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FLU D FLOW CONTROLLER FI ELD OF THE | NVENTI ON The

present invention relates to a device for permtting
wore@sasspent of small fluid flows, in general PEMIL2006/000686

particular, to a fluid flow controller, especially for

use in conjunction with a water neter, for permtting

measurenent of small flows of water. BACKGROUND OF THE

I NVENTI ON I n or dgf tiid @W@-dﬁ“{‘)ﬁ%g%s by vari ous

users in a system each user s provi with a water

nmeter in their warBELBUWP PHE INVENTHDNeasur es and
records the quantity of water passing through the

netBre. prekére imeeartionettlafesnity 2 dgviserfobpermiting yneasuregeent of small
to track his usage, as well as py.the local water |
fluid {pvs, dr gesenah agd, | pastipulandp aoﬁ}lldi ﬁ@wmﬂn&s@@&. espgeially for use

. man uil di.ngs there are Jeaks d ot her wat
in IR PO PitIeE WRE e b TR re gopesgl PL SRI ows of
watF:P.e nmeter. However, since these flows continue all day
ong, the unnmeasured usage can reach up to 15% of the
total water supplied to that building. Traditionally,
this problemis dealt with by using a higher class of
met eri ng systBRCKGROUNDOEEHE INVENTIAN C, or
even class D. Each neasurenent cl.ass has advant ages .
andnderelgr foineasuEe WAt VRfeer Bhvariaus UaeTs dnng ghigem, each user is

J d tically | h 1ty
profideRaS o Bk FeEs I HERevBe: STRE, Bre abficfpbgfuek il records
functi o ’ .
the g ek Rt QhrolBEIE st THRG ARG fablipfoon be used
by B¥Siseto A6k e udkes, howddials By tHe ToBaSwRfep BRSPS slich as a town,
utilize neters of shaller didnmeter, i.e., reduce from
for Bilfingpargdsds.. In this way, the ability to neasure |ow
flux is increased, since the smaller the dianeter, the
| ovier mahy bualdingsothete eren tnaks andvatheiavater demands; alelow volumes

whig, tegr(rgti %lﬁg&lgg%f’tf@fr n’?qq!s@r%g 6}5 e %&t@?.uho%gvaelﬁi Qﬂxcgot\ﬁg'se flows
continue all day long, the unmeasured usage can reach up to 15% of the total water
supplied to that building. Traditionally, this problem is dealt with by using a higher
class of metering system, i.e., from Class B to Class C, or even class D. Each
measurement class 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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method is that the pressure drop across the water
nmeter at a given flow increases in inverse proportion

wa eoobhassgd amet er. Thus, smal |l er di aneter pi pesPEr/B.2006/000686
likely to create an unacceptabl e pressure drop across
the neter. Furthernore, reducing the dianmeterof the
pi pe, and the resultant reduction in pressure, i

1S
' ' | . . .
o 51k 0 ES A Orank AR ST IS R Moo vt

preBé8 So W coRAmdr ElUo Prevend B €ss DiPRESURS, 88%ef Biped kS required at
means nuch hi gher costs of infrastructure and wasted

a hégter gupplyspriessung Thismédns rhodshighep cests of énfastnssurtehend wasted
meter. Thus, while these nethods may reduce sonewhat
enargy Tgpelbingniiom (therdlesuraddpiesswe 4dress thhapetgn Abus, while these

rovi de a satisfactory. solution, .and cause additi on
meffiadh s FedichBRTVIAL (5 PrORIERt Of RRSSSITCGATAFT HERe ey do not
' Ul L : ' itive
pro?Fcﬁep% g%teﬁrr%cﬁ{)gﬂﬁﬂy%trl %Iaﬁlg éggé? f@gﬂ %"ﬁj p‘r%é{)lee?l?sgand SO on.
TheArfARaBerdf difRrém ki S RatER RS TR In fle RAGY, MBItRJet, single-

is defined according to the follow ng paranetefrs and

jet,ipdsitite dispthcemeht, diyideatillic bsaiilatéonlmeserpagd 80fon. The range of flow
illustrating the percentage neasurenent error over _
or fvolixme) nicasurementrofi each meteerisndefined @ecarding stot ke following

o S e e S ol e s
| ikel be t f t. b h i

el Sl S AP GPRES RSB 385 LLELS b o
at | e ;

v 5 PR CEASI LR L B crmens

errd18 a2€ likplyaddl I8s tefib oPipetdend As Bdn bbBeeds dR&cablaraRgE BERYeen 0 and

error of the neasurénent cannot be higher than 2%
Qugrwhere ths meter stopseenjt i nmablg to me@yar af table Fremi amaomimum flux

flux _possible through the et er with a pressure dro
Qmipfto pdugherHipx Qt £Qndusition b 8oL eriontis aeceptablteA bRt ((Shhiﬁtion) the

a0 Sk i S e S SRR b SRR Ascan
e Ul O ) 01! Ikl S o, YD g v o
PR 4O IRSBORAR T OBl e o s
thah £GP0 arrdr.| Asvcembs soén,tihsuclhagretet, eslowdsak EypntesuBing in a slow,
small volume flow, is likely to be lower than Qg or Qmiy, and would not be
detectable at all by the meter.

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.
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extrenely inaccurate, if neasured at all. In order to
provi de nore accurate neasurenent over a particul ar
wOo a00ge34593 f | ux, the conbination neter was devePOpPHR006000686
conbi nation water neter includes a main nmeter which
can be connected to a water main for determ ning
| arger anmounts of water flow and to an auxiliary neter
whiAc Iméchanlicap aeettei forapteypatsg ammikastiredo quaktitessnofiifhgds from
smal | er amounts of water flow These devices generally

passm&thﬁemyteés( peiflstrated an (ol Mateart 2083 4 Meimeke.al s matent désoribes
o mEE BRSBTS otveen
thenﬁafﬁ@n h&%@ ?inélﬁdg/se WG bg—me%nlot% TRk deﬁf’(f fHebseegg%e 'B%? "which is

and a serv h a vari

acte& bﬁ%ﬁo&b&%\%r%%ﬁﬁﬂ H}*E?{Blh g%véigﬂﬂ Whéﬂ‘ﬂie“@@%hﬁls in the

ve bBetween the nai the sefvice pipe,

out\mﬂmbsu@@m the resitaiceetd theve assaﬁe @t Adidoys greraml buhgs the fluid
wei ght. Wen the weight is in the outward position,
pressire dess¢aseairc éha servies pipssthgevalve andithe levey rsatraisediso that the

e fl ress decr eas in the sepvice pi
weighiel 5 #xsrmﬁ vend ef e Siqteaviﬂsee@s%mﬁ wméh@se?@ﬁallowmg
| des t er end of the slot, and the
asua(i%} %pe E IT‘é‘f‘ies thus all owi ng a sudden openi ng

of Thi%, Y@ KRowhNEfiGeiin n@%n%ah&ﬁslgagh&gam REFIRABIY poppet

magnet and a novabl e poppet “attract magneti c

attrabied Bl a GaaETetic! feld! Gene@iipSthel Soppe Mrcﬁﬂﬂ 41”] Heldybyt the magnet

magnet in the valve seat until sufficient pressure is
in thervadneestat antibselficiert poeastiteeis\catated seatovaritifropethet tudve seat and
val ve. One_such val ve nechanismis shown and descr.i bed

open ﬁh@ab@t &ne pueh vebie Bigcbaraamsis shaven apg desstibed in EP patent

publfcHich TR T 0P Lo tRROe s aDrng el aRsiabagd Tagnetically
closék?\zﬁé %ﬂa% fQPﬁu{Hsrlﬁa%%a %Eﬁﬁfg}?@@h%ﬁ #A1ER¢t one circular

€ va

cros§@6<f’cﬁ)’ﬂa$ Brea AR beewadRd Einthe %peﬁmg di’&Mé Qfﬁlveﬁnéélﬁ\ﬂihm
in US Patent 5,320,136 to Morris et al. This patent

deAapthlee examphg o€ suchah Idgvicpas shewndh &% Patdnt & ,3%0¢1 3 te@Morris
val ve body, a novabl e poppet di sposed therein and a

et alnﬁgwepate cribes & mpgingtipalbsepgratedahienly velvet having ppeive body,
a mqv b?q?lgg o aﬁg}qposgg r?letrglrnegnrhoa magnete WhER ehe ilql.u tﬁr%gs%trg gctmg on
the poppet is below a minimum threshold, the poppet is attracted to the 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
valve 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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closing off the pipe. If a slow flow of liquid

continues, the liquid is collected and held by the
w@oppasssanti | the pressure of the coll ected | iPCi/aL2006/000686

exceeds the magnetic force, unseating the poppet to an

open position. This poppet and magnet are confi gured

to trap magnetically attracted particul ates and

] oot & .
mo?%?t‘a’tﬁ/‘élg R ThE VaMelde W\;l‘;llﬁlg,e thebdaMt ¥ rﬁﬁ%k’éﬂg{)sglgfé?@nﬂy large

e conventli ona s, novenent of t

flowgfefinehalr¥nmRAEHS coheertitndEwadimat¥e a rel atively
smal |l surface area, permtting a small flow of |iquid

t hr Gogverttiomal alagaetia valveegecHanmmuianei designed e debietvemgnilibrium
. magnetic force attracti ng{ t he poppet and decreasing
in the,opeprrosifipre Bows, niyhem thedlydppressurarevarcemes ghpdetce of the

S BAEL TR S35 B} v P, B § R i v
opér@g glttl@ TS PYEQ \ﬁei'ilxtﬁrggb"l‘llre.vﬁ{ e JAhH g, &oﬁgg{;&bg{@oves, the

I'c val ve nechani‘sins are desi gned 10 achi
for€616f thddhiagiietid fleltPisoRENcRD Ankl QilibkiHA is YRRl Reith ki Soppet in
pressure overcones the force of  the magnetic field,
thet dpenpogsiidon,i & longed theremistdecludvele fiesl fluid fatvi thgowgh the valve
small fluid flow opening and a slow reduction in
abgyiedhs threshold vahte.same tine, as the poppet noves, the

cquT RerisuRisy ST HEAMA Feltat g3 b0 51 na Watepgilaw monitoring

et S, - ' |atively fixed fl ul .
o5 08 AR LI e R g
thr(]?lli}.ﬂf fhel pﬁp@é SR RIPA proépre. dhd %‘sﬁﬁﬁ_iﬁclﬁ& s ¥low %diﬁf(ﬁ][which is

ow nonitoring systemfor detérm ning the presence o

motrtldstol theppipephngntidbles doapiosed wit £ tinidrowy Ay acbtiubhied volume
t he pi pes under high pressure. The systemincludes a

metelr dovdetanining whishdhe iflownbas centinued for gopyeeselected period of time or
control |l er composed of a timer .or an accunul at ed
whea| tilﬁeaﬁ?éw? olo ier hasnexgareded: AePra-sriesiad aemimHated volume

o B8 18 S5 Bl B R e, o
Valgﬁ hLABudtBE &S Egpﬁlo@r’cﬂrd i tgl? %\%@I) ?ﬂﬁ%‘ Fﬁlg?i@ﬁ R9 Q?l;?;e &)In%plicated and

anges I nt ow r at €, a va
expeativate thdnufadtere dddomaintsiaugh the pipe. This sol ution

is very conplicated and
Accordingly, there is a long felt need for a device which concentrates low
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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expensi ve to manufacture and mai ntain. Accordingly,
there is a long felt need for a device which

w@eoveassent es | ow vol umes of fluid and prevent BCT/IL20E/000686
flowuntil there is a sufficient volunme to be rel eased
as measurable flux, which can be neasured in a
conventional neter with an acceptabl e percent age

error, and it V"SWM&I@F@F@@EINWW@NE‘ devi ce
e

woul d cl ose the flow passage rapidly nthe fluid

pr e¥herree iwgpriongledn acéordingp go SAVANRGeRE Thiventi oY EANThEDhetic flow

There is provided according to the present invention a
COIFF&@I?&W]@ICE |tesps Egmsr ol ave preasinehind et fhesk ¢o mshighéopressure volume of

f1ufd 67 e 9 & e de el frashinld Presabic saS ke spegeiare passage of
. [ , f th | ui t .

T R A M

contfBIfer chhtiadlol ﬁi@ﬁglﬁgo et be fhecﬂmg%{vltﬁaﬁe?@lﬂfr%nlg %‘ilbg’gantially in an

.
the fl ow when t ume Is s

optiptinntiaiige AT e MursMantio £ ARDaveihtichal TTHE Hhéten &lo :aP Heasurement

meter, so that neasurenent errors will be nininal.
errgis vollldbemgiigimalhe i nventi on provi des a magnetic flow

controller including a fluid fl ow passage having a )
magnesordimngly s fieatabiian migvides @ mwansiig Trsmtsontroller including a

ol 7 g 255 Bl HRBEEE  BolRERS e e
: ' fi h.spl Proyp r .
s, e N Wl O el A TAD A3 oo being
shaped fid wiaiiXetl¥d AtthgPs BSRUHEvAREAtYT tRE _disflb?aceaﬂe member through
di spl aceabl e nmenber, and shaped to rapidfy fully open

thetfhew pasiages theasbyt o gendenty duildrgafuidbblenwohndprebure acting on

fl.uid through the passage. According to a preferred
the chgrdagasbla memberf anshshapad to rapidlyt ﬁxlgfr@en thelsgdk soas to generate

o TS AR B ol oo L cause the

SRR B RS BB TR o R, s s
retirfl d18@eAPadY e dBINMRTed fo CAESTHRPARBIEREAbIE Fhember to return
towards the magnet.

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



10

determ ning the point of engagenent of the

di spl aceabl e nenber and the adjusting screw. According
wa o0oengtsenbodi nent of the invention, the fl ow PCT/IL2006/000686

controller includes a fl ow passage defining a sealing

wal | between a fluid inlet having a ferromagnet and a

fluid outlet, a displaceable, nagnetically attracted

I ,
rofie e TR SRt hERREE L Lkl BAHRASARAE ot and
acceRHhRH S 3B fhieow lih/t 58 a8Ry 8r8aks a 9hdddidrop V\}il']l pressure and to
ile

di spl aceabl e nenber through the fl ow passage,
periit atpaisei ofgnédsaradakohmiefiaid flow themighnhe pasdage. and

the sealing wall, until a pre-defined pressure

di f Aceendingfo asprefearsdeembbdistens wértbe revention, tleelowsigment of the
i ch poi e displ

dls@%gﬁt@égelé’g&gﬂa % ﬁgws%cgmql,%tr\jéqz argﬂgﬁg%ﬁﬁ? ﬁygfeggpqg%ion.
L: gg&% hrgii% WP%Q Lﬁgbr%%?mgﬁtpéf ‘g%rlgl%lﬁé%;g ﬁﬁg%@l?&%&é fhember has

{,@M L.d u . r g :

an g@gf err ggﬁ gn%}ga?igmn%{rl}‘f%gfgt etélﬁi%%venté oﬁ,pﬁgﬁng{'/e%&gﬁttﬁnfgfdlameter

peritigtintl SiolvafrabhRngethbeealing Wall Whitenentaihy ehe séal. This central
characterized by Hysteresis notion. According to one

portivboctntends thé hybterésiy emtiomnof the dikipiasieablsatiesbes miskich, in turn,

has an hydrodynam c . shape having a central elongate

co lﬁﬁEHWHPnﬁbﬁgﬁﬁﬁkuépﬁ ter pernitting novenment al ong
the sealing wall while maintaining the seal. This
central portion controls the hysteresis notion of the
di spl aceabl e nmenmber which, in turn, controls the
vol une of the fluid pul se. BRIEF DESCRI PTI ON OF THE
DRAW NGS The present invention will be further
under st ood and appreciated fromthe foll ow ng detail ed
description taken in conjunction with the drawings in
which: Figure 1 is ais a graph illustrating the
per cent age neasurenent error over flux Qof 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 seal ed orientation;
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Figure 2b is a sectional view of Figure 2a taken al ong
line B-B; Figure 2c is a schematic side sectional view
w@booa/184503 d fl ow controll er according to one ePQDUI20®NI00686
of the invention in an open and unseal ed orientati on.

Figure 2d is a schematic side sectional view of a
fluid flow controll er according to one enbodi nent of

the inventi ' tq@@i}- F fﬁhﬁ n.

Figure 3 i sﬁglg?‘hgﬁgtl c I ﬁgt?gﬁ%?% e (Fgl d flow

conThelpresentdaoemtiong will bd Giutleer2understodB VAl appiieciated from the

seal ed orientation; Figure 4 is a schematic
follawingtdetailedrdeséripthen faken dn toujwncoon math the draworgsiingvhioh:

Figure 2 jn a further n})vin but seal ed orientation;

Fi ghiters 1ds 3 ischepnh dlustiing the insicestagenmensurement gwor over

e troller acco di tg Figure 2 in an open and
“ﬁ@%ﬁ?&&n\fﬁl} ’é)r]??L ialgﬁ%;m%%ure 6 is a graph illustrating

h o . .

el e el AU BEBA) RoP Rl chngructed e

opedhipd in hbssidhadd Ratht Hge EhibvdMeht &f IR H&%ﬁﬁﬁ"ﬁh@@nﬁwm dn a closed

devi ce according to the present invent Figure 8 I's
andasenddibom¢ntation;l ustration of a fluid flow controller

according to the invention nmounted in a water neter;

andFiguge b ig aj sectoral vaerstof Figure2a takenatong line B-Bi d

fl oigz controller according to the inventiaon npunted in

an af

SUEP Nt 11§ 62 viPEmatet Bfe peviupReDvISESER pTilad dovrigentroller
ccopPYFRTA b SRR 0 S0P R 0P Sration.
e | .
PR 8 bt ML Byl RS BLF ! ncoter

accbfdifif €6l oné ehibodiraesisatiie ihfedtioh ih Ac]bdcdUnosehlcd drfdntation.
opens rapidly to a relatively |arge opening, thereby

genkigare Jgisaa sohemetiofillistuaitionadf thiegfhuitd flewf tctdollgr according to
. through the passage, particularly to permt the
Figyge dupenmavingrbutisealed omeatasions | uid in a conventi onal

A Ofﬁ{grlrl?cts %is {I gghéjn%a\{tiig ?lh?sftragcigg (Ptr t%%eletlidi H(\)/v%ncgoin%r%ller according to

Figure 2 in a further moving but sealed orientation;

Figure 5 is a schematic illustration of the fluid flow controller according to
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 device
according to the present invention;

Figure 8 is a schematic illustration of a fluid flow controller according to the
invention mounted in a water meter; and

Figure 9 is a schematic illustration of a fluid flow controller according to the

invention mounted in an alternative water meter.
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integrates this low flux and transforns it to a
nmeasurable fluid flux (high volune flow ng over a
W@ bwst134593e), so that the fluid can be measur eRICHIL2005000686
fluid meter within its optimumerror range. This is
acconpl i shed while maintaining a pressure drop in the
flow meter which is within the permtted standards
(i.e., | epETARAED DESORDPEIGNGF THE INVENTION er s at
maxi mum capacity). Thus, the invention provides,
r e[Theipredent seniios elates themegretibevaontlley whigytransforms a

flux flow and no flow,, Ln a pul.se-]ike ) .

slowygschstipn M&ssgy%oécﬁﬂlldrfgw@r (&8 {Oe% nyg?&]rn E{e t}gldaq%w. Once a
d.,are sche ic sid r - i
threglyqlag?sgprebaﬁ%eggn@alr}g 6%%?53@, ? ?g)vvf @%gnstaggl é)}lg]i 6he flow controller
i o ; - _ )

o RN PR QR it eEmA e of i
higlt flak §ibwinehiaighohe passhgd] pmomathriyntoapdrinit thef easupement of the

11. Flow controller 10 includes a fluid fl ow passage,. )
volule toffrftnidhinaa lsonyeriwniabiomy meter. (Fhe dewiee of 4he paesent invention

fluid outlet 16. Fluid inl [
oty g oy oo et & T TS e B otume
i.s coupl e wnst ream, .f op exanpl e s
rovig S04 SRS 55 P chE RO by BBV AR s wichin
. r OGh t A i ; .
s QI RG R SR pabbehi i o pog psoure drop in
the FR%W AHBRGWhicll isbRith@r ePepiitted stahdamdg (gei, dessathen ilahtmosphere
Stop nenber 18 is affixed to body 20 and incl udes one
for QEulfilljB’e nsers | aignaxinben ssapheity. Thuss theatnygntion govides relatively
annul ar sealing nmenber 19. A seal mber 22, which._,
shatpeshifts hatveearsubsteptnlly highoflux flost aud ag tlost o %P‘Hﬁ%‘é&g);nameﬂ

seal ne r havi a portion of constant dianeter and
dOWW@?Wa‘PnfbtﬁﬁlcpgtrQﬁ‘%‘i s mounted in body 20. A plurality

f i . . . .
?h gq ggﬁ%{ ﬁ*{»gﬁﬁf cz%\,l%pl%g?é% gaiegﬁﬁgd A agg éll)rlla Z%Q%YHSye%ggﬁjdlolmstranons
of %ﬁ{shfggﬂé ethvi @ohfel1sd 20 *loagiridted Ral Epérstevectie BBIYr8ance with one

ed at the downstream end of body menber 20 is an
emBudin@ht 6f B2 presde inRhitionpima elbsed ahd dyal2d onigntatipppand disposed
~ elenments 28, between which fluid flows out the fluid
in aoflwideflovt @ipeAl bi Elpwacewtsller driveludgn aifiniditloye paspage 12 through a
fl ow passage 12, between gui d g i
body 20 having a fluid inlet 14 ang a lﬁulc‘f outlet 16. Fluid inlet 14 is coupled to a

source of fluid, for example, a water supply. Fluid 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 ferromagnetic 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 having 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, or body 20 may be configured to include also
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el ements 24 and is arranged to nove between interna

wal | s 23 of seal nenber 22. Displaceabl e nenber 30 and
w@e@b/1saber 22 are configured to provide a flRCTIIR0®/000686

whi | e di spl aceabl e nenber 30 noves relative to sea

menber 22 over a selected distance, so as to build up

speed of novenent of the displ aceabl e nenber. This

intei®al gaidet Hlem@np s v\}ﬁ@d@ﬂ&aﬂtﬁﬁbl@wﬂstremcﬁcbbﬁbedy @némber 20 is an
speed such that, en the sealing engagenent IS

outletl step gazyeber 26 endintpd ae dady @Oneyrbeppart atemants 28obetwieen which
y fromthe inlet and provides a rapid and conpl ete
ﬂmd)ﬂ@WS@@“ﬂte ﬂWéifMﬂﬂté fl ow passage. In the illustrated

cggf Sbﬁﬁ’ é@m hssaesg;fo)gr 30'ﬂ§wada tedlg g?/%en cuide
ele eﬁlflé Q? SVYS a%%g%h QY &?@?gﬁv%ﬁ in &nélhﬁﬁﬁé 93 ngg“ sea}3 Bnember 22.

ation. erably, |sp acea

Dls;%]?é:eaﬁléﬁféh%‘f Yt S8 RRerBBeA3 RS chRfifiredab ﬁrb’v‘id@ a ﬂu1d seal

when the flow passage 1s in an opén state. In th

whilel digplacedlad eibbei 30ninoved sglaticeadbl seahemdiaber322 over a selected
i ncludes a gortl on 32 of substantially constant

distaticejreo s, toh widd jup smadaoémwnwntwf ther displacpahle iropmber. This
I|ndr| ortion 32 is ted and configure
causgg ,ﬂa@ P glﬁcmglé\gpx nggpeieﬁggg@ a spge agzwdh%the sealing

e BTt e kGBI e EL Sy rom

: | |
the ﬁ’ﬁetba‘i’itdgfr@zfuﬁg% ra?g{%‘g% g pgﬁf?oﬁéﬁﬁg%ﬁg R dERE El)aé)sgge. In the

ude an to permt relati

111usﬁﬁ’eé@”€1‘ﬁbo&ﬁhérﬁ dRipMcehbleNfiefidal i300iseadipaalend candgdred to seat
the el ongate portion, for the displaceable nenber to

agaihsti $tdp upernpercd8 aﬁdqmedentgﬂmd fHowt inéo flovh pdssagatl2gfin tthe closed
invention illustrated in Figure 2d at |east portion_ 32

orientatigh sPrederahlyl, dhordisplaceable nmmbﬁtﬁﬁ dhas @é@rdrﬂ@ymwrsham 50 as
45, f t with bod
not & iadem il O WRCBARE 10 BATSAREAD Y 33 PPPATatp ot e fpstrated

embglglsrﬁ%ﬁf ﬁlgaiaé:ag@ %rgsbj %6] gﬂ#ﬁ%&gag idn\n/\g%l etsﬁfnétgﬁtizﬁﬁ/ constant
diantiteR1RseH sﬁra‘ﬂ@d‘gg %@1%%5?86§1cﬁ1} gﬁ@glﬂcﬁlcgpgﬁrtﬁﬁl 82 §§ adapted

a sélected distance, 'so as t p spee

and &Eﬁﬁg‘@ﬁ:ﬂ tof slideealdhs phacealh gy renzags sésl mbeiber 29, &3 Wigeas they
2d, sealing material 45 of portion 32 is in seal i ng

are &irigas qraetinl lynint tegistchyioaOvithene tahetMrstlvaﬂéuba@rﬂ@mdrthat either
or b%?h Iosf slegl ?ne%ll‘t?esfegZ %g(di c?lgl?llaggab?é In?enrilgérl g(r)l may include an elongate
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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A magnet 34 is nounted in displaceable nmenber 30, or

di spl aceabl e nenber 30 may be fornmed of a magnetic
woraioens#bs Preferably, a piece of ferromagnetiBCT/IL2006/000686

material 36 is also nounted in displaceable nenber 30,

about magnet 34, so as to close the nmagnetic circuit.

Preferably, a return nenber 38 is associated with

AsdhdpinaigeRidug e TRITRALIBE mAteialr 45 6P %ﬁior?’ 82 '1§ ift %E&l‘u% \E;ggagement

and di sposed to cause the displ aceab nber to
withdoldyt2wahels thst displaeedbde mbBaber 36 ia i u|cﬂ()SedQﬁaﬂ sealed orientation.
orientation. In the illustrated enbodi nent, return
nmendanageeti I s monpiedsini displagnablaymisindes 30 et Wisplaceable member
shoulder 39 on _di spl aceabl e nepber 30 and stop nenber
c ety of ¢ mﬁgane%rlﬁaiefﬂ@gb%%@b Bera DPiges g ferromagnetic

8 b tal . bod t t
maﬁ‘ﬁﬁ?m%ﬁl UBncted IF FrolreeisineRibet A0 B mehtngbeso as to
tic force to repel the magnet
CIO%}?EH%%&% sp‘%ﬂ?egg?gerr:enber 30. According to one

enbR@iferably, of réthe ity i3is AssOBMRRE WathS ﬁﬁ?ﬁcegﬁle' rﬁember 30.
coupl ed a J acent the flow controller. Senso

Retarn emuinlsen 38 lis configurediand dispeseyl totdaase she Hﬁ;@ﬂaﬁceable member to
sensor, which is capable of detecting notion of the

moyg Hpels dewands aﬁmwmmbmdlqofrom difnlly apeo arrntationy dal the 111ustrated
Sensor 31 preferably_ is couple

e R pte eraberct® s ermshice SPERE biase \heﬁﬁeweashoulder 39
o U TR A0 b T s

oS8R 5 B I L s

dispaeglie drtnRaf sPheRbEL 26 3adf#@FfanBe@\sb dis 8 c@eé’t@ra%ﬁ etlc force to
such as an alarmor other indication of |eakage.

repeli the nirnap B4 éwc theet didplabedble aratbedi3@g t o an al ternatlve
enbodl ment of the invention, the nmagnet may be nounted
n A¢rordimngp torgnsepmpad tm@tl of é1e imvenhtiome alinsggreticatsnsor 31 is

coup acfgﬁ?sq\é ﬁﬁ? J@g %oﬁ%@ Ter ormgﬂ %ell}? bg‘l}x't g@hgqlwlt(?h; or a coil, or
any! Sty SuiRID %Eﬁé:orf Qiéh e capa 7 G d%%cﬁ%& nmgp 160 of%he displaceable
member and providing an output signal corresponding thereto. Sensor 31 preferably
is coupled to a computer 33, or other device for receiving the output signal and
compiling data provided by the sensor. This data is processed to determine whether
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
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which is sufficiently strong to hold the displaceable
menber in sealing contact withthe stop nenber in the
wab®enssdf fluid flow, and which is gradual | ypeEUL20&D00686
as the displaceabl e nenber noves away fromthe stop
menber. According to one enbodi nent of the invention
illustrated in Figure 2c, stop nenber 18 further

e SRR L HPURRR oL R MR SRR ol oy o e
dis@%@ea@%e 08 AvAyIPEh R SRPMEMBert S, Sidewal | s

a cap 21 having a“substantially cylindrical
pr ol &sdriiag Soned ehbdidiigednoftheuingenyow iiestfaded fhoFigug 2c¢, stop
an Oring seal 27, for sealing off the top open end of
metnbersil8y faghen inalivilés e agjpsiing ssceeivt Jatdispessidnip 123 spbstantially
be configured of various geonetrical] shape nd seal

cylindriceldipusing k3| hayisject tapoPppeenkipop shawrpard akatiom ARy end 15,

o B o A0 G B bR M pn 25 nctuding an
| . froc ‘ .

o B0 e SR 291 B b0 pep e of

hm%féfg?%.t 0 @20 SheA dpplReRt&] AbltYhoRdig! 181 Mgy Stsd @Eh_ﬁglluféﬁ)’of various

ormed of non-corrosive ferromagnetic material for
geofivtaoali shgpeagmbtdat 27t bapeliand mojbetivn28chan bershgped a@&drdingly
from corroding. Preferably, coupling of magnet 29 to
to saalj off thertppsardeat BYusing/1be acconpl i shed by nere
magnetic attraction. Adjusting sgrew 37 |s_disposed i.n .
houdHthgr 12°cQFHNE Uigp Biet é@%egilm%r&nﬁf%ﬁa@énm ERSNEGr ﬁousmg 13 is

adag U%ﬁﬁ ﬁ%ﬁ%ré&&ﬁﬁ S} gglsag F‘iﬂi‘ﬁq‘% aﬁo%}glbgﬁedésgﬁlgﬁng screw 37

TR RS S 1 S B b o of
nomEG8YETE V BErr@hgYQic3 dmaferiab € féroReridhéige rﬁﬁgr%egi% attraction and

adj usting screw. Displacing adjusting screw
protHcﬁlAFdﬁ@gﬂe@ R9dedrarcornoding. t Pref@Eablyt, cofiplémgafiarmgnet 28 to adjusting
di spl'aceabl e nenber 30 and adjusting screw 37. )
scréw Xemap| e acdosnplished hysmetfaowmgnttiaditiantiong Adpeingyerew 37 is
. is adapted. and _confi gured substantially full
dispasgdga howsingd3send aeapqﬂfe% 8¥§p5%rz§aef gompleaentefy appular sorew

b 5o BB b DG S BARSERY 97 cn be
disﬁlggéw ﬁio\ﬁ% 4 Qertical axis within housing 13 in both directions by turning of a
screwdriver placed in a screwdriver groove 39 on the top surface of the adjusting
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.
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conduction of magnetic force there through for a

better attraction of displaceable nenber 30 to magnet
WQ@06B§45p3r ni ng adj usting screw 37 the engageneei/IL2006/000686

between its bottomsurface and the top surface of

di spl aceabl e member 30 can be optim zed thus

maxi m zing the magnetic attraction between magnet 29
Furi@indtes RidA8aRE S 538w chgsesnihe, dighlapbmenngl magnet 29
ad) ustl’ng_ screw 37 causes the displacenent of nagnet
therd@ithhelbe drhfugthes e dpldacableamemberi B8 thas éabtasing welecreasing

30 thus increasing or decreasing the magnetic
the atapnetit atbraction derceltbere bsbvoreas dasiretbsired. It will be

eyt cnngpessia B b R B gBhacmert o
. SCr t f .of . i

dissgocgblegmentas il s punetE S8 eEate SHEER o BhddeRhent between
portg%% ?%@ngcﬁ%ag&ﬁc? nfethiEs BNt SE&af Menber 22 15460 H@term_ineld. Thus,

g€ seal i ng engagement there between. It wl

adj gtsth,W tah bBeke@RPHSEheatle bbilingoeligagbmegt frrebetdveen. It will
allows for constructing the flow controller according

be dtill Finehdqar gaRetiaiedvibat hdpustig sees 3¢ allostsefarnensthetipe the flow
components and still have a good seal as well as od

conttagtn)eta@oadlngaé‘ti the ueseaéninveghen 98 %ﬁﬂ APRPlsC gg’ﬂﬁ echeaper
menber 30, Preferably, housin 3 is formed of .

compementsrand gll havea &godaﬁ%ﬁtfiaé @@iéﬁ £heddppeutic ptiracion between

f 21 and ' i '
gy, S bRt RN L SRR, RohShg PLRIE R of non-
B e e

37 fdﬂ?ré*@\éﬁﬁgnﬁgn’éb@ BfcRs Beingi doyedetlon in a cl osed and
sedl ed orientation. As described above, displ aceabl e .
rrﬁrlbperaﬂﬁniaf themeatbodiments of ithe évestiop wilhivew bg dggcribed with
that fluid, at the supply pressure Ps, is tr ed

referbnse tolilighEeseand &, dead 5. JUgube2d Hows the fieicenpE the present

. 14, Wien a ,quanti t f fluid.i d .
o AT BT el i g
QW,Ras is . - .
e 39308005 88 SRERG e P 1SS The B sy presur
Ps,%aﬁalsééa Qhovd ld?]sgﬂéc%aldfei hicgfisér 30ichutaiiebyf dhediinktald. When a
wat erf aucet, t pressure differential is |large, and
qudnltiey OF $ii@deakieondrdven oB0downstreansisdyy theneansumer, the pressure

inside flow passage 12 is reduced, thus creating a pressure 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, SO
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fl ow passage 12, thereby permtting the inflow of

fluid into and through the flow controller. As long as
wo b@odatsand remai ns, the pressure differenti al PCEIR0W00686

and fluid continues to press agai nst displaceabl e

menber 30 and flow around it and through the flow

passage, as known. However, in the case of a |leak or a

smald flui I stre f I t & :
the ;qiRpTap bl raCuBH SRERTAT AIBRL Af'ing RGP ARl grows, o
threﬁhﬂgf %iﬂrlga_ %ﬁ%ﬁ@@'\)lfﬂereﬂin%et R coRaNkl }tSreEaﬁfr@ eJiffetentiad acting on
0 the displaceabl e nenber against the stop menber,
dispiaédabld nephirge3biie the dbecticloes thetfluidwaitleequbls the force of the
pressure differential grows, a threshold will be
magred cetidg e dispiaceiplefmemben B0tinethp rdissstion ofi thieefleid: indet. When

~acting on displaceabl e menber 30 _in { dj rection of
this, hee ol g Dred: dEplasEableBoTbeE A00MI ReciuihBlovacirongh flow

dj spl | £=Y0q0) [ [ i
e O
el ! .
R
30 %?(g glbg)é‘}g%%?%@ 2 Y5seal rﬂéﬂ%&@?slﬁrthe ifTove phdsafe) ardtshipé&d such that

menber 30 and fl ow passage 12 (‘or sea
the EPIScaBR: indnibiee chh anovias pagssleated dittapexitrough tleaflow passage
_the displaceabl e menber can nove a pre;sel ected .
withowttunsesling theusgial balevedendheipa de flye embodiment, tis as preyided by the
the seal between them In this enbodinment, this i

POYEPEV3%ie‘éif 5y bstRRtIgEF 1Gogstanh Gamelehs i s 48| V%ﬁ%tﬁir%“re 3, the
e PR Sbeio 4o S50 SESIS DB Beh RSB L g 22 i
o800 AR 0801 199080 TRl s o

fluidin®dt ihtht Meow lcontreliet 6P eeprepént! ineeticis eoatinuasetat grow without
continues to grow w thout opening the flow passa

e,
openig kiee cloww atsagaaimbiag cenventibmal mwmtier@vﬁ]cetsmgﬁlrediwthe flow
passage opens_inmediately follow g)% nmovenent of the
pasgegspencns [immgdiatehefollosyiag mewanam of theRORRE | aceabl e

30 . f .
or CRSTHILbePPTEFiafey tated SRIAERDIY AP A L ovER @ Way from stop
force cof th L6 b : |
meg@ggelﬁg %}8 fggg)ﬁgsr\%geg r(}iéf?él%ﬂﬁ?ltni{\@rggs W £iuGd TRIERIREL forfe of the
magnetic field between the ferromagnet in stop member 18 and magnet 34 in

displaceable member 30 becomes smaller. This reduction in magnetic force acting n
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
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di spl aceabl e nmenber 30 becones smaller. This reduction
in magnetic force acting in the direction of the flow
WO pioet13459xt i ng together with the increase in fRPCTE2006/000686
the outlet direction due to the pressure of the vol une
of water acting to open the fluid inlet, serve to
accel erate the novenent of displaceabl e nenber 30

combl¥neetAhryf diayed a8 3@ tntdihal ewdlsdsf thbeeh] miechbeu22e4andl Gisplaceable
and increases the speed at which the displaceable

mennteeri3dy;, {10 senbie sotyetyofenothbiehwedmihem. abds distamast Er@termlned by
the distance it noves fromthe se L menber_ 22.

the lgngfh at ipsealingmnzeggmenbheivrgassen rrwawerui’rz R the Hlsplaceable

et L B0 e S S AR Bt i
mov%nﬁ?}tl etﬁ{: e&ire%'h%%xa&c o Ghidt! Y& vtk ﬁ}?vgu?ﬁ@lﬁﬁﬂ E%‘?e% ﬁ{‘@ontmue its

heconpl e ary shapes of nter

mot®h b&RnICHE g@ﬂp%e?@ﬂwl désapk qqeﬁbbﬁeﬂéﬁ”'@i{e & thdt hpeed, the

seal |s not t opened be ween them This distance is

disptikatleimeabby 30 meovesngidy fibnt ftepIaahbagl &nhagehentagnetic force
between seal nmenber 22 and the displaceabl e menber 30.
urgiipi disptavgablei snemberctind thao eppasye pdrrnemon his decreased and the

pl.aceabl e menber, 30, whil.e noyin | t he d|r
d1spgqce@lp]1§ TREMpes can ePIRiRue dts potion i gheegﬁt %@é@g‘ug]@, he dlsplaceable

mer%léegggglg %f'gtn}s etﬁggeb ayﬁﬁgfd eltsr?tf ch t?ilnget)%%\ﬂlat {ﬁ'he dﬁ%tenhal pressure,
ever{:j 5al 8@5%5‘5115? TEREI to ﬁlenﬁkf@/sof“f% sp % véhﬁ remain

e magnetic force ur gi ng

greatéteth@ﬁptﬁél th@gRlbtice EdriceNTn $hid e@'ﬁﬁ,aﬁl%dﬂ@wdcéﬂtﬁ)ller accordlng to the
di spl aceabl e nmenber can continue its notion in the

presentt inventlom ee¢vemts diEptacdaliplraembbt 30 feorheayscBiting between closed
permtted to nove a sufficient distance so that the |
and @pen eqoemqnamfpﬂ@wweagee% fia phen@ﬁem k@gwmn@s dueiting”, caused

by the Beenstic farse PG At SH gy Dot 10 i iiaass the Rre eagrted by
the @?@%xﬁ@}5@8%%{%@3%%%%@%%1%@@? 2#" IS O RRERRN 1 fluid

ouﬂéﬂg?npen p05|t|ons of flow passage 12 (a phenonenon
"“hunting", caused by the nmagnetic force being

st sl theudffécti eMibleyfosée ofighé enapmetit efield tbelcbmeb aimaaller, while the

exerted by the differential pressure on dlsplaceable
presswebactirg) inothepovetlétndirhetiati menpinsnthef samai or larger, displaceable
member 30 moves at an accelerated rate past seal member 22 to an unsealed position,
as shown in Figure 5. Displaceable member 30 and flow passage 12 are designed
such that the flow path opens suddenly to a substantially 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
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outlet 16). . As the effect of the force of the

magnetic field becones snaller, while the pressure
WwW@ewbnssdh the outl et direction remains the saP@EI/r2006/000686

| arger, displaceabl e nenber 30 noves at an accel erated

rate past seal nmenber 22 to an unseal ed position, as

shown in Figure 5. D splaceabl e nenber 30 and fl ow

theassmitsh, #e ALK SHARE S S4468iatdmith Reldw ‘i’ﬂ\ét@.ﬁ(ﬂ;)t QR6RR), and the

suddenly to a substantially full opening wt
higheflaki geleyatbdrige tiseifiove econteller perdesignedgtor Bei Withinohe optimal
of the previously trapped fluid at high flux around
megsupmgoeeasice ofdbEpwametend t hr ough the fl ow passage

and, as.stated above,.so that, the_ djspl aceabl e nmenber .
i s Abfhitistage, yaf%Hf? 1o QuANtE opf efo t‘ﬁﬁiac{f’héhat withdrawn
' IS N ffycient to i di at el use
doPRSREY ot 3lofid PR T, ol BRbate, T g 1ieSinty 42 s, so the
preflie oAl st B et e SARRLY ol s once again
equaly ePat Nosv ytherelik bentadidgly hbr peaRuidalifferdntial asding on the
prevents turbul ence. According to a preferred
displapenhl eremgmlpdrt inethie ronglet idinectiomeartd thw moegnatin field begins to act on
sociated with a flow neter (not  shown), and the high .
they Pigtjo A B dDeyitRlastebl rasbyrobRak (o ¥ardasihgnauid sret. As it
i t hi h t.i ppl neasurenent range of, the flo
appffocies hg AR R, e TR (e, CBR0 R0y Ty dRplacEible member
5 t. .t hd . I
coruBlp AERa calbbB IRBICABIMIE ACHNEE b BRrate fowards the

inl&tOld AR1iA6RSRUIA Hbdber S8tiF plesdfit, NS 8ts bARlisplaceable member 30,
di spl aceabl e nenber shri'nks, until Ps once again

urgarpuitmcRdn thiodirebidore of stopunsinbet 18) Inythedllpstestsd reenbodiment, the
differential acting on the displaceable nmenber in the
springt 3& urgisr displageablememhber 3@ dowaids stoplmetbbei #8. As displaceable

e b SR Pl e B P P2 sting on
e e AT S S0 WS QR B SREREIRUG g, 1
YRR 285 Bl YALSRCHAE, T A lpon 0«
el o3 bl e dlgeunnaey gl i uy s,
described above. This prevents substantial quantities of fluid from flowing
undetected through flow passage 12.

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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spring 38 urges displaceabl e nenber 30 towards stop

menber 18. As displ aceabl e nenber 30 noves towards
waewp/1ssaber 18, the force of the magnetic fi ePdI/HQDIGNY0686

on the displaceabl e menber increases, while the

pressure differential remains small. In this way,

di spl aceabl e nenber 30 accelerates froma fully open

i s 3o 871 470 AL PR SR @ lr i losed
andgf‘e':aﬁdu i*lg%gggqsﬁtiioihﬂhér@{seﬂ@ phSssBrbai RREhIR] drat fhkiiakt, so the

( oW ng undet ected through fl ow passage
surd 3f thé fbfeed apaingiciutter disphiceatde afieber pr smtantially zero, and the
invention that the forces acting on the displaceable
displecdable anembett 30 doeplnat embie smt of Hbe dfotedsepeting on the
first in the directjon _which open ghe fl ow passage,
figfly B

displaeeablemember san B deseribsd supstan ¥dhe gaugt

passgge,. thus | owi passage of fluid through the

fl icont romdger 4 uFses of flux values within the
RS0 ol VESaS) 18 0B 00 IR i, oy i

the $hadeBie ToRICFRMC foRR dfitheréith tlenidhe, AP equate PR, il A is the
under | eakage conditions is characterized by

aretp$ ther displaceaié aremberonhehehithe prdsssteramts.on of one
exanpl e of such a_ hysteresis curye is _shown in_Figure
6. Whient thege cisr aebqyin dovmstreargupt the Host controller,” the pressure

b L R Ry 58 Bk PR Por s s
om0 s B TgP BESHS MGl ROENPl 8 e roman

corfifah®! WA %@e fovBRE rst(ﬁf nihisdr Y dadrbased & Corrédpendite quantity. As

I spl aceabl e nenber does not nove. The sum of the
thegﬁé:%ﬁﬁe aifférantialnphisengi dhérafoeds| actimgrtbepenahe flow passage, reach
escri bed substantially by the equation Fi = Fs - Fma
a valuekhigh®rthan whe fercpofithe mirgneb are the refuapmenthss to flpse%he flow
acting on the %i spl aceabl e . nenber

’ , F i
paseamdbe IRIAGDIE METHeR DIZRT 10 HOTondt o eupaticylandgture of the

o GRS G Pl e ) o8 B et rore
dedrE%s IR HRA st diffPenBANtihOlch&ss, HHE d¢FassHbl member
accelerates towards the outlet, as indicated by arrow 44 on the curve. The
displaceable member continues to accelerate, while maintaining the seal, until the
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 equilibrium 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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differential (Ps - Pc) begins slowmy to increase, but
t he di spl aceabl e nenber is still unable to nove since

wo b@ofidtsex of the nmagnetic field and the returPCT/r20&/000686
remai n constant, while the force of stop nenber 18
decreases a correspondi ng quantity. As the pressure
differential, plus any other forces acting to open the

PP anE el U EURL SAPRLDE ity o e

t he magnet e return ne

witlasegfce bi@w ﬁépﬁﬁﬂe@i@'cﬁﬂgﬁé@%%!e BRAUBE R ! he faximum

a particular feature of t Invention that, as Tte
disgilazpirene aifl the rdisplaceabbg intanber fowestobhaeAmMeneit foihPU8e At this
decreases while the Eressure differential increases,

poifieingthepillystatst e ment dbe ldispdaceableomaniter this ﬁt]op member 26,
tlet, i ndi.cat ed by arrow 44 on the curve. e .
an@ :é%f%%g%? Iefrl])‘réhlpg@r- éé?/ﬁhlis HAgS, the Wereasingatosce Rhigl of the magnetic

e B e S O 1 RS, 55 st
- ’ i f .
S ager nce Segu ThY ARpHELTOR a1ER PR s iiiace B girecton of

motibnt b€ thes déspsieabRf heghberanAlsi shdwh esultfetinckh fumeral 50, the
conpl ement ary shapes of the displaceabl e menber an

displagedblovmpabengewoacesbarhtentniokrtowatds stopnpefibantl s, Agtshown by
ter LH be sufficiently large to prevent an

aﬁé@f?ﬁf&g ﬁgﬁ‘i@?aﬂ@e@f the idispdacsgblecwaniber hitistop inenthoe 18, the sum
o B FE e L PR G Eob 3 T o v
h diff | al .
vIGERHEHIST by 165 oyl O 9] B LG pen e i
norétias RV AGEABeL theRRS20E St £ iﬁ%ggglg }986 a];srgfﬁgg Zcr) iffBEEL the flow.

sl ows down thenotion of the disp

Howower, darihpeldw dlotvs) willieh woatd SRRt e hedsifed'by A meter, the
reference arrow 46, until the displaceabl e nenber
deVé‘ieoé@Scﬂ.ibe&rﬁb@V@ lad owsxthenfhxdios fliretoeteefromod to I substantially in the

' ' 48. At
foruy P and O for sshEsrentaistAtivel ow Hbux by conventional
' hj nb 6, and cannot
me%%%@k@?gﬁ%{ﬁc{rﬁgﬁg?ﬁ?e ll?‘ﬂgg %ft%ﬁ%grgﬁg? ﬁt(ﬁncr gasi ng force
1C;11- L ' { QOst
roog; eneiufi ARt Ehdon bEARE AR Mihbil B, B assage over

timé peocrsd byf ot embodia®end o ithd irfdntibg, ?isﬁgﬁcﬁaﬁg‘ﬁre 7. The value

menber, and reverses the direction o
of flux which can be measured with minimal error by the meter is Qt. As can be seen,

Qieax 1S too small to be measured in this range. The flow controller of the present
invention integrates the low flux (Qye.) 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 arrow 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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notion of the displaceable nenber. As shown at

reference nuneral 50, the displaceabl e nenber now
wa@ewel1a1sas es back towards stop nenber 18, as sSPODML2086/000686

arrow 52 on the curve. \Wen the displ aceabl e nenber

hits stop nmenber 18, the sumof the forces acting on

t he di spl aceabl e nenber drops, in a step drop, to the

or i € 3.d:ndi d r: Ok c 3

o 1B eVl G fshoft TR PRI Hhat 1 can be

i idORGR AFjdfiest8and 9 are

o O S e Y e T e
illudeatichsobfli ey | dnybdtiinees Eafumwe dohitolerseiofr thet Ipeesent invention

devi ce descri bed above allows the flux to fluctuate i
motntednin atvoatt metdrdinenisadanybe seenhmotioting dlanges €@ saysbgiprovided

provi de for measuremen%1 of relatively low flux b f
on edheie soflophtheranagnetigulong conoliess (tooRemat tfﬁe%feﬁ(% ofj the flow

conb il e B BT B b e 5, e
oS GREIFTERS  nlpHE enl 9570 ot 7 o

conFollefBrhi§ EhfHodiMehthis siRASIE fof nfdters ARviaNab Butléspipe in which the
Qeak is too small to be neasured in this range. The

flow lcontrenat ¢apl fie Aledmativeelprasshiotvn imviSiguire @, invuatingtfbmges 70 may
the low flux (Qeak) nd transfornms it _into pul ses 60

be providad adjabent tha flwid inkatgf affloyr costollem?4+ Ha this $@y, the flow
can be asured within the optipymerror ran by t.he
conrolleEcae %ﬁtur%iqsmumf‘&@é%a SObfheeEow m@ﬁ?ﬁt%ﬁnﬂ%i‘m jeter.
of rapi.d_and w de, openi.ng..of ' | ow.
pa e BB v @lhn b pESERRIT R VB segied by Hpite pumber of
iftfehtee i tigng® MmBaHidatidhs and oth
emb RS 1f v opRRIRA Mo PHLAS Yabielignd, B3catiBls and other
appPehNGEN oKARE ifivdationThay | e gtddeolt ol sfuathtr deaappireciated that the
portion 32 of displaceable nenber 30 and/or of the
invemion enbelingddet what has bedre desatitiedeigeromabpee pudreky by way of
Q@ . Preferably the device of thje re er}iq_i nvegjf?' on..i s
exagipled Rether ke invention ip dimpigashslelyi by Bgicdaimsgy bﬁgl}OW-
lines without cutting fluid fl ow pipes. Figures 8 and
9 are illustrations of two enbodi nents of flow
controllers of the present invention nounted in a

water neter line. As can be seen, nounting flanges 70
may be provided
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on either end of the magnetic flow controller, to
permt nounting of the flow controller in a suitable
w@o®st34sm f or operation. In the enbodi ment of PFCHU2006300686
the flow controller 72 has nounting fl anges adj acent
the fluid outlet of the flow controller. This
enbodi nent is suitable for neters having an outl et
pipe in which the flow controller can fit.
Alternatively, as shown i@ 5{1%’1 ge 9, mounting flanges
70 may be provi ded adj acen%‘ e fluid inlet of a flow
controller 74. In this way, the flow controller can be
st ur.di | yAmmagmtetidfh»wnmatmilarfcomm*isi@or d, rather than
in the neter. Wile the inpvention has been descri bed
wi tenflwisfhew wassngs having sumiehmdranputlstbodi ment's, it

w || be appreciated.,that VA i ons,
modh PR & Iﬁﬂ‘&intS@ﬁg'osﬁﬁﬂﬂ 13%?,@6121; of the invention
rp e BRCRLe plniteriainb R ol pARRRE KRR i,

mellﬂgglel nabove nerely by way of exanple. Rather, the
invéntion is limted solely by the clains whi ch
f ol winsvelsl #4165t bne Af saighstop mehhtey andsaiddisplaceable member
conprising: a fluid fl ow passage having an_inl et @zﬁﬂe

mclades)anrma@net andttbp otheiiod saidoon wndmr@@ sais} displae
Fra@@ﬂ{ Iélafgeabl ¥ gﬁﬁnggftlo% A8 %cﬁgtqsééaggsﬁ%?%ﬁe acting

on %alﬂégiia%’c%a‘éﬁﬁg?ﬁegﬁgﬁer Ot 1o TRURE R il EUEREE e

engqgé Qélﬁcs?(ﬁphﬁxﬁ%??@ fas k& 6ldd6 8fid ded1ahé Wﬁﬁshﬁe portion,

as to create a magnetic force, acting on sai d

di sqaiddrphiceatiembanbersatid dagd fotv pa:ssa:mb@ng leenfigured and
di spl aceabl e menber to engage said stop nenber so as
adaptr:ddiocrwnsmnl sedig engagement @s@g@ncg a»flmleoﬁaybd@@baw&e
nmber ang said flo assage Rel n

me’a“hbﬁf’*ségg? g s 11 LOHIRRDLE 98 A paIe Y i prpated
by § Pyt Bl B Bt ﬁ*sLiﬁf‘ﬁ??or SR e

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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by a pressure differential between a pressure at the

inlet and a pressure at the outlet, said distance
wheing3sed ficient to permt said di spl aceabl e PEMIZNOH 0686

accel erate to a desired speed before said displaceable

menber rel eases said sealing engagenent to unseal said

fl ow passage. 2. A magnetic flow controller

co : : [ :

por sk HBep S Mot At B8 il atlg GftaRESEAURember being
confﬁgﬁféﬂ‘rﬁﬂ gﬁWiSe St ARidRAP SFhiPaRpREeAble SAEMbEY Hidhek TERtive to

an annul ar seal nenber nounted in said body, said seal
saidvesab edentitseri ovgr ket distahts sbasitoduildpgr ¢peed offmovement of

constant dianmeter; an outlet stop nenber disposed near

the sdisplackabld owerhber, whereley| adwablthe mbbdr sealngg umnsegled, the
Bl iuaRa sy ssot SR o R e
wa f :said di | i nt :
opefid Bl 4 P ROSERF EFERE B bl 8008 giop in
pret%g%s gc:ligfe§8ﬁ+al WakihSs Ghe gpagve 3@%%56?% S o §had! A8w of

_ seal nenber ov ed distance, so as to
mediuidtile yohine fifoath tevewHaseiget he di spl aceabl e menber
wher eby, when the fluid seal is unsealed, the
di spl aceabl e nenber accel erates away fromthe sea

menber to provide an_opening.that allows a fluid flow
3. of Aumggnetiedlow pomtrellercouyaIsing dden drop in pressure

differential .acrogs. flow pa e, an rmt .a .
1 BofY ietimitendiid e wariRE SaMSem T Tud s, Bd o fuid
passage. 3. A magnetic flow controller conprising: a
ddy defining a fluid fl ow passage between a fluid
| Nl eferrghghetic @t@ @eilbet modnt& myaRd AGid tist op nenber
mounted in said fluid inlet; an outlet stop nenber
di ymosetkt stogr msaiber Hispostdonrar said fluid outlet;

out

a displaceable member, including a magnet surrounded by a ferromagnet,
and at least a portion thereof is surrounded by a sealing material, 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 fluid 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 and 2, wherein the flow passage

includes a seal member adapted and configured to sealingly engage said
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a di spl aceabl e nmenber, including a magnet surrounded
by a ferromagnet, and at |east a portion thereof is
waososusged by a sealing material, di sposed i nPGHIIZ006/000686
fl ow passage and arranged to nove al ong the internal
wal | s of said body; said displaceabl e nenber and the
internal walls of said body being configured to
A8 Aehibd | Laadsh e IBOber poves
RO Aot e Sl i SRR R BL BB portion
oft sulidtartihllyp coneast @iarmBie FiiniRihg! Roviinshla €4
nmenber V\,hgr eby, when the fluid sgal IS ungegfgg{e ?ﬁglaceable
methb@i zlongbhe floswipessage dot eaidt (ﬁstaﬁwwlﬁfeomah{t@in&ﬁ?baid sealing
menber to provide an opening that allows a fluid flow
engageIdtti ci ent flux to cause a sudden drop in pressure
differential across the flow passage, and permt a
fluid flow of measurabl e volunme through the flow
5 pas : o! Ll er rding to clains :
bna 3elpd ocHfuilch WeBRE S By BRERY aetitelde Sipdasderein he
displirietblé MBsibePRAI 8 WAL dyRaREAshdpd ¥n€) i
sai ddi spl aceabl e rrerr};bercfyﬂgnd v%%é?‘%gz’g?g&%%%‘? elr(r)tlell%tgrpomon of
substaritisdlysccmstasl divgaster pemiittbny flovetHest altnigathb Y10 PatsaBE for said
.diameter permtting novement of the displaceable
disfanes avhils waintaining saidssealingengagemesti d di st ance whil e
mai nt ai ni ng sai d seal i ng engagenent. 5. The fl ow
controller according to any of the preceding clains,
whe#ej ' ceabl.e nmenber .has a hydrodynam .
6. ohange iy SoRls R 2ER8RIEe BR 507 br J5F witsrtipe SIS, wherein said
stop UREMBBE figkher COMSAARE afl 1 L4 !
_ gl ong the flow passag% aﬂo@ﬁ%ﬁ{g %é?a%%dﬂ%:ﬁ?és&e&agnet and
disphaceatdy rdisygpsediid s @eliing foRwResHBRng fe Jdifit b @oagement of
.controller according to any of the preceding cl agn%,
saidydeapdaasablei embenamdbsdid stopumember.conpri si ng an
adj usting screw coupled to said magnet and
di spl aceably di sposed in a housing for determning the

7. £ The o RERRIE HooBigia 4 elrdiinoriottpey aa Boptindgopepriscs top
and® battEnBop M1 8h&4, NsidAV N W Sh0 Fof QO 8r LOR 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 and 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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and bottom open ends, sidewalls, a cap for sealing off

said top open end of said housing, and wherein said
W@e0oaas45m3 screw conpri ses annul ar screw t hr eaPlST/fI2006/000686

bei ng di spl aced al ong a vertical axis in both

directions within said housing by neans of

conpl enentary annul ar screw threads in said sidewalls.

8. e 4101 1 er oy di L 106; O < apd:
10, B AL PIRNER, AR AECLS W9, B 5L Ay Bk, Rt
c nﬁ%b rd o&ty ShéERTRAREd GniBESifi@lrednd r eien displateable
© ousﬂl%%g 'S }llgreflrred of non-corrosivegdrmterigﬁg%and ii;s@
membbstoariuml toywasdsadagdistop mdinberf. | ow control | er according

to any of the preceding clains, further conprising a

(rj_etulrn el glrrent adapted and configured to urge the

i spl aceabl e nepyber to.return . to ds,sai.d st
1. renble T8 CPREOHEToAPRBAIECIA Eloichor HEREFR Soih ety efgment
. previous clains, further conprising a return el enent
mc]i‘&‘ﬁi)?é‘aa%%?& configured to urge thegdi spl aceabl e menber

to return towards said stop nenber. 11. The fl ow

controller according to claim 10, wherein said return
12.¢el enpatflgw Jondetler ade@daig td 2nyToR thid precedivig eldimss, wherein

according to any of the preceding clains, wherein
movementeof said shiplactiabld awsalreinmdind dlow reconeeller gwnder leakage

control |l er under .| eakage conditions is characterized
congjtionpsis ehamcterizse iy NyseesisTmOtionow control | er

according to any of the preceding clains, further

13,1 Fpe Dol R AR o SRR3Ry o EBAGe T TRhs, Frfid C

con?@?ﬁ{éi% @%’éﬂ%cf}%rfa‘?l 8itd sSRBIRGVIRMA BRI éiéplaeeéfﬂl?lé h}g&{i'%l\ol\?r and

ntrolling Tluid flow for neasuring a sma

pro9idd dnlbtput Serrespohdthgtorspid sonsed nfwverietit.ng a body
having a fluid inlet and a fluid outlet defining a
fluid fl ow passageway; nounting a stop nenber in said

14.1 Nl &tmethod 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 a 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
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nmounting a di splaceable nenber in said fluid flow

passageway; wherein at |east one of said stop nenber
wareeaaise3 di spl aceabl e menber i ncl udes a nmagnePCT/HI2A06/000686

the other of said stop nmenber and said displaceabl e

menber includes a ferromagnetic portion, so as to

create a magnetic attraction between them said

sal(fl ﬂéﬁétagcﬁ %g & OEBEHJ% $ g @%ﬁglé gg@ﬁﬁﬁﬁféﬁi 187w HSdlume

ficient o create a
of Iﬁéatshﬁdb?@ &m'to g;%gssaﬂwglpeiewghgw@ tbwagds the dusiet; dnd
outlet, sald displaceabl e nmenber accel erates through
S alréufrhm\g Jaid dpkiveybleimembe torsgidkinjeigehensaidithagitetic attraction
passageway, over a e-sel ected di stance towardssaid
is larget thian Samlmsswedpgﬁes’aald seal i ng engagenent
sufficiently to allow a vol une of neasurable flux to
pass through the passagevvay tovvards the outlet; and

15. oo He nﬁ’éf‘%aacccgﬁl%lg&? AR 3, PR oA ME, " Feceur e
d' f E %az{ retrn éﬁ@ﬁleﬂ?tlg:ﬁfj AP Qﬁfélef‘gfoirou 19% MBaidt displaceable

nMprising: providing a return el eme near

meﬁlabldtdwarﬂﬁsalﬁqmew ging said displaceable member _
towards said inlet. 16. The nmethod according to clains
14 and 15, further conprising: providing an adjustable

oSl A Bl KA G
ol e e ST B e o

detﬁlglgﬁér{gstﬂég%m ld?tehggg t sa|(g(d§aﬁh?§ﬁ%§r?b feefffgﬁﬂi%ﬁ gﬁ'ﬂdsaid stop

ousin stop
mef®Epod according to claim14 to claim17, further
conprising: sensing novenent of said displaceable
menber; and providing an output signal correspondi ng
to said sensed novement.
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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