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total i zed FIESD OF AME DEVBNITAOM e, and other information. Vibrating

fl ow devices include one or nore condujts, which may 15 have a

vari ety of shapd® prefgehinyentiongelaieg fnpvbratu fligwevicd hayigd deasome

| rregul ar %%E%?Q?dﬁ@r&h%é modes ofviﬁﬁgﬁoﬁ’ﬁﬁ?n%t fé%t%nﬁ %9&&%13) cnﬁ%tefr%ugr%ies
of natural vibFation nodes, 1 ncluding, Tor exanple, Si e ben ng,

t or si onal ,th#tasttedd, thaddveirapleacy nzdes vibFite agoeddr, nore conduits are
vibrated by at |east one drive at a resonance frequency (hereinafter
referred 20 to as the "drive frequency”) in one of these nodes,

( her eiypaf tigk ckefrSURS OF 1898 higENdibe mode”), for purposes of
determ ning a characteristic of tne 11 ow ng substance. One or nore
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Vi brating fl ow devices may al so include a housing that typically .
enconpissde as the “drive frequency”) in one of these modes, (hereinafter referréd 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
25  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
transimitted 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
30  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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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
30 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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least one housing is configured so that the at least one housing’s modes of vibration

20 occur at frequencies that exceed the one or more drive frequencies.

ASPECTS
According to one aspect of the present invention, a vibrating flow device
comprises:

25 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

30  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.



Preferably, a stiffening nenber is affixed to the at |east one
housing to increase 10the stiffness of thc at | east one housing.

Pr ef er abl ywotd@0séd@g ati ng fl ow device is a Coriolis fl @umebaross2io
Preferably, the vibrating flow device is a densitoneter.

Accordi ng to anot her aspect of the present invention, a vibrating

f1 ow devi ce corfjigicsbly, thomiteaseens haypdadopiguided vath 4 geasrally Aeskapey e,
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direction of notion of the bendi ng node, wherein the dinmension of the
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wi dt h.. Pref er ahl e | east one housing is provided with a
gen_eraﬁ_ol yetEE§ ' é.’og?lgf‘a’:ﬁ%lowhf’%ng/i brating flow device is a
Coriolis flowmpieerably efeafiRlidg flbRaleviceiad Cofolid Mywsent.ce is a
densitoneter. 30Accordi ng to another aspect of the present invention,

a method for fdbelewbbi fy abraling Howvrdgvice s densitemetebnpri ses the steps
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conduit, at |eas rve, one "pi ck-o ein
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at one or nore drive frequencies and the at | east one pick-off is
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least one drive vibrates the at least one conduit at one or more drive frequencies in a
bending mode of vibration and the at least one pick-off measures the motion of the at
least one conduit;
at least one housing that encompasses at least a portion of the at least one
20  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
25  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.
30 According to another aspect of the present invention, a method for fabricating a

vibrating flow device comprises the steps of:



5providing at | east one housing that is configured to enconpass at

| east a portion of the at |east one conduit, wherein the at |east one
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vi bration occur at frequencies that exceed the one or nore drive
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he or oos JEBEpTGHS e RGeS of vibration oceR SrTILBIGES R EEIerah WRF abE:
is affixedirtve fiBertiesl €ast one housing to increase 20the stiffness of
the housing. Preferably, the vibrating flow device is a Coriolis

fl ownet er. Pr efPegfatably, theraé lopptumgtdrivg i ¢ anfigueedite gibirate theod irsist aneeopduit
BRI EF SCl:RIaPTI ; OF TH&v]@RA%\V NGS 25Figure 1 depicts a perspective
view df a GPOPAITRTEFSAYREN®: according to one enmbodiment of the

present i nvent iP@gferably, the i@ty gehodsing cst;&oaida@ﬁv&ﬁac%ﬁhmnytﬁmpé. a
vi brating fl ow devi gg g}r?ovi ded with a housing, which is shown in
a 2

section, accor & at implouievisive ingonfigareg e yibnte thnaédrapiome conduit
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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, a stiffening member is affixed to the at least one housing to increase
20  the stiffness of the housing.
Preferably, the vibrating flow device is a Coriolis flowmeter.

Preferably, the vibrating flow device is a densitometer.

BRIEF DESCRIPTION OF THE DRAWINGS

25 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.

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

housing according to one embodiment of the present invention.



Figure 5 depicts a graph showing a relationship between fluid density
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connected to conduits 103A and 103B. The 25driver 104 is affixed to
condui t s B0fnessBB hausmgposi ti on where the driver 104 can vibrate
the conduits 103A, 103B in a drive node. Pick-offs are affixed to
conduits 103A, 103B at opposing ends to detect notion of the conduits
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is within the scope of the present 1 nvention to use the principals

di scudSed her eﬂﬁi hilkghptanet example efp wkating flovwodewgeny mthafprml gw 30
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the fl ow ng substance. WD 2009/ 078880PCT/ USZOO?/ 088210 Fl anges
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vibrations in ﬁ‘%g gelsjl{sgrs as%gl%éyal% e prese\lll\?e)?ample 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
25  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

30  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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opposi ng coounterbterinletimanifeld 182 and eaBBmanifol 108} sreasi tn@awweﬁantlalb/ the

Do eai | 1 s D BRRREh A GRREH L insier BE Gt fIB AR SretidfipanerX>

el ectroni Ggad20, reyﬁcatﬁ&;adt\slsﬂawmﬂﬁrcbmﬁtsJe%nd/bhhm drfl tHeNBarifod&eifitan
exanpl e, the drive npde descri bed as bejn the bending node, it is

wi t hi 5t hesseabply paralig] éaSﬁrces ethauely gt qopuitsol036, [103R apsy shewnarexided

nodes. In

T Gces s BLRSA SIS IR OG0 RS ELAE LR, B o
| ead 110, cohddts 1034 emmmtheithe%@ﬁaﬁe@ SQElE hd, fert exampieg btirdi ght1dd Ivke et
103B. It }slilvmthl n the scaop eq% t he present i nvention to produce

mul ti pl e GPFRAS EPGRAATOTG, of 1S M %lr:écm%bespre#ememwneﬁémaze Fsres
el ectroni GEh e%%anvc@: %q%%&g&%gm%#%%%%@o&%&g toocesses | eft and

right velocity sig rom conpute a
char a@er i st| clmme@réslemw)aaglpﬂmb&mam&],e dsive maale maf}dre thx fingd loet ofiphsse
ans that allo

flow rate. ovi des
one o - norERgrEsierEe Lot U ATE e B8 Ch Ph ORI R b pppoRge dFectdI
expl anat i QRo@fthdiPResfdctict bbkdin@ixeRNal! XI5 8ve2 194 19 toGDridone of many

well known arrangeinents, such as a magnet mounted to conduit 103A and an opposing
coil mounted to conduit 103B. An alternating current is passed through the opposing
25  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
30  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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5i s not needed to understand the present invention and is omtted for
brevity of this description. The description of FIG 1 is provided
nerely as w@;@g«ms@ of the operation of one possibl e WditgbhR@sdhhow
device and is not intended to limt the teaching of the present
invention. FIGS. 2 and 3 illustrate a housing 200 according to an

enbodi mentpregespesdess prd Eaht vetpcitipignals diom pick i i 19§, 1’ reommieet of

103a " ToonFRATRHETES Aghlie SIRURAREH 4 07 BIREIE s A8 RRE P26
skill ed i nprbtidesait inpi dndappiuenit aicand that allove onalok nidbtcleétrdties Iowsi ng

may define one or pore openings (not shqwn) for purposes of

connect i ngtiFaFe Wi 2 ﬁ’aerﬁt%k%ﬁp aR3HeR 0§§lemwmafqu§ni@51%electm8a"t0
| east e i :

1501 ecty ot Aot e MGl Ao M iny bl Va0 GifodBE Grpyity gf s
111", whi aleseriptiobeTRI@sediptim of FIG. | isAsroskledvmerdlh s hoesingge 280(e ioperation
provided with a first end 1 and a second en 02, In the_ exe ary
enbodi mentof opR@ossihle FibE eI 3@1&%%@&0&1&@&9# ilinis s e

af fixed t o, gRAt fq9kMich02 on the inlet side of the vibrating flow
device 5 and the second 20end 202 is secured to a plate 304 that is
af fi xed to maniFIGEAd2 483 iliFhveisa wikikink 880 accordiag & &n embtbdlmenmjnhczpresent
t hat Ithouhone pOSlb|eseCIfIC esign.fo ho 200

descr| B° ARESDing 6 688 Aierb bt Ristthe s bp il P wstiE 200c) ose
the Condwé@oﬁﬁﬁ%@es the 36hdulit@ 1 08X AT thediRrep ki, lagd tHepitlBe g bs, okl

recogni ze that is wthin the scope of the present i nvention for
t he housi @oze)siﬂﬂ@ﬂ pethe et Wik dppiscipisdhatitmwald 3 19 héthelhblﬂ%ltl& mgy fdefoe one

25devi ce 5 |t|on

Fur t her nord POt opbiRd: Ghe BT puffstioes oraf Pk &ttt 6% ofh e 3 e
304 are proxk- dﬁ‘@llmm@ﬂraalulay 1k ctnhelrﬁa;msﬁ@d AsrileR 1@ e tll@Z)ne of iRl at es
303, 304 may al so_be affixed to manifolds 102 and 102 wel ds or

ot her lRet Ifétp&ronigh PaGVER 23,40t G, i cHtsUdPnil C20bL.i 14 lswdwh WrY ke RTD

general |y [\t ‘%hap_e it is within the scope of the present invention to
provi de the housing 30with other configurations, such as, for
exanpl e, strai gistshown] the Ggudiag ZMDmfpi@udtﬁiWiﬂms first\é@d 201 and a second end
cuch a5 horlei A MEGBETIBRI, FEPITSG: IeGHN LB 004 SSuie tha PAtb P UL PG
o e oo gk e B e
and a ZBenwnd GoPpckecwkd vo bphtd 34 thhios bffeed $0 Banifoldtlle'. ebtespilalsed in the
enbodi rrent de Ir%éoeg%izettggt a?tﬁ(i)l?ghBor}espossible specific design for a housing 200 is
described, there are various methods that can be employed to enclose the conduits 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
25  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

30  with other configurations, such as, for example, straight or irregular configurations.



5 generally parallel to the axes X and X (shown in FIG 1) about
whi ch the conduits 103A and 103B oscillate and the axis Ais
general |y wot-oagesgd to the axes X, X', and B. Eagh szt atd2anal
node of the housing 200 is generated by a range of frequencies. The
particul ar frequencies that induce any particul ar node are influenced
by a number 100furrizgpgp<o Fich '@gmnssalsu@k@rh@u@ngﬁﬂ‘em vélunidng fow devices,
envi ronme I at
my be | oahha: SPERERARNEAS HAMERAkFor SR Al EnthERR 2L
housi ngs cemtnpia) adust lingited tby alatersl modbast w‘totratﬂclsn ahmde:ns Aedridad ending
conditi ons,%&tC )(Lr,eguenm es that are substantially |dant| cil to the
drive fredbedfcoiodbriian abqgaeis By Taitheex epbpidcap AcRicted; thoayis b 1s
103B. As Fécﬁcraﬁy?hl%ﬁ dlstB axcg'%'ﬁidnﬁs sﬁ ¥n ﬁ]ﬂ?!lg%& v Ve @Fn Mk D
one or noreée ot at occur requenci at are greater
t han t he dhﬂ%earfdr]é)ﬂﬁmciﬂle&: andale ammae geteeaibirorthegomad ¢o thélesee Xt K& and
frequency that induces a node of vibration in the housing is
substantiafly identical to the drive frequency that induces the drive
mode it is diffHehbibritRndERBIASBhENoASSIIRS B BRASKA %%@Eng%fof@requenmes
characteristic of the flow ng substance. 20According to one aspect of
t he pr esenkheqapauilardrequertcirs tha:tusdmg afy partitulahwogde asanfluenatbly apnmbers

{1 equeber o8 TRHD 1A ded St MR L fers R P SRty 200 and

the drive thihpEHRIAG ioestiRdhg WstaRatihe; Bl lo¥RedBdan®ihe\Holsiag DOM FIG.tshe
conduits 103A, 103B. According to another aspect of the present

embodi mentshowheahadnsravipus bousiResesHRInginIBNE YEratipn lﬁa@esméurt redpi epitiins
that i ”d“C%nIh g ﬁ'g 11%}101\&. 91 %tle%ub%t%ntltaﬁﬁ %%Héél (%th% OOQ]V% freﬁD 01ers(%ﬁgtand

do not cross Fequenci es cet
vi bration mdlhcb h&irﬁ/@md&ﬂctlﬁ tHesdAduitOBB AJN0BB. AN FIER gm shgw@ﬂﬁfuaingﬂ@re

conditions. According. to yet another aspect of the present
enbodilfenttyPiesly providrdyithrmeios 17@6%9@@%@8@35%“&%‘%" at ﬁréqwerr@tf@éwéﬁ@s
that indu

i ve 30" ThuahaPRERR0 Mehlles A ik NS ol IR AR Bty tha

condui ts Iodkes aﬁﬁﬁe of Vﬁre&ﬁﬁgﬁ(ﬂ%ﬂﬁﬁ@iﬁ@ﬂ Mﬁﬁﬁﬁﬁﬂll}&ﬂ&ﬁﬁ:al to the driwe ni ng
now to FlI ousm 300, has a

6, a E}gu uch e}%
general |y H?ﬂcé(rt t 'é‘ﬁé] 15hgto gop ‘EaFFearb%Fé’Bm\gﬁ‘f@F‘é““ant

drive md%fb%haﬁa@tegﬁ%ﬂgemﬁrgShBQaMUSI ng has a nonent of inertia
in the direction of the notion of the bending node, i.e., a direction

that 28 gener alAcgomdingtogonaspecoofithe peesérs enbodimens, thedlcalsBsg 200aif thes
Srelati Ve'p¥es|e19t\’\tl§mbodiment is configured so that there is frequency separation between 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
25  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

30 frequencies that induce the drive mode of vibration in the conduits 1034, 103B.



In such a design, as shown in FIG 5, however, the frequencies that
i nduce the housi ng bending node may cross the drive frequencies that
i nduce t hewbenngsdri ve node under certain conditions.pCihgs2doreggaancy
whi ch generates a node of vibration in housings is related to the 10

nmonent of iner a of the artlcul requenc
Wbt ch & mode. of GTBEAOVGR IHectrduniEy b Rbduehes herbing {orsrenaaly
fol I ow ng HAHRE l:x%s %ch@né’l%ﬁéﬁét hig) ui’fhetca& Rk o d}gzeeiﬂé&tl's%be%d%gla
2.2r pA 15 Where: f= Natural Freduency that generates the node |

Morment of theds, thedlolusnng thes alimoawni ohineftiatih éhendicbetiéh of thb dudtis obfhe bending
El asticity =. Densi ty. of terlal 2 Cross section area |
= Vode: naniBiics a2 dirpsigh ol Eeyirufhigron B 6 Shorih S atadh dit B
nodel s st hq-e]’aﬁ{,»@]?%wf requencies for a 25cantilevered beam it is
useful to show that there is a relationship between the nonent of
inertia and thdnmeahue dgsigng @&ﬁl@mleflﬁhathog@rw@r ﬁmér@alu@m& thail lagucsdlere
of vibrati.Q arti,cul arI th Qi n t hes. t hat
25 the moribnsmperdiBs g€ Puedicits S Rt oG R Rl SRRHRLLE,,
parti cul armedederdef carfabtt @nidtonks 1 ncreased. Therefore, according to
one aspect of the present enbodinent, this pr| nci pal may be used so
that 30 the hoUdRAtpagerEyovhighieanceesd mpae phovibibienin hausmes i jshédds the

h F I
|t ?nt . gif)lcgﬁﬂmﬁﬁﬁt g%rt;?e{e %ﬁﬂ ﬁm%r%% ei\/{ﬁéfrﬁﬁ’aﬁ&ﬁérﬁﬁ% P4 quER A R e tholf bs
2009/ O7888@Wéﬂﬁﬁﬂﬁs7m@ﬁ8€mdeled based upon the following equation or a variation of

the following equation.

Y2z \ pd
15  Where:
Jfi = Natural Frequency that generates the mode
I = Moment of Inertia in the direction of the mode
E = Modulus of Elasticity
p = Density of Material
20 A = Beam cross sectional area
I = Mode Number

A; = Eigenvalues

Although the foregoing equation models the natural frequencies for a
25 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 tcaches that as the moment of inertia is increased,
the frequency that induces any particular mode of vibration is increased. Thercfore,
according to one aspect of the present embodiment, this principal may be used so that
30  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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t he bending node is the drive node and the frequenci es of the housing
bendi ng node tend to cross the drive frequencies under certain

condi ti onsyotg®heesi Nng 200 may be provided with a crosgragesir ARt
shape that is generally oblong. Mre particularly, as shown in FIG

4, where the bending node is the drive node, the housing 200 may be 5

provi ded whe herding mode idbe dl@walmoglm@rpleth@ fegquéns ieg o dredionging berding mede
pr ovi ded wﬁﬁ&] toabrx\%sqﬁpﬁirwe {] ?_lqult_ancm gﬂcp I cerEanE ﬁonrzp?c?ngg 2 h ﬁsela n(?) Ltnga t he

width W erein extends in

t he bendi ngovidedwahd drbis- swd:tnal éﬂbp&kgemegeaéﬂauy @bIthgCM@He ptaﬂmmaely, as
direction of the bendi ng node. follomnng such an approach, the
noment of shawptip E1Gf4, Mb@%@@bﬁ@fbﬂ%@dﬁ & theErivaBede.dpriousingsHOwRay be

FIG 75 0v1§§c?ﬁv?tﬂ%'c?§ss SQ& fondl: hﬁﬁf?ﬂﬁ?l tggﬁcr?ﬂfflg%l 8% %13{& Iggmeﬁ Wi hrh &nﬁh

hou3|ng e requenC|es

Wil e i n tWeandradeng$. thxangkeres gfeatebamdlth\gwimlmw W@dmdﬁlﬁbng/thmre&méxﬂs
tends to he praobl emat% t he q%artl ((f nodes of vibration
that tend 'PdedEsaonpt motippofihe bend; el%h:' B H’éd‘éﬁ@l Wris genpsstheprthpgonal

factors, ﬁm ﬁ?ech&?f)f?lﬁ%gml mtotaga 39@ ﬁtgggl Aﬁ@g&)ﬁeht égmlﬁéﬂ?of

shape of t he housi ng, e par I cu ensi t
and t enperia¢rtin of thadoosidg A0 is, in¢rhasepand, |asmhawn hoEKj. g the(frefqugtme];tthatn

Scope B (UM FE RIS SO BEGha (Robousiiameast Hp Aabrics s niee e

enbodi mentj{ephgdes t he housing 200 provided with an obl ong shape, it
is wthin the scope of the present invention to utilize other

arrangenent s 20Whilkain the pregious £xamoplertby bordisshngingByodeanf Vdﬁraéoaawpﬂsato
t he thick ess cro%F?sectlonal shaﬁe of

et ed OF aFmE B BESoIE R PSSR e iR hae S tost Bighthe

node in tmlvequllzﬁgcmuhm off FRUME NGLIESs, fbiadxa Iheﬂ‘ﬁ:tsﬁa d6F the
drive node under correspondi ng operating condi ti ons. of yet

anot hdP exanfiiEs), farshiranidhe housng themseriquigrsirivensude; the tﬂmd B aptde
and the f r g&% esA%}c%?%nélgdtﬂg ﬁalltit.l%lz&' %l?Stil‘l ncgoqlg gt\%ntlon tﬁagﬁ‘gg%gﬁls&ptomy

tend to CI’OS equenci es,

stiffeni ngtvﬁidrfﬂﬂllilerﬂ@&rlm‘jﬁgbﬁﬂ]afafy wettin tﬁblﬁd‘bpa%fﬂié phededli iAQention. For
housi ng 300. The stiffening menber 400 nmay be provided with any shape

that stif feeMEPk #&%gwh%wqeqt ﬁ@be@w@t d%ﬁm Q%@d??ﬁﬁlég 280prayided with an
l[imtatio

descr | pt | CRIpRERAR, RI0uARRHE LoobOBP e RN hledobtto Rl RnB R B monts
art BQOhomhatgrmkefrmﬂnQS@omsmg lﬁ;sbvaymﬂexam’ﬁplé hie ihivkeeadsi @ rroskaectiohel

purpose of, 3Gl ng.h aYFILL e Bcingl Pk, Sore convent onal Aspect s
2009/ 0788%@3@&9&%&9 h %%%%Qné ko beded Ehetfpéﬁtl 2 c,tles"‘lhéﬂ geﬁ@[ﬁfeecﬁl? aﬁ@e mode

variations fromthese exanples that fall n the scope o
i nvent i on.under corre§fivadmgtopetabidg desbnongst iByngaybf ydi en@tbmaemhodammaﬂy

t i f all di nent
the T nventBREs (6 it ToEnTIht Have Oapeanst PaaRau ks e Giuer Haud! mode
persons skij tﬂe%ublﬁ%iiﬂéﬁ t8Hd toWrdss Wilcae Gh%@frbﬁt?éncﬁ@ s @hdwie hEPRN S 2 Of

t he above-descri be nmbodi ments may variously be conmbi ned or
el i m nat edtiffening ewerber 40Q m@}f be afodilnmeh o5 bamglding o & hpwsinge300. The

enbodi ment tglffér?ilng mvénn}brf]:{“ 206 may tpow(%'a wi lr?glgthlhages 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
30 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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of the invention. It will also be apparent to those of ordinary skill
in the art that the above-described enbodi nents may be conbined in
whol e or iwoRaddorégao creat e additi onal 10 enbodi nents wddhk6dRsLe0Pe
and teachi ngs of the invention. Thus, al though specific

enbodi nments _of, and exanples for, the invention are described herein
for ill ustﬁkalﬂqd\/lé thaarhybapprecstp darsat@aa iipg) Bate erouplas dhatifghwithinghe scope
possi bl e v%ftt HIIF&?O sScope of the invention, as those skilled in the
rel evant art w recogni ze. The teachings provided herein may be
appl i ed to ot herheakehoidi mt'@tlblﬁbaf thehﬁiﬁﬁedﬁﬁ;bdnﬂmd; akb nafomeusaind shown
in the acc%érrpanyl ng _figu Accordin t he scoPe of the invention
i's det er m$aerntiogspf plbe 1) 181;5pﬁé:ogqeg{p ed bxhe inventors to be within the scope of

200910283808l IERERELE A Ml arten Aok AL LA Bvadeopr

(5), conprising east one conduit

one dri ve thd 8djve-denctitet dndadimanempy admcﬁmhffbe(dhﬁkﬂg]n&nﬁ e)ummttedm (neattéle
at least one drive (104) vibrates the at.|east one .conduit

103B) at oHENGe! uheh, 0 ppdfiihes ST P13 ko ERCgps
(105, 105'gr (REASEHRS, UPRilTRES BOaHardnb & @bsd %Hm%%kﬂpﬁcmé it 12 theat

| east one housing (200) that enconpasses the at | éast one drive

(104), t heﬂbave-ﬁmgbecbnequﬂlmnmﬁmay(bm‘@mbilmﬁ ih whahalorah pheds treatepdditioosl
of the1 r@ |t 10(‘18 A lOSB thWherel n a cross-sectional
shape & t%o m? %gvf cﬁ(iﬁ?g RY feshiass fé CONFR Rt ed to affect a

vibrational respags#thanch yaeiRiembobRndts deasd cxARHIRAYS tnSedtRB Qe
nodes of vibration occur at frequencies t hat exceed the one or nore

dlr ive fr e\j\uﬁg@‘?fd:ieéélerem forhlléusbrlabvmurn@ﬁes,l ‘@Woﬂ%wlu‘éal‘(lﬁ)m&‘dzf&@ﬂdnmqemgss1b]e
1
ohe condut Ts o se0f S FvRhioE Ra Mest Fofad A4 raifapPish Sl fofhind. oFRE

teachings provided herein may be apphcd to other embodiments than those described
15  above and shown in the accompanying figures. Accordingly, the scope of the invention

is determined from the following claims.
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3. The vibrating flow device (5) according to claim1, wherein the
cross-sectional shape of the at |east one housing (200) is
substantially non-circular. 20 4.The vibrating fl ow device (5)
accor di ng V828094784801, wherein: the one or nore drive PCBORENBERH)
vibrate the at | east one conduit (103A, 103B) in a bendi ng node of

vi bration WCFKI? at | east one housing (200) is provided with a
Cross-sectiona ength (L) that extends in a direction that is
generally parallel to the direction of notion of vibration in the
bendi ng node and a cross-sectional wwdth (W 25 that extends in a

di rection that Ayibjeling Bew deviee GOg@wenTising: t he direction of motion of
t he bendi ng nodg; el . i h\O he .crossyseckional | ength
(L) exceeds th%%(ljcla\ré\rgoﬁig égﬁd%P &toﬁér’rgdr%;és)s Qtslgézsttl %ehg V?/\ﬁg'f' ﬁ%{l@\fﬁegs_t ?Heép%}('

vi bratisng ¢it (M50 e03 Y, eviiepgin g ehisgne drivel (204N vibrath eiecit eadt Giid doheit Ng
menber 30 (400) is affixed to the at | east gne housing (‘200} to ,
i ncrease t(AR34¢ 183818t anger mee dstygdiequencies@pd thagdleast one pick-off (105, 105°)

2009/ 0788%.8%@%’{%%8&%%%% lgast-mﬁe E&%{Uﬂz 51{19 fl ow device (5)

accordi ng hi'ckness’ and/ or a cross-sectional

shape of a wal lat [e3d&@nedbusihg (H0) tirasiconipasdes tiri 40 Gabi2st)drive (564 etk ed
wherein the at Ieastéﬁséhou ing's nodes of vibration occur at

frequenci €83 %ﬁpiél_f(@ 3¢ n@IbRt Ieast pertion &F thee iranicaneconduly  The
vi bratgng (i 63()1-%1 9’.?%’), Wheferd a @&%Q?%ti’%ﬂaltsﬂaﬁé e %leé@? Sﬁ@héhsh@%éﬁb)iﬁ ating

fl ow devi ce a Coriolils ownet er® or a densitoneter.

vi br at i ng chhihgurdeétd afect 8 vibratomal fesporge addwhereatht ableest 0aadonding’d (2RA)
103B), at I%fst }%g)e drive (1%%), and at Ieaﬁt one pick- off (105,
105' ), wh&esieR of Kibration asguat freguencies dhat s5eprd Mg B JuqrR driye fipgupstiegne
conduit (103A, 103B) at one or nore drive frequencies in a bending
node of vibration and the at | east one pick-off (105, 105') neasures
the noti o@. of The vibratingfiaw derdce (P dogardipg @B#aim 1, wherein the at least one drive

15 (104) vibrates the at least one conduit {1034, 103B) in a bending mode of vibration.

3. The vibrating flow device (5) according to claim 1, wherein the cross-sectional

shape of the at least one housing (200) is substantially non-circular.

20 4. The vibrating flow device (5) according to claim 1, wherein:
the one or more drive frequencies 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 vibration in the bending mode and a cross-sectional width (W)
25  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 widih (W),
5. The vibrating flow device (5) according to claim 1, wherein a stiffening member

30 (400) is affixed to the at least one housing (200) to increase the stiffess of the housing
(200).
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103B); 15at |east one housing (200) that enconpasses at |east a
portion of the at |east one conduit (103A, 103B), wherein a
cross-sectional shape of the at |east one housing (200) is

configured ffe a vibrational response and wherein the at | east
one housi ngaﬁoﬁ'%ﬁ%s%des of vibration occur at frequed&reS240pYs210

exceed the one or nore drive frequencies; and 20the at |east one

housing (20@) is rg% } 3 P i l.epgt h. (L) .t hat
extends in ?di ré[él;:% ?\ésn tha?bxiwsa 6318%33%?@{8%?@?%’ lt‘gg?rﬁgl %ﬁ%@ﬁsﬂd{?ﬁ' a
moti on of vichrsatsegionakshiapeotewdll (] 0yod ehean thast dHe0BEsIEE (2000 deldthedt

(W that extends in direction that {s geperally orthogonal to the
di rection o%"%r%?? i}“r‘? a@i‘“ﬁ%@%@H&Pﬁ@ %Qdfé,ogméat@pmcw@ diequensiesthasexeeed
Cross-sect i @ipadnel@metrB dfite feYseeAs _the dinmension of the

dth (W.

cross-sectional 25 w 9. The vibrating fl ow device (5)

according to claim8, wherein the cross-sectional shape of the at

| east one hogusi 200). i s, substantially non-circular. WO
20091078880PCT] @E%‘()‘%%’é‘é%%" i) Geasidivg HFlaimbly vdieyeia éhy wiprating flow
according t Bevide(syisth COBGSwRellbrkagRRoARMLOT a cross-sectional

shape of a wall (210) of the at |east one housing (200) is selected
wherein the at | east one housing's nodes of vibration occur at

frequenci esg t hat he .one nore.drive frequencies. 5 11. The
vibrating f1ow e\%ggt%%sémﬁg@g?%l@gcqn@rﬁuﬁm 8, wherein the vibrating
g

flow dedi ce (5) atfeadt daRIdopliis (TOBAIBIEY, 20k ' fe bick-
met hod for fabricating a vi blr Eiti ng f@vwf‘ﬁle‘{‘}'?gg@?@ﬁ%@?% %??gf%éttoﬂgpmk
steps of : 1UbtIEi HXil Whergin the at depst enendtiviet(104)08latet G35 leat odecatuione

e Nl e A bl 55t el e
condui t (1088t odd)FER-ofl (105161 067) iedsered the/Rofi GEAURESI 1855t BRE chltfiidi 034,
| east one 103B);
15 at least one housing (200) that encompasses at least a portion of the at least one
conduit (103A, 103B), wherein a cross-sectional shape of the at least one housing (200)
is configured to affect a vibrational response and wherein the at least one housing’s
(200) modes of vibration occur at frequencies that exceed the one or more drive
frequencies; and
20 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 vibration in
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
25 width (W).

9. The vibrating flow device (5) according to claim 8, wherein the cross-sectional

shape of the at least one housing (200) is substantially non-circular.
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pi ck-of f (105, 105') is configured to nmeasure the notion of the at

| east one conduit (103A, 103B); 15providing at |east one housing

(200) that is configured to enconpass at |east a portion of the at

| east one c i 3A, 103B), wherein the housing (2 i

confi gured ggp#h%@%f?cr oss-sectional shape of the at I%g)sf'{uls%'ﬂrg”ssm
housing (200) is configured to affect a vibrational response and
wherein thel@t | &hstiboatimgfuws dedges(5) 206rding eedaiaf 8, wviksréihiaahicRA&s andbr a

frequenci es that exceed the, one_ or drive frequencies. 20 13.
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Vibrate the apy ot AFleRs onERTheARR pily Bt bibn bl B GeAbEE iy proced
vi brati on. @sbiedhmonedtioxdiréqprentiatri cati ng the vibrating fl ow device
(5) according to claim12, wherein the cross-sectional shape of the
at | east” one housing (200) is substantially non-circular. 15.The

met hod for bri [FaTepe | Qnadai (¥e aG [Pralope
claim12, S%EV\he?gcit‘h?ﬁnh’QQOWhe at (Pg%‘jsc%) f&éﬁr‘ﬁgﬁ &?aﬁ@es(’ ?)f(?zﬁjq'ﬁﬁ{seq!ég%{;l%l%g?\gd
t o vi brat e ddvecedd) IsedSeriadisdlovonetar or { déBitomat&3B) i n a bendi ng node of
vibration and the at | east one housing (200) is WO

20091078880PCT/ US2007/ 088210 provided with a cross-sectional |ength
(L) that extxendsai ' it L ' : .
7 et on of ot Seteddor REHEAe 4 b e p o bRl he i 4 of
cross-déct i onal previding af epstionaconduiefld3Aj 103B)datdexst omndriveati 04) and at least
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fabricating_the vibrating flow device (5) according to claim12,

09 .
wher ei n a 6o h] Idg 1 B nEscgonfigowy 1o sneasure shecmetion dfdh¢ atdlsast onechsivii ng
(200) to ira%sg@sl%%le stiffness of the at | east one housing (200).

15 providing at least one housing (200) that is configured to encompass at least a
portion of the at Ieast one conduit (103A, 103B), wherein the housing (200) is
configured so that a cross-sectional shape of the at least one housing (200) is configured
to affect a vibrational response and wherein the at least one housing’s (200) modes of
vibration occur at frequencies that exceed the one or more drive frequencies,

20
13. The method for fabricating the vibrating flow device (5) according to claim 12,
wherein the at least one drive (104) is configured to vibrate the at least one conduit
{103A, 103B) in a bending mode of vibration.

25 14.  Themethod for fabricating the vibrating flow device (5) according to claim 12,
wherein the cross-sectional shape of the at least one housing (200) is substantially non-

cireular,

15.  The method for fabricating the vibrating flow device (5) according to claim 12,
30  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

15



17. The method for fabricating the vibrating fl ow device (5)
according to claim 12, wherein a thickness and/or a cross-sectional
shape of a wall (210) of the at |east one housing (200) is selected

wherein the at | east one housing' s nodes of vibration occur at
18. The

frequencies th ed the one or nore drive frequencies.

net hod for P‘é’o’%%@?ﬁ%ﬁg the vibrating flow device (5) altotgrigrsEse

claim12, wherein the vibrating flow device (5) is a Coriolis

f 1 owret er opreavidieingith eweisesectional length (L) that extends in a direction that is generally
parallel to the direction of motion of vibration in 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)

5  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).

10
17. Themethod for fabricating the vibrating flow device (5) according to claim: 12,
wherein a thickness and/or a cross-sectional shape of a wall (210) of the at least one
housing (200) is selected wherein the at least one housing’s modes of vibration occur at
frequencies that exceed the one or more drive frequencies.

15

18.  The method for fabricating the vibrating flow device (5) according to claim 12,

wherein the vibrating flow device (5) is a Coriolis flowmeter or a densitometer.
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