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DUAL TUBE CORI OLI' S FLOW METER W TH A CENTRAL

STATI ONARY PLATE SERVI NG AS SUPPORT FOR DRI VER AND
WER@sA &P COVPONENTS TECHNI CAL FI ELD The pr eseP€T/US2008/063262

invention relates to a flow neter, and nore

pURAITULE WaakbYss FRow MEPER QrtS Af h%kﬁ%tﬂm%ﬁz&ydﬁt&‘r%r sPHvInNG As
suPboRe- O DR OVERORRP LT cROMHR B6MPoREMrsSt at i onary el enent.
BACKGROUND OF THE INVENTION It is generally known to

use Coriolis effect nass flow neters to neasure nmass
THOHWMI@AD FIERE information for materials flow ng

through a conduit in the flow neter. Exenplary

Cor iTBRiPsCeN bRV RR @Y & latesetot Hewgsetar.iand Lm@e plaﬁt%lﬂﬁrly, to a Coriolis

ﬂow gfqeggvzlél nﬁir?‘ﬁg or B?qtk I%ﬁgmgg%l?nqsz g(;)%)? (9 to taéo oaﬁsgle%qent
rmre conduits of straight or curved confl gur ation.
Each condwt confi guratl onin a Coriolis mass fl ow

KON Vi br ati on nodes, which may

i Couﬂle%lﬁ%gse I Tdre mass

be S|n'pl nd n ) 0
b o B, s 8 LSO Bl
flo¥f afd’ %ﬁfer n@fo%@ﬂlomae%fseﬂb@ln fﬂh?(‘/@h' QEQn(hﬂ?nf J[H%V‘ﬂow meter.
nmeter froma connected pipeline on the inlet side of
Extipldry dvonaiseflowi mettirs @cd ddsctdsedugh iShePatondlyl@9,624, U.S. Patent
conduits, and exits the flow msterﬁ]hro gh the qutl et

4,491 fl25opnd Re- #1.4w0 #ltter). Erhmith &f al al heseniaw inpgier § 0gf or more
COltl&ﬁ V%ibsrtmlﬁgor n(g@{r?] X db&{fé%dr%écﬁ‘?hgx% ﬁ%(ﬁ{lgc%ﬁfdé@%%ﬂ [ a Coriolis

mmtﬂ@w ﬂlletefr Ihavwangt of tdinl vitratianehiedes .whibie malyey 6 disipiobending,
fl owthr&ggh the flow neter, all points along the
torgignaki ot cOHLed fydee F@Qb Ctb@dbahcaaldﬁ draengpiogeitlateit gesongpgee in one of

Qi n can . osc th. i dentical phase or a s
oty P9 8E Metle® sibsipl S 1P P B0aE < Bafditd pipetine on
thd @ GiR! oBIKIBN hetet, 9 Wirkbted dgldu ki ehef d oW lTRY @bnduits, and exits the
Coriolis forces cause each point along the conduit to

flomametea thtiofigle ﬂ@rnutl@ha@e of Fuer flewangskbe, Thaeatpradsedrationt medes of the
inl.et end o w nete ags. t he I ver Lle the
vitgiliSe Bacrib {0 srieaus Gthr i Bt i G SRt B of the
coffLikMEAAO A HoRAATUERIPIRUSAURL i gnal s
representative of the notion o e conduit(s).

Si gfvﬁ]hen chidrp it n‘or ﬁmx/t treopgtc khooflows ensar allapeinpr eloagstad conduit
etermne th se di fference between the

OS@ﬁﬁf@&t@ to ‘Pﬁé‘PEH% éﬂmﬂf foggcentle BR{EE AsRElatqw ! rld%wél phase or
s%#a%(m? 12(1 ﬁ)?erasﬁ{aie ol‘:ffs%;:1 %5111 on %l cgoﬁekf%a HRSQ‘ Ene{t%] W ‘t;egﬁnes to flow

eria e condult(s
throagly thd Clowofetcd! CORQGHEEBIcEs cOlR @Rhtpditd abhg tﬂ@@uh@mt to have a

dlf%errler\lltelr)hase. For example, the phase at the inlet end of the flow meter lags the
driver, while the phase at the outlet leads the driver. Pick-off sensors on the conduit(s)
produce sinusoidal signals representative of the motion of the conduit(s). Signals output
from the pick-off sensors are processed to determine the phase difference between the
pick-off sensors. The phase difference between the two or more pick-off sensors is
proportional to the mass flow rate of material through the conduit(s).

Although there are many pick-off arrangements, one particularly popular driver

and pick-off arrangement comprises a magnet-coil assembly. Typically in a dual flow

tube arrangement, a magnet is affixed to one flow tube and a coil is affixed to the other
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and pi ck-of f arrangenment conprises a magnet - coi

assenbly. Typically in a dual flow tube arrangenent, a
wore@naseous affi xed to one flow tube and a coi | PEBUS2008/063262

affixed to the otherfl ow tube and positioned proxinate

t he hi s.arrangenent drivin 00|
flog e a8 80 A e P BRI ﬁ@%ﬁh@%lwaﬁge fidhs dfiKing coil is

T I

oBIRY 055 ARG S on O BURKS SENEROREADERL] e ik

offpxreﬁsmrrhag)naicoﬂ asdeheblyretiangsrodiices htﬁ 1ﬁd11meldtmha§e which i 1s proportional
Typically, there is one pick-off sensor at an inle

to tieameton pkthe|flow fubses aa@aﬁwdhﬁr@rls ene Rickt 91t saiven at an inlet end of

thepﬁt%' ttllll%é aatnoE ?p%fg %ﬁiserg&)q \Poyj%ﬁgcﬁ N fre 0%@1%[1 \{L(i Nherefore, each

nclu [eas er conponent and®
ﬂoﬁlﬁhmoﬁﬁhﬁ@ﬂn@ﬂemkﬁxdﬁb@'@&ﬁpaﬁaﬁnnﬁﬁhﬁ&g% éﬁﬁ%oﬁ%ﬁﬂmﬁs The
assenbly is generally known in the art e prob
opeyiatipn pﬁéleab@gz@tﬁr)ﬂamﬂféms genesphriewmmig thhertwi r es to

the coils f ow tubes. In the past, )
nas eenrSa@h v FR YA s ItRER sepet i BRR ey G B coils on
thd ﬁob&gaﬂamﬁbésh qnvmé Bast! thid B& Eéegvuefauhm S h BANHRIBSf ways. The
sort oOf tape or adhesive. Another approach,
firpawdy cutoaattachi the smiadsl E)rt}mﬂmv dulaveiseng fdmw soEt cﬁrtspe ios adhesive.

to use thin flexi con tors (fl|exure Bot h of )
ATOHEE APRERAC a@ﬁ@scu%aleye Iy SRS ke ‘i*}?é“e&%reﬁBW pgias,ofs to use thin

flef NE SRR (R gig%esﬁs\)gnla&ﬂscﬁt Hhéiﬁa{fﬂ)})%éfcﬁl%é’ h%é ﬁfhxx?c?a%ﬁys%e use of

e tape or I'S genera

tapéamead}&szeWptrdﬂvltimaﬂ ampativfactGENG ligorll bpsapde @h@balp,e o fdhesive is
both tinme and tenperature. These changes can result in

gergraldy @ dugh fpmping @ﬁt@rlg arith Berdgnaping ¢ mm@p@predlctably with both

tmfeﬁarni;iottrenrrqg)%%a%l eV\h*:]he% e fe! eXH r?sllilcl:tthlg\rga onleé aﬁ] and errors in

theaﬂféte%clbérfdfﬁqahb@ mwtul@ tﬁkﬁﬂ@hﬁjes haes qﬁ&wﬁarﬁﬁﬂl @@ew typidauy have
rapid failure. I'n addition, they are extrenely fragil

veuéistinctiragiral §eaeencivs radbexcitoty hateait & nhtaval fd@Eiehas e@n result in
sed. so t|o to th r utI| ed above. For
o SRERE. Inpd oSt S crBane e b o e r Bng
coi ln HRUBLr 61‘?2&&% Bh@é’\’df%?lto%d ?%%béfpsol \6hsC8ithe pASfems outlined

t hen nount ed e coll noun y the nmagnets
ab(b)\m nEoradsXaﬂqﬂe,cU 150 Pateart #7596, t98bdisclosks prabingm veil mduheto the flow

'198 patent's sglution is that the wires hang. fr
MtGTRAUSHEE- ¢ dNe LOTlT R thapnmornteite E? &Bﬁs@au%to‘fvl}{“ Qsliv the magnets

be{ﬁﬁoa\ﬂ'}a?ﬁesd ?)n‘%le rfPng YEENtA %Y(@c{)?ﬁt\;/ﬁﬁ‘ I?ﬁen 9 9t8353at i esZ)Iﬁt?onhls that the

e sane ens are enc

witeQOlih gWfieely. fréRD e colls.OpDIngey wisild thidrproposddsedlas@d prévides an
U S. Patent 5,349,872. The '872 patent discloses

lmp@mmeng qvee aichingf thsmeoHe 1ol dhe tsestubad the samengroblems  are
inted circuit boards (PCB), one

en‘ff)oc}gllteirF(gWétgﬂgg%ev "Phe fl ow tubes and anot her
Another proposed solution is disclosed in U.S. Patent 5,349,872. The ‘872

patent discloses removing the coils from the flow tubes and mounting them on two
printed circuit boards (PCB), one positioned above the flow tubes and another
positioned below the flow tubes. While this solution solves the loose wire situation of
the ‘198 patent, it incorporates an excess of components and creates the possibility of

errors caused by inconsistent gaps.
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positioned below the flow tubes. Wile this solution
solves the | oose wire situation of the '198 patent, it

W0 p@onposnt es an excess of conmponents and cr eaP@BUS1968/063262
possibility of errors caused by inconsistent
gaps, Therefore, . there is a need_.to provide a flow

met enCERE: SES SfbeqdeQuArP¥Ide HeflRWimeer tapdog pofdRawyre the coils
to b2 n%t]fh%hé QY th&BRRv dcks@ind BE 32Tk [tRe YRES a8mHifhul Mumber of
nunber of conponents. The present I nvention overcones
cotnpesentandTht heesgpt obleftonande@omas vihege ahd dther préble®s and an
achi eved. ASPECTS According to an aspect of the
adyange i therart i achigedret er (30) including first and
second flow tubes (103, 103"), conprises: a stationary
plate (250), with at |least a portion of the stationary
AYHEUES (250) positioned between the first and second
~ fTow tubes (103, 103'); and at |east one of a driver
comperentingio an grpekt-adfthe oxrepoersmt flaw upiterd 30binchaling first and

st at4 onar, t 50). Preferably, the entire
5¢ aﬂ%ﬁ\%s gi@tz(é 5tHMR$Sosi ti oned between the first

and ,3e6RRGH A19W (25®ESithlR Feasd D BodtiontIreh&@RONary Hitfe (250)
driver conponent conprises a drive coil (104B)" and the

f1 ow net eosi(idngd herwebtre thecfonspan dsesord doimteberad08t 103°); and
(104 coupled to one of the first or second fl ow

tu bé@eeat@@,e of @ﬁryveb%eap%ftné o R ol gopprpentrgypjed to the
Pref erably,: ' conmponent conprises a first

drive co%%tl?&%g§£tégg%q)éd to a first side of

st aPrefo@bly, phadiré 28pnagdlita(25®ris posiHonsi gwaers gedhst and

drive coil 2)1048% coupled to a second side of the
seapngtfioon arbgs plQ 403250) . Preferably, the flow neter

(SO SR Bl EE TR g 5 e o
) e GOl AL A3 TG 0TS it orecnd
flopr token@lt0d, 1 0F) secamdtedhe dave opil (10H3NB) . Preferabl y,

t he pick- of f : t ' i ck- of '

(To8E erb ey ST ams ERE SIS OALFY Bivace (8 spurled to o
o ARSI e ISR 3 Bt AN
cotfiplodvtd abeond 3012, of 1SS thtipmary ipheae £3Me pi ck-of f coi |

105B, . 106B) . : .
( Prefera%?y, )the flow meter (30) further comprises a first drive magnet (104A)

[@a)

coupled to the first flow tube (103) proximate the first drive coil (104B) and a second
drive magnet (104A) coupled to the second flow tube (103”) proximate the second drive
coil (104B).

Preferably, the pick-off component comprises a pick-off coil (105B, 106B)
coupled to the stationary plate (250) and the flow meter (30) further comprises a pick-
off magnet (105A, 106A) coupled to one of the first or second flow tubes (103, 103”)
proximate the pick-off coil (105B, 106B).

Preferably, the pick-off component comprises a first pick-off coil (105B) coupled
to the stationary plate (250) and further comprising a second pick-off coil (106B)
coupled to the stationary plate (250).
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Preferably, the pick-off conponent conprises a first
pi ck-of f coil (105B) coupled to the stationary plate

W@ 2803wl further conprising a second pi ck- of PCTYU1008/063262
(106B) coupled to the stationary plate

compEEB AP TR Rarht b L o et 1050
cobf1f 4 G5! B84 WRE 103 PR RS BRR: i 31 (ROl @l sccond

pickeefif negnto( 1064) seasiad td thewet aralefl¢w @3¢) (108 Oxprovineatd the second
.secaond_pick-off coil (106B). Preferably, the flow
Picke@fE €0l §80R)ur t her conpri ses one or nore counter

LM BRI o TSI R s

41500Wplke esfitst a8€ HLdnd tfRAW adaE YOP! i@B3e (250), wherein one
of the first pick-off coil (105B) or the second

pi cRrefefablyithe {lagamtet S0¢ durghes gompriserea sesopd dtationary plate (250),

wigtei o P P et (b of I Sheied nf-atbfo T (R

co%gn?le& HNeREcd dftforfaly ﬁfateg((ﬁb},%lﬁfe)/thg logte? of ARMecond pic%<-ooff coil

eferably, the stationary plate (250) is connected

(1068 )er thd Gcst pordki-af$ c6R20) 05Brietenplbd yo theHest statadnagnplate (250).
f b 103, 103 d d i b
T RTEh o 14 B AT gl BIHEEch K0P ic ARSBaInG20)
X . L on, , .
ot aeaEty. BROARL o] (hchBd SRR 11020 104 4 i3 Vbrate with
resPOCERD itlsesatién 8y plato(BOy. pl ate (250), with at |east a

portion of the stationary plate (250) positioned )
bet Veeardingtof anogher anpecs ot Biednvemion: ybley meEs (30)gnelpding first

erei;ny the. fj .second flow tubes (103, 103")
anigeecoggglﬁ%glbte%fﬂ%?ggg, Wrﬁ%r%reg'spect to the stationary
Pl ab&tAidathy: platel(REGL whihclt 1&s a peRRAroftAOShtibm Pekitd 2 50)
first pick-off coil (105B) coupled to the stationary '
pl ate (2P0jitiamet betivieers theplinskarsf fecond)Aew tabesA3 cHAR3), excherein

prckc- of 1 ot ibisesnd ghsbbe S (b ot gy wi
i ncl udi nges@eft%Qﬁ?st@ﬂifrﬁgggfag&?%);( 106B) coupled to the

stationary plate (250 econd pi ck-of f magnet
( 106 Arstqncipbéitkehsort(hés siackddhgfd fiwt pidheoff £0B()05B) coupled to the

D TR S Lotk 0550t Wfeoupied o e
coupl ed NG, §ldlh N YxRIAL Bhe first pick-off coil (105B);

a second pick-off sensor (106) including a second pick-off coil (106B) coupled to
the stationary plate (250) and a second pick-off magnet (106A) coupled to
the second flow tube (103”) proximate the second pick-off coil (106B);
and

a driver (104) including a first drive coil (104B) coupled to the stationary plate
(250) and a first drive magnet (104A) coupled to one of the first or second
flow tubes (103, 103”) proximate the first drive coil (104B).

Preferably, the entire stationary plate (250) is positioned between the first and

second flow tubes (103, 103°).
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(250) and a first drive magnet (104A) coupled to one
of the first or second flow tubes (103, 103")

wee@ith@se the first drive coil (104B). Pref erB@l/ys20081663262
entire stationary plate (250) is positioned between

he fi d d fl, 103 ) )
tlogl’fe'.frqzé%yz?%%%%? gfr}ﬁj%ccr - &44%355 9&49354 fo & figs gidejof the stationary
PHECHRAT i3t 5t gl oA PPPLATEIIG REENE(E0LI03). e

drifver @04 furthict ub@p(ididg ), setdrel dhiveveril (1088) cousleder a second side of
conprising a second drive coil (104B) coupled to

thesatentgrs Pl @01 pied & sepondwlahy ek (1049 couplgd 4o gecsrend flow
4 RIS 048 SoyRledif qoae second {1 ow tube

proxi e secon 've’coil (104B).
Pr efpesfakiby, thdBol | rBveNB0g FurliRE ke ofripk ik &L6n CHARb iSRRI Balances
or nore counter bal ances 415 coupled to the first and

415 eoepidd to dw firstows! secos] flag3ubes (PO2f E13abl y, the
o1 oereigabbe R SuodaY bl CESRR AR b s iR C0)

FIG 1 shows a flow neter according to the prior art.
FIG 2 shows a flow neter according to an enbodi nent
BRIEFDESCRVERION QF FHE DBRASHBWSSa portion of the flow
meter along with a stationary el enent according to an
enbgé@nleﬁl@owa@ﬁ& RGEASSBANLED B DY portion of
t he 0 ' ] ' I :
ncobidl o & attol bl cbrbg (54 b B P R vention.
DETAIG EDshIGCRb bt oo fThe Tbie th&ENDhOW ifH £8atidnary 4]chisht
the followi ng description depict specific exanples to
acqasdiey te ke sebokimend@fithe iventien how t o make and use the
bes of the. inv ian. For th u f
¢ oabho g b BPul T Al ab8s biBe BHHORR SrGiapey clement
ac@?@ﬁ%&& ahéther HaBedisioRPbf fheeflvétioam tted. Those skilled
inthe art will appreciate variations fromthese
exanples that fall within the scope of the invention.

mgi ate that the
St S e-ew—ca ined in various
way orAm KhL 6B rd : i; i
Ly | it ol R R AL Rpict P BBl ¢ Fach those
skidled nmpltlesard @sor iohaskdaiduse thatbestnigddyf thHeeineb@ions Berathe purpose
their equivalents. FIG 1 shows a riolis flow nmeter .
of fepchtE HYICAYYE FTINRW IG5y iSeMCasanventinabAspedts aye fgepetigplified or

om%gci(f ? %e?s%?lllegini]n: tg%:/v Git v&illlae[f)%?ec:l’eg& vaRgi AR f?dﬁlltﬁésefelxg&gf‘es that fall

within the scope of the invention. Those skilled in the art will appreciate that the

>
a 2a Yot A
0

features described below can be combined in various ways to form multiple variations
of the invention. As a result, the invention is not limited to the specific examples
described below, but only by the claims and their equivalents.

FIG. 1 shows a Coriolis flow meter 10 according to the prior art. The Coriolis
flow meter 10 comprises an inlet flange 101 and an outlet flange 101°. Coriolis flow
meter 10 is adapted to be connected to a fluid pipeline or the like via inlet and outlet
flanges 101, 101°. As fluid enters inlet flange 101, it is diverted into two separate
streams by manifold 102. The fluid is separated and enters one of the flow tubes 103 or
103°. As the process fluid exits the flow tubes 103, 103’, manifold 102’ recombines the
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nmeter 10 is adapted to be connected to a fluid

pipeline or the like via inlet and outlet flanges 101,
waomwv/136d¢3 fl uid enters inlet flange 101, it i sPCi/U0DEH3262

into two separate streans by manifold 102. The fluid

o RS A R o BN TR meer 1
alspdBclud 88N 1%10'1%9 t%'nhi!':l‘? CORBHE&Sa Ih?%ﬁétof(ﬁﬁ@ aﬁé&%’ RilREQhBly 104B.

I't exits throug e outlet man d 101". riolis
Sithllany,ndat €orilis o maed LAlaslededra fise plddoffwhngoh 105 and a second

_conprises a magnet 104A and a coil assenbly 104B. '
pick;off | g3y, 1 Q0n eViosh icompsise | oWagsetet 031 (A FhRNED). 4 067y gind a coil
ass\%#colf%%ng%%or 105 and a second pick-off sensor 106,

I'C

conprise a magnet 105A (not shown), 106A, and a

Coi Iin 3p&afibhya 4058sigh@bRB. schitPBRr @ieOtbil 808 hW:e1eal dNdlby meter
is sent to the drive coil 104B via lead 110 by neter

clegirenics G cSThROdriTheignal weusss gihal flewusbes A3, flDdwta whwste about
103, 103° vi br at e. about . bendi n s W_W. '
bedit JBEF W ViR PeTaERy TR ndr e Par 1S ety efined using a

plutglity % RorRbdibak i 10)- 03 HRGL1iRAY thelRBvd 2Rea YUREMIdW Mhdter 10. The
the active area of the flow neter 10. The vibrating

vitfrhtovg flowesbd0303,108" inhbeceltaget ags pick-difeseps@k-106f 106, which

S b B ShaSE8 EE i PP 30 procuces
f i.pfor is . ' ' .

B ORNE T AR LR AR Py G0 L L gy o on

theskignalk sestehy tiry pidkeoffiseksonds losendnr Jeldporatdi@6measurement devices
Tenper at ure neasurenent devi ces such as RTDs (not

sugh@nR TOsn (20ts sy caie alerpepeidar @nipssaivice irgaswrements.  Meter

r ectroni s 2 a nd it hi information.to
clchfibfiles P0%Eh LA GR iRl 789 dbReerbdth BEARLLER 1t .
1, tRecanemdsechliQ FIGLY, tantbadd 110, Wi, Gdcanneghich®nnect the coil
coil assenblies 104B, 105B, and 106B to neter

asseinbdics dOHBs 1968, and 106Bntechei@r tetectioaick | 20w areibenk@sd to the flow

WSl 8 A 2onestue 100, The adnesl Y, 130 hy ARVERSS! Ko Coriois
rob P QRAGHRRrA L PSR ST RS A TETANNy snor sty

Adexpomdg, tfahé Iflost vatérn) tsesrpesad tor sctubtiee schingsatvueesirehe adhesive
begin to peel, requiring additional mintenance. FIG
may Raghuke RECtTedyiHRE @AdIBIONATB/INERNABCE 0 an enmbodi nent  of

ot 51030 s JEEPEBD0 e QR KR of Y invantion

Acsblihd tb@nyndebsdioedt, tthatfldw enéttOBON&iepristd am@yriolis flow meter.
conprise other types of flow neters, such as a
Hopyayentit plgpwde eiungaestead tiqh theeflow ancteh 80 seapeowprishether types of

ﬂo%@?@&i@,osnucﬁha%uell %ibnrgttingb%erllsii{grrtle%gr. t ‘IlherO%%oirg,l J.thse sfcloggv of the invention
should not be limited to Coriolis flow meters.

The flow meter 30 is similar to the flow meter 10 of the prior art; the difference
being the presence of a stationary plate 250. The stationary plate 250 may comprise a
number of materials and configurations. According to one embodiment of the
invention, the stationary plate 250 comprises a printed circuit board (PCB) 250.

However, it should be understood that the stationary plate 250 may comprise other

materials or combinations of materials and the present invention should not be limited to
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The flow nmeter 30 is simlar to the flow neter 10 of
the prior art; the difference being the presence of a

we @iy y plate 250. The stationary plate 258CTHH§2008/063262
conpri se a nunber of materials and configurations.

i oignBEp- phEiEIEGedoliprnsadessiom Panevst isfi g yationary
plat &S5 agggmgmge%rs 6Het rgfrb@é@ &k sk?ﬁlgﬁg?ﬁr@tsl?&fid bR gE%FOOd that the

stationary y conpris er nmateria
inveatibn ikaddteodingitedmat eri al s and the present invention

should not be limted tothe use of a PCB. Although the

f ol ASEPTHNZI B PHbPEIGI6RE Vieg Invertier. ot desst pgortion of the PCB 250
. i 2 [ a or .t e .
s S R TG S M b 8 SO0 ARard PR P FAERTs Bhodiment

thd &ntROIPCI® 260 R p&dtioMGLBstiedd tHeotvaNfleWRABEITRIE, 108"t MBe PCB 250
i nvention, at |least a portion of the PCB 250 is

mayols¢ s¢amestitmetsimweiure hetetngd té Itasvionbester 0¥), or Gdernatively, in some

e b RE T maten oAt o Erg e Buthd oBe” Toalef JoRitirpot® shown).
Ac@&%ir?p?% HRYthBEePBEdnRG: P the HIVEHEONT Be PEB 38! is kOcirB® to one or
flowmeter 30, or alternatively, 1n some enbodi nents,

mdrbef BEBbi260 bas K¥eliz3edThe patteuidr onethed esedhfouseagingnthe PCB 250
. Shown) . Ac%ording to aﬂother enbodi nent of the .
is nofEMrisAt Tqrurpesss o dhe presept, ugntion, dipaveyer fppwshpmbodiments,

the IB@B@5@‘%@!11%@&%&é}%g@%aqﬁsstiﬁ%a%ﬁthq%&%% {58h %BJ%SQS g(f; , 103, It

securing t not 1'nporta or purposes

shdihe bpregentoddiuandviegnthathiawewrr erhbodidghtsemdash vigmtisns of the PCB
the PCB 250 renmmi ns substantially stationary with
250 sagyeey totasates and compensstesl fopduringa calipratigh sitdche

under oyever h kN SQ odiyent s, m nor-.

Wi gt e AR ad gk Rud U 0Pa LR GppDitRt i coupted to
theCPOBEXRRt EHe UAKedtdrhpehedt aaldbdridbd ®Rrdi® ¥bhpeises either a drive coil,

According to the enbodi rent shown in FIG 2, a driver

sugoapdnencoil $0¢Bupt @drive mdpmePGBCl2 8O drivhenagnety 804A. It should also
conponent .as descri bed herein conpri,ses either a driv

be a5 iad A5 ST CoRRqCTinaApe BN 4 1o, BielrigrledironidsefD can be

Coﬁﬁeﬂj kd Mfe PERNSH. %dih% t& BRoth&: @h88iRRnHBEBShOG ion, a pick-off
that the wires connecting the coil 104B to neter

compentrtarnicoap2q toahe IRCB APl e@The pidkheffROBpmOnt as described herein

coppERe T bR ST gtk e BebbBGorfeusderstood tht
i s SO RN Ploeir 485, LB L RATRO i couppd o
PCH $80.bahendiBies bad gidkhatf doagonkhtesmapbaestpled td ke PCB 250 using

pi ck-of f sensor to neter electronics 20 can be coupl ed .
knewnthpadmgpraiggenmpdedniquss. fxrgorsliek tofd cabapor f thgaipvention,

D Se P L A AR DR AL Shorgin o ot
embBBinh M ATt th@Mvention, all of the coils 104B, 105B, 106B of the driver 104 and
pick-off sensors 105, 106 are coupled to the PCB 250 with the magnets 104A, 105A,
and 106A being attached to the flow tubes 103, 103°. Advantageously, the flow tubes
103, 103’ of the flow meter 30 are both lighter than the flow tubes 103, 103’ of the flow
meter 10, but also, the PCB 250 eliminates the need to secure leads 110, 111, and 111’
to the flow tubes 103 or 103°. Therefore, the problems outlined above with regard to

attaching wires to the flow tubes 103, 103’ can be reduced or, in some embodiments,
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t he magnets 104A, 105A, and 106A are coupled to the
PCB 250. According to another enbodi nent of the

w0 pwensdden, all of the coils 104B, 105B, 106B PET/URZH08/063262
driver 104 and pi ck-off sensors 105, 106 are coupl ed

eh]%]gqlqtggde 2t Csed 20 {gogriqqq]téel}fqr%({] 1%1%121'3 %%ééfheigs offa cpoqlslo% 106B are

co%g Bl 50, W lﬁ@‘ﬁrfv%%ﬁ 13@19 s1Qne %dtt(li‘gbef HOW tubes 103,

of ter than ow tu
103.’0:8:coﬁflng ttethfelmwmiettreethﬂ)@ TiptHis ainbodmﬁdm (REBCE5050 may comprise
elimnates the need to secure | eads 111, and

an ety for dhe diipers1Gby &f through WFﬂ’eﬂ)@fIBP]é'O E%ISp}Qﬁﬁ elﬂéB being
1nt§$%1v\eld?1§1goe %@B"!fgh A@%ﬁatovdg { Etﬁt‘g? '2@8 8@ Réé%u%ﬂeed below the

dri®gibrol, nent s, el i m nated. According to anot her
enbodi ment, only the pick-off coils 105B, 106B are
coupﬂcedrdtlmg tthen m@ozlsment\mﬁ th@ inlentétm, \tee desids 11)©4®n|n§ct the PCB

onne dtoth Iom1t 3 ac ordln
25 RIS hde, BfclpRits 2 ° AeBoRine i an (I ea Ses s fvention,
cadPINRN§6] hPRRY iR Ifoﬁfedttﬁﬁ)u%h'tﬂ@fnt&% cIfCP(fB b5d), hthey 8liminating
with the pick-off coils 105B, “106B bei ng i ntegrated

thd expostieeoPEBe50 ltebhdtarchatiuleble PEBe 20R:aR5E: maylemented and the

osi tioned, bel owth drjver 104. Accordin
ngyigyg) lea @9 rrtabrebq bween e 1%8&3%% ﬂ@é@lt@ﬁ@twe the

1eaﬁﬁo§r§%gdder ‘t%htdl oifﬁ T8 o Bl EELE P cﬁﬁthC rding to

e 1 nvention, eac ndi vi dual | ead

100 Adewdule th@wns@bmmemgh FIGe 2 slie@rd ar siaflePPBB2380, it should be
thus elimnating the exposure of wires. Alternatively,
unmm@péltbatmdmt%mm%@mbﬁ@mmﬁameéh@ t)lwePCB 250 18 positioned

betlﬁ;%%l thh?uﬁoavy] loe li? ot e(??; at ] ggor%?n:g:gq gﬁ%"‘%leq? i nt ch coil 104B,

105BNsiRM1 B fsafﬁb@fn@@ oh@ depRraBXPERI Ahefdfotd) ﬁqu&Bse%ﬁ @nventmn should
Al't hough the enmbodi nent of FIG 2 shows a single PCB

nOQBﬂhHmmdﬁh@@m@kaCBdﬁ@rstood that according to sone

ot ot Ciaring B b 330 Pa8vorgas Non Tl 135 hneed to secure
thee TR N that €30 &GOk &t@f@ 1803Rd %@9 0%@@&18'0%8 MBYNY 86 to meter

on a separate PCB. Therefore, the present iInvention
clestronicsl 20 atan the redudcide dntamisodsinogts eviREB al 5. theByoﬂs 104B 105B, and

ositioning the PCB 250 etvventheflowtubes
10913 gre prz;le&é%&h% &CEh2ol-ethe eed da gscurpdhe feads é&ﬁrf@ct%le flow tubes

108 hﬁ)3d rc'a}{%re e}%ng{ég %%n%{% St%% %taoojzﬁ@n& V&]ffe%aéﬁ{e damping

€l ectroni cs can be re ’I n e ment s

or &el nadfirat freqedicl o f 1A Eow 1SS, 108[1 003 06BRS the T htert3D provides a
the PCB 250, the need to secure the [ eads 100 to the
mare @Wblm@g%ef_ﬁ@@nt yogatiggaHowametier thanghe@rior art. Furthermore, the flow

Ad\n/%r gl‘ude the a(?(ﬁggna]l%(v)elg P tthe%zqf)eegrtld %vrl]re which can cause

the sensor to be out of balance, affecting sensor performance. In addition, the use of the
PCB 250 in the flow meter 30 eliminates the above mentioned problems associated with
the use of flexures.

FIG. 3 shows the flow meter 30 from a top view according to an embodiment of
the invention. FIG. 3 does not show the entire flow meter 30, but rather shows a portion
of the flow tubes 103, 103’ along with the PCB 250. As can be seen, according to an

embodiment of the invention, at least a portion of the PCB 250 is positioned between
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or the natural frequency of the flow tubes 103, 103'.

Thus, the flow neter 30 provides a nore stable and
w@bdovasems vi brating flow neter than the pri orP@Er/US2008/063262

Furthernore, the flow neter 30 does not include the

o R TLET LT B R, Gion s ni

PCRERSPLs RRITARABOGSnk e AAGi b3 B3 use of the PCB

'ow nmeter 30 elimnatés the above
mentlhe rasﬁd)ord[mélht@hibmaﬁddGaB&ﬁffmtstﬂnorhhhe gsdodiment shown in FIG. 2
. flexures. FIG 3 shows the flow neter 30 froma top
in @n@meetamd@sa@cté éhf'aﬁm@ﬁéwméhpwaf ing RIG.j hwaht irwﬁldemoee magnet

10%% 0 SRe rh%t %1? (%r r& 1 O\ﬂ&wgﬁggla%%%%&? aﬂ}ﬂ:e&%thet end of

OWs a por ong Wi

thet &t@vé?@@425%ere‘i§recﬂib et §fb@fbff a&MRer d0Ne Ecupddd to only one flow tube
embodi nent of the invention, at |east a portion of the

10poB 1930 $ignifsolyi, theovesandpiokeaffisensof [l Bvis leqaéedmamla@se flow tube

1085005 Bt Be5 e Miise FIRROHLA The ih PstsoR 1GI P IgSca the flow
tu‘tkoigﬁB Ha3'a sddwd ]ﬁ’@l@-‘yffr%@ﬁso% h@n iAbcbtdag 3o Brdel E8HBodiIRM of the

t he enbodi nent shown in FIG 2 in one inportant
imaspet the tfloev e diOnmissusésomphase diff&ende between ot idetsend of flow

one rmg t t inlet end of the driver 104 and
tubgnl Q3 hha ﬁﬁé&’@tou%ﬁﬁﬁl{ﬁ?wt% Hilet end of the driver

104, [ f r S

cous) BFHE' Bbfioaafe Lhash iBirE, 3 nohRNE APk magner 1054
beingepsgdomd phcRowf tubeen8dT addbhe ssccondlpmek-bef anlgyetoNO6A being

fl ow tube 103’ 103. Therefore, the flow tube 103' has
pogitippgds pn ;ﬂw-t@bq‘ 182 shouldsbe vadern@ofl| they iy pdien gmbeggnents, the

magrr% % d(;ﬁ?& Ofrfl bséenS %heé06T{1%i)??qr1sdew%e{ %mg%ds not important for

puffRR&H bE Stha ];B’@@e‘h@ 1ﬁbéﬂtﬁihen<}¢0\b@¢e\ﬂeﬁébdrﬂﬁgl ft ah @hBodent of the
| ow tube 103' to that of the outlet of flow tube 103.

invghiipe, thieeliestipodk-o nmagied Wi Sidn afd Ghe 3eghdwpicktodf fmageet 106A are
i.ck-pof f net. 105A bej ositioned on flow tube
pogggnedg dgﬁge@mg‘b ?ibyglfog magnet 106A bei ng
POSIF¢;086§0QR o llt‘?%"\&/lte%bgf %Sﬂ%e Wimslpshd ?&tﬂ)‘ﬂd@ﬂ’ Bl088y meter 30

that 1 n other enbodi nents magnets 105A, 106A can
acctmdmg/l tocdredmbodliengrt exdi the ipositiononiThg anﬂaaddxheﬁtmﬂmxtram FIG. 4 is

pu s of the present invent
sw@ed ahe m@edlémﬁnéﬁ%wnﬁ%ﬁﬂ%ﬁ VHE t lf‘?n%?ﬁpit@ﬁ of th coyteg balances

i Gk
H50d %%SEHW T endg OcNE ) PEcBRPOM et REL AN The fow mete
30bh& 1nélLﬁ1|@@mﬁe pickayff YOSt 0F ifileeerdd @Mhﬁﬁh@ér B@l a1y ions pick-off

of the flow neter 30 according to an enbodi nent of the .
109 ragethe i atlet Thé entheddneait | dhovigechuserpidy @ single pick-off magnet is

included on each flow tube 103, 103, the flow tubes 103, 103” may be unbalanced.
According to an embodiment of the invention, the counter balances 415 are
provided to compensate for the unbalanced flow tube 103, 103’. According to one
embodiment, the counter balances 415 are positioned on the flow tube 103, 103°, in
substantially the same location as a magnet would be placed according to the prior art.
According to another embodiment of the invention, the counter balances 415 are placed
in a position different from where the magnet would be positioned according to the prior

art. In some embodiments, the counter balances 415 may be positioned on the outside
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simlar to the enbodi nent shown in FIG 3, with the

exception of the counter bal ances 415. As descri bed
wW@kwva3evatcordi ng to an enbodi ment of the i nveP@T/082008/063262

the flow nmeter 30 only includes one pick-off 105 at

t he

po bR 0S5 e B SO SRS 5 1 v
R P T SR T

enthecnitel digmeter afi thenfiod itimesst] 06 1037e forrekaniplgmns sideees. According to
counter bal ances 415 are provided to cgg%)ensate for

angbodipantaplc e mventiansshe rounten halancosed by arngrlstangigly the same

o R g 94 B. PRSBE AL PRRL ARG e 41

madyGadt ia0feight EffeRAD Bonmdidlehdietsol (Bzed paacor ding to the
prior art. Accordi ng to anot her enbodi nent of the
i nvdheiconnter thelapeemt bY atsapreorvedes! Wibnlaras the ftad tiresal 03, 103” by

si.tion different fro ere the t woyl d be
colfEhbe S S HETERb TS L ST Sy e P! REH R 1054, ana
106RDOHh R &n tﬁ&%hctﬁé”ﬂo% nrkanges0¥1lenlyBMcRBe one pick-off magnet

positioned on the outsideportion of thé flow tubes

103183]0d83he float tubes t 0a 08 hwill sisil He baknsdtbwn in FI G 4.

In t ot her, enbodi ments, the counter bal ances 415 y
be f@g DRGSR SRIERSY ROV 1955 Py 103 B1sEd T0HEedREs et gt 1edds 100 to

' I t : b 1 "10kOr
bo JBEEE o Fhe ibill Yt ot A Bies 45 000 rey e prosent
invicheiof Pusriess HaloanarserdBlbthat enBuinsludns halingle pik-sfmetached to the
wei ght as the magnets 105A, 106A. However, the wei ght
cagy¥ otg the flowirtnless , dfdes lusimulhhe papischtegeibghthe inventive concepts
ol hFRB, T B, SBREhR A 3A IR il S o oot
to @3r fldR3meteds BRI 1 JsBFWEI@Mhatadeed fhem pe-bif@¥hsors.
tubes 103, 103' by the magnets 105A, and 106A. Thus, '
evelhehdeigHed héesttipiaonsulads thicd 31boye 3embadiyndntsc | arelenemeexhaustive
I ck- of f net 105A, 106A,.the flow tubes 103, .103'
defiripfioSy pf 1T B ORI E T REIUEREHE HVBRR e prBv dasscope of
theainf\lkl‘i’t%rﬂefrﬁfeeﬁg)etr&ﬂs BRI iAGhe RRAWIIT Fecbglﬁgé tHRQettQinl8ements of
outside of the flow tubes 103, 103'.
thaFatvdveedagorilesd tinboginesenmaly vaeiouslgnbcombohed a dlimiwated to create
meter 30.that only jncludes a single pick-off attached )
furfherenbodipantysandwich &W?Tﬁ%@di@g?ts ol 'Wlhﬁllﬂ thgyesgPa A6 teachings
: q . y disc
of FREUREHAAEI 1f Wil oliaCos PiBE B, SBALSPBRIBF NN H s ar that the

ab&u-dacabed s@bagiphdntallag beaoaitigdd inl WHole®lref paithalereate additional
require the use of wires that extend from pick-off

embenpess Withn Beseppetnddesdingt ¢fghe ivfentipe above
nbagi t. exhaustive d i pt | f oall . ,
oo rent 2B rrar e BB e OF i Bt 8B B T dyoption are

dedchBe8 HRRENn For illustrative purposes, various equivalent modifications are possible

attached to t [

within the scope of the invention, as those skilled in the relevant art will recognize. The
teachings provided herein can be applied to other flow meters, and not just to the
embodiments described above and shown in the accompanying figures. Accordingly,

the scope of the invention should be determined from the following claims.
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the invention. Indeed, persons skilled in the art wll
recogni ze that certain elenents of the above-descri bed
wWeriodsarent s may variously be conbined or eli NPCEUSH0OE/@63262
create further enbodi nents, and such further
C:eﬁgiginents fall within the scope and teachings of the
i tion. It will also be apparent to those of
W@g%hﬂgry skill in the art that the above-descri bed
enbodi nents may be conmbined in whole or in part to
1. cr et Bowddétet G0xlincudiog ifinerand seédnki filow iebes ¢ bR 1@!@ comprising:
teachings of the invention. Thus,  although specifi

enb8dfateRE Ripte (3AQ). BtErms Ileast # pertiontef theviatienasy péat@ (250)
descri beﬁ{)gﬁo étgz 6111 htllel'ﬁ’r%{ e?t{d sve%ozgﬁ'iJ hBR ﬁﬁes M%EE and

equi val e catlons are” possi

of thRadtroHGIRIF |aQ1?f1veﬁ§01hb esht oK b Ipi@&doffRofipenérd! c%\d@]%ﬁ t@ ﬂie
wi || recogni ze. The teachings provided herein can be

appl i ed s@tiondrgmplite W het ers, and not just to the
enbodi nents descri bed above and shown in the
acconmpanyi ng figures. Accordingly, the scope of the

2.1 nVeRbRA SRS A dehet AR he erﬁttiﬂaeste&mnh%m (250) is

cl ai ms. CLAI M5 claim 1. l ow nmeter (30) "i ncl udi ng
pofitiostd betdcee denfarst dml/\sdcumbﬁoﬁdlﬁBes @03; 103’ ):on'prl sing: a

stationary plate (250), with at |east a portion of the

stationary plate (250) positioned between the first

3, and§g %Wmete?ﬁﬁ(??u&e&alﬁflp ?Wl&e]rglg\ft)le dA0e: cq}mﬂo%%ﬁ{ ?&”@&‘l&%fs a drive

a driver or a nponent™ cou

coil KlEO483)aatnldQ1‘i@ figwhhatee (3B ﬁﬁl)ther?com"ﬂiﬁei h GWVB”ﬁi@hel( @0)1A<)E0upled to
claiml1, wherein the entire stationary plate (250

ong g& fhej fiiveer sseenBawtinkest(1P3+ I3 HpoatBHg the @wq ek 04B)
(103, 103'). 3. The flow neter (30) of claiml,
wherein the driver conponent conprises a drive coil

4. (1048 fRRdmehe ( 3(22%’? JdEKET, WRGinftHe HRQEr coMpnehSordprises a first

drive magnet 04A) coupl'ed to one of the first or
drigecon (1 G4B3)woup]®ést0 @103t sidoaf ytaperaxy prte(250e and fvgree opmprising

o ST AT 4D Bl G dckop S A Trduarioes pRfsDS.

coupled to a first side of stationary plate (250) and
further conprising a second drive coil (104B) coupl ed
5.t o dhsdhoenthetir 80)odf daien Stfatthanamyprpiad e fif250)ve rﬁagn@h@l 04A)

o BT St AL e S et TP R Shcons
T I SN

coll ¢h®R)103' ) proxi mate the second drive

6. The flow meter (30) of claim 1, wherein the pick-off component comprises a
pick-off coil (105B, 106B) coupled to the stationary plate (250) and the flow meter (30)
further comprises a pick-off magnet (105A, 106A) coupled to one of the first or second
flow tubes (103, 103”) proximate the pick-off coil (105B, 106B).

7. The flow meter (30) of claim 1, wherein the pick-off component comprises a first
pick-off coil (105B) coupled to the stationary plate (250) and further comprising a
second pick-off coil (106B) coupled to the stationary plate (250).
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coil (104B). 6. The flow neter (30) of claima1,
wherein the pick-off conponent conprises a pick-off
W@ 200b/1§60@5B, 106B) coupled to the stationary pPEEL/ES2008/063262
(250) and the flow nmeter (30) further conprises a
pi ck-of f magnet (105A, 106A) coupled to one of the
first or second flow tubes (103, 103') proximate the

pl C FT‘h@fﬂ‘ov@ ee#eé IQ%&?(E clég‘pf)fu{;tﬁer cﬂr?rxgprﬁél A ﬁ% rcl:lé—gfg)l%%net

(IGSA)Sdoupledkto ofid fiso ﬂbw( tilBé B)039 (plﬂ@;hﬁdttd t(hetﬂ‘ra Iﬁtlabfﬁmalr(y 05B) and a
pl ate (250) and further caonprising a_second pick-

seqoaipigkr o mRagnstipl Aodh Jicguplee te thaesad fop tabe( l(OésbgrOSImate the

) of claim7, further conprising a
Se%orllla?lékowgf%%gfﬁo gnet (105A) coupl ed to the first flow

t ube (103) proxi rrate the first pick-off coil (105B)
and a second pick-off magnet (106A) coupled to the
9. secdhd flovometanh20) dfadrim Hrioxthermecenprireng eroerdmpiactouptdr balances

415 Lunlsd B e ek ng oS T3 S0 & B anees 415

coupled to first and second flow tubes 103, 103'. 10.
The flow nmeter (30) of claim?7, further conprising a
10secdihd feivamican&3q) gfl caien T, 250her winepresimg onecoofl statienary plate

first pick-of he second pi.ck-of f_ coi
2008 reirgOf@o%{;P%%r%t@lglﬁe%@é&@%} %&ﬁ%s Aesanddrigl-att coil 310613) is

cof il R i RRIBbRE P G R Bl T BBl g con
(1068 cfrlth@ﬁmpaﬂmﬁﬁabﬂ (msaB)a‘s cedslid tolthe firbestdticnaryplaey (250).

(30) of claim1, wherein the stationary plate (250) iIs
connected to neter el ectroni cs (20) 12. The fl ow

g R s 8 ST LGB o

mdt@Se&toni@ (RO stationary plate (250). 13. A flow
meter (30) including first and second fl ow tubes (103,

103'), conprising: a stationary plate (250), with at

12pocie Sebamsisr aalie i | Pubaate @fs%%ﬁd%mfdtfmgubes (103
108 %Q@e &a%%e,dgm WOGEEH fh b eEﬂtBStﬁe ?tﬁﬁ'o E t ubes
(103, 103

are adapted to vi ratevvl pect to the
stationary plate (250); a first pick- off sensor (105)

i ncl f ff cqil | ed
131 oeh Byt (08 indhufye St Adprece iR RIBH | g hgi). Comprising:

(105 ERHR) Skl 95815t & TgsL BUFIHS e Qo HLABI 50

the i Ts
positioned between the first and second flow tubes (103, 103”), wherein

the first and second flow tubes (103, 103”) are adapted to vibrate with
respect to the stationary plate (250);

a first pick-off sensor (105) including a first pick-off coil (105B) coupled to the
stationary plate (250) and a first pick-off magnet (105A) coupled to the
first flow tube (103) proximate the first pick-off coil (105B);

a second pick-off sensor (106) including a second pick-off coil (106B) coupled to
the stationary plate (250) and a second pick-off magnet (106A) coupled to
the second flow tube (103”) proximate the second pick-off coil (106B);

and
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a second pick-off sensor (106) including a second
pi ck-of f coil (106B) coupled to the stationary plate

W@ 2893@msl a second pi ck-of f magnet (106A) coupdETS1008/063262
the second flow tube (103') proxi mte the second

i ace (Bl it g i ed 10 b iy
b of ¢ b AR T &le R (TPPT bl lonG BYPEHt Br sccond

pr oxi nat €lokhmbés (198, 803y praxdinbte(thO 4Bt dril4 .cole041 pw

meter (30) of claim 13, wherein the entire stationary
plate (250) is positioned between the first and second

141 I owpb %g{%é%%%ee?z;@lﬁ%&im 1w '?&Jth@%tﬁ%%%@é%&@% (250) is

claim st drive coi

poSifigidEbetiveed tHe fiist arkd @eod ﬂbwetusésa(tlbgnmy?.pl ate (250)
and the first drive nmagnet (104A) is coupled to the

first flow tube (103), the driver (104) further

i S | il (104 | :
152 on TR SR B S0P SOYRRH B ppurtea o
a TR I& FRUBRLatiohA9DateQost)ethdliRe HRE 45196 Abnbs §1W4Ag BEcoupled to
(103") proximte"the second drive coil (104B). 16. The
thef fistflowttebe (130), thé davei (02 Bfurfher thr@prisiogprsesombdoveecwt (104B)
coBBE e bnl e TR S TRyt £ S BRebirbe gy 104
colef P ond FIRL Ui, QO3 SBHIRREHY Bt {1245

16.  The flow meter (30) of claim 13, further comprising one or more counter

balances 415 coupled to the first and second flow tubes (103, 103”).

17.  The flow meter (30) of claim 13, wherein the stationary plate (250) is connected

to meter electronics (20).
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