METHOD AND APPARATUS FOR COUPLI NG A CASE TO A VI BRATI NG FLOW METER

TECHNI CAL FI ELD The present invention relates to, vibrating flow neters,
and nore wanvicuh@msl y, to a nmet hod and apparatus for coRpPTiUSgV/0eE@ESE t 0 a
vibrating flow neter. BACKGROUND OF THE I NVENTION Vi brating flow nmeters
such as, f den s f neters for
nmeasuri ng &%ﬁﬁtwpﬁ?ﬁmnfbgﬁ §§Q§ﬁ”aﬁ%‘é§4 %T{%gygﬁﬁ

density, mass flow rate, volune fIHHWMWAMETER alized mass fl ow,

tenperature, and other information. Vibrating flow neters include one or
nore condtECHNIGWICRIBEY have a variety of shapes, such as, for exanple,
straight, U shaped, or irregular confi %uratl ons. The one or nore conduits
have & set of H®tRACSINtVIEINEON GRlates desyi I%@gtﬂﬁ%@letﬂé{ ankheER Bartisplgpy eto
bendi ng, r upI on nore conduits are
vi br at ed %1% ﬁ]loa gsappone%cﬁ)l verph%g Ca?eson%?‘?%an @%Vﬁggect% in one of these
nodes for purposes of determining a characteristic of the flow ng
substance. One or nore neter electronics transmt a driver signal to the at
| east oneB4£ et I NN magnet / coil conbination, with the

magnet typical| eln affixed ta the.conduit, and the 0|I e af f.i xed to
A mounti ng strY %{% IS e R e RIS @Hﬁﬁ@?\?}&e@%e
drivap t an¥kRr atceuidie f&nﬁle%urﬂ?' a aenRdibbSicabs tﬂb%ﬂé's‘ﬁ%étaﬁé&%ﬁ&?ks' foit he
driver node. For exanple river signal may be a periodic electrical

current taxampid, tdeasity, onadseflewirhte, Ablunea fibworate, pbkized nade tflest, semperamotj on
of the condui t(s) and gener.ates nusoi da i ck-of f sign representative
of the GHhgrinfargagippy é{lgW&né gwdmrte tey mdwfe - 1[pKe qog%t%.%@?h ynay
magnet/ c C h t a ei X

condui t ging %e co%f cgcr;Sh eE |xe gaqgle exﬁ%ﬁ'tl(fn%tjr% 11& Ul’%;%fl’ (ﬁdntrﬁ%ﬁﬂgr

condui t. cbagigptationof f si gnal i's transmtted to the one or nore el ectronics;

and according to well known principals the pick-off signal may be used by
t he dAe or norehcePre pF B1re songits have a set of natural vibration modes, including, for

example, simple bending, torsional, radial, and coupled modes. The one or more
conduits are vibrated by at least one driver at a resonance frequency in one of these
modes for purposes of determining a characteristic of the flowing substance. One or
more meter electronics transmit a driver signal to the at least one driver, which is

20  typically a magnet/coil combination, with the magnet typically being affixed to the
conduit and the coil being affixed to a mounting structure or to another conduit. The
driver signal causes the driver to vibrate the one or more conduits at the driver
frequency in the driver mode. For example, the driver signal may be a periodic
electrical current transmitted to the coil.

25 At least one pick-off detects the motion of the conduit(s) and generates a
sinusoidal pick-off signal representative of the motion of the vibrating conduit(s). The
pick-off is typically a magnet/coil combination, with the magnet typically being affixed
to one conduit and the coil being affixed to a mounting structure or to another conduit.
The pick-off signal is transmitted to the one or more electronics; and according to well

30  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 driver signal, if

necessary.



determ ne a characteristic of the fl ow ng substance or adjust the driver
signal, if necessary.Typically, vibrating flow neters are provided with two
vi br at i ngwoantui4#@3t hat vi brate in opposition to each orhenszevonessr to
create an inherently bal anced system As a result, the vibrations from each

conduit cancel_ each other out in a manner that prevents _vibratiop. or torque
forces from béf%ca{hryaﬂgﬁ?%%él%%ﬁﬁ‘ifsé%ﬁ&‘ﬂ %Wé?lr%t yraating cReduigdhatyhen
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canceled in ow neter because the pick- gener y neasure on

rel ative ambilgnhdeibaeonstiian thewedndbéscanedidaeix bicnahd iyt a meee dhatippgvatsons
tend to vibrate both tubes equally. There are, however, certain

appl i cat iVOPEtighepl tatmle &yseriftemapeingnéessmiisieto fagy seangstiag siectuigs.
probl ens wth. pressure drops or_ cil ing. In. such siktuations a.single
Condurt S5stuibnEhok o L ot Pege b ol BF b ThPa B aliel ¥ fis em
may be, slafedled GPMEUdw PHSéreiRaleaRi€ Bickl sHReE@TtkallyTR@hANE BnRI e Ri&B®motion
Attenpts at solving this problem have invol ved using a bal ancing structure,
f or exandletween thenftywt wbes, omdaeXsanaly endared whchtioss rend be viwateorothftubdse

bal anci ng structure to pal ance out the.system, Since, h ver, the. gverall
maseof " e find Hefé- R, BOWEV e nectHiG AP USRS WG HitlecongHam Giss e e
density g hgmblelidde Wol ftoBlehiiewi DS SRANABSHs SNERESCNH Bati

t hensel vesr havef)re’eceieveaﬁﬂo?r% te\é/ S cgess al?o%eslglt)rri nggi %g I mba a?llcea l|c?rn(s)bal ens.
FI G 10 deymgle soadisi sygtoen amgdeidestrytde. vi brating fl ow nmeter according to the

prior art. As shown, the flow neter includes a case 106 encl osing a bal ance
bar 102. The HAPHAYSE SRHIOEHA S |GORAWI SyBLCHh dNBh Ao SERIE Foadit systems

ahtch ar STt Rl {FpRRhb R DCR B Yy BY b PRORIE 08 i vea, o,
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case 106 to‘flanc};]gs not shown). Conduit 101 has an input end 111 connected
to an opendtien phthedstanshg storztuaa e brlanis puthendtan? Stmenbeverrt Giearvempeni ng
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vi brati ony@finGRA G cHidded, Bhdddi tocIBN@IRI 8 themselves have received limited success
at eliminating imbalance problems.
FIG. 1 depicts a single conduit type vibrating flow meter according to the prior
art. As shown, the flow meter includes a case 106 enclosing a balance bar 102. The
20  balance bar 102 is cylindrical and encloses conduit 101. Conduit 101 has active portion
109 and inactive portions 110 and 110°, which are defined by the connecting rings 103,
104 of the balance bar 102. The inactive portions 110, 110° extend beyond end
elements 107, 108 of the case 106 to flanges (not shown). Conduit 101 has an input end
111 connected to an opening in case end 107 and an output end 112 connected to an
25  opening in the case end 108.
In operation, conduit 101 and balance bar 102 are vibrated in phase opposition by
a driver D. With substance flowing, the vibration of conduit 101 in this example
induces a Coriolis response in conduit 101 that is detected by pick-off sensors LPO,
RPO. The phase displacement between the pick-off sensors represents information
30  pertaining to the flowing substance. The signal output of the velocity sensors is applied

to meter electronics circuitry 125 via leads 122, 124 that processes the signals to derive



i nduces a Coriolis response in conduit 101 that is detected by pick-off
sensors LPO RPO. The phase di spl acenent between the pick-off sensors

repr esentwoi2onfoor4messi on pertaining to the fl owi ng subst aRCE/UST#L/0g68gNal

out put of the velocity sensors is applied to neter electronics circuitry
125 via |l eads 122, 124 that processes the signhals to deriyvethe desired

i nf or mat itﬁﬁgswqda}mfﬁrﬁ&tl% PEHAINN fﬁ@ 8¢ aHedancsy dirhas fobFXanpled 19938 mass

flow rat eg,@rA8Nsidnkit ,aaWsé&s i L%, etc. It is necessary that a vibrating

flow neter provide acturate information over a wi de range of operating
condi tions i ndt idhagssathshane ebrafingdiflbhenetdr prenige tagcuraenpdoiiation, ovand
viscosity. In order to achieve this, it is desirable that the flow neter
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the activ ndurtp ron nc use Vi brations ex

to the vi(?'eadt@rsxfabs dvema Wiglehef conditiegd biv bRRr b bickidventiPfstabeyf iow
nmeter or from another source, such as a punp, inposes additional

accel er atdeshigbloron the flowwhetgr sitbstiemde teeisp fohte Gotivelcosdut pettmnatridon
used to qgﬁernine thg fluid.c aract?ri tig@%o% the fl ow n ubst ance.

Exter nal QA BIEEY URMaPEE e SBEFHINS A& AR R OR SOpUP e Yl TRART B MES st i on)
def i ni ng thb & iBatib¥e off RRYtHLWImBE of ARSI dnothkh Susdd &6kh 18 Hiphbdf Uhipok&
conpensate for and is subject to unknowabl e paraneters such as the'rigidity
of tHO stadddiamabatceloshiiats drhthenfiiveingisasbaomreclodsetts tie Coridlingtoeleratiatessaded

vi brations jnpede the abhility of the flow neter to provide accurate output
i nf or mat i BricFEFARYMegTHIdeharasirisgcs ab dicafiewingpubgtangg-¢ Eéfqr%ﬂpwﬂéra&pn %Yi ng

| hal anCG R R iRks R %0810 £NBNAGR0 L Tad i 1SS b Olenblieof it @

i nvol ve ustin he ra e vibration condul t

rel ative doadtine Thhr affe@nisadiifictlide edmpéiRarofiit afiddk andfecs tto Uaiknbdablen
bal ancing a structure, nonentumis what is being balanced. Momentumis the
product dfargraetersafechy @p dbe tygidindoly Hreosirustuies tervlpek t the naeter os védmgetedn

anpl i;ttude, Therefore,, altering.the.vibration anplitudesratiq alters ter
ba arde. Ageorpigiveis i HERiGuS infocte s oty i P S R i bRy

| ocat ed idehEe) oRpt ihﬂﬁrrféﬁ%ﬁr@gar&iﬁlg tROHBH A DAIAREe st ructure were initially
equal and then the mass of the conduit were doubled (for exanple, as a

result of a ddirsirtayt attampiasesélminghientfalaricd prdhlbing thdterisoddaite rhartdeem the
reduci ng ({errll(saitf?l roTPlcﬂet Hl(ljiﬁ 1850159 %djusting the ratio of the vibration amplitude of the conduit
relative to the vibration amplitude of the counterbalance structure. In balancing a

20  structure, momentum is what is being balanced. Momentum is the product of mass and
velocity, and velocity is proportional to vibration amplitude. Therefore, altering the

vibration amplitude ratio alters meter balance. If, for example, the mass of a conduit

(including the fluid located inside) and the mass of the counterbalance structure were

initially equal and then the mass of the conduit were doubled (for example, as a result of

25  a density increase in the fluid within the conduit), then reducing the amplitude of the
conduit by half would restore balance to the conduit/counterbalance system. In practice,

the combined amplitude of both the counterbalance structure and the conduit can be

controlled by meter electronics. Accordingly, the conduit amplitude may be reduced to

a lesser extent and the balance structure amplitude may be increased to some extent until

30 in the above example, the ratio of the counterbalance amplitude relative to the conduit

amplitude is 2:1.



conduit by half would restore bal ance to the conduit/counterbal ance system
In practice, the conbined anplitude of both the counterbal ance structure
and t he cwocoioi4¢md be control |l ed by nmeter el ectronics. PATASR@O0ISH2 t he
conduit anplitude may be reduced to a | esser extent and the bal ance
structure anpljtude may be jncreased.to sonme extent. until .i.n the above
exanpl e, the rHitg tesace‘fw%q%én%wMa%&ﬁ%@eaﬂﬁﬂhm@wtw&sa}ﬁe@én the PHY ¥bRdui t
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sof t ( spriib@tinatsehictime ivolatddén ktea is alwdiatbatanciebr dtor rgasipidftaisingslimt ed
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masses Wejcewa@athd medse.i f ahé Athss tge Yo BE ahdrofscampldi thbd8aseés Wk hgieh gased
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as a conse nc the ne sigjon . of the no on the Lin uld rel ocate
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meter is fhhih bARJAOdgHELQCAL b @Bndcquénde! aRl &Ry gﬁ’ﬁ'tieﬁ oflihe hb@VoiTRiEr
designs that utilize self-balancing single tube neters are simlar to a
tuni A§ f epkinghesdd nclongtetdlorer its thhkbrgatmays. sSElud vibnatofg sthetddeaf & utbeatirtighe

other tine is the balance structure, and the handle is the inactive

sect i ons W pgdersip gipilaspang prdsitRlpcatien B Preeledtruct ure to the case. In this
configuration, di i : il r ko deer Lis
anplitude and l?rgdgr%rgg]eos%t eet&ggr%?‘??sugg?c?g fh? %g@g%@%@%g&g%gﬁeﬁgrﬁﬁgﬁ F{/e at
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the increased mass. The result is that the handle vibrates with the
| ow nass titienis, the fbajanse steare.nandh disdhandle iy thei wagtiva sepsieds of Hee oy deheon

frequency. rises, ereas if it,is |oqgsely cl ed the frequen drops.. This
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vi brated in phase opposition. The ends of bal ance bar 102 and the conduit

101 are owdpl fsdmigyly @b breejuhitimen of thgswbOBies 104 .the hawdtle,welocatee up the tine with

the increased mass. The result is that the handle vibrates with the low-mass tine. If the

vibrating handle is rigidly clamped, the vibration frequency rises, whereas if it is loosely
20  clamped the frequency drops. This is a problem with flowmeters.

For the flow meter of FIG. 1, the vibrating system includes balance bar 102 and
active conduit portion 109 which are vibrated in phase opposition. The ends of balance
bar 102 and the conduit 101 are coupled by connecting rings 103, 104. Inactive tube
portions 110, 110” extend unsupported from the connecting rings 103, 104 to the case

25 ends 107, 108. These inactive tube portions correspond to the tuning fork handle. They
are necessary and they are unsupported because they are the soft mounts that enable the
amplitude change with density. However, they vibrate like the tuning fork handle when
the density of the fluid is changed. This is undesirable since the vibration may cause the
vibration of the case 103 and flanges 106. Because the vibration amplitude of the case

30 103 and flanges 106 is dependent upon the stiffness of the structure to which the meter

is mounted, error of unknown magnitude can be induced in the flow measurement.



portions 110, 110" extend unsupported fromthe connecting rings 103, 104 to
the case ends 107, 108. These inactive tube portions correspond to the
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active | éngattsiGurdaseselcTiwnf or ther flyidi n&be iadditionbleCovelis @ﬂ@lctremh asth@f part
of the VI ration and that bendi ng.notio arts Coripolis celerati

Che 11 u d0dnin S saP e arorogi i ALl Bt et nercunadht SR b act s
from the peipgidd MieEeY l%ttm%dft& e ﬁ@%ﬁﬁe aﬁ@@t@ﬁ?eeaﬁq%trdfghg bAXitighdihcybigh the
neter is attached to the pipeline affects the amount of the additional

Cor i d0i s amcclefatioat ittame it her evaiystonocompgnsate tanphensddatiboroft the nedescaflhon of

t he nodes. This rgl ocatio E f the nodgs further degrades the neasurenent

accur acy .relpgatien pisthg hacgraden BF M3 CRRNRANTASH- t hat does not
change the net L ¥ne ! 0 I are
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the axes sohditioity. ahaRginagtivd @oftink Afl the Foe ecrineCdnOfraihbé té lrofadlon BbbEt 1 S
because the so-called inactive tube portion has to bend in order to create
a Cori ol itBeincxes, ethatrmdﬁs icAn thp@vef Ppijapd daaviy m@eawmith@ﬁn@@ngm@othge@@rlqhw| ty
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that the tube is left free to rotate about its axis, but is substantially
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overcones this and ot robl ens dvance in th
Sbeen used m Coriolis ﬂgw meters. 'lahere ore, there is a need in t%e art for a system that

can couple the flow tube to its case in such a manner that the tube is left free to rotate
20  about its axis, but is substantially prevented from changing the active tube length. The
present invention overcomes this and other problems and an advance in the art is

achieved.

SUMMARY OF THE INVENTION

25 A vibrating flow meter is provided according to an embodiment of the invention.
The vibrating flow meter comprises a flow conduit. The flow conduit includes a first
end portion and a second end portion. The vibrating flow meter also includes a case
surrounding at least a portion of the flow conduit. The vibrating flow meter comprises a
first case connect. The first case connect includes a first portion coupled to the first end

30 portion of the flow conduit. The first case connect also includes one or more
deformable members that extend radially from the first portion and are coupled to the

case such that the first end portion can rotate about a conduit axis.

5



achi eved. SUMVARY OF THE I NVENTION A vibrating flow neter is provided
according to an enbodi nent of the invention. The vibrating flow neter

conpri seswa 20loomesondui t. The fl ow conduit includes a fiPCStUSeovd/opessti on and
a second end portion. The vibrating flow neter also includes a case

surrounding at |least a portion of the flow conduit. The vibrating flow
meter conprised &SFi paprlehder chnHBEINETHEW iPEET daskro¥Blte d6CqrhidRu st
first poréxﬁmi&%@&?ﬁné fﬁv&ht?orf | 8l &0d BRRd: Q;g isE§‘g ﬁx‘sﬁg%@%déﬂ ted A
first case connect also includes one or nore deformable ers that extend

radi al |y doupla fohe 1&ast atpopoi bda fisvd canduit olpé @akd eorinbet 1S eomptibest hiat oit he
first end portion can rotate about a conduit axis.A case connect for_a
vi br at i ngnéteodefapnehlc inepervi dElae detsmablegmembsrs exisadiradiatly drom he first
i nventi on, The nn [Lses first portion adapted to couple to
at | east paortpl)%r% ?ﬁcg%r%oa?g%tegﬁéagg%ﬁéfqa‘?%sg‘ case connect al so conprises one

or nore def or mabhethdB e rsalanthe; defibfiimBl BoWerRes Sis rbeiiddr /dbalihy tbram t he
first portion and are adapted to be coupled to a case. A nethod for

bal anci ngrabodimeait dihidefinosntiont efhd Soproetcd et ledss or owgcondurwignbdasinenst  of
the invention. The flow netfer includes a flow conduit with first end
por ti on e aad GraacSiepbpertih: 28 at wEugRiCHHarg s foealing i3S ¢ on
of the flQwigendehd mdhsd Whiedes MPLicH S LoHIBLER Bl 5OMRLI Hi0a ki ale
portion of a first case connect to the first end portion of the flow

conddi0t . cbneected Miodfisst swd portjoni febe flbe @indpitofThe anggthodglsoremprisethe step

def or mabl e, nenhers that extend fromthe first portion of the first se
connect tY wﬁgﬁe&%@%éﬁor@ OIPI*?@?Q mﬂéﬁebeéﬁw@abéﬂepé Arashg éf%tp@r%%ef ?hf

condui t j A r.gi.n ?1”1] L,av ' i i ng
fl ow met ﬁ%ﬁ%ar?ﬁr%ﬁ’ggg& té\qﬁﬁgg% ec%lr?hﬁclh I ggﬁgﬁ%r}fgf)%ﬁ%ﬁrésa? Ig)%é ggcr’l%t?dogblg({n a
second engigortion; a case surrounding at |least a portion of the flow
conduit; a first case connect including: a first portion coupled to the

first end portion of the flow conduit; and
15 ASPECTS

According to an aspect of the invention, a vibrating flow meter comprises:
a flow conduit including a first end portion and a second end portion;
a case surrounding at least a portion of the flow conduit;
a first case connect including:
20 a first portion coupled to the first end portion of the flow conduit; and
one or more deformable members extending radially from the first portion
and coupled to the case such that the first end portion can rotate
about a conduit axis.
Preferably, the vibrating flow meter further comprises:
25 a second case connect including:
a first portion coupled to the second end portion of the flow conduit; and
one or more deformable members extending radially from the first portion
and coupled to the case such that the second end portion can rotate

about the conduit axis.



one or nore deformabl e menbers extending radially fromthe first portion
and coupled to the case such that the first end portion can rotate about a
condui t awD=010PHedser abl y, the vibrating flow neter furtRET/UseonPNIESes: a
second case connect including: a first portion coupled to the second end

portion of the flow copnduit; ang one or re defarnmabl e nmenbers extendi ng
radially f romel?tr.ﬁgri\f%l}’stpe HH?I?WI%HQW(JH%&BS%&r tYPHEScase such that the
second end porfj0n c8€1§‘|e& ‘&}]ﬁfeecoﬁﬁﬁfﬂ%n& Q%r&@@%rﬂbe??‘ﬂhﬁ -b%’&%&i&ﬂrﬁ?ﬁ%be%%n
vibrating flow neter Turther conprises: a base coupled to the Tonduit and a
driven nenber, the rbagatisywitshingigllhetatieanyre@movih@guisthsiadntin phhge with
stationary or noving substantially in phase with the conduit or noving
substantial Iy i n pHBeeonduihormeviggisybyianiatiydn phascoveB the ¢riva me@bet he

notioR of the condui n h riv r. Rref bl y. the vibrating flow
meter Sturther compritgab batiife MeySHoTRERE oot F 4t Bdhehtietbiie t 6%t he

end portions Ofrefdigbl¢OREvibratidNlow hater fikthef bampasescoupl ed to the conduit,
wherein the first and second case connects support the conduit between the

fl anges and t lepaoafhemnecetors tRaedaipibihy basthie thaendportisne of dfcosamdbiteanteber s
are adapted to limt.notion of the flow conduit jn.a directign parallel to
2 ol ane of t he Rt of Fities Chiflpte herca Rt Vet e s A SF ol Wl an ai s of
rotation of the fl %nﬁ@&?kﬁﬂpo‘?%e%ﬁ&wt B&%e%ﬁ%ﬁé?&‘ék’bﬁd R dophadiersabout the
axis of rotation. Preferably, the one or nore deformabl e nenbers are
separlét ed by dhefongile, the bneor oree dofotheble mdrebes ard ddaptadgb dinait notioesd t han

180. Preferably, the first portiop conprises central hub adapted to
recei ve dhe flagsgonduidn pidgiscipen P*Hféﬂ%lnta agang %fﬁﬁéfie?%@ahedw:@ fragnd ina

26501 0 ORI ASHEES: By ARCTH R Py ASIESRLRRRo Sindic s,
| east a potdtd QcISbL@f[heae,uéfié o gEarivhyi t , and
Preferably, the one or more deformable members are separated by an angle a

15  from one another, wherein the angle o is less than 180°.

Preferably, the first portion comprises a central hub adapted to receive at least a
portion of the end portion of the flow conduit.

According to another aspect of the invention, a case connect for a vibrating flow
meter, comprising:

20 a first portion adapted to couple to at least a portion of a flow conduit; and

one or more deformable members extending radially from the first portion and
adapted to be coupled to a case.
Preferably, the one or more deformable members being separated by an angle o
from one another, wherein the angle a is less than 180°.

25 Preferably, a deformable member of the one or more deformable members is
configured to resist movement in a plane of the deformable member and partially
deform upon movement in a direction perpendicular to the plane.

Preferably, the first portion comprises a central hub adapted to receive at least a
portion of the end portion of the flow conduit.

30 According to another aspect of the invention, a method for balancing a vibrating
flow meter including a flow conduit with a first end portion and a second end portion;

and a case surrounding at least a portion of the flow conduit, comprises the steps of:
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one or nore deformabl e menbers extending radially fromthe first portion
and adapted to be coupled to a case. Preferably, the one or nore defornable
menber s bworgieepmsat ed by an angl e a from one anot her, Pamasein/osdss2 angl e a
is less than 180. Preferably, a deformable nenber of the one or nore

def ormabl e nmenbers i s configure 0 resist nmovenenf in | ane of the

def or mabl & ner9ep AR figetmortion gﬁ]I b1 CAICLEBRCHI0 Sheorivst ol BbioRGE R oW

per pendi cul ar to tg.%nﬁhi@neﬁxd Preferably, the first portion conprises a
central hub adapted to receive at |east a portion of the end portion of the

fl ow conduit. odaphngongot moandifbanalsls paaiibeed tHabextend éoin tia, first patibedf f or
bal ancing a vibrating flow nmeter including a flow conduit with a first end
portion and a secorft® &y CpLY ¢anpAact tadle easeayeh at the el onyl Rartipe 31 refatsor t i on
of th% fl ow condui ta{b88€%§54(§u%s the steps of:coupling a first portion of a

r

first “case connect st%nd portion of the flow conduit; and

coupling one afrefiRilty dfk aidiei RirflRABeNpritdiahe sspeped fromthe first portion
of the first case connect to the case such that the first end portion can

rotate about aouphdgpfirsbpiostiorPped secabll gasa domngaeith dlae $agondhend portioni afeke t he
steps of: coupling f? fi rstimgor ion of a second case connect to the second
end portion of the T9BFPEBHAY: and coupling one or nore deformable

menbers that %hgﬁﬁl% bhoB? fldke Iiéf%ﬁhaﬂl@&ﬂén%r@iha% BeeRGHORMHeaRS: SNBEeF tO
t he case such that The second end portion can rotate about the conduit

axi s.10Pr ef erabl y, tthesew@hledsd eornbetrtoclarpase sesh tHaethetseporaf endcparpibn ogn a base
to the conduit and a driven nmenber, the base sw tching between renmaining
substantial |y st at T84 $PBY thisandyitedbst antial Iy in phase with the conduit

o o 9SS0 ALt RRBPRR DI SAL YR ETDCT L or et Lo balance
further conpri®aplibfe bsset thé conduit and a driven member, the base switching between
remaining substantially stationary or moving substantially in phase with
15 the conduit or moving substantially in phase with the driven member in
order to balance the motion of the conduit and the driven member.
Preferably, the method further comprises the step of:
coupling the base to the first and second end portion using a pair of connectors;
and
20 coupling a pair of flanges to the conduit such that the first and second case
connects support the conduit between the flanges and the connectors.
Preferably, the method further comprises the step of:
using the first case connect to limit the motion of the flow conduit in a direction
parallel to a plane of the deformable members and in a direction parallel
25 to an axis of rotation of the flow conduit but allow the flow conduit to
rotate about the axis of rotation.
Preferably, the one or more deformable members are separated by an angle a
from one another, wherein the angle a is less than 180°.
Preferably, the first portion comprises a central hub adapted to receive at least a

30 portion of the end portion of the flow conduit.



coupling the base to the first and second end portion using a pair of
connectors; and coupling a pair of flanges to the conduit such that the
first andweeomvid4@ase connects support the conduit betweem/ush@ooheayes and
t he connectors. Pref erably, t he rret hod further conprises the step of: using
' of the flow conduit in a
directio i DE LaWABEBY nabl e nenbers and in a direction
parallel to ar‘F @xrlss 8$vsa R)tr'aﬁrhuﬁ)% le 1R AdWWggndui t but allow the flow
conduit to rotate aBout e axi ¥ rotation. Pref erably, the one or nore
def or mabl e nerftiér. & sabe/saqmamtce@ksayc@crnaan'gi\xeoﬁa floanmeweacioedingtto amher ei n
the angle a is less than 180. Preferably, the first portion conprises a
central rﬂﬁl@}?%@ﬁmelftb@lm’@é‘épﬂfe at least a portion of the end portion of the
fl ow gondui t SCRI PT haws rt

i gl 8 tube 7 0w netar - e B el SR et B A3 Bhe o
flow net Qrftﬁ@ﬁg,@ﬂgl@g to an enbodi nent of the invention. FIG 3 shows an

enl arged view of the case connect according to an enbodi nent of the

i nvention. FI GIGt4shows aaenbugat ged ofiteecak coheeat aseordimgrieanotiecor ding to
anot her e nment t he nventr on. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
FI GS. me?%%fo DIPTSR AY description depict specific exanples to teach
t hose skr IIed in the art how to nake and use the best node of the

i nvention. For the purpose of teaching inventive principles, sone

convdft i dDETAASBBJDESGRVET 168 OISTHH INVENTOONoni tt ed. Those skilled in the
art will appreciate variatio fromthese exanpl es t at fall within the
scope of the ifflfentioh anﬁ? ﬁgr&fﬂrg é%rcrlﬁt%é%msnﬁm GIPIPALs; tteAGIHAPSG he

features daper hARY ARSI EANDEG ATDUREE: frofRIdEIHE pENEOL O FLPTD ltphicP! ©

vari ati ons of the |nven e invention s ng
t he specidfi @agiagmhestive principles, some conventional aspects have been simplified or

omitted. Those skilled in the art will appreciate variations from these examples that fall

15  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
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. 2 shows a partial cross-sectional view of a flow meter 205 according to an

20  embodiment of the invention. The vibrating flow meter 205 shown is in the form of a
Coriolis flow meter, comprising a sensor assembly 206, and a balance structure 208.
The one or more meter electronics 207 are connected to sensor assembly 206 via leads
110, 111, 111”° to measure a characteristic of a flowing substance, such as, for example,
density, mass flow rate, volume flow rate, totalized mass flow, temperature, and other

25 information. The meter electronics 207 can transmit the information to a user or other
processor via lead 26.

The sensor assembly 206 includes a conduit 210 that defines a flow path for
receiving a flowing substance. The conduit 210 may be bent, as shown, or may be
provided with any other shape, such as a straight configuration or an irregular

30  configuration. When sensor assembly 206 is inserted into a pipeline system which
carries the flowing substance, the substance enters sensor assembly 206 through an inlet

flange (not shown), then it flows through the conduit 210, where a characteristic of the

9



descri bed bel ow, but only by the clainms and their equivalents. FIG 2 shows
a partial cross-sectional view of a flow neter 205 according to an

enbodi mrerwoabiwtagossnvent i on. The vibrating fl ow nmeter 206TAlseem/046852 n t he
formof a Coriolis flow neter, conprising a sensor assenbly 206, and a

bal ance structure 208.. The one aor re nete ectronj cs 207.are conpected
to sensor %@gﬁsgvaWSW%awédsF%%mai is, ijiﬁwflagﬁ]é Bdencs cxifo s a@%cﬁleﬁ stic

of aflo d f r@
vol une fY!ol\%gar a?@ﬁgét%gtﬁa ug?U@hOrrlg%st f{‘aﬁgw treggnb)glgl tgpééé 4o ot Si(m\/\ifnor matl on.
The net erappheeidte omitathe 207#dgia 10 ransse tortﬂeetedrtbcthasﬂangas tsach ayseinges 106her
processor via |ead 26. The sensor assenbly 206 includes a condujt 210 that
defi nes eﬁhPW@wanI(ﬁ ﬂowlar aceirighh @f $uitpbigi Mgansubdn éh%é’reSFﬁb cabRdunent2 iy nmay

be bent ho r oyi ded Wt ny as

strai ght C%% a g%ibatlg) rOX egnwl r rgn&ilpaorrtl%onfzeingg{zl gt nrg éﬂé ally fr§errb|
206 is i rb%ﬁﬁé&@rslmw'ﬁl RhdPEbrinet @AE Bah YR £ hGrbitbesxtidigitibd. OW ng subst ance
t he substance enters sensor assenbly 206 through an inlet flange (not

shown), then iThefdeoner askerobly20ohe tho pthsent examplevmesiusles at leastauteatriver 220.0f

t hef | owi bst d.. Fol | t hi the fl t
xt t st hehecsitnr 220 et AT patE Barid csughcan b e freayd 2o TR BHATE
Those of @ndiRanpgskiilal scebnd BErtRht cARPEEE LG LR it 9. C?l'%jﬂkstt a%&ge&ﬁﬂl be

connected to the flanges, such as flanges 106, shown in 1, via a
vari d0y gforSonstaby eomresposad tb a drive qoilesert drevﬂ:mﬂgmstnfqr etthpbao nidiuthe p2kOnti S

ded th d 2 11 2 that td L ly f t
D0 971 hkpBANe e 4 rév"e%‘%goﬂor%fﬁ@éiy diVeerHBS Ariggh Biendher Pafand enduphel (éins o

nbl t Th
g??\e/er yz%g?engpgworpr Wgﬁ gg?\ﬂr\eec éﬁﬁbghg&gr%sggﬁld?ré%&ﬁt %@8 aroef te he

bal ance sirefeedbly drizo8 al?msi b@namgcmh Romwhighisclefined e gait ®ytthe comiudtors 220.0.
The first and second portions may correspond to a drive coil and a drive

magnet, il e&@mdl@g tp rﬁmtembqsh@@@mf @eavinten: thetbpading sds X000Tgspends bl y
R R N
e R S T g LA
to known arrangements, including for example, and not limitation piezoelectric elements
or an electromagnetic coil/magnet arrangement.
As shown in FIG. 2, the sensor assembly 206 includes at least one pick-off and in
20  the present embodiment is shown provided with a pair of pick-offs 230, 231. According
to one aspect of the present embodiment, the pick-offs 230, 231 measure the motion of
the conduit 210. In the present embodiment, the pick-offs 230, 231 include a first
portion located on respective pick-off arms 280, 281 and a second portion located on the
conduit 210. The pick-off(s) may comprise one of many well known arrangements,
25 including for example, and not limitation piezoelectric elements, capacitance elements,
or an electromagnetic coil/magnet arrangement. Therefore, like the driver 220, the first
portion of the pick-off may comprise a pick-off coil while the second portion of the
pick-off may comprise a pick-off magnet. Those of ordinary skill in the art will
appreciate that the motion of the conduit 210 is related to certain characteristics of the

30 flowing substance, for example, the mass flow rate or density of the flowing substance

through the conduit 210.
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the inlet-outlet conduit axis. The driven nenber 250 bends fromthe base
260 and thus, does not have a stationary bending axis. The driver 220 nmay
conpri se woeonf14mmsay wel | known arrangenents, i ncl udi ngPCorusecoanmss? and
not limtation piezoelectric elenments or an el ectromagnetic coil/magnet

arrangenent . sho in Fl t he sens r assenbl 6 i ncludes at | east
one pigck of f ﬁmw Wélmgkﬂfl%ﬁ%aﬁrﬁéf apgregM rtge/.oalédowioﬁe AG38h r of
i ck-of f i . th

p1 CK-0 S%l%%tgm %32107 f%%@i%clh@ 16on1?.’%? r?a%soﬁs Oﬁglgoﬁs%_f‘tzﬁﬁf@@rﬁ%% a tNE

pi ck- of f nmeasure t e mdt i on - of t present
enbodi nmendrjvet bignpl ek -tbé fd3iv28@2023 Thienoheice ﬁlofe reddctfoaidsi 207 lcas amegkuod a
respective pick-off arns 280, 281 and a second portion |ocated on the

condui t zcberacm@tlﬁquka élrowlgg Sibrhgta@qsvnﬁuc @SOF% @?amﬂ%y ity Rigswilow rate,
arran Otl 8CI t l }’JaCEe q:g afl ﬁera urc a cI}r ﬁ?org?f 86| Cet 51’|16COI'

el ene ts ance rdnagne

arr angemiﬁbre eT&lﬁfd?ﬁd%rlﬁm rhhjlﬂ leb *i*@ce(iwd éﬁ@é orZdBre dther §ibhat fided tfb@@x@ﬁplb héne
pi ck-of f may conprise a pick-off coil while the second portlon of the

pi ck- of f meor@dmppc@@lresmsom(@bf shevgneand diweremofe esiunasansetsi(hbt shownhe ar t

[ 1 1 t h. 1 f th dui. t 10 | ated t 1
Char ab orandy e dnisy i Forttifio B raCasissd LGOS of A ik Bt e TR S

or densi tafdﬁlfar; b&1fih ond 79 \ﬁn%b%e@ﬁe e QRO By BE: m@g%f%&&s&@%ﬁ d8hend
ordinary skill” In the art wll appreciate that the e or nore neter

el ectl()omcnsth@@ﬁrtroalmmemsuﬂmd qhatalctemlfsflc signals fromthe pick-offs 230, 231

and provide a drive signhal to the driver 22Q. The aqne. or (gﬁace el ectronl Cs
207 can measure’ hahhEErs sﬂfl‘i’ EensPr 3SR ABO SiysH st e luds  fasgs300

exanpl e, denshd Yy E’EEZ)‘?O\%B? dto § r?oun\ﬁo#ﬁigﬁ'ouc?\ﬁltr fe?tgtea péﬁfo‘ﬁl il mg%\‘t(irlflgty

tenperature, an ectronics 2

al so recelve TiEsedkoMmEEMBNE6 Siag rabsloslnélmehaiewonm@tmpe 2901ewbichn@ihebe
tenperature sensors (not shown and one or nore pressure sensors (nhot
shown), anevidseé te kpeplp ihoeargtd tOttbe rfoas gereduat 20iar Abe epsoseanacets 220f PO ng

umbds anionyacuft e ThEREt 2PSwepbRebbRath bt BT, SR bohlth

char act erigg! 06> Apupl@W itRe théa 380. D& SRABET (RSEARDLIMER 19y, 20FOare
include a case 300. The case 300 can be provided to surround and protect at

| east a pweferabdy diic bhly $thomwreosuppdrting the conduit 210 located between the flanges

and the connectors 270, 271. It should be appreciated that while the case connects 290,

290’ are shown in conjunction with the flow meter 205, the case connects 290, 290° may

20  be implemented in prior art flow meters that lack the balancing structure 208 shown in

FIG. 2. For example, the case connects 290, 290” could be implemented in the prior art

flow meter 100 shown in FIG. 1.

According to one aspect of the present embodiment, the case connects 290, 290’

are preferably configured to provide support for the vibrating system that is rigid in

25 axial and transverse movement yet soft in torsional movement. As a result, according to

an embodiment of the invention, the case connects 290, 290° can substantially retain the

active flow conduit length. This may be accomplished by providing the case connects

290, 290° with deformable members 292, 292° 293, 293 294, 294’ for example, which

extend radially with respect to the axis of the end portions 211, 212 of the conduit 210.

30  Although three deformable members 292, 292° 293, 293°, 294, 294 are provided in the

embodiment shown, it should be appreciated that any number of deformable members

may be utilized and the particular number of deformable members should not limit the
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210. The sensor assenbly 206 may al so include case connects 290, 290',

whi ch can be provided to couple the case 300 to the flow conduit 205. The
case conneone12ams3290'° shown include a first portion 296T/Ud2&@9/0e688p| ed t o
the conduit 210 and a second portion 296, 296' coupled to the case 300. As

2383”3;&%éoﬁ%éf@%%ﬁé‘ﬁ%ﬁ%%yér?q‘?%if@edd%’em&“e et 2 o3nad et n§§4ors
270, 271., L&?ﬁiedbfo ?rfb%&ﬁduﬁtf]ﬁﬁg tifaf, wmahﬁ%g?dﬁﬁe Cg&n&&qﬂr}ﬁ ¢ 409-f;

are shown' |n conj nction wt |'ow rret er se cornnects 290,

290" nmay poetionRbENEIR’ echich rmy oomprite & lcomtrateiidy 393, 09X5” Icagiled he thatamdtiing
structure 208 shown in FIG 2. For exanple, the case connects 290, 290
coul d be J19pseivethccambadimgat ﬁmvm ACEORAIRENLraR @rnbpd@ngrﬁo%thﬁ rAnEngony the

200 ar o rarePTaScet Rt B BSRT B0 rEEN R & e BT E PN L, o

that is ri19l dMidie agé@alicARd thé dBSYATHRM PIH/ %mm%ebe 20hpted o redeSt Ol end
novement. As a result, accordi ng to an enbodi ment of the invention, the

case connﬁmh@HQ@U,22@©fﬂmdﬁnsabs@ah2ﬂhlly retain the active f|OM/C0ndUIt

| ength. This co b rovi e se _connects 0

Wi th def of mabl BleRgdres BYsh s sSoBh il cOdaliti o6 iR e ek 0.
extend raghaldht wa%htwﬁﬁﬁ%né oFl e bt th@fné %rtp&fstz 190812 td %om%ﬁ% of
the conduit 210. hough three def of mabl e “nenber s 2927 293, 293",
294, 1p94' mave&nemt,othedmjemmnnhc&s e9bp abore nonsstacwthe nbd@hmuthrd del pppioacixased
t hat any vrc]ggbekr1 of .deformapl e nenpers may be util qued and thg partl cuI ar
nunber of Shorapfles MeNrBerrsas UG Fsk POTFIRR axEhdSe opRyeatent [

i nventi 0o r@-ﬂ% deg sﬂ%njlfﬁ W@eeﬁsgg&megt%zto %%g’téprlzgg’oqt 1?1841" ax%?d' TlE%)éa%

coupl ed to condaur't I N any nmanner, rst

portion 2%anect®usWirhit némdreRutpeird s @s@@aﬁedabltmnbd&ﬁa%ca&%ﬁs Sewﬂdeﬂ Hyo the
condui t 210 as in the enbodi rent shown. According to an enbodi nent of the

i nvent i orfllopHeg erandaiortiens 21ds 212 dmedemyo b@ta@dﬁm\éblraﬁag sEveliyeisstppatest a
t he fIOM/condu t 210 cifi nt r al

Do5 130 sl 8 0 SRk apdRe A RekaRAERI rsf Moty ehdb gt Shrulity o™
condui t  ZfGhe ToRAWit 910 ahf HASINRE Is&naduremdg $®Lhad R witRTRlid denfty ael ehatife

case connects 290, 290" provide at least two functions. First, by limting
the end pgbe tsel:frigﬂ@c]_rﬂg feataret of thor praseati invention. The combination of these two
features operates to retain the active flow conduit length despite variations in fluid
density. The operation of the case connects 290, 290’ is explained in more detail below.
20 FIG. 3 shows an enlarged view of the case connect 290 coupled to the flow tube
210 and the case 300 according to an embodiment of the invention. Although the
discussion below is limited to the case connect 290, it should be appreciated that the
case connect 290 operates according to the same principals and therefore a separate
discussion of the operation of the case connect 290° is omitted. Some of the
25  components of the flow meter 205 have been removed from FIG. 3 to simplify the
figure. For example, the connector 270 and balance structure 208 are not shown in FIG.
3. It should be appreciated that in operation, the end portion 211 of the conduit 210 may
extend out from the case 300 and case connect 290 further than illustrated. Although
the figure is simplified, it should be appreciated that in operation, the components
30  shown in FIG. 2, but not shown in FIGS. 3 & 4 will typically be included. Furthermore,
FIGS. 3 & 4 only show the portion of the conduit 210 and case 300 coupled to the case

connect 290. It should be appreciated that the case 300 in operation may substantially
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novenent, the case connects 290, 290' constrain the nodes to the end
portion axes. Wiile the nodes may rel ocate on the end portion axes, the
novenent woO 20toer4ta8Be end portions is constrai ned by thePCRAS2@0/0mS62S t o
rotation about their axes. The case connects thus |imt neasurenent errors

associ ated with node. rel.ocatigns. Secondly, by allow ng the end rtions 2
11, 2'12 f%uérgaaﬁ%h%emﬁ% é{%bé%‘t“%glw OWi%le'afl(ﬂ@S MMIQ- 3’2“5 @w&d&‘q Séanftglﬁg'?%?nm ly
; _ ¢ ) h ti

in a very,3akd 25‘)?%'82{)11? ga SPthbd Qf('ﬁ;'aﬁ&%ozrg%ldﬁg:ugﬁgﬁlﬂ?eseﬁdqﬁorﬁPﬁ?gi g@'@ne.r atl o

of the condurt ance structure ge wt ensity

and enablfasy tiite: 3H) fo el @Re300. fAdtautageolisly, e pass etinech2eMidtains tHhEow
conbi nation of these two features operates to retain the active flow
condui t ItBPREA0 dasthP tdesijed ipasitionsVith respgrid i &ieseasy. 30Phasing dheone Pronokhe

case ¢gonn 0, 290! laj,ned in nore detail below. FIG 3 shows an
enl ar ged %’?cgerv%/la%e?]ﬁren%ggssiegacgggfezgét'zgo coupled to the flow tube 210 and the

case 3OQ aCCOF&&dwdih?.tarane&ﬁ@@Hiﬁﬁﬁf oPthet M ehtiHENhé Pist Iﬁirﬁ&@lng dfhiBe case
di scussion belowis limted to the case connect 290, it should be

appr eci atatnedial9 readoptes torevette 2A9Rastop @osias of tlan flaivngondit AE0.s dvfere

i nci pal h f t. i i .of i f th
Bonnect - 296CUL G e A PEFHE 975 (na tupnaRta bRt (Hst Pl BAGLYr 1808 have.
been re od POMOFlR 8w Qordiuf® 1iof YT Erdti ftich 2%9 &%a%xlﬁétredgﬁg%ﬁi EtsegfeeO&faect or

270 and bal ance structure 208 are not sho in Fl

appr d6i atpedtiothat 1 ima epectatof ovays tidduding, pombt bmid 14, hzihpebondndyivtel @b, may
extend out_fromthe case 300 and case connect 290 further than il ustrated.
Al t hough ddResiyesydnechpaical t?%ﬁtqnfﬂiSeaFC- i In &goembodimeap pharn.ahe f1ehaertion 295

operatio 0 .0, F . bW E & 4

ot typreoatifer SERARRME FROuk e i hody Rpoitn SO MR oltly EbiRurtithd, o,
of the caméubhtedblatadd FRoaseadPR, 6o W tnitvdifentage ddomedile 220abdrt 29houl d
be appreciated that the case 300 in operation may substantial |l ysurround the

entire vi¥BaZPhgan beworplsd dxeothaso Sieowmd partipn &1 1 vithnthecend ofeths deformahle case
comnsel SR0uREUPES RS QARG 200l ol SRR ce
o the. cate 300 maen0 Ch bhe or wer 0" Hofor bl o menhere. 208 " 205 d5ag
Accor di ngpeoingrd4d rsledieden reastvet dtdedshe pntticonf thérend poton@ddt i on 295 of the
case In the embodiment shown in FIG. 3, each deformable member 292, 293, 294 is
separated from the next deformable member 292, 293, 294 by an angle a. It should be
20  appreciated that the angle o may comprise approximately 90° as shown in FIG. 2, or
may comprise some angle other than 90° as in FIGS. 3 & 4. The particular angle o
chosen may also depend on the number of deformable members provided in the
particular case connect 290. Therefore, it should be appreciated that the particular angle
o separating the deformable members 292, 293, 294 should not limit the scope of the
25 present invention. However, it should also be appreciated that if the angle a is
approximately 180° and the case connect 290 only comprises one or two deformable
members, the ability of the deformable members to limit translational movement may be
substantially reduced. This is because with only two opposing deformable members,
rotation would not be the only type of movement that would be perpendicular to the
30 plane of both deformable members. Rather, the flow conduit 210 could move a

substantial amount, which could disadvantageously allow the end portions to bend and

impair the accuracy of the flow meter. The orientation of the deformable members is
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connect 290 is adapted to receive at |least a portion of the flow conduit
210. More particularly, the first portion 295 is adapted to receive at

| east a pwotoon4eds3t he end portion 2 11 of the fl ow con@airfus2@0/.046BRE fir st
portion 295 may be coupled to the end portion 211 in a variety of ways
including, but not Ijmted to, brazin ondi ng,  wel di n e5|

mechani cdMPOE&RenBr sdeteéfrﬁmngn Wheghes %rffﬁi tgq%hnmovﬁ@g@ﬁ r‘§’c \fqtoﬂlezgs

comr s, 6, (MR b 2950 NRET bl s e apRses! R dtema% er

configurations are conte r exanple, 1 n other enbod nents
def or rrablrﬁenﬁbﬁbw$w%9@;rera8\8ed 2R eﬁda,rpobteorpauplvﬁdﬂdilbree@éd o hovehe enektipslr tion
2 11 with the end of the deformabl e nmenbers 292, 294 conprising the

first pordifesHondwcayss dghplanerenf sheudefasmahle meﬂﬁqerqoa% et 206 subsipnrtidls a

centr al 5, e l,u nin 41 d to
Fecel ge dLRELeTrRIaRE ML Ao Wi 2T S R0 ebG 58 18 d RER P oS A IRP RS howe
in FIG 3ddaamal @@fl@hmlc@ ML ETuid O Bowd3r, tRiR4/cttSca$ eRAeaict el nfakaibt hbRctnext
def or mabl e menber 292, 293, 294 by an an le a. It should be appreci at ed

t hat the thﬁgh@teasnmya&mmemtsebe@pmeoﬁlm -9ffog@EnaerssAdhn23 h dal @ot Ineaspnremay

t th 90 |
chos thﬁdﬁg%e%%tﬁgﬁ%ﬁf Shtitma i oRbERtE s e nnect ol BB I v BRS b
parti cul %ta@&ﬁﬁ %B&%%%at%ﬂp%qﬂﬁir f]?lfeQfe?@mﬁe{bleg HR&H{B& be3 W&EQEﬂn@%@dﬂ thb@thd he

parti cul ar angl e a separat’ing the deformabl e nmenbers 292, 294 shoul d
not [10m tpardlée] defopmable mémqusé%ni% ovadllow. th¢Haweeaxds 2i11 Ellidnlhdandlm thabe

appreci ated. t ha f the ang S pr oxi mat el 80 and the case connect
290 only lpé%ﬁmai@knsn@%@u% edé?%P%%@Péorﬁ@ﬁQe?g %1 PHBCAHIY mpye@fﬂnttwe 18

def or ”ab'ﬁ%e%ﬁgf?eh ribhthl! %ﬁﬁl%ﬁ(ﬁp%lfa%%ofﬁ%k GRiepNt f‘?ycogfde %2@5 Ay

reduced I'S I’'s because W WO OpposI ng de or ma

rotation asoutady 'bgtgelﬁerahhg a@ﬂitibnhl/@@n@fls faveTeHbwiehat wituihd thied Rlefqandlcul ar
to the plane of both defornable nenbers. Rather, the flow conduit 210 could

nove a subember 27U pserdded thmhww&llmomr@%mm@gémﬁwwaw Qimntaht@den@ _
o e aeeBmnr i BesTBRbiel B SPOSHITRIR s P hhRY TR aEhup P RelBltt ! on
transl atignabonuyeny raﬁe/ulﬂy @ﬁfaﬁ%k felietARamr etRNhird &@brreaePhdnbdrgshe
embodi ment shown in if the deformabl e member 293 were renoved, the
end port miuldzbdnenvwkidmdéhé ease coongpd 80 could rewt itg finctionality.
According to an embodiment of the invention, with the central hub 295 coupled
to the flow conduit 210 and the deformable members 292, 293, 294 extending from the
20  central hub 295 and coupled to the case 300, the flow conduit 210 can be held securely
in place with respect to the case 300. This is because a single deformable member can
substantially prevent the end portion 211 of the conduit 210 from moving parallel to the
plane of the deformable member. This is because such motion would require the
deformable member to stretch or compress. Take for example, the deformable member
25 293 that is substantially vertical in FIG. 3 with a plane 340 that is shown extending to
the end portion 211 for illustrative purposes. The deformable member 293 can
substantially prevent the end portion 211 from moving in a vertical direction as shown
in FIG. 3 because downward movement would require the deformable member 293 to
compress and upward movement would require the deformable member 293 to stretch.
30 Typically, the forces applied to the end portions 211, 212 of the flow conduit 210 are

not great enough to overcome the strength of the deformable members to stretch or

compress the deformable members. It should be appreciated that the particular
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di rection because the planes of the deformable nenbers 292, 294 are
substantially parallel. Therefore, the tube ends 2 11, 212 could bend in
t he vertiweal2oplams3and apply additional Coriolis forces Ptmllrshm)mhdsisu.
However, this vertical novenent may not affect the neter's neasurenents

because the pick-off. sensors 230, 2 0 not neasure novenent in this
directio qucﬁ()%ﬁ%%cgé@f ﬁ?vet ?@T%a%dg &ﬂwe@feoz@es shom 1 ? | &and therefore,

r ot at ed b[M il @Iﬂ;( ) f> b m;ﬂa

t hen the paraglllﬂ&l>6 ggﬁoor rreagllQe Monigﬁs% %gagg cou e‘ffﬂ’%ﬁ‘fv“m teL}%e en%s 2
11, 212 toridpednidniof thdfloWwanetzooh@l inplaod®. Because the pick-of f sensors 230,
231 do nmeasure novenent in this direction, horizontal translation of the

tube ends 2 11In Qci(ﬁtlé@uﬂtﬁ sefasablen anaraicss 2006 B y2HYy d&herdih M4’ can

addi ticonal he thi.r b 293
orovi ded prratiflly PsbaRe sl BHTRS 24K 12 ABBab AP f B LRl ER o8 fng
contrast,enyl f)d&lﬁbh@ ZilqanIQUF M bR ST OMN tHi§ dﬂe@on 3véuld Mé'&%lr & td%'@rdéﬁfeOEHBib' e
menbers 292, 294 are separat ed by an angle less than 180, the third

def or mablwupking érce detvasalthic Beforaale encrabets £A2, 29928@9602\9fect294292(94ceml the
retain its f tlonllt Acco to a enb t vntlo W th
e cont 1 A6 SoBTsen i SBBAH 29! D therihane! BB 20 RS ohkEPhan

nenber s ?c%ﬁtralz% 23?@9%"%65!@1‘1@9&0&9%1%%&%&% rz@b 59@ ?99552@9‘1 2@@”99@‘1 o the
case 300, the flow conduit 210 can be held securely in place with respect
to tHé ca@me:-}ﬁﬂbodrmeats; mewﬁlimmgfﬁﬂefzezm @98t 129dr 2@ rare held by

substantially prevent the end portion 11 of the cqgnduit 210 from npvjng
par al | el fstPHeNPYRIeE B othpiecaRpdiiteRbY, éhfhﬁ%e@nn%tﬁé 952%%5@@65%15?%“ on

woul d ef{téhgge 3%@@09@ le PRI esu%ﬁg%gﬁliakgllgs ol e lgﬁ’lgplaﬂﬁésw cfhlgl::l]lc?_.l] G 3

exanpl e, rmabl e nmenber i's substa y ver T cal

wi th a plangedds, tleatTHegeBRO WM tiexé entbodinéis, tih@résdop et dodduid 210 thehove
illustrative purposes. The defornmabl e nmenber 293 can substantially prevent

the end porth¢ exiap dirgctiononf Hevendgpertions ekt Pall-edinasdlial do the axiiowani il G 3
e B T B BV e 2 B o859 L,
T oo o o o AL S
def or mablthe pedrbertons 3141216t atd the case 300. Often, the vibrational forces experienced by
the flow meter 205 are not great enough to overcome these coupling forces.
With more than one deformable member provided at an angle from the first
20  deformable member, the additional deformable members can likewise substantially
prevent the conduit 210 from moving parallel to the plane of the additional deformable
members. Therefore, the conduit 210 is substantially prevented from moving parallel to
the plane of the deformable member 292, 292 293, 293°, 294, 294°. Furthermore, the
deformable members 292, 292° 293, 293°, 294, 294’ can substantially prevent the
25 conduit 210 from moving in the axial direction of the conduit 210. However, the
conduit 210 is left free to move perpendicular to the deformable member, i.e., rotate
about the conduit axis X. This is possible due to the resiliency of the deformable
members 292, 292° 293, 2937, 294, 294°, This is shown further in FIG. 4.
FIG. 4 shows an enlarged view of the case connect 290 according to an
30 embodiment of the invention. In the embodiment shown, the end portion 211 of the

flow conduit 210 has rotated in the counter-clockwise direction. For clarity the rotation

amount has been greatly exaggerated. Because the central hub is coupled to the end
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conpress the deformabl e nenbers. It should be appreciated that the
particul ardirections descri bed above correspond to the directions shown in
FIG 3 amnwothsyefisse, the applicability of the orientatiPomaSedoo/Huwss2 and
"down" will depend upon the particular orientation of the flow neter once

i talled. | i def bl 292, 292 93, 29 294,
'233 acaﬁ Pé’lﬁfbgli §gf ,} %F?C@nﬁ?ﬂh;@nﬁaf f;;gé‘ éwgteggﬁlﬁéigtaﬁoainamezﬁw th‘r?g%lil%f‘gmi n
h I

the axi alg,djr %gélhp %;Oétxghgﬁ eﬁgczﬁﬁértﬁé)ﬁ'&og?l ngnf%agbc eb’gyf@ét 268 afehéo%g1ed

dlrectlon mou vercone the cou et’'ween t he deformabl e

nmenbers 202tRUZ cafdd] ha®3P 95 AMthe2@4e mﬂﬁtmh@fsﬁﬁﬁléﬁﬁbmhserbemewB t210et
conduit 210 and the central hub 295, 295" or between the central hub 295,
295' and hane nﬂlétﬂailryh%ﬁomﬁwyértg thgzotagglz sztbe cepgal hutpg®s. 2yepording tecive

eMmmrmm r rehdd
oy 1 oot 1meodliaCSt HeROL T IRE SR aRempER 000 H83: 282 PRT 0BG "

be coupl efoSd tHan kil é&@ﬁ'foﬁ@ké’tﬁﬁl‘é 8111@1@ rﬁ@y fma@gufmmlsﬁﬁ n%tlﬁﬁil&hg\ﬂqe ,
adhesi ves, nechani cal connectors, etc. Therefore, in these enbodi nents, in

order f orplanpeoftbadafarmably memhevectisnffidient fextiligi toadloathe ehd pheicnl 1 of
portions 212, .| rallel,tq.the axis X IeI 0 the
e o i dtons Faftnib? Dt REARL Senoila g adietabg st o gRABERBlC SopiRe
woul d be 19%(1993 eszi E'@\Ild%%o?’m@&’ %&@%&%tgﬁélg%&ﬁ%ldewlﬂ@ ﬁf%%se TH&[&EC" S
290, 290' to the end portions 2 11, 212 and the case ?

vi br d0i orsiillddoic élse extperll emedidy hfycdgnezef bther reeiteble 2@5tcaiats mod tgeneﬁdre etmugh
to overcorre-éﬁese coupl i ng. ({?orsﬁ Wth nore .than one def ormabl e nenber
provi ded PAtIGHAGIMPIes Riovided shpyldyingior waydinibt B¢ of theddrasrat dresmEPn.

def or mablyg ¢ eJe a@?@cléqeﬁ?ﬁ‘ét %%P&E%@ié ﬁle%e&r 82 Ngk 'b‘%gggg“'2‘942%94"c rom

nmovi ng para ane o Itro drna e

Ther ef or Q;antHeefoﬁﬁé‘dj stich tﬂiﬁthb? asResiliRit s@hd 1 REeMentad biignMhipagppatdl | el
to the plane of the deformable nenber 292, 292" 293, 293", 294, 294

Fur t her mond, partiensiaf br Adblaadnibebiss ppoon pgtral dot, 2%593295 2gMMIEAto Higir
cunshant SBBRIGN.  EDR SRR IR Bad i dososbaon o
S RIS 15 posi bl e dug Lo Lha Tea T anay ?P“ﬁ%?‘%‘??é?%?ﬁf e o ©

292' 293, fle9gonduinzl 0 mokther Theetions shown further in FIG 4.

The deformation of the deformable members 292, 293, 294 provides a number of

advantages. One advantage is that the end portion 211 of the flow conduit 210 may

20  rotate due to a change in fluid density, for example. According to an embodiment of the

invention, the flow meter 205 may be configured such that the node is located at the

Junction of the flow conduit 210 and the balance structure 208 with a fluid density of

approximately 1 g/cm’. If a more dense fluid flows through the flow conduit 210 than

originally balanced for, the conduit vibration amplitude will decrease while the balance

25  structure 208 vibration amplitude will increase. These changes in vibration amplitude

allow the flow meter 205 to remain balanced despite a change in fluid density. In this

situation, the end portions 211, 212 will rotate with the balance structure 208 and the

nodes will move out along the axis of the end portions 211, 212. In prior art flow

meters, this node relocation caused measurement errors because the end portions were

30 allowed to bend. However, in the present invention, the node relocation does not create

measurement errors, because the movement in the end portions 211, 212 is limited to

purely rotational movement. According to an embodiment of the invention, this node
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FIG 4 shows an enl arged view of the case connect 290 according to an
enbodi nent of the invention. In the enbodi nent shown, the end portion 2 11
of the flwo2o0omdwiss 210 has rotated in the counter-cl oclkaras2anesst on. For
clarity the rotation anmount has been greatly exaggerated. Because the
central hub.is coupled to the endportion 2 11, the central hub has also
ot at ed. TN PoH 40t e}ﬁpﬁﬁﬁéﬁaﬁeﬁpw o &ds%gthrbercﬂléﬁe&ham fgﬁ?ﬂqer? the

The Cent ST eRtE Joboub B PREFROE RETRRERC Y oriot Toses R eh N e By

have par tdeakity diepnrihedflewecdrivitheibraticat iaaplioidet hallcroidasd anadbth29balance
According to an enbodi nent of the invention, the deformble nmenbers 292,
293, 294 Stagtuse vitsptieamplmdg Wil decieasalto SRe@ again dpstaseathp nacterrpilangegyln
provi de syffi.cien r h,.al opg, t l.ane of. t he def.ornahl e e I, et
b T A S e Rl o RE R R b R el

210 to rahaeethahtthebauhe: ivicanpregi at ed that the deformabl e nenbers 292,
293, 294 could be fornmed fromother materials, such as certain polyners.

Those ski |l | ed Therefloee, af camibk lappessdited, thag dlogyniscecamieets 2001 201 eamdiner the s
and therefore e rticul e S provided ould in no way limg the
Scope of RshbdE R AT FBLES R’ Ea T D atuionRBetthe i X

def or mabl g, T8RRI HN2E mAehien? I3 ;pr(%%ééd 99%he DI rotaBohdPEnb@itRd ceiihodhat
they are resilient so as to return to théir original shape upon the end

portilons protitled by 2thanchst lwenfi¢ats 290290’ onlncerder dor thebfl@®5cond88' 2 l0esnd thieng t o

their original positiqgn, This el astic deformation ows .t he def ornahbl e
menber s J@ganco goruchige 209 da adjusy shein gapplifugle gatinqihy fr“i%’{a‘%lﬁléﬁ%n%f th?}ﬁéhe@atbem

hub 295, ' f : ' 0Oy Iy dj [ Th
et or ot 1 QO AR “0Er R ghAE PO G3RR ol Dyl RP GG R o {1

advant agastationgl mdvent@gs inStht hésehhéventdomomhetstor?, iHe Bddd Reodationw coaridui t
210 may rotate due to a change in fluid density, for exanple. According to
an enbodiafiest metertpesformeres: | Hacordhg to|thovpraseel invoBiamyhdectierifarger eétheuch

ba arlce sithaeuuicofd iy Ahe Plpb kEe o5 % gOlhERE bl 6 (fBttina
o  Senapubhit S v i, W gt g mTant ety o
bal ance stppurtinetel208g/einbr aVhom tharfluid detsityi ¢Hangers teasletioTHewses ehangel, i n
vibrati Onan?in‘gﬁle irﬁout(ljo%s are easily suppressed by the mass of the case 300 via the deformable
members 292, 292° 293, 293°, 294, 294°. The other significant motion created by
20  varying densities is rotation of the end portions 211, 212. The end portions 211, 212 are
also coupled to the flanges (not shown). Thus, the end portions 211, 212 comprise a
long torsion spring extending from the active portion of the flow conduit 210 to the
flange face. The length of this spring allows for a sufficiently soft mounting structure
for the vibrating structure to be essentially self-balancing. Its length also allows
25  relatively little torque to be transmitted to the flanges from the vibrating conduit 210.

The detailed descriptions 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
the above-described embodiments may variously be combined or eliminated to create

30  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
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allow the flow neter 205 to remain bal anced despite a change in fluid
density. In this situation, the end portions 2 11, 212 wll rotate with the
bal ance swouetwme0s208 and t he nodes will nove out al ongPCmAISa009846352t he end
portions 2 11, 212. In prior art flow neters, this node rel ocation caused

nmeasur enent error ecause the en ortjons.were_ allowed to bend. However,
in the pra&%ﬂeﬁ%ﬁ)@ﬁt dipgpts ﬁl&?agbf‘f SNBRIAES G VOSSO BT Ot e RBEd OB Rb At

errors. ResifchlSyiy P bpt tnd BRCAALS BOH! iR fonl 1, 212 1 imted to
purely rotational novenent. According to an enbodi nent of the invention,

t hi s nodermisj alchosighlspagfic embpadiméhe ofahd erahplrw e delinteltngir doacivgde t he
pure rotation of the conduit 210 about its axis does not generate Coriolis
forces. sheiadarillstrativeEpesesi Rrpan sHeiyalghbmedifiaationy yig nossible withinshat i on
anpl i tude _wi |l -kncrease an he | anc ructure i hrati.on | it ude will
decr ese CEPSRELRIEERTBpebitab RSy AR TGS kSN R AL, BRI, e
end port iRpeided hdreirddah Wé ApplicAsd B8k Kbrati®y MokiméteR, AhdHoiGandyitie 210 rat her
t han the bal ance structure 208. Therefore, it can be appreciated that the
case conrmehalipens dzegibedahov¢ and shdven mothe eacaphpanysnghgunger Aicoordinzly1, 212
of the flpw condyit 210 to rotatjon about the gxis, X .This. limtation of
movenent 1S SPGB iS50 bF B ErnBRAITIR it OHE "B trTons. pr ovi ded by
t he case connects 290, 290'. In order for the flow conduit 210 and the

bal ance structure 208 to adjust their anplitude ratio by self-bal anci ng,

t hey shoul d be suspended in a very soft mount. Prior art soft nounts did
not limt the novenent to rotational novenent as in the present invention.
Therefore, the node relocation could affect nmeter performance. According to
t he present invention, the active portion of the flow conduit 210 and the
bal ance structure 208 are designed so that the vibrating structure is

bal anced in substantially all translational directions with a fluid density
of approximately 1 g/cnB. When the fluid density changes, transl ation
forces are small, and the notions are easily suppressed by the nass of the
case 300 via the deformable nmenbers 292, 292" 293, 293", 294, 294'. The

ot her significant notion created by varying densities is rotation of the
end portions 2 11, 212. The end portions 2 11, 212 are also coupled to the
fl anges (not shown). Thus, the end portions 2 11, 212 conprise a |ong
torsion spring extending fromthe active portion of the flow conduit 210 to
t he
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fl ange face. The length of this spring allows for a sufficiently soft
nmounting structure for the vibrating structure to be essentially

sel f - bal awoi2ny/14k@83 | ength al so allows rel atively |ittl| @Crarsquwe/osessbe
transmtted to the flanges fromthe vibrating conduit 210. The detail ed
descriptigné of, the above enbodi nents are not exhaustive descriptions of

all enboai contenplated by the inventors to be wthin the scope of the
inventioqu%Qﬂﬁgd, persons skilled in the art will recognize that certain
el enent s of the above-descri bed enbodi nents nmay variously be conbi ned or

el imnated to Aniahend flowvhastee@Iooli sviiringgnd such further enbodi ments fall
within the scope and teachings of the invention. It will also be apparent
to those of orddilowcpndudf (310) mnalpding pdfirstnd poseebEld) ded e speid @dmsdtiofent s
may bg conbined in ﬁ@ e or in part to create additional enbodinments within
t he sCope and teacﬁln $ of the invention. Thus, although specific

enbodi ment s ofa cRBBENATRLESIihQAL Ichfi® pdMEALF EHE BdVe cOe®af (hey herein for
illustrative purposes, various equivalent nodifications are possible within

t he scope of tadersi easersonoect (30)tihduédingki |l ed in the relevant art will
recogni ze. The teachings provided herein cap be lie ot her, vi brating
Tow meters. and: ndt Isageries (£fe) sealsch s BrdgadPRsisd tabOud BRdothomn i n
the acconpanying figures,onfGes@)ngld. the scope of the invention should be
determned fromthe followng clains. CLAIMS W claim 1. A vibrating flow
met erl0( 205), conpr i@ieny merefdetmwnmbleduetbR1092,i 298| DM nxtending sidiadlydfrgar t i on
(21 1) and a second end surrqu east a

ti 212); 00 di t
portion of the flow conotggg‘lrsl(t%g@(o,n é>9§? g%‘fg‘lsig’é( OIRR &R @9%‘1%8@% ®ng: a
first ti 295 j St i 1) - he fl
condui L (210); and one. GrSedbdlifn (4 3lcaf PR LI ebchighi®0Ch 1€ ¢ e ng

radially fromthe first portion (295) and coupled to the case (300) such
that the first end portion (21 1% can rotate about a conduit axis (X). 2.
The vi br & i ng Fheovbrasingdlovposier 420 efichim 1.ffurthereqonaispird:si ng:

15 a second case connect (290’) including:
a first portion (295”) coupled to the second end portion (212) of the flow
conduit (210); and
one or more deformable members (292, 293°, 294°) extending radially
from the first portion (295”) and coupled to the case (300) such

20 that the second end portion (212) can rotate about the conduit axis

(X).

3. The vibrating flow meter (205) of claim 2, further comprising:
a base (260) coupled to the conduit (210) and a driven member (250), the base
25 (260) switching between remaining substantially stationary or moving
substantially in phase with the conduit or moving substantially in phase
with the driven member (250) in order to balance the motion of the

conduit (210) and the driven member (250).

30 4. The vibrating flow meter (205) of claim 3, further comprising:
a pair of connectors (270, 271) that couple the base (260) to the end portions
(211, 212) of the conduit (210); and
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a second case connect (290') including: a first portion (295" ) coupled to
the second end portion (212) of the flow conduit (210); and one or nore
def or mablworzerbianes3 ( 292' , 293", 294') extendi ng radi al | yCrusaoowloasss? r st
portion (295') and coupled to the case (300) such that the second end
portion (212) can rotate out the conduit axi X), 3. The_vibrating, flow
meter (205) ofd Ralaphilanges ququ)épu@&%w Gogduy (ﬁbfbevvbgm tL@ofuﬁﬁ Ay 1e60Hthe
conduit (210) and i r o i j ween
remai ni ng substant3?%%9M§¥g§3g§§é¥b§§9%88#2§3gu spé%?ﬁgkﬁﬁk%ﬁﬁ%ﬁgglgijth
the conduit or novi(mg6paristharbh@dckors (Z7(RRAsE with the driven nmenber (250)
in order to balance the notion of the conduit (210) and the driven nenber
(250). 4. The vibrating flow neter (205) of claim3, further conprising: a
pair Qf nnect,or.s 70,4 271) .t C l. he, X 260 th n

Por i ans (o1 al SR Rl i ions aRh b A REns S670r bidn B8ofiihs

coupl ed tfehbers¢2oHRioB £PMQke addpRERIONithiiendtidnséf BB oSeconadit¢2s® ia@annect s
(290, 290') support the conduit (210) between the flanges (106) and the
connect ordirecagn padiie) to wplamhef thictsicdarinag o mombeest(92 (2235 R 94¥ angl iniam 1,

wherein t def. I 292, 29. 4 dapt ed t
o mou{IGROaE PETUST oG Sen et RRgy o A e o A okt s B HOR! ane
of the defQuRP! B)MERGcab0EHe a%%\?ofrg%bngﬁg inadirection parallel to an
axis of rotation (X) of the flow conduit (210) but allow the fl ow conduit
(210)I0to rotate about the axis of rotation (X). 6. The vibrating flow neter
205) of claim1, wherein th .e def Bab nb 292, 293,
204) ar ¢ Gepar HEHOBY MG CanGIeLTARIHCGHE Btk O, DGABT 81 FOrHe RTEIEC o | s

| ess tha 597 i ' ' Ln th
firat porliais SR8 oanarD ahe bl Trh Bhefe s e BT OB B dact o
portion aingld@iscles teiigen (21 1) of

15 7 The vibrating flow meter (205) of claim 1, wherein the first portion (295)

comprises a central hub adapted to receive at least a portion of the end portion (211) of

the flow conduit (210).
8. A case connect (290) for a vibrating flow meter (205), comprising:
20 a first portion (295) adapted to couple to at least a portion of a flow conduit; and

one or more deformable members (292, 293, 294) extending radially from the

first portion (295) and adapted to be coupled to a case (300).

9. The case connect (290) of claim 8, wherein the one or more deformable members
25 (292, 293, 294) being separated by an angle a from one another, wherein the angle a is
less than 180°.

10.  The case connect (290) of claim 8, wherein a deformable member of the one or
more deformable members is configured to resist movement in a plane of the
30  deformable member and partially deform upon movement in a direction perpendicular to

the plane.
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the flow conduit (210). 8. A case connect (290) for a vibrating flow neter
(205), conprising: a first portion (295) adapted to couple to at |east a
porti on oVoaofdwssonduit; and one or nore deformabl e meoDAS30002896852 293,
294) extending radially fromthe first portion (295) and adapted to be
coupled to a case (300). 9, e_.case connect (290) of. claim 8, wherein the
one or norle d %%F%n%hﬁ?é’ﬁg of slgm Spwrheroyy e %éé W@E;@éaﬂ:@aﬂwe% angl e

a fromo e LA - : ; ase
connect _(S80) o R AR e R 188 ool FE Sl BBfioh (1 e B T e
def or mabl@ndeit2r®. i s configured to resist novenent in a plane of the

def or mabl e nenber and partially deform upon novenent in a direction
perpendi cular to the plane.11. The case connect (290) of claim8, wherein

the fi.rst,portjon. {2 rises ral _hub adapted-,to regcejv t | east
2 por 1 ori 5t thERAGT R pf AR R R e BERRL RN S s RALY ARG o ho
for bal anfgkéh ortibh ahdl ﬁ@eédrﬁ%nﬂqfo@ﬁoﬂ;%Hlacha@@s@rédrﬂ\mgiﬁrlg&ﬂt'Ea p‘Mﬁdh@f first
end portion and a second end portion; and a case surrounding at |east a

portion dhe flow ddndwitcamapriting dergpenssifng t he steps of: coupling a first
portion of a firsi case connect.tQ the first en rtion of. the flgw
ondurt; ana cSuBlnga TendoRionst b et iePecBreiet rhGpSiiendias ik « ne
first portion of thenfifsinqcase connect to the case such that the first end
portion can rotate about a conduit axis. 13. The nethod of claim 12,
furtHér conpri®upbng bee st mpse déformahlpniangbeas fhat sxtepd ffonothedirsapaaoonll case
connect to the seconpd end portion of the flaow cog}%ufit; %gé:lpcoupl i ng one or
more def or mabl e nerBefEStCAsH campeeia the easeHen that Eie Tyst endoppren cperaiaeond
case connect to thegase Suflk Lhat the second end portion can rotate about
t he conduit axis. '

13.  The method of claim 12, further comprising the steps of:
15 coupling a first portion of a second case connect to the second end portion of the
flow conduit; and
coupling one or more deformable members that extend from the first portion of
the second case connect to the case such that the second end portion can
rotate about the conduit axis.
20
14.  The method of claim 13, further comprising the step of:
coupling a base to the conduit and a driven member, the base switching between
remaining substantially stationary or moving substantially in phase with
the conduit or moving substantially in phase with the driven member in

25 order to balance the motion of the conduit and the driven member.

15.  The method of claim 14, further comprising the step of:
coupling the base to the first and second end portion using a pair of connectors;
and
30 coupling a pair of flanges to the conduit such that the first and second case

connects support the conduit between the flanges and the connectors.
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14. The method of claim 13, further conprising the step of: coupling a base
to the conduit and a driven nenber, the base sw tching between renaining
subst ant iaDI2g1084&i8Bonary or novi ng substantially i n pha®eTwiseéooesszondui t
or noving substantially in phase with the driven nenber in order to bal ance
the notion of the conduit. and the driven nenber. 15. The nethod of claim
14, furthéy c%meﬁ%ﬁg Ofﬁlél@tlép?%hereeﬁl@rlﬁwg thhacBREe to the First and
second end por&si%&H%&%ﬁ%Q&Lﬂec% 1‘&81?_@1‘?&&1%8' of Bt SAVRbARM: i PdirdctRh
flanges to the ¢ uit such that the first an% second case connects support
the conduit betweemparditeltd apg@s odmitk ddformsabloawinthess 4ifd inThéiremionqarafel cl ai m
12, further conprising the step of: using the first case connect to limt
the notion of the fiPaasRiuptation of thy Hewicosduiphntallasy thedlaw gprdiat i9f t he
def or pabl e nenbers 10 irection rallel to an axis of rotation of
the fl'ow conduit b6591?#%%ﬁp%€11?§5ﬁggﬁ)uit to rotate about the axis of
rotation. 17. The nmethod of claim 12, wherein the one or nore defornable
menbers are separated by an angle a fromone another, wherein the angle a
is less tlWan 18@ me®dodDihelammstRowvhefein the aneldr, moueatedormabhempinbsts gyor t i on

compri ses ByGEi AL, hub. adapt ed, L0.LE0ShURi2tnd S o B RAUBLRNsH! the end

10 18.  The method of claim 12, wherein the first portion comprises a central hub

adapted to receive at least a portion of the end portion of the flow conduit.
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