WO 2011/ 154784PCT/ 1B2010/ 054925 HYDRAULI C TORRENT CONTROL VALVE FI ELD AND
BACKGROUND OF THE | NVENTI ON 5The present invention generally relates to
appar at usweandivesttsads for hydraulic automatic control vaCYaB20amos4aTy e
particularly, to apparatus and nethods for such valves with spring-I|ess

di aphragns. Automatic hydraulic control val ves pose several design

chal I enges. First, they FEGARAYIIGSIORBENTIAPNARGsVASV i spl ayi ng t he

val ve opening rate, i.e. how high above the seat 10 the hydraulic control
valve is. These position indicators are typically conprised of a stemthat
sticks uFELD AED BACEGREUNE OF GAIE ROSENTIONof t he di aphragm_  These

i ndicators are vulnerable to being struck on the side and bent by el enents
such as control tubing associated with the val ve. These indicators are al so
prone.to | eak S : seal,,sd dmbisUpra

froma5 wet ar 2%% Eg&% e ?hv%g% %ﬁ?rg@%drg%a% Sa?ﬁaap%%rtggigd%ﬂateﬁ% valsvg),r &ﬁgg‘g@he
i ndi cat oraut@ndteswbjrectaltes dndimare pesteukdywiot dppdiatts andinstthedsalios suphtvalves vadal .
Second, there is a general problemof howto put a valve seat conprised of
a stainl ePEEISAPIREY Nt o the internal coated surface of the valve

wi t hout penetrglbRgrt RELGERE Ldirol WAEH pERUR S T ddlondaRages ALY, titkyRe@htem
is that above the cover of the valve is a significant anmount of control 20
equi pnent assqeistivadndicathrst foe displayeg haorlvapsoingnaiedse. hovebistirabops ther ¢ataind
contraol tubing that has t,o be gonnected to.t] . v er
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and this gRR I 881 AFISOM U doigeal Pesiedgof the caphiragid Ultese tidiqanen breoadieribilas
the inspection is perfornmed. hi addition, installation of the valve coyers
may be f reingeviruskeplthe gdeandyenthy ehaehis Bepascorien telae awatialsd WELUDR Y& veni n
t he contrgl 25ck I I ' [ f i ! | o

further doseRaaRns o 1 huP SO FRlesRple By ALhal BRA snce they byl and
act uat or sddvén ftesi gricngrea isgddd g ahat tota diggaes otthide Wiad vave | velsira gheoindivhior nal
differential pressure across é_he v,a}lélve A Sé.i{c” further design issue is how
to deli grsuliest Wdgeesoverd Wit W8T SWhde 88 m portions of the valve in
a conveni ent nBNREH HAE j&a \@hdrEL YoBlenSYSEET T bt LAGRLdPBoMbriMACTS stnkEd! N
pi pi ng or other conponents hay not be known in advance. Finally, the nunber
of parts séduing ib® thie nneinekdodted saige fofthepealfo mithnetepanetisionsthavaating, vdodt
reasons, since eaach Eart has to be designed, manufactured, tested,

i nspect edCAUgESFust damage.-Thar e j s an ongoing need for inproved design of
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20 equipment associated with the valve, such as solenoids, pressure pilots and control tubing that

has to be connected to the cover of the valve. In order to inspect the diaphragm inside the

valve, the valve cover must be removed and this requires dismounting the significant amount

equipment each time the inspection is performed. In addition, installation of the valve covers

may be further complicated by the need to position the control mouth within the control
25  chamber at its highest point for air removal.

A further design issue with hydraulic control valves having single chamber actuators is
designing a spring that triggers the valve closing on minimal differential pressure across the
valve. A still further design issue is how to design drainage of the upstream and downstream
portions of the valve in a convenient manner for a variety of systems the location of whose

30 drain piping or other components may not be known in advance. Finally, the number of parts
should be minimized for and for performance reasons and for cost reasons, since each part has
to be designed, manufactured, tested, inspected, etc.

There is an ongoing need for improved design of hydraulic control valves and position

indicators for such valves.



2 SUMVARY OF THE PRESENT | NVENTI ON One aspect of the present invention is a
hydraul i ¢ control valve, conprising a cover; a 5 diaphragmand plug unit,

t he di aphwagmivrsetsudi ng a ri m seal abl e by the cover andPCmaBzodi/ngpozn
integral spring between the rimand the plug; and a control chanber between
t he cover and the diaphragm and plug unit, the diaphragmand plug unit, in
a down position, blocking a flow channel and in an up position unbl ocki ng

t he flowsqmﬁg%?zéﬂqg%% %@hﬁiﬂﬁ/‘ﬂi@ﬂb@?ered so as to conprise a thinner

portion ker portion, during a closing
notion 10 of the diaphragmand plug unit the thicker portion exerting a

force to move é&easﬁpci%?{h% Hf’in%ﬂ!ﬁm‘!?éh Qﬂﬁ}béd?m%[‘vél{?%tcngpngﬂ a%?/@rng the
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t han the digphcnrexet pleg uhbiy, thh diaphiagioanclpding iaaim séhldhlns bjnére cas et infludihg an
nmechani s sin posi t

present i.nvention be an .i ndi.cat or

P cat orMeRg] siTide vecsfe SR P ik contoLghamte, Stvaen disen b ng
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a recipr @daamm&ngndrmw@n:@mosafontumélobkmgkm flow caarmt &hd iotegral spedrenered fo thie
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bracket capRbligptehghahd 91@%&1&@{1@%95&%@ @x@uaga ety ABR HRidphfFm and
i ndicator and a plug; and a helical rotor capable of being positioned so

that a tdpupeit dom praninidiahsiotienpnd Bedhinpey mgwomré@lnw tilh clogiaganadisnrtagm
posi t| on Clxnlq %%g‘?({a]k?p%mseqﬂgéﬁg HRYE tﬁ%flhé ﬁﬁ’ck@l E&‘trﬁt ates the helical

roto urther aspect resen |nvent| on is an

i ndi cat or nechanitr ageomsfith pGsdnt duaml‘mamay posi tridivatdrnsichation; caniisagiet
havi ng a sljiding guide and situated between the 25di aﬁhragm position
i ndi cat orPostign aidTAYHPgHIERand R Mychaniim thahtp etnbe mesharigh drclyhps &) fop

portign 'b"{‘?&%ﬁx%{éﬁg‘?ﬁ éé%&ﬁ%e%‘ﬁm%xﬁ%%@%%&?&r‘e& el hf'%icf@ég[rmtom%{ &} e

novenent o mand plug unit rotates rotor
yet stil lpokitioh Ime:hce&&pa&zbreﬁf tht heachetemantrts mealptooanng moacaa#psiedtradlet to a

supporting a plug of a agm and plug unit of a valve, conprising a

f1 at annd%§W°§@§%“ﬁ6WPVghﬁg ﬂga grip skirt 30portion integrally joined to
the seat portiQp,der qeheaCititBe ﬂt’%gén% inveRBordisidestkl £ aPREEMBN 1BAM Mdicator,
plurality of slots that divide the grip skirt portion intd sections so that

t he snap ®eariskgagsadket bavmm@ dimguldhéh@bnapkeg kapablqomﬁhenrwpqsswmébstwen a
i under. cut ,of t. of the r esent
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val ve conffophoRibd FiRIRelihll otk @fhsaamed ing tﬂ@dhb(ﬁuaﬁrﬁ%o@zﬁ\éﬁ indEEHRT and IsH thal
val ve movement of the plug rotates the helical rotor,
A still further aspect of the present invention is an indicator mechanism, comprising a
diaphragm position indicator; a bracket having a sliding guide and situated between the
25  diaphragm position indicator and a diaphragm and plug unit; and a helical rotor whose top
portion is associated with the diaphragm position indicator, wherein a movement of the
diaphragm and plug unit rotates the helical rotor.
A yet still further aspect of the present invention is a snap seat for supporting a plug of
a diaphragm and plug unit of a valve, comprising a flat annular seat portion; and a grip skirt
30 portion integrally joined to the seat portion at an acute angle, the grip skirt portion having a
plurality of slots that divide the grip skirt portion into sections so that the snap seat snaps into
place when the grip skirt portion is pressed against a body undercut of the valve.

Another aspect of the present invention is directed to a cover for a control valve, the

valve having valve control equipment situated above the valve, the cover comprising a valve



WO 2011/ 154784PCT/ 1B2010/ 054925 3 cover having an internal control passage
in comrunication with a base of the valve, the passage sufficient to house
val ve corwoab1it1slisag and operatively engaged to the val veTaB2mao/o®mnty ol boss
on a body of the valve, the valve cov&r renovable froma body of the valve

wi t hout di sconnecting the control equipnent. 5A still further aspect of the
present iGOVERAVEL SNty gentnlipassashiommyRlicasion ifybase of thetvadiieaths hub f or
dr ai ni ng ralnlng

2 donns; rianaBShERRM f Heflalk D et KRANERARIDE AR THRR: 87

el bow shapetral bawong tole of tle%lvanﬂesrelcremdveirramvmm&oma{ ody\ofkhe taive f| r st

drai n hub %Pd the second drai n hub, cagabl e of being connected to one

anot her avitpus disgonnegiinethGraptct P aPiRMENt i r st position the upstream 10si de
drains, in a seeené,BRs h%ie@(bﬁtﬂ@px@@é@@%v%ﬁ%ﬁ Q'aqﬁrd‘éiaﬁﬁb REnE1dalvR Havi ?' r{ﬁst
position neither side d ese and other fteatures, aspects and

advant agebaiofhublier grisserwn ipstent isida ofitliel vabecade soetridairainieb et d:r@mmg a4 h

ref erence,to he fol | dr awi descr,i BRI EF
DESCR PT e Bt SES R0 R B R AR e Ry shbedilomiebea,
by way offh@ﬁmh@saeh&dram hibste kRN G iRt §A8 RECANBOYBE] ShayhiltdSpable
wher ei n: FIG | is a cross-section view of an automatic

hydr aul i cofdsmgreonnecied/ie, one anelbeiit danvey 2UvewhRarebné & ftsd abstaon thefupsivam

pr eseﬂ)t 'n é}tal nm anec%dl Cp%%ztlo% tl?e &J&%{}%@m%@é cﬁam? Qn}_qn éa tﬁlrg 851‘5181; néigx r%ﬁét
upstream Al A poss AR Falin boss cover 'Sh I'n accor dance
w th one @&abedi nent of the present inventi on FIG 1 aI is a
cross-section view of an automatic hydraulic control valve, in accordance

wi th one enbodilifehandgtherfgatyressaspects mﬂe%ﬂ\f?%tﬁges o ﬂmne@enw@ﬁmwsw bpgome
25FI G 13?etﬂer?de i@&ﬁvﬁﬁ%&%ﬂw\/{o% 0@ hPHERIRET feslly, fo?lb'lah&clﬁ rol valve,

in accordance wth one e I ment the resem’ I nv t| on, "osed
posi tion; FIG 2 is cross-section view of a portion of an autorratl c
hydraul i c | ve ith one enbodi nent of the present
i nventii o ARERESY Wi s asin drain el bow,

Various embodiments are herein described, by way of example only, with reference to
the accompanying drawings, wherein:

FIG. 1 is a cross-section view of an automatic hydraulic control valve, in accordance

20 with one embodiment of the present invention;

FIG. laa is a fragmentary perspective view of the bolt, upstream drain boss and drain
boss cover shown in FIG. 1, in accordance with one embodiment of the present invention;

FIG. 1al is a cross-section view of an automatic hydraulic control valve, in accordance
with one embodiment of the present invention, in fully open position;

25 FIG. la2 is a cross-section view of an automatic hydraulic control valve, in accordance
with one embodiment of the present invention, in closed position;

FIG. 2 is cross-section view of a portion of an automatic hydraulic control valve, in
accordance with one embodiment of the present invention, showing the swivel downstream
drain elbow;

30 FIG. 2a is a fragmentary perspective view of the downstream drain elements, in
accordance with one embodiment of the present invention

FIG. 3 is a cross-sectional view of the hydraulic control valve showing the two drain
hubs connected to the 3-way valve, in accordance with one embodiment of the present

invention;



30FIG 2a is a fragnentary perspective view of the downstreamdrain

el enents, in accordance with one enbodi nent of the present invention

FIG 3 iswea?eriassrssecti onal view of the hydraulic contr@eCTaatau@osiziv ng t he
two drain hubs connected to the 3-way4val ve, in accordance with one

enbodi nent of the present invention;, WO 2011/154784PCT/ 1B2010/ 054925 4
FIG 3a is a Jd6ti3eris v waiighgitivhghavriag shandyvayayalee pegiienedriedliooy dpwastream

downst r eam..dr ai na in.a r it k . of the present
nvent | on e, IR dopAFRREREGR MR Y FERBRH R o 51 ey Vet ve
posi tioned to MG, ol Wpsbéctianldviawndgeing theaSoay daee pwitithedne Ahbodpstram of
the present. invention; 5FIG 3c is a sectjon view show ng the 3-way val ve

posi t i oneHaipagean #roriensmwith gpe pnbedimeal ofdbupissend deatiei:nage, i n accor dance

wth gne embodiEeal iof 6 PAAEBbidd WEALLANalye posiddii 1éAid? néiRR bdiflam
sectional view of the indicator Mec ani sm ‘i n accordance W th one
enbodi mentor dbwhitecapt dsmnge, iimuantdanne with one embodiflel ofithe psat lirenbebyr i ¢ vi ew

of nmost of th ingi cat or nFcha.ni m. in_.accordance V\g}gh 1Q one enbodi.nent of
the present i rJent'Pdh? partial sqefipnal yiew of fegadicaiaE Megrvine R GFCTAUICAIVIEhERS ¢
hydraul i G ooRihak of#lefedefinveitg; t he indi cator mechanism in accordance

wi th one enmbodi nent of the presenf invention; FIG 5ais a top plan

vi ew of the hyldadbiic aposmastic v el mostvelr the cadicgsosinedhonism, in aceudaan gath
with gne enbo igent oéht he Sgresent. i nvention; 15FIG 5b is a sectional view
al ong'¥l i f@CEM SEPECREENG HY Phe i nternal control passage of the

val ve cover, iF(RQROEd26E2cidnvieReofebadidiRil Bidrddlie RhesERMIve MY@iih® Rhe
FIG 6a is a view of the hydraulic control valve with the valve cover

expl oded iadiggtor mechanissr.da Aecorddneh Withene abediment obthe preseiveahoni nvent i on;
ol 5., B! DY SR Al Xoabtd ok (Rl 59480, o
accor dancgcwidaiceonieh enbatbantnialf thdwepmegshtidnvent i on;

15 FIG. 5b is a sectional view along line C--C of FIG. 5a showing the internal control
passage of the valve cover, in accordance with one embodiment of the present invention;

FIG. 6a is a view of the hydraulic control valve with the valve cover exploded away, in
accordance with one embodiment of the present invention;
FIG. 6b is a view of the hydraulic control valve with the valve cover exploded away

20 and rotated 180 degrees from that shown in FIG. 6a, in accordance with one embodiment of the
present invention;

FIG. 6¢ is a top plan view of the hydraulic control valve in vertical position similar to
FIG. 5a, in accordance with one embodiment of the present invention;
FIG. 7a is a sectional view, taken along line B--B of FIG. 6¢ showing the snap seat not

25  installed, in accordance with one embodiment of the present invention,

FIG. 7b is a sectional view, taken along line B--B of FIG. 6¢ showing the snap seat
installed, in accordance with one embodiment of the present invention;

FIG. 7c is an enlarged view of one end of the snap seat in several positions, in
accordance with one embodiment of the present invention;

30 FIG. 7d is an enlarged view of one end of the snap seat in several positions, and
showing expansion of the slot and grip skirt, in accordance with one embodiment of the present
invention;

FIG. 8 is a cross-section view of the diaphragm and plug unit, in accordance with one

embodiment of the present invention;



FIG 6c is a top plan view of the hydraulic control valve in verti cal
position simlar to FIG b5a, in accordance with one enbodi nent of the

present iWOentl/iGms4 FIG 7a is a sectional vieRCTHRMaNORIZNNG | i ne
B--B of FIG 6c¢ showing the snap seat5not 25installed, in accordance with
one enbodi nent of the present invention; FIG 7b is a sectional view,

taken al ong | & Baipapenipreed virw showi digohrerm shapccsssiie pasiioan (dedng erplosing
accor dancg i1 B§ %ehﬁm@ﬂ; ?&{1{91 QUafe G REEFEMce | YE %}ul: %ﬂihogiment FliGhe TFedefit @N
enl arged view of one’end o e snap seat In several positions, in

accor dancavaitioh; @anie enbodi nent of the present invention; 30FIG 7d is an
enl arged view of one end of the snap seat .in several positions, and show ng

expansi on of tHE- 8@ HARD Fovpng [herqon-iinpagbcel Badese  close e bidaticrentobt
t he pres J; -on: LS ection view of the diaphragm
and pI5uge%trl\\{eltl?l\f?l%ﬁ%lg%cf%g%rgzﬁ#%@i%&gﬁénggggﬁmﬁf of the present invention;
WO 2011/154784PCT/ 1B2010/ 054925 5 ~ FIG B8ais an enlarged view of the

di aphragm,j Ay r .8..Gl 0sing notion of the hydraulic
confr ol gmmm%ﬁﬁ AXEEE nent gf the present i nzenti on;
and FIG 9 is a graph showing the non-linearity of the force to
cl ose the hydrew fgliceand rielaildy Ae¥@iptibnie! @t he bk chiiéhtReEGeahFgRdOho@fesf ng
of the valve, DETAI LED DESCRI PTI ON_.OF THE | NVENTI ON The fol | owi ng detail ed
descrifpt i GHYInE Gt thhdvpeim. clier daseligicvonmehist ke elembde §matfing geneea oy ismgadut
the invent] - riptd on i t . j L ti n t
0 e IR TP RS ARLaL BRch SRR e b sl SETGEor B

t he i nvenht @ivengémisdetthiefisebpethefappdieled os@ng.i on i s best defined by the

appended cl ai ns. . The present invention generally provides a hydraulic
control val ve Frf'azfrewyi,n‘fﬁf&wnes@aﬁﬁ%hépr%’édea%adfaﬁheaﬂw valye dbat st B syst em

or any Ot&%ﬁl&)ﬁé Wk ds Btcf)l?tlrol.sa\ysﬁb}iﬁﬂi‘q EEQ?GIIY & éé%ojtf?errfﬁ%cli g(ﬁlgr%% ATy y@ve

di aphragm that “'may have an i ntegral “spring whose t el astonmeric part
may act fmasbe mittdedbeatiephfagmabatoachosentitegadl gpngagmsatdceker ahpstonietic of

the val ve_and whase thi.nner re my c .ete the closin tion so that
the | nt oGl mEpHtGe T FesteE i ieS e lase RGN Frearng R P RO Yo
i Spl acenptscofinhliguMiABNAGTANE Rbs: HRlibn sAURIAD HERk SHPROAL NGKERS

plug may include a flat "annul ar seat portion and a grip skirt portion
i nt egr al | faster than linearly in relation to a displacement of the diaphragm and plug unit. A snap seat

supporting the plug may include a flat annular seat portion and a grip skirt portion integrally

20  joined to the seat portion at an acute angle. The grip skirt portion may expand when the grip
skirt portion is pressed against a wall of the valve to snap the seat into place to a valve bore
undercut. Sitting on the snap seat may be a bracket having a sliding guide that may guide a
helical rotor whose top portion may touch a diaphragm position indicator. The up and down
movement of the diaphragm and plug unit may rotate the helical rotor and the indicator without

25  parts of the indicator sticking up outside the valve. The valve cover may have an internal
control passages in communication with a base of the valve at two different 180 degrees-apart
posttions to allow the cover to be installed horizontally and vertically convemently and to
allow the cover to be unbolted without disconnecting the control tubing above the valve. Drain
tubes may be swiveled and controlled by a 3-way valve directing which or both of the

30 upstream or downstream valve sides can drain.

In contrast to prior art hydraulic control valves, in which the spring is a separate

element or if there is an integral spring it weakens linearly in relation to a displacement of the
diaphragm and plug unit, the hydraulic control valve of the present invention may have an

integral spring that may weaken faster than linearly in relation to displacement of the



20 joined to the seat portion at an acute angle. The grip skirt portion may
expand when the grip skirt portion is pressed against a wall of the valve
to snap twe 28d4t5478at o pl ace to a val ve bore undercut. SiPCTIIBZP1@NS49IE Snap
seat may be a bracket having a sliding guide that may guide a helical rotor
whose top portion touch a di aphra position indicator. The up _and down
novenent cbapltrmn an@p%ng@gmdaﬁag plosige @A gne wbie- i father copdraskloi igr aptdydraulind

the indi &% roll \:f//\adtlveqo w}%apﬁ{e n%fcallit%?nouﬂgé c]%tn?rg)i @Hnr%lilag'gj %pd@rﬂgéﬁtg@eécﬂe

val ve. The V3 cover e ‘an ‘I ht er na

comuni C&fm®thewah e o@vaas &mﬁveﬂ he mspd:ow eheadiaghaepml) thé hj‘m&ﬂﬁhclc&iﬁtidbgafle@sf thpart
positions to allow the cover to be installed QOI’I z ntally and vertically
conveni e rﬁrPWHBWGeW&)“éP%bWC?WQI%WOfthOIB atEReB Wsﬁ%ﬁl {0 the DR S ng

the contr ééfil?llggﬂe @&9&611 thgﬁl h‘é%as%i\?\t}]lg %Npeﬁel%%ng EnSYULVEL R ﬁ’l@ﬁj not

controlle way va |rect|ng both of the 30 upstream or
downst r eanasqm&i mevmgdl%ccmam epdpment! n Sother astrastdo [ﬂlﬂ mrorar’tt inhwlich tiei wlve

control val ves, WhICh th n ar at.e t.here s an
i ntegral P ??gmp tbegoaarently insal frﬂ‘sbqfﬁ vergcalty 110512811 @E%ﬁi%&l‘f%ﬁ%ﬂﬁe

di aphr ag r@e%%iplme HOdulid &ﬁltﬁal/%l@élbf fhe %%Eﬁt%véﬁﬁbl\{ eoo@{ Vérﬁé‘ai RhE ﬁsmoma1

i nvention nmay have ah integral spring that nmay weaken faster than linearly

i n rel at i iostatigicdi fheavdvesveomay he po%@l@uu@_mawshﬂv@ftmmmr@@@zﬂwe
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control tahihe thag frivrhe, B Wik Heed] eaeh rhamnbﬁﬁeV@Jn&ﬁ%e @AY/ef nistheesmy@d t o
i nspect the_di aphragm t he hydraul i c control val ve of the present invention

may i ncor mfaa@ ef baeabye bm@dﬁw@ uthwehydé@mcrc@ntr@a@b@gé dhq WW%H\Y&W@ ks \ier
Sconnect I sgeg%d.' &mﬁ’ %%gla[ %aﬁr E@mgq}? Hﬂd otfraﬁm\é%%&epenﬁ? ﬁ sﬁl@e
y Ho

val ve COVGI’ reqw re vin e con equl p

contrast fugthth@npatas ti@rgrior b, i\MWlﬁbh tHedndiadtvs ﬁd\é@fosﬁ@ﬂﬁﬁthdlﬁa;ﬂﬁ@ﬁﬂdaknt ly
install ed both vertically and hor| zont al Ig and be effective for ad
removhl , FiRcathey ﬁlmaéarrp@ weirie 1 logaiiaps 2B aerEbISFe dRINE CRVEIRTE MBH, dip gYbich

vorihee 0 VNhEonhshut sl kg et S s ey o
chanber apropechoghdshe whienthefiodicabr off therwatat of hydratlic donfrok taiver of the present
invention is entirely inside the valve and does not move from wet to dry position. Hence, the
indicator may not be subject to bending or leakage. In contrast to the prior art, in which the
20 drain hubs may not be compatible with drain piping of a variety of systems that the valve be
used for, the hydraulic control valve of the present invention has drain hubs with elbow fittings
that can swivel to mate with system drain piping located in multiple positions and can control
whether upstream and downstream sides of the valve may drain.
The principles and operation of an apparatus and method for a hydraulic control valve
25 according to the present invention may be better understood with reference to the drawings and
the accompanying description.
As seen in FIG. 1, the present invention may be described as a hydraulic control valve
100, comprising a valve cover 2 covering a valve body 1. Valve 100 also includes a diaphragm
and plug unit 4. Valve body 1, diaphragm and plug unit 4 (including plug 66 and diaphragm
30 65) and valve cover 1 may together be inclined relative to the flow channel of liquid, such as
water. As can be seen from FIG. 1, valve inlet 5 can be called the “upstream” side of valve
100, and valve outlet 6 the “downstream” side of the valve 100. In comparing FIG. 1al with
FIG. 1a2, it can readily be seen that diaphragm and plug unit 4, in a “closed” or “down”

position, may block the flow channel from valve inlet 5 to valve outlet 6 and, as seen in FIG.



contrast to the prior art, in which the valve seat nmay penetrate, danmage
and/ or rust the coated surface of the valve bore undercut, the hydraulic
control wabDwvel10fS418e present invention has a snap seat ®ealiBzhiwhid2an
O-ring that may avoid this kind of daflage or penetration. In still further
contrast to the prior art, in which the indicators of the p05|t|on of the
di aphr agrhall gakensiope® @iy’ posittgnaeruhio the floworhapsel foenyalymmledddo apke

subject t00es &%&ﬁé%g&j@‘@r%a@ ﬁ%'rrg B%S%%el 5 95 @Sl tsﬂe’é%f%?ﬁ% 19pd/ or the

i ndi cators are pron ruck since they may project

out of the vaIA(eomtdlehé.rﬁbbrcxah@y b@inaahﬂ beahaea vafveltpderalidridodigsinagm bnd pluge  of
the present invention is entirely inside the valye ang does not nove from
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relationship that may be present in a typical spring. As also seen from FIG. 8a, in the up
position integral spring S (i.e. T1 and T2) may be urged against and may be pressed against
30 valve cover 2. In fact, in the fully open position a top portion of plug 66 may be pressed
against valve cover 2.
As seen in FIG. 1a2, in the closed or down position the top surface of diaphragm and
plug unit 4 may be said to be substantially similar in shape to an upside down capital Omega

“02” in the Greek alphabet. This shape is not meant to be limiting and diaphragm and plug unit



15coul d be defined as only conprising spring S and hence only including

t hi nner portion 63 and thicker portion 64 wi thout rim62. | nt egr al
spring S waypoinishisde a t hi nner portion 63 (al so | abel edPCTiIB2a16v0HPES. 8) and
a thicker portion 64 (also |abeled "T2" in FIG 8). Thinner portion 63,

whi ch may be adjacent m 62, nay be further fromplug 66 than thicker
portion @maM@wtm@hﬁESné”ap@aﬂb hoggyecbscesmn! shifepesd plugsttmay beloyes thapr om

FIG 8a, égr}{(rgi?%g Bﬁxl g ébggﬁ% éhQ@n?éxﬁ%‘é?f&%@e%%%?@w%‘ Om‘dﬂ' 2%5 Fowh Rhcker

portion to ex o nmove di aphragm
and pl ug dxampieéind‘@@nlazoomanm(ﬁf& seat portion 10 (see FIG 7a) of seat 15
(see FIG 7a) in an injtjial notion. Thinner portion 63 ég Ertethe
cl osi ng mot i orf BYecaliyderigpechsnAR £838 L S MRAYGREO YIRS AURPRE TPHPIE 08 fi&a@ a8 A

thi Ck%r %%hlﬂpﬁl §)4rest6t§rp OAQééAH ﬁr agm}/ igh%fr S §11ra? %é’ch@ 5391 1%1}%% i 9

as valve oses, 1.e. plug unft 4 i |sp ace
downwar d \tahwérody\lakm@ sszaaiﬁ rﬁ@ maludb aﬂan@msmt@brttomd& agrgyskatt pepronrld S nmay

weaken faster than atl n to di s ce .of . .di aphragm and
D uguni g aned ot st prden T3t P hiufe #f0k Gl rif Akt eGP

present ipa@ndyRl g@ah%ﬂsﬂﬁs Ifﬁlaﬁhﬁ?b@@ﬁﬂ td H@[He'ﬂrﬁskﬁ@ orﬁiﬂntllm?nlbi@e(ﬁ%!;t' on
integral spring T1 and T2) hay be urged agai ns? be pressed

agai nst :&vtalla@liewbqv seztiopmoffthe grip leirttpoeticor i 1 ﬂowxg@@hwmrm ﬂmrtaomu@p Idortion

of plug ress a t. valyve Fl G 1la2,
*h Dol iBet sl ETR s PR Bhey gt b Y Stiipoy bR il Bl uni £ 4
nmay be saodyl andmasubsthanéieatd b &ithd Vave béresinaneut 18, Bhapp&itds ndlgvherebpi t al

Orega "0" in the G eek al phabet. This shape is not neant to be limting and

di aphr agrinamiripplage inyalve Wyzlowh tsArinEcringld soroswsesn B MGrdy arhipe 16t her
shapes. j@gb"f?ﬁ% n%?‘é@é{%%@o %NEFzsC o -'boﬁg]l%g&‘éuﬂfs R n%% WR ant

than rim agm |ap rag cIo Fn a %om i on,
as shown ﬁmbxm@&mkm portibh G, Iazltahative dﬁktﬁdnﬁentd\tslpaﬁglalbhtywdﬁsa:ag!peﬂlosrlap
seat 15 may proyvjde support for pl u 66 of d| aphragm, ane&g H unit 4 to

fost bn. A SRS PURPRITGY nphoe ik Ynpximgtely Pl acgrees or even
i nstall atlb&gr_l n

As can be seen from FIG. 4, FIG. 4a and FIG. 4b, hydraulic control valve 100 may
have a specially designed indicator mechanism 29 comprising a diaphragm position indicator
39, a bracket 30 having a sliding guide 32 and a helical rotor 33. Bracket 30 may sit on plug
20 66 of diaphragm and plug unit 4 and hence may be situated in control chamber § between the
diaphragm position indicator 39 and diaphragm and plug unit 4. Bracket 30 may have a
bracket bolt 31 that may allow bracket 30 to attach to plug 66, for example at a central portion
of plug 66 .
Helical rotor 33 may have a top portion that may be associated with diaphragm position
25 indicator 39. For example, the top portion of helical rotor 33 may be attached to or may
include a rotor stem 35 that may be operatively engaged to diaphragm position indicator 39, for
example engaged to an indicator plug 36 of indicator 39, so that rotation of the helical rotor 33
may rotate the diaphragm position indicator 39. As seen in FIG. 4a, indicator plug O-ring 37
and rotor stem O-ring 38 may assist in securely attaching helical rotor 33 to indicator 39, along
30 with rotor pin 34. O-ring 37 and O-ring 38 seal off the wet indicator mechanism 29 from all or
most of the dry diaphragm position indicator 39.
Indicator 39 may be a turning indicator and may be visible through transparent
indicator dome 40. Indicator 39 may be defined to not include dome 40 so that no part of

indicator 39 or indicator mechanism 29 may be exposed to dirt.
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i ndi cator 39. Indicator 39 nay ‘be a turning indicator and may be visible
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movement gf c%éé-: e AR 13 ont 66 may be plug 66 in valve 100. Accordingly, position
indicator 39 may indicate the position of plug 66. In this characterization of the present
invention, position indicator 39 may include or may not include dome 40
Valve cover 2 may be designed for a control valve that may have control equipment
25 (not shown), for example control tubing, situated above the control valve. Accordingly, as
seen in FIG. 5b, valve cover 2 may have a hollow internal control tube 54 that may define an
internal comtrol passage 54a that may be in cornmunication with a base of the valve 100 and
that may be located outside of control chamber 8. Internal control passage 54a may be
sufficient to house valve control tubing (not shown) and may be operatively engaged to the
30 valve 100 at a control boss 50 on body 1 with the help of seal 52. Accordingly, valve cover 2
may be removable from body 1 of valve 100 without disconnecting the control equiprment (not

shown).
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I nternal g@ntrol passage 54a nmay be sufficient to house val ve control

tubi ng (not shown) and nay be operatively engaged to the 30 valve 100 at a
control boss 58 ganpoblo. B, wklivh 1theakelsp hefe sgeﬂtdfﬁnhﬂm%ﬁﬁﬁﬁt rigiilgipgaral ve
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55 allow ng for inner control tube 54. Cover control gl n 53 may assist in

posi t3%ni Sﬁgor@fdr@@\b@bs 5% QSB@quel to fit with drain piping (not shown). Accordingly, as
seen in FIG. 3, FIG. 3a, FIG. 3b and FIG. 3¢, first drain hub 25a and second drain hub 25b may

be capable of being connected to one another at a 3-way valve 26 whereby in a first position
(FIG. 3a) the downstream side drains, in a second position (FIG. 3b) the upstream side drains
and in a third position (FIG. 3¢) neither the upstream nor the downstream side of valve 100 can
25  drain.
While the invention has been described with respect to a limited number of
embodiments, it will be appreciated that many variations, modifications and other applications
of the invention may be made. Therefore, the claimed invention as recited in the claims that

follow is not limited to the embodiments described herein.
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WHAT IS CLAIMED 1S:

1. A hydraulic control valve, comprising:

a valve body at least partially defining a flow path from an inlet to an
outlet;

a cover; and

a diaphragm-and-plug unit comprising a rim sealable by the cover, a
plug and a flexible diaphragm extending between the rim and the plug, said
flexible diaphragm having a portion of a first thickness adjacent to said plug and
a portion of a decreased thickness further from said plug,

wherein said cover and said diaphragm-and-plug unit together define a
hydraulic control chamber, and wherein, in a closed position of said
diaphragm-and-plug unit, said plug blocks said flow path and, in an open
position of said diaphragm-and-plug unit, said plug is raised so as to unblock
the flow path,

wherein said flexible diaphragm is configured to provide a non-linear
integral spring biasing said plug towards said closed position such that, during a
closing motion of the diaphragm-and-plug unit from a fully-open position
towards said closed position, said portion of said diaphragm adjacent to said
plug exerts a first closure force to displace the plug from a fully-open position,
and said portion of decreased thickness generates a second closure force weaker
than said first force during a terminal part of the closing motion, thereby
resulting in a non-linear variation of a mechanical closing force across at least
part of the closing motion between a fully-open and fully-closed position as a
function of displacement of said diaphragm-and-plug unit,

wherein said plug is formed as a block having a cylindrical outer wall
having a thickness at least twice a maximum thickness of said diaphragm, and
wherein in the closed position said portion of said diaphragm adjacent to said
plug emerges from an end surface of said cylindrical outer wall, the control
valve being configured such that motion of the diaphragm-and-plug unit to the
fully-open position deforms a region of said plug adjacent to the connection

between said plug and said diaphragm so that said portion of said diaphragm
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adjacent to said plug emerges outwards from an outer cylindrical surface of said

cylindrical outer wall.

2. The hydraulic control valve of claim 1, wherein the valve is
configured such that substantially all of the initial mechanical closing force
acting to displace the diaphragm-and-plug unit from the fully-open position is
supplied by the integral spring.

3. The hydraulic control valve of claim 1, wherein in the fully-open

position, the flexible diaphragm is urged against the cover.

4. The hydraulic control valve of claim 1, wherein the plug is in a
central portion of the diaphragm-and-plug unit.

5. The hydraulic control valve of claim 1, wherein said portion of said
first thickness circumscribes said plug adjacent to the plug and said portion of

reduced thickness circumscribes said plug adjacent the rim.

6. The hydraulic control valve of claim 1 configured to be controlled by
fluid pressure within a pressurized fluid control line,

wherein said cover is formed with an internal control passage in
communication with said hydraulic control chamber and terminating in an
orifice oriented towards said valve body, and wherein said valve body is formed
with a supplementary control passage deployed for fluid interconnection with
said orifice and terminating in an externally accessible connection port for
attachment of the pressurized fluid control line, such that when the pressurized
fluid control line is connected to said connection port, said cover is removable
from said valve body without disconnecting the pressurized fluid control line

from said connection port.

7. The hydraulic control valve of claim 6, wherein said orifice is located

outside said rim of said diaphragm.
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8. The hydraulic control valve, comprising:

a valve body at least partially defining a flow path from an inlet to an

outlet;

a cover; and

a diaphragm-and-plug unit comprising a rim sealable by the cover, a
plug and a flexible diaphragm extending between the rim and the plug, said
flexible diaphragm having a portion of a first thickness adjacent to said plug and
a portion of a decreased thickness further from said plug, wherein said cover
and said diaphragm-and-plug unit together define a hydraulic control chamber,
and wherein, in a closed position of said diaphragm-and-plug unit, said plug
blocks said flow path and, in an open position of said diaphragm-and-plug unit,
said plug is raised so as to unblock the flow path,

wherein said flexible diaphragm is configured to provide a non-linear
integral spring biasing said plug towards said closed position such that, during a
closing motion of the diaphragm-and-plug unit from a fully-open position
towards said closed position, said portion of said diaphragm adjacent to said
plug exerts a first closure force to displace the plug from a fully-open position,
and said portion of decreased thickness generates a second closure force weaker
than said first force during a terminal part of the closing motion, thereby
resulting in a non-linear variation of a mechanical closing force across at least
part of the closing motion between a fully-open and fully-closed position as a
function of displacement of said diaphragm-and-plug unit,

wherein said plug is formed as a block having a cylindrical outer wall
having a thickness at least twice a maximum thickness of said diaphragm, and
wherein in the closed position said portion of said diaphragm adjacent to said
plug emerges from an end surface of said cylindrical outer wall, the control
valve being configured such that motion of the diaphragm-and-plug unit to the
fully-open position deforms a region of said plug adjacent to the connection
between said plug and said diaphragm so that said portion of said diaphragm
adjacent to said plug emerges outwards from an outer cylindrical surface of said
cylindrical outer wall,

wherein the hydraulic control valve is configured to be controlled by

fluid pressure within a pressurized fluid control line,
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wherein said cover is formed with an internal control passage in
communication with said hydraulic control chamber and terminating in an
orifice oriented towards said valve body, and wherein said valve body is formed
with a first supplementary control passage deployed for fluid interconnection
with said orifice and terminating in an externally accessible connection port for
attachment of the pressurized fluid control line, such that when the pressurized
fluid control line is connected to said connection port, said cover is removable
from said valve body without disconnecting the pressurized fluid control line
from said connection port,

wherein said orifice comes into fluid interconnection with said first
supplementary control passage when said cover is attached to said valve body in
a first orientation,

and wherein said valve body is formed with a second supplementary
control passage deployed for fluid interconnection with said orifice when said

cover is attached to said valve body in a second orientation.

9. The hydraulic control valve of claim 8, wherein in said first
orientation of said cover, an opening of said internal control passage into said
control chamber is located in an upper portion of said control chamber when the
hydraulic control valve is deployed with said flow path horizontal, and wherein
in said second orientation of said cover, an opening of said internal control
passage into said control chamber is located in an upper portion of said control
chamber when the hydraulic control valve is deployed with said flow path

vertically upwards.

10. The hydraulic control valve of claim 1, wherein said diaphragm

gradually diminishes in thickness from adjacent the plug to adjacent the rim.





