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A VI BRATI NG FLOW DEVI CE AND METHOD FOR FABRI CATI NG A

VI BRATI NG FLOW DEVI CE FI ELD OF THE | NVENTI ON The
WEe@9meressd nventi on relates to a vibrating fl owdevsmwe7/088210

havi ng at | east one housi ng, mherein t he nodes of

el kol o puddin Gpi g QL:ETS?RF%;Q%TINGA

vibrate a conduit.V EENTI ON

Vi brating flom1deV|ces such as, for exanple,

densitoneters and Coriolis flow neters are used for
FIPERSOF THE aNvieargomneri stic of fl ow ng substances, such

as, for exanple, density, mass flow rate, volunme flow

r at &hetpmsaht imelntnims@kftem a vibratimgdtayy deviae]ha\dng] at least one

i nformation. Vibrati ow devi ces i nclude on
hoyiheg Bsicth the magkis ohY %ﬁ Qfgﬁ%ab]&%télnﬁ hgjiSigy g5ed at frequencies

that U&lbcBShe [1RVe GRS usdd [iBlke o oRdiiped. or iTregular
configurations. e’one or nore conduits have a set of
nat ur al vibration nodes, including, for exanple,
ole bendlno torS|onaI radi al , and coupl ed nodes.
RetdUHD € s EIQNe vibrated by at |east one

d r ' ‘(ﬁbrt%}glre@ tfg%?&?&ﬂ?é%esuﬁﬂ g Lrsg&ranﬁgrs rc?én?i%@fﬁ&rersr ﬁfdeé&‘?&is flow

uenc

me(téie hed mRtter rrfe@stﬁfnngecha@ao@é‘rlskle)f"fw’wmg stissgcEs, sh@lﬁ as, for
pur poses of determning a characteristic of t he
ex$Nplsi Agnsiitibepsmidew ranevapmediay etedolabined sasy Bpwniempgrature,

and pfteR HigRboriin. o 5 S ey ey et e kol fisavhich may
hat@g R}§rtlet5136@'sﬁe§ﬂe's)/sdéﬁ'a§ FoRbkdnisR, §tfaiteUCHRge, tor@ﬁ@g&&e

coil being affixed to a supporting structure or
comngitrhieonscondui t . The drive signal causes the drlve to

Vi brate the one or_ nore conduits at.the driv
fr ef{@?@ﬁeg OF e gorgy ity daye gect e%@ﬂg%wgraéwntrﬁed% jngduding, for
ex§rh faal; bgr'fdlﬁ’% RSrrsicQﬂ? ‘ra&’rlaﬁ %h& Gl H{Jd%gt TPe one or more
nsmtted to the coli ' east ‘one pic et ect
comd’tﬁtsrme Ivﬂiﬂateﬁ b§ ac toaghudrie c&nda genesaiapse freicnug theiainafter referred

pi ck-of f signal representative of the notion_ of the
to @q theadring fieanensvt | 8) onefdhesedrodspst (hereinafter referred to as the “drive

mode”), for purposes of determining a characteristic of the flowing substance. One or
more electronics transmit a sinusoidal drive signal to the at least one drive, which is
typically a magnet/coil combination with the magnet typically being affixed to the
conduit and the coil being affixed to a supporting structure or to another conduit. The
drive signal causes the drive to vibrate the one or more conduits at the drive frequency
in the drive mode. For example, the drive signal may be a periodic electrical current
transmitted to the coil.

At least one pick-off detects the motion of a conduit and generates a sinusoidal
pick-off signal representative of the motion of the vibrating conduit(s). The pick-off
signal is transmitted to the one or more electronics; and according to well known
principals the pick-off signal may be used by the one or more electronics to determine a

characteristic of the flowing substance or adjust the drive signal, if necessary.
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signal is transmtted to the one or nore el ectronics;

and according to well known principals the pick-off
wae@narsssmy be used by the one or nore el ectr oPCTYES1007/088210

determ' ne a characteri stic of the fl owi ng substance or

adj t.he e.signal, if ne ry.Vibrating fl ow
dev UH% Oéi‘f QIG5 éoqsﬁ%& 98&’&5‘ ypreompasses
K
OGRS A 6 PO L et L

vadétyrod asamﬁs, in¢lading] foy sxﬁmpleetmprpkz&le d snahde dmas#m @r controlled
stabl e, known, or controlled operating environnent,
opgrafing §RVIERRMEIS Nk B CNV BRNBENticesefneaisiie and hamyiul gases, or to

proqgcst%ﬁe gé)r[du§t?s)%&t 01I né) Sk % @%w £, (fgge %61&%&( %%btqg or from damage

duéiedT&ﬁﬁadibbﬁtH Stheosthjaetk oif\fdhhngglﬁlﬁﬁqeﬁbj ects Of during
shi prent. Housi ngs al so have one or nore natural nodes

of Vidysiagh elso hiarie boelpnord mtu@l amﬂee of gibigsiam, nmlw.rlmg, for

| | d, | ,
exigRRfnn IS R P aa i ard TBE S ingdEs. Jn Tk a i cyample.
thd @én%‘f@ mbBd @/oméja%t abru aﬁd(h ?atﬁal t?r%dé RN | bé‘ al%@ams A. As
5, the particular frequency wh i nduces a node of
shasvip nraF 1@rb, whd partaulyr fréeenicy @vdue‘m m)duxmsya wady oﬁ&d:matmbmgﬂl vary.

tg a variety of factors includin for exa flui )
ThadieGieacy ey e acEoihiesio, 8 GHIH T s T R AT PR ¢, fluid
o P SR U N0 1 R SRR SN o
forpeng@REItOYbH YISt d@iifer 2ua Hirods ofhierpsurcemiyi th@tdeerfah@rocessing system,
housing to vibrate in one of the natural nodes. Were
sughhas FUieRfu mw;ﬁausfe@leth@uamg\ﬁ@ vitigtednene pf thsrmatwahagres “Where the

f Qe PA b0 TalEIR i FRARAPRS R it B SPHBARLplPGonas to the

frefQétilyNBatfHeS thé h¥iidih@td PBrdté iPesOsEiSs flithfal Bothding Modes of
generate an accurate neasurenent of a characteristic

vitgftiathi¢ be¢awendi fisubstoageoeratThreaguere meapurement ofn tlaracteristic of
h rected, to overcom ng this disadvantage i nherent in
t epﬁ]‘?‘ésFlg APSHRSsi ngs. SUVMARY OF THE | NVENTI ON The scope
of tripe gPés%ﬁﬁﬂbeﬂtWﬁ@tdﬁl%&eH% g?%ﬂc@ﬁl dg'sﬁ’lllsedlll(a(ménh € inherent in
append clainms, and is not affected to any degree by
pribhert dbatiegents within this sunmary. In one enbodi nent
of the present invention, a vibrating flow device
i ncl udes at

SUMMARY OF THE INVENTION

The scope of the present invention is defined solely by the appended claims, and
is not affected to any degree by the statements within this summary.

In one embodiment of the present invention, a vibrating flow device includes at
least one conduit, at least one drive, at least one pick-off, and at least one housing. The
at least one drive vibrates the at least one conduit at one or more drive frequencies and
the at least one pick-off measures the motion of the at least one conduit. The at least
one housing encompasses the at least one drive, the at least one pick-off, and at least a
portion of the at least one conduit. The at least one housing’s modes of vibration occur

at frequencies that exceed the one or more drive frequencies.
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| east one conduit, at |east one drive, at |east one

pi ck-of f, and at |east one housing. The at | east one
wa@lei0907888br at es the at | east one conduit at onRCDUS2007/@88210

drive frequencies and the at |east one pick-off

measur es the not.i on of the at |east one.condui.t
at  I3Qthe RmbRgieAROldhe AR SRS BYeRY, Avilrating ﬂewedevwe includes

t f

o B sl R S A o T pne psine

Thb auangpng dmdedbatesvhbuticagonoconduinit dneaguweneides ctitmjuencies
exceed the one. or nore drive frequenC|es I n anot her

in @hﬁwn&mﬁde&rf vilpratipn ardHe 3t irAshencopick. f/ﬁnsa%ww@e fpegign of the
at %géltl oh co F&Iuy d% A legs%%%& meg %Hgo%aéaSngt at lga%%l p8pt?0n of the at

gast one east one
leabootsd atdutthahatat leﬁ@tsdneq{tﬁlsﬁﬁr PiRodEDsRAtiBRtibRA®calr dt Frgliencies
one conduit at one or nore drive frequencies in a
thap @n@edghmm@omom e froqueanigs: Abe at lenstagie homesing is provided with

ck-of f t t|o of. t | ea

a Cg dgFtion eélg E%’%qf’n %PRB%&%%%% B’spaa‘ig”fflé%é‘%e
dirBctRAY &1 PG of ﬂl% b'éhd g‘%ﬁ@)deoﬁﬁl £0R8ULdctiohlBy Rfth B8 8ktends in a

one housing's nodes o bration occur at frequencies
direttain thacsedntialy onbogonakbe dlecthrezeoﬁ o€ qetiooiof she Hdralimg mode,

| east, one housi provi de a cross-sectional
Wheéeﬁ@ #ﬁv‘ Qlﬁgﬁm@?@g %&CW -sectiPp fﬂil% expeadsitihe ign) qf the cross-
se&ﬁ@@ pto the direction of notion of the bending

node a 'a cross-sectional width that extends in a

di r ectetamotivanibodgraeodithe/presdnt dgandbntometied for fabricating a
direction of notion of the bending node, wherein the

vitgptithBpwrdesicet mélusiﬁs)&sa%%tquﬁ@wdmr@tlwste%ee@ugiutth@t least one
drlgﬁ,bm? é?aﬁeﬁ?eo]f%l %ﬁa 2112 IZe%l?ttoln?ﬁ: é)ﬁl?lngdt_[tl]lg o a%t operdi cpr?\;ehlg configured

to Atk €t AtNEast oﬁé bdsrﬁtwlm ohb @QWnilRY dEife ﬁle@ﬁéﬂ&e%Sanmﬁe at least one
steps of providing at |east one conduit, at |east one

piakroiV és cantfigueeksto moersuys bk mxftfon cfrthe at lea%amte conduit. The at least one
housi n The | east on ve is C to )
hoy3ipg ky nﬁﬁ&f@%@@ﬁ%@%ﬁ%@ Shtapertan e Shlombebgpad The at
leakt GRUERKE %Hgﬁ%ﬂﬂ@d a4 tﬂa@@i&t atQ84zt Bh@ﬁﬂﬁgﬁ% § Pnodes of vibration
configure sure the notion of [ east one
ocaora tﬁtiequenﬁhm that dxeast thervachousiradrive fieqnénages: ed to
enconpass at | east a portion of the at |east one
conduit. The at |east one housing is configured so

AdpiRiTd he at | east one housing's npdes of vibration
—occur at frequencies that exceed the one or nore drive

f r eaeorligsto ARREEISE of the present invention, a vibrating flow device

comprises:

at least one conduit, at least one drive, and at least one pick-off, wherein the at
least one drive vibrates the at least one conduit at one or more drive frequencies and the
at least one pick-off measures the motion of the at least one conduit; and

at least one housing that encompasses the at least one drive, the at least one pick-
off, and at least a portion of the at least one conduit, wherein the at least one housing’s
modes of vibration occur at frequencies that exceed the one or more drive frequencies.

Preferably, the at least one drive vibrates the at least one conduit in a bending

mode of vibration.
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According to one aspect of the present invention, a

vi brating fl ow device conprises: at |east one conduit,
wW@eoobezess0 one drive, and at | east one pi ck- of f PCTIHKIE2087/088210

the at | east one drive vibrates the at |east one

condui one qQr nore. dri.ve. frequenci.es and the a

| ea?feflsw@% Teaaidees! RpgbonvRe tSrng%f:fi St Exven it Urbags:

one . ) .

© he PR B G mbARHAE ALY DbrdiBdhe SIEATBAS SR it in a

berding easle of vilmnatiowandthetdnéeadt onelaaisimnie peovided tvith a cross-
wherein the at | east one housing's nodes of vibratjon,.

secsonak lengthithalpxsends d a diysetiak hae s generaindapilchn hedglijogdon of
f | £S,. feraply, t e [ o
G HTAEb R8P S ke SR SIS Ty gregpon o
is MdrRfaAly @thogophlabald FiredtioR FmbEASHT BB BehdHS intdiel §/herein the
provided with a generally U shape. Preferably, the one
dirgenspar ef the icvassfseelepnahtength exdgeds the dirpension el corse-sectional
.conduit in a bending node of vibration and the at
Wlﬁtglast one housing is provided with a crosssecti onal

l'en Q’Y%felltaiaﬂﬁ, a%ﬁiﬂ%fﬂ% rh&nBerdis heetddan tﬁ@?ttlte%]sz 0%@ RBH@hg Yo increase

parall el to the direction of notion o endi ng

thenssfencandf the ot esst@edidqusmal wi dt h that extends in a
directjon that is generally orthgoganal .to the
dir é’&%fp@ﬂlyogﬂer@raéwg oV HeVise i {9@ﬂ HEOWHEE i n t he
di ' S A xceeds the
@?&E&Bhgﬁhét ﬁ%ra‘ffngsffoﬁﬁ i@ X d%aﬁgttgﬁate.

di mensi on e craoss-section referably, a

st i iAfceotdigy feaMdeticriaspat bt ¥echreent heeation,eadbrading flow device
housing to increase the stiffness of the at |east one
COmPLIssshg. Preferably, the vibrating flow device is a

Coriplis flo t.er . Preferabl he, vi brat i l o .

oot ons YRR oL G EpY e ol it URho . Bfrsin the o
lea®f ot @ iwy EBRSs thEERLtUhe BnVHIPAESANG thbRVMrdlRVr&fiencies in a

conprises: at |east one conduit, at |east one drive,

berdidg arodead stibratien pind kheaft fgasivbrer pick-of himeasurésethe tmasiom of the at
1 d{ive vibrates the at | east one conduit at one or nore
cagh PRFeCH B uenci es in a bendi ng node of vibration and

;? € aftfeal i@ hoR BB g RhAt knlbihpARES A 185kt h o rtid 6 e Af 1chfiGone

conduit, wherein the at least one housing’s modes of vibration occur at frequencies that

exceed the one or more drive frequencies; and

the at least one housing is provided with a cross-sectional length that extends in a
direction that is generally parallel to the direction of motion of the bending mode and a
cross-sectional width that extends in a direction that is generally orthogonal to the
direction of motion of the bending mode, wherein the dimension of the cross-sectional
length exceeds the dimension of the cross-sectional width.

Preferably, the at least one housing is provided with a generally U-shape.

Preferably, the vibrating flow device is a Coriolis flowmeter.

Preferably, the vibrating flow device is a densitometer.

According to another aspect of the present invention, a method for fabricating a

vibrating flow device comprises the steps of:
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| east one conduit; at |east one housing that
enconpasses at |l east a portion of the at |east one

W@ o0vdi7d880 wherei n the at | east one housi ng' s NMRCEES2H7/088210
vibration occur at frequencies that exceed the one or

nore drive f&i uenc and the a& Ieas% one hou3|a%
is PpraXidigedt igas f&n@%% a5t BrafriY e AgE AL teRstoneRighal:
WHnglﬁ' il éftqge{# 8 badd il c%ngi%ﬂleerdatb YorRR thb Lclﬁea%cbnte REnduit at one or
Irection of notion of ben i ng nod
mare dsise $ieqtieraial and thé bt ebatoneplickroff i$ corefighirédmt measutditkie motion

%ener ally orthogonal to the direction of notion of
Off BRASHPHRYCHGYE; wherei n the di nension of the

cro e

cr o385 85RO BRI S PSP e o porin
of fRUS 18t bise EurAVitdGHetin theat dRRESR! holiskesih @@ﬁﬁ gured so that the at

Pr ef er abl Y, the vibrating flow device is a Coriolis

leapt @vnleaue mg’ Pmefley ebvipratioheconatdtdqugndicoihatiexdeee thesong or more
dri e§§|toneter Accordlng t o anot her aspect of the
BF &S8R Hvent i on, a method for fabricating a
vi b'P?éfbﬂlQl}f |t1%’\étq§a\é't bRe Gﬁ%’ I RS hfh%i o tvematetthe Bf }%\éétan@giondmt
at | east one conduit, at |east one drive, and | east
nlmbempnghxmkﬁﬁVWMBnemn the at | east one drive |s

or"Bei R 0B O B A SR - 95
pi C bré}ﬁlfablys tl?@ﬁfliazgs't' bR atife ﬁec%‘?lﬁ ﬁr Wca) ViltateQRe af letd&eq%l%tcondult
| east one “¢ondu rovi di ng east one housi

in h ending ngideed Vﬁlﬁaﬁm engp st @éast @I&SEOL@H@OIE torovided wtithea Cross-
at | east one conduit, wherein the at | east one housing

seqtipnablengiuheicxsends p g dingetion thaéﬁﬁenm@ymtﬁﬂleh@ ﬁler@@@@on of
mo?fon\lfpl) é (g%é) gic éa il it% 8Tcrges%us%?t? t%tth ex?er}%sl 2%3 W&tion that

ghﬁh%redryl IEhdgdn&labfthd éi'i'r@cﬁlloth)Nh&'Icﬂi &f thB @eﬁ&lng easde, @MBrein the
condui't in a bending node of vibration. Préferably,

dimérsicrt of thastossmectinmas length exceedntihddamesion af e weosatsiegtional
é}shape Preferably, the at |east one drive is
Bnf | gured to vibrate the at | east one conduit in a

ben @Eé}gra'ggﬁ Q sﬁ?fei{in%rrﬁ&rhﬁ& i? ﬁ?’ﬁﬁé&leco dhe hiidsdt oRPBoNAHS L Bhicrease
i s provided crosssect | onal
the stiffness of the housmg.
Preferably, the vibrating flow device is a Coriolis flowmeter.

Preferably, the vibrating flow device is a densitometer.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts a perspective view of a vibrating flow device according to one
embodiment of the present invention.

Figure 2 depicts a perspective view of a vibrating flow device provided with a
housing, which is shown in section, according to one embodiment of the present
invention.

Figure 3 depicts a perspective view of a vibrating flow device provided with a

housing according to one embodiment of the present invention.
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l ength that extends in a direction that is generally
parallel to the direction of notion of the bending

WOrowe/ 028880 a cr oss-sectional wi dth that extendsPCTUS2007/088210
direction that is generally orthogonal to the

direction of notion of the bendi Dde ejn
di e A d&PICEWeSf‘&PBg%l Gett Phaplog e kBt o hdSusing and

' eferably, a
COsfﬁ??@%@ﬂg&%eﬁgl S a¥§|xegﬁggk$ﬁthaa E%St one
hougigwge Salepivey ®amphtshewidg £ febaimshif Heh&ed’mﬂ@iidni@nsity and the
Preferably, .the vibrating flow device is a Corio
frefipeyigigst which mditcey agriye mads ofivipratipmyn at ledst ga¢ P@@mfsarai the

fre%ﬁ mésownﬁlcﬁ rlndu%Rln%: e?%%%rg -Bnq?! a(%ousE%DRAW NGS Figure

i'cls a perspective view o ting flow
dev F@ré\@c‘&g@mﬁtma@ﬁ@uﬁﬂ@@ﬂtﬁéwiorq& the present
i nvention igure 2 depicts a perspective view of a
Vi brqurc@ depiois algiaipbshpwing alesdptiginshipsbehwesn igid dehiighand the
n.section cor.di.ng.to. on epbodi
frep Pt R T oo oG e tirhingt Serdl BN ai e
frekjh@%‘lééfthﬁ Mﬂ@d'eathbﬁ‘&; Sl \aBtadBN it & hBh A g@&)r&‘l‘ngho @n embodiment of
housi ng according to one enbodi nent of the present
thammsnﬁmnwnﬁogure 4 deplcts a sectional view, taken
along line C of hous ng and condU|ts
accbIERg dleal%sn% %5%'3 7 Pl CIHRg SRS AAL RgrEgses the
s a graph showi ng a rel ationship
Snéh%§égﬁ ﬁﬁgéﬁ%ensity and the frequencies which
i nduces a drive node of vibration in at |east one

conduit and the frequenci es which i nduce nodes of
DEFAHAD HESCRIPTHON OF riF HE.P&ESEMTHX&REEERRED\EW ODIMENT

hou g h ri

ShofiSio! Byt ﬁgﬁéﬁmﬁi%%ft%@%tfﬁﬁ 7 Blfikf o g BBt o
Cotiofi lﬂl@mﬂn@@rbb@brlgﬁ@%@n@oﬁh’sgé@olm@@anonwdwn@(trle QMectrdnics 20.

at | east one conduit and the frequencies that induce

Theode sr ofore electonion 2) arcacdogsticd do sansor aisagbtyl Gimia leads 100 to

enbodi nent of .th esent Jinventio
measure a characteristic of a tlowing substance, such as, for example, density, mass

flow rate, volume flow rate, totalized mass flow, temperature, and other information
over path 26.

The sensor assembly 10 of the present example includes a pair of flanges 101 and
101"; manifolds 102 and 102'; driver 104; pick-offs 105-105'; and conduits 103A and
103B. Manifolds 102, 102’ are affixed to opposing ends of the conduits 103A, 103B.
Driver 104 and pick-offs 105 and 105' are connected to conduits 103A and 103B. The
driver 104 is affixed to conduits 103A, 103B in a position where the driver 104 can
vibrate the conduits 103A, 103B in a drive mode. Pick-offs are affixed to conduits
103A, 103B at opposing ends to detect motion of the conduits 103A, 103B. It should be
apparent to those skilled in the art that it is within the scope of the present invention to
use the principals discussed herein in conjunction with any type of vibrating flow
device, including, for example, densitometers, regardless of the number of conduits, the
number of drivers, the number of pick-offs, the operating mode of vibration or the

determined characteristic of the flowing substance.
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Figure 8 depicts a housing attached to a stiffening
menber that increases the stiffness of the housing.

WORDA0 B DESCRI PTI ON OF THE PRESENTLY PREFERRECI/US2007/088210
EMBCODI MENT FIG 1 iIIustrates an exanple of a

Vi b i nﬁ&ﬂ %mhg &Wﬁg%éggﬂ%g %ggaﬁ@g%é?%ﬁf% llé)vf and
109I E/I:atnﬁf%m(iclsmza%d 1P ORE gi;{)sleféoé')%n\fﬁlg Ellt ﬁg (:fltoog(%lp%'éﬁe ends of

connected to sensor ass
spavens06.Spacehlvanh@tdist the sphciag bbwengne&uﬁﬁcﬂsam%ancslﬁﬂ’l in the
as, for exanple, density, mass flow rate, volune fl

prosgiteexampl o Qréaem@éeslreévw REAPEREAdEILS A03A and éP3B “When
seri ﬁ]; Qgsr it e}p ?O N 1%§erFe%1t 1plt ?Bl -gﬁlffe 3 s?é%ﬁrn(ﬁssfl é} C%O rrles the

€S a palir "o

flowddg suHﬁﬁiﬁ'cé Othé'§uﬂs@zﬁlc@@ﬁtel§)§ensmdzislsé’1ﬁbl ¥ hrei ﬂzﬁf eSlOI passes
105-105' : and conduits 103A and 103B. Mani f ol d

throogh indetemarfifalst 42 rdhesphedpialamadet offmathealdis d@t@ctteé to enter

copBiaonA i T aahafaR Sniiokii 3001 G oaf Bagl i outler

mah fol & e6b’ %e@@fﬂ‘é&dit& ﬁlelsfaﬁs%r 483811 0ah R %htﬂaﬁgs\ﬂbﬂe the

driver 104 can vibrate the condluits 103A Bin a
dri \IrrethmﬁesenPemmldfe;‘ thearsecafiddexaely be, foonthpls the st out of

PhagaRrGIBN FEHEPRIHE HpghruhlOLb TN CLRIa B dniropriatel
mdudedot 1n1terI fanl ff)ld' ntdhdlﬂle} Eﬁlnﬁﬁgpﬁ)? fo Ebf‘ohe rvglssﬁﬂgtantlally the

I nvention to use t princi scussed

sarf @ RjasH distributiing hloa{émst ofbiaeifa, ¥delattingolihlewabl@itibetding axes X
i ncluding, for exanple, densitoneters, regardless of

ang X rasnesBYClys Ag @lwwm,tthe cemﬁhnﬁwfﬁ‘énd Qvttwaﬁdﬂx/@pm the mamfolds in an

esngH%?l rpac{eel{lglrf?ﬁkhl thP el% e, s 1tsg zﬂel Of%rB are %flg r0V1ded

WitUDSE R By El-s%ﬁﬁ@ﬁt ﬁ;%t}ﬁﬁdhel&l) e@h}t eRIne KR Rhti6X &Plofide the
are affixed to manifolds 102 and 102" . Manifolds 102

comhdtﬂl@zA deBh@tkpo@semapemupm es, doecxaifilgetratght or irregular
opposi te ends . 106. C 6 nai.ntains,.the
sh o P BBt Edh IR PP eSO T Qapteo YRR (A Benfodes
ot}%}(ﬁfgﬁ' tﬁe bt &Féfﬁé V@beﬁﬂﬁ%ﬁi&d@%‘fhéggﬁ&é P@8el N conduits
103A and 103 en sensor assenbly 10 I's inserted

I nt dn thepirpeint aearsylst whereiothe shivem)odehinain be drer fuesOmtmf phase
fl.om ng subst agc-e, t he subs%)ance enters senso

bending mgdy e R W}A-ﬁa@l@y 911r1v51&§)§é1§wer 104 1 1n opposite directions

about their respective bending axes X and X'. Driver 104 may comprise one of many
well known arrangements, such as a magnet mounted to conduit 103A and an opposing
coil mounted to conduit 103B. An alternating current is passed through the opposing
coil to cause both conduits 103A, 103B to oscillate. A suitable drive signal is applied by
one or more electronics 20, via lead 110 to driver 104. Although in the present example,
the drive mode is described as being the bending mode, it is within the scope of the
present invention to utilize other drive modes.

In the present example, the one or more electronics 20 produces a drive signal
and transmits it to the driver 104 via lead 110, which causes driver 104 to oscillate
conduits 103A and 103B. It is within the scope of the present invention to produce

multiple drive signals for multiple drivers, however. One or more electronics 20
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t hrough inlet manifold 102 where the total anount of
material is directed to enter conduits 103A and 103B,

wo b@n®o74880r ough conduits 103A and 103B and backP¢TUg2007/088210
outlet manifold 102' where it exits the sensor

asse oygh fl ange_ 101’ sent

PrQSESpI %f¥ a@fﬁ@gﬂ Yei%l%%%nqiwowepwk 8?fse15§ m@@ fo ppraPBie st
i

chﬁggtgﬂgtlcpgﬁa;ﬁggf Lﬁ]) tagﬁég %ggg?sdglé‘fg{ée ¢ nr%%sgjf%y ‘rtag@.q)ath 26
promcﬂ@tanniaputf aIidCth(ﬁﬂpla:ﬁdeanstthz&tallmdle Iolrl nidi2'elegronis LO to

have substantially the sane mass distribution, nonent
intgifagenwith pR opgidEpTePaSEKPINARR PEdIC AS U RIICRY ra&r@sel%tromcs 20
is r?cﬂqleedecﬂ toetffﬁgrcsutnﬁiethgrgr&? otl g%’}ﬂion arﬁ% i§ 8&‘% lt'écf fqr %’r‘é\% of this

twar rom PAROdE QAN

degd@ipdibh eThé a&ltipAon 6F FI®UOR prbeide® H@lﬂél& s &ﬁ %&amﬁm tRé Speratlon

shown provided with a generally U-sgf IS wthi
of phepessdpe vidiratingellpw alsErve andvenet ioend mbﬁmtdbe tdaehing of the

ondU|t . 103A, 103B with other shapes, such as, for

preéﬁ%trfﬁ 9% rai ght or irregular shapes. Furthernore, it

s ‘P‘IGQ' P ahd'S iBGRRE Qﬁoﬁsh@%@@)@ §<§fﬂ)frd1h§\f@ Bh 'eﬁﬂ‘)oﬁﬁ?nent of the present

utilize nodes other than e out of phase bendi ng node
imastibhe Adcondengnodme aspedt loé ther mssmt embadiphent, thbdoesing 0@

dri ve node ma t flrs out of phase bendi de, _,
CNEHBPASHFRAF 8N %@Aoégm%)%]ée rqrv@ﬁl%‘g a&ﬁ.%mﬁoﬂ% {95,505

; .

TGRS et SR PRl P B RO T MR AR Al define one

or WRré opéHigs @t sngeiEdt purpssihofadnacdtinge learoiy gidkloff, such as
condwt 103A and an opposing coil munted to conduit

pickosi: 1047185t ]@rdﬁtlwg op@iflriEest such pabver 1 Dhrte daghorher more
03
oI GRRRE} 20 owy O SEHBSar PUdERIDM 1o MFH By be v

wiftk. more el ectronics 20, via |l ead 110 to driver 104.
Al though in the present exanple, the drive node is
des dsishewnathedwiupiggt208 iHprodiidegl Wﬁlde,ﬁrfsttenids?% anldi aseched end

202.8 gg@eogxﬁ}ng%é’? p@)ggﬁpergvég.tﬁ'l rgtnenld@ligiﬁ léécizﬁe herlager§03 that is

affﬁleﬁo&) HHifodd 262 Bh PERES sﬁiecﬂ'ﬂtﬂ@vﬁ’)‘rﬁ | Cﬁ{? ‘éle{/lc@@sﬂi'dttﬁe second

it to the driver 104 via | ead 0, causes dri ver
end 0@2 isscoaidltb atpdate 30d whdtSs aﬂﬁAd axm chah 8R! 102’ Thosw slklnlilerd in the

t scope of q present inventian to pr ce mul t |
artdw?\f@%n@%?aqhgt 3 gwu%ppp ,B%Sllalﬁsp%crlﬁ dpte ra hegsingos
deé@%ﬁg&fﬁ&@ﬁ%ﬁ} %ﬁ&kszrg?@gﬁgg@? é%@é El%lgfbgg%% Flﬁeclgsee' HE& 'cB%{dults 103A,

103B. For example, one skilled in the art will recognize that it is within the scope of the
present invention for the housing 200 to be secured to locations on the vibrating flow
device 5 other than or in addition to the plates 303, 304. Furthermore, while in the
embodiment depicted the plate 303 and plate 304 are provided integrally on the
manifolds 102 and 102', the plates 303, 304 may also be affixed to manifolds 102 and
102' by welds or other methods. Moreover, although the housing 200 is shown with a
generally U-shape, it is within the scope of the present invention to provide the housing

with other configurations, such as, for example, straight or irregular configurations.
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characteristic of a flow ng substance, such as, for
exanple, nmass flowrate. Path 26 provides an input and

WwW@ro0oHr§see neans that all ows one or nore el ectPORNUSHOZEBS210
to interface with an operator. An explanation of the

C|r uitry of o nore el ectronics 2
HEPE PANAOTHE - ¢ Br BUSHIES] HFSITEINOHS 184 gopsog%ﬁaﬁlaaqﬁw devices,
V, r I f
su%ﬂé & \?1%%%&3% Jwr%ve ﬁee\qgég Sﬁaglﬁ uraTBﬁofdfﬁfa{%feoﬁgf 12?(611% gﬁc‘l@m&, for
exmplepalsdsn(blllﬁni\te(bfoah latgral hode d)éwnb:reu@mabom amstA and erbdeding
tolimt the teaching of the present inventjon.

mogle g yibgatipn a'];awéw B Hothsicrngmpboy sw@ﬂan%d BIC&W the axis B s
ge@eg%ﬁe\g t)grr%pglttﬁ thd Q}?espk ?ﬁg 2% 601(“(‘%] { %88 t \;vﬁlgaglge SMuits

e presen hous in

108AGRANBS Bassclie: SRNAYIakE A@s”vﬁenem&%rtﬁd@n@h&b\tﬁé addd4x, X, and
and the pick-offs 105, 105 . Those skilled in the art

B.wi || appreciate that the wal | 210 of the hou5|ng may

oF EBe Qe ofg SR R pferitlo R AN Sl Wy PR B Fregquencies.

Thé gﬁrtije%sar'fre%lﬁgncﬁés ﬂhﬁﬁﬁlﬁu@@ﬁlydﬁérﬁ@lﬁlar ﬁfé@l@ a?egln@lhbﬂ&'a YOfnumber
to the one or nore electronics 20, such as, fo

of éactorp) saich vk ot exdspleOfuididedsityl bﬂlv1rdﬂmemall\falcuins rmyh he
RTD wires. shown, the housing 200 is provided with
CCTBPGTRUES, OF i UEHHIS AW DS thed By eelﬁaat%g aroupd theoys G §IG. 5

GERTE e AR R TBE 9SS, g
conditibing avfrbg@dnicitg thdteive sebstaneiaBy aduatichlaosee dride foguc2@s that
is secured to a plate 304 that is affixed to manifold

indyge a dripgggedasikg thﬂ? é@ndmutStllQéAall%B\n | As FEe oyplse shewathousings are

al t 0ssi b I fi
iSRS BEEN ChBe R DS FIR heb PR LR Lt o
gréa@ereﬁm D eRlivkar u@ﬂlcﬁésethhhﬁda@@dféldrﬁvelfﬁ@& W3R thE‘Hequency that
exanpl e, one ski inthe art will recognize that

indusesw nivide of rvéaret:@tpm e hoheingnesdstantiale rtentipalfto the ¢heve
hou5| be securgd t.o |

0 ti th
freg ey g R e G e S 11T (O PoreRS BB e pALcBeasurement

ofﬁt&ﬁarﬁl:@h%’c FPPe RWn E Wddigenore, while in the
nbodi nent depi ct ed % e plate 303 and plate 304 are

pr o cdedlingtoegread sbyctai thdyeresanichlod and2tharmdudia @' 200 toiehe
preglﬁlgtt eenﬁbosdcl)r%entsl(s)%on gur%ldssg tl?a% t}?efrg |1sxfergq&e%c{/nsaen};afr%o%sbe%\%en the
frequencies that induce the modes of vibration in the housing 200 and the drive
frequencies that induce the drive mode of vibration in the conduits 103A, 103B.
According to another aspect of the present embodiment, the housing 200 is configured
so that the frequencies that induce the modes of vibration in the housing 200 differ from
and do not cross the drive frequencies that induce the drive mode of vibration in the
conduits 103A, 103B under corresponding operating conditions. According to yet
another aspect of the present embodiment, the housing 200 is configured so that the

frequencies that induce the modes of vibration in the housing 200 exceed the drive

frequencies that induce the drive mode of vibration in the conduits 103A, 103B.



10

15

20

25

30

102" by wel ds or other nethods. Moreover, although the
housing 200 is shown with a generally U shape, it is
wowraobiorssshe scope of the present invention to PCDURH87/088210
the housing with other configurations, such as, for
exanpl e, strai rre Iar conf j ati.on rnin
now HEIRE @ow409ﬂ§ Bi %a@w fievsing Hehds hausz%§0%f oo Bnerally
anﬂﬁl%ﬁiobsngecftlloﬁﬂ é %ﬁ : mst ggas%swﬂ B ek Lfn|081¥\’ s&ﬁg befrding
5, have a plura ratlona nodes, inclu
mdder thextmuping, haaadn(nﬁéntldf mnérﬁﬁi it the drdceibe bﬁthermd@oroﬁf the bending
vi bration about axis A and a bendi ng node of vibr atl on )
mogl§ois¢-» adirectmn that lﬁlgén%rﬁﬂwﬁapgor@ﬂrﬁb&er%m WdpascxdyB, that is
Bis generally parallel to the axes X and X'
rel% ﬁelgmé‘én FIG 1) about which the conduits 103A and
103 B 9schi d d&fi®, andhd e irBRIG. Hhoseger) ﬁ{eafré?ueﬁéiebﬂ&@ﬁlﬁiuce the
to the axes ‘X', and B. Each vibrational node of the
howsng bﬁlgim@qus nyshetost b diiyedraqanugicothaf indyeetheibsading drive
The art| %agﬂ@ uenci es that induce any particul ar
819% g f ‘by a nunber of factors, such as,
f or 18X ar8liency WHicH gdRaaid Y msa%mem%h% hBa&hgsr R related to the
such as tenpérature, or insulating waps that may be
mdnogs tof theatio ufithethoasingu Morg p@ecul#EGthSrequonsy at vaichi mmode of
previ ous housi ngs eﬁgt ai n_housi ng. vi brati on nodes

ViRsRIQR ocquRRRY Osmpedeledclmsad tpomEe fai/low%%%%@r f fyatiation of
i@l Iy identical to the drive frequencies
tht 02?%%%Egﬁdrlve node in the conduits 103A, 103B.
As FIG 5 also shows, housings are typically provided
with one or_nore ot her modes that occur at frequenci es
t hat ar& grater than the drive frequencies that
i nduee $he drive nmode. Wiere the frequency that
induces a de of vibration in the housing is
widbstantially identical to the drive frequency that
i nduces the drive node it is difficult to generate an
acc firaNetund &3 equemen thap feevereteatlaciede st i ¢ of t he
flow ng substance., According to. one aspect of the
pr e%erﬁ‘o@ﬁﬁ‘b IngHfa ingt & dHeeanRf t g@@“@? t he present
h% Sof99d ed so that there is frequency
separatl on ?vveen the frequencies that induce the
nmodes- DensitybsfaViaenial n t he housi ng 200 and the drive
frequenci es that induce the drive node of vibration in
the ORI Fo30BAlionhdIBa Accordi ng to anot her aspect
SMB mbe?nbOd' ment, the housing 200 is
con

A; = Eigenvalues

Although the foregoing equation models the natural frequencies for a
cantilevered beam, it is useful to show that there is a relationship between the moment
of inertia and the natural frequencies that generate a particular mode of vibration. More
particularly, the foregoing equation teaches that as the moment of inertia is increased,
the frequency that induces any particular mode of vibration is increased. Therefore,
according to one aspect of the present embodiment, this principal may be used so that
the housing’s 200 modes of vibration occur at frequencies that exceed the one or more

drive frequencies. For example, and not limitation, in the present embodiment where
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so that the frequencies that induce the nodes of
vibration in the housing 200 differ fromand do not

wee@9o748Be drive frequencies that induce the dPCT/ESI00TE88210
of vibration in the conduits 103A, 103B under

SRR g B BrivE ol aBaat DERuBRIdaLIne hatRingopdiding mode
t
terfll o s ARO G Bt Bick Wlcr (ol ESHAAE ng%gglee%g% "3fay be
praidadewith aquesedeesornidl ahapentlaicie geharally bblngpdeoed particularly, as
vi brati on in the conduits 103A, 103B. Turni ng now to
shewigin BIG., twhsre e h%qugﬁgodf‘s@éhe d@%@l@épn@e psing 390 anay be
proqg&]ee(f \&k&l% c ?{%%eg{loﬁal gﬁ% tﬁ?t 18 l%ﬁl%r% ng“ong%'ﬂg é)rd)\laﬁé(p §ith a width

case ere

W hedailepth&stha MRl @tateN@ah it W[ch ve, \dhér@ﬁi theMerfplth L extends
the notion of the bending node, i. a direction that

in the dgl@m@mabf gnogion I@(ﬁ@mﬂaﬂndﬂr@g mhde alxd she \wdh“éss goxegallg, orthogonal

|veI oW. h a de in
to &ﬁ é“eéao gﬁ%é“?‘?ee qﬁ%ﬁ@foe“ém% ﬁﬁ?qh ?1?1 a?ﬁh ghe mokent of
1ner1‘ﬁ’é‘§f e %%ﬁ%?%o@%ré%é(d GRS sh&on & | FI’@ 7 rtﬁ&ﬂ%ﬁ‘&én%?es that
that induce the bending drive node under certain
indrondid modes offfibratiosgu érechyoushigodx coahthe dtegsicaciaodiet miduce the
vibration in housings is related to the nonent of
drivg gpadea of the hou3| ng. More particularly, the

fr e%?:iéase upon et@{ﬁﬂﬂ);lj% It § béﬂ(f?ﬁ L%%pgﬁl%ﬂé o V¥t tends to

node OW ng ®'quat

be pasblenhiog thd padieulae hodweion gnrigs af Vﬂiﬂatldfhthaﬁtenﬁ t&bi&»wwaﬂh the
Frequency that generates the node | = Monent of
driye aradieavilllopred gn pawnibsh obfactare, smgbl as.Hoeepsaple e shape of the

cof i i shaPe 2t IRk e s AL o aRE BB sy and
ter?%b?atg@é. eNeddrdin@f Ahd pﬁuﬂiﬁl@ﬁh@usﬁﬁgecdiﬁtgmmionf thEOMEN Bk BSed to
avoid frequency crossing will vary within the scope of the present invention. For
example, although, the present embodiment depicts the housing 200 provided with an
oblong shape, it is within the scope of the present invention to utilize other arrangements
that prevent frequency crossing. By way of example, the thickness or cross-sectional
shape of the wall 210 may be selected so that the frequencies that generate the any
particular mode in the housing 200 exceed the frequencies that generate the drive mode
under corresponding operating conditions. By way of yet another example, particularly
where the twist mode is the drive mode and the frequencies that induce the twist mode
in the housing may tend to cross with the drive frequencies, as shown in FIG. 8, a
stiffening member 400 may be affixed, such as by welding, to a housing 300. The
stiffening member 400 may be provided with any shape that stiffens a housing 300,
including, for example, but not limitation, the oblong annular shape shown in FIG. 8.

The present description depicts specific examples to teach those 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
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15

cantil evered beam it is useful to show that there is
a relationship between the nonent of inertia and the

WO 2109/026888G r equenci es that generate a parti cul aPCHOS®0T88210
vibration More particularly, the foregoing equation

s that as the nonent rt|a i s_increased,. .
sklﬁlﬁg it cﬁHTeW@l/ aﬁmaﬁlaﬁen@ﬁesgn%ﬂg) PYCi ee@mesrfﬁafef%ﬁfmhm the scope
of&th@&hﬁﬁL's i ncreased. Therefore, according to one

aspect of the present enbodi ment, this principal may
be WThedesdlet atcriptiensofiticrnpose 200odinttass ok not bxlatusive
occur at frequencies that exceed the one or nnre drive

descripgioanef d$ embedmae)@mr@emah&?drm thejipyaniqrs éhbe mithitghe scope of
theolngg’rﬁlon elgﬁge%r sE)néM]Sﬁg& njfth? Plgreggr%nq%ée %13{ Qe“:fta% gl\égqents of

and equenc es ng no

the aﬂﬁﬁelcﬁs@r[&‘élserﬁﬁtﬁlnﬁéhtﬁ endy RaURIREI RScohsiasd 6€6lidinated to create
condi tions, the housing 200 nay be provided with a

ﬁlr@lre(ﬁsvmb@dweranaindssnalp élrth&membgdgeﬁm &l yitbisl tbe gcommné teachings

of ﬁ{?&t LS I & é{/g?l?a]éo Eﬁ&gparteﬂtemﬁ%ﬁ%q (}fm § g n,g{j‘ll deI attthat the

abWeQHés@ﬁged\’éﬁlBO@in%h%sﬁays B€ fcb%ﬁ{edﬁﬁ Hfo1¢ Bﬁfn art to create additional
general Iy oblong and provided with a wd and

erribedgndfntst_wuthat thewaoper &sl @aMgoftthamxtehtaom dth W

mher he length L e nds in the directjon, of
thppgh ﬁ&?&ﬁ%ﬂnﬁﬁg@eﬁﬁ& b il G forathe invention are
de&?@%ﬁ ‘ﬁgéﬁ% ?cfr LHegpRAL tuﬁp&s@? vikib&e Enhﬁ{)alglflt ﬁlB&ﬁ%Eﬂ?ﬂs@e possible
node. By follow ng suc proac
withie tHel @opé of the iaisiongas2B0sd skllléd?frﬁas e€leaand artasilisleovghize. The
in FIG 7, the frequen0|es t hat i nduce the nodes of
tea@hmg&pr%dedmrh@ TABIB¢ ﬁ@p lioddte @@@W@W@g@@ﬁ ehaé@h@mdescrlbed

?‘ﬁedélljl'][gie%q I Elgl% S?(%glpanamg fl]igl]\I/'?SOr lnf%}élngysicgpg 8 he invention
is dtERhiasER oM the 1811 GRIn Gathar node Of nndes of vibration
that tend to cross with the drive node will depend on
a nunber of factors, such as, for exanple, the shape
of the conduit(s), the shape of the housing, the
particul ar drive node, the fluid density, and
tenperature. Accordingly, the particul ar housing
configuration that may be used to avoid frequency
crossing wll vary within the scope of the present
i nvention. For exanple, although, the present
enbodi nent depicts the housing 200 provided with an
obl ong shape, it is within the scope of the present
invention to utilize other arrangenents that prevent
frequency crossing. By way of exanple, the thickness
or cross-sectional
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shape of the wall 210 may be selected so that the
frequencies that generate the any particular node in

w0 b@9jzss8i ng 200 exceed the frequenci es that gRCIEDS1087/088210
the drive node under correspondi ng operating

ons. By way of yet another exanple,

ngp;r}(‘&ﬁ\@i arly where the twist node is the drive node
and the frequencies that induce the twist node in the
housing may tend to cross with the drive frequencies,

1. as ghoiwating va@deﬁceeS)stbﬂqf)ﬁsihgg menber 400 may be

af fi xed, such as , a housi ng 300.
st i fif SAstirge rentt (ﬁ@é‘@& th ge"‘t ﬂ)fr"aéWlEF‘e@FlW (3945@@% kggat one pick-
off{)(E?B ,nﬁ{SI j fvﬁ{%?el tl?eoekﬁ?#g % 8rlvé Efd ‘tqgtes tl%)er at9% %E'Bhee It:ondult

i'on ong an it Shape 3
(10343108 B) AhendP6E@61 dihesEEdRhERE aﬂ@ﬂie%*t&ea%@@ﬁé pick-off (105, 105”)
exanples to teach those skilled in the art how to make
meaptres te mpgorbekthemb thastodnetdoadiiiyansk i on. For t he

Congbhtsgna e er O TE s ERE RISl 35 B (104). the at
leaﬂ‘&&e}ﬁlﬁkjolﬁe(q 05 nl(H’? aﬁﬁtat Y@akﬂ 3 ﬁ(ﬁﬁ'bﬁ Q)'fﬂ{eeat\lé‘is't 8hé 9&§dur1]t

fromthese exanples that fall within the scope of
(1032,¢63 B pvheTie tiedtdedse dnabeusing's i(200H ndddastd vatiretzen occur at
enbodi nents are not exhaustjve descriptions of all
ﬁe@ﬁﬁwsr#gﬁ&%%ﬁth@&amélaorsﬁﬂtVﬁéreﬂHm%sors to be within
the scope of the invention. Indeed, persons skilled in
the art will recognize that certain el ements of the
2. aboTée ditsatind fdwatdvidi (Fpa¢cordiy ty ahimus whekdn dandilewdone drive
or elimnated to create further enbodi ments, and such
(164 ribrates dpaidpane ane corduit (OB AL 03 Beingclqrslingarode of vibration.
teachings of the invention. It will also be apparent
to those of ordinary skill in the art that the
3. abovge desiatih® gdwerthadi( Eﬁﬁécﬁ)r@iﬁ? t& 6lafA D WhREbih Pt QbRt one
or in part to create additiona embodi ments within the
hosgop EMNds proaadeidrgish aendrelly Rivéhmpeon. Thus, al t hough
speci fic enbodi nents of, and exanples for, the
i nvention are described herein for illustrative
pur tyi e
+ posgﬁg%gmayﬁéﬁguﬁke Sé%Z%&%%hHES&F%@%At?@%ﬂﬁgs t hose
skl tHeeshd or hbve dre;leefvea]mbnaes vibirdtb thiceatdeast pre cdidmit (103A, 103B)

achlngs rOV|ded her y be applied tqo other
in % ATt 3R HESH 15 enNHOEIEAA0L WAV ided with a

[
S ST 4B O B LT 38001
direttedr®t MBti6A-6F e bending mode and a cross-sectional width (W) that extends in
a direction that is generally orthogonal to the direction of motion of the bending mode,
wherein the dimension of the cross-sectional length (L) exceeds the dimension of the

cross-sectional width (W).
5. The vibrating flow device (5) according to claim 1, wherein a stiffening member

(400) affixed to the at least one housing (200) to increase the stiffness of the housing
(200).
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1. Avibrating flow device (5), conprising: at |east

one conduit (103A, 103B), at |east one drive (104),
w@rwarssBeast one pickoff (105, 105'), wherei nPEHESANT/088210

| east one drive (104) vibrates the at |east one

conguit (103A,_ 103B) at one or drive frequencies
andd@ﬁ &ibpting Jey %?&eaézﬁcw&ng 1@51%1%5 CHRiR ‘éra(tlﬁg flow

f one conduit; and at | east one

deﬁ? @L}a%(%&orflfilst Oé)Jflﬁenconpasses the at | east one drive

(104) the at | east one pick-off (105, 105 ), and at
east a_portign of the at |east one. condu

7. ( 105)&6 ywai)mg fperdavice (R acaordiggde cloia I mh@r%@ the Yibging flow
de‘?‘ég'?% d\éhg[o%étgp occur at frequencies that exceed
ne Il

A6 Hor e ve frequencies. 2. The vibrating
flow device (5) according to claim1l, wherein the at
| east one drive (104) vibrates the at |east one

8. conduvibratm@dow 408B} (3)ncempasidgng node of vibration.

ahePoiR s apa LB REBLeRY 3085 S\ 0! Buf i bne pickc

ofﬁ’(‘Bt)'S‘ [RS8 We%thhéJatslB%@ 8ne drivd bﬁ)4\5 i atel e il 100t B8Y b&Rluit
according to claim 1, wherein’ the one or nore

(IQBrA Vi@ 3B) eyoena msrwdrbveﬁffrequeheleaun h basding nedearfdubration and the at

(103A,. 10 [ bendi de of vj t] dt t

leapte(;arﬁ pigh @%ﬁégl n}{gi z gge%ur}g% %rng@ti?%v A 1%];1163& 0%% Congl%t ?1 03A,
?%PSS sectional length (L) that extends in a direction
dt is generally parallel to the direction of notion

of ahRattemdihogsinRd20@tatencompasseeat eastal pom&t Bf (hdat least one
that extends in a direction that is genera

corsihgoiall 048, ofsranrecs s one foviies s(szoqmocafm.vm@ranon
oc?uernag{fﬁ%:\é\lﬁ??rgc e nth&t gg?cﬂﬁwe ol Ny %10 %%?1?18 r?’c?Ct ' el al

xcee nsi o

Cr Ofife £964st BRGhowisl (00Ys providEB&viM @efﬂss B&:tfon@Wength (L) that
devi ce 55) according to claiml1, wherein a stiffening

extendbira disg0ionghdtiix gdnarally harablel tbdhe tirestwnfusdthen ¢200pending
to | creaset i.ffn t he, housi.ng .(200)..6. Th
madR g AT e ryT e (BT L etPaa S b AR i pentrslly
ortWP%;rﬁl'l tb fﬂ%edn\é'cg{zl RbF A tibh Wt én‘&?nc?( Pbdé Swl?ir&‘ﬂrthé’ birgension of the
e evi ce

wnet er vibrating f accordi ng
crdse-sedtainal engthh@r) ek oeddh ehovdibreationg fithowross-sectional width (W).

9. The vibrating flow device (5) according to claim 8, wherein the at least one

housing (200) is provided with a generally U-shape.

10.  The vibrating flow device (5) according to claim 8, wherein the vibrating flow

device (5) is a Coriolis flowmeter.

11.  The vibrating flow device (5) according to claim 8, wherein the vibrating flow

device (5) is a densitometer.
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device (5) is a densitoneter. 8. A vibrating flow
device (5), conprising: at |east one conduit (103A,
wWaoBB)78%80 | east one drive (104), and at | east PEEUS2007/088210
pickoff (105, 105"), mherein the at | east one drive
(10 vi br t he  at a e condui 103A,. 10
@EURCOr BhaTE + FEamencliey s (%L%BF’&P&SWS&QG dieps of:
VI b
ool e el o B R0 20 (B kst By i g ot feas
ond@ﬁﬁ)off arod, easm), Whéreththlan teaf26H) drivea(l Oe)ns&b’pﬁgmed tatvibrate the
a portion of the at |east one conduit, (103A,

at lfewtne Saneiibl 10 ¢hd 03B) pers orgRera il figAugneignand s deast one
plc(?(tof\fmg gbg 3 ? ?&ﬁr q%u%d Ior 1%85'8%?& JL m&tl@‘f ?Ft)ﬁg %?Peagt o%e c%%dult

enci es; and east one
(mggsusuogg {200) is provided with a cross-sectional
| engt h sL) that extends in a direction that is

gengradiding ghteabt asle homlsmlge(2a®)rté@1t isganBgunedito @mcocmﬁpash et least a

pofiiciidle Mg aRF sBefubtRRAS Bl Sl botsaGion it o

coﬁi'?g’urgdl (& eak eﬁfledipt)ﬁé)ﬁ‘o&finé Sexdusneided omﬁﬁatldﬁ'f‘%c%k Bt
di mensi on of the cross-sectional length (L)

frequermaae:issth&heccdeh@nsmmmrmrﬁorb keive fiegseseest i onal wi dt h
(W. 9. The vibrating flow device (5) according to
claim8, wherein the at |east one housing (200) is

]3P OV ‘i‘ﬁ’etm& f}‘a&?&% b vidrat %lng mggﬁ Atk Qfaﬁﬁég' R%laim 12,

Tlom1 evi ce according to c rei n

wheérdin did aidedst ome devé c4) & cdrﬁigaréaotblxﬁbﬂaﬁe thk awrattesne cbhduit
The vibrating flow device (5) according to claim S8,
(Wﬂ%ﬂ@ﬁ)ﬂ%%ﬂ@ﬂﬁ@@@ gfivayatieni ce (5) is a
densitometer.12. A nmethod for fabricating a vibrating
fl ow device (5), conprising the steps of: providing at

14] eaghe on@hePRAYRBridatidgdAhe HDERIng fAdw ldedist S?tfécglrdlﬁ/gfto claim 12,
(104), and at | east one glck off (105, 1 wher ei n

wheehan e dtdeast on bouiiy €001 Bvprovsled ovifh @germalﬂsoUvslbpat e
the at | east one conduit (103A, 103B) at one or nore
drive frequencies and the at |east one pick-off (105,

15105 The lnfet k& fdr%'ﬁr‘?&ttlhg tﬁ'@g‘%gﬁég?lgtﬁkﬁv R{ 1005 ccbin@o claim 12,

east one conduit
wherein:

the at least one drive (104) is configured to vibrate the at least one conduit
(103A, 103B) in a bending mode of vibration and the at least one housing (200) is
provided with a cross-sectional length (L) that extends in a direction that is generally
parallel to the direction of motion of the bending mode and a cross-sectional width (W)
that extends in a direction that is generally orthogonal to the direction of motion of the
bending mode, wherein the dimension of the cross-sectional length (L) exceeds the

dimension of the cross-sectional width (W).
16.  The method for fabricating the vibrating flow device (5) according to claim 12,

wherein a stiffening member (400) is affixed to the least one housing (200) to increase

the stiffness of the at least one housing (200).
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provi ding at | east one housing (200) that is
configured to enconpass at |east a portion of the at
WO ewgn7ssse conduit (103A, 103B), wherein the heUEUSZH07/088210
(200) is configured so that the at |east one housing's
(200) nodes, of vibration occur frequenci es that :
7excdba Meob s fehricing b v éatﬂggfﬁmﬁe?l@sg)l%wo to claim 12,
: QF ' I i i devi ce (5)
D i LT B O G Rl ey B one i ve
(104) is configured to vibrate the at |east one
conduit (103A, 103B). in a bendi ng node of vibration. .
1814, Threngiaedhty falyicatiag the wibrane few deveald rigeerdyg to claim 12,
V] - rdi ¢l ai : erein the at | east
“*%ﬁ%hﬁ%ﬁéﬁ%ﬁﬁéggﬁfdggcég?d%gé%héﬁaﬁﬁ%%-genera||y
U-shape. 15. The nethod for fabricating the vibrating
fl ow device (5) according to claim12, wherein: the at
| east one drive (104) is configured to vibrate the at
| east one conduit (103A, 103B) in a bendi ng node of
vi bration and the at | east one housing (200) is
provided with a cross-sectional length (L) that
extends in a direction that is generally parallel to
the direction of notion of the bending node and a
cross-sectional wwdth (W that extends in a direction
that is generally orthogonal to the direction of
notion of the bendi ng node, wherein the di nension of
the cross-sectional length (L) exceeds the di nension
of the cross-sectional width (W. 16. The nethod for
fabricating the vibrating fl ow device (5) according to
claim12, wherein a stiffening nmenber (400) is affixed
to the | east one housing (200) to increase the
stiffness of the at |east one housing (200).17. The
net hod for fabricating the vibrating fl ow device (5)
according to claim 12, wherein the vibrating flow
device (5) is a Coriolis floweter. 18. The method for
fabricating the vibrating flow device (5) according to
claim 12, wherein the vibrating flow device (5) is a
densi t onet er.
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