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oscillate due to an applied driver force. The points can oscillate with identical phase or

a small initial fixed phase offset, which can be corrected. As material begins to flow
through the flow meter, Coriolis forces cause each point along the conduit to have a
25  different phase. 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

30 proportional to the mass flow rate of material through the conduit(s).
Although therc arc 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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fl ow tube and positioned proxi mate the nagnet. In this arrangenent,
the driving coil is supplied wwth an alternating current which
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time uses a m ni mum nunber of conponents. The presént invention

over cones wikesskangnéedy hisempthebtodlss  Ahus, awhided vhin peoriosed selusion prgvides an

achi eved. iélpﬁ)%lgll%grl;ts over attaching the coils to the flow tube, the same problems are
25  encountered with loose wires.

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

30 the °198 patent, it incorporates an excess of components and creates the possibility of

errors caused by inconsistent gaps.



According to an aspect of the invention, a flow neter (30) including
first and second flow tubes (103, 103'), conprises: a stationary

pl at e (250y0 2wiotiBsoas | east a portion of the stationary polratseoosd&0¢2

10positi oned between the first and second fl ow tubes (103, 103'); and
at | east one of _a driver conponent or a pick-off conponent coupled to
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(104A) coupl ed to one of the first or second flow tubes (103, 103')
proxi mat e AHECEAR the ELPRPRISHSB) . Preferably, the driver conponent
conpriges a first drlve coil (104B) coupled to a first side of
stationary plate (250) and further conprising a second drive coil
(104B) ZOWtO a second side of the stationary plate (250).

Preferably, the flow neter (3 furthe rise t driv
manet (1044) | sERRIE Bonnese pf b Trveglinh oy 5y G dReiing Hland
first drivgedndiflovk &® 10@nq)3a) £6&pRsksdr i ve magnet (104A) coupled to
t he second fl ow tube ( proxi mate the second drive coil (104B).
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15 Preferably, the driver component comprises a drive coil (104B) and the flow
meter (30) further comprises a drive magnet (104A) coupled to one of the first or second
flow tubes (103, 103”) proximate the drive coil (104B).

Preferably, the driver component comprises a first drive coil (104B) coupled to a

— first side of stationary plate (250) and further comprising a second drive coil (104B)

20  coupled to a second side of the stationary plate (250).

Preferably, the flow meter (30) further comprises a first drive magnet (104A)
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).

25 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 (1058, 106B).

Preferably, the pick-off component comprises a first pick-off coil (105B) coupled

30  to the stationary plate (250) and further comprising a second pick-off coil (106B)
coupled to the stationary plate (250).



Preferably, the flow nmeter (30) further conprises a first pick-off
magnet (105A) coupled to the first flow tube (103) proximte the

first pickwefzipoaaidss (105B) and a second pick-of f magnetpcrhfdSddkis3z62
coupled to the second flow tube (103') proxi mate the second pick-of f

coil (106B). 5SPreferably, the flow nmeter (30) further, coné)ri ses one
or nore count erPréfgrebhe die dove mesan P Oduktberfcompriserfissepickefmagnet (1984)

103, 103'. f t ) f i
second ot sorplss g Mt et Kive (10 RIS cis?Bloc ot LOF10BTRId £t ofy
(105B) or gitieoffendmdt (06K) eduplaiab lthd sk06r3) flow taeuPOEY ptaxihite tiseaomel
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and secondaofiplewtd thsssconilGRitiond3 plate {@HO),evinle the ofhier of thanetoneé pahebff taily

St at o A0k oGy Beptar oot QoS iR Bmeh Len PR iey Py e SRy

first pick-off peitablyl ARBlatAMNS! Rale (B 0h ReconhadtbPRAMMePE B RN(RTO)), and
a first pick-off fmagnet (105A) "coupled'to the first flow tube (103)
sla

proxi mat e t he firefetablyi, de-fodfandsetondiftrBiuben(198c Hisd) pk eHapéd tosabraterwith
(106) includin second pi.ck- coil (106B) coupled to the

st at i onar Je%eﬁﬁg?lﬂifgﬁjongﬁgplgt%g%@hd pi ck-of f magnet (106A) coupled to
25t he second f | Qoidiizeto(ahOhcs as?f:@tﬂflﬂﬁiiﬂvérﬁﬁ‘m,sﬁﬂ@ﬂdnélbxcqﬁf)})ifnﬁhﬂﬁig' first
(106B); and a driver (104) including a first drive coil (104B)

coupl dd t gnd ecosddlomoiraes (19308 omopriseAd a first drive magnet (104A)
S?gg: ﬁg . 20 . ﬁge ]a;%lt,astitog {pil/e{eté ?05;6?’ \?@f}%%s{ b Bt B3 he stftmaryPlatk (250)
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);

20 a first pick-off sensor (105) including a first pick-off coil (105B8) 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

25 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).

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

second flow tubes (103, 103”).



30Preferably, the entire stationary plate (250) is positioned between
the first and second flow tubes (103, 103'). WO

2009/ 1369488CTlis309081063262 Preferably, the firerrdistossoces
(104B) is coupled to a first side of the stationary pl ate (250) and
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e g hR ey e Do e Shring Iner QAR s ARG Ine e pigw
pl ate $25Qhnd 4089 %W&%ﬁth@sdﬁ%ﬁ@ﬂri@é&ﬁt(fm%ys (20). 10 BRI EF
THE DRAW NGS FI G

DESCRI PTI ON shows a flow neter according to
the prior art. Prefefbly, the fitvometen (30) durthastcempaisesngion gnorg cepmter balances

a ong v t 13 cavelfd b MF sl feor du PR B3 0 noch ment of the

i nvention. 15FpafedbBheaStRionakiplas (250) if@nhéaw waheer dkanmiositd). t he
stationary el enent according to another enbodi nent of the invention.

DETAI LED DESCRI PTION OF THE INVENTION FIGS. 1 - 4 and the follow ng
descri,pti m%m 1§ﬁﬁﬁ"each those 20 skilled in the
art h&\ﬁ/t Eé bN OF E he i nvention. For the

pur pose of tea@mGngsﬂdWméwmqwﬂaecdming&otl&q:n‘&)r@ﬁnventional aspects

have been sinplified or omtted. Those skilled in the art
appr eci at e var FASi DIOWS W Febes 2ssrdiiRda an ﬁlﬁ‘po‘ih&?eptﬂ)\”]ﬁifﬁ’efl%@ scope

of the 'nve“t'%ge dz% éﬁ%& Qfehe o REmEkt almlv%mm&&a%h%%la ;| the

features descri ow can e co |ned I n rious ways 'to
mul ti pl e wa¢drdinpaman ecmbodiment of the invention.

15 FIG. 4 shows a portion of the flow meter along with the stationary element

according to another embodiment of the invention,

DETAILED DESCRIPTION OF THE INVENTION
------ FIGS. 1 — 4 and the following description depict specific examples to teach those

20  skilled in the art how to make and use the best mode of the invention. For the purpose
of teaching inventive principles, some conventional aspects have been simplified or
omitted. Those skilled in the art will appreciate variations from these examples that fall
within the scope of the invention. Those skilled in the art will appreciate that the
features described below can be combined in various ways to form multiple variations

25  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

30 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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250f the invention. As a result, the inventionis not limted to the
speci fic exanpl es described below, but only by the clains and their

equi val entgg 200911369451 G 1 shows a Coriolis flow neter aeaes@dkg: to
the prior art. The Coriolis flow meter 10 conprises an inlet flange

101 and an outlet flange 101'. Coriolis flow neter 10 is adapted to
be connectl@fdcqsé) ﬂalld before picpis ithreugy thetmatlet manifold Y[ .etCagiodis eeter 30

flanges 10]1 0 mc udes A%lrlvcl:}]i(g}y w%&lr 0+Lﬂ‘ks%%§ nlla%ﬁgt (fll d«acbﬁ gsle ?6]4]3

into two separa reamns mani IS separa d and

enters 0neSlﬁf1]at]§16thE|MdlilstfRﬁv &ra0 ihddes Afirst Ipe:kpsm@aﬁssr fl03aed xkdond
the flow tubes 103, 103', manifold 102' reconbi nes
2009/ 1369413F16‘1’ffl.52§m'81%3’21€2h GPHPEES 2 fagngt hajdr(aot ’Eh%ﬂ)i $0Qhr gyt coll

t he out 1 Coriolis flow neter 10 al so i ncludes a
driver § S ﬁﬂ ]&ﬁbg%’rrpﬁ?q ses a magnet 104A and a coil assenbly 104B.

Simlar I y, "the Icepeatibs, 4 tdve sighars iéhtito dieudler @ilf 1048 viailead 0f(F by meter
sensor 105 and a seco pi ¢ck-of f sensor i

O,V\/nch 0 i,se a, magnet
105A (not f‘é%‘i{\)ﬁ cs %e&qwaﬁifavea%ww%%nﬁ?v beB 3%”&& to vibratq gbout
operat i on t r o) v
by neter ect ?onl ngg T%gpegﬁ?%/l% glr%ebng &c%m étlrhé;a%ﬁ\% H&g{ggq%g%lg
103" to vn:ﬁmahty eibmate bzendQﬁQZaxerhlch\llnw rherm;ge(atea\,cd]the flolvemance $0.WThe
W are art .1y defi i | ur .of brace.bars 120- y .
whi oniP e ibtind o whSa 10D 10 aBed |t StaehL e S Sy 5. 3P ghicn
f1ow tubes;d @yt td Gdter! MG RIcY 2b1vAORAJE N 1 5&@1 PI ek-\abikr &@&?&ﬁ& 2"(9 oduces
106, which are sent to neter electronics 20 via | eads 111 and

Met er el eomtssrﬂomswgornpat@du@lesg nvatélsothetroqunmfaquhms,m@tb:oaig:lewt}hbasccrhen

e ort " afi Sthhels 3Ra B B Secielintds IO oLad Tkl e hE e

RTDs (not ssB9VR) RTER lctOshRMaY | R hRIPSOMAW! RmipRAsE eARAuSemdyRd. € Mater
15el ectronics 20 can send this information to a downstream grocess

vi a | d@d zdectronics 20 aan sepd this irfernation tppdownstreama prosassyvialead 2611, and

111", which coneth l; eﬁ% IFclj@ e@ggéaﬁgojrgll '1 %?gg’ll’a%lghoggmteg MELE]

el ectronl cs 20, "areé connec wt ubé dsi ng an adhesive

130. The agiesiliee 1038, MeyBashdel@3E Yo alefeg alectionicCa0] atel @onhbcwd et f1ew
per formance b |ntrodUC| ng addi_ti onal darrqué? causi ng sens
i nst abi | i ttybe DO’ Awing 3opdiiesiye 13p- tThe adhesiv (érnamd%ﬂ@mé?efdth@&mohq

fluctuating,t cpeds gate%ﬁﬁanéeht% gﬁ%&ﬁ%ﬁ’% ({mﬁmﬁ??%loevtﬂ%éjgﬁsqﬁ%%éngmhg%

addi ti onal ‘mal nten ovvs a ter accor
t o an 20nmbotddivntallgf iftthe flomvanter cm is Agmeed tonfjudtoatonpetempbodires nhe adHeewe

flow meter 30 conprises a.Corl | ow neter. However, it should be
understoodn%%'%ﬁglnﬁ’ et 6%%‘3%? ”ﬁLValPttﬁ?ﬁP‘?ese other types of 25

flow meters, sygf, sth@wWabﬂ@‘Fv' 1%9te{3(3l3dct: for an @ﬁl‘b@&lﬂ{cﬁt of e SERRGon.

of the invention should not be limted to riolis flow neters.
The fl ow retcerdig® té ©neiembodmmend, tmeﬂcﬁwvaﬁtmeB@rcon@rmes ar@orprhsoﬂoxarmeter

e %) 5 RESSEREE 51 6 531 A0 ol ARG ol s o

conf i g4r atdN snetedS,CRLH ARG ViBrMe RANRHMIBN TRErefoR€ the scope 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

30 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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30 invention, the stationary plate 250 conprises a printed circuit
board (PCB) 250. However, it should be understood that the stationary
pl ate 250 wayweonspiasse other materials or conbi nati ons @it/ nRbhkaks
and the present invention should not be limted to WO

2009/ 136943PCT/ US2008/ 063262 t he use of a PCB. Although the follow ng
descri pt i ofcHemelePCh: ehbhenghghe falloying riewapvorphewevezs@fea% topllie siptignary
PCB for t bAR| |

nventi on §EeAs0 25 Seffe R b buridso o BHidhiltf, L HRENELOBRcIga Bl
i nvent i on,ingéntioaashotaopmtitadon of the PCB 250 5 i s positioned bet vveen

the two flow tubes 103, 103 ccording.to anoth enbodi rre
entire PCB 250 4"50013%%5 OI%%‘HB‘HQ ‘Pi[’l"gﬁéﬂ‘{e%o%l%%aﬁ%é%m%@ ﬂ'fo%CB 250

The PCB 250 ,pBYRE 5acHaHe 1o BoB!OHA! 11321631 %&%%t&mﬁ&% hitht,
30, or aIterpnatrver, In sone e oc]r ments, the P 'S secure
t he fl ow nb¢ entidedEB AF0 (npdsitidmedrbptwedo clog dvmﬂowaubmo]t(]ﬁem}fnﬁﬁm P@BL’ZSO

of the inventjon, the PCB 250 is secu t re of
brace bar ST4%)8¢ feeyredripea ﬁgrrtrleur%rm%ew af@%alereaﬁose&a ffrrr@,tﬂtei% lr-béeme

250 is notephugaRhiAnt tHOPCBURBOSRSs@lirddN & RRESER ho%eHolfRe HBVEYSHN).
in nmost enbodi nents, the PCB 250 remains substantially stafionary

Wi t h r espestcording e afidthey erobebmen 3t the 3nvention,she WICE B20 imstenstidodne or

oy b ol B SanERTe B dubacau e By LR s e T 250

15Accor di ng nb@mta ﬁﬁﬁﬁ‘qium%s shenpredentbfsenifon, hodel ¥k 1HIRAAAImMASS,
coupled to the The driver conponent as described herein

conpri ses th¢ PﬁBr25Q faliﬂﬁmé sgsiantiaBy) sthtierary Mithgespget to tioiByw brbeg 103.i 98, It
megnet, s uﬁhrfy]lﬁsb dr I er%% ngqln gvte Og'lj_lél on?e H’llaodl 8121: 1%%09 n%%%? (r)?g Bhehlg(IJB

the wires C er e ronircs

coupl ed tczsnhﬁayP@oB:wcd Aﬁmﬁﬂbdmté@foaral@hh%a celipasinmatinef the
i nvention, a pick-off 20 conponent is coupled to the PCB 250, The

pi ck- dff conpor?érﬁ?rdaleg 9be pmbedimeat giowncia g6 %e%drérqrﬁempanerrrt &G%rpred to
coil or a Hé ?&BOHO W%ver#%r@ggéﬂt%s% §09le83 h%ﬂﬁ (?‘Il}glﬁsg % L diT ebcoﬂ,

Wi res connecting the ensor to neter
coupl ed t guthes 8GR QrﬁDlMlEhe)rdrrdmermaagnét puclk apfifive mapon gl A, riayhdléd also

coupled tq the PCB si ng known bondi ng..or fastening tec n|
Accor di ng d‘néiﬁr“@?ﬁo‘g%élﬁtw‘gqq qaRaestigd 9. gﬂ 1045 fpﬁee%g%er%m% can be
105A,__and

C%Q@Ad A eGP SE! h@ccfraﬁqg%aﬁe o ¢ ﬁﬁm%gﬂém f%(%g@@%&é}%ﬁ gflckt %fg

enbodi nent the 1 nvention
dri ver2010£boa1pdn¢ntokcorﬁ;ﬁle¢em$lm BCB0%30. 10Be @n(&-mﬁwpm@dnm at hles@EB8d AfeBein

Fubos 103 EoRgases cighnPEBSTER] O  Reck P e ot S0 18abe Gndciiod iy,
neter 30 afewnel Qoﬁﬂ&ﬁﬁ%ihet%%ofﬂ‘&n@drqw1ﬁé{&e§leétﬁ)3ncslﬂ)3canoﬁe Edip1dd @Vhe

30 neter 10, but al so elimnates the need to secure
| eads 110, PQHZSO afftie Hriyer msl plhlecrfﬁ mmmmbefs mH3be ouphest to thp &G aﬁe using

the probl ens outli.ned th r ar Chl res

e ult o bed My Porg B8 o 3ntng e hibfe Acchih R R dibitor e {fhEntion,

2009/ 136 945&? @@4&( OR3262n& 06 Rpd gleﬁ% QllieﬁPOB ZSQ aﬂ(thftﬁrﬁg to another
enbodi nent , |ck off coils 105 106B are coupled to the PCB

250, whi l eembrﬁrénmrrt@é ﬂtﬁbrnrverltamedl@f compeibt KYB, dOtiBelQGEbw“ thepdriver 484 and
103" accor e i I

250 may (rilrgblgr](rgfsf e&elaqtﬁ)l:‘;alé]jrr;tl(gr% & tCOL %‘{e@"d%‘lﬁvﬁe@% ?gg. V?m) @r oug(%&wi ]ﬁA’
t he pi ck ahil IOGAHﬁuﬂgﬂﬁﬁché(Dﬁﬂhb&idﬂrgnﬁjes noEgrat. eekdivmﬁt@gddnelyﬂm 250 tubes

Al ternatively, the PCB 250 rra% be positioned bel ow the driver 104.
103; 103’ of the flow meter 30 are both lighter than the flow tubes 103, 103” of the flow
30  meter 10, but also, the PCB 250 eliminates the need to secure leads 110, 111, and 1117
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,

7



According to an enbodi nent of the invention, the | eads 100 connect
the PCB 250 directly to neter electronics 20. According to an

enbodi mentwehodoigssymivent i on, each individual |ead 100 gannxevososted
through the interior of PCB 250, thus elim nating 10 t he exposure of
wires. Alternatively, nmultiple PCBs 250 can be inplenented and the

i ndi vi dualcliipgigd-1 dgcordyngle angthes ambedimesh Oﬂlhethﬁmd@@féww A0t §od) are

o T byl PR, G b MRIE Rl SSURIRd PR sree v,

si ngl e PCB358cording If‘(Dthlbqbrleanﬂ noeticel dadhit kabodicwat, dhe\BCBESSan®y comprise
enmbodi nents, nore ne P 5 Siti ned 15 _bet t

tubes 103 anlwmreAf@eglﬂedg%ert lgﬁot et%ethmaﬁ eéaeﬁOEfdaorlwi@g% ?(ifé%emg
and 106GB 'lﬁﬁg}g@t &th R P OB %@HP%% erﬁeage 1ﬁa§‘%o%cﬁ§tﬁﬁ&d below the

invention s not imted to e PCB 2
posi ti oni riyiveh&0PCB 250 between t he flow t ubes 103 103’ the need to

the | eads 100 t hat Cct d ff
S e e ke EOMREEont E 45 S P Bl Bl RS
where all Bf diheus b fetdiOdBetrIRBr0.ant a0k & &n CRIBBHRENE Of the iReRkion,

250, the need to Secure the |eads 100 to the flow tubes 103, 103’ can
be elim naeeelmndAdMﬂ@gel@O@wbe rovded beatgh1hointksion of PEBF 256 thuk eliminating

darrpl t he natur fre enc f th. I t s 103,. 103’ . Thus,
Sners 18 s BRooiBre ety i s ARGl tiftele fBL IBF Bnd 38 irp oot s,
neter thanndiRRIuRY lefds BICE may BE rB@edBERvcch Mg fOPCBE. MR LesthaOaldaesivhOhe
i ncl ude the additional gc?ht of the tape and wire, which can cause

t he sensorleads 188 maytbedfonded emfesicned todle P S PR 260r mance. I n
addition, the P I t nat
aboi/eI ment i one@%rob%}ferr% eglsggglgﬂ?ea Eﬁ;ﬂteh2f F}g&%@ S%Ei?flg%(%(:#g‘sﬁ 18—1%&1({@6

shows t he \fnkiemtode ttkt ad€orfling o 801l Rmbiodith@es; dficte Hgint e ACERAPO K pw@itionad
30 the invention. FIG 3 does not show the entire fl ow neter. 30, but

r at herlSshdweveenphe tiayn tefrest KB, D3y Asseidingoty onggmbadigicgt.ach coHel (383
250. As ca e, d f .
east o partronro o BRI § LraluePLR] TTRRKS, ik BRespfiiniBR snétha
2009/ 13694Ped Iid820 684 HIEZRELB 25 f| ow t ubes 103 103 According to

anot her enbodi nent of the in the entire P 2 tioned
bet ween the fl &W RAjhREINgFhe Pé§32t50qbefween the, Ogr%lﬁﬁﬁqﬁé fO%sh%G\n%e‘? {OSpeyre
3 differ S tﬁé %51& h@oemp%ﬁ?ea% R Q¥ler! '1‘04:|a§d Iﬁcl& Bf@%séﬁpﬂfst ok to 1%1eter

aspect ; odi ment shown in FIG onl'y i ncludes one magnet
105A &0 t meectmhles 28mdn OF redveedr Iwenbd;bmeanamlmﬂ g1l ofitherrmgln d 4B OB Batand

t he outl et d of the r' . Therefore, th f'r t, i ck-of
oo 1 od P B b g i R B ImD, fhegteRt 3 Secrt Tl 1ch 168 &l ity &ubes
the secondopi gis°Qhh b@%ﬁﬁ@ﬁaté@GAusalﬁ@éahﬁﬁ the 1@k Y0088 bt effedt WRedak
103. Therefore the fl ow tube 103" has first pick-off sensor 10

and the f lopihe niveral heiusaey of tbeébwdub@ScWoﬂ% s diwertha Gew IMelb?erPfﬁgldF%)a

one embodi lrlrtgargtstagfe antz'i efficient vibrating flow meter than the prior art. Furthermore, the flow

25 meter 30 does not include the additional weight of the tape and wire, 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
30  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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10 invention, the flow neter 30 neasures a phase difference between
the inlet end of flow tube 103" to that of the outlet of flow tube
103. whidogisédde enbodi nent shown in FIG 3 shows tpag/dseéssines2ez2
pi ck- of f nmagnet 105A being positioned on flow tube 103" and the
second pick-of f nmagnet 106A being positioned_ on flow tube 103, it

shoul d be thaderstbedl d3nab3’ Meerbrg tnivdiersmbedimaqs of the imegHar.cha gufie

106A can begwhh dhadiichBgpBlREL B8 ROSLbLONAGos not important for

pur poses priesent 1 nventi on. wever, ’according to an
enbodi nent of tTe enthodihéernrhowihén FiGE.s2 diffeckfrohftheragbedimbfbshoamdntig, 2

second pick-off, nmagnet 106A are positioned on different flqQw tubes
103, 103' .Inpng impogARhuaspect: His smirdigent Howm B ikt Polyongludesy ereomaghet

the flaw ngjsar3f. %ﬁetla%‘doéf%é'gri.{r@n @grﬁﬁtlﬁﬁ% Bﬁ@lr-ﬂ?g%ett R A ﬁ"tﬁ@%b@&-enﬁg‘%

enbodi nrent shown In F 4 1s sim to the e i ment shown 1 n Fl
3, with thbe dneaptOdoThefefbrecthe dinsttpack-offlsemsoe $03 kScoupled de stlyi dnedlow tube

only | ncl uigeraRa " ps BB heoBeone meieo R APpY dilaisgPupled topnync i 1lg

only one piggk-@fsf Hibete, thenowthsd 1689hRfa HRE pfikidrekerkBA10BEERURE low
only a single pick-off magnet is 25included on each flow tube 103,

103", the thbow03 Ubes: $@3nd 1iG-offesgnive Lfballaowiing to one Aododdneng afothe
an e di nent .of the inventi,on, the counter.bal ances 415 are, provi ded
fo o ErBh, e ovERT ARt P f ol iR G e e 30 B O ASY
one enbodifimNiQ3’ ki ehaEOLHAL ShtldraRGash& 108 . are positioned on the flow

tube 103, 103', in substanti al % the sane | ocation as a magnet woul d

be placed accor¥hitgytheceridimpentahowntin HE. Acthordithy frs peloehanagnet 105A
embod ment Rlo, bRSILICRR Ay ABE 1628 nRAURNELH ALGr ARl AGBL blng

position CPI e fom wher e e magnhet wou

accor di ng dogitiohed ph iflviw aitic. 1030 iSshvaldebb addsrenbs thdthe ctiasuningfodiatanchs
415 may be positioned on the outside WO 2009/136943PCT/ US2008/ 063262

porti dA ofmagnetst 1050 t \P9Ascarpbe swisghed.  Ahe SFeassapPSItEE i B IHPOERFWIPr
in FIG 4. j S, o] : c /

posi ti oned ug[;l})bsgftgrf]ﬁ pgﬁ{“f/&ggr)gﬁ,ﬁgﬁ%e %é\‘?ﬁeg’ gﬂ%og&fmgiqgan% gﬁlbééjﬁ%eﬁg%ff Ibtg\%
t ubes 103,indd8on, therfiek pivpicdf magnal HEeand Alne eeadnd gitlooffnmagmeod D6k ndre
of the invention taigjiecougt er Dbal inc ,415 are substantially the same
5 wei ght 2981IRBe £eng 8K b5 RS, f@\/\ever, the wei ght of the

counter bal a”CﬁG.‘l%%hHma%g%ié%v‘ﬁ?iﬂgé‘ﬂo@iﬁl&%f 801 dﬁcfr%ﬂb?%e”ﬁ&@%ét 30
105A, 106A. The counter balances 415 are provided to bal ance the 1?1 ow

t ubes 2003,acd@8inghty moeanbedimegt ohthewaieiiionaddke embodieent loown b &$G103s

103" by th 105 . 6A. T 1 though the fl
Lobes 105 SR 0TS mP e A hona ipiFIEe g vt eXconiom e bobpar byiRtbes
flow t ubest1303s dQibed dbbvétai{:édrdgig t6ah apfiRdiment of the iRFerPbRSBBYlow meter

i nvention provides a flow neter that does not require |eads 100 to

be att achéd andy mhbideuensi piek-off H0Aat thiednlet entskaf thodriverd84 an¢anlytnae pinkeoff

Simal e pi Ao rR e Bl P 1 a e P Tl ol LR PSR s
shoul ¢sbe igfdeddnadacH floatibd NGB, i103¢ tHel kv 6BBE €3, 903” 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,

30  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

9



15di scl osed above are not only applicable to Coriolis flow neters,
but are also applicable to other flow neters that require the use of

W res thatwesiendsdis om pi ck-of f sensors. The det atdrarkz008/063262
descriptions of the above enbodi nents are not exhaustive descriptions
of all enbodi nments contenpl atedlﬁ t he |nventors to be within the

scope of tRRELPMOEHE Y tyhraddd r E8thies thay thedpside, ag phovyy in [j§G- 4. In yet
i

ray var i ouse pabRdb e T ARAIE planc 415 B RS ARRE iR AP AR

enbodi rrentem,ﬂramtexsahalhefeu of therflosntnbels DEN 1163 T, &b exaiiple, as slheves.c dpeordig to

t eachi ngs oft e.invention. It wll also apparent to. thos
ordinary s% ¢ ?dampweofoﬁhﬁ ibetoh Peaupier daBFRTbE BsobiHuY ﬁfbﬁyﬁaw&
combi ned '\Peigﬁ'ﬁ)zlsech Hct@%S “POGA e@%o%vc%'ld'tﬁd ﬁ«@%lht Sfﬁh%%ﬁﬁt@f Bal%écEM%

t he scope and teac e I nvention. hough speci f
enbodi rrentma;ohaveanulelglxtadtrﬁblest fram thet]hnegneﬁs/EOﬁA di6Ar e descri bed here| n

for illustrati pur rj.Qus equi. e ati o ,
possi bl e vi ¢ hi riReEVBED BalaBfeS Ha T et aht e ee Tk PPy TR 10e by
rel evant ajghnietihp tﬁ@%@’ﬁt Z8ded RE tHeeAGR tABS PIRViDde By NRE @hdpne@NOBA, and
applied to other flow nmeters, and not just to the enbodi nents

descri bed ]élﬁéveThliﬁd eg¢rothougin thmﬁowadumld)?ryll% @nlgun@gde prsc pickiofigmagnet

ol ai m0” R0 png YOS O8O SR BREhRE cr el uai ng 11t

and second fl owhe %mt ﬁ%ﬁ@fohgircﬁgdesfa Mo Rtctd 3©lth£?tlﬂobs heratghirateddy @0 to
| east a portion o rinted circuit board 5positioned between the

first and bgeetéashed It@vlih“é méssde ghdhaflopesibes dfd, dP3a dhurthermarsnpsnpiesent
or a pick- 18 n,t1819 %?ﬁgg&t flg&r%gtg% fﬂg Itﬁr%t?%nﬂzr V\iqgﬁﬁgs g 'SLBH: eé]lFQ%?{ zﬂtachcid t&) the

2. The vi brati rernt re pri
circuit b(bat‘ldof mc,ﬂ&@umlmtson(m hesveedd bé Iapprbclmti thatdhe ésentivd t@epts
tubes. 3. . The viprating flow neter of claim]l, wherein the driver

conpo fént dssiqsed sbaverg mpt/%nlwpph%b& ﬁor@orfqlkavﬂ%ﬁ@ﬁer% Bt Ry alsorrificalde
a drive nmagnef.- ﬁ%%&grsttﬁ)at Qgtﬁln%fthé Q& deiiRs ot c2R68 Adnd Il)lgﬁvo}"f“klaﬁﬁ)rs

proxi mate the drive
The detalled descnptlons of the above embodiments are not exhaustive

descriptions of all embodiments contemplated by the inventors to be within the scope of
— the invention. Indeed, persons skilled in the art will recognize that certain elements of

20 the above-described embodiments may variously be combined or eliminated to create
further embodiments, and such further embodiments fall within the scope and teachings
of the invention. It will also be apparent to those of ordinary skill in the art that the
above-described embodiments may be combined in whole or in part to create additional
embodiments within the scope and teachings of the invention.

25 Thus, although specific embodiments of, and examples for, the invention are
described herein for illustrative purposes, various equivalent modifications are possible
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,

30  the scope of the invention should be determined from the following claims.
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15 4. The vibrating flow neter of claim1, wherein the driver
conponent conprises a first drive coil coupled to a first side of
printed circuit board and further conprising a second drive coi
coupled to a second side of the printed circuit board. 20 5. The
vibrating flow neter of claim4, further conprising a first drive
magnet couPLAtMBo the first flow tube proximate the first drive coi
and a secaond drive nagnet coupled to the second fl ow tube proximate
the second™&©ai®: coil. 6. The vibrating flow meter of claim i1,

wherein t pi qgg.g,p L COMAr | | ed
to the pr |h1ﬁt edgﬂgﬁrﬁ%ﬁlln% oa{rh%%h%ﬂﬁ%{eé ?ﬁﬁ%vlﬁﬁrrsg?%@ ur?%ggrs Cég%ﬂ nggs a
pi ck- of f nngnetapmmnicmtuttmomdewdm at }eestfaipnsuiommf thepnntﬂdfcirmmboﬂnés
proxi mate the pick-off,  coil Qﬁe} n | ow neter, of claiml1,
wherei 1t the pi ck- of PO%BWHYG%G WSE %‘%ﬁ?‘é’tmﬁc@?doff c0|I
coupl ed to the gplehdilond of b GHYEL oﬁﬁ)% h&ht 3P4 pldkLsRes &mw ﬁ@@méd
pi ck-of f coil gouep | ed 0o t he pc ed cli r(?wt boal}1 8. The vi brating
flow neter of cl ai neifquifbrarder conprising a first pi ck-off magnet
coupled to the first flow tube proximte the first pick-off coil and
a second pick-off magnet coupled to the second flow tube proximate
the secong pi ckhehforamid ﬁo@n%t&*@ﬁcl‘éhﬁrla&/hé}gufth@\%t'i'i%tp?fntéafcn‘é{]ﬂbﬁirﬁqs
fluffier conprising one or nore counter bal ances coupled to first and
second0f | pasitioheskhetwadn thyifiestwnd second o tubesnet er of claim 7, further
conprising a second printed circuit board, wherein one of the first
pi ck-off coil or the second pick-off coil is coupled to the

3. The vibrating flow meter of claim 1, wherein the driver component comprises a

drive coil and the flow meter further comprises a drive magnet coupled to one of the

first or second flow tubes proximate the drive coil.

15
4. The vibrating flow meter of claim 1, wherein the driver component comprises a
first drive coil coupled to a first side of printed circuit board and further comprising a
second drive coil coupled to a second side of the printed circuit board.

20 5. The vibrating flow meter of claim 4, further comprising a first drive magnet

coupled to the first flow tube proximate the first drive coil and a second drive magnet

coupled to the second flow tube proximate the second drive coil.

6. The vibrating flow meter of claim 1, wherein the pick-off component comprises
25  apick-off coil coupled to the printed circuit board and the flow meter further comprises
a pick-off magnet coupled to one of the first or second flow tubes proximate the pick-off

coil.
7. The vibrating flow meter of claim 1, wherein the pick-off component comprises

30  a first pick-off coil coupled to the printed circuit board and further comprising a second

pick-off coil coupled to the printed circuit board.

11



10 , second printed circuit board, while the other of the second

pi ck-of f coil or the first pick-off coil is coupled to the first
printed circuit board. 11. The vibrating flow neter of claim1,
wherein the printed circuit board is connected to neter el ectronics.
15 12. The vibrating flow nmeter of claim1l1l, wherein the first and

second fl ogv t ubpe ﬁbﬁtiﬁ?ﬂ@%@ﬂetéﬂoﬁﬁl@ﬁﬁl Furhek RoPSHIAE b firé pidkeofP iaghed
circuit board. 13. Aflow neter including first and second flow

t ubes, corgeupledrigthedost Bavatubsmaeximgtedthe firshpick-off coibanst a secped pickwiiof
the statiqnar | at e | tion b en. i Lr flo
tube:, \Aliwerpgqr}r/?t ?%HZ)E?CII tggﬁé %e'rcl:gnd;g@g%ﬁab"‘%r qug%tfglg S%;roélagg%%&gg o vi \ll)vr ate

wWth respect to the stationary plate; a first pick-off sensor
including a first pick-off coil coupled to the stationary plate and a
first picléoff Thegiuatingllpwaeterpfichims?, fuyther CORPHTIBS OFf SPANPRRICEUDISE he
first pick-off LLi ' nsor including a second

pi ck- of f gﬁl“C%dﬁgkgﬁq?§ﬁ§%§9§$?§§§§&&3&§fate and a second pick-off
magnet coupled to the second fl ow tube proxi mate the second pick-of f
coil; and a driver including a first drive coil ,coupled .tq t

Stat | onar y\Opl atle3HAGPE 19 medmof 1o Ta G COUBTGEE § 52CoRG DBRtet Rirouit
first or Sb%%@,‘ %h&eﬁl’[‘éi%é%ﬁﬁe ﬁfs?ﬁicﬁﬁ&f?c&ih@r the kbnd gicﬁgof?gc}igi[s é:olllé‘léd totRE

flow neter of “claim erelnh the entire stationary
posi t ilénedetmtipraited dieuitibostd, ahie sectinat of tevsetodugsick-offteoil T éhef firstpick-
rein_.the first drjve.coil is coupled to a first

meter of cl.aim.a13, |
si de 5of ccrg]ilétcpﬁgtﬁpt ngséPEH@dtcﬁéu‘FL?"gf]' drive magnet is coupl ed

to the first flow tube, the

11.  The vibrating flow meter of claim 1, wherein the printed circuit board is
connected to meter electronics.

15
12.  The vibrating flow meter of claim 1, wherein the first and second flow tubes are

adapted to vibrate with respect to the printed circuit board.

I3. A flow meter including first and second flow tubes, comprising:

20 a stationary plate, with at least a portion of the stationary plate positioned
between the first and second flow tubes, wherein the first and second flow
tubes are adapted to vibrate with respect to the stationary plate;

a first pick-off sensor including a first pick-off coil coupled to the stationary
plate and a first pick-off magnet coupled to the first flow tube proximate

25 the first pick-off coil;

a second pick-off sensor including a second pick-off coil coupled to the
stationary plate and a second pick-off magnet coupled to the second flow
tube proximate the second pick-off coil; and

a driver including a first drive coil coupled to the stationary plate and a first drive

30 magnet coupled to one of the first or second flow tubes proximate the first

drive coil.

12



driver further conprising a second drive coil coupled to a second
side of the stationary plate and a second drive magnet coupled to the
second flow tube proximate the second drive coil. 10 16. The fl ow
meter of claim 13, further conprising one or nore counter bal ances
coupled to the first and second fl ow tubes. 17.The flow neter of

claim 13, wmher eThe fldvenitcabf olain )1 3 pkhdréinitbe anie satiethry plabels @ositioned

el ectronics.
between the first and second flow tubes.

15.  The flow meter of claim 13, wherein the first drive coil is coupled to a first side
5 ofthe stationary plate and the first drive magnet is coupled to the first flow tube, the
driver further comprising a second drive coil coupled to & second side of the stationary

plate and a second drive magnet coupled to the second flow tube proximate the second

drive coil.

10 16.  The flow meter of claim 13, further comprising one or more counter balances

coupled to the first and second flow tubes.

17.  The flow meter of claim 13, wherein the stationary plate is connected to meter

electronics.

13



