blocked. The valve 10 is closed (in a
closed condition). When the valve stem 40 is in the second position, the tip 46 of the valve stem
is spaced apart axially from the valve seat 30 on the valve body 20. Fluid flow through the
orifice 32, and thereby through the fluid flow passage 28, is enabled. The valve 10 is open (in an

open condition).
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fixes Thebonnet plate 70 is fixed to the valve body 20 w1th a plurality of screws (not shown). The
bonnet plate 70 has a splined inner surface 72, centered on the axis 44, that engages the external
splines of the actuator stem 40. The inner surface 72 of the bonnet plate 70 supports the actuator
stem 60 and thus the valve stem 40 for axial movement relative to the bonnet plate and the valve
body 20. The splined connection between the bonnet plate 70 and the actuator stem 60 fixes the
actuator stem and the valve stem 40 against rotation about the axis 44.
The bonnet plate 70 has an upper surface 74 that is presented away from the valve body
20. The bonnet plate 70 has an opposite lower surface 76 that is presented toward the valve
cavity 22. The outer edge portion 52 of the diaphragm 50 is clamped between the bonnet plate
70 and the valve body 20.
A fixed cam 80 is formed on, and as part of, the bonnet plate 70, radially inward of the
upper surface 74. The fixed cam 80 is part of the valve actuator 12. The fixed cam 80 has three

identical cam sections 82 (Fig. 5), spaced apart equally in a circular array centered on the axis 44.

Each one of the cam sections 82 has a circumferential extent of 120 degrees about the axis 44. A
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the axis 44 away from the downward portion 90. In the one design, this fourth cam surface
portion 94 has a circumferential extent of about 5°. The third cam surface portion 90 and the
fourth cam surface section 94 together form a notch 96 in the cam section 82.

A very short ending flat portion, or fifth portiort 98, of the cam surface 84 is disposed
axially closest to the upper surface 74 of the bonnet plate 70. In the one design, this fifth cam
surface portion 98 has a circumferential extent of only about 2°.

Fig. 6 is a graph illustrating vertical displacement of the cam surface 84, as measured
from the beginning flat cam surface portion 86 (shown for the adjacent cam surface 84), versus
angle of movement around the cam 80 and the axis 44. The second or ramp section 88 of the
cam surface 84 produces a constantly increasing vertical displacement. The third portion 90 of
the cam surface 84 produces a short negative vertical displacement. The fourth portion 94 of the
cam surface 84 produces a short positive vertical displacement. The fifth portion 98 of the cam

surface 84 produces a short segment of almost no vertical displacement. The horizontal section
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The handle 110 in the illustrated embodiment has a cap-shaped configuration including a
radially extending end wall 112 and an axially extending side wall 114. A mounting boss 116
and an inner rim 118 depend from the center of the end wall 112. The handle 110 includes
portions (not shown) that are engageable with corresponding stop portions (not shown) on the
upper bonnet 100, to restrict rotational movement of the handle, in a known manner, to about 90
degrees of rotation between the open and closed positions of the valve 10.

The valve actuator 12 further includes a drive sleeve 120. The drive sleeve 120 is
preferably made from plastic, but is, for clarity, shown sectioned for metal. The drive sleeve 120
has a hollow configuration. A central portion 122 of the drive sleeve 120 engages the upper
bonnet 100 and supports the drive sleeve for rotation relative to the upper bonnet.

An upper end portion 124 of the drive sleeve 120 is secured to the mounting boss 116 of
the handle 110 by a screw 126. The upper end portion 124 is also externally splined and

connected to the inner rim 118 of the handle 110 with a splined connection at 128. As a result,



used herein to mean a device for receiving force to actuate the valve 10.
The force-receiving nenber, or handle, 110 could be another type of device
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also movable axially (in a direction parallel to the axis 44) relative to the handle 110.

The movable cam 150 in the illustrated embodiment is a molded plastic piece having a
cylindrical sleeve portion 152 (Fig. 4) and a generally annular body portion 154 at one end of the
sleeve portion. The sleeve portion 152 of the movable cam 150 has a thin-walled tubular
configuration with a cylindrical inner surface 156 and an axially splined outer surface 158. The
splined outer surface 158 of the sleeve portion 152 of the movable cam 150 engages the splined
imner surface 132 of the drive sleeve 120 to couple the movable cam for rotation with the drive
sleeve. The splined connection allows relative axial movement between the movable cam 150
and the drive sleeve 120. Because the drive sleeve 120 is fixed to the handle 110, the splined
connection thus allows relative axial movement between the movable cam 150 and the handle.

The movable cam 150 has an inner shoulder 160 (Fig. 2) with an annular, axially outward
facing shoulder surface 162. The shoulder surface 162 is engageable with the shoulder surface

68 on the actuator stem 60, in a manner as described below to couple the actuator stem for

upward movement with the movable cam.
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pOr t i afialByF tofwakd thepsleéveoporia,l 52 fof tthe moamble wafaE®) 8%ét ¢xgends circumferentially
around the axis 44 away from the ramp section 88a. In one design, this third cam surface portion
00a has a circumferential extent of about 10° about the axis 44. The high point 92a between the
second cam surface portion 88a and the third cam surface portion 90a forms a ridge of the cam
section.

A relatively short upward portion, or fourth portion 94a, of the cam surface 84a extends
axially away from the sleeve portion 152 of the movable cam 150 as it extends circumferentially
around the axis 44 away from the third portion 90a. In one design, this fourth cam surface
portion 94a has a circumferential extent of about 5° about the axis 44. The third cam surface
portion 90a and the fourth cam surface section 94a together form a notch 96a in the cam section
82a.

A very short ending flat portion, or fifth portion 98a, of the cam surface 94a is disposed
axially farthest from the sleeve portion 152 of the movable cam 150. In one design, this fifth

cam surface portion 98a has a circumferential extent of only about 2°.
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8. The three ramp surface portions 88a (Fig. 8) on the three cam sections 82a of the movable

cam 150 overlie the three ramp surface portions 88 on the three cam sections 82 of the fixed cam

80. The ridges 92a on the cam sections 82a of the movable cam 150 are disposed adjacent to the

beginning flats 86 on the cam sections 82 of the fixed cam 80, as described below in more detail.

Similarly, the ridges 92 on the cam sections 82 of the fixed cam 80 are disposed adjacent to the

beginning flats 86a on the cam sections 82a of the movable cam 150. There is, however, no

spring force passing through the cams 80 and 150; they simply lie adjacent to each other, as
described below in detail.

To move the valve from the closed condition to the open condition (Fig. 3), the handle

110 is manually rotated about the axis 44 in an opening direction. As the handle 110 is rotated,

the drive sleeve 120, which is splined to the handle, rotates with the handle about the axis 44. As

the drive sleeve 120 rotates, the movable cam 150, which is splined to the drive sleeve, rotates

with the drive sleeve about the axis 44.
{
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The axial movement of the actuator stem 60 also compresses the stem spring 140 against
the screw 126 and the drive sleeve 120. Because the spring 140 is being compressed, the rotation
of the handle 110 in the opening direction is resisted by the force of the spring. The overall
movement of the valve 10 from the closed position to the open position is thus resisted by the
force of the spring 140.

When the rotation of the handle 110 in the opening direction reaches an amount in the
range of about 75 degrees to 85 degrees from the closed position, and preferably about 80
degrees, the ridges 92a on the cam sections 82a of the movable cam 150 rise up over the ridges
92 on the cam sections 82 of the fixed cam 80 and then drop into the notches 96 on the cam
sections of the fixed cams, as shown in Fig. 7. Likewise, the ridges 92 on the cam sections 92 of

the fixed cam 80 rise up over the ridges 92a on the cam sections 82a of the movable cam 150 and

then drop into the notches 96a on the movable cam 150. A tangible and audible snap, or click, is
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The ramp surfaces 88a on the movable cam sections 82a follow, moving into engagement
with the ramp surfaces 88 on the fixed cam sections 82. As this relative movement of the fixed
cam 80 and the movable cam 150 occurs, the cams shift position sufficiently that the movable
cam is able to begin moving axially toward its first position, that is, to begin moving in a
direction away from the handle 110 and toward the valve body 20.

At the same time, the force of the spring 140 biases the actuator stem 60, the valve stem
40, and the movable cam 150 in the direction away from the handle 110 and toward the valve
body 20. As the movable cam 150 rotates, this spring force simultaneously moves the movable
cam axially, in the direction toward the valve body 20. The actuator stem 60 and the valve stem
40 move axially only, and do not rotate, because of the splined connection between the actuator
stem and the bonnet plate 70.

The spring force from the stem spring 140 is transmitted directly through the actuator

stem 60 to the valve stem 40; the spring force does not flow to the valve stem through the

movable cam 150. The movable cam 150 does not drive the valve stem 40 to a closed position.
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WO 03/102451 PCT/ US03/17413 produced as this novenent occurs, to indicate
to the operator that the valve 10 is in the open condition. This
engagenenwoOamB/103381 ri dges 92 and 92a on the cam sections 82Can$o82aA13in t he

not chgg ¢, ?@ﬂs‘%ﬂdthg Pnovableads1 5 @Rk @fte thERA stéin RO fioM thieeloseopadiian®l the
novement of the nobvable cam 150, the drive s|leeve 120, and th handl 110.
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force spring 140. Wen the valve 10 is thus in the open p05|t|on

t he tidg‘“ﬂ% ]Feﬁ%t ‘3& ve stem40 is farthest away fromthe val ve seat 30,
and the aregmefvarvef loumdvéd Qiebﬁlliﬁdallglﬁdn’ﬂmeajpieﬁ ipogitidR té theaflosetl pogitiembestthe The

valve 10 is maintained (locked) in the open condition by th n ne of
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an oppest30e, Thid @fghg@nerﬂlbﬂ(mk's ifither Amvbﬂnentmefmlmﬁ alid geingt0 andtthtt atyaterrreerd PP v e

sl eeve 120, which 1s splined to the haqgl r ot t ndHe t he
G ve inghesiBmEsredion o Ihe AL et Rote Jesseses, Cnrae et MABGHS At
drive rﬁJ)\ge?ﬁéeﬁt aﬁ&’%@% thEﬂnﬁW?nelﬁ rde¥fiss LREMEySRGH U01d0Bs AirStaft4d. Rotation of

t he nopva out the axi's 44 causes the cam sections 82a on the
novabl e carfihen t’rmvmlvaal@uthuseas'smm{ssﬂhﬁ dlosed perifior, ke springs #Q isows fghy Eﬁlﬂt@ﬁe

fixed cam 80, The, r.idge AN th ectlons t &
150 tE?rF@WéWéﬁP? g? fJV‘S ﬂimﬁelfeeﬁ‘? ENE Qghéhg]to éed fjlﬁﬁléq’g'R \(@% sect i ons
?Qgﬁ‘ringt e, Mtﬁ&etﬁa@ %leorﬂaﬁm férb gshlRand SRChirans 110Nkt aonuky eeutothehe
surfaces 88 of the fixed cam sections. The ranp surfaces 88a on the

rmv abI el castes d0toindhe valze s¢as 30ovEhinprevides 3 e ampbelesan of the akve e redyrine

surfa e58 cam se t I th
i xed Mg ot W ERVETAREEH B23 1 Mid' Jred £ Bhick Bud P ETRbeRLa( NE
suffi %%Hit%ntt'ﬁabpéﬂaﬁ)r AR¥HNt@ee€ BTorgheal leantdle Hiegon fully chgedpositidnyto mkar d

its first position, that is begi n m)wn in a directjon away fromthe
hand| esutehatihg velgadPds @1ﬁ&5d/§1‘3\/‘@1‘6d§‘353%11t0% ekl bythe SRHRELOT®he force of the

spring 140 asgjlse Ja H\F AFLYRHRS a1 §§eﬂ@oﬁ&tlﬂ ET %?yﬁe%ﬁﬁmwé@notg{t‘%é&ﬂ Jmabl e

cam 150 in rection avvay romt and toward the val ve
body 2Qngd6f frinel mawvabltiee fiasd dBO 800tTAt esmp shifsces 382 ng thorae seitivns Bamebths| y
noves the novable camaxially,

L AR T R A e

' ﬁéaﬁ)gnn&gﬁw%s Oﬁ)uot & Bevsik iched RPeRestdPRohel Wems ddimepgiembarelatiem ard
fixed cam 80. If it does so rotate, it moves axially away from the actuator stem 60, so that a gap
170 (Fig. 2) is present between the actuator stem and the movable cam 150 when the valve 10 is
closed. Even if the movable cam 150 does not so rotate, there is still no spring force transmitted
through the movable cam 150 to the valve member 40.

As a result, the movable cam 150 is not clamped between the fixed cam 80 and the
actuator stem 60 (and the valve stem 40), but rather is “floating” between the fixed cam and the
actuator stem. Thus, even though the actuator stem 60 is being urged in the closing direction by
the spring 140, the shoulder 66 of the actuator stem is not urging the movable cam 150 into
engagement with the fixed cam 80. The movable cam 150 is not interposed in a force-
transmitting relationship between the spring 140 and the valve member 40.

Because the valve seat 30 and the valve stem 40 are made from plastic, they are subject to
material creep or other deformation over time. The presence of the gap 170 between the actuator

stem 60 and the movable cam 150 assures that the spring 140 applies a closing force to hold the

stem tip 46 against the valve seat 30, compensating for any such material creep. If the valve tip
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The spring force fromthe stemspring 140 is transmtted directly through
the actuator stem 60 to the valve stem 40; the spring force does not flow
to the vawea3goms t hrough the novable cam 150. The novablpeTazns/1803 does

not d%ﬁéft{)%ﬁf?]ﬁ/\é%ké&%ﬁ@dﬁ,%@ it e i€ haredl B8, thedpring110\06h 63 D2 bl valve

PCT/ U n conparison, the novable earn 150 does drive the valye
st em 4@mf40ofartheedeyosethepdesding dinection theompessate s that giear. aeaush &g R§st S ce

appl i ed t he ndl.e 110 fl ows .through the novable cam 150 during that
oper ata’il%ié)o afﬁéo{/ﬁf’a@n&élagﬂ'\?é’gmgﬂh omatically fromthe open position to the
cl osed posgid onjRefest %}@;ghiaa%}um& Alath poRitREs of the fieed amenS0 ded drettiovabien,
when the parts have rotated for

ed about 75 to 80 deg(;fees &Lo?tgle opg&;.
posi t icam, 80t whert ithe #8lveflOt iseinvihe wpew pesiian SHgaees PEHe Kidbe HgRd AR SAi%e
seat 30. Thi s.engagenent bloack r Y t Rs&h&M¢Ghand
t he aé?HH%?FBtreg@e%egﬁﬂg?Wet hﬂghec aong %Ogﬁﬁioﬁg% ﬁ{gﬁ&l%%fgmvg@vyg emtip gG
engagegshel@nyal ve seat 30 with only axial novenent, and not rotational

novenent, because the val ve stem 40 does noh rot%I e. \Wen hhe al ve %) t hus
assunes t h&Vhengbedapyssi isdn,the ARETSRASIOG: theghird spgacs pRTPHR P ‘I‘é&ﬁ}f Mgy ©
t heref or elisg%h%ﬁ:ggf%ﬂgag%s&h?ﬁ{iflgsufrﬁE&ﬁoﬁiBﬁlbo kg eRsiidecandBY e Thé edirthysuefaosed.

Thus, he spring 140, rather than the manual force
appl i gdrtioa 94aeothie dhevabkDearh HAD ahottinglyl gngegent & swall seotigry ef deeterasl GAMPhe

| t 30, Thi i | t i £ th

! ecucisgrcenpionny of Bhged sy d Sur scrpa il Bl Eorrl il b Epdfion gee

syst e%‘fh{é B %ﬂ? }f/@%ﬁﬁ%ﬁﬂﬁ% Logatetle fourth fEfké beion Dhefapabaicam®ies not
e an e

need to torque t toa fully closed position to nake  sure that
the val ve Teirklgel9®aanh the meowsbleveant [l 3% sesctigntis disppeed] 1P3ﬁh%§1°‘lché?6slﬁrtb?lg“‘%r ce.

When the valve_10_is in e closed,condj.t. on . ' t at
the e rfﬁmcﬂe‘:til(tnsg&r g‘hﬁ &idge t9? roé\/tilF ﬁS@vﬁ?‘B%toh%%fspo é%f%lﬁg glgjtc(ﬁ'lgﬁgq}rl zjgl?regmlg %ﬁgc es
88a 0N, 16 0C AMeRES bOMD28 27 090érldp T thBMARING s@tiohs 8D and 82sthé thievabredddgenent
with the ranp surfaces 88 on the cam sections 82 of the fixed cam 80. The

novablie theanped §0sittem freely rotate in the closing direction relative to the

fixed cam 80. Jf. it does so t ' : hal I goeglibat or
St em 60, s iallplep SphafiZa Rt JORIEE, B R e e
and t hgnpsakhen Earvabo 10hem teeclvset ywesitioni sThectans prhfilEwéhe fixedearndabl e

P OUGRPESBlodTA eSO ThS POV e AR DO TALS) I BSERERey fy e
rmvabléglslf%mdl%SO is not clanped between the fi xe'('j cam 80 ?nd the actuator
stem the valve stem 40), but rather is "floating" between the fixed
cam and t hewhacthsatabve HY irin thithelssed pesition be gérond draaay wutiace porden 8% pkthpej ng
urged rirlgvz;b{]eecgrll 0ISSiOn gvecllrliéset tei (s)ergzogg (ramp) surface portion 88 of the fixed cam 80. As
discussed above, the two cams 80 and 150, if they do engage when in the closed position, are not
subjected to the spring force of the spring 140. Rather, the movable cam 150 is free floating and
simply rests of its own weight on the fixed cam 80. There is about 68° of overlap of the two cam
sections 82 and 82a. No other portions of the two cam section 82 and 82a overlap.
Fig. 9 is a graph illustrating the relationship between angular displacement and contact
area between the fixed cam 80 and the movable cam 150. In Fig. 9, the surface area of contact of
the valve actuator 12 is shown as the dashed line. For comparison, the contact area of a cam and
cam follower valve actuator design is shown as a solid line, where the cam follower is simply a
bump or ridge with a short effective circumferential length, for example, less than ten degrees.
In Fig. 9, the origin represents “zero” angular displacement, that is, the closed position of
the valve 10. At that location, the surface area of contact (assuming the cams engage) is at its

highest. In one valve 10 constructed in accordance with the invention, the surface area of contact
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the spring 140, the shoul der 66 of the actuator stemis not urging the
novabl e cam 150 into engagenent with the fixed cam 80. The novabl e cam 150
is not inwerippasrdiin a force- transmtting relationship b@Cmasa3Ahes spring

140 aBgtwte%{et Aeee 6§'andQ:50BRCAN SRsbd Podiaby,sis 2084t B85 agehre hecheal ve ust em
40 are mmde from plastic, they are subject to material creep or, other

def or eRtédopositioas the cms Akerop uederspEng forcheofynprsey ovesek ik Fihare A8 199R1AG
stem 60 anc{bt He novabl e cam 150 assures that the spring 140 applies a
cl osi HaheaTE¥¢ hold the stemtip 46 against the val ve seat 30,

conpensat i Rg O%aRBYI (Speled BbAYN thalclse@ppsitibl towardwat wpet ippsitid®, WOTEIBHTO2451
PCT/ US03/ 17413 46 or the valve seat 30 wears, or . if there iﬁﬂg?%eg{wﬁl

cr eep potitienssyfithafxeicane 80 aad the mowable qape 1 YhehABEe & @ MAABCT SYF WSR2 t he
closing direction, to ns f r £ nRARIS &t atng 150
ar o nateet BRI LT ED CRa e by SRk AR o S e R A e
posi t igpMiseRhs binghlareBspianital) Anthid pasitimviblrzlge O2moBthemreablhsamasoplon0 s
in the opéen position. The cam Erofi le of t fixed cam80 is represented
by t h&2soilperied erethe Tidge O3 wnpho fixgdecapt sechien fpvabl e cam 150 is represented by
the dasheq lin /g 81 BEGHoM RS Linide abddeoft dbntadt
surface po itté %%éﬁ@?&o%ﬂﬁuééﬁtbéﬁv{g%ﬁégr%ﬂ%%tggabgtti%lgl y engages the third
sur f aGRr@REd igath Sl aks hieatfoux 20l degrens &0 rotatien. f Bhais phals eecuscwhenyie VA 1948 of

th bl 150 abuttingly |l £ .
U t age dicimen RviGan aF shawn 11 Bl Lam Go. TATEe Vg | € Sripef o7 SGRRGeE 2P
(r anp)wi%%{a ARnAR @ﬂa?% 8Baribdf abbie tHDYARIcE 1faB Latasbatithé BEnypaitpade just he

fourth surface portion 94 of the fixed cam 80. The ridge 92a on the vabl e
cam 15@daetbbirod.2i suaicsipdssd This the indtouh 19% ¢fthe arface@ga of seRtad cYhed80.
The ridge 92 on the fixed.cam 80 is disposed in the notch 96a in the
movablveélved Qs wehe C}ﬂﬁ%‘a]éoﬁltéorhbout 22 of overlap of the two cam sections 82

and 82a m%ﬁg.tﬂmeis\éaér\ésh HustrGiting etrbigtiRalp Pastéd anguld dsplieehuaid arfse
graphically The relative positions of the fixed cam 8Q and ]L{be ﬁ?vab%e cam
150 wheesstthan bd ventd@ aren betwere thel fied Fapb 89 end the megalls ¢rm ol | BhGFUTEATE

fixed cam 80 i.s epresent ed. [ L neraJ RS §lricefordshe:
rov ab| IESSE W1 &5 Yai"efae%ﬁ*ag relﬁflesgﬁ%@lp? sn%gé%lg% ?uﬁelg ?rn:gtﬁn fegtr)lllgttﬁéeéd\falcvfgr 0 is in
the cl g928mRedichinddllowbeyaesashidrdesig) isshohacs apotitlion. 88a of the novable

cam 150 overlies the second (ranp) syrface portion 88 0 .tﬁg fixed cam 80.
As  di scusdedigbléy éhe eHENTARFCEeRHs 2810 ARgUHE I,Sp\taFeIP?fgyth&nge acé%se é)(r%ﬁli%n t he

cl Osedof%)es ivglivg "o. %{tethgpfocation, the surface pressure between the cams 80 and 150 ig lowest.
Specifically, because the force of the stem spring 140 is not exerted on the cams 80 and 150, the
surface pressure when the valve is closed is zero. The cams 80 and 150 are not in force-
transmitting engagement with the stem spring 140.

As the valve 10 begins to move from the closed position to the open position, the force of
the spring 140 comes into play and the two cams 80 and 150 engage each other. The relative
positions of the fixed cam 80 and the movable cam 150 change in a manner such that the surface
pressure in the area of contact increases.

The surface pressure increases gradually until about 75 degrees of angular displacement,
then increases rapidly to a peak at about 80 degrees of angular displacement. At this position the
ridge 92a on the movable cam section 82a is located on the ridge 92 on the fixed cam 82 section.
In the one valve 10 constructed in accordance with the invention that is described above, the
surface pressure in the area of contact at this peak is about 22,750 psi. |

As the valve 10 continues to move toward the open position, the surface pressure in the

area of contact between the cams 80 and 150 decreases rapidly until it reaches a low point at
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subjected to the spring force of the spring 140. Rather, the novable cam

150 is free floating and sinply rests of its own weight on the fixed cam

80. Ther ewpD3abmsat 68 of overlap of the two cam sectionsPg82/tznsi1B2a. No

ot her Pk bh ABSretd of Itb%atfdﬁo BRMoHESSihOstc8R Wich B2 &ameaulgm theiopen Posigomugr aph
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i ne. rea Oor a cam an cam fol Il ower val ve

act UaE&Hstrg@c%H G0 adcor@dneURyifstha ib@hiich than e, dashidlied dtoee cthastﬁrcﬁddeq:msulregnghml y
a bunp or ridge with a short effective circunferentia

|
exanpheesp dfesmtatchént“te@n thegrae$0 and F0y at ghe ppen BefIPHh 1B é%?@s spSIZel;hdS
angul ar_di spl 9 Ofamst §E av@l 3@ dddd indd
that PEEIEY &haOS qr%}%urf ftg%ée%(f%léfag gég%%§$£922§t%&ﬁg The cans engg(g)el) is at
its highestent! posdien)y alheepréQueaireps toct kel expadcaredamedowsly At hateeematont i on,
the surface area of contact . 13 WD 03/102451 PCT/ US03/ 17413 between the
two cébdegeesand Mtpgress of HBPRPYREY: position, is about 0.85 square inches.

n the cl 95d,RRSAe oIl HATRIAES i hovHiBieRS iHbpEREAEclosdd waliioas,

even if thé cans are co w th each her. As the valve 10 noves
from thet of ﬂﬁaﬂn@oiihbltﬁne bOwmvemektebetwesn qb@sﬂpl.eh and clased cenditionsels bsisk ia’fl‘ii ons

of the fixed cam 80 and 't m)va 150. change

Che SUATSE: AAGSIF O EATE B PSS QLD R e 1Br P RHBF or B2 O

cont a%t)Sl{l Cl‘lﬁé sl @ﬁeﬁ%ﬁﬁlﬂ)f fFhRUtthe $Aveastues 10fis ande lagy lndVl&ﬂﬂ}aGldJ]EnttO At
this position the ridge 92a on the novabl e cam section %Za i S Ichat ed on

the rictgp Wdenmstdieed comspression fadingoiwhich loadingrrecyrs) waem Blechts hYiés °PF nove

toward. th |t| sur f. I, and
peaks Wit fsoireshvauppabon s B PR RkRR AL ATE LTI vERDRY ‘@Ef*‘“ﬂ 10
is i RytleoapantRepeh pakitias, a5 RRyWn kid Ed:@ﬁbecBa‘t&m’d Hecailsre dffike farge snafaveam@
constructed 1 n accordance wth the invention_ t is descri 2@ 5)8\§§ i

sur f aoé cantaat df th@)@pa@tpoéﬁloﬁhelnob‘éhtl%s‘i £ Bt o2 }llﬁsf’n the §ams
sguare g}enChT}O z?rghdv ettt h%‘% % APRUL tﬁ‘? Qo3ta E&ﬁn&éﬁ flﬁ@&s@ﬁl%aspﬁﬁg GBfRE A beinhen

t he osed position. is agraph rllustrating
the r Q%aaﬁmmahlmcmewems muhmioadlrgpﬂE:o@mnMHaaictr@prdrml@r defosmetipeof #et he

contact area between the fixe nd the am 150. face
pr essunaterigls hehg Jalve aeipar 65 alyg Sgo Ba e&zﬁv% nggg{ Iz—ma-h[Ee s

Conparthean&i & h@onzlza'}é@ 9%1@? %&tﬁ@cor Qlfat ﬁué}ﬁ W@ BAl dafl dueRes avdhiv essacibugdt or

designis sh Ine. In 10, the origin represents "zero"
angul aunth/Sfdecasanant folltolw&t is, the cI osed posi tion

From the above description of the invention, those skilled in the art will perceive
improvements, changes, and modifications in the invention. Such improvements, changes, and

modifications within the skill of the art are intended to be included within the scope of the

appended claims.
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of the valve 10. At that |ocation, the surface pressure between the cans 80
and 150 is lowest. Specifically, because the force of the stem spring 140
i s not exwptoadoxmnl t he cans 80 and 150, the surface presseca/ush@m4ihe val ve
i's closed ks :z6r TR8 neaiBenBOnapdchrl are not in force- transmtting
engagerrenth\‘s}\}nflgdtg%cé;gstem spernl ng’ 140. As the valve 10 begins to nove from
the cl osed position to the open position, the force of the spring 140

oSt i ons. bl ¢ h. TAXEGORERY 46 ARBACH oG ORI o Com EQeR A E oy R e I ve

posi tions b thé ¥ cam change 1 n a manner

such fhat .t he Surfacve BHES$4VEsdal btteeRERdpal peditraatabling fleristey thFtegh
surface pressure increases gradually until about 75 degrees. of ang%Iu%{)r

di spl teevant and thelpsed positise Dlockinglifpid dlow Jearehiheanyliie. 80 Jokice

angul ar di.sgl.acerrent. At this position the ridge 92a on the novable earn
sect i 6P §'s | ocated on the ridge 92 on the fixed cam 82 section. In the
one val ve 10 copsgpfikebRtink heatcablante meinbert theaidihentosethpasitam; i s descri bed

above, the surface pressure in the area of coptact at thi ng?%?ﬁ ist fabrput
22,750 psi. As eHendl fos raives erHadng {8csHooK %@gerhelf%éu%o SEMYPON, the
surface pressure.in t . of HEtNRED diketisilouBen axig; 150

decr ohalVeg Hiiray s fi anUpBAing G0N %hﬂdv‘ﬁ?i G i T oo 51

PCT/ US03/ 17413 ghetdanPixedagpedtontelatoredd ilenvalviibest; bodv poi nt occurs when

the valve 10 is in the open_position in which the ri s 92 an i. xed
cam 80 drop int @ntq?FéaMdingY?é’%ep%&nﬁl ﬁamh%lgﬁ%?ﬁéﬁﬂ gl‘fﬁgﬁ{d@’%‘? C%‘Haan(atﬁ?gar{%l%é%s
92a On(?Sle’?SfBEB\/I‘g&Itig{l G20 d"RRdleNh hd BFentY &&Fiod&o leffeéthBovVdmias of 88 mbialltie
one v e

construc I'n accordance with the invention that is .
descr ivhied nadaehee fronh theslisstd pesitioresard theropeh positipreagadist Ersrhiacef saic SREBS 1 he

canms 80 and 150, at. the en position, is ahout 1150 psi, This pressure is
about T&PORTE tofe a%ﬁ&@ag%to&ﬁt@ S@idflhsapg%efore the canms 80 and 150 drop

into "open detenif'scPQi dalhbing Hbeats eEaNy filsens stiid handlevel experienced
previ ously at between about degrees and 70 degrees of digggeln%gﬁnent. The

val ve 10 can be eeth e openid Gtsssand seponfotamy lBenged Faphesy B¢l Bsed
positions _nost . of %h .time. The tinme of novenent between the open and
cl oseGTEWREETHY o nﬁ?’ﬁéﬁmé’ﬁ "Ctransitory. Therefore, nost of the time the
valve 10 is either in the closed position or in the open position. The

plastic materials of which the valve actuator 12 is nmade are inevitabl
subj ect to 2-cree‘}sVah@@?wéfarsﬂsafi‘?ﬁé@ﬂb%‘iug’sﬁwg‘ﬁrepb%ﬁﬁ o ‘i‘léﬁatpﬁg’alﬁ%eé aggcurs

when the valve 10 .i ' D frehiihly 361 HaéRE abbht 20 Begrody. t
| oadi r‘f@%oﬁl?ééé%%éﬁggﬁé“f%@? %g‘?‘;&}{slecg@v A N T & v he
open position, as shown and descri bed above, because of the |arge surface

ar ea ] ] ] i
3. A valve actuator as set forth in claim 2 wherein each one of said cam surfaces and

cam profiles of said first and second cams extends circumferentially for an amount in the range

of from about 90 degrees to about 120 degrees.

4. A valve actuator as set forth in claim 1 wherein said cam surfaces of said first and

second cams are in engagement with each other for at least about 20 degrees when in the open

position.

5. A valve actuator as set forth in claim 1 wherein said handle is fixed against axial

movement relative to the valve seat.
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of contact in the open position. In addition, the unit |oading on the cans
80 and 150 is effectively zero when the valve 10 is in the cl osed

condi ti onwolwaaesse no spring force is being transmtted. PBFamoyer40 this
low uni t 1 gadi ng, \ 1HEk &S 46 at h &Y Q8 §indtbdigg atlRher dmRtspanedtornbetion
materials of the valve actuator 12, including the valve stem the valve
seat , ramhitting g fordechawbae said dongler ad said Secanidy eamcsaid SBHNGd SRS use

only one_cam syrface and an assqci at . Ly as a camfollower. From
theya king axig WBY‘FIB?F%&%[ S%lﬁée‘ioﬁgéﬁ‘%lire‘%fw%orgg“e‘f%ﬁ%?ﬁr ed inthe art will

perceive inprovenents, changes, and nodifications in the invention. Such
i nprovenents, changes, and nodifications within the skil lh of the art . are
i nt ended t@. be Antilueledueior s pettfrethde gamol formg rotagyp Wheieqt me My

03/ 102451 PCT/ USQ3/ 17 Vi i pnvention, we claim 1. A
val vevéé’?ﬂ'é\n‘gﬂﬁrfso Oé{eﬁgﬁ%ﬁ? avtg)lrﬂ\%g Wg{() tﬁggalgg\glgﬁt've seat and a novabl e val ve

menber novable relative to the val ve seat between an open position enabling

fluid flow through the valve and a cl ose sition, bl ocking fl.uid f

t hrough t h&. val veyalgapetuytar %Seéc,ffﬂiﬁlatﬂbPlalfegrﬁgﬁ?@nr@!d P39 O%iﬂé?sl?l%g‘b?‘)fqle
nmovabl e val ve, ne vdrh QR ogitien t@Wwarti abeiclosed
act uatvglﬁf& R aeid eer,tgglgl{)‘c@é %ﬁﬁbﬁfﬁgg?ﬁ%‘bﬁfﬁﬂ@% Oﬁgr?gti on relative to_the
val ve psgibn iwithant w@eriisgpnidfispeing dorcane thermavablosilrgmgmbet threnehagssisecand
axis; a first camfixed in position relative to the valve scat; and an

axi al F§Mppvabl e second cam engageable with said first camand rotatable in
response to rotation of said handle in the opening direction to effect
novenent of the novable valve nenber fromthe cl osed position ‘;?gi/varcl t he
open positijon agaivabe dchetdsifas aobtaspivalvepthpibes m valvesssahard ggneypale valve

application of actuat.in orce to .sajd handl e; I d i

mov ab MEETRBET Q?qvﬁgkerle li"?/go {118 V%&F 56%}357%6 . aggo(p %ﬁ 8%%1[10% élgag)?igl"fﬂli ?d;?@grﬁ&g gtl:ond
cans Ravidige SnEARSH fRaRndibdiigiluid flotd thesuphahenilivglthy mexildadalvg nearher
profile. 2. A valve actuator as set forth in claim1l wherei.n each one of

sai d temgdinelageisstuotition ashatiiedd theeelvt sealhpyd VRAIVE ACHAYT SJVBHIEans ext ends
circunferentially for . at.| d the fosk@b¥gtiget uat or as
set forth in cl Srﬂr]?g\}%aes}ngi%ﬁlesltggg qgtﬁaelggp%gg{egﬁ)?éﬁ] sgrfasce!g ar%d cam profiles
of said first andhsrEORs eestBingticantsg corceusdid hemile deing fupported Gruaistionn

the range . o . o .
relative to the valve seat in an opening direction and in a closing direction about an axis;

a first éam fixed in position relative to the valve seat; and

an axially movable second cam engageable with said first cam and rotatable in
response to rotation of said handle in the opening direction to effect movement of the movable
valve member from the closed position toward the open position against the bias of said spring in
response to the application of actuating force to said handle;

said second cam being movable axially relative to said handle.

10. A valve actuator as set forth in claim 9 wherein said fixed cam is formed as part of
a plate member fixed to the valve seat, and including a splined gonnection between the movable
valve member and said plate member, said splined connection enabling axial movement of the
movable valve member relative to said plate member, said splined connection blocking rotation

of the movable valve member relative to said plate member.
4

11. A valve actuator as set forth in claim 9 wherein each one of said first and second

cams has a cam surface defining a circumferentially extending cam profile.
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of from about 90 degrees to about 120 degrees. 4. A valve actuator as set
forth in claiml1l wherein said cam surfaces of said first and second cans
are in enyegafensi with each other for at | east about 20 degmaseswhen in the
open position. 5. A valve actuator as set forth in claim1l wherein said

handl e is fixed against axial nopvenent relative ta.the valve sgat. 16 WO
03/ 102451 BET/ UdIpvesetiatyr aa sgaforid inclain dpvhaein g31d sprpg apty og) the ayadle

| ncl udli Bih8AR] € BPIIREHIE VANRCHEA: HOANE deh ishiRhdbWaffeclbRteen

sai d handl e and sai'd second cam sali pl'i ned connection enabling axi al
novengsitioh widicht sesmnissicraof st foxe tb dhs aiodatiandlve mémbek tiraligle szidtseetndr  as
set forth in claiml for a rotary valve wherein the novable valve nenber
is bld®%ed formrotation relative to the valve seat. 8. A valve actuator as
set forth in claiml wherein said spring acts on the novable valve nenber
to nove the novabl e val ve nenber fromthe open position toward the cl osed
posi tion w t3houtA tiradesaitsgénforaf ramyi vajvd trat das o vahee prsb abfle mavelde ehser

t hrough said second, cam _.9. val ve actuator for..a rot.ar as a
val ve SBeperna b F & kol FebiiP ot Pt en iR Rttty OBl
bet weefe a1RP&R ROSIbiddOPostilsHPbideRink! Hhid flbWWhiduzAUGd vdlng said velvangttaitor

cl osed position blocking fluid flow through the valve, the novabl e val ve

menbercompeising: f i xed agai nst rotation relative to the valve seat, said valve

actuator conprising. a.spri bi asi.n Er&?ggr toward the
cl osed positi on;aggﬁlgﬁ’éqsg"gftggmroé'cele\yglr‘{tgrﬁgec u“’éwﬁgd %Jréc{gs.j al 1:gloﬂ’andl e being
supported for rof akidé forr Rbévingeadnntingeforca| vad daadleibrimnsugperted gordiatamni on

and in a closing direction about an axis;,. a first camfixed in position
rel at iTelative tq the veleveatdar opeg difeckon and in #eosBE dreiBRPoRLAR f’éﬁﬁgageabl e

wth said first d‘?ﬁ@t ?ﬂgrf}i&?%ﬁfe@itﬁmir@lati(fgﬁ)otﬁgigv% ﬁeart;ogngti on of said handl e

in the opening recti ect novenent e nmovabl e val ve nenber
from the cl osed gpostitllypmovablarsdcdriecampenggpeshle ivath sajdifivst canhendiretstable wai d

spring in response to the | ication of  actuafi orce to said hand| e;
ol o Sebnes Ea I S BRI PGSR BBt SORERES! 6 TRADLT v
g?t ugt \g%'lveﬁﬁeﬁl%%%ffégrﬁ}tﬁb 105l Rk o tYREISh oS fdsttion @8ainsihé Biak OF 5RM spengddar t

ate e I xed to the val ve seat, "and including a splined
connectespmsd &t the epplidagomof/adhaging force to said handle;

each one of said first and second cams having a cam surface defining a
circumferentially extending cam profile;

said spring acting on the movable valve member to move the movable valve
member from the open position toward the closed position without transmission of spring force

to the movable valve member through said second cam.

14, A valve actuator as set forth in claim 13 wherein said second cam is free floating

relative to said first cam when the movable valve member is in the closed position.

15. A valve actuator as set forth in claim 13 wherein said second cam has a shoulder
for transmitting axial force to the movable valve member to move the movable valve member
from the closed position toward the open position in response to rotation of said second cam
relative to said first cam in an opening direction, said second cam being axially movable relative

to said first cam upon seating of the movable valve member on the valve seat.
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val ve nenber and said plate nenber, said splined connection enabling axi al
novenment of the novable valve nenber relative to said plate nenber, said
spl i ned cworaavi4dn bl ocki ng rotation of the novabl e val vecrarsoet741&l ati ve
to said plate nmeabeive dctuatéy ¥adel Eordit irlalhdi 1330S rothor vdlvé whetedi theSmuhidiei n
each one of said, f| t and second . cans has a cam surface defining a

ci r cunTAIVeReIRer i biocked oryrotation selatiye ©. tha Yalvesess/ 102451 PCT/ US03/ 17413 12.
A val ve actuator as set forth in claim9 wherein said spring acts on the
novabl e val ve nenber to nove the novabl e val ve nmenber fromthe open

posi tion toWard Ahealed estestor posett footl ini ¢lhiout 3 twlsmsim said sevond caprisngovablece
to the no ab e val ve rzﬁer t hrough said second cam 13. A valve actuator
for a #9¢ @B’F&%SE{%E% %s a val ve seat and a novabl e valve nenber
novabl e rel atl ve to the val ve seat between an open position enabling fluid
flow through the valve and a closed position blocking fluid flow through
the val ve, &&i d davalee actuatat dor aao&mr wslwnghatahaspar Vﬂdge beamndga ey abioveiiee
val ve nenber to e a_han uatl
{or ce, MEEPE Ragie WS o TirT S bhvers fa PRape ey Kbt Itie oy
in an gpeaiveGindialcesstl Posiaos biodkiag Fluas fIoe tﬁilohglﬁhe%hﬂabﬂiétmé\{hb@é(vaive RembéiSt
camfixed in position relative to the valve seat; and an axially novabl e
secondb @&grﬁéwg@gj@ﬁbr%atmmla@ae & the melve searh sifivalvr agtugiprecamprisings ponse t o
rotation of said | ment of the
novabl e val ve rre%%ﬂ%tﬁagl { Zn%ﬁgge‘%%egg"%rgﬁ%ﬁ %It\f\i/ngE]togg&% en%pom tion

agai nst the bi asa dbndlaifdr sqeeivitg hdtuatingSfoeses sailhanbie B isagdorted fof rotation
actuati n% force to said handl e; each one of said first and second cans

havi ngrelttvarie Ssrirlcscddn PacRgniag depstionmnd ibs clogingirsgiamaontan afispr of i | e
said spring acti Qgrﬁga&%emﬁ@ﬁon%ﬁa\( ’f@{i‘@%l Qed0yfy t he novabl e val ve
clos

menber fromthe open position towar position without
transm ssi on of &pexiady frmnvable geoonich eammmgigeeble al te sadnfst carhrand ghtasbiedin

econd cam 14. A.val tor .a et forth in cl.aim 13 wherein sa
S ecomcreSmse £ rorliorr ot Gid Rt O i o iing Blkption fy S M eeRt P Lo B e aBioe

val ve yRub8kmber fr&mttﬁ@cl@,kéasﬂlt%stb%hﬁrthe ééen pﬁhsﬁﬁ)’nva%aﬁiﬁf fHabHess o@%alﬁ%fmﬁg)fnt h
in claim13 wherein said second cam has a shoul for transmtting axi al

f or ce tespanise tavibe abplecatian vEactwatingriotcs torsaie harke; rmvabl e val ve menber
said spring acting on the movable valve member to move the movable valve
member from the open position toward the closed position without transmission of spring force

to the movable valve member through said second cam.

19. A valve actuator as set forth in claim 18 wherein each one of said first and second

cams has a cam surface defining a circumferentially extending cam profile.

20. A valve actuator as set forth in claim 18 wherein said second cam is movable

axially relative to said handle.

21. A valve actuator for a rotary valve that has a valve seat and a movable valve
member movable relative to the valve seat between an open position enabling fluid flow through
the valve and a closed position blocking fluid flow through the valve, the movable valve member
being fixed against rotation relative to the valve seat, said valve actuator comprising:

a spring biasing the movable valve member toward the closed position;
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fromthe closed position toward the open position in response to rotation
of said second cam relative to said first camin an opening direction,
sai d secowo osam4bei ng axially novable relative to said fiPCItUSOHM4uPpon

seating of the mahie MakvRiVIBIEa@Y e, valdveandiRabeind Gupifdrd/ 160 2éthtlon
PCT/ US03/ 17413 16. A valve actuator as set forth in claim13 for a rotary

val ve wiHetiv ta thenwelveoseabinen apahing diveptiarandgn pickasingdlifecton reauaen axisi el at i ve
to the val ve Seag'ﬁrsjt%agﬁ%e%lié%)%ﬁ{ny?e:l%[ve%th%e&;alxjeosreapa I claim 13 wherein

said second cam i S nov ative to sald handle. 18. A valve

actuator for a reaiakallyahy@bldigdcoNdsam srghyabreaithanid Arstoxabing roatabde in
menber novable relative to the val ve seat between an open position enabling

fluid feseenserp geighon oheaiddirgde dn dhaopqngisedresten 19 sHoPITBRYIR! Of thedmpya
through,f.b ?ne\ﬁﬁde}[ﬂo HRE [RYARb GG dRERBEN &‘?ﬂi&ge?%'iﬁ%?ﬂlqu% d}sstaid_rsﬁf'iﬁé PN
relativé to the valve sear, $Aid valve actuator co rising: a sprihg

bi asi ngespbeseno trtipplivaione{ aetubtitg fooweatodaidhendlepsed position; a handl e for

receiving actuating force, sgid handle being supparted for raqtatiopn.

oot Tvel ot ot bifh, 6o st i St aonss0nd Gad: PBYInG i R Sughes fegning a

directgganm@%ﬁﬂﬂykfgﬁﬁh%@mﬁkhgﬂepan1fixed in position relative to the
'ArEY

val ve seat; and an axi a vabl e second cam engageable with said first
cam and rotatable in response to rotation of said handle in the opening
direction tq,effect .novenent of e .novabl e ,.val ve. mrenber fromthe cl gsed
051 L1 on t oddr d EheIBRERBEL S s6h KEghhaant A4 PhetEinCrnt Sfopnl B, v
r esponggiallo rdiiercapRiiGahdien of actuating force to said handle; said spring
acting on the novabl e val ve nenber to nove the novable valve nenber from

t he open position toward the cl osed position wthout transm ssion of spring

force tot novabl.e. val v. r j >

act uator “as et fortire HuBy R AT aESLErRE AR oo Bu pe v
cams haslva mam&ub e trf mbidkle aalvt masmibee rfavih ithd berepbsitioh ngvadthecnked e.
20. A valve actuator as set forth in claim18 wherein said sec%nd, cam i
rovabl @ositien athgutrteansrrssion of sprng fergm i the mavable Valy Bembet drenshysid secoRd ar y
val ve t has a valve seat and a novabl e val ve nenber novable relative to
t he val've seat between an open position enabling fluid flow through the
val ve and a cl osed position blocking fluid flow through the valve, the

gg\;? fjl g a;/gl égi \r/rggg{dﬁeé?agiug&g#ﬁ? i%gqo%g?lvgﬁfte tfxa?ct lijlatsI 2 Va vglsggtl And Elc%ncgvgglev%lllgee

member movable relative to the valve seat between an open position enabling fluid flow through
the valve and a closed position blocking fluid flow through the valve, said valve actuator
comprising:

a spring biasing the movable valve member toward the closed position;

a handle for receiving actuating force, said handle being supported for rotation
relative to the valve seat in an opening direction and in a closing direction about an axis;

a first cam fixed in position relative to the valve seat; and

an axially movable second cam engageable with said first cam and rotatable in
response to rotation of said handle in the opening direction to effect movement of the movable
valve member from the closed position toward the open position against the bias of said spring in
response to the application of actuating force to said handle;

said spring exerting a force that when transmitted between said first and second

cams produces a surface pressure between said first and second cams that varies in amount

depending on the relative rotational position of said first and second cams;
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a spring biasing the novable val ve nenber toward the cl osed position; 19
WO 03/102451 PCT/ US03/ 17413 a handle for receiving actuating force, said
handl e bewog3geapprted for rotation relative to the val ve@eCIasn/imian

openi ng directi otheaguditab® peesSilrd YefvgetishRiClitsd Bn@ b&dhd @amdXarBingatrdrh tBé sprauig
fixed in position relative to the valve seat; and an axially novable second
cam endgeyBekthgivelyednsrabariiy gy the slesedResitondeH® 287¢-n  r esponse to rotation
of said handle in the opening direction to effect novenent of the novable
val ve nenber fromthe closed position toward the open position against the
bi as of sai &5.spr Amglvenactuatsestefotth it Hleinappihemin:on of actuating force to
sai d handl e; each one_of said first ani @gﬁgn ca havi ng. a cam surface

defining a circHIff¥FRE PEISPY© SRIETRISH §fqone capys ariiingfrera the FRrAt%r
as set f0d thciel a eglrcl?iuéﬁg‘gﬁ?}ﬁfeﬁfeﬂt éf%eiV§1ee%%%e@?o&1§tmw§ag%osia5ﬁ %\J/éhzi fhe

relative to said val ve actuator as set forth’in clalm

wher ei npggpaditopramly acts on the novable valve nenber to nove the novable
val ve nenber fromthe.open positjon toward the closed position wthout
Lransmi ssion of WS RECE BFEaiT Gebyren savlapL UL preneasa EdTgR th Fopine
second foré@Wher2the vAlveah¥ab@as Uathe ropérpﬁos@tidrpﬁe%ﬁg’ nd Bloy&thahaboltdY, o YEY,\oF teat
and a novabl e valve nenber novable relative to the val ve seat between an

open ptedkisugiacaprassiuieag fl ui d now through the valve and a cl osed position
bl ocking fluid flow through the valve, said valve actuator conprising: a
spring biasing the novable val ve nenber toward the cl osed position; a

handl e for p@&cei Wivlveshuddr R3Getf fortk én claiah 94 haBedi:e bei ng supported for
rotation relative to the valve seat in an opening direction and in a

cl osi ng directioficasliaee arpssire between jspigh fushand pscodd icams gsising Jrorp dhespiing t o
t he va . .axi [oTelaTeh %’H]f a(g%@ YY) '

first (Igazg%e %ﬁ%ﬁersgta%tq g@lﬂgﬁgﬁ%"lﬁég{g@r@% tg%@?ot at |egn 0 Jalgal ﬁ?ﬁ%}ﬁ%ﬁ :&W§ E?Eghe
openi ngpahi postionpand o ef f ect nmovenent of the novable valve nenber fromthe
cl osed position toward the open positign agaliggst t he bi as, .ofésai d spring in
response to the H§pTUFest PESSWE DR sRiNgEbrb steond PR REREE drom dhe SRS ng

exer ti RgcAwhA @8 valRtmMEs it [Ahe Bhéd ﬁ(ﬁlltgﬁl; Wn@ Blofe fHah Sho@¥d, RECPADS AN

produces a surface pressure between sa and second cans that varies
i n anouperk surface pressure.

27. A valve actuator as set forth in claim 24 wherein said second cam is movable

axially relative to said handle.

28 A valve actuator as set forth in claim 24 for a rotary valve wiierein the movable

valve member is blocked form rotation relative to the valve seat.

29. A valve actuator as set forth in claim 24 wherein said spring acts on the movable
valve member to move the movable valve member from the open position toward the closed
position without transmission of spring force to the movable valve member through said second

cam.

30. A valve actuator as set forth in claim 24 wherein each one of said first and second

cams has a cam surface defining a circumferentially extending cam profile.

31. A valve actuator comprising:
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depending on the relative rotational position of said first and second
cans; 20 WO 03/102451 PCT/US03/ 17413 the surface pressure between said
first andweaesamdscans arising fromthe spring force whenPChaSozMe3 nenber
is in the cl osedapgsig;i on being zero. 25. A valve actuator as set forth in
cl ai m 24 wherei n: the surface pressure between said first and second cans
arising from theatspetnafgr megrbee adapiadhiosmavp arovable: vigvenmoaheinetpen i opell ve

mmerp&sﬁtﬁdﬂ&n*&%ﬁb&ﬁﬁa%g@%ﬁj tion toward the open position, and the surface

pressure between sal TSt and second cams arising fron1the spring force
when the val ve nefibgicamsandy t he open position being no nore than about 5%

to 10% of the peak syrface pre sure. val ve. actuator gs set forth_ in
cl ai m 24 wher ei nd S?‘Wégs"&}’ﬂf"d@égeﬁ lesuiifh éalgé‘{r%éféﬁl ad @t%tillﬁgtto gHert JavsAEE ahs

ari si ngy;d T0L16& d RIS o RaREAK ol %ﬂﬁ t Asher ipd ve
menber r%ﬂ??% 6%§it§%n tomar?otﬁe oggn ngP@?g ﬂtgg%he SJ? ace
pressuspemlgetween sal d first and second cans ari sing fromthe spring force

when t he valverre s in the 05|t| eln re than about 5%
e obtor the. mEE Shiipd atihe o wah FanBDS niexiys 16 atikel Gid Bervatbl BRmbRO o | o

clai mgd Cg@ﬁ’ rp%bl'ﬁoﬁ abWaRiehe r&%s@@ﬁbélﬁomﬁgh@tra&i‘rhﬂl&y of §iriol fofce ﬁr&%’hdsald
handl e. 28 A'val ve actuator as set forth in claim24 for a rotary val ve

wher ei secolnkcamvabl e val ve nmenber is blocked formrotation relative to the
val ve seat. 29. A valve actuator as set forth in claim?24 wherein said
spring acts on the novable valve nenber to nove the novabl e val ve nenber

fromthe opgn poai ¥d1es att@uer ds kéefoethOisedlainP 9§ ivitie@dinWaldg¥ebnd lcamSii H&v 2Bl Of
spring force to the novable valve nenber through said second cam 30. A

val ve adelliatelptivado said agtyptopmenbel. ai m 24 wherein each one of said first and
second canms has a cam surface defining a circunferentially extending cam
profile. 31. A valve actuator conprising: 21 WO 03/102451 PCT/ US03/ 17413

33. A valve actuator as set forth in claim 31 wherein each one of said first and second
cams has a cam surface defining a circumferentially extending cam profile engageable with the

cam profile on the other one of said fist and second cams.

34. A valve actuator as set forth in claim 31 further comprising a handle for receiving
actuating force for rotating said second cam, said second cam being movable axially relative to
said handle.

35. A valve actuator as set forth in claim 31 wherein said actuator member is adapted

to move the movable valve member axially without rotation.

36. A valve actuator comprising:

a spring;

an actuator member adapted to move a movable valve member between an open
position and a closed position;

a first cam; and

a second cam engageable with said first cam and rotatable about an axis to effect
movement of said actuator member from a closed position toward an open position against the
bias of said spring;

said second cam being movable axially relative to said actuator member.
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a spring; an actuator nenber adapted to nove a novabl e val ve nenber between
an open position and a closed position; a first cam and a second cam
engageablwowBtie4sni d first camand rotatable to effect nowemarso3/of413 sai d
actuator nmenber froma closed position toward an open position against the
bi as of sai spring; said sprin cting on said actuator nenber {o nove
sai d act uat §z. ﬁb\éﬁvef RGpAton disehioEh 184 WnWaHREY 14 FEING 5ERN S petar

Wi t houb,obhangthewd é%‘fk}}?étua?@ﬁﬁl%bér%% R4 sigiah %wa%gmo&a%sﬁ%g wAthGE Ve
actuator as set forth in claim31 erei'n sald second cami s novabl e

axi al | ransglission/ef spoingdode duoought said seeodbcam.33. A val ve actuator as set forth
in claim31l wherein each one of said first and second cans has a cam

surface defining a circunferentially extending camprofile engageable with

the cam progil epomiidgr@tidton se@rififin SRid 361 wier@l QaSESRAGE BRI Grst At seborkd! ve
actuator as set forth in claim31 further conprising a handle for receiving

act uat ¢ames hasra earh snrfpcst dafinmg & airciusisvantidlly axiendiag daweauofilt @gagdsdlenyiththeabl e
axi al Iéafrlel g,ti vettot sai d an&lfe. 3(2. A Hal ve actuator as set forth in
claim Rﬁ)g%9%1§§?5mé%?8 P8¢ 1FsE ARG peGL 8@8%ted to nove the novabl e val ve
menber axially w thout rotation. 36. A valve actuator conprising: a

spring; an actuator nenber adapted to nove a novabl e val ve nenber between
an open pod{-ti oft Ve ctedieyss detiesthtin slpim 3offurther commrismgd kandlecion seceing

engage - W | J . o] . LS .t.Q:. af f ecl.
R R e B e S R
posi ti eid Bgaile)st the bias of said spring; said second cam bei ng novabl e
axially relative to said actuator nenber. 22 WO 03/102451 PCT/US03/17413

37. A valve actuator as set forth in claim36 wherein said spring acts on
said actuat@f A valve actuator as set forth in claim 36 wherein said actuator member is adapted

to move the movable valve member axially without rotation.

41. A method of actuating a valve having a movable valve member, said method

comprising the steps of:

engaging a first cam with a second cam;

rotating the second cam against the first cam about an axis to effect axial
movement of the second cam,;

transmitting axially directed force from the second cam to an actuator member to
move the actuator member against the bias of a spring; the actuator member being adapted to
move the movable valve member from a closed position toward an open position against the bias
of the spring; and

transmitting spring force from the spring to the actuator member without passing
through the second cam to move the movable valve member from the open position toward the

closed position.

42. A method as set forth in claim 41 wherein said second cam is movable axially

relative to said actuator member when in the closed position.

43, A method as set forth in claim 41 wherein said step of rotating the second cam

against the first cam about an axis to effect axial movement of the second cam comprises
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menber to nove said actuator nenber fromthe open position toward the
cl osed position without transm ssion of spring force through said second
cam 38. wowallvmsactuator as set forth in claim36 wherei rCFash3/one3 of said

first glyiageofdting &tbe fRthedscedid siih fvatea dehdlpiragtive & walonf e gddnal dayh is
extending cam profile engageable wth the camprofile on the other one of
sai d fmpEableptaldecond cans. 39. A valve actuator as set forth in claim36
further conprising a handle for receiving actuating force for rotating
sai d second cam said second cam being novable axially relative to said
handl e. 40.44 valveecthod aoded forésinsddinf 4 tvheiein idstep 86endagingianfirstéarn swthwat or

menber is adapted to nove the_novable val ve nenber 3x' ally withqut .
ot at | %5000 681 QBT REREAEiRGL A, HE REMhATHIS & SHEHGC® CREURB e pary e enialber
sai d YTl i g4 Il i:

?%{téal??nr% %%ﬁg‘;r‘oﬁlengfgh NE s&lofi@ %ol haBhg ? Edhg srfhde ééﬁrﬁ@éna"\‘,ﬂ;cﬁlnﬁel‘%ﬁﬁﬂpgct

cam second cam agai nst the first cam about an axis to ef
axi al exrervimecdm pfoflhhe second cam transmitting axially directed force from
the second camto an actuator nenber to nove the actuator nenber agai nst

the bias of a spring; the actuator nenber being adapted to nove the

novabl e val y& nmepbeeihha @isa BHASEGIRAN I (AbrelOWAd ke df FRABMAGSE Ehrddy RGRAI NSt
the bias of the spring; and transmtting spring force fromthe spring to

t he acfromt e spenpde thi edieater pemdienyithonr pasghstthiougl demeecoathced ivomeve
25, T LBt A i RAER, BToh Pl U Gobdf snfrBETrnC b a0

S I'n sal second camil1sS nbva

axi al | ovémtmmt divide trBowdlddvaes wainiier nRiERRE rv@geal Andvement 0kt pRvableonlved3.
A nmethod as set forth in claim4l wherein said step of rotating the second

cam a@8M8st the first cam about an axis to effect axial novement of the
second cam conprises 23 WO 03/102451 PCT/US03/ 17413 appl yi ng actuating
force to the second camwith a handle relative to which the second camis
movabl e axi 4.1 y. Addctudtomedipdsiag: set forth in claim4l wherein said step of
engaging a first amvvi;h a second cam conprises engaging a first cam
having a cam sur# 888M8&thg a circunferential ly

an actuator member adapted to move between a first position and a second
position;

a first cam; and

a second cam engageable with said first cam and rotatable to effect movement of
said actuator member from said first position toward said second position against the bias of said
biasing element;

said biasing element acting on said actuator member to move said actuator
member from said first position toward said second position without transmission of bias force

through said second cam.

47. A method of actuating a valve having a movable valve member, said method
comprising the steps of:
engaging a first cam with a second cam;
rotating the second cam against the first cam about an axis to effect axial
movement of the second cam,;
transmitting axially directed force from the second cam to an actuator member to
move the actuator member against a bias force; the actuator member being adapted to move the

movable valve member from a first position toward a second position against said bias; and
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extending camprofile with a second cam having a cam surface defining a
circunferentially extending camprofile. 45. A nethod as set forth in

clai m 41 woasadnssai d step of transmtting spring force fPCamSOlE748pring to
the actuator nenmpgismtitin®is (PRS0 0@ dchatighenitte wianphssaRnthoupP e setnd
novabl e val ve nenber fromthe open position toward the closed pasition

r esul t €1 P BQYGihe mayphlsaiptveanembrs fragy theiapey apsiido theiqlersdPositient i onal
novenent of the novabl e valve nenber. 46. An actuator conprising: a

bi asi ng el ement ; an actuator nenber adapted to nove between a first
position and a second position; a first cam and a second cam engageabl e
with said first camand rotatable to effect novenent of said actuator
menber fromsaid first position toward said second position against the
bias of said biasing elenent; said biasing el enent acting on said actuator
menber to nove said actuator nenber fromsaid first position toward said
second position wthout transm ssion of bias force through said second
cam 47. A method of actuating a valve having a novabl e val ve nenber, said
met hod conprising the steps of: engaging a first camwith a second cam
rotating the second cam agai nst the first cam about an axis to effect axial
novenment of the second cam transmtting axially directed force fromthe
second camto an actuator nenmber to nove the actuator nenber against a

bi as force; the actuator nenber being adapted to nove the novable valve
menber froma first position toward a second position against said bias;
and 24 WD 03/102451 PCT/ US03/17413 transmtting bias force to the actuator
menber wi thout passing through the second camto nove the novabl e val ve
menber fromthe open position toward the closed position. 25
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