-; e3ew(Wdpl 26T(}] " WO 99115942 PCTI US98/ 18928 -3 pilot is simlar in
construction to a self operated regulator, having essentially the sane
ebenents as the self operated regulator. In the pilot operated regul ator 23
i | Fustrat edwiopoAisgar e 2A and Figure 2B, inlet pressure is supti®dsisdsa
pressure tap 27 in the piping upstreamof the regulator 23. In the back
pressure s pilot operated regulator 23 in Figure 2B, the pressure tap 27
further may include a restriction 26 therein. Inlet pressure to the pilot
may al so be supplied through an integral .pressure tap to the regul ator
body. CQutlet pressure is fed back througﬁ pi pi ng 20 connected downstream of
the reqgulator 23. The downstream pressure is connected to the pilot 24 and
the main regulator 10. The pilot 24 anplifies the pressure differential
across t pRotiekimil gnt@iseuctibnap Arsalfdpérated regmme,maivmgtdasamany e QAhichd¢médhe
upstream (back pressure) or downstream (pressure reducing) fluid pressure.
Pr essur eas hgiselopergted aggulatemy advant ages over ot her control devi ces.

Regul ators ar el atjvely |nexpensj.ve. They. generall not.fegujre an .
extornal powein Luoboreaipt FES BT isdle i BTRAA ind ettt 2 il pfage i
regul at Oggpolies videpressafsp 27 i fh@ptiﬁﬁ% BPQF&%%%E REt26! 30 Inafle bak REWEFe
Further, the process sensor, controlTer and control valve are conbined into
a i s rsel atlotvoperatahmphiatos @B in Eigntes2 Bighe preshag tap I3 fusthemday ivichgles riestcicticke 26
good frequency. response, good rangeability, spall size, and there is

gener al | $pergiRg Indetgyresseredo H"@éﬁ‘&@jé?so'ﬁ‘?eﬁuéph?&%&?% agilalgaxAk RECSHES tap to the
associ at ] o] o) o[ N . I j

o st ng Bkl bof0 CRE SRt o B Mo ER DI AL IR RA TGRS E R,
to as of tgalat@r23pritie@ovneiédm PRBhre {cofRedted hahé pHot Zsaridnie dadd eaaktdr 0.
controlled pressure in a pressure Zo reducing regulator and build-up is

def i ned &Be BHot Hcarenlifiesithe pressurediffergnpialeassoss dha meingegidater diapbeagmel & wrdent or

that occyr when .noving froma |low |load to,full |oad flow condi{jon. The
are g nbd Sl eRE Uichost O Poae BrsSite) Bae diren ety OB R e .
preval ent W t Predbr® edoufiGis RhROmhRPMVRRRLEs ot lothelr c8hPA d¥ices. SREQuIRolsaRS e
degree with known pilot-operated regul ators. Regulators are often required
to go t oredatively inewpensineli Theyngeneratlly dosot eéqrirecnl extersal poiver kouiree topperform the

"reseat." I n a pressure redycing regulator such as the self er at ed
( egul at oPTEITE RO dHston FAthER SRHIATES \5p AhRET U RRm AbGProsessbeing gitallet,

down st rﬁﬁ?oWeﬁSFﬁﬁlﬁ:lr,W fRaGhefso ,fﬁog{r?mrﬁ éoBtrh?vﬂ@eszirE BiBidelinb e

regulator 11 to conpl et ePy stop f ow. At this down stream pressure,
t he cont radtivelessalt, sclf-eontbmed packapéeOdiea pivamaped thehmlegoot frequéroytredponsg,

el ement 17 orrplﬁely SHJBSTI TUTE_FSHEET (RULE 26) WD 99/15942 -4

PCT/ US98B9%beraesahilyy; wmalk nizraand thers 18 gepsrally Bglerds nossiamm lagkagh. ocki ng f1 ow
Thi s condi ti OR y - ¥ : as
he pilot opentradts ouarehOEe foctalbf B ERRBUES SEMMB QRN |
t he regubssboiatedpyitldExifingpréssinetegulibsriaclude “deept aidtbuild-upgtalss fderral ®hast
off flow. In this case, the up streamcontrol pressure falls to a |evel
wher e t heffs@a paqnortinpabbando Droppisslefioed as healesicass i £anEolageoress e 0|4 prgssure

el ement 17 ve to a positio onpl et el y bl ockin luid flow _Lnternal
par t o3 S TR SabEnt BERP S Re BRI ntreA S So0S s Preie i e p B e
parts capredbure ¢€0uldibiHACES RhérARSviak floPk K 16\0 I6aAR Hull idal flow EiRlitforl. TBLY @feOr
is a self contained control system eéxisting regulators typically do not

cont ai n whena hpeNpréssedyastagpercamtruliaoptand biui Id- upt dre espeoiatly prevatent witpdixsets s

control syste This ~o0 creates several dyawbacks. Since there js not a
oans t o SPRARUr g B, Pudt 58 s B fleStar deaie A kg TRt oPers Betiatoss |

nust be- adj ustgegh ARAUA|often AlSE IR0 B 218 ARABARNiGUGALA RRREIYES TREE.

. knob on the regulator to achieve sired force on the actuator. This is

especeal lup” ontesdat.aliha préssuRred itk ilatirisactsagthe sélf pparared segulaont I ivl Figog
the pressure of hazardous substances. There are no control roomindications
of regul dturthppiletopartedacguleay?hin Bigereatdr dowrpstream pressure may reach a point where

it is desirable for the regulator 11 to completely stop fluid flow. At this down stream pressure,

the control pressure fed back to the diaphragm 18 moves the throttling element 17 completely
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~s inferentially determne regul ator malfunctions through readi ngs of other
process indications. The |lack of communi cations and processing capabilit’ies
may al so | hgwgaintainability problems. It is difficult cg.b?$@ﬁ§; le toe
cl osely nonitor "regul ator perfornmance over tine, so there is(fl e advance
war ning of the need to fix or replace a regulator. There is also a |lack of -
advance warnings for inpending failure) which is especially troubl esone

Wi th existing pressure zo regulators: sipce they are process powered, they
typically do not include a failure node bperation. |If the operating

di aphragm of a spring-1oaded pressure reducing regulator fails, the
regulator will open fully. This creates issues if the downstream pi pi ng
cannot  yyeb fiset s\ rasRSdtioRarealr e Bty Klockdhf KIOWS , THX cdnlditbn' i€ lkh&vn wat Meekupat

can handl e the maxi mum fl ow of the regulator is not present. Back-pressure
r egul at br & badk pressurguieguletoy sedhoasgheipilot eticsgied regmiafani2B shewn s Figueen2 B pressure
simlar issues r the upstream portiqgn of the process. It is I1..kno

That | nURSREATE of (heurHEor Be Arah o leudriers Mo aeHIBpE s aautitede gty v Tn
control ] [

ot uat ol SREENHELS sERE cbfiv) Byt IENCRIY 0L MR B OR iR PIRPIRISRY

t hr otst | pregsuet eame tthd iraingletemdrit AX.to hiovieas a poiihioh thmpleBhrblockinglflmid ipw. WO

99/ 15942 -5 PCTNS98118928 been estimated that properly utilized, regulators
coul d r bBpemakpastspreblpms.goptasminatiopsoy kinding in the movsmentief the intemel partscanalls.
The hesitan o _use & | ators .i.n place of control valves is due, in large
part, t(c)érﬁﬁg&gh%??l%%rﬁfﬁ%g'?scs%%lypyéd wi th known pressure regul ators.
Primary concgife airbglibdeisd RAPconbah@ridilod Ts)'s@'e‘in,ek'iiitihg?eéLﬂ‘ﬁBrsQf'piEﬁW@pot
operability. ProcesS equipnent s users, hovwever, are continually looking to
be nor ecomsin thompability teecommumidate twitdnother erténsaf a prpeesy eomsral systempridtess
efficiency and up-tine with existing process equi pnent, . process, equi pnent
User§ aPEASSRIcHY draRacks cincs te B amsaps toemelely roide a ¢ PoiLOLBG &

di scuss j+ L0 i f . I AQ; | ide a

| ower cg%tuuct)%pt’ P%k gggéa%@lgg%gnﬁ%&é%gﬁégal bﬁﬁjgglt;ﬂ?gﬁgw@éd{l%m}nﬂgg\s‘t ries
spend apghustiemakedtyorbtheQeduildtbs wrachieed thywedasired fored mi theawnatoef Thisdsespecially

equi pnent. This results in naintenance costs representing | S-40% of the
cost of UBdrsiradledn &e applicptons AHiAProcesYRs comTolling thetriessuEs afdzardpint  on
Mal Nt engiiee, reds. ARk gre%%h{i‘&ﬂ%&gxsiﬁaf%tiﬁﬁs dt{}gélhgtg} %?orﬂﬁh@é, FEAH eope %Ers to
exanpl e, sincé known regulators do not have dragnostics of 'CO I'cat’ 1 ons
capahi | uifereatiildy éxeangeguRtamahinetions thiogkireddinds ofosties Procebidyicarions.
difficult to_~s troubleshoot. Oten, in an attenpt to correct unidentified
process pr oblTaégdackraf gommunicatigneandepriogessing copabjlities masaglso tead to mantaiaakilist or
was fungti,onin r rly. .Changi.ng the requlator require halting the
enti e Broiduy 1 fedfficuly impORInm plosely TroREr eyl cebirmite SRS vong
the per tiRréRNAGe dvaRAtOGRREng HSth WBENGSI S BERPRASe REQUEHSE TIRE s Sladie ofe! |
as inproving maintainability through processing capabilities and

comuni edvangasvamihgs for impdrdmegnfailyre; adicheis zepeniabiy tmoublesomeg withsixisting poessurg
need_clearly exists for an inproved pressure tequl ator, that .conpensates for
r oo ¢ FERIAST S Liey PO E S VB HLY SORoRiRCute £ RO woul d
be desi Lalhagod 0 ' et QFint 9od gémg ' -

di agnost ?c ac%%agitﬁ?ﬁéégﬂ{ggd{a %@vﬂlrbg%? faln%g%dﬁ gﬂpﬁﬁgﬁ tuhgllggx léa)(g{ggamg’f thglat a
t o enhamnegulares wilbopeafully.t YhisMpeaes\issues ifths dowasiichingpipingzand@atithsandar e
required concurrently with the need for econom cal solutions for pressure
regul at iUBpreagUprSTIUTE FEndgimsor iRyreliefaplve thyd cgn hamiie the mpaxdmymnitaw of theHE

| NVENTI S98/ 1 8928 The present ,i.nventi on resses the. above . .

shor t cofSIAOLE AP preschlc Badk Brofg S kMR Oty R 3R Lobp icBipE feiure,

regubsat @fearifip GitieRIANESH iRAWsAEAR pRRIJOSMROSRCE. | ncl udi ng processing and

comuni cations capabilities. This i's acconplished while naintaining the

pressur e regut stvesll lsnevrethasini manyostuafionstoofhish preksucé tegubatats eodd bmapplied,
control valves are used instead. The control valve includes a powered actuator which is

responsive to externally supplied signals for moving a throttling element to control flow. It has
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I'n a broad aspect, an exenplary enbodi nent of the invention provides an
intelligent regulator for maintaining a fluid in a process at a

pt edet erm ned pressure which conprises a fluid inlet, a fluid outlet, a
fluid flow pass@g@gpaconnecting the inlet and the outlet, and q,%@%k%z?g
el ement noveable wthin the fl ow passage for selectively restricting uid
flow through the flow ~0 passage. An actuator is coupled to the throttling
element for selectively nmoving the throttling el ement. The actuator

i ncludes a control side and a reference gi de with a reference | oad coupl ed
thereto for biasing the throttling elenenf in a predeterm ned reference
position which represents the predeterm ned pressure. A feedback |ine
‘applies pressure fromthe fluid being controlled to the control side to

nove thepfleliithed ?&%Eﬁ%&ﬂ& g1z RlpRDEGEs kaaa_r%ﬁamwﬁtrbh@awémbs%m el ement
i>wthin the flow passage”to adjust the fluid flow thereby controlling the
pr essur eapplications fusing dontroltvabyvepr Thedesitartiyeo useegtlatons inpladesof conirdludbes as
pressure, sensor whic rovi des . a si gnalgLnchati ng the pressure of the

h
fluid bedysginclargenart @dge shpricamings asspcited with knewn PEgsUrs regilatetie PHBAIY i on of

the th ling: | i ' ignal.
i cat e RS ERop ARFcbrS Al ackldf b BT, ¥Rl aipent
adj uski ngsefy; BOWEVER, dré célimually Lb’ékﬁfg tbbe rxﬁfré@@ﬂ%oh?etﬁth&. Jh@daition Z®sdelirigher

enbodi ments provide capabilities for proportional, integral and derivative

(PI D) comprovematitsigrpsedesceffigieoerand wirtimgrvitic ©fisHing nraedss AGUIRMERL, psocessnal

devices._ln accordance %@it hI anot hﬁr Fn.bodi ment of tthq(i | ﬁengi Qny. . A0

el ect r o IRIBST BoTeF 8% spaing loeg sethaiiehuioasess hatralo LgRF Fooudinelised 1 ui

pr essur eli@itaforidof AT WRte LI fhteRY thes cHYd ipisvild £Rvwr Rogtloptibe fdrlmdy bei ng

controlled to position a throttling elenent 'to restrict fluid flow zs

t hr ough ¢dmtrobedlve agpdrcationsg pressure regul ator is presented, which conprises

a pressure sensor which praovides, a sjgnal .indicating the pressur f the

f1ui d°bei ng Oy inlustaigs S%Fnsra&%gmte(mg«ﬁ%ﬁ bilder picdyeAhE @P@W&Pﬂqerﬁipfaam ng

t he presgyE ' ' L4k [ I

ropr oseriimdt. THE rholsh REIRMAENHR i Bilaifle TE 0% St e bWl goods sold per

pr essur eyeafi Elirthes, atephiré df (HeBONhrEdpent SrhdinfehRbiide i2 Ohsted MOMOHnEER4aty or

PCTI US98/ 18928 to the throttling elenment in addition to the pressure of the

fluid beinglfecttysmainteaance nFprapaipie sinse kKnews regyiators do pat hayy dizgophics@ssor .

In anot Ngg B 0B ARREG iR TELAG L ASEANHR AR bt LDERE SR8 e ST P"
or conpensating TOr droop ih a pressure regul ator at  roughly maintarns

f1 ui dspressilésBodt Gftéh, B AfAieRipitd estrdce uRideMyfiddSird@sé PGS sdghiit@t atdhe

fluid being controlled to position a throttling elenment to restrict fluid

f1 ow t hrspteed. palystell¢arp ghat thei raglptor was funciienink araperly s Ghpoging & regHatofEiayod

conpri ses the ts of determ ning the pressure of the fluid being .

contr of | BEUTERAGHE R LR TP ERE TSGR RS AP Ry Brion e SEbE e che

flui d bepdtbrRhdd oF prockss striems SEGT APreRAet k@M Blors LAIPAS iipeovike error

val ue to an adjusting pressure, and repositioning the throttling el enent by

~0 appl ymaiptaihabibiyj b grqee st rapabititiedatid doommuemcations pik signifsanty rdduce | ui d

bei ng contr%l ed to the throttling elenent. BRI EF DESCRI PTI ON OF THE

DRAW RGSTRPYAFHNEE F&S schematic diagramillustrating a typical prior art

di rect - oper at ¢g}, PL&RsHLIEad PGSR R an iln?)r(ﬁ'eg r@ssxﬁ@r&gﬁxlﬁoﬁﬁgﬁé@ﬂﬂeﬁsﬂé% afBop

illustrating a typical prior art pilot-operated pressure reduclng

r egul at ocharddteristies 2 éxhibitsdaipesvetiperfdimgtcanFuithersit mauidbe desirplpe dad ther i or

art pilot-operated back pressure regulator. Figure 3 is.a schematic diagram

i | | ust r atMPrgvedhregulatastaingludsicommunigation apd giagRrossicsarahilaticsdo allp rgpote

P A S R R T S A S S L D

25 features are required concurrently with the need for economical solutions for pressure regulation.

SUBSTITUTE SHEET (RULE 26)



reducing intelligent regulator in accordance with the present invention.

Figure 5A graphically illustrates the electronic controller's droop
conpensat i f ion for an enbodi nent of the invention. is Figure 5B
gr aphi cal | S&ﬂ#{]g“?at es the electronic controller's build-up¥k Rd8¥2Bon

function for an enbodi nent of the invention. Figure 6 is a bl ock diagram of
the intelligent regulator, highlighting the functional areas of the self
operating regulator and el ectronic controller. SUBSTI TUTE SHEET ( RULE 26)
WO 99/ 15942 PCTNS98| 18928 g Figure 7 s@hematically illustrates the

el ectronic controller of an enbodi nent of the invention. Figure 8Ais a
regul ator offset chart, plotting set point pressure value and contro

pressure against flow for aﬂlﬁy‘g&%ggﬁ;ﬁbqﬁvfﬂﬁéhor. Figure 8B is a

regul ator offset chart, plot pressure-val ue and control
pressure agai Tid prebétitvidvehtich &Risdssed the abisve shelietnain@s of fhie Priio? aftAyiprovdding an
regulator inlet sensitivity chart, illustrating control pressure curves for
var i ous intelligenppressiue wgulator whigh endwanees regdator peyforegatabymclwlingprocemBingsand
regul ator inlet sensitivit art, illustrating control pressure curves for
o vari GOmHRIGHIQN sepahilists SRis]s peromlsheel il mapaing he pregareregslala’s
chartg i |dybisibaeh fgﬁﬁﬁ- { retic error for a pressure regulator.
Fi gurse 11 A;nl‘gs a&gﬁgrt [ ?Jgﬂ?ﬁg}'ﬁr ock-up" in a pressure reducing

regul at or. Filpurlerodd adpectsamexendplaryienibsdinialit ofithe inveasioatprovidesarbiacdligenessur e
regulator. Figure 12 illustrates a communications |ink between an

i nt el | i gegwlatosonmaistaining a flyidiaadraease at apredetenmingd pressire whichgamnsiseha an

1 st r AP AR P a8 s S Gind Rt o iR B p g
accor dangémitiriovelBle R¥iftif e AAdW BASAR YoRSledVe Stk QFiBAHg AGRLAGK (ORI heiffoly a

single twisted pair with HART. zo Figure 14 illustrates a comunication
| i nk ihetpassagearin actwtdriis eorpledatguhaithoottling ederoeont deamsetectivell mdning thegbrottling

i nvention and external ,control roo i ng.a four-w.re, al tw sted ir
' ange UstheNt: (6 AETRlo el o e aptedl SHABhATFICEReR S M stigaesoag coupl &
intelli gR&etd Rﬂ;ﬁia}‘igg&hé ﬁu&ﬁﬁ%r i i irWahﬁbd}:f&ﬁnﬂ{eﬁ?@f@fenb@?!ﬁﬁbr?@hﬁ'fﬂeﬁ@sems

external contro m usi ng 1o |1 I's Figure 16 | strates a
comuni ahe pradetermineli prevewrn. Anfeedtiaek lingepyilies eepskurt drom thegfhdd bdmgeentrblidd tbhe

present jnvention and an external control roomusing alter

nate
conmuni ¢8F FeREol side e myerheactyalerAgamst the pefereaes load to @egsﬁeﬂ%ml@aeﬁmmum
26) 15 QRS ﬂgw%‘m}lg? & Jn?@s% fhe fluid flow thereby controlling the pressure of the fluid in

the process. The invention further includes a pressure sensor which provides a signal indicating
the pressure of the fluid being controlled, an adjusting pressure for adjusting the position of the
throttling element, and a controller which receives the signal indicating the pressure of the fluid
being controlled and applies the adjusting pressure to the actuator in response to the signal.

20 Further embodiments provide capabilities for proportional, integral and derivative (PID) control,
diagnostics processing, and communications with external devices.

In accordance with another embodiment of the invention, an electronic controller for a
pressure regulator that roughly maintains fluid pressure at a predetermined level by using the
pressure of the fluid being controlled to position a throttling element to restrict fluid flow

25 through the self operating pressure regulator is presented, which comprises a pressure sensor
which provides a signal indicating the pressure of the fluid being controlled, a processor which
receives the signal indicating the pressure of the fluid being controlled and outputs a signal

representing an adjustment to the throttling element, and an adjusting pressure which is applied
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-9 DETAILED DESCRI PTION OF THE INVENTION '"'~" Turning to the draw ngs and,
in particular, Figure 3 and Figure 4, two enbodi nents of an intelligent
pressure regulator in accordance with the present invention are illustrated
schemat i cal\,wgg,{?@g? enbodi ment is referenced generally by ths-He5R)@bagl0
and includes a selt s operating regulator and an el ectronic contro(ler
(shown surrounded by a broken line in Figure 3 and Figure 4). In general,

Figure 3 illustrates an intelligent regulator in accordance with the
present invention as used in a back presgsure control application, while
figure 4 illustrates an intelligent regulator in accordance with the

present invention in a pressure reducing application. In Figure 3, fluid
‘flowis fromright to left. In Figure 4, fluid flowis fromleft to right.
The ~o0 dpdwi thrattlingletedienein &lditionus thegiressurenoffhgfluid ®immnebnkioted & wespanst tale a
sel f opeEatingi regul ator, but one skilled in the art with the benefit of

this di $8¢ 3guHOuElbytheRIPeEs%t t he i nvention using a pilot operated

regulator. R ) f . | i k . I 1

el udes a badghab bR dotferd FSRin poiGrdict pARShEblIG AR | 1, L
a flow peapagatihP fGraib@Sin d\gedsie regil@br that AjughiysmhineainsAdid prebduredt &1 ow
restriction area 16 is situated wthin the flow passage 15, and a

t hr ot § | ipaefetarminedtleviet by usiog ithergessureraf ¢he fluid teing cpntriolod torpasitign & theottling
restriction area 16. .The . throttlin enent 17 may conprise a plug

rerbr @ SRE & s Qg e 4B sl ST Ao CRNRT RRFUSIL AT, ¢ he
restri cthQRoéSRprifds idaraefstd AetetriRirlgl te grefs!uﬁwof HRA1Ui& BLind cBhtrdifedf bAlbMEfing

i ncl udes an actuator 1 ncluding a sensinhg elenment, which’in the particular
enbodi mantesror Malue by abrgaring the gresair8ofzthe dluik Beigg centdolledrtp thegwedaerdiingthleagim

18 which is goupled to the regul ator body 12. The, K sensing, el enen
al ter natCQP\}e%%'R’Sé”ioﬁV%‘H%t‘f Y A USHING PFRSAHIF ofidl TEPOSHIQNIRG tie thuguSipg H\teﬂlf"E;Plém 29

et e 2B e At s SiERR hdloh 8B ARG peligRal B A 0°

control thwostisgeRrm#dt.i S connected to the di aphragm 18 by a control line (not
shown) or a passage (not showng within the val ve bog% 12 or external is

t hereto. The enbodi nent B&l SCRIPERIGN Qb THE RRAWENGSh Figure 3 is a

back- pressure..reqyl.at or,,  si.nce the.control pressure 30 .i i he

di aphf agm 16 HIBEEAdSh G tentg ety UFSPaGR: o REFREBG: A00ud 3Rt Ehptuldr |
shown i nehijadf.e 4, wth the di aphragm 18 connected to control SUBSTI TUTE
SHEET ( RULE 26) WO 991 15942 PCT/ US98/ 18928 ' -10 pressure 30 which is
downst r eam ofFigire 2AeigalsahematitGliagiine ilhistrpting g typieal fpuior A pilpeparated pegssure
reference,si.de 21 opposite the control side 19 which is referenced to

at rmspherF%l?c"f%wreﬁHM‘ regul ators, the reference side typically includes a
spring 22 or is Ul IR i i | GRlor W pAbL-GRPAEEBaAD

addi ti onal fo?gg&?? tshgbéegl?‘{et?erllce siﬂgde&%gtfaéz cﬁeﬁlgnal I yl,p a ?;%? screw 31 is
s posit ipessdretrogwator.t he initial position of the spring 22. In the back

pressure regul.ator, 10 of Figure 3, the process fluid is shown flow n
through a pi pagys’ l?ﬁéc@emthghagzamgﬁtﬁﬂé@%ﬂ%aﬁmlwa(tem‘%odefaﬁasofﬁ&a\fﬁ%e%sws
throttli 3 ' ' ihtihon. The fluid flows
into 2% he@hrls{e?‘ﬁ@%ent% ﬁe g&éﬁq?ﬁi&g&ékﬁg it%én&grg%é%hg%lg goes out through the
outlet 14. CoRigurel4 isagskanisticiagram ¢idusnratiagdn txenplerycambbodirerttiaf@ pt&sofe t he
~0 di aphragm 18 in a manner such that system pressure is applied from an
upst r eanfcfering inselligent repalaterrin pefordange with, the presemidnyandoni aphr agm 18 to nove

agai nst the sprin 2 ieh.moves the stem and the, throttl] .17

2 necessary FBuS ErpBihFnuRIAE: hESleBlE R Aot s dtbqhlonmis i aiRRLd
fluid presayebodidnPsEss ivenfigduci ng regul ator 10 of Figure 4 operates in
a simlar manner to the back ~s pressure regul ator discussed in association

" with Fi gure 3Figerecdppraphiaslly asteaex the kleptresis wortrdlerishbusldnpedmipnsaioneam of

t he regu) at or %)0 and the throttling elenment 17 is on the opposite side of

t he rest MREYPDy réPéﬁ‘bQ@.melnhofth%“HPE%%‘hre reduci ng regul ator 10, the spring
- 22 applies fo s . C i i (o]
b1 ae he- & hr of BEig od SadHERERRE o} Hfer? oo LAANEAGE 18 (ihiBRA el

t he f1 ovof thskelf 6pdrotingiriegalathp and€18dtidvlic urcotlef.e 30 is applied to the control
zo side 19 of the diaphragm 18 from a downstream | ocati on, thus noving the
throttling elenment 17 further into or out of the restriction area 16 to
control downstream pressure by regulating flow through the restriction area
16. Wth the spring | oading systemof typical self operating regulators,
the controll ed pressure tendaﬂso decrease as the flow varies froma m ni num
to maximumrate. This is knowwCBRTHYTESHEET (RYULERBEsure reduci ng regul at or
and build-up in a back pressure regulator (also referred to as proportional

o a o e



WO 99/1 S942 -11 PCTNS98/ 18928 control pressure, then applies an adj ust| ng
pressure to the reference side of the diaphragmto conpensate for the

limtation f regul ator's spring nass system The droop yl ation
function ofswtaﬁghe ectronic controller is illustrated graphi ca‘{qﬁ"‘?"’ﬁ“ﬁ?’@ure
SA, with control pressure on the y-axis and flowrate on the x-axis. In

Figure SA the s curve labeled "a" illustrates the droop or offset of a
typi cal self operated pressure reducing regulator, wherein the control
pressure decreases as the flowrate i ncr8ases. The curve | abel ed "b"
illustrates the output of the electronic controller to conpensate for the
droop exhibited in curve a of Figure SA. lgnoring the effects of friction,
t hese curves resul t
of conbi ni ng *te:‘ r\%/iscgug%t&:l]lg%%ﬁ?a%\%ﬁﬁ% {éta%e%] w‘ﬁﬁd&m poi n{’&}n%ﬁt imlarly,
t he bui ligvaniohegqul ati on function is illustrated graphlcally in Figure SB
As with Figure SA, the curve labeled "a" in Figure SB illustrates the

bui | d-up or dFigeret8Aofs axepalator offeeschaxs, plegmga:bpommessermvalmamqnﬁol
pressure |ncreasesﬁﬁs the flow rate |ncre@ses The curve | abeled "b"

i | | ust r AESUEGASMSE oW fofra prgssuzs BAPFIBETeEYYREr ol I er to conpensate for the
bui | dy up exhifpLe%H 13 4G4 Mﬁtof‘o chai! SlotiRg skOhA LSy dbhd &ff onfol pressure

b t i ft

fr|ct|on thesg curves e senhgﬁy mrror =s eacf!l ot?ﬁer In a manner simlar
to the digampt ﬂm\fmsabdckqﬁéssa:teerdgulatoﬁ gure SA. Curve "c" illustrates the
result of conbining curves "'a" and "h", which equals the set point.

Ref erring badiges 9 isaresdaeninles sgmlevay chaib ilystigting soRrirel prgssee|carves gor

i ncl ude r urrent (P L& 33, a processor which
functi oflv gégffe;:ﬁsgaw(@?g a?lpre?sﬁ{“[e%l%ﬁ‘ggpe& e?rl“vatl ve (PID) controller 34,
and a currentFiggre B SUeSulhtor ﬁ)let%ﬂé{ﬁf/ﬁﬁéhaﬁﬁillﬁghﬁn %Ebtﬁf&ltpi'&kthr@rcu%s% nmay
be embodied in a mcorprocessor. The electronic controller 28 is powered by
an ext ervasibupinies presouncs forachackipreshure segtldon as a 24 volt power supply in
Figure 3 and Eigure 4. Po may be provid nurrb r of suitable power
Sour ces i el RS 1015 ashat HsTatueR mEatire of Bitele SO RAGrT e B op
power from a @bl ntl LSy 8ioK0 HeRehRiR rebinher.nal to the
sel f operatlnggreglu?kaits%%h l S?xlt?sle% presu url Pfe(rg?n E&f h‘% s bei ng
control |l ed fdfigare ldiBeisg\chas 1l$1mmanazg eedat’ inpobuek pnesstmtrbgllytopomer A
pressure 37 Iﬁp plies the |I/P converter 35, which rov des pnermatlc
pressure to tH8UedRdlusiratesy epmmunigatiqns "&lbéb‘ﬁ?eé’g%‘%’ ligsnpregiatRs 18r oop or
buil d;u

ol t erhar R AR e B FER AT Btell AURORY A VAR oied e |
drivi ng witleFieddbwgt or with an el ectric notor, SUBSTI TUTE SHEET ( RULE 26)

WO 991 15942 -12 PCTNS98/ 18928 in which case the I/P converter 35 would not
be incl uded. Raugds3, 1lltlﬁaatmmmmewalqr@dmk\}c@t»aemammellwegheﬂgutﬂtqreet |y from

t he PI D & The, functio exe

the | nt dEpisafie P it nrer R aRoT R ety Sontrafrg e S o B G ERl ©
poi nt blwgkH¥RTEpresents the desired pressure, or set p0| nt, s which in an
enbodi ment of the invention is in the formof the regul ator | oad spring
exert?Png a f oFigareok# idlbetratesf 2canmenisiatien bk betwedih ap nteltjgentsbgulptonin angardance
junction The set point 38 is rou set .poi since the pressure
gl at | B e e RbI BY A o S opiTHop RGN Bovr 1S ekl bt

dr oop. TJ}Fan@@MQﬁt set point 38 is input to the self operating regulator by
adj usting a-set screw which sets the |oad of the regulator spring. The
force exert edFigyre Ifeillusgatt s oomnaaitator link betoveagan nitelligtet régulplor Agaocbsiance
illustrated as a positive (c% force at the summ ng junctlon 39. The force
out of sWHRHGPIEIRRE tnveRti@Land yeieal cantR! xaee veegin sade liskspring rate,

estahl.i shes t 0 of the re t hrott

astrrct on af BAte T BlubeP  bolfn) GRAUSA Bk BelyteR oh OB eiRE o oiohfraense

t o est abithlthd ftesene iR arkd éwé@él"haff do(ﬂ‘ﬁ‘of flofh Wingd AerAME EHﬁtrﬁdn%’ﬂtMﬁé ﬁleans
conpared to the desired, or load f at a sunming junction 41. t he

i ~ out pLﬁUChIaemdAbemraﬂlErbpmsl oad flow V\L the systemis in steady state and
the control pressure P

SUBSTITUTE SHEET (RULE 26)



.remains constant. If the systemis not in steady state, the P~ fed back to
t he di aphragm which is shown as a negative (-) force at sunm ng junction

39 will not balance at sunming junction 39. This results in the throttling
el enment nNOWYHYesQAti ve to the restriction area until the ou{a@p s61894M NgY
junction 39 is zero. In other words, P~ exerts a force on the diaphragm

t hat opposes the Zo force exerted by the |l oad spring to change the position
of the throttling el enent, which adjusts flow, thus regulating pressure. To
conpensate for offset and enhance the self operating regul ator performance,
an indication of the control pressure is"also directed to the electronic
controller 28. The PI1 converter 33, which nmay be a pressure transducer
‘that is either integral to the regulator or nounted to the adjacent piping
external to the regul grAICeD HESCRIPTIONDP THRINVENTIORY De a 420 m
signal as provided by a typical analog pressure transducer. The P~ signal
i'S™t hen appl iRuming tb the drhwinigs amd, én partitulat, [Fégure 3 Bh®Figure #otweemBetimehis oPani s
mul tiplied by the derivative constant 42, then applied to.a su

junct i oﬁnwﬁlg&nbprgswet negilator macsprdange with ghenressot “’CYF“‘S!WI‘WETQ”HEET ( RULE
26) Qe Rgx{'xgt c%ﬁ? E&cﬁ'. %@4&%%%&? ?e%gfﬁ&ﬁgeﬂgrailf Bg xq\hrﬂéaf 0 %gds’iﬂ@lglggs & %’eliSl

fine set” pol nt rom an extern Sou as a er or
di strk bujpeehtiag mégmﬁtoxsahata(ﬂrele%&roﬁureahﬁauert(gtﬁiwmﬁm%ndwbﬁb bioked liae $n Biguss 3 or
signal. The error signal is applied to the proportional constant 46 and the
i nt egr alanddigurad). Ugenenali Figuse3 dliystiated an dntalligemhrigujaton iicadcordanes with dhe

produces_an out t si . The, out t si gna npu onvert er
S “whi HERRE R Eblonias daibin bk Bt acw&?&q AerliasioRr bl Bebs e dERT { e
(+) forciﬁteﬁt eﬁWE@lrleQ):id‘ﬁ&deﬁﬂcg‘\grthT gar@éiﬂl {rvertid intd 'ﬁeﬁg&vﬁdg‘hﬁ%b}ﬁp‘lﬁgmon
processing capabrlities to conpensate for droop and ‘enhance control also
provi dedn&ignradstlbidifloanisdive rightab hedt. lmelh’gmemﬂoei fowésfremdeft ao pglts Sihree

regul ator; |nclud|ng renote operation and.comyuni cation i nproved praocess
oper df | oReciflg epnbagimeatsi IHustegsbipFigure d gndiFigire d dredudent #l é@n%mgi regulator, but
trendin T

ror o e R g el f AR I en it ol BREI A S RIRIGRHE Meinlhdop AR
enbodi rrqﬁtotef;erhiaa r¢gmmd>ﬂ igent regulator 10 is illustrated schematically in
Figure 7. The self operating regulator 11 is shown in a schematic view In
addition to tlh@femngt@mﬂfrg:urfrs(erheﬁekftop@mtlsarmbm Heaclagesabodyhk2 whisht r oni ¢

controll er es di 0 sen

Comunt c2mifited iidShel IE a2 0B8] £ Ao BrsaER 15 BonreRiil thedniet 13 pnd
Thesas f unsbu@aqu wﬂ&wmnafonta?@a K] 8GHEARd GiththE ﬂbk«eﬁas!‘.@\é 13| hndo£iresiagi ed
in a mcroprocessor. The sensing section SO provides the error signals to

t he PI D elementd7 functigas ba@emcoﬂuxdﬁb“sihgmwhshc rﬁdtrtf;apnrageal lr6| élfheph@s@ng@lemexxt
dovvnstreg?m gressure P;ﬁh and ct uat or l oad mgt Eress Wg“gvin
processed B SPAPHY & RJup BB BARS ARG SISPHE QL bergitpkle B : d%l"eﬂy
sensors @mnhriﬁ@&%@icn&?aﬁemsﬁmuiegwﬂm@%wrm&egﬁnﬁe&% Ptthe} SRIQIS an Xt her
process variables are received by the alternate rnputs section 53. These

i nput s nacyuaterdhcldéing asprsiag elemersti whxhsn @t gargmldremiwdinents ilbstrated sn Eigube?
i ntegral

the reqgul ator .or nounted external to the re a udi 0. or
Vi br 20 | o Fiie A FoBMRE e r@ahrawal&pwcff Sopisd b A restEREbORL) T Th Serlind
| eakage Star ve
stom by SRR Arla0Be i e BT bRG bl drlafinbfes W diBlrgOier 29 onatts
al t er nat theitiirpttlig slementory t83he/mapmgmqr8 fmnﬁa:bhcgrns 1 8 dndhwdes a@ontrélesido@iot | on

of these elenents. Information such as the inputs described above are
exanpl esWhkhsepeelpsessineradris eppliedt Thagonteolquessiredd is gonnested)te M@@Wﬁpd@s

Such o o Bmid Saf REGRPREoraF R (st ove \WRE TR BB PBERE,) ™ *
WO 995! Sideets, 14

The embodiment of the regulator 10 illustrated in Figure 3 is a back-pressure regulator,

since the control pressure 30 is applied to the diaphragm 18 upstream of the regulator 10. A

pressure reducing regulator is shown in Figure 4, with the diaphragm 18 connected to control

SUBSTITUTE SHEET (RULE 26)



PCT/ US98/ 18928 sensors integral to the regulator or external thereto. Any’:
or all of the above sensor signals may be anal og signals which are o
converted &g éal val ues by the electronic controller. Baseline

di agnosti ¢ "datA % n be used to devel op a "signature" for a sPEEUSPR18928
regul ator, which may be stored in the controller's nenory or in thé nmenory
of an external system s Perfornmance information provided to the

di agnositics section 49 fromthe sensing section 50 and the alternate

i nputs section 53 may then be processed!@nd conpared to the baseline data,
or signature, and the diagnostics section 49 can provide al arns, actual and
predicted failures, and other diagnostic information to the system operator

i f regul ator aragt.eristics a rfor eV r . ted

R R LN e e L e
condi t i @RFercaRide® 1! spRitetic THAMSIBNROLBWHichiifrafereAtddab e ospherel Th kaéwans t o
the host conputer fromthe regulator or via polling fromthe host conputer.

Pol | i ngregalatons; the refarenpesitiet typicalie includes aispting 22 s angthersuitable meansisuchiasam

device tha ovi des an di o visual alarm .for. exgnpl e,.,,may signal. .

ovi ar i breh PRI aReesrip oDl brgeisditht wleraRdenide sy, “ARERORUN, e S 31 is
i | n6: : QL i t, |Lif I

e cu i tone 8 LESATS il BUIHGRLPEE BARRDEC, T o whi ch iy be

processed byIndhapackspressaresegilatn 19Df Figuas et pibcessfluidfis shevi flowirg throughe

di scussed as follows. O fset: As described above, known regul ators exhibit
of f set &pipR 33s The spiind?2 isthiasgd gpch thapiy tensls spkegpthg threling elemsnis! 1t t he

set point pressyre,val.ue d gontyol .pressur.e r, a sel.f operated tor
o1 ot | ecsgRRREREF o nERs A Rl ER B | FinGudElre SABERLTAR FOMS
the Zo gdeqWuf Adifzh tho Bt 4P CHRBYI Frebire 30 Y @nhbéred fofe Sbhvdol seieUI%ed fAhe
decreases as the flowrate increases as shown by the curve | abel ed

" Regal adigphragm 1Biigamear@éy suchith® systemrpyessprecis sppléedf foom anhipsicean satieneto the
regul ator increases as the.flow rate increases as illusirated in Figure 8B
(a1 r ogsimtieh i Soprane DS iphRE Oh S MOSE AGHREDE FRINE o PV BORSIET SEFer )
A pil ot : 7 UL LR (R s) : t of f set
woul d baenQ!? ﬁ%ﬁrg@}ﬂ#ﬂg}nﬁ@tgnce igsssglﬁg%) \?\’Igé’nﬁ?‘aetm Pg{‘)b&g E*@%“‘%’E@gﬂ lr%e’ tg'%s) or

t he buifegulating fluidepréssuggur e 8B) and the set point curve at a given flow rate

is the offset for the regulator. Ofset can be locally determ ned via
O fset = OP Fhyqresgypemadyeimg regytatr | Gzof Figpr)4 opangies vy a sigular magnesdy thegackggog

wher g %Lsgrﬁt %ggﬁqrfﬂcﬁw gfsésﬂaspc_,&%r@g&rs% ch%i?p%fw@%n{r&' qqlésgsefeeﬁﬁyr e,

and K~ 1s ['ow coeffrcren OCESssor "o e 1 ntel ent

r egul at snsebdowistiearof i 2etilatn d 0QadH Grottlingddemeéit 13 iDas ed dppovied side ofA

change in offset may indicate a problemw th the | oad force .springz of the

regul at B¢ resiagtionasedl @ . Inthe pegseura resucingregpiater B8, the spring¢2 applieh fayce to the

conditi [nle ressurne sensitd vity: Fiqur A and ch - .

pl ots o'%?%% C[Qrsb‘fe %‘r fztgﬁpgpS?_gmf féoMP%r Eh 'sztsf %Ug{ﬁil?ﬁ %Emgﬁxe{s]]slég g\gs &F{gg@ ed
a, b, aggknCpositidhSor dut s tHeAARS réstri QB! a2éP16. TonBd$ plekitird 30 iPappHEd td e icBhRS]
pressures. For a given flow rate, the difference between control pressures

for i f $ide &9 of theldiaphsagm 4 8 fresn el dbvnsteeanmlogaticne tiwistieving theTthrotding etemeng 17
Figure 9A.illustrate inlet sensitivity for ressure reduci ng regulator,

whi | e FIUETEEINEOT pitafthesesicichion aiea d6i18 poraldpWrsiieam pesssre by i Pefios i o
regul at fhoudiShitdstti@fohSeda 14 he inlet sensitivity can be conpared to
baseline information to provide diagnostic and failure prediction

i nformati on Widmheherieg Ratingrsystemotitypichleel flopetating @éguldty st ereeshsoldedd

Deadband: Hysteresis is defined as the tendency of an instrument to give a
di f f er ePEESHIE [ods taodecreage getheiflayuyariesdinam aimigirapmp aagipumrate; Jhigis kKBQWnt ed

from.an_j ncr ri.s _decrease fromthe,previous . val ue. Fi O,

11 s r e SO0 T ppis? s REREIE R B SR PEIERAILR ok Pottlie T i Crefpiped
deadbang asifipsitioNal Yadd 6t 6setR THERWRNHONESMberRhRS S8 dodp Md BidgPamBt Tl ow
rate for a decreasing flow demand. The curve | abeled "b™ shows a simlar
curve fenhanpesrtbasiguiptéd’ oaecdeacyiby.addingamhetectmmicsontiolen28, veiictpalea eceives arol
pressure for, gi }(3& flowrates when the throttli ng elenment is noving.n a
first didiEieRAt theset poiptand-gontrg] pressuepnd he Forgralics gemparss thsselRRte®ondi ng
flowrates when the throttling elenent is noving in the opposite direction.
The difference between the two curves is referred to as "deadband. "
Monitoring the slope of a hysteresis curve can provide information

regardi ng spring constant, for exanple. A change in deadband or in the

sl ope of a hysteresis curve SUBSTITUTBISHEET (RULES2S) t 0 predict problens
with the spring, actuator, throttling element or other conponent of the
regul ator. zs )rock-up and reseat: Figure | | Aand 1 | B graphically i

. " T o



WD 99/ 15942 -16 PCTNS98/ 18928 point is labeled "a" in Figure 1 1 A Figure
| | Billustrates reseat, which is the back pressure regulator's
counterpart to lock-up. The reseat condition occurs when the up stream
pressure dr @Rseo804 | evel bel ow the set point such that the tﬂ&gﬂ}sﬂfﬁﬁﬂﬁs

el ement noves to a closed position, labeled "b" in Figure | I B e

| ock-up/ reseat control pressure value and the slope of the s segnent of the
reqgul ator pressure curve between the setpoint value and the | ock-up or
reseal point may be determ ned and storeﬂein intelligent regul ator

di agnostics section or an external conput'er. Alternately, a |eakage
transducer, such as an audio or seismc transducer, may be used to

‘correlate | ock-up or reseat condition with known flow conitions. The

regul at Qigngol é,rtﬁémeﬁ)gr&eé&mmm btufeQB R Bfbrérte SIIRSE IRAREHr AN Y& ues
to di agnc?seorggtgﬁbgt or o rlatl on.J ~O%Egﬁan3es in thé Igck-up/resgﬁat&:’:n

per f or neronepemsate fordhe Hindtatiovisarfnixd regalkater’ sepoing evass systdm.ndi ng i n t he novenent
of the internal parts, for exanple. Expected PID control: Overall regqulator
per f or mance chif dro0m saulation fpgetiop gk itbfgelsqtr%ewllﬁrr-ésll,wrét,edcara@aaflm ow,
and/ or ref 1.6 i . i.abl o ce of
the oxpen Bl BhofigEbiritel PGP SRRl P A3 Row b T ol 1 FRERE PATRRCE, O
el ect s onhieveRBEIS A BN lusGABOhP dFOPRIrdTe06f 4 Hpichll self dperitdd sreste redicingie body
of the regulator in relationship to the fluid liquid flow, %as fl ow and

st eam f | x6gnlatpsi wherpingheegntfol pressuse terrpases apthe Slow tedivengasesr The ewee labgleda

r egul at qf,_.bpd oryection ctor to calcuylate main regulator fl .. These
ol ou at 0o he Raumllon R HCumis Eotls”loConenone B 5k Soon sfibistd e

| nf or mMatdipPe ABYFRRBrCOATWHoRRE Bk difects JTARE 6N MRME BlirvEOdssEitlafy nfitoPBacki dhdrhe
communi cations section. zo Alto tuning: The above factors can al so be used
for deveCapeffg” iustratanthe Besuitruflegmbinisg amtves “aX asd Ep”, orthcigequats thegartpotm. t he

set point via the electronic controler, then the output response_is
measdPed to p%anv@vwr eatgwgﬂpire&lﬂaﬁm C‘é%’cséﬁ\‘séfﬂﬁérﬁr icatly 4y BFaurensB, Asor

neasufed to pEiTiGith dicdytigsereseion i
ravel | DOTRFPEA, B ABIRL o i FRARE s AT S PR SRR b PR

exanpl e wressusd regulatodywhergin the torlicd @ra3siire Endpedspssakie flowiratedadreasesit Theatudve
conpare the forces on opposing sides of the di aphragm The processor's
di agnostlebeledch] dlystaggs haoutpubpkthe glectropicsonigelier & compansate farghe Auidd-upoad

i . .ef i de <af (the. di aph =Ti.+lB) * Ki S L :
SPEET (RO R CBOE AT S 58, it BB beHigh dhese LheTeRea i
IS = s heedcRiotheRlin & RianAgr shelilskstb MRNErodp cRles Mustrited HieFighfer BV Cand K ilfustrBRs

spring constant. This is conpared to the force exerted on the control side
of the dihgpesulipficombiningparves = and Cbhtwinkh puadssthe setpeihtA = di aphr agm ar ea.

In a pilot opgrated requlator,._ th ilo acuat or travel ,can,al so be used
for “cl agnost| RERrE PR p Fladre AR FEudd fe PREfers eitflipe P g R pSoti®

el ectri crogurfent {F91)@Bhiister B9 SrBEQES WRZh FLRIBAS as 4 HBpHRIbALL, MdgraAGadand
current can be viewed with respect to travel for diagnostics purposes.

These codgrivative (RID)aentrelldr 34sandnadéwrednt conpressurd (1P comvedter 3t The P esrialler

inlet sepsitivity, steretic error, d flow.are used_ ;o provige

i ngrider 8 M, SHhoRte i gaiForpFRyer Ol B SIS PG b MRS an getemal

Fl ashi ng Itad LR : i heldll d

ahi ch B T A oD N ] A e B B A T D B M PP ng

t he reguihmyde'ppovidédby kFhamberd sahable pgiwkndouddes hralidiag an extbmbbpbwen sbiree such

formati on of vapor bubbles in the fluid. Wien the fluid flows through the

restri ct Abmrapdermerar deaptnpwen foans distribidedreanirolisystedd @rRONGE geneifpTiNtEBilde s

t he vapoyp, buhbl es . to for ce the fluid.flows through the restsyictio

“the 1o rerlhrgRbR it GG hrtesthCem M bRt HPEe YRR f e,
bubbl 8s §@ur¥é, RbRPpbWe Lot HattB8Sover! Represddd 97 QpplikPhdl/PUdnSERGB5SwHRK be
used to sense the presence of cavitation or flashing directly by conparing

t he sensprbviddaspaeumbliapiessuretoahacdferensd sids 2 hnfithe digphiragngl § teeprovide Beaspldrne

* char act eg %l cs, or an alternate Br ocess vari abl e, ,OPA can be cal cul.ated by
wld-up compensation as necessary depending on flow conditions. An alternative to using a

pressure supply 37 to provide pneumatic pressure is driving the actuator with an electric motor,
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GlPA = Kc(P 1 - rcPv) Zo where Kc = a cavitation or flashing index, P1L = "
inlet pressure, rc = critical pressure ratio constant and Pv = vapor ’
pressure. i e is conpared to the input constants of t i d ream
vapor pr esgldr)gwysgdljndi rectly ascertain the presence of f|ashPﬁ5;d(§%“89§§ )
cavitation and transmt an alarm Wth the novel diagnostics capabilities
added to the regulator, on-line diagnostics may now be perforned in the
vari ous categories described above and |{n other areas. An electronic z~
"bunp" -- a sudden step-change to the 3et”point value -- may be introduced
into the system This causes an upset to the process control |oop, which
the intelligent regulator will attenpt to correct. As the regulator reacts
to the g @Hifcfx%ﬁeghpmon%}é ngf’% g&'b% iRQLAA, TRRRS, WellotbPEBL/Sretvé he
various factors descri bed aBove and other factors) 1s nmeasured and

cenpar esighal direetlySfivBMTthd PIE cGhirdler GRULE 26) WD 991 15942 -18 PCT/ US98/ 18928

regul ator's sjignature by the electronic controller's diagnostics sgcti on.
Thi's provi dedhefyngtipnal aieag gf the.expmplagy smhedimentol the pieHigentgpgylatos 4P ale

e e T S I S B A et

exchanggHichiih An bBaIMRINt 6F e §A¥endbf idhipMhe R¥midTitRe/Bgulagdri 10atbsfting exertinga
comuni cations nmeans. This provides the capability for renotely controlling

t he regforee on thewkfersmee sideof theplaphaagm fshewn ae sumgdngignttiens knbhesetpoim3Bds|
ressure,regul ators. An operator may, send co ds.to the reqgul ator .

ohangi s BHER 235t R AinEs ARG PESHRTeeBIAHPP PRI i be Splf PoFabe ERAEE

i nfor j . [ ; t

pr occas Lt Fdroge, TREbod Blpdle B Rp b L Opeiiling Rl by Al g d R0

of the sxewmhiclysetothe hdagl dfitieregulacgsprhgr The foresgxectedbl yharsghlatoriload spring e

and hazardous environnents where mai ntenance and_ operations are_difficult.
A vapi eagpint theglipphiagmids biustratedinsa Resitivee(hh darae o the SemBRIRHIVECHPR dfy

regul at or of ent inventi h 51 agl | - paj.t. havi ng
comuni cat i o—rl;épg?/reér ?‘%iog SBW"B%:LUP gﬁ?n ?T%gagegﬁeé lvﬁ\j {E%rg 1%,1\%?913& gﬂélﬁlﬁ? % twisted
parr f%stﬁﬁisﬁeﬁtﬁﬁﬁbﬂti&%f 91@$¢giﬂét}zfr’s E}ﬁfdttﬁhg é’l&ﬂ@rﬁﬂinflhéleétrictién arRh! *Sgaifi Xor
and several other conmmunications technol ogi es. The conmuni cati ons

capabi | 49 issapplitd tonibe preitiph infyrmeationdd wetablishithe regulataréneutput fave cate W.olhe
exchangi cenfigurati on and, cqntrql i.nformati,on Wi th other proges
i )rist r u%‘ﬁggt ‘?W:k? 'til%coé‘!hpaé rthﬁﬁe%ﬁﬂt ?rI(.'J‘Pa‘gbg‘fve &Wﬁg@{nlgwﬁgy g? Etaﬁr e 12

11 Ust r gligat fow WP ehd1 S HQBIR LG AVLOME s5aaR ﬁ@invﬁaéaap sfudd/hrtl 18 chAPOIGFBRLAMP,
wi th an enbodi nent of the intelligent regulator of the present invention

usi ng ttemaingédnalanz df Fhedydteasisooiimsieaiytsiate sheoP oied batk toshe dimphragingivttach gat a
is conmbined with paower for the intelli Q,enL r equl ahgr' s electronic .
cont 1 ol TREPVILE 2 BREEVEG) e RIHEIIBE ICToR 89T maf bllanse o sUmmiRG) Wistien 3F-
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fromthe data. ower then may be passed rough power conditl ohi ng
ci rcui t surhmigEanedan3dckeicn [arvthedtvadris, P Bkertsegiokatcar the diaphragaddiac eppusedithehe
present.invention and to other devices. The received is Fieldbus signal is

passied fore@enspsteribytthelead spiing wrchange the pesipan af theithrottlipg slemenht Wiyak adiysty

fromth tem r, which is then passed on to the electronic
control ﬁgﬁl}’/?ugé?ﬁ%ﬁ’@aﬁri:sgﬁ%&secti on 51. Information transmtted back to the

host syst em IT doffpeRshid 1o EEE dhdERHANCRLRE se'{sﬁ)fe%tﬁ@ffbém&oi perfétaiancyianh the
system power signal. SUBSTI TUTE SHEET (RULE 26)
indication of the control pressure is also directed to the electronic controller 28. The P/l
converter 33, which may be a pressure transducer that is either integral to the regulator or
25 mounted to the adjacent piping external to the regulator, converts P to a signal which may be a
4-20 mA signal as provided by a typical analog pressure transducer. The P, signal is then
applied to the electronic controller’s PID controller 34. The P, is multiplied by the derivative

constant 42, then applied to a summing junction 43 along with the P, signal. The output of
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WO 991 15942 -19 PCT/ US98/ 18928 Figure 13 illustrates an alternate

comunhi cati on schene which could be inplenented with an enbodi ment of the
invention using the HART protocol, wherein the digital comunications data
i S« superi npagesh/Bg2a 4- 20 mMA anal og signal. The signal fron1¥Q§n&QQ@%ﬁh
room 54 is passed through i npedance control and filtering circuits . The
4-20 mA signal is s then conditioned to provide the appropriate power to
the intelligent regulator and other devices. The received signal is
filtered 57 to renove the connunicatioqﬁ data fromthe 4-20 mA HART si gnal
which is passed on to the electronic co éfoller's conmuni cations section
51. Transmt data is passed through a nodulator 58 to conbine the data with
‘the 4-20 mA signal. Figure 14 illustrates an exanple of a conmunications
syst em Usimitflingyahctioni4stie Gompared to a findeeBbint Sighalddi fidrn AR exfefnad B6lirpd Quchded to
the intelligent regulator and other devices on one of the two-wre pairs.
Dat a i s nsteempeierer distsbuted eontralsystemat punminigrjunstionet e wihiohqrodusssas grror

through transmgit and.receive.circuits 60.to the e troni c controller’
cormun FTmd 1t g0t B 8 APl 4 Ut piopoBional bt FeandriFel fieht 47

ar [ anGergihdehgilict 36 h Suf AR fihefd MWhich prddubitdrAbuifly sfbraB e SlibRNignal
containing data’is sent fTron e control foomto a radio 61 assoclated a
wi t h § hesiimpuekd thgd/R coneegméradsowhichipeoddeppmeumsatipmessnle tohthe digpheagng\shown as a
control deyvjce 62 (if the regulator's radio is not equi pped with data
transmi tPOSERG( T} HTES ¥Ispmaming ImsHemA?-at e data communi cations hardware 63,
then the inf [Wela Il i 2.8 C i i cl.ion
£ sl arl ;‘/?ﬂ%ﬁdcﬁ@on Grahe ﬁ%dvq(?ﬁsch?se{l ?Focéses?fl%g)%&?&uﬁes t%@%eﬁfa}tén gd?gié @e&edrgoa

gure ¢ WS a contrgura f or conmmuni ca_
control ¢nhamtebnddfaldd piodidt bindané for @AkHnRIn@othd? pBEEAN&hRE GSpadtstdT atfiessure
invention using a zo nodem or fiber optics. Qther comunications nedia may
al so be rgewldton inpludinggempigapatation and corhinygicatinnsdimprodproeess OperBhom i s sent

o el LRSS 0 LRl AR G e LSBT
conmmuni Cﬁf&hm&%ﬂ%e@%e%?& Beidehes ttﬂe”é]é&roﬁﬂ:%‘hf}ghﬁgs dikBEssBd Arther.

description of several exenplary enbodinents Is nmade by way of exanple zs
and not for péAngobedingnt bf thetiselligant rvfardstor 80 isdtlusirasedmhiernaticaliglen Fogurd 2.
enbodi rTEFl%esg,?lpd mef hods di sc| osed herein w thout dlﬁ\%grtj n the s

( ] f
and spir nszAtineaegistor hl isshP YA In Aridematie Xigw. ﬂ‘c‘i"Bgo i‘l'ie @m@ﬁgfg

SrEET (Ao dBver R aGRRERe Sy SR Ehiuciler DR BuIIRS iR afpeblle 45, Snding T
adj ussi g, pomsunicatioRYS , @letrohio ot H2 aiddltegnate fnpuisd3akctiorde Jhesdfuptesalr e

conprising: a body defining a fluid flow passage; 3 a throttling el ement
novabl e HetensPhtheelestspipeeniroler may all be gmbpdied yn 2 BUEPPIOCESIFL-f | ui d 1 ow

through the f40uxBa5sansio s Bl:eraed ma Skl sB4RE B L8k, 5Ll dr e

menber that applies pre-set rorce
signals indicating inlet pressure P1, downstream pressure P2, and actuator loading pressure PL,

which are processed according to PID constants. These signals may be provided by sensors

20  integral to the regulator body or from external sensors. Other process variables are received by
the alternate inputs section 53. These inputs may include temperature signals 65 from
temperature sensors either integral to the regulator or mounted external to the regulators. Audio
or vibration transducers 66, for example, provide inputs that may indicate leakage and/or
cavitation or flashing in the flow restriction area. Valve stem travel 67 and actuator travel 68

25 information is supplied to the alternate inputs section 53 via motion transducers to monitor the
condition of these elements. Information such as the inputs described above are examples of
process elements that may be supplied to the alternate inputs section 53 of the electronic

controller 28. Other appropriate process data, such as pH or flow, may also be provided via
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throttling member, the pre-set force corresponding to an estimated force -
required to position the throttling nenber to achieving the desired ’
pressure; yoodo/MogsSSUre sensor that provides an indication o d
pressure of t%% P?ﬁld to be maintained at a desired pressure?ciﬂggéﬁgﬁg
adj ust abl e actuator coupled to the pressure sensor and adapted to apply a
force to the throttling elenment, the adjustable actuator providing a force
to the throttling elenent that varies with the difference between the
sensed pressure and the is desired presdtire such that the throttling menber
I's nmoved to reduce any difference between the sensed pressure and the
desired pressure. 2. The self adjusting pressure regulator of claim1l

wher ei n = ' SN G- I ' i

pr eseur oS iEgrafio (e KUl Akr AR Rerfio® B M altf ORAR ko sialeBly
a curr ebé anlogdsigadlsvhichQiy esrivefted frdigitsloalues byahe elecdrit eantraliegnal
correspondin% to the difference between the sensed pressure and the desired
pressure andBpsebine diagnesticalatgpean hsrusedrin develapeas'Signatura i faraaspesific regulator,
throttli el engnt is.cqnfiqured,such that. the out put .pneunatj c pressure
exer ts WHRBAY b Stoted i fieopireliey Sriemeny o 18 thermgmegy pf anptteRel Bl or at or

of _clsal Phrfortinb o AiBhipRd illedPtotRETHABhOGHIsQBE G A ftbin the Sersing e Bio 50 ind?
conmuni cat1on signal to éxternal co ni cation devices, wherein the

comuni thetaltermatesnputakection 58 Ippniiien be ptdvessdt hhd cemparet e ednas¢line daensed

pressure and the desired pressure. SUBSTI TUTE SHEET {RULE 2_6& WO 99/ (1{5942
PCT/ Uso8ignaiyregandthe diagnastiss seaianetorcagirayide alpgns.pafuat andwredictedpilirgs.ianda
et oty BaBRGHE DRI B IR SATRGE Brffliad, PO %R bRTperidtfings

the i nl @évige drom e @Npecedd signature pedbitharitg by neere MhanRnaapre@etéintiRtdlarhbentf | ow
passage for selectively restricting fluid flow through the fl ow passage; an

act udt od he alaph eenditonseantherrepartedrsgorthnennsty via runspéilcttctsl commpuniegtionsgothehost
throttli I t, th t uat javi trol sid d f

Si'de: - atPEPEHEER e g Slall of e pouli ORue R oMl Bp AaaRa S5 87 T or

bi asi ngﬁkﬂ@te fn@a iiHeqlﬂtehﬁls‘?l&W&Hite@?aﬁaﬁﬁﬁqgl@é 'fﬂa@%fb\fi@é;?earnea'ﬂﬁﬁ) d?Q3ddal ON; a

feedback line tor applying pressuré fromthe fluird in the process to the

cont r ol algimigfooéxaniple anayusipoal deviatiomsvfrom thdsigaattieatTinis mdorinresion ey thed be ence
Sensor W BRGHTHRS rErting SYST BERPIEFCRMBEUEH o o XTRAEPGRITOR < he
7 PRCCHEEmRS B W R ORhae BegRblah s Rl g e
t he t hr embbdingnedfahe iMvention arepliseassed as follows.
Offset: As described above, known regulators exhibit offset such as droop or build-up.
Figures 8A and 8B show graphs with the set point pressure value and control pressure for a self
operated regulator plotted against flow on the x-axis. The set point value is constant over the
20 flow range. Control pressure for a pressure reducing regulator decreases as the flow rate
increases as shown by the curve labeled “Regulator” in Figure 8 A, while control pressure for a
back pressure regulator increases as the flow rate increases as illustrated in Figure 8B
(disregarding droop or build-up compensation by the electronic controller). A pilot operated
regulator would exhibit a similar curve, though the offset would be smaller. The distance
25 between the droop curve (Figure 8A) or the build-up curve (Figure 8B) and the set point curve at

a given flow rate is the offset for the regulator. Offset can be locally determined via

Offset = AP * K,
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.to the difference between the sensed pressure and the predeterm ned | evel;
and an adj usting mechanismfor further positioning the throttling el ement
in response to the zo adjustnent signal output by the controller. 6. The
pressure r]pybaigy of claim5 wherein the feedback |ine apply re
fromthe flui dﬁi n the process downstream of the regulator. %@%Hg';sglr%zisksure
regul ator of claim5 wherein the actuator conprises a diaphragm 8. The
pressure regulator of claim7 wherein the adjusting nechani sm conprises a
current zs to pressure converter which g(_)vi des pneumatic pressure to the
reference side of the actuator in respofhise to the controller. 9. The
pressure regulator of claim5 wherein the reference | oad conprises a
‘spring. SUBSTI TUTE SHEET ( RULE 26) WO 99/ 15942 PCT/ US98/18928 -22 10. An
el ect r ORjhereCAMis'the HlTerdiRE betwRER SSMFdled §P¢HsateQid lifilaf préssafe, kAEKP S ftaEOW 2
fluid in a process to position a throttling element to restrict fluid flow
t hr ough co¢flicionte SEherprocasspriofitherintelligenttegulatascan momitor offset and compirsiitragaingt a

pressure sensor, which provides a signal indicati h ressure of e

Pl Gt bERSene valupy Aohrlis g e me udhains Boflt bR ke Bl RERE Rafndlof B8, | ng
the pr eseuidiordforeifmblethel3pLAthr QM He b GbrifBS o Pt Arlitfons! 0N

representing an adjuStnment (o the throttling elenent 1 n response to the

di ff erence bhileemassufecseasitisieyl Pigass 9ncami @B esachrshdetthreripimsiofcasolipressweel |
and ~o an adjusting nechani smcoupled to the processor and adapted to apply

a f or ce Ve-dlaheate i @riops indet respsas. 1absledpapuand Grglhip dlysyates aseguddtor se

throttling.ek Ln . onse ta.the.si t . th [ .11,
The el ocRPURTS T8 Sheith T B Ers, e R (e El rfb B e B BRAR L
Conpr i s@fessuréfor Qifferé A iMEOSE4LRS RN ThRE séliRivih)! Thedafved th PighRWA PNBUARL | C
pressure to the pressure i's regulator, wherein the pneumatic pressure from

t he contnlef sersitivigsforagpressurgmedudjngsegulator.ofhileniéigpisdB illywtrates inkes sedsitanityl i ng
element 12. The.electronic controller. o | ai m,10 further conprising a
vl s SRy oF gt st ek Bgr chsotilPlTsqi B Bhe RO e LR | ses
a gener gbalindHfGindiRaso gnmge' di?ého'si?c SRLRRLRGRES cASh RforRABbA YroRPile GfectrbRicl 3-
The electronic controller of claim 10 wherein the el ectronic controller

further commller gesusernenory structure, wherein the controller is adapted to

store digital, A data, concernjng the operatjqn of the pressure regulator jn
the nenmory sthsteresisandddradppe diystaress Solsiped Phe tendeniieat o IBRIRANL 38 1Ens

; tf ; . o g :
cev oce "B LB Shpl e Balen IR L Bl Ryt B o
conpens de¢ragse fiym tHefhetiohsvauep ITRgEd 16 iNegiatadtaaneashiecdt hyseseticlreropmisdur e of

a flui d,to@j)ositi on a throttling element to restrict flow of the fluid
t hr ough 1pqhedep hystergpis apd deadhend | Therurvglehelgd conthomgi cegtrolrressutesplpited against

det er 1 o4fraldNGs RUESEES: Al Wfald Ui RELOMOERENEOLARH o SHRSTLFVE ForSHEET

(RULE 2
increasing flow demand. In other words, curve “a” plots control pressure for given flow rates

when the throttling element is moving in a first direction, and curve “b” plots control pressure

20 for corresponding flow rates when the throttling element is moving in the opposite direction.
The difference between the two curves is referred to as “deadband.” Monitoring the slope of a
hysteresis curve can provide information regarding spring constant, for example. A change in
deadband or in the slope of a hysteresis curve may indicate or be used to predict problems with
the spring, actuator, throttling element or other component of the regulator.

25 Lock-up and reseat: Figure 11A and 11B graphically illustrate the lock-up and reseat
conditions. In a pressure reducing regulator (Figure 11A), when downstream pressure reaches a
predetermined point above the set point value, the control pressure should cause the throttling

element to move to a completely closed position, thereby preventing fluid flow. The lock-up
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-23 PCTNS98/ 18928 cal cul ating an error value by conparing the pressure of -
the fluid being controlled to a desired predeterm ned pressure |evel; :

convertingy 39/1%5{2‘” val ue to an adjusting pressure; reposi &&f@ﬁ&{@@f% ,
es-

throttling el ement” by applying the adjusting pressure in ad

pressure of the fluid being controlled to the throttling elenent. 1 S. An
el ectronic controller for a pressure regulator that uses the pressure of a
fluid being controlled to position a throttling elenent to restrict flow of
the fluid through the pressure regul atorl6the el ectronic controller
conprising: neans for sensing the pressure of the fluid being controll ed;

I o neans for determning the difference between the pressure of the fluid

a) ut | A Red T ST Thiate PR B4 PR TEE Biod Gessure
di 11 1 CRegIBRE¢eAhiEdEn A6 RRRUGE e el EbndihrlSlciit WIRARObD SeledfrdsSie

predeterm ned | evel. A sel'f adjusting pressure regulator conprising: is
a body dedpstorndew! belomdthe lsetvpaintsnely diat thetthrotling ielegneat mowes toranslasedgpositioni n

LT 4 o st bt b S e,
o erencebar it tyfeffe Biahne e SRR AP RORM Py ColE i BB °

di aphr againt@hayBeadetdithihdiCard siered ﬁﬂmtelﬁgéﬁt réputatdhdagrlosidstdettich 6f #@emalt a
predeterm ned bias position; a feedback |ine adapted to apply pressure from

t he fl uicgmputerhAligrmataly,s leakagh drapsdvicen suehi asanasdiony seiseuthirarpdiess mappeng

t he di aphr a hus the throttlin | enent . t0 positi the throftling
el errent 964 5 asgAs lnekGip oF desah i dReviTh BRSSP DotreaRioi, 2B toiBiaftf locks,

pr essur pAeesPperfdiftfantd Q‘UoﬂfF%reﬁrlo FRRE bhdeHit valugdR) dié%&&ﬁ%hlﬁ%r‘ﬁpeﬁ?ﬁﬁ ensed
pressure of the fluid;, SUBSTI TUTE SHEET (RULE 26) 99515942

PCT/ uS9&Ihad8&8in-tislloak-uplresttat perfarmzacd may liredicatd miternal patty pobidnes et Batlingdakhe

signal indicative of the sensgélr pressure of the fluid and conpares that
signal VRYYFMER of thedntemal partsyfenexamalecati ve of a desired fluid pressure,

the el ectr O”ilﬁ(rpg&% bglglcgﬁtrgle rtﬁw'.;e%l:l é%tu?ﬁ@%rg{c?fghg%rgclglc?ﬁ éé QJ}{iéJegr}ngloBm% anar I es

with the difference tween the e Icative St

sensed pobagsLpressaid offb@, fbwcind/erilysterditadror afd 6athpatthgaheseRaridbies tethef | ui d
pressure; and a current to pressure transducer having an |input adapted to
r ecei ve Pepfermanceof thegxpeeted PID control. A flow rate may be calculated internal to the

15 electronic controller using parameters of the flow coefficient for the body of the regulator in
relationship to the fluid liquid flow, gas flow and steam flow. This internal flow is then
compared to actuator travel and a regulator body correction factor to calculate main regulator
flow. These calculations may be made in the electronic regulator’s processor, or the information
may be communicated to a host computer for calculation via the communications section.

20 Auto tuning: The above factors can also be used for developing P, I and D tuning
constants. A step change is input to the set point via the electronic controller, then the output
response is measured to perform diagnostics on the system dynamics.

Travel: Actuator travel is an important diagnostic factor. Among other things, actuator
travel is used to calculate throttling element loading and position. An example of using travel

25 for diagnostic purposes is to calculate and compare the forces on opposing sides of the
diaphragm. The processor’s diagnostic section may calculate the force exerted by the regulator
load spring on the reference side of the diaphragm:

(T\+) * K,
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.signal and an output adapted to provide a variable pneumatic pressure to

t he reference side of the diaphragm wherein the variable pneumatic
pressure io provided by the current to pressure transducer varies with the
electrical i 7. The self adjusting pressure regulato 4 16
wher ein théﬁg?g@%?%nlc controll er includes a communi cations ﬁcféﬁg ﬁ%%%
menory, and wherein the controller is adapted to receive through the
comuni cations circuit an electrical signal representing the desired fluid
pressure and to store a digital representatlon of that electrical signal in
the menory. is 18. The self adjusting prl@ssure regulator of claim16
further conprising a power source for supplying electrical power to the

el ectronic controller and the current to pressure transducer. 19. The self

adj usti Ssy| tor C SE€S
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10%: () - Further, diagnostic information may be sent to an external system for processing, rather than

processing this data within the regulator. The communications capabilities of the exemplary

10 intelligent regulator are especially useful in remote and hazardous environments where
maintenance and operations are difficult.

A variety of communications media may be used with the intelligent regulator of the
present invention, such as a single twisted pair having communications overlaid on power or
modulated with power, a single twisted pair for data communications only, radio, modem, fiber

15 optics, coax, and several other communications technologies. The communications capabilities
of the exemplary embodiment of the invention also allow exchanging configuration and control
information with other process instruments or with an external control system or host computers.

Figure 12 illustrates a two wire communications scheme which could be implemented
with an embodiment of the intelligent regulator of the present invention using the digital

20 Fieldbus communications protocol, wherein digital data is combined with power for the
intelligent regulator’s electronic controller on the single twisted pair. The signal sent from the
control room 54 is passed through a low pass filter 55 to separate the system power from the
data. The power then may be passed through power conditioning circuits 56 and provided to an
intelligent regulator in accordance with the present invention and to other devices. The received

25 Fieldbus signal is passed through high pass filters 57 to separate the communications data from
the system power, which is then passed on to the electronic controller’s communications section
S1. Information transmitted back to the host system is passed through a modulator 58 to

combine the data with the system power signal.
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Figure 14 illustrates an example of a communications system using dual twisted pairs.

10 Power is conditioned 56 and provided to the intelligent regulator and other devices on one of the
two-wire pairs. Data is passed over the other two-wire pair from the contro! room 54 through
transmit and receive circuits 60 to the electronic controller’s communications section. 51

In Figure 15, an example communications arrangement using radio communications is
illustrated. A radio signal containing data is sent from the control room to a radio 61 associated
ts  with the intelligent regulator. The signal is passed through a power control device 62 (if the
regulator’s radio is not equipped with data transmit ready control) and appropriate data
communications hardware 63, then the information is provided to the regulator’s
communications section 51. Similarly, Figure 16 shows a configuration for communicating
between a control room 54 and an intelligent regulator in accordance with the invention using a

20 modem or fiber optics. Other communications media may also be used with a configuration as
illustrated in Figure 16. Data is sent from the control room 54 to an appropriate transceiver 64,
which processes the data and passes it through communications hardware 63 to the
communications section 51 of the electronic controller.

The above description of several exemplary embodiments is made by way of example

25 and not for purposes of limitation. Many variations may be made to the embodiments and
methods disclosed herein without departing from the scope and spirit of the present invention.
The present invention is intended to be limited only by the scope and spirit of the following

claims.
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through the flow passage;

a pre-set actuator coupled to the throttling member that applies a pre-set force to the
throttling member, the pre-set force corresponding to an estimated force required
to position the throttling member to achieving the desired pressure;

10 a pressure sensor that provides an indication of the sensed pressure of the fluid to be
maintained at a desired pressure; and

an adjustable actuator coupled to the pressure sensor and adapted to apply a force to the
throttling element, the adjustable actuator providing a force to the throttling
element that varies with the difference between the sensed pressure and the

15 desired pressure such that the throttling member is moved to reduce any

difference between the sensed pressure and the desired pressure.

2. The self-adjusting pressure regulator of claim 1 wherein the pre-set actuator comprises a
spring.
3. The self-adjusting pressure regulator of claim 1 wherein the adjustable actuator

20 comprises a current to pressure converter that receives an electrical signal corresponding to the
difference between the sensed pressure and the desired pressure and provides an output
pneumatic pressure and wherein the throttling element is configured such that the output
pneumatic pressure exerts a force on the throttling element.

4. The self-adjusting regulator of claim 1 further comprising a communications circuit for

25 providing a communication signal to external communication devices, wherein the
communications signal corresponds to the difference between the sensed pressure and the

desired pressure.
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5 a throttling element moveable within the flow passage for selectively restricting fluid
flow through the flow passage;

an actuator coupled to the throttling element for selectively moving the throttling
element, the actuator having a control side and a reference side;

a reference load coupled to the reference side of the actuator for biasing the throttling

10 element to a predetermined reference position;

a feedback line for applying pressure from the fluid in the process to the control side of
the actuator for moving the actuator against the reference load to position the
throttling element within the flow passage;

a pressure sensor which provides a signal indicating the pressure of the fluid in the

15 process;

a controller which receives the signal indicating the pressure of the fluid and outputs an
adjustment signal representing an adjustment to the throttling element in response
to the difference between the sensed pressure and the predetermined level; and

an adjusting mechanism for further positioning the throttling element in response to the

20 adjustment signal output by the controller.
6. The pressure regulator of claim 5 wherein the feedback line applies pressure from the
fluid in the process downstream of the regulator.
7. The pressure regulator of claim 5 wherein the actuator comprises a diaphragm.
8. The pressure regulator of claim 7 wherein the adjusting mechanism comprises a current
25 to pressure converter which provides pneumatic pressure to the reference side of the actuator in
response to the controller.

9. The pressure regulator of claim 5 wherein the reference load comprises a spring.
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109& () - a pressure sensor which provides a signal indicating the pressure of the fluid being
5 controlled;

a processor which receives the signal indicating the pressure of the fluid being controlled
and outputs a signal representing an adjustment to the throttling element in
response to the difference between the sensed pressure and a predetermined
pressure level; and

10 an adjusting mechanism coupled to the processor and adapted to apply a force to the
throttling element for adjusting the position of the throttling element in response
to the signal output by the processor.

11.  The electronic controller of claim 10 wherein the adjustment mechanism comprises a
current to pressure converter that provides an output pneumatic pressure to the pressure

15 regulator, wherein the pneumatic pressure from the controller results in an adjustment of the

position of the throttling element

12.  The electronic controller of claim 10 further comprising a power supply for powering the
processor, wherein the power supply comprises a generator which uses the fluid in the process as
an energy source.

20 13.  The electronic controller of claim 10 wherein the electronic controller further comprises a

memory structure, wherein the controller is adapted to store digital data concerning the operation
of the pressure regulator in the memory structure, and wherein the controller includes a
communications circuit for communication at least some of the stored digital data to devices
external to the electronic controller.

25 14. A method for compensating for offset in a pressure regulator which uses the pressure of a

fluid to position a throttling element to restrict flow of the fluid through the pressure regulator,
the method comprising the acts of:

determining the pressure of the fluid being controlled;
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repositioning the throttling element by applying the adjusting pressure in addition to the
5 pressure of the fluid being controlied to the throttling element.
15.  Anelectronic controller for a pressure regulator that uses the pressure of a fluid being
controlled to position a throttling element to restrict flow of the fluid through the pressure
regulator, the electronic controller comprising:

means for sensing the pressure of the fluid being controlled;

10 means for determining the difference between the pressure of the fluid being controlled
and a predetermined pressure level; and

means for adjusting the position of the throttling element to eliminate the difference
between the pressure of the fluid being controlled and the predetermined level.

16. A self-adjusting pressure regulator comprising:
15 a body defining a fluid flow passage;

a throttling element movable within the flow passage for selectively restricting fluid flow
through the flow passage;

a diaphragm coupled to the throttling element for selectively moving the throttling
element, the diaphragm having a control side and a reference side;

20 an spring load coupled to the reference side of the diaphragm for biasing the diaphragm,
and thus the throttling element, at a predetermined bias position;

a feedback line adapted to apply pressure from the fluid in the process to the control side
of the diaphragm for moving the diaphragm, and thus the throttling element, to
position the throttling element at a position corresponding to the pressure from

25 the fluid;

a pressure sensor that provides an electrical signal indicative of the sensed pressure of the

fluid;
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desired fluid pressure, the electronic controller generating an electrical error
signal that varies with the difference between the electrical signal indicative of
5 the sensed pressure and the electrical signal indicative of the desired fluid
pressure; and
a current to pressure transducer having an input adapted to receive the electrical error
signal and an output adapted to provide a variable pneumatic pressure to the
reference side of the diaphragm, wherein the variable pneumatic pressure
10 provided by the current to pressure transducer varies with the electrical signal.
17.  The self-adjusting pressure regulator of claim 16 wherein the electronic controller
includes a communications circuit and a memory, and wherein the controller is adapted to
receive through the communications circuit an electrical signal representing the desired fluid
pressure and to store a digital representation of that electrical signal in the memory.
15 18.  The self-adjusting pressure regulator of claim 16 further comprising a power source for
supplying electrical power to the electronic controller and the current to pressure transducer.
19.  The self-adjusting pressure regulator of claim 18 wherein the power source comprises a
solar panel and a battery system energized by the solar panel.
20.  The pressure regulator of claim 16 wherein the pressure regulator further defines an input
20 port in fluid connection with the fluid passage and an output port in fluid connection with the
passage, wherein the input port is adapted to receive fluid at a pressure greater than the pressure
of the fluid at the outlet port, and wherein the feedback line applies pressure from the outlet port

to the control side of the diaphragm.
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