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-1- WO 98/08150 ELASTOVERI C ELEMENT VALVE PeTrussppgegs
application clains the benefit of U S Provi si onal Application S/'N
=60/ 024, 415, filed August 21, 1996. 5 This invention
relates to fluid control val ves and 4 particular to pressure

~regul ators or throttling valves including an el astoneric di aphragm

el ement sealing a regulator orifice for fl ow control.
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as gas " pressure regul ato f peline
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limts. &aihﬁpﬁiiaa{:xohusqw @0 /024, A1H g@SLY essure regul ator
is to natch the flow of g t hrough the regulator to the demand for

gas placedluﬁHQUSt 2%he %9§ten1 Al so, the pressure regulator nust nmaintain
the systegm pressure Wﬂtfhﬂsaﬁﬁeéhebbﬁ keMates to fluld contrél one type of

such gas pressure regul. at e is inserted en the regul at or
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In sonme such prior regulators, the dlaphragn1 ' assenbly contai ns several
el ements of conplicated 25 dleaﬁ[ﬁ\g]:mpgmiéﬁger .than desired '
regul-at or package mh|c§L§$%ﬁ‘T§ EXPENS 0 nmanufacture. In

other sudh prior regul aFéuid FﬁEtHP&pHPS&%ﬁ§§§@hbEFQﬂﬁﬁﬁxﬂa%een reduced to

a nini mum of Wtﬁegamataga@e in cbhlorPhiied AL s piwelDeof the
cage and over n_such prior re Lators

t he onf§¥§F?@SnB? §ﬁ§§§§n%8a??§g55éﬁﬁﬁ%j#ﬂﬁ?qq(Rﬁ Y Wt
obstructed‘aéﬁbéﬁﬁﬁbléelﬂmaphragkslanlaxhhplhulmpe primary function

of a gas pressure regulator is to match the flow of gas
15 through the regulator to the demand for gas placed upon
the system. Also, the pressure regulator must maintain

the system preésure within acceptable limits.
| In one type of such gas pressure regulator, a
cage is inserted between the regulator fluid input and

20 output ports with a diaphragm assembly being under a -
spring load to seat against an orifice at the top of
the cage. Unreliable fluid sealing has been noted

'occa51onally in this conflguratlon, particularly at low
fluld flow conditions.

25 In some such prior regulators, the diaphragm
éssembly.contains several elements of complicated
structure leading to a larger than desired regulator
package which also is expensive to manufacture. In
other such prior regulators, the diaphragm assembly has

30 been reduced to a minimum of components utilizing a
flat plate across the top of the cage and over the
orifice opening. However, in such prior regulators the
orifice is not substantially open and the flow path is
obstructed even when the diaphragm is in the fully
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flow thro regul ator. This undesired - configuration s to Iomer
fegul ator flow capacity than desired. 5 It is desired
therefore to. provide a fluid control regul ator having a di aphragm
assenbly which accommodates a higﬁ2FI0W capacity in a small regul ator
package, and contains, few co onenks SO s to r$9uce Jranufacturing and-

assenbl i ng 9B§ed pogjtion abBve“tne ori sem& UG TRGEIHRENDN
A fluid co'rﬁergﬂlarmllﬁlow thebughnghe vabutator. boctmﬂwwnmasaufédxi d i nput

and a fluid o put | ssageway .t her ehet ween. e el enent

i s insertef°® qiﬁ ?h%egﬁ%mFBagggégw5§g§%3t9§ (ﬁfH%F mt 15

f1 ow t hr ougihatrhedesdpednd a top orifice between the regulator fluid

I nput @pd out put . A‘di€p§§aﬁ&é??éﬁ"@h&retore’ fﬂg’ Jh ; @bove the
be e re

cage orifice to regula assin ator input and
out put . control reguiaéoaubeﬁiagnaaés ?gﬂhﬂﬁﬁﬂ&bkﬂ1 chelastomerlc

d'aphragm'”%?bﬂﬂéﬁﬁi%scarﬁﬂbﬁrlewSEaP&c1ty 136G hawing redd@icsentra
portion bounded by a formed convol ution which in one enbodlnent S

provi ded bpagkage, (39geBoRRAHPEr LENaSARRERLHSS: iS6h Afeity FHIURRI t oget her
by a concawamefddRieing! ananasbembihgdcoeris.t he 25  fornmed convol ution
is provided by a raised annul ar ridge in the diaphragmjoining

toget her the fl at central portion and a flat nounting perinmeter. The
el ast arteri ¢ di aphragm el emreSMMARY 0OReBHB{ INVENTIDONe type material or

ot her such elastonerlﬁ EYﬁ?&'?Bnt%gl regylator 1n&hragn1extenJRFaC|osed

position the flat central portion the'd Cross the
cage topbeQﬂXEhaYhﬁgrégﬁlaﬁérlapuﬁléédaﬁdféméﬁbMFQHﬂ§ and a flow

passageway therebetween. A cage element is inserted
within the flow passageway and is adapted to permit

15 flow through the cage and a top orifice between the
regulator fluid input and output. A diaphragm assembly
is movably mounted above the cage orifice to regulate
fluid passing between the regulator input and output.

The diaphragm assembly includes an

20 elastomeric diaphragm ring'élement circular in shape
and having a flat central portion bounded by a formed
convolution which in one embodiment is provided by a
ridged annular diaphragm portion being joined together
by a concave perimeter. In another embodiment the

25 formed convolution is pro#ided by a raised annular
ridge in the diaphragm joining together the flat
central portion and a flat mounting perlmeter The
elastomeric diaphragm element is formed of a nitrile
type material or other such elastomeric material.

30 In the regulator closed position the flat
central portion of the diaphragm extends across the
cage top to close the regulator orifice and prevent the
flow of fluid through the passageway and through the
regulator input and output. In response to regulator

35 operation requiring the opening of the orifice, the
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di aphragm el enent is flexibly noved away-3- fromthe cage top with the
concave perineter switchin to a convex perineter, or the raised ridge
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éﬁ% dge strai ghtens out. 20 The i nproved
y of the present invention is supported at its center

rai sed annul
di aphragm ass

with a 10

di aphr agm htadiaphoagmsidunganga ring idicipidesymarmpl at e

the other si @@cttéa:ﬁ@vwffacéeaat&ﬁaﬁgt Eh@uaﬂnmar r Qﬂzééfgs
pl ug/ spring | oad conf |Igurat lon in for 25 I nstance .an “un | ng regul at or.

The di aphrag
di aphragm
t he center

a%ff's’c’ﬂ%%r%@&&? PSR POSIEAH- t Phridie
op;&msu@rsiacmd oD tnerdaapheagml the A@g&ﬂaaidzerﬁ&iné/@

on

b .led_to pro a, bal anci ng :
port for a Iolg&qh ct g@%#%f%&& lﬁ@ Pgr fgen % aﬁ’rlﬁ\ﬂ & 2 HREREd plug
curtai nist yl eurdflace which Ti@recbnteuredetpr matche thegdisphragn riang

el astomeric ynen QAPYAMN ASSEIRLYOto! PRePERISY bW HdAT SRRl g5 the

20

25

30

35

the diaphragm concave perimeter has beén switched to a
convex perimeter, or the raised annular rldge
straightens out.

The improved diaphragm assembly of the
present invention is supported at its center with a
diaphragm head on one side and a flat diaphragm plate

‘on the other side to provide a seat load through a

conventional plug/spring load configuration in for

" instance an unloading regulator. The diaphragm head

also serves as a flow deflector to prevent diaphragm
erosion and to increase capacity. As an alternmative,
the center diaphragm support can be drilled to provide
a balancing port for a loading/actuated style regulator
to provide a balanced plug curtain style valve.
Therefore, the pressure regulator with an elastomerlc

diaphragm assembly of the present invention enables the
production of a high capacity, small package, in-line

maintenance regulator valve that is adaptable for both
load:r.ng and unloading actuation.
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preferred enbodinent of the invention, fluid control valve, such as
a throttling val ve, I ncl udes a va?ve body having a fluid inlet, a
fluid

outlet, a Ll r ebet en ca menber
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di verter
fluid fl ow

n.th rLi.or reduc t he separation of the
|c%g?sm§4§%§:rnégb§%oweendt % e bodyfledd cap '
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fluid inlet and the fluid outlet. Flow dlverter means
within the cage interior reduce the separation of the
fluid flow which is passing between the dage top end
and the cap openings so as to reduce the required flow
recovery area as the fluid flow exits the top cage end
and then enters the cap opénings on the way to the
valve body fluid outlet.

In one embodiment, the flow diverter means is
provided by a decreasing cage interior volume as viewed
by the fluid flow progressing from the cage inlet at
the bottom of the cage to the cage outlet, and followed
by -a substantially constant cage interior volume as the
flow continues to exit the top of the cage. This

decreasing cage interior volume followed by a

-substantially constant cage interior volume portion

tends to make the fluid flow curve around the top of
the cage with a minimum of flow separation so as to

reduce the amount of flow recovery area normally

required prior to the fluid entering the cap openings.
In another embodiment, a.flow diverter is provided by a

_decreasing cage interior volume portion as the fluid
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the cage with a mininum of flow separation so as to reduce the anount
of flow recovem9smsess nor nal |y required prior to the flui dPERMUSPT/IGOS
t he cap openings. 35 | n.anot her enbodi nent, a flow diverter is provided.
by a decreasing cage interior volume portion as the fluid - WO
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-5- flow progresses fromthe bottomof the cage towards the top

of the cage, fehbees-dyrabdasigerdiiOfetbogrbMt 6f the chgeCagvdrierds and
with the projection _continuingt é&? top cage end,. either as a sharp
| edge or as a RBPe©9fs t&lﬁj _ 1e€‘b’el.°‘1'?1 Y hdr LE0ER: PredeStdmE AR ve 1 ow
diverter reducehet kadgd uintdtior separeithnths pbejecuidn contiansiasy atg t he
top cage end apd gges towards and_ . fipall nters e openjngs. The
| edge can al sor:Iijle %c’lpncq e eand;"ub%’t%rﬁ?lrﬁa#gyacéﬂgf'gn e&‘%%e#ﬁ%&r iaoiu Vol une
10. i n consi nurognded Redgp. of In helttker. event, this altesnsdiiswed Blawt is
provi ded on thg. L4tk L Sg b :

gl%%eﬁ.f& es tkhé ffﬁi&afg ‘tnhg&gg%ata% %%gecr{gfg SECT

“where the fl ui ow exits the cage an p openi ngs.
the rai sed seapagsesoitedht PHIRRIS oPNSfaAN@VIP8S £oWBHEASHAR%ANd of | ow

velocity, in arghadndnteddds the &£ OPenihys.enehbesehide o iNGHt the

rai sed seat by, -fhe diaphragm to. be nore reliabl e under, all flow

condi tions, ‘i néRGIAE 12\ FUIH 1Y ofRRGFRRR €adeednterioy yidume i ng
reliabiligy predl edhdimpindred athe atop @0 chél ggge.ln addition, because of
the flow diverter means reduci Tl ow araki und the throttling
"area, the seat can & %%Jfﬁ%‘lile%%]% +%c%$§§l§8&a§3t §B§vg:|gget &P anc{ | oss
of regul ator fhiewsdapadiad hetivdemashe ecage edopnend wherieothgefiledsl _
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sharp raised seat or ni fe 'edge seat in an area oOn the_cage cap so as
to si gni f thenTRLged BRAE HeS btpTated dF oRPaMT ARt 8T0AOW  the seat.

A retaini gg ri pareRaERS AR P T VELSELPP, 30n at Beaghaati Fildwe val ve
body. The ret%é@&% g1 es the sealing of the raised seat by
the diaphragm to be more reliable under all flow
conditions, including low flow conditions which caused
fluid sealing reliability problems in prior regulator
20 valves. In addition, because of the flow diverter means
reducing flow separation around the throttling area,
the seat can be efficiently located so as to avoid the
loss of regulator flow capacity which was required in
prior devices. Furthermore, the flow diverter means
25_' enables the location of a desired sharp raised seat or
knife edge seat in an area on the cage cap so as to
significantly reduce the build-up of contaminants on
the seat. o o :
A retaining ring engages the cap for mounting
30 the cage in the valve body. The retaining ring can be
a hollow ring enabling full fluid flow therethrough, or
can include flow blocking fingers in the ring interior
which fingers can mate with the cap openings to
desirably reduce the flow capacity of the regulator.
35 Iﬁ-:his manner, one cage can be used with any number of
- capacity alternatives by simply changing the retainer
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capacity alternatlves by S|nply changln% t he retainer - WD 98/ 08150
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attenuatlon device. The noise attenuation device is
prov1ded by a perforated member surrounding the cage
and intermediate the fluid flow progressing from the
cap openings to the valve body outlet so as to
attenuate noise in the fluid flow. One or more of such
perforated members can be mounted into position
surrounding the cage to provide flow diffusion so as to
reduce noise generated by turbulence, dependlng upon
the level of attenuation desired. _ _

A valve stem is engageably coupled to the
center of ‘the dlaphragm S0 as to move the diaphragm
towards and away from the cap openlngs, and passageways
in-the valve body accommodate and guide the valve stem
during such movement. This guided valve stem
configuration permits stabilizing of the diaphragm.
Alternatively, instead of stem guiding; the diaphragm
assembly can include a skirt portion movably guided
within the valve body. A travel indicator having a
scale also may be mounted to the valve body to
cooperate with a marker on the valve stem to indicate
the valve stem position and therefore the opening
position. of the valve. '

Thi s
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conflguratlon pern1ts stabilizing of the diaphragm 30 Alternatively,
@GS

i nst ead of st WO 48M8SAg, t he di aphragm assenbly can incl ud®

portion nmovably gui ded . Wthin the valve body. A travel indicator
havi ng a scale al so may be nmounted to the valve body to cooper at e
with a marker on the valve stemto indicatey35 the val ve stem position
and therefore the opening position-of the valve. WO 98/ 08150
PCT/ US97/ 14605 In a further embodiment -of the invention, tha a

further enbomlgggvgfsegﬁ 59 SQEE va%@ uéﬁlgﬁﬁgﬁgg%q%%%gted di aphragm

Is attached to a conven |ona e noving forces
are-supplied thmmnﬂn¢a¢nah|nglgelactuamow whealeis the mxuvimgoformads

regul ator combi C [ nv
reliably used féo}"raé &\E/.vpﬂ’flé& 9?? nt | a?’BS'rdé'g u%e lzﬁc#pl [ ?‘Eélkgn%s%lgg
sel f - oper atSed aCtu%@¢§|%ﬂdoFeﬂﬁéaEQFu§PGhPFé§GDMJﬂn(ﬁﬂﬂﬂfﬁﬂﬁ@@ winbt ead

of the noving fyie ﬁwephtfsnt BaAuUBR %ehgaﬁuwu@éa)tﬁoxl%& he controlled
pressure can be obt ai ned, f t he down tream pressure.

The present infft3eFERGEY spﬁﬁﬁﬁuﬁF ?HBllcatlﬁmﬁor ﬂFbE#éﬂ%lﬁn%B%ﬁﬂéﬁéd in
prior regul at ornceetsicly @b the aetastorFregulbdphl agmbanthtivw] tihgeegage

element. In 15 I.on resent vention provides .

si gni fi cant adV qﬂﬁ%§moYﬁé$uE$ﬁ§etﬁgpP F§W#ﬁ§9%§% a 1oadidg PRlotp| g
Styl e" EIa@tommha:damntealmd pressure can be abtAisheapFrmgm e ndovag- pl ug
provi des a ggg' §$£ ggﬁ gn the fluid inlet to avoid erosion by 20
absorbi ng the i energy of particle | npi ngenent . b. The
di aphragm pl ug along mntHfﬁﬁepresentn%nﬁﬁeﬂlgeaSOdWeﬁhGﬁpnesnmtthmvent|on

provides | ongenyrior léméeenabﬁnﬁégﬁdsﬁﬁt Qﬂ%raf@§ﬂ1&63¥§'ﬂ§h
The cage seat |s also |g quor seatl g not 25 pressu e rop,_

as the pressur &@YP xagm and BF@t%ﬂ?ﬁﬂnQQ$§tQ%QﬁQ49ﬂg age
thus prot gt i n@.ddi&:lon, zsmtpré'hentrmﬁwﬁdlsﬁgprmuelsnnfam@l nation vvnth

the _ 51gn1f1cant advantages, including the following:
A. "Plug Style" Elastomeric Regulator
a. A diaphragm mounting plug provides a
hard surface on the fluid inlet to avoid erosion by
20 absorbing the high energy of particle impingement.

. b. The diaphragm plug along with the
improved seat of the present invention provides longer
seat life. The cage seat has a sharp seating surface.

‘The cage seat is also provided for seating and not for
25 a pressure drop, as the pressure drop is taken else
where within the throttling cage, thus protecting the
seat. The improved cage seat in combination with the
dlaphragm plug, provides longer geat life.
c. The diaphragm plug with the guided
30 valve stem enables the use of lighter weight diaphragms
so as to lower the minimum pressure differential and
reduce hysteresis error,-thus improving control
regulation over wider ranges.
d. The diaphragm plug with the guided
35 valve stem provides enhanced regulator stability over a
pressure range.



di.aphragm pl ug, prOV|des Ionger seat life. c. ‘The
di aphr agm gldlegaphkg? t he gui-ded 30 valve stem enabl es t he us pclusbispieber

wei ght di aphragns so-as to |l ower the m ninum pressure differential and
reduce hysteresis error, thus inproving control regul ati on over w der
ranges. ~d. The di aphragm pl ug mnth t he guided 35 valve

st em provi des enhanced regul at or stabil ™ty over pressure range.

WD 98/.08150 PCT/ US97/.14605 .

- 8- ' . e.%The %?a%ﬁ?gﬁﬁ?ﬁﬁuWPPﬁﬁl gs?ﬁﬁﬁyﬁ ASrEPLes spring

assi sted fl sprislgutasgisted £luid shut-offf. Di aphragm nounting assenbly
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guided 5 \@ue xfécﬂm:ﬁ@bél@é é@@t uge Qﬁeadﬁ.égbﬁrhbﬁwﬁhd' RASEHP' and/ or
wth limt switches,, etc,, fo ndi cating _th true plug position in an

el ast oner i ¢ fHeREHL JdeXi . the choice of dlBthﬁﬂmﬁtllng Cage

a. The throttling cage ig. desigphflagh Rountidgr aekemBIS addquidedont rol
val ve body to convert t he cgﬁtrol val.ve Eo a regyl th ﬁ t.o an

el ast oneri c VBFVe Hhft® FFI3R}GR. the use of ‘a iVert er
structure |mndenxnﬁth limpr oswileshes, f eow. daﬁbrfandﬂnﬂmﬂng;thﬂmito_ane

the gchg{g%ﬁ{e&p%&ﬂwanfm%hslaghs@gﬁgagfe ‘a;]xﬁircf‘ea S0 as

to prolong 5|ra arp or knife
edge seat In an é$ast3h§@telen§n6ﬁgestyle regulator I s advan-

t ageously conbined with he @hépEﬁggghQ&Hg cage is designed &k a The cage
retainer alsg acts as the hr ag n1reta|ner Al'sd, the cage retalner

can be 25 @%ﬁ?%%)%Rﬁ%%ﬁl@%Fyt?%dGEEtFpémNE&BECPP?Y to ‘convert

control valve to a regulator or to an elastomeric

15 control valve. o

‘b. The flow diverter structure in the cage
provides a "flow dam" for stability and to move the
pressure drop region from the'raised seat to other area
so as to prolong seat life.

20 - c. The desirable sharp or knife edge seat
in an elastomeric element style regﬁlator is advan-
tageously comblned with the dlaphragm plug

d. The cage retalner also acts as the
_ diaphragm retainer. Also, the cage retainer can be

25 used to selectlvely ‘reduce flow capacity.

"e. The throttling cage has an 1ntegra1
seat. Also, the throttling cage can be combined with
noise attenuating veins and can also incorporate a
primary/secondary seat configuration if desired.

30 _ C. Elastomeric Diaphragms

a. The flat dlaphragm may be formed 1nto a
cupped shape utilizing the dlaphragm mounting assembly

b. A flat diaphragm is easier to
manufacture and can be made from special materials,

35 'i.e., carboxylated nitrile, viton, and others to enable
versatility in applicatioms. |



e. The throttling cage has an integral seat. Also, the throttling cage

can be conbi WQI98#H3150 noi se attenuating veins and can al so RGTAGHE#6%5 o
a pri mary/ secondary seat configuration if desired. 30 : C.
El-ast omeri ¢ Di aphr agns ' a. The flat diaphragmmay be
formed into a . cupped shape utilizingga-he di aphragm nounting assenbly.
b. Aflat diaphragmis easier to manuf acture and can be nmade from
special materials, 35 | .Bn,addibbey| atbhd fAltid eontirtadn valkwe cdfiers to

enable versatili | n, i [ e /s

PCT/ US97/ 1460 & preééﬁﬂrﬁﬁwgﬁﬁfgﬁ 843 ve: (;)_§9é§3éﬁfﬁgé or n
addi tion, thelfilquidssont2blusedvasot reliefhebpcks presswreh iDFeSSwrde:

(1) used in g - L OgH A4S e a i efs, égygh SAM €,
pressure. Q%rd(e?lr ul(ﬁ%'g_,&(‘)?ﬁf%gwcé%t}lfggl %gf’%‘ vFa%d'lff er entﬁ:%? %&% 5

pi lot) usBng @idiall astngige simpleochapgp einpadot: (IHemRmIBe controlled
utilizing the Quified yatdeeSsEMRd utilikAngPRhergidicdd v gsiayi ces;. (4)
can incorporate a n Cyfoprocessor cogtrolled pil ot:; anqp%g can i ncor-
porate an int &ditdl apREQR¥Iate qeupling devicespp(@dp GESCR S HE
DRAW NGS ' a microprodégsdeatcriesobl ehps lonyeandn sihiddn aimcor-
believed to be novel are, set f?ithhmﬁth ﬁarticularity in the appended
claims. The | RAFRGDANe}PHRITEE SPUE~Ofifider st ood by reference to the
foll owi ng description 15 taken in conjunction with the acconpanying

drawi ngs, i n whi ch I%ﬁ;ﬁgehgggﬁg%qugpQﬁ;gm}dﬁg ih¥nds ke elements in

the sevefsl figures and i . gure I I's a sectional
view of a fluid pr éEkerkeregueat of hhdscinvestaore WHighaksn assenbl y

20 in accor ganGewid htd Nse DEGSENt akaVEBEI 8Breh! ki®PPsidts cularstyes of
the regul ator centerline s Q¥‘U§ respec&hve, Qperatlogglk905|t|ons for
conveni ence OFQIqQﬁHQQﬁﬁﬁék clailmd. € invention may be best

understood by reference to the following description

15 taken in conjunction with the accompanying drawings, in
which like reference numerals identify like elements in
the several figures and in which: _

Figure 1 is a sectional view of a fluid
pressute regulator and elastomeric diaphragm assembly

20 in accordance with the present invention with opposite
sides of the regulator centerline showing respective
operational positions for convenience of illustrationm;

Figure 2 is a plan view of the regulator cage

_ of Figure 1 illustrating the cage top and the cage

25 outlet which is sealed by the diaphragm element;

Figure 3 is a sectional view of an
éiterna;ive fluid pressure regulator and élastomeric
-diaphragm assembly in accordance with the present |
invention;

30 Figure 4 is a plan view of the regulator of

| Figure 3 with the valve bonnet removed to illustrate
the cage top; _'

Figure 5 is a sectional view of a fluid
préssure regulator and elastomeric diaphragm assembly

35 in the preferred embodiment of ﬁhe present invention



-Figure 2 is a plan view of the regul ator cage of Figure 1 illustrating
t he cagewios/081%® t he cage 25 outlet which is seal ed by tPerTdssHEasesgm '

el enent ; -Figure 3 is a sectional view of an . alternative
~fluid pressure regulator and el astoneric di aphragm assenbly in

accordance with the present - invegion; 30 ° Figure 4 is a

pl an vi ew of the regul ator of Fi'lgure 3 with the val ve bonnet renoved

to '||U5tﬁgﬁﬁ gppoéﬂﬁé(gﬁﬁéécﬁﬁLﬁhe re%g%at?r cghﬂéﬁiigla Ekd¥%§'onal

vi ew of pressure regul ator astomneri ¢ agn1assenb|y
35 i n t FeSpeetdivice PRAHFIh R Eﬁs¥¢kp%§e§@ﬁtcPﬁV@ﬁF?Bﬁe of = MO

98/ 08150 jllustration; PCT/ US97/ 14605

-10- W th oppoilte Sld s, of t ato centerll e show

respective operatio iThe? 1 ‘ﬁl‘é cERgt regu P‘Fpﬁsﬁag% on;

Figurg 6 bg #Fiphawe \8 @Mo}flﬁghethieglb@é@ioﬁacﬁ a raistdgsharp skeaw ng the

| ocation of a raised H: e Bect to the cage cap openi ngs;
Figure 7 P&ty T&MPSFed rﬁﬂﬁmﬁﬂ%ﬁyc%?eﬁp%?l i the top of the cage of
‘Figure 5 |IIustratHR}gunef7cms an enmllaegedr faagmehtapysiviiesn off t he rai sed

seat; 10 .y CHOULRS oF £14020M8N £fseeLEong theC¥1ow

|IIustrat|ng angiher Ivert Flgure 9
i s a pl andivextiey @m@ﬁfﬁ@%ﬁb@g@n of th@taahéedr BRgtW th flow capacity

fingeps mating withpigurd he ﬁpaoﬁﬁi?rﬁéﬁtéé ééetﬂaaall Ribwgure 6; 15
Fi gure 10 is a sectlonal V|em1t%$§ n line 10-10 of Figure.

9; lustrating, apquhex *d: ﬂﬂ%ﬂgeﬂfv?e BV §1V@§GF§Por in
accordance with theEﬂyuréISHnsrmlpﬁangvﬂeweilmngtedtlng af lcawddi f f usi on

menber surr undln t.he c noi se_20 ttenuati nd mn h an
alternat|5§ éﬁﬁ?&WRQn) é#ow ca%%%%5%|§lP%8F dmggl s ¥3§8ays for
asplratlnghbowmpnppenlngs of the cage in Figure 6; . o _
.15 - Figure 10 is a sectional view taken along
sectlon line 10-10 of Figure 9;

Figure 11 is a fragmented view of a regulator
in accordance with the invention including a perforated

flow diffusion member surrounding the cage for noise

20 attenuation and with an alternative diaphragm mounting
assembly including passageways for aspirating-loadihg'
chamber pressure;

Figure 12 is a sectional view taken along
section line 12-12 of Figure 11 with the cage

25 eliminated for ease of illustration;

Figure 13 is a fragmented sectional view
illustrating a regulator in accordance with the present
invention including a guided'valve stem and a travel
indicator indicating the position of the valve stem;

30 Figure 14 is a fragmented sectional view
illustrating a regulator in accordance with the present
invention with a guided valve stem coupling to a valve
actuator and being operated by a pilot control valvé;
and




chanber préssure Figure 12 is a sectional V|em1t%5§ g -
section |ineWQ980815¢ Figure 11 with the cage 25 elininated & g‘@?
illustration; ) . Figure 13 is a fragnmented sectional view
idlustrating a regulator in accordance with the pr esent i nvention

i ncluding a guided valve stemand a travehll- I ndi cator indicating.the

position of the valve stem 30 Figure 14 is a fragnented
sectional view iIIuBigatbngSaiseguEmagméntedxsﬁctﬁmnahwvﬁewhefpresent

i nvention with _a e M | i A tor and
bei ng oper at e@rbﬁ%gﬁqagﬂéén ﬁﬁg%& r‘é%lfl%t%dé’%}uﬂx a. p’f/@%ﬁ?oswo

PCT/ US97/ 1460%eating plug and a secondary seating diaphragm. . Fi gure
15 is a fragnmented sectional view of an alternative enbodi nent

regulator with a primary seatin | ug_and a secondary seating
di aphr agm DQIAgE%RL§E§§BEQ§QQﬂIION 5

Figures lgnd 2 illust rap@gaaeset[baﬁurrantlmustraté Réhéd remidd Dlent of

i ncorporating a unj gue el astoner |ap ra n1as in,a fluid

pressure regul%rt 1nb ggption 1P§°FB°5@Q£W%3 %gkéé &&1the specific

il lTustration hEl=piragmi assembiet ianawflimia fﬁnﬂs:bw& mEqskatex t egbtat or of”

t he unl oadi ng requl r elenent al so
dl.% ) aﬁé’ tlx%éggsdbgﬁ tpatt %Jht%%te%rge AJTh LPaegﬂp

can be applie I'ng regula ypes ressure
regul ators. illustration Nermilpgifownt ¢oRNAAtdHN vexrrch B fhatd is
i 11 ust rat &leéliféhPé efé&ﬁﬁa&%&“bé‘t %ﬁuel%ﬂl'&!di%g”&éy\ﬂfhtéf%yﬁéortﬁédy 12

havi ng a ¥ a , an i nt er connecti ng
| passagevvay 18 ef]fﬁs"—omeréfénﬁﬁﬁpéﬁ?‘gﬁ‘g eﬂ-leﬂiedltf tad’rﬁct H’@q RetaBRl 1ed ob8h t he

regul ator body; deds gl i@%ﬁmgtayt tobebbofFFluid W%@@la\t@lﬁgcrlbl ng

the invention, the left and 20 Si de %I t he regulgior 3llllustrated I n
the cl osed Turning now to an

igures 1
illustrated a fluid pressure regulator 10 including a
15 regulator body 12 having a fluid inlet 14, a fluid
outlet 16, and an interconnecting passageway 18 for
communicating fluid from the inlet 14 through the
regulator body 12 and to the outlet 16. For
convenience in describing the invention, the left-hand
20 side of the regulator is illustrated in the closed
position, whereas the right-hand side is illustrated in
the open position.
Within the passageway 18 in the regulator
.body 12, there is provided an elongated cage 20 with a
. 25 bottom end mounted on an annular support shelf 22
encircling an aperture 24 which fluidly communicates
éhe inlet 14 with a hollow cage interior 26 leading to
a cage outlet 27. ' At the top o6f cage 20 there is
provided a cap or end wall 28 having a series of
30 openings in the form of open slot apertures 30 which
apertures 30 together form a passageway -for the fluid
within the hollow cage interior 26 on one side of the
cap or cage end wall 28 and the outlet fluid in
passageway 18 on the opp031te side of the cage end
35 wall. :



—

position, whereas the right-hand side is illustrated in the open'

posi tion. Wthin the passageway. 18 in the I egplcahedo7/14605
body 12, tﬁg?gwwg provi ded an el ongated cage 20 with a 25 bottom end
nmount ed on an annul ar support shelf 22 encircling an aperture 24 which
fluidly communicates the inlet 14 with a holl ow cage interior 26

| eading to a cage oUtIet 27. At thézfop of cage 20 there is

provi ded a cap or end |ng of 30 in the form
of open slot ‘apertures ﬁﬁ?ghe ageP% :ﬁ?ﬁ%xﬁﬂ4§ ri%%ﬁ?a passageway
for the fluixkests agahhattan mnhbmwsuagacenaawuﬁ“ﬁhh(xegumasmﬁebodythe

cap or cage 2 n et fluid in. Y, on the
cppos o it o Pikn o Ey8"BakBagBURyTh o' it d hiqg, SRAARMEIE e "

PCT/ US97/ 1460ds in vert1ca1 assembly of the congppnents. The openAn outer
edge 32 f té‘f%t‘:"g%ﬁefegré@ bozghereb'&e%bﬁm?ﬂﬁ' eaﬂdﬂi‘;]a%’:[xfxé‘ce 34 of

t he regu ator hin_the'passageway 18 in a ear ance
t hat m(ﬁﬁ¥¢#9%rFh@aFaa§38H§ﬂ?toP t 5O arafagevwaie bhends si ot

- apertures 30y E@Ry1 oaauahéagggﬁhat@rp@%@yal 16. through the cage outl et
27 to the passageway a event ua &; to the regul ator_outlet 16.

A di aphragm assenbl y 3% 13BhE3ARc 4568 360ritS AITHPRREPF ow of 1 uid
through the ¢@gttralDingOther Efbwe ofndluid ltdﬁsz alms twgilLe st aphr agm 38

h tral bst ant d- b
d?gbﬂ?éﬁ%1h§ﬁ§f Eéguﬁggr%Pﬁgué%ESﬁlzﬁ n |a g&ﬂéhgggmeé#ﬁpﬁvﬁ?%phragm
pl ate 44 suppo¢¢mnga1hpoutapnr&Qnsubstanuma;anxandwacheﬁabdtmﬁen46 :

t hreadabl y Lt ﬁré.%meféﬁd A S e afgr?] &g &&gpgi&gm head

t
42 so as sec mai ntai N the elastoneri rag
position andalﬂ‘é %e@E?BhFﬁEchﬂrﬁéﬁeﬁﬂs S@pmﬁlmgam%gfaaphrme% y. The .

di aphragm pl ghe 6ﬁp§gu§8saaea SAr @ 46" tIRUa VLY mdieredhan the cage
__outlet 27 tOt éggéeg uprlght bortlon of the dlaphragm head 42 so as
to securely maintain the elastomeric diaphragm 38 in
position and to secure the components of the diaphragm
.assembly. The diaphragm plate 44 8serves as a spring
seat and is larger than the cage outlet 27 to provide a
20 sealing of the outlet 27 at regulator lockup.
~ With reference to Figure 1, it may be seen
that there is illustrated for convenience on the left
side of regulator centerline 48 the position of the
_ diaphragm assembly 36 when sealed against a corner seat
25 29 of the cage end wall 28 to block the cage outlet 27.
| The portion of the end wall 28 having the open slot
apertures 30 supports the diaphragm 38. i
On the right side of the centerline 48 there
~is illustrated the position of theldiaphragm'assembly
30 36 during operation of the regulator to open the
regulator orifice and enable the fluid flow to pass
from regulator inlet 14 through aperture 24, through
the hollow cage interior 26 and cage outlet 27 and into
the .diaphragm chamber 50, through the slot apertures 30
35 and into the passageway 18, and flnally to the fluld
outlet 16.



-20° -seallng of the outlet 27 at regul ator | ockup.

reference tWOPBBBBIS® 1 it namy be seen that there |S|II1R§W§¥EH“W5r
conveni ence on the left - side of regulator centerline 48 the position
*of the di aphragm assenbly 36 when seal ed against a corner seat 25 29
of the cage end wall 28 to block the cag8-outlet 27. The portion of
the end wall 28 having the open slot apertures 30 supports the

di aphragm 38. - -~ The elaghomprid ghiaphimkgm 3§ s (mmzéerahby48 t here

s 11lustrated g e §eshiten e ahhes ﬁhcame%gre sl vodifkraf UEtids

operation of the regulator to open ator orifice an
the fluid fl4fv tan paggular rFﬂEﬁfir penticsy 52nl @EHQ@ tFRRRRFE aper ture 24,

t hr ough pdEnd0bt 084 C78enki AFCEhe! riGigah XA HHd &epdrand into |
t he dlaphra%g;chanber 50, throu%h t he sl ot %pertures 30 35 and into the

passage roipr40al | §7 BUERE POURELNng Tigg Rrtgen 56 1s - o
98/ 08150 provided for mounting the dlaphragﬂCﬁﬂiﬁﬁhﬂﬁﬂﬁs between

- 13- el ast omeri hr.a m38|s r ef f ormed
of nitrile a?ndi’rmﬁ?i%‘g ‘Pﬂgngilﬁ? ﬁ@ﬁt 519p %I Pwe% ‘Kﬂu?ar' ri dged
portion 52 dwuphragmcmmentlng peanget €0 bfJamnugq;a&urrbmmneszsand t he
central t glal rovi ded
for nDuntlng t%é£¥h %fAﬁﬁ?gsgéﬁgpggggg fhg%ﬁ%gﬁﬁhﬁ§’§§§§%¥agn1nguntlng
and cad® retl’oﬁgnlfgt¢¥n@° B dAdfar SeCUG’ﬁéﬁhﬂ@@rﬂﬁWﬂ%g"—h% PRRNED of a
regul ator bggnefn 6%@Slt:|.on'°'w§§1‘1| R0l iBphdadm\a 2 o4 4 rﬁl@é’fﬁé‘m y engage

the 10 regulator ody_12 for securel, nalntalnln% the bon 62 in
p05|t|on\M19? YRERi aphrSghiRrassBABRyiss £ioge 58 1 tofrldage
mount i ng ri ihd&age adlapirdpdeibobel so ast ke Eagm %Od:mpmsgmon so as to

f di aph f t d h t dt
15 "br oduce SORETLI T8 afSBohbacPoHE LR FiARBTRo TRRF L and Y6 or vent o
t he di aghr agrrddwre ca usatay/metaliesongdct to icarsyr ttdien badgul xbad

appl i cationgy, alé‘e%f'é@é’ﬂéégﬁéffdﬁéphragms Rowh ReASHIAPY bEr Widdized Wth a

modi fication 1n
in certain regulator applications, the diaphragm 38 as

shown herein may be utilized with a modification in the
shape of the cage retaining ring 58 to provide a

20 restricted flow capacity as will be described
hereinafter with reference to the cage retaining ring
of Figures 9 and 10. Suiteble O-rings are provided '
between the bottom of the cage 20 and the support shelf
22 as well as between the diaphragm mounting and cage

25 :retaining ring 58 and the regulator body 12 as
illustrated. |

| A spring 66 has one end seated against the

bonnet interior and another end seated against the
diaphragm plate 44. The spring 66 provides a seat load

30 through the diaphragm plate 44 and the sharp eorner |
seat 29 of the cage 20. Typically, in the unloading
regulator 10, the spring 66 is set at a spring set
pressure so that when the outlet pressure in’regulator'
outlet 16 is below the spring set pressure, the |

35 diéphfagm assembly 36 is in a position shown on the
left side of the centerline 48 with the diaphragm 38



éhape of the cage retaining ring 58 to provide a 20 restricted fléw

capaci ty we ggiokisobe descri bed herei nafter w th referengeyripsotiasoscage
retaining ring of Figures 9 and 10. Suitable O rings are provided
bet ween the bottom of the cage 20 and the support shelf 22 as well as
bet ween t he di aphragm nounti ng and cage, 25 retaining ring 58 and the
regul ator body 12 as I 1l ustrated. A spring 66 has one

d t ¢ g t
teﬂe sea egpI éHS& EF.gtsé: theb@ryﬁfsﬁlrgnég‘{%?grow%g he eaggfigglgg_g agai ns
through th%adtapﬁlggﬁlﬂfét§h$4Qﬁﬂ?%ﬁﬁ?@#ﬂ#¥i%@¢nerAs is weildl 29 of the
cage 20. Typbwal iy the bhe,udl eadigy regula\{,ﬁ&y ﬁ}% £ &9 wﬁheséﬂbleag 66 is

set at a s ressure SO e out pressure in

rin
“regul at or the gBE{LFErt Pf@slsé‘rl?ela&vct% YPri ety %@talb@ekgufém-ﬂw 35

di aphr?gm @igpﬂbﬂ%tﬁﬁoughl Itrl;& RRfind 016 3 o 3\% 19%%? chéhbegi @8 of the
centerline th the.di aphragm as

PCT/ US97/ 12% Ogﬂé opp031% Ry f%%he diaphragm_ ﬁﬁse%bfy 36c5Ped agai nst
the corneresalle?thef loadingy@ressurs Ito exhdBst p chesebypff the regul at or
orifice. 0 t shown)
senses Aéouﬁ%&g%%té? F@%g ff%’ Qﬁ% ? ékéﬁ£8% %ﬁ ?% %FBQ 5 coupl ed
t hrough t erbbhaet GEhPﬁt@néhL§§MQRy(ﬂﬂ%ﬂﬁﬂptﬁssure an ihbebpp65|te si de
of thgp di a@arsg%aﬁﬁggal ¥ o3@HeO re ulaeﬁ@_bhf'ottl}?elf’ﬁ?ié‘gozﬁ’ﬁféﬁuig to

exhaust, thereb % counteractlng the s ig|r1 and op enlng t he regul at or
orifice. THrd BRIBPeLO FRIRGAED s HB t-"r?ﬂle‘?f 1zhe cugdebe coupled to

the regul appessarehe fluid outlet 16 and helps to na|nta|n t he
regul ati on of the ou{ﬂhﬁ,l sur.e. en. the inlet
a

pressure opens the regu £8e 1hE oM RIS Pens, %‘?nﬁeﬁ%ﬁ?ﬁe cl osed
si tuati on ahbfhces iae.t ia befinghdimbnsitte ofldded ceitwatioe dgBown Figure 1

- to thesfully eﬂgnfgfegﬁkhhp@i%@pw&iﬂhé*&%ﬂéé@ii 2nfg in Figure 1
to the fully opened position shown in the right-hand
side of Figure 1 it is'desired,that a large fluid flow
through the regulator can be accommodated. As can be
seen from the right side of the centerline 48 in Figure

20 1, in regulator 10, the elastomeric diaphragm ring 38
can flexibly move outwardly away from the cage end wall
28 to a fully opened position affording a.large
diaphragm chamber 50 which can accommodate a large flow
capacity and  thereby enable the regulator to be

25 utilized for a wider range of flow applications than
with prior devices. In particular, it may be noted
that the elastomeric diaphragm ring 38 has a formed .
convolution which includes the concave portion 54 at
its perimeter so that when the valve ié opened the

30 concave portion 54 becomes convex as shown in the right
side of Figure 1. Thus, a full regulator orifice
opening affording a substantially unobstructed flow
path is obtained with a minimum size elastomeric
diaphragm element. '

35 ' The diaphragm mounting ring 58 1ncludes an
inner surface 70 which is contoured to match the



side of Figure 1 it is desired that a | arge fluid flow._,_ t hrough t he
regul at or c¥¥P P88 ormpdated. As can be seen from the FIASILHOS of
the centerline 48 in Figure 20 1, in regulator 10, the elastoneric’
di aphragm ring 38 can flexibly nove outwardly away fromthe cage end
wal | 28 to a fully opened position-a5fording a | arge di aphragm
chanber 50 which can accommobdate a | arge flow capacity and thereby
enabl e the r&@ucavSs ROFHEORS54 28| vebd asr thevadaulaangddged | ow
applications ul.ar be noted -
gﬁ?ﬂion 52”6f‘$ﬁéqél§§¥%§5ﬁlc EEggg%ég& rqx!onvoﬁﬁ¥

that the ela meric dlap mrin as a I on whi ch
i ncl udes t he S®GER Jtﬁné%@%@e of centgrlinet 48-soAlsn, ik the val ve

i s opened theedf 1amwm@@rez 0in&%udes OFRS ; HARUEX st £ty 3 ﬂqgﬁﬂgp“ ght
openi ng af Ing a

si de of lgure 1. full ulator_orifice
subst ant Pal | ¥5u (?15’;?%? a’:‘?lrﬂf‘\'ﬁé9 the ehapEopsrirngd I HIRIIE si ze
el astomeric as thdi apinage @aneidn 3% switches to beeoftied uragsR mount i ng

ring 58 incl s surfa 0 |ch contoured too match the
WO 98/ 08150 HB%% %gulatéf'rbeflfléé SEeZJ.ng as s E‘I‘/ gQ% ht-

-15- cbapdy ¢ige tabrtle cantvetline 48eianRibarer I:Ldged port ion 52
of the elastoneric dia t si de of
centerline 48. Al so, trk?teHéaggmarért{e%ﬁ tordqb%% %B’gmgf’%gi“i’gé’s %an tihﬁ’sl de
surfacel®2 wereRent invemiumay taleetls esedeinsaokeaddngdi aphr agm ring
38 as t baguaacdte dtd %%@J&E&Peéaﬁokﬁ@eﬁeﬁﬁcﬁgﬁvg the UPOD

e o

regul at or OI’IfIC%ﬁOpenI ré%en%shovm on the ri f the
centerline 48 to move thqh%I%?EQ’[“SﬁéFl élépémmm

assenbly of rmagles mresmder mmrpos:ttmy @héwbspusagml ﬂoi' |t‘P@zd| ng

regul at or wh Ct ey} att ched to.th assenbly
to nove the gF (%Lr?gr |tjé'% | &5h S’ag %"%%dl‘ﬁlﬁlf‘dﬁ?f?ﬁe 5 ?:I%n t he
di aphr aggh f oFighge 14. required flow as will be described with reference to

15 Figure 14. Referring now to Figures 3 and 4, there is
illustrated an alternative fluid pressure regulator 74
having a regulator body 76 with a fluid inlet 78, f£luid
outlet 80 and an'interconnecting passageway 82. ' '

20 ' - Figures 3 and 4 illustrate a regulator having
this similar components as the regulator shown in
Figures 1 and 2, i.e., a valve body, a cage mounted in

. the valve body, and with an elastomeric diaphragm and
plug, except that the convolution in the diaphragm

25 element is formed differently.

A cage 84 with apertures in the form of cap
openings 86 is mounted within the valve body.:
Elastomeric diaphragm 88 has a perimeter mounting
portion 90 trapped between the cage 84 andmé vélve

30 bonnet 92 mounted on the valve body. A bead seal 94-
acts to maintain the diaphragm within the valve body
and to seal the passageway 82 from the atmosphere.

The diaphragm 88 also includes a formed
convolution provided by a raised annular ridge 96

35 between the mounting perimeter 90 and a central
- diaphragm portion 98. The raised annular ridge 96



. Referring now to Figures 3 and 4, there is illustrated an alternative

fluid prﬁ@ﬁPhQ gul at or havi ng a regul ator body 7ac¥kémressd ui d
f wdgﬂe

inlet 78 outlet 80 and an interconnecting passageway 82. 20

« Figures 3 and 4 illustrate a regul ator having this simlar conponents
as the regulator shown in Figures_ 1 and 2, i.e., a valve body, a cage
nmounted in t he val ve body, and W8&h an elastoneric di aphragm and

G Fer on PoratgBeet® 4L At tFs HhaPRRCAFRE Frof ERBLL 1 of cap.
openings'68995tnpumte@smtdnﬁi&*mtwaiyﬁubbdgpenlng p&bastioneri c di aphragm
88 has a gﬁﬁ%@%h‘f:r 4d W r ace! 6!'8 %O d&ﬂ@édbg egat E§4cage 84 and

a valve 3 nnet nmount ed on e val eaI acts
t o mai nt aFhet Bamg FFMNRIMAF tHIS @tmcam:;oréomay dlaphaam ofseal the
passagemaﬁléargrqnlthe at nosphere. The di aphragm 88 al so

I ncl udes a Torned convol ution rOV|ded b rai sed annul ar ridge 96 35
between the mounti nfRFASBHALYD & ﬁda%SthPFgPdes a diaphragm portion 98.

The ralSeﬂoﬁﬂ&ﬂhgrdgsEMb£¥51nclud1ngV[)Eﬁﬁéﬁléﬂaphragm head 102
PCT/ US97/ 14605 trai ghtens as

the di aphfRGnfPs Ry LRRPTIBMRIRLE 1°%aﬁétPoB%§o°§§tF8iflex to a ful
openi ng pdiaphaagm paxﬂinnﬂﬂeis&ﬁdhnehmdatheiéﬁeoﬁeehe vAkveahonnet 92 in

:%Eg ?ggﬁla 2%8 %iso Inctu es a &ﬁ%g héggﬁhg%ﬁ?lﬁfaggsgeély |nclud|ng-'

a | ower dianphudes en@modar slamt ahoénpp@vamapheagaepl atguide with the
central sur‘éh%%h&%“ﬁpréﬂérb&%zé@w sher Eﬁs&eéﬁése@ems As can 10 be

seen from Figure 4, the upper, di aphragm plate 104 I ncl udes an annul ar
skirt 106P¥eViERS Fetsheldt Sytfed movemant ;g€ thegdiaphkeIBonndt 92 such
~that thereohtrol sp¥fidig dexb afwket iogs thedc Heveamat mehnkeasi aper agm A

15 control spring 66 of Figure 1. Also, the cage 84
- includes a corner seat 112 which cooperates with the
diaphragm 98 to shut off the flow of fluid from the
inlet 78 to the outlet 80.
Figures 5-7 illustrate a preferred embodiment
20 of a fluid control valve with an elastomeric diaphragm
element in accordance with the present invention. In
the illustrated regulator 114 there is provided a
regulator body 116, héving a2 fluid inlet 118, a £luid
outlet 120, and_an'interconnecting passageway 122. An
25 elongated cage 124 is inserted within the passageway
and includes a hollow cage interior 126 leading to a
cage outlet top edge 128 at the cage top as shdﬁn in
Figure 5. A cap. portion 130 at the top end of the cage
has a series of cap openings 132 in the form of slot-
30 like apertures which extend through the cap 130 so as
to communicate fluid from inlet 118 through the cage
interior 126 and out the cage outlet top edge 128 and
'into the passageway 122 leading to the fluid outlet
120.. _ _ '
a5 i The cage 124 also includes a raiséd annular
' seat 134.on the cap 130. As shown in Figure 7, the




control 'spi'ri ng 110 functions in the same manner as the 15  control spring

66 of Fi gur awvdesrngiseo, the cage 84 i ncl udes a corner seatPCIT@Som1460S
- cooperates with the -di aphragm 98 to shut off the flow of fluid from

1 he inlet 78 to the outlet 80. Figures 5-7 illustrate a
preferred enbodi nent 20 of a fluid contkol valve with an el astorreri C

di aphragm el ement in accordance with the present invention.

the illustrat u +1 ep8al 5QVI r ar y 116,
having a fl w%éﬁtgtéﬁgi‘aa féeﬁ‘lhd ° asgd'?l ﬁZ%z%n%f a%%?éer coﬁﬁgctl ng

passageway 120 B¥Ovhde 3| §hgiPedeakgantois 4qGakad &R hei #aphd30

passageway at a@nsosieidfleshacholikodntagmadizaid thé&d;@a@lwyet%a
cage outl et 128 t he_cage to as

to a a
portion 130 a?‘ijqehegf%pa%ﬂdgg? FRR 6@1 gs 1??2"5’ ]lsrbr‘f%%n%‘?tg% Bb’éhl ngsIO
132 in te fahe dmisbdimeRt ofl Figuaper Surves \#liowh diuerrttes hr ough the cap
130 so as nicate fluid fro nl t hr ough.the ca
interiof 126 ca?ﬁf n?ﬁe&éa %Soia th J'PS? éi: é:qtﬁﬁj en%g"di' FRE ¢ %%
passageway 123 |wademablie the Seabdlddt ket be desliadabl3h located at aThe

124 al I 130. As
cage 2 ohd e&gﬂw&?so& EAbSEapARtY @;,65515(}@%&&&9%:%& NEorgap

shown in Fi
PCT/ US97/ 1460:51rbulence or low veloc:.ty i.e., a bgmically’ qt@gg@pgnnm ar

seat 1340 s imidwerd@ionof a knife edge . to prow de a sharp seat and is

|-ocated on the cap 130 osi ti,on_whi i s internedi ate the cage
outlet top  edge 12§naﬂﬁr{:ﬁﬁu£§5 ofrénf“ﬁ‘gs%ﬁ}?o':le% HIPESEth 5

the enbodi merindf7 Filgat eshé- dagef Low dnetuties a 1om1fnlrgwﬁm@n has been
dosi rably | olRiSdt o S8 oF Boapeing” 3RS0 Tr0 S drdS 2Tk on o
| ow t ur A ekt oo alovﬁgel boteyiprearea Badi.calThe ﬁ@]@mﬂngocagél ow
region. 15 interior upPePapbieibAr 14b! FRUNRE IO tHB R BY BFs
to the cage outlet top edge 128 has a substantially
constant diameter. In this configuration the cage

interior lower portion 136 and the cage interior upper

portion 142 tends to reduce the separation of the fluid
20 flow passing from the cage interior around the cage
outlet top edge and on the way to the cap openings.
Accordingly, this flow diverter structure enables a
more efficient recovery of the fluid flow exiting the
. top of the cage and before entering the cap openings
25 132, thereby leading to better regulator stability,
particularly at low flow conditions. In addition, the
flow diverter enables the desired raised sharp seat 134
to be located at an area of low velocity and turbulence
thereby significantly reducing the build-up of
30 contaminants on the seat and seat erosion, and without
the need to provide a longer recovery area which
- decreases the flow capacity as required in prior
regulators attempting to solve this problem.
| As can be seen from Flgures 5 and 7, the top
35 surface of cap portlon 130 of the cage 124 is in a '
frustoconical shape. Thus, instead of utilizing a



.and 7 that the cage 124 includes a |lower interior portion 136 of
reduci ng WigdERigeso from t he cage bottom at 138 to a cagectT/oBeNisess ar ea
140. The follow ng cage -15 interior upper portion 142 extending fromthe
-area 140 to the cage outlet top edge 128 has a substantially

constant dianeter. In this configuraLh&n t he cage I nterior |ower
portion 136 and the cage interior upper portion 142 tends to reduce

e sehar akbofiel coidiberdn o ARILIG (SPILEE ea0BRLRLEr Lo around

t he cage e "an e cap openi ngs.
Accor di ngl ’?Ulﬂhpégﬁl @ntéarerqpﬁnmguca JFlaterelisgoneric diapBragm ci ent

recovery ofjbf@nt! 4iad filsOW R idd. t fthe f£1at %Qéhwsmcwe agd before
entering the cap EF?In gs 25 132, therehy leadihg t0 better regul ator

stability, mountega CoERRY 1By 1&”9%\/9#‘%5{)1/}’6%(9‘%4 agmpheadi £48n, the
flow dgverafig aﬁahb@eﬁ lad e ntdag prited shaip §e@1m:1:84r mannéﬁt he | ocat ed

~at an area_of vel.,ocity and .t urbul |cantly
educi no. ABSEELPEA I SREEELARH HATR iowre che <BF BRULEBSEZor ok on,
and wi t houedge: potmaomeedInhqnuppekadnaphmggmrpmawery4area ehzed

decr eases Lhen! LAUAMARS L LR Thdfh LR 134 ohEAULALET 3Lt CTUINg,

to solve t e séen ron1 I'gur €s 5 and 7,
the top 35thesgﬁp§@el Fegrd st tnQFi U3 ghowe tagehe2left ppde of

frUSt9§0”'Eéht§Q§E%e s .id neifack of, Whdiifg & rellable E@h%§598150
PCT/ US97/ 146 18-

C0nVO|utIOHrFﬁSPH@ GO FRHFR Y SRt the shiaphragn 144fBPF°c§6€ outlet
openi ng, arhlaedeshsirpnadar dixphr @yrepring eisazregsérﬂéﬁmsstneomaded The

g s “EnaRBREl Ry, A S SR I o pchieR R oom heed

descri bed Fmgumenactldmemplugqukeadlaﬂhmagmwhaade146 prevgatpoahi on of
L1, 985" Seadaun Mhaihqiide of fibeicidh Uy gnaceloboalienie, ned spare
si de of onto the diaphragm 144 and deflects the flow away from
the diaphragm in a manner similar to the embodiments of
Figures 1, 2 and 3, 4.
|  Figure 8 illustrates a cage 154 having an
20 alternative flow diverter. A projecting ledge 156
protrudes into the cage interior 158. A cage interior
lowei portion 160 decreases in diameter. A cage
interior upper portion 162 remains substantially
constant in diameter from the ledge 156 to the cage top
25 edge 164. This flow diverter configuration also tends
' to reduce the flow separation of the fluid as the fluid
passes from the cage interior 158 past the cage outlet
top edge 164 and to the éap'openings 166 to provide the
resulting advantages'previously described in connection
30 with Figures 5-7. It is to be understood that rather
than the constant diameter section 162, this cage
portion can be curved from ledge 156 to the cage outlet |
top edge 164. Also, instead of the sharp right angle
ledge 156, a more rounded ledge can also be utilized to
35 provide the desired flow diversion to reduce flow
separation beyond top edge 164.



-10 'ce'nt'e,rl i ne 150 in Fi gure 5, there is a reliable seat i ng e
to securel y QIO i aphragm 144 onto the rai sed sharp gg’ar(l%fﬁ%é

spring 152 perfornms the-sane function as the spring 66 described in -
*connection with . Figure 1. The plug-Ilike di aphragm head 146 prevents an
- 15 undesired inpingenment of particles 1¥8the fl ow stream onto the

di aphragm 144 and deflects the flow away from the di aphragmin a
manner similar to the dnisRgeerREaier 167 Hguprevided o sounting

Figure 8 illysthahes a@fe HPANRWADya b3y anl! AkRAthYRiHOWHL verter.
A projecting | edge_156 profrudes,ipto t e interior 7158. A cage

e ca
i nterior caggndr? dp FAGWIR st HRIRLEE® | n RPEATREE. YANGadé7? 218Q nterior

}Jpger porti omnﬁﬁadesn&i rm:sutmt'z : eadryi@dnbey forhréﬁélﬁrﬁﬂg AN dewarirey f fromthe
edge 156 to_the cage t.0 5 _.edge.164. . This w,di verter nfiguration
al so te_ngs tumﬁg %@&H‘gert%e ]T‘tsb\%)%e%ﬁ?%??%?f“o%ghés??u%&gasgsrre f1 uid
passes from Mbancdge itleervadvel Idbrmrest dmetitageadudl bbdy secuselgdge 164
and to the cgp.openi 66, | d . ultisn vant ages
previously s%gggggg?%%eq%?e%%%oeré%%ﬁeﬁ 6%§§s£§h7ga%%t 1:913 to be
under st ood thesitaomer Initiaddy .t heitbrchendiaphnager 144cmounted®?, this
cage p ' a ﬁﬁgg dﬂ@s t h e tl top
‘edge 164. Aloé%?:gigﬁglt e%e{%e(f'lgt he s%(r}{pgér'(? t %?ee{lé ﬁlﬁgg %Q%SG%tllae nor e
roundedtf edgeleghomesd HAIARNTAEY e HiRter olipelsnEinESAr Wd thisy

di version totheduegafin@¥ ringsepiatdipweyandiiopledgerif¢ on the WO
98/ 08150 . . ) Pg§&$897/14605 _

- 19 - cap portiom\ 130,49 & firpstagenical girned@f oF YN G g

within a | edghei Defhe sialev@bhathe arshtet i hhei POt HE Figureage 124 securely

rocei ving a Astaaraeny’ Hhe Siham iq QELLEGRLS, PIALT0N BRER'E, ')
Mount i ng5t hemoungedhomist the taagey BARDYH KO s r Brystoncondratai ns t he
di aphragm rghgpBebs! ithe AP GRALiIdh 130 HPSEALPR. ihNFibakkys With the
di aphragm 144_nount ed . ,
Also, when the diaphragm is moved away from the cap
openings, the diaphragm can flex upwardly to assume a
fully open position against an inside surface of the
20 bonnet as illustrated on the right side of center line
150 in Figure 5.
Figures 9 and 10 illustrate an alternative
cage retaimment ring 168 which includes a plurality of
fingers 170 extending radially inwardly from an annular
25 base portion 172. The fingers 170 are adapted to
respectively mate and £it within the cap openings 132
of the cage 124 shown in Figure 6. Thus, for instance,
if a full capacity regulator 114 is desired, the
retainer ring 167 having a hollow-center is used. If
30 then for instance a 50% reduction in flow capacity is
desired for the regulator 114, cage retainer ring 167
is removed and replaced with the retaining ring 168
such that the fingers 170 inserted into at least some )
of the cap openings 132 will reduce the flow capacity
35 of the regqulator. This is an advantageous feature when
one desires to change the flow capacity of a regulator,



. between the di aphragm head 146 and the plate 148, the 10 - el astoneric
di aphr agwiosfosidet er lip is fitted within t he retai nerpeT/o713605
di aphragm 144 lies flat- on the cap portion 130 in a frustoconical
« shape as shown on the left side of the center line 150 of Figure 5.
‘Accordingly, the diaphragmis initieﬁddﬂ flat and when 15 nounted onto the
" cage adapts to the frustonconi cal : shape of the cap portion 130 as

shovn 11 EpOURS:S1n prichl Seauhtbide SLoBNLRoM kp-pRNEdcayY rom the cap

openi ngs, ~the diaphr dgm can 11 0 assune a open
position hadi kot ben Stesked Withce xespectve Hbawecapacikyust d on the

right S!d?rQBrC%@gﬂ'#ddra be remiréd dHhdUrEpPaced with a new Figures 9
and 10 ilTustrate an alternat,ve cage retainnent ring 168 which

i ncl udes S2gPuPAVARG She desined)hloy 7CARAEERYi ng radial |y inwardly from

an anpul ar 25 base mprEdavrdetite With fthgeppeddcaigvadanbad to
respectiv t.he cage 124

I t dfit within th ' 13 f
shown in g?éﬁ?% %é%qﬁﬂiflﬁgﬁaéﬁkﬂgi%ﬁgg fggn$$9§n9u€PecgﬁﬁgFF9 regul at or
1%4353 dfﬁlbw?papmeﬁfy ne&ﬁ&i?nnbeiqudﬁ?_mh?fegonehoth?w oadyer iz useda
I ' Lo % ¢ £ n W ci | esire
for the r8§§F&%&F4§§5M%§§§?§§§2§%£#§$+é5 ﬁg9w 8ap§$§€¥eﬁ§58§n§ﬁd repl aced
with the réngsniléd rnsfersB of entimely hdifférentngagsesi7aéndnserted into at

| eas{ gSONG3 rhoutOhaitid 4> MEAIS S 2L | rLEMUERe HE1{EO acity 35
of t%g re ﬁfgfgk. aThis?Fis an advanf%%e&%%éfeagﬂrg aheﬁ E ngﬁg desires to

change t hBOf FHRNGSH &S 1AV £FIRATAEN or , WO 98/ 08150

PCT/ US97/ 14605 Figures 11 and 12 illustrate-Z0Oregulatb® that in prior
regul ators, sever.al different cages t o _be stockggﬁmnth a respective

had
f1 ow capabPRy2ifiRid many of He S3Me | COPROPERES ¢35 afl laced with a new
-cage havi mggtllatdesiilad df digqapacs tyccdrding to the pmesemerdance with the

g;gf?gg | P%eAE9dn, i.LN ycég’é‘%&?%iéﬁﬁéé&lnﬂdl "gndb8nBayhag.t he

body 116. 1In addition, a perforated cylindrical member
174 is mounted so as to surround the cage 124 from the
cap 130 down to the bottom of the cage 124. Apertures
176 in the cylihdrical member 174 enable fluid to pass

20 through the member 174. Accordingly, fluid passing

' from cage interior 126 on the upstream side passes

through the cap openings 132 and the apertures'176 into
passageway 122 and finally'tb the valve outlet 120 on
the downstream side. This provides a flow diffuser to

25 reduce noise generatéd by turbulence. One or more of
the perforated cylindrical members 176 can be mounted
around the cage 124 depending on the level of
attenuation desired.

With reference to Figure 11, a lower

30 plug-like diaphragm head 178 includes connecting
passageways 180 and 182. Passageway 182 extends
‘longitudinally of the centerline 150 and passageway 180
extends horizontally within the diaphragm head 178 so
as to intersect with the passageway 182 as shown in

35 Figure 11. Accordingly, a loading chamber 184 located
above the diaphragm 144 is communicated through




-~ . .
f.l ow capacity needs to be used. Therefore, this only necessit at es

st ocki ng di WRPHPRISY | ow. capacity retainer , rings 168 instedHPSHEAMSe| y
di fferent cages, and 10 -wi thout having to renove the cage fromthe val ve

body to change the flow capacity. _ Figures 11 and 12 _
I.llustrate a regul ator cont ai ni ng maay-of the sane conponents as in the
regul ator 114 of Figure 5 according to the present 15 invention, i.e.,.

cage 124, di ppbsageways 182 amd@ ¥80veo thebodgelifiteriomddéion, a
perforated cyll %&JQWE 41 nted wddreid'r e cage
124 from t'he}iccgq?élp 9) omnt%h?%lﬁgﬁfg%ﬂo?gt Ee%?'ggae lf}u f %Hr?%ltrl%s

176 in the cyliosed ¢ Gherepen 7Ro:hebeR, f thedloaddngs chambewr ough t he

menber 174. pegeh@idGly cditbél PESST 88n be LEABVERIDY MeARigpr 126 on the
upstream si dg passes t hr ou?gtjﬂth'e cap openings 132 and the apertures 176
e

i nt o S5pas3gsparare Lhrphgh RAF5agevweyie 18Pve 180t t& th G3Fe the

downstream sidgerirs WWEVigteas tbosnabibusastbe dperatddiC OMNUKE
generated by _turbul ence. rforated cylindrical

Orl_leor nore of , t he B‘i

menbers 176 GARPHFAGH ALY therefore A anickgye resiigE I FEFPVFS he | evel
of att eatifiel.on THES raspirator techniqueWish béEf evarse,t adefuke 11, a
[ower 30 pluyg-li i I nel S lect i, . passageways
180 and 182. %ggsggg'e\%aé%%%%s‘ggs ?gngﬂguﬁ%rﬁlﬁ& &?lq'teﬁletlco[e}%t erline
150 andlPpassageway 180 Figursikhdilhestrakesl Fhewingorporetdicapaign head

178 S0 2§ bQelNtgidddk (484 Non PeRE 2PEYRY 2182 3545beWRiigu:RS 5 Fi gure
11. Accordingly, a loading chanber 184 ] ocated above the di aphragm
144 i s comuRPeBla§athrigfyhincludes a\ybgeo8tsy 188 mounted within

PCT/ USQ7/ 146QRe diaphragm mounting assembly. Thélother poR@Speymys 182
and 180 to the_cage irxlg%_rd' or, 1552[. a ' Accorglin Ly, ﬁk])_en t he .dj aphragmis
bei ng noved YROME F&S & 1355 - TR e - Rk 58§|%FB 1% e G35 S ng chanber
pressures5i n phereensD84ldarh bi; remoy ells byhbeadably asgagatiedittiniough
‘passageways LR2, 18Q 0 1ldte C38fhs, as the diaphragm 144 moves in
| position, the valve stem 188 is guided within the guide
. piece 190. _ _ :
At the top of the valve stem 188 there is
20 provided a marker 192. Position indicators 194 are
provided on a scale member 196 which is threadably
engaged within the guide piece 190, such that the
scales 194 are adjacent and cooperative with the marker
192 on the valve stem. Thus, the travel position of
25 :the elastomeric diaphragm 144 from the closed to the
open position is indicated by the travel indicator 186
by the position of marker 192 with respect to-the
scales 194. = Also, with the guided valve stem 188 shown
in Figure 13, one could utilize suitable limit
30 switches, microswitches, proximity switches, or other
microsensing devices to proﬁide electronic sensing and
indication of the valve position.
Figure 14 illustrates the regulator 114 of
Figure 5 with a guided valve stem 198 being guided by a
35 guide piece 200 threadably engaging the bonnet 165. A
valve actuator 202 is mechanically coupled to the



jnterior 126, so as to enable faster operation of the di aphragm and
fth(_areforewa9 p&ger regul ator response time. This aspipddngsorhgsosni que
is, of course, useful - for all of the enbodinents of the present

4 nvention. 10 Figure 13 illustrates the incorporation of a
travel indicator 186 in the regul at oh 114 of Figure 5. Regul ator 114
I ncl udes a val ve stem 188 nounted w t i the di aphragm mounting

asserely. OEas Tk BRT BB Shp s AR pR ARG, ACRRLY £AE 1

t he bonnetel&&toménic diapheadmagiemgmtl 444heand and awagi from, the

val ve ste g e gui At
the top OPE]%% ég?veé g%wfggb%hr&:% |sAgbaCtua&dgefac}19n%er klesr 192. Position
i ndi cat or ssuSpl bed throuphow deadimga pidaite Q@Tt?é?d M@ vihi EPadinghr eadabl y
engaged aé}:?'éébﬁfé gBkdeoPhetRatdDd Tt . (Mthis actedtss 194 are

adj acent d cooperative with the marker 192 on the valve stem Thus,
the travel SYREPP gRuLA bs uspﬁefarama fE ety REeSSY¥F8m t he cl osed
to the apPPEAaOBhki,ON i s indicated by the travel. indicator 186 by
the position of mar kﬁﬁ 192 with r%sgrect qtﬂo t he sca@gs 194. Also, with
the gui ded val ve steftif188 S LHUPY PRI i ze

sui tabl e lused @dthsai valee avttatos t:urhess sqlrﬂ»opmtayted\n tedpasator ot her

%33@‘?32 | p%gf'#u%&ilbﬁ BE9%1S @o‘i‘uﬁ:&f ci”'s‘bf} Lagiggtion of

Iustra 5 t%e regul ator 114

ure
of Fi gomerel worraguye; Ged tidgse stem 198 being guided by a 35 guide
pi ece 200 threadabl yregazg 1§ iHhuwRoNgle cjcﬁﬁiargﬁ seat val ve actuator 202 is
mechani cally coupled td the WO 98/ 08150

PCT/ US97/ 12@@figuration provided for the regulatom 114. Blﬂﬁ—"ded val ve stem
198 so as iewe?C?mgcahk\e acitatpaix&g&mmead wvi@stiBidds th apesayfieatenent 144

tovvard andaa}/l\& ar seal:v.ngt me a%e C?B: aesnlar}?so 11:3i2ng Aﬂ‘lé‘%ﬂi‘é}lng force is
| suitably mounted within a groove in the diaphragm head.
The O-ring is slightly larger in diameter than the
interior diameter of the cage 124. Thus, as the _
diaphragm head 146 is lowered towards the top of cage
20 124, the 0-ring 210 sealingly engages the cage interior
upper portion 162 at an annular seat 212. This
provides a prlmary shut-off for the regulator
A secondary shut-off is provided by the'
previously described seating engagement of elastomeric
25 diaphragm 144 at the raised sharp seat in the cap -
portion of cage 124. The use of a primary and
secondary seat aids the reliable shut-off of the
regulator and also reduces the seat load required from
the regulator spring. In certain circumstances, the’
30 elastomeric diaphragm element would not be required to
provide any shut-off so that only the O-ring seat 212
would be needed.
To preform a flat elastomeric diaphragm
element into the desired frustoconical shape, the flat
35 diaphragm could be trapped between two contoured
retainers such as a lower diaphragm head and an upper



f’supplied through a | oading pilot 203 and via a |loading 5 pressure 204 to

actuat or WP&8M858. This actuator system coul d be used fRETAISAW14605

_ differential pressure-~ applications. . As an alternative,

. the regul ator 114 may be used with a valve actuator in a self-operated
regul ator 10 configuration using a copgrol spring to obtain desired
control pressure settings. Figure 15 shows a secondary seat
confi gur at iddaphmagniepldoe tbedefyatat ohelilié.aphﬂafgm elenieﬁ&@rt@@ﬁe' ke
di aphragm. i N silien annul nenber, such as
an Oring ?%%qv%edés é&?fi’ﬁﬁ’fa !t?abl iﬁ Ehﬁ?e& AR t'h $h the

di aphr agm es@iners wmloblpe r@ulsablygbbhjzobareglerta rfarnartﬂ'ierflatmn t he
interior dldq_ Ny t{.(l;let as hr agm ﬁad 146 is
| owered towards the top o cag gg%%ﬁd thtePB Sy |tﬁ§h%f%%s "fqt? y engages
.the cafe i fldmisate themred p%@tu%ylsﬂeana&nm@ﬁdeldapma #kP. This

provi des aapkio"amErdule®ftnd Oélié‘é‘oﬁtgﬂi!haEBﬁ\poun hich can h&econdary’
shut-off is prov ded previ ously described seating engagenent of

el ast oner i U526 ﬁrﬂ%d#ﬁ@fhraa?mt%%e‘?‘ﬁp%d sharp seat in the cap

portion of cage 124. T fsredding pdeﬁ&i]ledndescrlp&&%ndﬁrsyb%%ﬂ ai ds the
reliable sh ff re nd al so reduces t he seat |oad
required f 93‘ o q{héel%fae%rb ;. 9 55 FHALBH Qflgyel POG®ances, the 30
eIastbﬁeriunmemamsgyneixmmnatmmnscbhmmlﬁebeeqndéedtbOd thezﬁﬁﬁkmﬁe any
shut-of f sggt .needed.

To prefor mg'a P‘?h eéaé’s%lr(ﬁesrol“gilgl?aép%?%%%%gus t”OI gﬁrréﬁ %}gﬁ?%e Hesi red

frust oconi EBP 3F&pe, the flat 35 di aphragm coul d be trapped between two

cont our ed retai ners such as a | ower di aphragm head and an upper
WO 98/ 08150 PCT/ US97/ 14605
-23- di aphragm pl at e to defl ect "the di aphragm el enent to the '

desired configuration. In this case, the diaphragm




retainers would be suitably contoured to formthe fl at ~diaphragmto

t he shapewgomiosess. This technique would 5 elinminate the ngepukdiasisy
speci al nol ded parts and- al so.increases the el astoneric conpounds

whi ch can be used for the diaphragm el enent. The
foregoing detailed description has begn gi ven for clearness of
under st andi ng only, and no 10 unnece %éry limtations should be understood

t.herefr’omIN_TH S, L,Eications will be obvious to those skilled in t he
art. 150 .

PCT/ US97/ 14605 1. A fluid control valve compiising: |N THE CLAI VS

1. A fluid control o) LShRG: e 3 s I dy having a
fluid inlet, a quidaabafvgu§Pg¥,h§ﬁéng ?|53315a§§%§§aa§?€#§%e e?meen; g5
a cage nef¥rleavi#A2chividnpappagersy ther egnig fluid at one cage
end amd a cap at theaothigé membe2aHAVEAE BAVhGe GHRIAYY - in fluid
conmuni cation . . L1 h,said cage interriaor; sai d cage nenber
nDunted\MQﬂﬁq?¥%ﬁ%w%%Y%§ 3p oﬁgdﬁaﬂﬁuﬁﬂdp§§§a§eﬁ§P Pér ERB ALY | uid from
Sﬁid Vﬁlvgage eﬂﬁmhaiiﬂgdcaplepghhhgsgmgsgndﬁﬁagﬁmh@hg@dyﬁodaninuing
t hr ou saj.d..cap ope S. ald valve bo ui outl et;
a fl egi bl g}lgﬁha%lacgngﬁgn%ége?ﬁogéi d val ve {5 body and fl exi bly novabl e
from adj acent said cepld cagepwemhgs tounteyd Witminaisdichpaipani ngs in
contre |1 ukd,-bet. sahd.walve baody. fl ui-d inlet
and fliblui d@%tjityl eft%dgaéégg\égéWQb £ 5£sl)§§gﬂgl g)%lgﬂ'}ﬁe f(]fi g‘p%(r%‘é;m‘fa el Udi ng a
formed 20bodibfigtid i balef othdough paidnsage dhtexiordi momtdgming  said
fornmed comt@icidroesid %Q@té?éﬁfﬂ?ﬁ g8l Qa&h-_eghgbﬁ ody $13Rly agmis noved
o flex

away from sai.d cap openings sai i aphragmto a substantially
done-shap&EQQﬂ.y open position away from said cap openings to

I ncrease - . a flexible diaphragim mounted in said valve
' 15 body and flexibly movable from adjacent said cap
openings to away from said Cap openings in controlling
the flow of fluid between said valve body fluid inlet
and fluid outlet; and _
said flexible diaphragm including a formed
20 convolution around the perimeter of said diaphragm,
said formed convolution straightening as said flexible
diaphragm is moved away from said cap openings to flex
said diaphragm to a substantially dome-shaped fully
open position away from said cap openings to increase
25 the fluid flow capacity of said valve.
2. A fluid control-valve according to
claim 1, said cage further including a ring seat formed
in said cap, and wherein said flexible diaphragm seals
said seat when adjacent said cap openings and unseals
30 said seat when moved away from said cap openings.

QT



25 tfhe fluid flow capacity of said val ve. 2. Afluid

control val vey@oesogiseng to claim1, said cage further incPGCIVUE)7/A3605ng
seat forned in said cap, and wherein said flexible diaphragm seal s
sai d seat when adjacent said cap openings and unseals 30 sai d seat when
noved away from said cap openings. -25. WO 98/08150 ,
PCT/ US97/ 14605 - 25- 3. A~
fluid control valve accqulqg ffhldcaéﬁﬁ&gi bggbgdhagogdqhgkaﬁgn1center
nount i ng assenbly, and wherein sal i aphragm i ncl udes™a central -
portion nount E4aHM Kin INGPMRIDH LR GBRREFNFOUBLIRTsenbl y, sai d

di aphr agm cenhggef®1it, rmcﬂmﬁtém saidi @ﬁdlpﬂragmalﬂbanhé@gm Rleaitaraand

SPrLD Teans Lo YAl buncea 3 e 800 AR b3y et B0 O

10 claim1l, abbem:uy saalid aiephiagm otemten mountiangsagsemblyf or med

concave por i gp st Wl LU ARl 35008 0 %ana spE8BYHebfis’ 8 Wgng |

di aphragm to zar open

control val vesaadoﬁmammacsnlzzlatee dton geapheabdndiapbiragmmen seddol uti on
conprises a gafﬁﬁg:convolutlon whi ch straightens to flex said

di aphragmto sal 'y open position. WO 98/ 08150

PCT/ US97/ 14605 '

4.' A fluid control valve according to

10 claim 1, wherein said formed convolution comprises a
formed concave portion straightening and becoming
convex to flex said diaphragm to said fully open
position. o

5. A fluid control valve according to
15 claim 1, wherein said formed convolution comprises a
raised convolution which straightens to flex said
diaphragm to_said fully open position.

| I!lll!l Illl[l "{II i i



- 26- 6. A fluid control valve conprising: a
val ve bOdﬁnﬁ%Mh a fluid inlet, a fluid outlet, and apgEypisshiiasos
passageway t herebetween; - : a cage nenber having a cage
interior for 5 receiving fluid at one cage end and a cap at the other

cage end having cap openings in fluid_conmmunication w th said cage

I nterior; sai d cage mEffsr mounted within said valve

body fluid passageway for, SSi fluid fr said valve 10 .body fluid
inlet through said c3ge @hﬁgﬁﬁd¥£QRﬁﬁéiujéi¥e comprtStBB:sai d cap openi ngs
to said val ve body fluvelve bahy Iletving a fluid inlet, f heglbid di aphragm
mount ed i noggdevabkg a e1dioibAulJdi e pONaRLE LT Om adj acent said cap
15 openi ngs to away trom sal d cap -operi ngs 1n controflling the flow
of fluid between sai @ ¢&GFe MeslPeY haviing|atcage inperioyi fovutl et;  and

flow dsvergreiBang Wikl atiche” d MR Dhd a c%égagﬁ,ﬂgeoghgrseparation

of said fluid passing hetween 20 t'he ot her cage nd sal d cap openi ngs
so as to cagerepdcBAVRAY SFR AREHNGS it AAwid eemmaricatipbuid 0 flow
exits the @i{BRrsaade cage Inmteilds;s said cap openi ngs. :

7. Afluid control valve according to 25 claim6, wherein said flow
di verter neans incl uf8s% ©a9¢ “ﬁggFﬁéé? iR 3R 1doVak¥eporti on from
said one bodycéjeidnpascametayt fomiges ioayef il f ordbavwedilyvalve

- Subst 7t | 3L, CRRSIANI nIAGL AL EIPsR Ws POl o, cSRREHIYLY tO the

ot her cage e i ) _ :
PCT/ US97/ 14Bggugh said cap openings to said valvebody fluid

outlet; _
_ a flexible diaphragm mounted in said valve
body and flexibly movable from adjacent said cap
15 openings to away from said cap openings in controlling
the flow of fluid between said valve body fluid inlet
and fluid outlet; and
| flow diverter means within said cage'iﬁterior
to reduce the separation of said fluid passing between
20 the other cage end and said cap openings so as to
reduce the required flow tecovery area as the fluid
flow exits the other cage end and enters said cap
‘openings. |

7. A fluid control valve according to
25 claim 6, wherein said flow diverter means includes a
decreasing cage interior volume portion from said one
cage end towards the other cage end followed by a
substantially constant cage interior volume portion
continuing to the other cage end.

‘f“~—~_;_-;_~‘~
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-8. Afluid control valve accordlng to claim6, wherein sgj %

di verter meWRSBOB0udes a decreasing cage interior volungéﬁﬁ%'ﬁ@%m%ron1
sai d one cage end towards the other cage end followed by a |l edge 5
*portion having a | edge prOJectlng into the cage interior continuing to
t he ot her cage end. 9-2A-fluid control valve according to

claim8, wherein said | edge portion includes a substantially constant
cage interior volume pBrtiB®nfluidocontrol valvel@ccording dteontrol val ve

~according tQ1aim & dRbBeihnshydi BYow Fﬁb%%‘ie&e%ea‘}fb A &h ¢@Ps Pt ween
sai d other cage end and said cap openings for fluid sea ng y engagi ng

sai d di aphr SIRRERTF Y aFRFEpLBLERLOY Volumg @"f‘-’['—'&ﬁ% OTAm 5304 PR body

fluid 'n|etddgé*éﬂﬁlébwéfﬂsdtﬁétbeher cage end followéd—b i'yé gontrol
val ve accordin

inclydin hragn1ce nDuntlng
assenbl ¥, alP QH?PX%P@ a”§$ﬁﬁsgﬁrpaepﬁge§ cage portlon -
mount ed wi t Hinteffii sl dtopbiagihgetbethedvihieig ciye mnbl y, said di aphragm
center nounting assenbly i ncl udi ng a di aphragm pl ate and spring neans
on one side of said diaphragmfor urging said di aphragm pl ate . to
seat said di aphragm on9sai 8 fausddcemsrol valve according it A fluid

control val \eq_aaﬁ\t;;ﬁ)dl | nC?J_gSsal&I gégﬁél oprgr, mh‘fhég aphragm cent er

nount i ng asse udes -a di aphra n1hea e ot her side of
sai d di aphr &gmsfreanwgahlqor%w%aﬁe ﬁégé ﬂauteaéﬂrec«qln@le ponrtieni | uid
passi ng through said cage interior. WO 98/ 08150 .

PCT/ US97/ 14605
10 10. A fluid control valve according to

‘claim 6, including a raised seat on said cap between
said other cage end and said cap openings for fluid
sealingly engaging said diaphragm to reliably prevent
. fluid flow from said valve body fluid inlet to said
15 fluid outlet.

11. A fluid control valve according to
claim 10, including a diaphragm center mounting
assembly, and wherein said diaphragm includes a central
portion mounted within said diaphragm center mounting

20 assembly, said diaphragm center mounting assembly
including a diaphragm plate and spring means on one
‘side of said diaphragm for urging said diaphragm plate
to seat said diaphragm on said raised seat. |

_ ) 12. A fluid control valve according to

25 claim 11, wherein said diaphragm center mounting
assembly includes a diaphragm head on the other side of
said diaphragm having a protruding nose for deflecting
said fluid passing through said cage interior.

—_—
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- 28- ~ 13. Afluid control valve according to cfain1i0,
I ncl udi ngy@og/6¥188 N1 NQ ri ng engagi ng said cap for nmounpcrsemiséosage in
said val ve body, said - retaining ring including flow bl ocking fingers

"mating 5 wth said cap openings to desirably reduce the flow

capacity of said fluid control valve.,,_ 14. A fluid control
val ve according to claim 10, inc?%ding a perforated nenber surroundi ng
said cage and .inter i at AN i p.1 openings to
said val ve body fl uir%pbut ,e.’%ﬂ?%‘? Hbﬂt}é?&%ég 3885828 Yo, . 70T 008 10w
15. A fluicdadonti®l ingludirgor dFegaining ripgaengagingneadd mam val ve

st em engageabburtiHEL bd M caget D8 §80860a®eSBbaydi aRkagm for nmoving
sai d di aphragm 15 t owar ds ﬁ@%,ama fromsaid cap’ openi ngs, .and stem gui de
means in S&GVERRE BRE FT +HgnélgﬁiBlvﬁk%égs?éﬁﬁers §&EIRY novenent

‘theresf. with said cap opdfiindsftoi desOPapdY vabveeaeser ¢l t o claim

15, includi_ng a.ravel iqgl tQi]”D“ ted to.said 20 valve body and
cooper at | AR %40 SAHY -ttt $87CFOL YRlVEate the opening position of
said val ve. 17. A fluid control valve according to

claim 15, incl ud ng184v'a'pvecf&ﬂgg%qeﬁteggpl,s?vgoa%%h%d}gg g ve stem for

operatively noving sald valve s TR fluid control

val ve accedéiim t®b includingn &, pentovated mepbexat surpassddgagays for

| COMMUNI Calale QRS idr Siteermbasatd theXEpheadeaBly 298 said EagACh ot her.

10 openings to said valve body fluid outlet for
attenuating noise in said fluid flow.

15. A fluid contrél valve according to
claim 10, including a valve stem engageably coupled to
the center of said diaphragm for moving said diaphragm

15 towards and away from said cap openings, and stem guide
means in said valve body for guiding said valve stem
during movement thereof. '

16. A fluid control valve according.to
claim 15, including a travel indicator mounted to said
20 valve body and cooperating with said valve stem to
indicate the opening position of said valve.

17. A fluid control valve according to
claim 15, including a valve actuator coupled to said
valve stem for operatively moving said valve stem.

25 18. A fluid control wvalve according to
claim 6, including aspirator passageways for
communicating opposite sides of said flexible diaphragm
to each other.

Rl




WD 98/ 08150 PCT/ US97/ 14605

- 29- WO 98/08150 19. A fluid control valve according to PQT’QF?W’&,WS

i ncludi ng a di aphragm nounting assenbly for nounting said di aphragmin
said valve body to define a ~ | oadi ng chanber on one side of said

di aphragm and 5 aspirator passageways-ggtendi ng through said di aphragm
nounti ng neans for conmunicating said | oadi ng chanber to the opposite
side of said diaphragn119 A fluid contrzld. valiMaliatamding wval ve

accordin to. cl ai dj 14 e unted 10
in said gl aphragm héead{%l&fudiﬂg 2 H?.Qgﬁgﬁgﬁll%%ﬂogftﬂtszfgg dsbe e% %gge end -

to provide ammﬂnﬁ#@gs%éldlﬁlﬁﬁgréﬁmyln sa @ﬁéﬂﬁlﬁ?leﬁQid¢€wper%n1sald

val ve body Tl ethamber! 8nS8he Bhided o#Uldasls diaphra 21 A
fluid control LH vrgéj’ accor d?ng 15 clai I% 10a V\herlgl'pn rsaglmclll' rail sed seat

| ocat ed &t aasplr%ﬁ%ﬁnH%?S?HSWé{?eS%ﬁn@éP& &hyough said diaphragmy A

fluid Contr0|md(ﬁ'it\/ﬁ1%01ﬁ@éﬂsngoiﬂcomun@.b@.t&h@sa‘ﬁ&ﬂl@dﬁﬁ@ CcHahised seat is
formed with a

seating edge nga ai d di aphragm 20

23. In a fl &Y td?"es%%ﬁ’gs?“ﬁﬁu?ég&o a§Fr’r8 § 1aphr E\%é‘bul ator body with a
fluid flow path through the . regul at or body and a pressure throttling
area in the fluid ow pa r reaul atj nag..t | ow, -t he
| mprovenent conpri sing %.bf| oélv glﬁh\‘}éfat (e:gn% 'ti aﬁ‘% %&*x{%é%at h before
the pressure dimiontl2 nginckadingr aduesilientf Iseiad ifgo memymr asdoumted ound
the preggure {thrai{di§faphraght’ f8ad for engaging said cage at said

other cage end to provide a primary seat in reliably

preventing fluid flow from said valve body fluid inlet

to said fluid outlet.

21. A fluid control valve according to
15 claim 10, wherein said raised seat is located at a
stagnant flow area on said cap.

22. A fluid control wvalve according to
claim 21, wherein said raised seat is formed with a
sharp seating edge for engaging said diaphragm.

20 23. In a fluid préssure regulator having a
.regulator body with a fluid flow path through the
regulator body and a pressure throttling area in the
fluid flow path for pressure regulating the flow,.the
improvement comprising a flow diverter in the fluid

25 flow path before the pressure throttling area to reduce
fluid flow separation around the pressure throttling
area.
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- 30- . 24. The fluid pressure regul ator- accor

cl ai m23, Wﬂéﬁ”ﬁ“&?‘r’]g a raised seat |ocated i nternmedi ate theé 59?)’\’\7659

*di verter and the pressure throttling area and in a position of stagnant

fluid 5 flow to reduce the build-up of contam nants on said rai sed

seat . 25. The fluid pré8sure regul ator according to

claim?24, wherein said raised seat is forned with a sharp seating edge.
24. The fluid pressure regulator according

"to claim 23, including a raised seat located
intermediate the flow diverter and the pressure
throttling area and in a position of stagnant fluid

.5 flow to reduce the build-up of contaminants on said
raised seat.

25. The fluid pressure regulator according
to claim 24, wherein said raised seat is formed with a
' sharp seating edge.
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