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WD 2006/ 134593 PCT/ | L2006/ 000686 FLU D FLOW

CONTROLLER FI ELD OF THE | NVENTI ON The present
woOvensizgsy3rel ates to a device for permtting PCT/IL2006/000686
measurenent of small fluid flows, in general and, in
particular, to a fluid flow controller, especially for

use 5 in conjunction with a water neter, for

permtting neasurmm I fepwat er .
BACKGROUND OF THE I Wr¢ %WF%‘Enléasure wat er
usage by various UFERED OFTENSIRVENREONISEr is 10
provided with a water neter in their water supply
| i neThevpresbnininarsntie:s relatés te aadevice foreegmitting trucasiirement of small
wat er passing through the neter. This nmeasured )
flapdafbows,yincganeial andein pagicules, tose fluidfiowaecatrollery espgeially for use
.as well .as hy the | ocal water supplier, such a%
in GURUMCHQY VY i WateB TREISEeLor BTG BiFAPEPRGET o crall flows of
are | eaks and ot her water demands at | ow volunmes 15
ch are too small to be neasured by the neter.
However, since these flows continue all day |ong, the
unneasur ed .usage can reach up to 15% of the total

water suppl i eBACOKIGROUND OFDHETINVENTIGON y, this

problemis dealt with by using a higher class of

-

e s D. Each neasyrenent clggf has, advant ages
?hﬁar ¢

ev cla
pravifled; wgwawg'géwm praten SIPRbs e whighgmepsurgs and records

0§ RSO P, i ieBRe i, This plahofied AptE) Ghn be used
by H{éﬁﬁ%g? g% HackHfis Hgﬁg%g gp S‘gégg%f y &10345P aﬁ{r’}%}h}b@liw ts?(ﬁlé as a town,

eac er class, cost o I ng
f@m@g\pueg@geg,er way to deal with this problemis to
utilizé neters of smaller dianeter, i.e., reduce from

3/ 4"Tnt maty Buildimgst Hiese wegy leakisendbothit water demsndeat dw volumes

~flux is increased,, 25 since the smaller_the diapeter,

which mo ismeall, 40 he meagﬁ@dnbm !m@tﬂru ﬁovg@v%isgwet these flows
R e e G e ek P 1980 ot v

r. . . . ] - f i [a.r .
s IBI36 BNt B ERIA, HigPaBUETid 4R VA6 B R o tigher
cliis2 BB REcBhPeSysRirg, 1.EKShrdm! CldskEBI® ChdsUQa@RepickbbRss D. Each
pressure drop "across the neter. Furthernore, reducing

meisnreinenetlass has advantages and disadvantages. Moving from class A to higher-

classes dramatically improves the ability of the meter to measure low flux. However,
the reliability of function of the meter becomes more problematic with each higher
class, as does the cost of utilizing the system.

Another way to deal with this problem is to utilize meters of smaller diameter,
i.e., reduce from 3/4" to 1/2". In this way, the ability to measure low flux is increased,
since the smaller the diameter, the lower the value of the nominal volume at which
the meter will work for a long time without breaking down. The disadvantage of this
method is that the pressure drop across the water meter at a given flow increases in
inverse proportion to the diameter. Thus, smaller diameter pipes are likely to create

an unacceptable pressure drop across the meter. Furthermore, reducing the diameter
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1 WD 2006/ 134593 PCT/ 1 L2006/ 000686 of the pipe, and

the resultant reduction in pressure, is likely to
WOHd/1385%3a | oss of water pressure to the conpPOTAEL2006/000686
To prevent this | oss of pressure, larger pipes are
required at a higher supply pressure. This neans nuch

hi gher costs of infrastructure and wasted energy

SR 0k 50 o 5, 5 R s
pRésRhtecin Ak cHRSRAGY ’l'%%r\é@éxﬁ&hfs'l@% oft PR¥s18, 1 f#er PRS&RVdre Sequired at

a satisfactory solution, and cause "addi tiona
affrightresupply’pregsirer This wefrisemenh highedsosts ofinfastmsteresand wasted
are in use today, multi jet, single- jet, positive

eac@ﬂ msalting frampdiheulass of préssure serosetthe metet. Jhusn while these

e @iﬁ‘? Fﬁgd@é‘e{%?évm‘) hatofheiir b@??&%@%@m&&%ﬁ@ oy, hey do not
g %féé'-‘f’?ﬂsolsgg%gﬁcg“g@se audtioRereiebidpor over
flux AQllQﬁ]bé‘r gﬁ&h"fﬁe‘?&ﬁt‘lﬂﬁhs éﬂvﬁfcr Hrdtefs: arQ?ﬁ k& tdcﬁrx{t Rftlti-jet, single-

flux at neter begins to respon

jetppositivé ldisplawgnidnt Ogltaitlic obdHHatIGE Mttér, a@tl'so én. &% range of flow
Ilkely to be tens of percent. As can bé seen, there is

as |t i's un bleté& rreasure at all. Froma m ni num f| ux

pammsters apd 1llustrajed in Figyred. Kignye 1 is a-graph il @g@upgghg percentage
nfgbeniehe 8? FiF e e (L o8l GoPyebBRR B i bt oo flux at
w%ﬁ‘l?ﬁ{ep éggzgss cgfesf)?)ﬁﬁ tofthé’ Pobdmb ﬁo%l\?ﬁttﬁré&éﬁelt Measurement

maxi num Fou the nmeter

eRORSHY ﬂﬂceﬁf ﬁpb@feﬂsQﬁspdrbélﬁ As Jhfibe sebf, thBASHILARBE befiween 0 and

in the optinmumrange of |ess than t2%error. As can
Qag: wherg thermster Istapsyres ét is uablow hwakur@ at*all. ol & mginimum flux
inaslow 20 small volunme flow, is likely to be | ower

Quindn acdtighen fTex Qb(Rirosisonh 8EOVCEY% anear ip eccmab_l@xébQé (thuon) the
a?f@&&?ﬁ%msﬂtema B RGPt GRIOL R BARBPY TRy v ertor. As can

t h' . .
885, ) O O, ), DS S e B v
prebsure |diop o qrssst fhaﬁrp‘étrﬁ}? HR nfeAfGFdMct §s 49 tH@%?Hﬁﬁfﬁ? Rhnge of less

over a particular range of flux, the conbination neter

than s:296 esonpds can Beceeth inatucha meteera stoweleak L peszalting in a slow,
mai n neter which can be connected to a water nmmin for

staqll _éfqiumﬁnﬁomrlg dikelyoionbe lowencthan Qlpwon{Ymii,0azth would not be
AR TS B atec” S

Conventional meters were designed to measure over a wide range of flux.

" However, this means that at the high and low ends of the range, the measurement is

extremely inaccurate, if measured at all. In order to provide more accurate
measurement over a particular range of flux, the combination meter was developed.
A combination water meter includes a main meter which can be connected to a water
main for determining larger amounts of water flow and to an auxiliary meter which is
disposed in a bypass conduit for determining smaller amounts of water flow. These

devices generally are very expensive to manufacture and maintain.

2

“on val nos et sofl cacist meterwiseidefinbé a:moedmgt tpdhe following



C) 10

15

) 20

25

di sposed in a bypass conduit for determ ning snaller

anounts of water flow These devices generally are
Wer200€K9893si ve to nmanufacture and maintai n. z \NOTFAL2006/000686
2006/ 134593 PCT/ 1L2006/ 000686 A nechani cal device for
preventing unnmeasured quantities of fluids from

passing the neters is illustrated in GB Patent 2083 to

Mei nékmecHarisalpddvdoe fdeguevddmg anmesmned apiangtias rofi fluids from
and a_service pipe with a variable resistance placed

passingdhbe meterisiis iysiraird in 6B RatentEBatoMeinckse Mispateniedescribes
mai,n and the servige pipe, which,is 5.3gted  upon by a
2 Ljelet BAYING faaifcishs SBIiGE RIBON b oV atiakls Fesivagee phged between

g5 S A1 o R ool ek il S SAASE e, which
acRicPEPH By SRR Wel élﬁ?]& By Y r@aﬁi]%eﬁrgﬁhtmh&ﬁ' thE wiight is in the

ever are raised so that”the \ ides to tne
outtvard pesitionf thd eesitteice andhé hRisspei 6f dikd idi gieni, BikSas the fluid
thus allowing a sudden opening of the valve. 10 There
pregsurg doowgases| indbe geiviee pinss thamelve andgthetlewedare raised so that the
gheti c

weighbAifao Wit 5 OF the Hohaddnaremstanes diishasy fous allowing

o WSR2 Ll Snd Popen the valve
One THeed ﬁ@'kﬁ%mggﬁggé%gg aS @Hf‘ &f 1238% 'rﬁofa%éf poppet

patent-- publicati I's application descri.be
atitagied by Sragneefichd) Gorrpdlby, ithe bb?p‘étﬁs ¢b@sE dnd _@k:lﬂfb%r the magnet
. mechani sm for fluids having a sealing body having at -
in theagalvoseatointid sufficient pressure i ¢reated tameayvesit fasmtthe balve seat and
- wedged i.n the opening of the valve pechanism Anot her
open ke wlve. Qne wugh qelye angchagisguss Fhows aust degoribed in EP patent

o 3355 el el ) g ShA o pantcaty
R 0O TRRSE TR o TRORR e e il

créssiBetiondl drél S58Pidibe WedgB@RPRie dpenild 6PHeSAIVOnicbRanism.

magnet, closing off the pipe. If "a slow flow of liquid
contAnuiber, extample iofsiich asdevidd ischednaindJS fedtenth, 320,836 to Morris

poppet until the pressure of the collected Iiquid
et ak é‘gwpambdmghm panagnsitically opewtad ehecktealymppeingtavalve body,

it.ion. .This. t d t £ . .
a BOyAHIG BB ReSeg hergib ARG 8imEtint: VHEh oS Hanid pissseoting on
thof‘ @gpg%téiéeﬂéloﬁvh S bR, | MRSt TRe PRphOF is’ Bla'itSF 3 'Y magnet,
closing off the pipe. If a slow flow of liquid continues, the liquid is collected and

held by the poppet until the pressure of the collected liquid exceeds the magnetic
force, unseating the poppet to an open position. This poppet and magnet are

configured to trap magnetically attracted particulates and prevent them from flowing

_ to the valve seating region.

In these conventional valves, movement of the poppet immediately opens the

lvalve seat over a relatively small surface area, permitting a small flow of liquid

~ through the valve until equilibrium is reached between magnetic force attracting the

poppet and decreasing fluid pressure acting on the poppet, until the poppet no longer
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In these conventional valves, novenent of the poppet

i mredi ately opens the valve seat over a relatively
wioedobe/sdsdBace area, permtting a small fl ow of poirguiodsn00686

t hrough the valve until equilibriumis reached between
magnetic force attracting the poppet and decreasing

fluid pressure acting on the poppet, until the poppet
: 64 0006 - DV .
B0 P, o D YRR e ity Pl Ve Y DROLB 8 ciently targe
flovey fotnédshifensdrt by conv8hithal WR%SmEREs, TBasur enent by
conventional watef neters. Conventional magnetic valve

mec hdlomventional miggregicadlvomechardyas agpddsignddu® adhieve @quilibrium
.open positiaon. Thus, when the fluid pressure overcones

in [{be fepesepoditione Thes,nuipent the fliid gresstwe pwgnoomessthe force of the
a small fluid flow

%ﬁﬁ géeiﬁi]oﬁ’g %9\1331#/ Fomoved Soo 213%9 gueat, orgatingea seell fluid flow
R N TR
R RSTtthe Ehag?n@ﬁc i@%ﬂgx}zg%rht%d?ﬁdéﬁ&?%ﬁsistr %%lﬁdg‘ﬁgt@ fhe poppet in

relatively Tixed.tlul e va

thehepdrhpesitiohdas/ lingeas &erd s eelativelysxdd i ﬂbﬁpfﬁr]bﬁgh the valve

Patent 6,317,051, a water flow nonitoring systemfof

 abexesiheithtesholdhalys.esence of | eaks in plunbing pi pes

havi wat er, flowin t hrough the pi pes under high

pr esﬂ?’@. 18T ﬂ@os]?!ﬁ"@% frem LU.@&’ ajeryt| gﬁﬁ?\?@ﬁﬂt or WmﬁrgﬂOWsmonitOﬁng
he pipe, a conttr.oll er composed, of _.a timer .

sy £oE bt x RE I etsnie Gfdedks lhelmepines hiwing Water flowing

tl%‘lr) Sﬂﬁ%ﬁ%‘ Lhases; n;ﬁrggsﬂé.el‘ﬁt? %Pgs%tﬁqngﬁgle? 4 8w h8Fitor which is

t he .ano wat er s exceeded a _
mpuetetetee teefipas ausbHtadiRg cophpuEed ofd emi! 6k afMchBfil&ted volume
conponents respond to changes in the flow rate, at
mgtrirdh detererine wheal the flesw das wehtinuddiatoprd-selecttd petiol of time or
This solution is ve conpl i cated and

w Qﬁeﬁi@fé@w nedhovater Jhas &ﬁge;ﬁédnaaprﬁ-sde@t@dd pegyimulated volume
iR, P les pmsonsnlioieapetd e chngenimily fivevain st which time, a
w6 AU AR BT 8 Fppicd nd

eXPeRsiNG en n@RBotiRl £id Mhidtaidl  accept abl e per cent age
error, and it would be desirable that such a device

woul Alcerirdingly,t therd iow loagstelieneabiell ¥ devive winicH bohébntrates low

pressure acting on it drops. ) .
volumes of fluid and prevents fluid flow until there is a sufficient volume to be

released as measurable flux, which can be measured in a conventional meter with an
acceptable percentage error, and it would be desirable that such a device would close

the flow passage rapidly when the fluid pressure acting on it drops.
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4 WO 2006/ 134593 PCT/ 1L2006/ 000686 SUMVARY OF THE

I NVENTI ON There is provided according to the present
woveoyizesvsa magnetic flow controller which tr pesfiRiddo006ss
a low pressure inlet flowto a higher pressure vol une

of fluid over tinme to a pre-defined threshold

pressure, and which controls the passage of 5 the

fluid so as to prﬂﬂﬁﬁgﬁg};qyﬁmf P%ﬁ{;ﬂ) asur abl e

eas dere s giosias o daﬁe@%ﬂ o o

neas e i cevt N

subst anti al |§°|n an optl m r ang rreg]g‘ﬁerngr?enfl n}agneho flow

oontroldelt whichl trénsformet dow messub@inloEASw o Righee i)['ébfsﬁre volume of

ﬂv‘\g‘i be m nimal. Accordingly, the invention provides a
& Quer ummt@w m‘érﬁqﬁmeﬂdhrashdldwemym antiowhichi abrtdolsithe passage of

sa e ha net | spl aceabl e rmgnetl
ﬂgeeih saglogtg@)e W 36 agneasygeblethigh flux. Thus, this flow
°9h§§fé%“%%br ewvg%a&%gaa%@%t@m b%é{vdwﬁmﬁt“ﬁ%w&*ﬁ%asb%bs?mallym o
?o gr agua bui n:IeB I(e’glglgc 0\}{0":a ﬁﬁéﬁﬁv%&gr DS S & gia{tﬁﬁ%asurement

ennrswﬂbbdnﬁnima:leabl e msnber and shaped to rapidly
fully open the seal, so as to generate 15 a

' easéesprdingly) thre infentioni provides ug mdgnetipa@swogeontroller including a

ding to a,preferred enbodi mrent, the flow
ﬂBwa&ﬁ SRER t]%éﬁmg e [Toegnet.g a dlﬁplﬂoﬁa@leem&ﬂeud aﬁﬁabag member
dﬁ@?ﬁe?dﬁﬂf (R BBt 1B RpetoRbl Rrier gndos (er e W eppssoge being
lﬁﬁggjb %??ﬁlgééé;fc}d; J&vlﬁ’gboég gﬁ%lbﬁ%rﬁgﬁ'tr maﬁ %ﬂé&%ﬁ%{ngglber through
thenflowepastaye, MRFE6Y td adlﬁﬁﬁreﬁ n&%lu‘id‘ %ogﬁhﬁtanﬂ pressure acting on

gﬁa genent of the di spl aceabl e er an

splacendle mensher, ﬁoxi:shaj:eﬂ@otrapﬂl}eﬁﬂgboﬂmﬁm seal, 40 to generate
e

s a flow

i nvent i) theflowcontroller inclu
a ‘H@g%@l f flpid darqugh theipassege.wveen a fluid inl et

v H—“x% Gl gl prbo gﬁqr&l;ﬂgﬂﬂ%&i@l%m\w includes a
TR 08 3RE3 S il B BRSE R i B bber t room

topQkdd %IIﬁWI d| ng novenent of the displaceable nmenber

t hrough the fl ow passage,
According to a preferred embodiment, the flow controller further includes an

adjusting screw coupled to the magnet and mounted in the stop member for

- determining the point of engagement of the displaceable member and the adjusting

SCrew.
According to one embodiment of the invention, the flow controller includes a
flow passage defining a sealing wall between a fluid inlet having a ferromagnet and a

fluid outlet, a displaceable, magnetically attracted sealing member sealingly disposed

~in the flow passage, the sealing wall and sealing member having interacting contours

~permitting sliding movement of the displaceable member through the flow passage,

while maintaining the seal between the sealing member and the sealing wall, until a

pre-defined pressure differential is reached which overcomes the reduced magnetic

5



whi |l e mai ntai ning the seal between the sealing nenber
and the sealing wall, until a pre-defined pressure

wohomrsmosal s reached which overcones the regdgegthoos000686
magnetic 5 WO 2006/ 134593 PCT/ |1 L2006/ 000686 field,

at which point the displaceable nenber is unseated
fromthe sealing wall and accelerated away fromthe

g s, B ek B et o
b1 Aoy PR BRI 204 1b P yBEEF Hrop, in pressure and to
pﬂﬁﬁﬂbﬂﬁﬂﬁ?bﬁnﬁ&ﬁﬁﬁﬂeWﬁhhﬁﬁﬁﬁﬁ@ﬂbﬁﬂm&&%ﬁiﬁkdkémie.

characterized by Hysteresis notion. ccording to one

enmbodiceerding fio tahprefervahtinbodindit off theliavestivig themhevement of the
has an hydrodynam c shape having a central el ongate

Tl il eyt it ot
Thi s Aceprdigg to ﬁ&%ﬁm@wdé@ﬁm of tha ﬁé'eaﬁe,@,gﬂ@ﬁ@mqb&nmember has
af BT SR BaflBE F ol ighfark Pltigp Of constant diameter
PRI ST 80 O0REE ST EMTE AERFT R, T conl

 pomtibar séwicsls A tygmiess Midtibn b Thé Msplicdkblimanber which, in tr,

detail ed description taken in conjunction with the
comtrols s volanwhelcthe fluddpulse. 1 is a is a graph
illustrating the percentage measurement error over 5
flux Q of a conventional water neter; Figure 2a is a
schematic illustration of a fluid flow controller
constructed and operative in accordance with one
enbodi nent of the present invention, in a closed and
sealed orientation; Figure 2b is a sectional view of
Figure 2a taken along line B-B; 10 Figure 2c is a
schematic side sectional view of a fluid flow"
controller according to one enbodi nent of the
invention in an open and unseal ed orientation. Figure
2d is a schematic-side sectional viewof a fluid flow
controller according to one enbodi nent of the
invention in a closed and seal ed orientation.
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Figure 3 is a schematic illustration of the fluid flow
controller according to 15 Figure 2 in a noving but
weedoesi1asdent ation; Figure 4 is a schematic PCT/TL2006/000686
illustration of the fluid flow controller according to
Figure 2 in a further noving but sealed orientation;
Figure 5 is a schematic illustration of the fluid flow

controller a ' b j
inseal ed or | ST BESCRIPITENE ofF g HERTHIRES
i || usTlietptédent evotish SkEEH ¢ Bhachih
member ?n a preferre(?I.didgﬁbgdi%‘ﬁ%ﬁa t%fﬁe%ﬁ(gd‘fﬁl\}gn |oér=1(?ated from the
1bllgwireg detailed dgsaription!thket nadonfundtion with thod@ivihpd which:
generated by a device according to the present
i nverdfigBre IFisgarie aggraph dllusttetingt the pércestapetensusdment error over
Mgd | ow cont r%I | er according to the 25 invention

(P SHVEIRang Water @eterand Figure 9 is a schematic

the L O ifa siherdle s RRiGR BE AL AW aparolieh ehstructed and
OB SRR G e R R UHEEE of A phackll iveption, in a closed

andisesled orientatioagnetic fl ow controll er which transforns
a slow reduction in pressure of fluid flow over tine

" 't o aHigarei2laid @ sédtiond] vicovof Figuee 2a taksresloap tingrBByur e

differential is reached, a flow passage through the
f 1 owFdgie dei & assdsamticr sidedssptionah wiew aof veltinid dlge controller

RO\ A TR PrEPHITISAT DhPeaRUGHINR 1y opes Ani) ¥gseplod orfentation.
Conv B 2857 4 SeTklae sl ol 5 o i Sk fow controlter
atdby @il t8lbnel dHSHiRICRE 0)12 #Hesintrﬁiﬁc{# i‘ﬂxc} A0ded ?.t?@%a@éfﬁﬁéﬁtation.
ux (high vol Gne OW Ng over

- to a nmeasurable fluid

a shbigurte 35 a sohetdait illistrdtion of danflard MoK b6@EbIRYt according to
the fluid meter within 10 its optinumerror range.

Figure 2 i aynwoiigg betwedledhirientatiomt ai ni ng a pressure drop
in he fl Wmetﬁr which is wthin the permtted )
st ant}§e ‘F its @ schegagtic iHusiration; b thsnBuid flpwr comfrelierj ascording to

Flg e AP N b selP et ion een
S ubsggq,ltgﬁzg lrlr%%nmgrﬁgmﬁﬁb‘ bR BR bR ol cdhtroller according to

pul s
Figure 2 in an open and unsealed orientation;

Figure 6 is a graph illustrating the hysteresis curve of a displaceable member
in a preferred embodiment of the invention;
| Figure 7 is a graph illustrating the flux over time generated by a dev*iée
according to the present invention;
Figure 8 is a schematic illustration of a fluid flow controller according fo the
invention mounted in a water meter; and
Figure 9 is a schematic illustration of a fluid flow controller éccording to the

invention mounted in an alternative water meter.
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 flowing even ashostifimeh SOAhﬁﬂI @Paf Lmilyﬁa% ew%“f‘é‘i

downstream of the controller. 15 Figures 2a, 2b, 2c

and 2d are schematic side and cross-sectional

Wwig 168é/iakdons  of a magnetic flow controller 1GQcyar2006/000686
constructed and operative in accordance with one

enbodi nent of the present invention, in a closed and

seal ed orientation, and disposed |n a fluid fl ow pipe

12"t hrough DL PRSI AON Dl N e R a°

fl uigheptdsent ih@enﬂfd)mrdlatbsl teh niagrietic flavp bentrolberowRidh transforms a

source of fluid, for exanple, a water supply. Fluid
slowtdeduction impmsupe@cﬂ‘ ﬂmd%w owen time dp agrearurahle fid flow. Once a

consumer, er su y eline i

thagehold pgessm Qlﬁ@reqtqa ggslfe,a @d:pqsfgq.ge Hm;wg%ﬂ}e,ﬁlgw coniroller

e B I A AR S i
J{ b ‘ﬂ&ou ﬁg gyaﬁﬁé}géﬁ? td %eﬁﬁﬂ‘»ﬁh@ %@@Qrement of the
udes on ea id nenbers, here

vdlhhiésbf Hugd 1@% @tfhv@ﬁﬁ@ﬁélrﬂ(S\Q&hbm Thelderick9f thesprbkent invention
menber 22, which may be an annul ar nenber, here

intdgrates rthtsetbvadlmnand trangfores sie 4o amlebwahbvﬂﬂgi flux (high volume
portion of const ant di anet er .and | nt er nal vgl

)

ltsplaégﬁﬁxs? £ Sitag s iprmBisil v iy b o ptbure drop i
thg uf? ﬁ@%é%ﬁé%%@eﬁérhﬁ%% m engg (’E;I?an%) gtmosphere

foi“iﬂ’ﬁﬁf be%%bﬁrsﬂﬁt nftithein sdpue 2‘:2‘)E Thieis, 4Be Mﬂio@xd?lcﬁrldes relatively

by support el enents bet ween whi ch uid
sHakpﬁBlf&Lhethen Substahtiallyl igh fhix fowtiandlmclabl & apolseriike manner,
30 is disposed in flow passage 12, between guide 5
dasweshaans of thesgnntiodlear r anged to nove bet ween i nternal
22.

\Qﬁg ! ggq?f'egr&ﬁ; Zﬁl 20 aﬁ& ghcﬂ'ﬁﬁcagpzﬁc tsgi%ax@grggs—gecftfqﬂa& illustrations

i}'pa | Bo) SRR o IS e BYE 08 i e Brdefice with one

6(![191&‘5? of Qﬁ@?%e@&éﬂw i) iRh dbRddindearaattichtafi) ahd disposed

IS causes adbl e nenber to accelerate to

m% ﬁﬁﬁ?ﬂoﬁigﬁbe llﬂaFlovM:bsﬁmb]ﬂ& Kehiclndpsja fGidefbon gaseape 125through a
di sengage t he di spl aceabl e nenber continues to nov

badya0 firaving o Hlridrihket 1drahdoa dluid emﬂat aéthndrmleé dﬂﬂlsél%lpled to a

opening of the fluid flow passa
sou?ce of Tluid, for example, a water ICéupplyg Fluld outlet 16 is coupled downstream,

for example, to a consumer, e.g., a water supply pipeline into a dwelling. In the
illustrated embodiment, fluid inlet 14 includes a fenomagneﬁc stop member 18,
which may include a ferromagnet or be formed of a ferromagnetic material. Stop
member 18 is affixed to body 20 and includes one or more sealing members, here
illustrated as an annular sealing member 19.

A seal member 22, which may be an annular member, here illustrated as an
elongate seal member haﬁng a portion of constant diameter and internal walls 23, is
mounted in body 20. A plurality of guide elements 24 may be provided in body 20
along the length of flow passage 12, 6_1' body 20 may be configured to include also

8

s fimggneter within o



£

-,

15

") 2

25

illustrated enbodi nent, displaceable nmenber 30 is

adapted and configured to seat against stop nenber 18
wocopd/eqeat fluid flowinto flow passage 12, i pcithE2006/000686
closed orientation. Preferably, the displaceable

menber 30 has a hydrodynam c shape so as 15 not to

hi nder fluid fl ow when the fl ow passage is in an open

. ) L ! ol )
infEh il ol oty LRROAE S LRSI o S R daefibor 20 fs an
outled stopinenfben 26! flounted @ Bddyud0 betstgpes olerfipmnts 28] bedveen which
portion. Cylindrical portion 32 Is adapted and
fluid diavguiowidhe dluid odtletalong and seal i ngly engage seal
menber 22, as_long as they _are at, least partially in .
r egi&stdisplperably macraber 30 d8 Khisposed iny flowppasspge dai iaesaeen guide

el%ﬂ%xi}.p %gﬁgﬁ gzggg{ﬁqﬁot@dnﬁglt n .Of 93%%'@%)3@ %ﬁa.ﬁfv@ﬁg %Seof .seeq member 22.
DIBRH e ShoEET shESE R 25 MBI i s

whilte ded eﬁﬁﬁaﬂegmﬂgf 'ﬂlﬁh}civ%ﬁ RidteUd SR8 SHemPEF 22IbNG a selected
to anot her enbodi ment of the | nvention i

[ustrated I n

didthnmd, so28s 86 bulildaaﬁb spe¢d iofrmavernéntdos the dispidczabRnyember. This
30 may include sealing material 45 for 25 sealin

causegdbe isplagdable hstiybepdo actrleratd tararspeed]guwfhﬁia@ew%eﬂ@he sealing

seal nmenper, 22. Portion 32 of .di spl aceabl ¢ nenber 30
engRESIHENtI§ @é%ngassgnﬂ?@efi%ﬁce@b nEBPeT eRIENEs do move away from

I AL P R0 o sl AR R b E BB A ppssege. In the

ilI%?rsag?% %&%@&%@éﬁﬁ%&b&ﬁﬁg 30, g%édéﬂ?@d and configured to seat

agiast dopORRhider 480 prfvenn fluft FioSk ito Aow §RBY4gRII2, in the closed

material 45 of portion 32 is in sealing engagenent
orfentationo Pyef2fabi cthe tdigplabeableamentbee 30dmser hpdrodgnamicashape so as
cl osed and sealed orientation. A nmagnet 34 is npunte

not ¢ binger £hud dlow vemethe Show passrge s ds aamnennaaigeln e fustrated
enfdisnons Sisesanlgoprer 30 indunenn povtion 52,4 Sublianfally constan
cisgfeith T8 e i AP Pt B 52 e adapted

, e o I .

o RERue P oSARR 0, Sty SRLRCOOH BeROD, A ons s ey

ard ftcledstanirdsn il fegi®rdtion Wwith oile\émodagkIttwilibe a%pfrbeiated that either
menber 18 froma fully open orientation. In the

or iboithy otfr seak dandbem B2 dindedisplacedble mennbte 303Bay dnclude an elongate

conpressiogn spring biased between a shoul der 39
portion to permit relative movement while maintaining sealing engagement along the

- elongate portion, for the displaceable member to build up speed.

According to another embodiment of the invention illustrated in Figure 2d at
least portion 32 of displaceable member 30 may include sealing material 45 for
sealing engagement with body 20, thus eliminating the need for seal member 22.
Portion 32 of displaceable member 30 including sealing material 45 is configured to
provide a fluid seal while displaceable member 30 moves relative to body 20 over a

selected distance, so as to build up speed of movement of the displaceable member. -
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on di spl aceabl e nenber 30 and stop nenber 26.

According to an alternative enbodinent, return nenber

w0 2my13p@3a netal body or another magnet (not pa@WNlos000686
di sposed in or near stop nenber 26 and arranged so as

to create a magnetic force to repel the magnet 34 in

t he di spl aceabl e nenber 30. 15 According to one

' . i ny-ent.i . i« or. 31,.i.8
A IR e 28, YRR bl 4SRRIy 3208, b spsagement
vitH b6dy 30wiRR. the displdcehble REmba 0 RUAY c154id a&@ Segled orientation.
sensor, which is capable of detecting notion of the
di splaoegnbe34 ientvemtahth displaceible ntsmbeit 30)torsdigplateable member
correspondi ng thereto. Sensor 31 preferably is
30omey cbe tformed wfpatmagsic materidle Preferdbly, hapiece of ferromagnetic

receivj the out put signal and 20 conpiling data
AR 9%9ﬂ9rm0§@ﬁédﬂ.(%qm§ea@éﬁ mepabeyr Xk abowt magnet 34, so as to

' her. h f the di | bl
RS RERREHI N e or ccence of Ca | oak. 1T dearred.
COMPPt&er ,r@}fetﬁfn ‘fﬁ)éiﬁiaﬁdﬁ s %s&%ﬁﬁté@ lvéliﬁ]i cgﬁaaéé&rable member 30.

provi di ng war ni ng, Suc as an al arm or

Retithaaéinber 88 ib @alifighred dndiishofiRi RPBIRE!AE F&ﬁ'sﬂl%%éable member to

according to an altérnative enbodi nent of the

- miovedrackdowatdeestop gnembeny 8 frommaufullycopen tientation. In the illustrated

menber in the inlet, and the displaceable nember may
empbogdiment oreternigembend® és & comprassionlspring Hiated badween a shoulder 39

ohuiiFeie, ERRG6: I el IR, dshoninenth an alerntive
e@éé{lﬁé&%%ﬁrgi@%ﬁa@?ﬁ Bg fg:%l(,\%e t?gg%t%.héﬁé;g %16 %gtl)t?lege mrg)g%ret I(I?Ot shown)
AR ALyt APl AR alonic fooe to

repebibeansaivt 8411R Mhe disphicesblawasmbésy.t he stop menber.
According to one enbodi ment of the invention

i || udreerding iton diiegembodiment of thevinbenticy & unhfestic sensor 31 is
i ncl daisapan adj usting screw 37 disposed in a .
c%‘ﬂ’g"éi adiarent the fiowygontellet abensor 3il myay bermveadyswitchypor a coil, or
open end., (,not shown). .and a bqtto pen, end 15, .
ar Gk PriAt)S e @ hidh s Grpabs o0 siskecivg: mofigh of the displaceable
[AVA'R | NeTgoll ' 5 1 hcl udi n n_.annul rogye
L SRoviRlR B e Sl Soyhely okt Mepfe® 3 frofersbly
is QRAPIRN ¢ @f ! ' i &dgg;? i
lshou.gi ng%lg (r:r%yﬁgglrclagﬁ#ggtﬂga\ﬂg!‘vic\?gﬁrg%géﬁ%ﬁegtn@?r| L signal and
cosiipiling datdl peedie® By theReRdoraMHisPdRh &€ pieUessRl thRdeRemine whether
shaped accordi ngly
the movement of the displaceable member indicates the presence of a leak. If

desired, computer 33 may be coupled to a controller 35 for providing a warning, such

as an alarm or other indication of leakage.

It will be appreciated that, according to an alternative embodiment of the
invention, the magnet may be mounted in the stop member in the inlet, and the
displaceable member may be made of a ferromagnetic material, or both may include a
magnet. The only requirement is that a magnetic force be created between the two

which is sufficiently strong to hold the displaceable member in sealing contact with

10
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10 to seal off the top end of housing 13. Further
according to the enbodinent illustrated in Fig. 2c,
WoushdM343 i S adapted and configured for hol dipggrB2006/000686
magnet 29 coupled to adjusting screw 37 having

annul ar screw threads 41. Preferably, adjusting screw

37 may be forned of non-corrosive ferronmagnetic

S0 R TR S OB S ot A o B @ply reduced os the

SRR el e ABE AP mesR A st i ng

scre : [ : i 3 .

v e i

mdhftRel§ sfukther AdbRARH arb AdjiedingNsordfy: 3AdHepbiad ifica esubstantially
37 can be displaced along a vertical axis within

cylindrica haGsing 18didving adop opes ehd (hoirshioms) ainda Bettom open end 15,
screwdriver placed in a screwdrjver_groove 39 on t

sideyalladfTagecapt 21 heving wsubsigntiallst evlindoicap pseipeigon deincluding an

oSO b A o e o
ew 37, P . S ,

558213 e S 0B  PTRELEY 8558, MR B vrons

 Bnctical R ahdSShERT, T A1 Ea bro RS Ay bRt accondingly

toSsenbuffIhc top endbehaididg figr med of ferronagnetic
material it is conducive to conduction of nagnetic

f or cButther ac¢drdinggto fthe eanboetiment alfusizated dm Kig. 2c¢, housing 13 is

di spl aceabl e, menber 3Q to nmagnet 29. By {lé{ni g%,y.} )
adapted endgcenfiguwed 7or rholdingag emagietnd? wesRlad to agiisting screw 37

et e e b e 41, F5e o B RERE e 3 ky B2 formed of
oSN SRS S5 SRR B rsin. s
pre éﬂnah%%n el?@gg%ﬁgﬁ%oﬁd@go ?g?fégérlﬂ}%acﬁhpg?g 'tog RhAEREBY o adjusting

sciew 3 Aeeabbe aoeorapliskd b wsere nadgasticngiracticie cA dasting screw 37 is
the magnetic attraction force there between, as
digpesadeth hbusing|13 badfsupphded dpypmesens of conplemgptary annular screw

e L e P TS i, EAABLSER S o v
SRS Sl S o8NSt 4P B i o
s TR %}a%?ﬁ%ﬂ' g gglie%rﬂﬁe? ?%Tbg\ﬁ) ?bi S % 1P saftdle B¢ the adjusting

“engagerie ere ween.
screw. Displacing adjusting screw 37 provides for determining the point of

engagement of displaceable member 30 and adjusting screw 37. Preferably, the
bottom surface of adjusting screw 37 is adapted and configured to substantially fully
engage the top surface of displaceable member 30. It will be appreciated that since
adjusting screw 37 is preferably formed of ferromagnetic material it is conducive to
conduction of magnetic force there through for a better attraction of displaceable
member 30 to magnet 29. By turning adjusting screw 37 the engagement between its

bottom surface and the top surface of displaceable member 30 can be optimized thus |

maximizing the magnetic attraction between magnet 29 and displaceable member 30.

11
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be still further appreciated that adjusting screw 37
allows for constructing the flow controller according

WO ddoerasesent invention of | ess accurate thus gheap&iso00686
10 conponents and still have a good seal as well as

good nmagnetic attraction between nmagnet 29 and

di spl aceabl e nenber 30. Preferably, housing 13 is

FUif ) A RN S 7B hF SRR g 2
ﬂ'{éﬁ%ﬁgt ' cg%r R %ﬂh?lz t&?] fei{s?l'ﬁcgﬂle In&AbE03E thuRphédsing o ecreasing

iment o nvention wll now be descri bed

Ihﬁﬁuétfc staheti e fsrot therk butvesen2as d&ired. and 5. Figure
2a shows the device of the present invention_ in a

cl osHowilhbe Sarther appiicciatest thah by Alsteraysingothe peint el engagement of

di spl aceabl e, nenber 30 is seat egﬂa ai nst. ig{ft Stg(g)l% t betw
displaserbleanewben 3 and adjusting soRew p%!e;ﬁuﬁwﬁgg rRgapetnent between

i s, t . di spl I 9] ' '
orip 37 B e R RoE 3R Rty 224 e pmines. T,
ot Fort PALI 4 82LTo it tEe RAE iBhecth 3 BRt]fRen. 1t will

bF’ rsﬁﬁsﬂﬁﬁle?ia;oiﬁéc%”téﬂ Fhatogdj@stingf dcpbw 37 Blletvs fér cvhsiruating the flow
arge quantrty of fluid is utilized, such as by

| arge, and the displaceable menber 30 npves ra.pin%% .
componerits andpstilk hajee agoodeabpy sk a5 gopd gnagnsticatiragiion between

ot 3o Sy A g o o
oS RSuaB LAY PG b R A agping e

, 1n the case of a
S?Ie}gﬂﬁéo?&a@%?gﬁ?ﬂ%gbmn%m?%am of the flow . ]
cont OydrAtion bifghid embudimetitidfetheninivantiors weillbhowabel described with
buil d$ very slowy and gradually, and the nmagnetic
réferaecaiot Figuresaj 3,h¢ atidsH! Figutsl 2a rehotvey pyise ofnthe present

they
stop member, so 12 WD 2006/ 134593 PCT/ | L2006/ 000656 ..
inveations i 2 slosed aadbwaledosrientioRpAS Silho! Apgy8, displacoable

mirry i Sy Bt 1 o B ERE s pogply prosee
PRy iy Hoblef Ry AFEERRLY dnbiioby Spr guRide W Alid et 14. When

q}ﬂ%mﬁ%ﬁi@is%ﬁe& B&AwinNoff Ry vlistregiln, @8 byf thehwubhmier] the pressure

en 5 this threshold is passed, displaceable )
HERAD Flova Paviagt 124 reducedipibes tcheatingha fpressure differential across fluid

inlet 14. When a large quantity of fluid is utilized, such as by opening a water faucet,

the pressure differential is large, and the displaceable member 30 moves rapidly into.
flow passage 12, thereby permitting the inflow of fluid into and through the flow
controller. As long as the demand remains, the pressure differential remains, and
fluid continues to press against displaceable member 30 and flow around it and
through the flow passage, as known.

However, in the case of a leak or a small fluid flow downstream of the flow

- controller, the pressure differential is small and builds very slowly and gradually, and

the magnetic force acts to hold the displaceable member against the stop member, 50

12



) 10

15

20

25

passage 12 towards the fluid outlet. It is a

particul ar feature of the present invention that the
wospdargdnl e nenber 30 and fl ow passage 12 (Opc3$8B1006/000686
menber 22 in the fl ow passage) are shaped such that

t he di spl aceabl e nenber can nove a pre-sel ected

di stance through the fl ow passage 10 w thout unsealing

ﬂ%?é@ﬁ%%a e;%%e%&é%sa Hkgzﬁ&‘fésﬁs”‘;&%‘ng?%%ﬁlﬁ diffeiial srows, a

i cat 4 ol i i i .
SRR i, B ) RBBRaH B b of o, B bt acting on
d sabzﬁ %n@(taahlele 30 riﬁrmbruif&@ﬁaéf ey ?luﬁ‘gﬁw&de%u'eﬁm fhe force of the

ans that e pressure differential across t | uid

n’ia@h@t_t adtthg BR displuceabld hmissr 30 i Hee direcitoit of e fuid inlet. When

~continues to grow w thout 15 opening the fl ow passage,

this itireshaldnis qrassead) alisptacpablé matabwirck willbagim to haove %wough flow
passage opens imedi ately follow ng novenent of the

Pffﬁ@ﬁ%ﬁ Zé%wamsﬁhe ﬂéifhg?ﬂ@ci ated t ha:r"o as di zpl aceablhe
S‘?esﬁ&pg RATRFaRE FEAte Sfoihs guotant S HrL{ie difplatiible momber
TR —

or op 38 beconee 98 ﬁé'lééléc?éhr{&is’?fca%eifﬂrd@ﬁf’tﬁéiﬂ“ow'paSsagé S

acting 1n the direction of the ow i nl et, .
withbirhgndcatiapithe svdltbetwben {hesw dashisi embodinwent,rthishis provided by the

outlet direction due to the pressure of the vol unme of
powtionr 33cof neybstantiply constantudiameatieret Thuss easy seep in Figure 3, the

cxlidsisghporiian ShSE ApIAcEabledRERRSE 34 SNaYes OBk 9o hefeber 22 while
reRRHBIE. SRV SOBAEGH  F i THERS hteth RrBSE Klffoatal across the
ﬂg{?ﬁ%ﬁ%ﬁé@ﬂﬁgﬂ% n%ﬂg#fczlgi' 'oFthé E)‘feseﬁ? ﬁiveﬁﬁﬁﬁ?d’ont%ﬁg_es 1 gfow without

continues to nove In

Oﬁgﬂiﬁ%tt}l@ Tiek pdisagdd, amlike Wdnventiesal saegndtic Beduee wherdia the flow
can be seen, di spl aceabl e nenber 30 has noved through

passagd ep¢rsinnediatety folbdwinguwaoveméntond thagoppet. 12 and,
due to the 13 WD 2006/ 134593 Pd/leg‘gg/ 098686
conpltewilhbamppesiated that, an disphceablg membes 30 meyes angay from stop

TSRS 2 RS G e SR8l B of
nﬁ%éﬂ%%‘? e@‘gagﬁ%‘?ﬁé gilég ﬁg@@%ﬁ%eteﬂlg W U MBS W¥8CnF GRhgnet 34 in

displaceable member 30 becomes smaller. This reduction in magnetic force acting in

Diuad

the direction of the flow inlet, acting together with the increase in force in the outlet

direction due to the pressure of the volume of water acting to open the fluid inlet,

serve to accelerate the movement of displaceable member 30 through flow passage
12 towards the fluid outlet 16 and increases the speed at which the displaceable
member 30 moves away from the inlet and, therefore, the distance it moves from the |
seal member 22..

Thus, displaceable member 30 continues to move in the direction of the flow

“outlet, as seen in Figure 4. As can be seen, displaceable member 30 has moved

through a selected distance relative to flow passage 12 and, due to the

13
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menber 30. This length is selected so as to permt the

di spl aceabl e nenber 30, while 5 noving in the

worned/inagpiof the outlet, to build up sufficientpcSAES6/000636
to continue its notion beyond the point where flow
passage 12 is opened. Due to that speed, the

di spl aceabl e nenber 30 noves away from stop nenber 18,

co%xliﬂénfeﬁ g | 6 R iRl WA of H5P5&4 8AGhBer X84 difplaceable

e opposit Irection 1s decreased and the

méinbet 30 el sealiRiAryvet apesshbétaeen i thémThisodisiancé e determined by
outlet direction. The displaceable 10 nmenber 30 is

the dengthtefdthe sealivg engageiméntibetweeti sealmember 2R andithe displaceable

differential pressure, _even though decreasing due to ]
member 3@vlhis length ds seleeiad Roap éo paidle displaceatdaumember 30, while

B30 5 o B IR P T M ' e
5800 OB UG RO Sl (5T} R B8 s osd, e

dief%aé&%!@@gﬂfér KIOMBvES a\'lirlg?' 'ﬁédd? %Focp fRATRE 185 1Rk thBSnagnetic force

ghetic rce belng st lently strong to

urgmgntdisplateable member eierthedoppositehalitictibar ént dedreased and the
pressure on displ aceable nenber 30 to nove in the

" dispilaceableomentbet oo gontind s mbdion in the ontlet dir¢ation. dhetdagplaceable

mesRbGoHl is BeImiRgY ot asniiotont ERIcP o8 thakfhe altesatial pressur,
ovif Ao, B iAng 4aE1S T oy B ARl o MRy M remain

Y ML O] folbe AR Ry VR0 SF RRbEpIE RRiordihy 10 he

présehl iDRitionSpreteits \isplaceablédiieitier 30 frofibicilaiy Between closed
wth a relatively large surface area, permtting

andagpient positioref of Hewppasskge 42y atplremoesnbhlimbvat as fhohting”, caused
flux around di spl aceabl e menber 30 and through_the
byrthe magnstigderegrheing stil sufficierly sivongto eounteraet thedorce exerted by
di.spl aceabl e nenber .i§ sutticiently far fromthe. seal .
the PR A resSURE ORrdpdeseabi eanies 000 BaTE i i dirgagion of fluid
Outlﬁf]fﬁ ately cause it to change direction and close
he™ 11 dow passage. This design of a body having a w de

Pas 3a0te b flctPof WY forcl YOTHRE GRhNetRNABRIbEL Gt 26RAIEE while the

. menber provides a relatively small head [oss through
présegredaviing ianthepoatletidirectiob Wleatiins (he cxantt log Iafzer, displaceable

preferred enmbodi nent of 14 WO 2006/ 134593 .
meptr3Poests a0@s 6cedleratadurate past sealnpemben22 tman vnsealed position,

is assocjiated with a flow neter (3not shown), and the .
as shown in Figure 5. Displaceable member 30 and flow passage 12 are designed
such that the flow path opens suddenly to a substantiaily full opening with a
relatively large surface area, permitting rapid flow of the previously trapped fluid at
high flux around displaceable member 30 and through the flow passage and, as stated
above, so that the displaceable member is sufficiently far from the seal member that
the magnetic force is not sufficient to immediately cause it to change direction and
close the flow passage. This design of a body having a wide passage with a hydro
dynamically shaped displaceable member provides a relatively small head loss

through the device and prevents turbulence. According to a preferred embodiment of

14
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hi gh flux generated by the flow controller is designed

to be within the optiml neasurenent range of the
wbowemBi®s. At this stage, a sufficient quanti pyraf2006/000686
fluid to replace that withdrawn 5 downstream has

fl owed through the flow passage, and the pressure Pc
rises, so the pressure differential acting on the

o BB TR DA b AR RRR ot s, nd e
. f . . h . | e . .
g1 e a5 AGRBERTIONS i e ot

nwasutensenieanpet of the flomeetdre di spl aceabl e menber back |
towards the fluid inlet. As it } 10 approaches the
f1 ui d\ti thist staghe anaeffivient quaviityaofi Ayidoriot teplace that withdra

SRS A o e ST 2 e s, e
' T hti b 38, 4if t,.. .
o AR e B e i
oREIERGY, 190 Bt kAl g n
didpldcenble daermbepinmhizbeutlct &liredsiotl] aid deecaibietld F¥ABBEIns to act on

30 noves towards stop nenber 18, the force of the

=1

" theamragnet pulbing the tdisplaceable hmembep bacle dbivardse e fluid inlef. As it

increﬁ\se , ﬁhj e the pressure differential renamins
apprepehes) the tiwidsmigh, theimpgugticafiee pstingromehe displaceable member
ceel ara froma ful en orjentati.on to a .seal ed
iR gt Uateind: e SRPTasieh e nRun docafisléiite Ewards the
e aliaf o X . hed
o LEARR, i omte SOref, 59 SEAABAN om0,
urigh9nitbhck3f tHO deBG6£ ST iRz Mer 38, RRERATRshAted! émbﬁdiment, the
a particular feature of the present invention that the
spring- 38 wages dgplaceable meinbpt 30ctabl efefdes d8t Pa displaceable

di spl aceabl e nenber to be accelerated first in the
mgmbet 80 anovasi tewandsestop hembenl8,phe fonge of dhel magnetic field acting on

th irection i ch closes the flow passage, thus
th ‘ﬁﬂaﬁ?f‘&%ﬁ% T JACHCASES, Wfﬁreoﬁ@rprﬁﬁﬁé!rﬁ m&r‘i’maf gmains small. In
| 5. f1lux values withinthe surabl e )
this) B 651K eaple” nlciillcsy 30 1R plirasBh el JHA B Reipptation to
af ' ' : DV, defcse .
solod i YN X ouor A B B herfireielfe JHTSRATRCPME up again, as
desoribed i stvel sThishasreedrits | alshtimtidly ghentpiidss dOthEld. fom flowing
schematic illustration of one exanple of such a
undgtactedthireughiflow passadeol® in Figure 6. Point 40

corresponds.tq Figure 2, where the 15 .
It is a particular feature of the present invention that the forces acting on the

displaceable member cause the displaceable member to be accelerated first in the
direction which opens the flow passage, and then in the direction which closes the
flow passage, thus allowing passage of fluid through the flow controller in pulses of
flux values within the measurable range of a meter.

According to a preferred embodiment of the invention, the movement of the
displaceable member 30 from and to the stop member 18 under leakage conditions is
characterized by hysteresis motion. A schematic illustration of one example of such a

hysteresis curve is shown in Figure 6. Point 40 corresponds to Figure 2, where the
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N aﬂgﬁg? thel displa¥SiblE nibnatiid ol \Wlﬁ'{bht'the Ei'éysﬁl% #is.t he magnet

WD 2006/ 134593 PCT/ 1L2006/ 000686 di spl aceabl e nenber
seats agai nst the stop nenber and the flow controller

W6 260603893 and sealed. In this position, therepr$ado6/000686
pressure differential across the inlet, so the sum of

the forces acting on the displaceable nenber is
substantially zero, and the displaceable nmenber 30

Giaplageale AL GrSPBIG SIS e BORPPEERF S LD fatjrallr i closed
' Zk:.. = E5 F - + i S:

anid S8 B nbtpon:ihbas % Ho prernie BRI Srbss ticialet, so the

o e 61383105 TGRS s,

digpRaedtle tASmBLS BirERsd ot RIGRE! The whncbf tthe furegsutting on the
acts. 10 When there is a | eak downstream of the flow

displateabilé erembidreanbesiescbedisubistantially dly thesquation
begins slowy to _increase, but the displaceabl e nenber
i s sLFIT Fsofakl<Ft 5 A8\& since the force of the

B i o SR s RES o I G0 Bl o i
o R S ASIE fo S LERE A S0 S At

the return nenber to close the flow passage, the

di spivdreaakicee nignheledie dommstreamoof . thet fiow acquardliecuithe pressure
feature of the invention that, as the displaceable

diffentrsial {BgH- ) b@gim\ﬂigowbhto nmge@p; but thecdisplasenablggmember is still

m&f”bi%ﬁ%tegéwp%%%%%r%r% SE1ths Shemnclioys emidh 1% fetpgy foroe remain
I.ndj 4 T ) .

o R Yt e 56 s L i avni. s

. g < , . .

BB e b e BTPSTed, O tBoge, ech

a Yhhkl ldeh@bthan thefore ofake indigicd aed ¥he edtimeehiteerftb @lose the flow
passage. LHis the significant paraneter in creation

pasage)dhbdisplacmble afcnahr, begins i movedtlis aopartigular feature of the
conpl enent ary shapes of_the di spLac.eabI e nmenbey an

d .
inypetion ¢hatpass thee diiplassablenmegaher beging topovea the haguetic force
t he 25 L.a er LH he ficlently largeato
aégronstn: WRURT Gh opzountey diferenidh intisaBre o Bafifote member
a&c@fcr&’t@? np%itr& ! QRaundss 1'118%?%&53})%9& 0§%, oRNthe! Qurve. The
preven untrng (raprd opening and-closing of the
dibhRveNO trhéthber bentiihieRr tolkbceldifite) vilsitd htainliatififg aht i sebl, until the
adual |y drops, and the major force acting
distance X from stop member 18 equals Ly, where Ly is the distance the displaceable

member moves before unsealing the flow passage. Ly is the significant parameter in
creation of the hysteresis effect, and is a result of the complementary shapes of the
displaceable member and the flow passage or seal member. It is important that the
parameter Ly be sufficiently large to prevent an equilibriu state of the displaceable
member in the open orientation under leakage conditions, and to prevent hunting
(rapid opening and closing of the flow controller).

After Ly, the pressure differential gradually drops, and the major force acting

on the displaceable member becomes the magnetic force, which slows down the
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on the displ aceabl e nenber becones the magnetic force,

whi ch sl ows down the 16 WO 2006/ 134593

WOTZobd83/ 000686 notion of the displaceabl e gflaesoosnoosss
towards the fluid outlet, as shown by the curve wth
reference arrow 46, until the displaceabl e nenber

stops at Xmax, the maxi num displ acenent of the
t point 48. At

B AR loREARle et abatiocie Acontet aeshown by the curve
! _ a
o R R T R o e SlsPoBTR taerifer SloBF 3y St maximumm

nmove any furt

displageraéntt bt ' i PR élﬂb t .

rqnéiei_vednf rom tﬁgﬁygteﬁ?lr% ]%%%ggfr , pr %%pdédé a é{"%&%%ﬂﬁ 48. At this

ook, dadhe divstiated embedanént) theodishlase4h1s I‘ih&_ﬁﬁé‘zbhlf?s sﬁ) member 26,

menber, and reverses the gllrectlon of notion of t g ?
dsganastBiove anyrfcther. At Siosiagatthe diaeasing fored,q) ogﬂw magnetic

W
di spl aceabl.e nber now _accel erates back towards
fieﬁ@,pt r Wi ,t@sggﬁ%mcweioﬁam the setuom membeyriwevides a step

ifsf%}‘r@hﬁsez) %‘F@%’efﬁ gfaﬁci@%gog:t &%ﬁ%}a?%feﬁ%%% r:@v%% Fg;]eedirection of
H6HRE  of T dik ?cgvdbgﬁ%l% bhp.eA%r AbR3! a&my)iae:fgr%iéce numeral 50, the

i ndi cated by 0 € curve. W]

" dispaceablet mednibes tnowVaese]EReEChick Bwdrak @6513 nm%rﬁo % %ffié),v\és shown bY o

through the device, it remins open so a _

arnepede onrthe tuove. Whenwheedisplduedbig nidlﬁ%rflﬁﬁs\’ﬁo? Whirhber 18, the sum

mg{gordl narily not be neasured by a neter, the 15

0 Cefeadtngnen thidisplagraldasnerber drops in 4 kteptdrapgeto the original
d

BBy SRS SRk, S5t b oo s i thero i
HBORIEON Ay (LEh Y0 0B L0 NS B Se Ly 0

I'n the range
Hofwevieg, durihg s16%waUeRs, b bl : ti
pr_od_ug’ed_ by one enb%m%tv&%@d% ﬁ@ﬁ%ﬁ _e](r% Jﬁe%enl,ne?gggﬁé’m meter, the
deviceidgsaribed. abbive allwiethe2Buoto Hlubtaad o 950 OF substantially in the
measyred with mnimal error by the neter is Q. As can
fogm ¢ Brlsesy @dkpli@d%ﬁ)rmaslummeﬂdeofmﬂammw low flint By conventional

. The f| |l er of th t ti
o8 Ging Eoe medtiog,lthe e she ek of Qinsf or ms 11 1 it o

pul Sﬁsﬁcﬁgm%ﬁc Iér%%ﬂﬁéﬂaﬂmsg'aﬁwtl hﬁ | tﬁg ?r' i E @{5'9}?5@ ,ﬁﬁé ,ﬂiugﬁ tpassatge over

t he pul'ses ca
i ' r ol Lner e 62.0f.the
s Ao 1\ i DR GERM L BSBFEIE 7. he v

oftfhex thiskdcdn bywneasisred avifl BRARSAMRS Hhes |
Figure 6), while rel atli vely sharp d op%éﬁ@fg%fkggf.gﬁés%@beseen,
Qi 18 tpesmall tsf be apeasucéd dwthisabngheThefisw controller of the present

invention integrates the low flux (Qieax) and transforms it into pulses 60 of fluid flux

in the'range of Qt, so that the pulses can be measured within the optimum error range
by the fluid meter. Rapid increase 62 of the flux is a result of the rapid and wide
opening of the fluid flow passage (represented by amrow 46 in Figure 6), while
relatively sharp drop 64 of pulse 60 is a result of rapid closure of the inlet
(represented by curve 50 between X, and Ly) The length of constant diameter
portion 32 of displaceable member 30 and/or of the seal member 22 determines the

: Width 66 of the pulse at Qt.
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(represented by curve 50 between Xmax and LH) The

| ength of constant dianeter portion 32 of

WoehdeAseabl € menber 30 and/or of the seal nMenbepr42006/000686
determnes the wdth 66 of the pulse at Q. 17 WD

2006/ 134593 PCT/ 1 L2006/ 000686 Preferably the device

of the present invention is sized so that it can be

m)untedln exi sting suppl]y lines without cuttipg fluid
| owPisigrably Higydegivego ﬁfae Pragent inveriien 4§ jsized sp hab it can be

PG S isng, Py e ous ool Aup BN THESE Hlgpees 8 and 9 are

OGRS, ShAOOREP AR GRS 1 it aveion
mBBHREI NG Whtck Bfotér 1. AGOSHT B 5&n, nibudting! flaYes 70 may be provided

position for operation. In the efbodi neft of Figure 8,
ori ledthef lemd ofrthe oinhgrietic? floss controilengtd lpengidsnmiptingnof the flow
the fluid outlet of the flow controller. This .
ccmméhrrmm switabieipositios. fosropesations Inathergmbedimant of Figure 8, the

pe in ich flow c

1yt eomtaeh %u’f h@f‘s TRPRERG ?ﬁ{laﬁirggiljlraéﬁ C%Ertf&?ﬁt fiwigl qutlstyf the flow

oA A ARl o Mt i i 0

Mﬂtf{‘ﬁrboﬁ ﬁgﬁﬁéﬂﬁr &ﬂ%@‘?ffl yﬁ?ﬁﬁﬁiﬁ{ Fidiie'® lﬁltufgaﬂﬁﬂes 70 may

e I nvention has

béjﬁfcﬁﬁd&l?ddjﬂcéﬂ ﬂﬁsﬂﬁﬂt inlét Gf h iflow *bnireltes 740f In thls way, the flow
nbodi nents, it will be appreciated that many

cozmulht cambe stmrdﬂy mmtmby aedns ofi éhe reappd, irathet than iofthe meter.
thelnventlonrra ‘made. |t will further be

apprwa:ﬂ@t%m mﬁamtmm Bas Dsen doaoriiedwith Fespeqti toi & diapited number of
e, AL 58S 408 Rt Bl nd ot
5 A, 5 R AR e i it

meeﬁﬁcsxp id 86t Eﬁﬂféfd' & A8at Bad bbbl deb@ybdPRSRARDINYE iereBN by way of
inlet and an outlet; 5 a stop nenber nounted across

exaniple) Rladier, ﬁi&dnﬁeﬂhomb direisdal solehriipethedilsinmsswhichrfodlaind
passage adj acent said stop

18



10

15

20

25

menber, wherein at | east one of said stop nenber and

sai d di spl aceabl e nenber includes a nagnet, and the

wb Bevs/19dsesai d stop menber and sai d di spl aceabl cif.2006/000686
menber includes a ferromagnetic portion, so as to

create a magnetic force, acting on said displaceable
menber, sufficient to cause the displaceable nenber to
engage said stop nmenber so as to close and seal the

fl ow passage; said displaqﬁﬁﬂhgagenber and said flow
passage being configured & pted to maintain

seal i ng engagenent for a distance while said

di spj aceal gk tiBEIEN Eonifolltr @Rfhprisixoh said flow

passage towards said outlet by a force created by a
pr essfluil fowpassupeitalingednindst ardmreostiete at the inl et
and a pressure at the outlet, said distance being
suf f4 stop mermbernyoownted gerogs asidinkegcamsl e menber to

accelerate tq a desirgd speed hefore said displ.aceabl e

et lapeae eabel CROIPS LS FATERE A AL UG SIOD

satd flow passage. 20 2. A magnetic flow controller
ising: a body defining a fluid fl ow passage

bet Wokdteth 4t 18h<t dnBlofsa rh‘ri'oﬁolﬁeh%éi‘ anﬁléhic_?gils Riceable member

id
ferromagneti c stop nenbe unted in sai luid inlet;

m

* ndfdasa anpeqandaBb offeNofsaiduty awniber saildatibdisplasedte

seal menber having internal walls having a portion of .
membet cludes arfermeomagaetio pottion, se ep toreraste 4 sagpetie dorgeqacting

it S e B sl i

PCT/ Lo cBffl and

i nt e%&%ﬁﬁ%@?@ﬁg?n e;%?égda élg asl%mrrgsrr‘%@sgg ng go nf i ggi;bgd
adapted t0\thaliRtsn kealir @%&Eeﬂi@ht fordi diptance silile smxdriimplaceable

nmoves relative to said seal nember_ over a selected
meinberisarged thrangh saidflow pagsagp éedtarsts said ewtbeitbyos force created
by a pressure differential between a pressure at the inlet and a pressure at the
outlet, said distance being sufficient to permit said displaceable member to
accelerate to a desired speed before said displaceable member releases said

sealing engagement to unseal said flow passage.

2. A magnetic flow controller comprising:

a body defining a fluid flow passage between a fluid inlet and a fluid
outlet; |

a ferromagnetic stop member mounted in said fluid inlet;

an annular seal member mounted in said body, said seal member having
internal walls having a portion of constant diameter;

an outlet stop member disposed near said fluid outlet;

a displaceable member, including a ﬁagnet surrounded by a ferromagnet,

disposed in said flow passage and arranged to move along the internal walls of ;
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t he di spl aceabl e nenber whereby, when the fluid seal
is unseal ed, the 5 displaceabl e nmenber accel erates

he seal nenber to provide an openi
y@é‘\’\(&hgqu{’ui d flow of sufficient flux to causgq%‘t’ﬁ%"""“"“‘
sudden drop in pressure differential across the flow
passage, and permt a fluid flow of neasurable vol une
through the flow passage. 1} 10 3. A nmagnetic fl ow .
cont rsalid disptamenble shemberaatidoty inkefriah ivredlszoftdaid seal mpember being
passage between a fluid inlet and a fluid outlet;

. 2L al a. .
qanfimwed te previde apflwdnisel whilendisplapenble member movgs gelative to
an,outl et stop nmenber, di sposed near _sai,d fluid,out] et :
$Pia Son nasmber st & Setectsth AERER 5o bo BO piputPeSa O thdeiment of

re , d t par tij
BHC AP ol VIO st (R HERE ol G WiRefed,  the
diﬁgﬁéée@ble fheNbBR SR8l eratind a%ﬁraﬂ_ﬁﬁﬁ th® seBV encthB&ld té frovide an
internal walls of salid body;  said displaceabl e nenber .
apehing dhatnaltowsla flaid floof of auffidienty flori togcausend isgddent drop in
to provide a fluid seal while displaceable nenber
prossywe r diffarentialt acrogo thai Bowoppsiages ands geowite@ fluid flow of

di stance, so as to ild up speed of novenent of the
DRSS AoREaEONED HBRUPsShEen (he 11yl seal |5

- unseal ed, the displaceable nenber accel erates away

fromthe seal member to provide an opening that allows

B fl uA%%@agﬂoﬁggﬁ&&g%g?ﬂgmé:o cause a sudden drop

In press ferenti ross the fl ow passage, and

per m 4 bady defthihg avflaid floes pasdage betveer 4 hudd ghlet 2ad a fluid
the flow passage. 4. The flow controller according to
oitlatns 1 or 2, wherein the flow passage includes a

seal nenber adapted and_configured to.sealingly engage
Satd & B iR DOT AT URSR) b ARG it
di spl ac l.e, nenber nd wher ej h oS nenber
el JHEGRSSt SuEa Rk BEPer A Pt es Ty
const @Hisggzl&ﬁﬁfe%eﬁ%fnih&hﬁﬁl t s@frobAded by a ferromagnet,
di spl aceabl e nenber dlong tie fl passage for”said
dliditdess aportenthenbiisdurtsded byeatdaling magagh disposed in said
flow passage and arranged to move along the internal walls of said body;

said displaceable member and the internal walls of said body being
configured to provide a fluid seal while displaceable member moves relative to
said body over a selected distance, so as to build up speed of movement of the
displaceable member whereby, when the finid seal is unsealed, the displaceable
member accelerates away from the seal member to provide an opening that allows
a fluid flow of sufficient flux to cause a sudden drop in pressure differential

across the flow passage, and permit a fluid flow of measurable volume through

the flow passage.

4, The flow controller according to claims 1 or 2, wherein the flow passage

includes a seal member adapted and configured to sealingly engage said
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5 5. The flow controller according to any of the

precedi ng clainms, wherein the displaceable nenber has
m ¢ shape, and includes an el ongate i

§F5%§@%§¥§ﬁtially constant dianeter permtting 554&Lﬁﬂ%momms
novenment al ong the fl ow passage for said distance
whi |l e mai ntai ning said sealing engagenent. 10 6. The
flow controller according to any of the preceding
cHlisplaseablp ancanbers sndiwhstep sairdoal niewibieh icls@eEd sloAgate portion
an adgustLq screw coypl ed to said nmagnet. and

ihsianie gy Fouplant diametgr hprrsiitingr movement nofiithg displaceable

[ f.e eqent of said dj spl aceaQl.e nepber and | ,
Cilelivgf ol RN paSonge 1ox Said AR riilecmatieibing ayd sealing
téh jighf, wherein said housing conprises top and
bottToOom open ends, sidewalls, a cap for sealing off
said top open end of said housing, and wherein said
adj usting screw conprises annul ar screw threads for

Bbi ng Thit ffeivacenltrallangcoardiagt iocaty afithe ipi}e&!?ﬁ%g claims, wherein the
%r ctions within said housi ng by means of 2
?QF‘%‘?\%‘\Q Hejoher has arhydeodswantic egzpe, iand dnclddes aeeddrgate portion of

The..fdow contrgll er according to claips 6 or 7,
 brt e Gamir Peonbing Sunsmmmboloms the flow passage for said

R AL M Bl RSt BadReenal cr ) ana 1o

substantially sealed. 25 9. The flow controller

according to any of the preceding clains, further

éonpr iBierfiow cotroller aioemﬁﬂg t8 4aploftheprbceaii %Hiiﬁéﬂ (}%rein said
urge the displaceable mnenber to return towards sai
stapmenrhss further wampdsieg 128y 68jBs BT 5deR0CHITODE8 Gaid hagnet and

Ty elfl 0 ca{lstrol er accoy din to any, of the previous
Ao FISReTed WoRionsinggior detenpining teepoingedmngagement of

a j I t.he di spl aceable nenber to
8 SR Ethchihol 8 kO BRI TERL 1. e 1 ow
control l er according to claim 10, wherein said return
el enent :

7. The flow controller according to claim 6, wherein said housing comprises top

and bottom open ends, sidewalls, a cap for sealing off said top open end of said
housing, and wherein said adjusting screw comprises annular screw threads for being
displaced along a vertical axis in both directions within said housing by means of

complementary annular screw threads in said sidewalls.

8. The flow controller according to claims 6 or 7, wherein said adjusting
screw is formed of non-corrosive ferromagnetic material and wherein said

housing is formed of non-corrosive material and is substantially sealed.
9. The flow controller according to any of the preceding claims, further

comprising a return element adapted and configured to urge the displaceable

member to return towards said stop member.
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i ncludes a magnet. 12. The flow controller according

to any of the preceding clainms, wherein novenent of

W0 Wodiissdaceabl e menber in the flow control | erraImaesos/000686
| eakage 10 conditions is characterized by hysteresis
notion. 13. The flow controller according to any of

the preceding clains, further conprising a sensor

rra d S s of, sal i 50l r
19" G o ERSUPE SEOBhng ot Al o' B BEAABLS IBERS" further
Bﬁﬁﬁiﬁﬁg returitt t ddohnd Vdnkiglitdd % furé Ghé! laceabl
cfo msasgri ng ae}seﬁﬂae'lrﬁ:% E{fala \t/v ofénfl ui d,%hi‘t he me?hod Sieplaceable
16@NDE 1D 18firn Mewaiddisaid o atyntervi ng a fluid inlet and

a fluid outlet defining a fluid flow passageway;

nmounting a stop nenber in said inlet; 20 nounting a

i spl gcegbl e ne r in said flyid flow passage ;
Lher dihie Bow eartrolieseacsprding &osqli@al HOmuietsiy Said; fptum element
'dils | aceabl & menber includes a magnet, and the other

uges méf"lgBB‘rrenber and sai d di spl aceabl e nenber
i ncludes a ferromagnetic portion, so as to create a
magnetic attraction between them 25 said
14i spiTarefibhe compditr ofdingdepigy ofnle opetediupedlaits;hwherein

that, under a small fluid flow sufficient to create a

 miermensned stidpdisphigesbloaneeiber sai thei fiowt camtolleannder leakage

out] et, .said di spl aceabl e nenber accel erates through
condigions &y rhasacs y hysteresisanetign.engagement with the
passageway, over a pre-selected distance towards 22

19 o B Y gouualis asoiie 9 ARy L bt dibe SlaimSCtfer

B PR sllsof BRI Sond o mRAFat i AliHacenBl member and
peivadb ag eabhe coneBRindio: frédd satsetl iibemeari d_nagnet i c

attraction is larger than said pressure differential.
5 15. The nethod according to claim 14, further

1801PA $iétBod for controlling fluid flow for measuring a small flow of fluid,
the method comprising;: |

providing a body having a fluid inlet and a fluid outlet defining 2 fluid
flow passageway;

mounting a stop member in said inlet;

mounting a displaceable member in said fluid flow passageway;

wherein at least one of said stop member and said displaceable member
includes a magnet, and the other of said stop member and said displaceable
member includes a ferromagnetic portion, so as to create a magnetic attraction
between them;

said displaceable member being adapted and configured such that, under a

small fluid flow sufficient to create a differential pressure between said inlet and

said outlet, said displaceable member accelerates through said flow passageway,

in sealing engagement with the passageway, over a pre-selected distance towards

22



5
) 10
15
8 20

providing a return el enment near said outlet for ur gi ng
sai d di spl aceable nenber towards said inlet. 10 16.

T, according to clainms 14 or 15, further
C@W@ﬂ%%ﬁ provi di ng an adj ustabl e screw coupl BGT2006/000686

said magnet in said stop nenber for determning the

poi nt of engagenent of said displaceabl e nenber and

said stop nenber. 15 17. The nethod according to
sdidiomtled, 4ot as tbGopehusaidh sealingnergagemgnt sufficiently teallbw a volume
adj ust abl e screw and said magnet in a housing in said

of moasureblsdlux tacpass throngh the prssageyay tawieids the oulier and
Lo & e o oo R ShER e i aiotion
RARR) (8! S8 PRI %ifRrRRLf Sensed movenent. 23

15.  The method according to claim 14, further comprising:

providing a return element near said outlet for urging said displaceable

member towards said inlet.

16.  The method according to claims 14 or 15,. further comprising:
providing an adjustable screw coupled to said magnet in said stop member for
determining the point of engagement of said displaceable member and said stop

member.

17.  The method according to claims 14 to 16, further comprising:
mounting said adjustable screw and said magnet in a housing in said stop

member.

18.  The method according to claim 14 to claim 17, further comprising:
sensing movement of said displaceable member; and

providing an output signal corresponding to said sensed movement.
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