WD 2010/ 132048PCT/ US2009/ 043418 A FLOW METER | NCLUDI NG A BALANCED REFERENCE
MEMBER FI ELD OF THE I NVENTI ON 5The present invention relates to a

vi br ati ngwbl2ow/13ed4er, and nore particularly, to a vi bratrcmgskéooxszses er

i ncluding a bal anced reference menber. BACKGROUND OF THE | NVENTI ON

Vi brating flow devices such as. for exanple. densitoneters and Coriolis
flow 10 et &b dLHW B%EEMNQ%QM(%@ BALANGET REFERENCE MEMBER
materials, such as, for exanple, density, mass flowrate, volune flow rate,
totalized mass flow, tenperature, and other information. Vibrating flow
devi ces IFIELINEOFONEEANVENEI@ENndui ts, which may have a variety of shapes,
such as, for exanple, straight, U shaped, or irregular configurations.
15TheSone or nidrebreeandintestinavelates dep vabrarag dloay mefdsr and eerameEsularly, to

including, for.e e, sinplke bendin tarsional ., radial, and coupled
nodes. A?a" Y%%ltngéf\ogy leelt?/réP&gfhgfgaatebeaiaI{C%g r%f%reentg? H}‘?B?beer'condui ts at a resonance
frequency in one or nore of these drive nodes for purposes of determning a

characteristic of the flowwng material. One or nore neter electronics
transm t BASKARQUMND Qir Tid PN t he at | east one driver, which is 20

P R e Dby SRS o e TBRRE B S, Ko B o

| Ik

1
C
affixed to the B?HH\_% O%n : | : .
or tqeanghfiefs GRNANEL forl BEeALINE IHRALIFRHS &5F HBGA% IN&EridIQ Vhd ake fhhe

one or nore conduits at the drive frequency in the i ve node. For exanpl e,
t he dri veexampihgldensiyy,beas fewirath vobkinec floivcailte, totatiesd niasadkm, ttt@getacurthe
coil. 25At | east one Pi ck-of f detects the nption of the conduit(s), and
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geger at esng otherjatorangtion; Vrbrating @f@’n%ﬂ"iffeé pREuds Png PR/BOHY quﬁiélitﬁmwlineh Y t he
vibrati n%a%gngu\'/a%rffg‘% of Plialﬁ's,.c %u&I fafs' Sof ye&'aﬁl%lle! yst?algiﬁt? r’(?:[s’h%&ltdh &Oq@{aélgéﬂ on

wi th the magnet cal eing affixed to oné con t an e coi ei ng
af fi xed t@nfigiRtiohé.ng structure or to another conduit. However, it should
be appreciated that other pick-off arrangenents exist such as for 30

exanmpbe, opti cHie ormpasiorakseaduils kpve-epdcairmagurabybratifemedes-iveudigghen i s
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modes for purposes of determining a characteristic of the flowing material. One or more
meter electronics transmit a sinusoidal drive 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
drive signal causes the driver to vibrate the one or more conduits at the drive frequency
in the drive mode. For example, the drive signal may be a periodic electrical current
transmitted to the coil.

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.
However, it should be appreciated that other pick-off arrangements exist such as for

30 example, optical, capacitance, piezo-electric, etc. The pick-off signal is transmitted to
the one or more electronics; and according to well known principals the pick-off signal
may be used by the one or more meter electronics to determine a characteristic of the

flowing material or adjust the drive signal, if necessary.
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WO 2010/ 132048PCT/ US2009/ 043418 Typically, vibrating flow devices are
provided with two vibrating conduits that vibrate in opposition to each

ot her i n woaero/13e048r eat e an i nherently bal anced syst em PAI/US20000ud418 t he
vi brations fromeach conduit bal ance each other out in a manner that

prevents undesjred vibrations frgogmone conduit frqom passing to the other
condui t. Ther elXPically; VHRIHERG oW ?\tl%snarawapwéa@mﬁgtwaﬂgafa%w ohs. ar e

undesi r ah}; r i r 0Qggi ng.
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| ocat ed dHeeenMpuRdesBed MibEatignFEdm Qe candiit BAM RsiseiRg 69 thecthpioradpit] ddgted on
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i naccur atreaypbeleswdfablesi gnal s. Furthernore, in sonme systens, 15 the reference
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condui t. Attenpts at solving this problem have i nvolved using a dummy
t ube 1Bountfengncst muahbere ahat isscatd gotledfft contpenenindacdtedi an btlececondns., and

using the notion of the dummy tube to bal ance the system Wile this
appr oach ‘heeordiagly, yaﬁ%wﬁ?e &g’é%ﬂ%&ségﬁtnp%sértpéﬁﬁ referige i 1BerEbey may Laysm b | y

difficult t t ' £l uj id:
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achi eved. 25 SUWMMARY OF THE | NVENTI ON According to one enbodi nent of the
present |GPUEIMNCHI angd gensvateranancuiaie prakvoidedenaihe Frrtboymmseein seiae greems,
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may not be able to counter the vibrations of the flow conduit.
Attempts at solving this problem have involved using a dummy tube mounting
structure that is attached to the conduit via brace bars, and using the motion of the
20  dummy tube to balance the system. While this approach has been somewhat adequate in
certain situations, it is generally difficult to balance the system over a wide fluid density
range thereby limiting the effectiveness of the prior art approach.
The present invention overcomes these and other problems and an advance in the

art 18 achieved.

25
SUMMARY OF THE INVENTION

According to one embodiment of the present invention, a flow meter is provided.

The flow meter includes a conduit and a driver configured to vibrate the conduit.
According to an embodiment of the invention, the flow meter also includes a first pick-
30 off. The first pick-off includes a first pick-off component and a second pick-off
component. The vibrating flow meter also includes a reference member. The first pick-

off component is coupled to the reference member while the second pick-off component



conponent. The vibrating flow neter also includes a reference nenber. The
first pick- off conponent is coupled to the reference nenber while the
second piwRk-20foi13e@sponent WO 2010/ 132048PCT/ US2009/ 0432L8/ussoo0nuglied t o
the conduit proximate the first pick-off conponent. The vibrating flow

meter al so inclydes a bal ancing el enent cou to the reference

Accor di ng® COUBRERARE SRBYAI REITBI TRIShPE qugﬁorr@OP%qterEla%@%ﬁ%ﬁb OPor a
fl ow met active portion.
5 Accor diRg e ARG R o B B B 2 o &
adapted to vi M@dwdlﬁgautamtlﬁernﬂnmlmanOWBN inAesodi Hgefeenad nesrhieeti foent  of

the invention, the reference nenber al so includes a bal anci ng el enent
coupl ed tipW Hactesf isr prave defenbéhe refcRg appiebas) embrincludn He aHupt RAUtIED.

vi brat.e a nd| bstan | | S] he
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met hod aligoqiied pifesnt he step of coupling the second pi ck-of f conponent to
the flow conduit proximte the first pick-off conponent. According to

anot Hér enbodiAemwidiaf td beothay embodiment béthveihherdimp rafpnéthed; forhferimirgpa dbw

coupling a bal anc .ng elenent to t referen 20 ASPE ccqrdi ng
to an aspBeler giclydipgy \ﬁtqoaﬁult,aa Brla aﬁ'@fié} Esér%‘f -9 smClé}dmgoi‘N%ﬁrﬁi i

driver Coc%]iﬂ}g)l S avéeQ{)?(ﬁ g)léIJA'Gf %nt is 8r0v1d d, %ﬁgo@&lﬁg 1ﬁl§lug§]§; l‘g] ,e_

i ncludi ng a rst pick onponent “an cond pi Cc co
steps of posmonlng a reference member proximate the flow conduit and coupling the

first pick-off component to the reference member. According to an embodiment of the
15 invention, the method also includes the step of coupling the second pick-off component
to the flow conduit proximate the first pick-off component. According to another
embodiment of the invention, the method comprises the step of coupling a balancing

element to the reference member.

20  ASPECTS

According to an aspect of the invention, a flow meter comprises:

a flow conduit;

a driver configured to vibrate the conduit;

a first pick-off including a first pick-off component and a second pick-off

25 component;

a reference member, wherein the first pick-off component is coupled to the
reference member and the second pick-off component is coupled to the
conduit proximate the first pick-off component; and

a balancing element coupled to the reference member.

30 Preferably, the reference member further comprises one or more legs that at least

partially define a bending axis of the reference member.



a reference nenber, wherein the first pick-off conponent is coupled to the
ref erence nmenber and the second pick-off conponent is coupled to the
conduit pwoxpmateos8he first pick-off conponent; and a balCanseeyoedsesrent
coupled to the reference nenber. 30Preferably, the reference nenber further

conprises one or re |egs that at |east partfially define a ndi hg axis of
the ref or ence MERERHY: t\ﬂm%alzeq@gﬁ%m@m @9@%%@119@0ﬁ10n0f§§%f FRBFY, the
bal anci ng,,gl,ggent is coupled to an active portion of the reference nenber.

Preferably, thé balancing elenent is sized and | ocated such that a nmonentum
of t he balRdfuratdy ghebriahcing ebamhaitantived hnd Rqatel sactdthappasiniert@nrognment um

of an active 5 portion of the reference nenber. Preferably, the
bal anci nghebalgaeing ickenagns égsubs@nfiabneeunl 40¢ RPPOfAIC apoeeaiim of an Aeiveal anci ng

el ement ab nding axis WWof the reference nenber is substantially
oppos?te%ﬁ%@%p %?Eégkg%wgé??ggﬂportion of the reference nenber.

Preferably, tm@cfdr£M nE BRlahsinkREMERMPEiLERE PlochRaShclthaeARREMBhICH 1Ak f
including 10 a first pick-off conmponent coupled to the reference nenber and

a second tpilaking dlewontrboshe bewdipg existW- Whet too nefaience membeprsefubsabtiglly t he
O R IR A s BbRE i onoe rorber and &
o L o L A0SR 5 s L st |
conprl0ses farst pickrofficenpbm@ing coupled to the reference member and a second pick-off
component coupled to the conduit.
Preferably, the driver includes a first component coupled to the reference
member and a second component coupled to the conduit.
Preferably, the balancing element is integral to the reference member.
15 Preferably, the balancing element is removably coupled to the reference member.
Preferably, the reference member comprises a reference plate.
According to another aspect of the invention, a reference member for a flow
meter comprises:
an active portion adapted to vibrate about a bending axis; and
20 a balancing element coupled to the reference member and adapted to vibrate
about the bending axis substantially opposite the active portion.
Preferably, the reference member further comprises one or more legs that at least
partially define the bending axis.
Preferably, the balancing element is sized and located such that a momentum of
25  the balancing element is substantially equal and opposite a momentum of the active
portion.
Preferably, the balancing element is coupled to the active portion of the reference
member.
Preferably, the reference member comprises a reference plate.
30 According to another aspect of the invention, a method for forming a flow meter
including a flow conduit, a driver, and a first pick-off including a first pick-off

component and a second pick-off component, comprises the steps of:
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Accordi ng to anot her aspect of the invention, a reference nenber for a flow
nmeter conprises: an active portion adapted to vibrate about a bendi ng axis;
and 20a babanoir3gn4el enent coupl ed to the reference nenbecTarsdooadaiied to
vi brat e about the bending axis substantially opposite the active

portion. Preferaply, the reference nenber fui;t ger cor(’i‘pr_i ses one or nore
| egs that at IROSEIONGEE 3 TefprepcqRembsr praxipaisdhs Jowgonduit; Preferably,

t he bal anci ng C%M?Hﬁ‘g{hseh ssﬁél%ﬁ%f% &%F f‘cgtr}]lglf&ﬂ%retnlaérmé?nﬁ@”ent um of 25 the

bal anci ng el enen ntia gqua opposite a nbnentum of the
active porti orcoupling thHersetendpick-off bempalcanai thg fRiveomduit gocionpé et figt t he
active portion of the reference nenber. Preferably, the reference nenber
conprises a refererﬁ@‘ﬁffétoél?l)@@%%@di ng to anot her aspect of the

I nventi on, a neth for, form flow meter including a flow conduit, a
dri ve&, and a T fs%‘gg %?’8 a-nglfnfg eiﬁlér%ré%t}é?%lge%?efrfg?cs,etm%ing% of f conponent and a

second pi ck- OfFreM?,ﬂﬁekte]im@Bﬁﬂ)lﬁﬁgsthk It RRSI@hent Bhprises coupling the
2010/ 132048PCT/ US2009/ 043418 positioning a reference nenber proximte the

f1 ow conduilancingoel pinienigotanective portipingki-to¢ feferonpomentbet.o the ref erence
renter SO, LS, SGond, Bl Fkaol  commeneat Loche, Lloweandt
to the ref@RNeI8ReR & uch that a momentum of the balancing element is substantially equal

10 and opposite a momentum of an active portion of the reference member.

Preferably, the method further comprises the step of sizing and locating the
balancing element such that movement of the balancing element about a bending axis of
the reference member is substantially opposite movement of an active portion of the
reference member about the bending axis.

15 Preferably, the method further comprises the step of coupling a first pick-off
component of at least a second pick-off to the reference member and coupling a second
pick-off component of the at least second pick-off to the flow conduit.

Preferably, the method further comprises the step of coupling a first driver
component to the reference member and a second driver component to the conduit.

20 Preferably, the reference member comprises a reference plate.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts a perspective view of a prior art dual conduit vibrating flow
device.
25 Figure 2 depicts a perspective view of a prior art single conduit sensor assembly.
Figure 3 depicts a perspective view of a prior art single conduit sensor assembly.
Figure 4 depicts a perspective view of an embodiment of single conduit sensor

assembly.

30 DETAILED DESCRIPTION OF THE INVENTION

FIGS. 1 — 4 and the following description depict specific examples to teach those

skilled in the art how to make and use the best mode of the invention. For the purpose
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Preferably, the step of coupling the bal ancing el ement conprises coupling
the balancing elenent to an active portion of the reference nenber.

Pr ef er ablwo 20tve3eB8hod further conprises the step of si 2PCmgSard/okaeat i ng
t he bal anci ng el enent such that a nonentum of the bal ancing elenent is

substantigl ]y equal 10 and. opposite a nonentum of an active portion of the
ref er encé)afnf@ﬁ%% 1@Yfé]ft’éff3al1!¥|“§ﬁ,llg)1?ﬁesor%€t HB’EIVﬁfnﬁlPPﬁleF‘Spéﬁﬁplﬂar‘?e@eetnh%mg’chg%do?r

si zi ng ang..kagaty I.Ng: .
bl anai ng T aas HBg Ll e B B i et R RE o BB oo B fal
subst ant ivaithiy thppeept efnhydneaitionf dhose kkivied par the cart afillt fgpreciter o ehe

menber about the bending axis. 15Preferably, the nmethad further conprises

t he step feptueasudsseimbedabglpwstandheckarpbined dimyariawt ways i foranstultapls s@padons

pi ck-Qff t he reference r..and couplin . | ck-off ¢ nent
bt “the ad waaR GBI FEDRT o8 WrEHR b Ry naBEE 15, B SPadis, SNt hod
further cRRBHbcESISNENRIBPY BY tHedphisnhdahéic bglivalchiser conponent to the

ref erence nmenber and a second driver conponent to the conduit.

20Pr ef er abl y, flke Ir dlugiretes ennexabmle obmppliereart vibrefieg secsor plsanebly BRIrEFhe
DESCR PTILCN OF, T DRANGS, FLaur e 1o on! 615 BaBSTRPSRE 068 o B ndeP’ !
electronics 20. The one or more meter electronics 20 are connected to flow meter 10 to
10 measure a characteristic of a flowing material, such as, for example, density, mass flow
rate, volume flow rate, totalized mass flow, temperature, and other information.
The flow meter 10 includes a pair of flanges 101 and 101', manifolds 102 and
102", and conduits 103A and 103B. Manifolds 102, 102’ are affixed to opposing ends of
the conduits 103A, 103B. Flanges 101 and 101" of the present example are affixed to
15 manifolds 102 and 102'. Manifolds 102 and 102' of the present example are affixed to
opposite ends of spacer 106. Spacer 106 maintains the spacing between manifolds 102
and 102' in the present example to prevent undesired vibrations in conduits 103A and
103B. The conduits extend outwardly from the manifolds in an essentially parallel
fashion. When flow meter 10 is inserted into a pipeline system (not shown) which
20  carries the flowing material, the material enters flow meter 10 through flange 101,
passes through inlet manifold 102 where the total amount of material is directed to enter
conduits 103A and 103B, flows through conduits 103A and 103B and back into outlet
manifold 102" where it exits the flow meter 10 through flange 101".
The flow meter 10 includes a driver 104. The driver 104 is affixed to conduits
25 103A, 103B in a position where the driver 104 can vibrate the conduits 103A, 103B in
the drive mode. More particularly, the driver 104 includes a first driver component (not
shown) affixed to conduit 103A and a second driver component (not shown) affixed to
conduit 103B. Driver 104 may comprise one of many well known arrangements, such
as a magnet mounted to the conduit 103A and an opposing coil mounted to the conduit
30 103B.
In the present example, the drive mode is the first out of phase bending mode and

the conduits 103A and 103B are preferably selected and appropriately mounted to inlet
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25Fi gure 2 depicts a perspective view of a prior art single conduit sensor
assenbl y. Figure 3 depicts a perspective view of a prior art single
conduit swoorv/@seenbly. Figure 4 depicts a perspecti vePCranab/0a331s
enbodi nent of single conduit sensor assenbly. 30 DETAILED DESCRI PTI ON OF

THE | NVENTI QN th foll t d t
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of teaching inventive princi sone conventional’ aspects have been

sinplifi egndingoades tWdW did $¢- Wklﬂetpzedtwﬂyt hie thttprivcht ceppplecirdiere shardritd ons
fromthese exarrgl es that fall within the scope of the invention. Those

skil | ed |rﬁ0<ﬂeh§ ¢ firsgiqut Oépm@dqeaﬂ@gtma@e tth%cwrébatlt@rl@éAc@sicW%ar%mmhyan be
g\gngl ggu rfbel Rh oy §%or§¥t§ gﬁr%cglgr{ﬁg%bop %hef sgegﬂvﬁé ol %%g%{esg%e%(ngerr% g)ée&‘ﬁ' on.

descri becklg}ﬁll am, th@%rrﬁ%ﬂ/arb)élt’%ﬁﬁtlﬁg%uﬁﬁ%nﬁ@gn tﬂéeprrovﬁﬂaw v¥RlRet & more mdthG 1
illustrates an exanple of a prior art vibrating sensor assenbly 5 in the

f orm of eal@drongdsi 20,fdushy avefioe rexempler Vi paghway 1100 aed easstd thrahgbnide aoilntor e

t | ect i 20, . T | ect L 20. dt
' ow et dvo0ps sohiacipe" q O Faeraliss | ERoF o SRORGRHRIEASTT Coh
as, for ea?f)gfgélleﬁe (R BRet Hrlvg?r?o?leg LR Yealsed Wit iR Jcb?@vof BeSrededt RlveAGSh, MaSS

flow, rature, and other infornmation. ter 10 includes a
pair IOf fI angeﬁlelbdlamudl §;&ﬂem deaeritedl mlmv]:O@beun@k ﬂterﬂowaa:tdlducmd@BAs IDBBA and

103B. Mani f ol s 1% a are afflxedtooposmge (ﬂ‘gth{g condwts
103A, 103ne ¢ Yodregipnigrshayyn. ¢ (hey, diseotions inghudc the, X-directiordleng 15

mani fol d {Q%&gé’e%g and%he YMRPL cftfahdah}c%éé?)@%)e}lg%ula? 6%@331 91{6628 Ghd t)ﬁﬁéi%r& o?ls ar €

af fi xed osite ends o spater al ns € spaci

bet ween rEils f @odgindR2 saiem12 usbd ﬂhk’@g@bas&hé eppicplién tandphementd Liﬁdﬁfd red
vibrations in conduits 103A and 103B. The conduits extend outwardly from
the nani fuidgsstandingotdweinventiany [iahanidere tppspeiated thﬁe@fhﬁl eROTERLr SYS PSS

i nser,t.ed int e s t _sho [ rrl the fl Al
m orPa 19 Be L AR BaF S bl had sy i 1R Glgid R puE SisitBpt ol
t hr ough Iﬁ}b@fntffﬁ,’@hﬁ&{_d 102 where the total anobunt of material is directed
to enter conduits 103A and 103B, flows through conduits 103A and 103B and
back into outITehe flowirheted 10 6RoOwnheeladést a pxiir tog pidkeoffs d (S nEHIE rthattare laffaxagh

fl ange 101 r 1O inclu riv The driver 104 is
bt 1ved 08 Sonnit 10585 T AMas qaﬁboasgﬁtd%cwgfrmwea? %Sh%a) an

vibrate tfhg,ce Bﬁgdotnﬁuljcq%A 038 ée@oﬁd‘ﬁp&rdff %ogﬁ)%ﬁent SR&?]%{I foalg Qhdellort hE

driver 104 1nclu a first driver conponent ot sh to conduit
103A2and c@ndeit o3 Bdr ilu ethe caonfpatiephit ﬁelmbtedhmhm}nc&icbﬁfxddﬁ a0soacuidcaldd3 i
Driver 104 nay conprise one of .m 8 known arrangepents, such as a
magnet nOWPREEAL @mh@fc@ﬁdﬁ?lid‘&@BA %d 1é>ﬁBopp75§‘i= Rickofs MBunt8y teay He

condui t 39&%%1agnetlc detectors, for example pick-off magnets and pick-off coils that produce
pick-off signals that represent the velocity and position of the conduits 103A, 103B. For
example, the pick-offs 105, 105” may supply pick-off signals to the one or more meter
25  electronics 20 via pathways 111, 111°. Those of ordinary skill in the art will appreciate
that the motion of the conduits 103A, 103B is proportional to certain characteristics of
the flowing material, for example, the mass flow rate and density of the material flowing
through the conduits 103A, 103B.
In the example shown in FIG. 1, the one or more meter electronics 20 receive the
30  pick-off signals from the pick-offs 105, 105°. Path 26 provides an input and an output
means that allows one or more meter electronics 20 to interface with an operator. The

one or more meter electronics 20 measure a characteristic of a flowing material, such as,
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In the present exanple, the drive node is the first out of phase bending
node and the conduits 103A and 103B are preferably sel ected and

appropri avelzgiomsenased to inl et WO 2010/ 132048PCT/ US2009,043%2@ 90833018 ol d 102
and outlet manifold 102" so as to provide a bal anced system havi ng
substantggllg t he same mass distribution, nnnegﬁs of inertjia, and elastic
modul es dBbut* Bi%@n%%@anWWV oY Ttewyvolyiag pHew; aiey . tof Z?%enﬁ?%s Ws
exanpl e, e i i-s.«the fy : hase ndj he
condai £ 5 THEREAIG® HERERRA BT MR Siofinb B0 SO ol
about t heil¢ctronsReX( raceivieendi argmaxe sighdlantor\Bkamplarfrore pselgoth 108, 10& dmelr m of
an alternating current can be provided by one or nore neter electronics 20,
such as fae exERH ENPHEAPER RLPSLI®!L SHAUN b AKlewset Wi IYRAMaHIONC K Mmepyire fuse
bot h gondui ts, 103A, A to oscillate. . Tho of ordinary.. skill isn the art
il SoprdehReRifar o e RalohBofion il B el B nats B0 MG ™ e
present iyHI@RAE ek rald) tdthBzddahafclsly sksipemmnaesaid aaer iabauaitivhbr ates the flow
conduits 103A, 103B generally in the Z-direction as shown. Qher directions
i ncl ude t he X-The schigmesbynghichevibrgielgi meaaunmthgt deviyesdisnelr tasofqr ednale) s
per pendi cul ar,. to both the Z and X-directions, This coordinate systemis
Used t hr CoRRUBITRICATSIF d5rs Mt EGUES 8 CharaeBsinats SOMk RBTSH] pife

i nventi onyell in@hQBbae R, APRKEHHRL 8Os IMALn NG, 5#0PT dinaliRcRY Sk T RyHich [RY be
used and the particul ar’ coordi hate system used shoul’d not Iimt the scope

of tHO prhesant incosperdtedherein by réfeecricepthenefbry, aldetaledwhis¢ussionde nattpdifor of
pi ck-offs 105,@1&?' that are affixed to conduits 103A, 103B. More
parti cul dFeVity T4RSCHPEUL of f  conponent (not shown) is |ocated on conduit

103A and a se - pi ck- Qf f tx ( N e ui t
103B. In the gﬁ%ﬁﬁ%%@ﬁ¥q%é%lc%ed?ﬁﬁﬁ%z%@gﬁfggﬁg%k%éfal 1.%?gﬂp%2%%§8%5t
opposi ng stods @fltoheTheMbw hictdOBA islfidBar Thehd ok ekt 100&howkD FIGY1be
el ectromagneti c detectors, for exanple pick-off nagnets and pick-off coils

t hat pr odweeptghakthefifove mpteyl ki 0 ingtudee pardheondvet &l bend g rafeesesnember of

h duj . | he pi.ckxof , - |
b ok gt oUSemp i Briiopn o RERE Talf BuCliSapS HRard dromlR FiniR X
111, 1171 oxarkip®s Qleplct@, dingatyndikd 103ANahd&reBirnddt hlendi! €50 ak@ AdialiirédiRy

motion of the conduits 103A, 103B is proportional to certain '
char act erdogn¢ated edgethes. fHowevey, thet raferahce frembex diFpl i, poshimnpdpsoXihmie thaet e

and densi of the terial flow ng throu the conduits 103 103B.. I n the
exanpt o shwaondie] @R Sher al R dh g e euPaicam S Hs £8VS0l Matid ek he
30 pi ck-qfefs shanpds ¢ OiﬂtérF it KR EfothOOas }sogener ﬁ&g rllng@/n_pi"noﬁﬁ'(é:dﬁ*?. afhd nput
and an out put neans that allows one or nobre nmeter electronics 20 to

i nt eDac eartidiiaradistapes bétorecen The rafaenoe noniter MéOendehe dlovonoradi2003reasyr e a

characterjstic of a flowng material, such as, WO . )

2010/ 132048PTT MDEP00Y02S 4 goansHdegationp| iBcludiggs bry notiated itauheaties of ficune
flow rate \b%ﬁdi??&mﬁé sféeoo‘%”the% SIP&" iUy i@?—%gtgtllbgr 1641 Qf TR IBHuntl\@' €
parti cul ar?y, € OHe "or Hore nmeter . el ectTom €s rétei’vé one or nor
signal s, sh@ttuexaspihich fhcofdwintdteol (& isl@duntk@5 TR RN 6t Houldbe apsrEpRkat ur e

sensors (not shown), and use this information to nmeasure a
that the particular distance between the reference member 150 and the flow conduit
25  103A may vary from one flow meter to another.

According to another aspect of the present embodiment, unlike a flow tube, the
reference member 150 may be a structure through which the material does not flow; for
example, as shown, a reference plate or any other structure, regardless of shape.
Therefore, although the reference member 150 is shown as comprising a reference plate,

30 the present invention should not be limited to a plate; but rather, the reference member

150 may comprise any desired shape. It should be appreciated that, although not shown,

the reference member 150 may be substantially rigidly coupled to a stationary

8



5 characteristic of a flowng material, such as, for exanple, density, nass
flowrate, volunme flowrate, totalized mass flow, tenperature, and ot her

i nf or mat 1Ww0.2010/132048he t echni ques by whi ch vi brati ng nmea®amriusgoodevisces, such
as, for exanple, Coriolis flow meters or densitoneters, neasure a

characteristic of a flow mat eri al wel | under stood see, f.or anpl e,
U.S. Pat &9fngents, Bejgie sae Mopating afinsdafescne mgmes 0 Ny the mapting of th

i ncor por & &4 cgﬁﬁlﬁ{ o o%( V‘Flﬁ‘{ll@r gﬁéeehne LRChGL R theaq,%fr%@ﬁ;retﬁe %hﬁ%@é?g&dfﬁ% d 3

omtted for brevity cription. ning no

anot her ekaopmeleaityafpiid drawangs. fFoiermbey, themetrostecabnitd Q0 hibéeén omviteat er
110 is similar to the flow neter 10 shown in FI G 1, except that the flow
net er 110T9RIGtReS-4 lglqlié‘FfetOc%iﬁmlﬂfY tho dmvang C@mré%%n&@vvﬁévﬁbelﬁ shqujd 1@0 on

whi ch 54 p%g%e&iagecg It}éaé 15 tp%e{c!tl\é %16. 8‘%&8 (]?H.(O %B 111 Egnl”% 20 tn‘?eq

t he exarrpﬁ and re are no

directly gempedsas atrﬁﬂﬁiehgfmlldﬁ(@ml’desdrfﬂ)%d "vﬁﬁﬁf thFI@.elr.. 150 is
positioned proximate the fl ow conduit 103A such that the first and second

conponent s of AmehWn,verﬁr&todrlwdcqmnmentﬂ@4al_(aﬁd fmSthiCken*ff icatmpoaents ilbh, one
anot her is generally known i.n the art art cuI ar_di st

Dot wean (e dFErGHBIE I TEr TEATeBS RS 30 ool S IEHIA ey Ui SR L on
a number QARSI 484K TdnANsedong! Qkf(')gf cBHfrpoﬁa{ts ! 1'05'0t q@s50.ard Q%ué]eaetooihet he
fl ow conduit 103A, the size of he driv 104 and pick-offs and

t he rMduntdondustli0dat ulke tiostwduingdonehs Fl4aywl 6%, €l052’L haysbaroentledhd thhecedml e,

it shoul d be appreci %t ed that the parti cul ar dj stance be vveen the reference
menber 150MRMCRgel oWl e nldiabs ey ko3 AnagRety Akkerpaipialy Hac dirghwrorapenisy

1 ow tubel o fni Far 8 2aR8° bERASRERhd By (EPLARERerRIPAHL TS AP 1.2

mat eri al meeon.otoﬂqbﬂ%nﬁgmamnm’eea,lsoapos%imxmuca dsedpiceNgdsplsatgparitaidey
ot her structure, regardl ess of shape. Therefore, although the reference
menber 15@n$@s,squﬁ20aele@t@mﬁnwﬁgfoa exampleendergfos. éhe BEsendnyersivarghould
mvegﬁl on :P?ﬁ ] d )t benl edstro a plate; but rather, the reference
31 %P.I%aeg g %espl PEd shape. It shoul d be appreci ated that,

al t hough not SRAUO presbift dx@ﬁ%ﬂ@@l@@ﬁfﬁ?@ﬁ@l’secje%@ dFR¥r BEmPURSTAN04210¥b oF sedl y
coupled to a stati onary 010/ 132048PCT/ US2009/ 043418
driver 104 forces the conduit 103A to oscillate about a bending axis W’-W’. In the
example shown in FIGS. 2 and 3, as the driver 104 vibrates the conduit 103A about the
axis W’-W’, even though the reference member 150 is not directly connected to the
20  conduit 103A, the driver 104 may also excite the reference member 150 and cause
movement of the first pick-off components 105a, 105a’. In other words, the driver 104
may cause an active portion 151 of the reference member 150 to vibrate about a bending
axis W-W, similar to the way flow tube 103B vibrated in FIG. 1, while a substantially
stationary portion 152 does not vibrate or at least not to the degree as the active portion
25 151. The location of the reference member bending axis W-W may be at least partially
determined based on the shape and stiffness of the reference member 150. According to
the reference member 150 shown in FIGS. 3 & 4, the bending axis W-W is at least
partially defined by the one or more legs 160, 160°. Although two legs 160, 160’ are
shown, it should be appreciated that the reference member 150 may only include one leg

30  or may include more than two legs. Therefore, the particular number of legs 160, 160’

provided should not limit the scope of the present invention.



conponent. Neither the nounting of the reference nenber 150 nor the
mounting of the flow conduit 103A within a pipeline is shown in the figures
for the pwoporei3edssr educi ng the conplexity of the draw RgT/USE®LMSIOr €,
the neter electronics 20 has been omtted fromFIGS. 2-4 in order to

npr act i co. (I i HEPEEIG: ArbST0 HelipI SRS AR B & e
el eCtr i ) FRIRRY 9SHTbltd ok BenGSFEI REe Wbl PSPEEInd Rkl e 1

As shown, a river corrpénent and first conponent s 105a

105a' ar ememb@d B dbout beis VefWwriepeteratybeisiddéd uil s aableovithis 8 beeassdn d[el ver
conponent 104b and second FICk of f conponents 105b, 105b' are coupl ed

the 10 cdekadmenzhowrnhe firs coppepenie nf she dvxer WCkT@@al 4ral0 e 195@:0||

The 1 Br st e el IBINE Bl ave Rion' BRR0r ARORFrRY RRnihd 305y deldbaiiae! v

conmpone ntrﬁod&ﬂ&t oFAB® acthROPortioRY Shefahé %ﬂeren& ReMIS@NFIO0MAR b Pescedf R &l SO
possi bl e, such as optical sensors, capacitance sensors, or piezo electric

sensors, rﬁ@‘vememﬁpa@ed Thyerf@didr Sowt hI@Opglest@nt cq)ﬁduetnttnhembsfh@msmglmmew
Iim'tedtomanet/co' the p ent the fi St and
Socond drTe BT aHsS i RURE B8 Fharssitest Pow@taP IR FVe i PERdecdigorienls
103A to aqpgighilat ﬁq@ﬂ@k‘%fﬁ 1@)% l(‘i‘;ﬁt g5 \Wre\%upl'eﬁ th e &XaoHY %HRW‘U%F GS
2 and 3, as the driver 104 vibratés the conduit 103A about e axis W-WwW
even ll()houbén rd¢fheence hendrec é Stethb eibribns greatod bgtithe ettive motoedd edotld stibiebe20
conduit 103A, the drjver 104 may al so excite the reference mf‘f‘l er. 150 and
cause nD\FéﬁEIH?nCS %%Cﬁe‘rwes{neaw&rnsmf CERitpor&h8otig5 Rroblgmais. thah VirREens

ds, 1
or s MGG QIR CRBR T A6F LERY LRiAR LBlerdOF Kol BUARRE,
t ube 103RaWd)naiyedsd Be Ehﬁ%mﬁtedmltlh@reﬁe@ﬂ&ESMﬁﬂdGﬁHSO’ Sttt uadalingd pitsrhiions 152

does not vibrate or at |east not to the degree as the active portion 25
151. The maxHopahudesirhé nasoarte fleefirse piskrofh eparpaperdx il @Sam W areapdmslvatselyeast

part| |1y det er m ned ba stiffne the reference
mbde 1SR ae BB AR EREL ol e Pk st ST T 05 71 G5, 32 4, the

bendl ng axi s VXiMduphatitehPasto Ratith@hdoYiof @fitRetf&¥ndd @ cRiber P50 MBFErelig@s 160,

160" . Al though two legs 160, 160' are shown, it should be appreciated that

t he ref ermeocanengidghe BB@V@TBWIDIIH W5li of thedefomecd egn®er ¢60,neymé neivedeniy e
than two | (ﬁ Ther ef or e, éh parti I ar n er of ]!]er\g\% 1&0, d160.' p%qt}/i ded
shoul d notil YRicAlly aPerigised o Thismay, sl%e}ﬁlc Bhtucomne uid density ©

2010/ 132 [ t (St I

vi brati oﬁgﬁgb@ozf#%%&ﬁ)%ﬂiﬁ%gh& |and\ll%v%vlg$A (ﬂ‘%ng%/owg[r& délggolgéh%g] émc;gglﬁsrlg,bl e,
the @0veneay afiéctitheamptitnde g wiliraidon didregfiirt epreateseloser dend éorcd péubthrut
axis WW.s generally considered undesirable. This is because in the
enbodi merf ahEWES %kt force seinggperetes bythe Frfergnee Bembist Lpf-ck- of f s 104a,

1052, 1052 5 e £Qupled il ARGk, PAL! ARt @ of REoRlALANGE yEember

150 and therefore, € novemnen e ac i've por e re erence

menber 158vémonbeARahe@ny &t 85wMeRIEND i€ ausder ky tid ﬂbd ikRw 1t10r g tnhe
conduit, thereby causing erroneous neasurenents. It shoul d be appreciated

however, kil Zediech3i fsqupé tlﬂatrtb@ refgrapsnenesbar 1 ithanchrdosert leasd ope dialasicing

104a,,.105 Ied t the st ona on 152 of 10 t
108, 105 R VRS S84 S8 bR T A DETRH R b U Rl A
coul d stidomBRee4¥RR1iENSE thARFeiehE@hRNRAISORBRNbroS{del aSmeNal fo@%‘le{h‘%fng
problemis that vi brat| ons external to the sensor assenbly 110, for

exanpl e, orit bilahiiomstrgenstted ¢d thy referonepmembeall¥e, Awprdihgdo be dmtzotsmient ed
to the refe ence nenber 150. .Such undesj.red |braIJon art u sired
moti on t &%t smv%tonpfa&%@mle% RIReHt 31@% ¢ pgsiiion ﬁi&%ﬁ?ﬁ&"@l@ﬂﬁga@g&r ect
the accurggy IQJtaTtIT@aSPPEIlﬁaHV cFind R ﬁerfldlﬁénahe re %f‘f:ﬁef I%fétgnﬁ Prl%g‘gye 150.

Al t hough attenpts to notion o erence ne ave

reduged nasording tof ai hzen‘taidﬁmb!ﬁ pf)l’theb anvebbibnpthd bhelaheingr elesentmeB emait 56,
sone novenent is still ty |call){ Berlenced This may be particularly true
when t he oupled tadhe a@tgfveopomﬁ@ 1511 afdhe refaronge rmaRegH SPheweverctrborid broza

changes. af‘)p&!?:%gc? thd? if Wend é%ngocﬂl%%ﬁ{sf Yhe balancing element 253 may be coupled to
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20 may affect the anplitude of vibration and require a greater or |esser
drive force resulting in a change in the force being experienced by the

ref erencewoemyer32@80. FIG 4 shows a flow neter system PCO/UsC@oldismg t o an
enbodi mrent of the invention. As shomn t he fIOM/neter 210 is simlar to the
flow meter 110 shown FIGS. 2 an xce t at the referepce nmenber 150
i ncl udes 4Pt eé@§‘{“%h%tl tgﬁlr%ﬁ?ﬁnﬁﬁ%n rdpdntu %é@&FléfP RETHB P

of the |qﬂgﬂ%%q%0 & bal anci ng el ement 253 conprlses a portion of the
reference nenber 150 that provides a means for bal ancing out vibrations

transmtted t Advhmtagebeslgnde belabeng I@Emeic2s3 dandet oizad apdbloditogrin dfc t he
I nvention, the bal ancing el enent 253 can be positioned between the | egs

160, 160’ refeﬁ%nceememb@rsk sohi thpt yibesions of threrasersasmigieabies 140 oot handing
refer nce | ggsu o4 %%ﬁ%ghﬁﬁm Q aﬂ%%ﬁPOdkﬁeﬂ} qu%ge |nI % ogg3the

bal an |ng e enent ctrve por

r ef er encex swpadias ték%amelmm&lenﬂst th%hﬁl'ziﬂin{geeléﬁféhﬁgﬁihﬁﬁf w\%ed An@td@ted

enbodi ments, the bal anci ng el ement 253 may be coupl ed t
2010/ 132048PATAUSEO 0SI0aB4S 0frbe Hedansorg ietemant 239 iy efibstantdlynequrdrantds0,

such as torf)%ols@ea }tlel Yo gr{th}norolf ]ﬁ?ez adtive peort%n t0 theerge?erencé men(q)ber 150 about

bending axis W-W. In other words, using the coordinate system provided, as the active

10 portion 151 attempts to move away from the flow conduit 103A in the —Z, -Y-direction,
the balancing element 253 provided on the opposite side of the bending axis W-W
moves in the +Z, +Y-direction. Therefore, the movement of the active portion 151 of
the reference member 150 can be substantially countered. Therefore, the balancing
element 253 may be sized and located such that the mass times velocity (momentum) of

15  the balancing element 253 about the W-W axis is substantially equal to the mass times
velocity of the active portion 151 of the reference member 150, thereby creating
substantially equal and opposite momentums. In other embodiments, the balancing
element 253 may be sized and located such that the momentum of the balancing element
253 is substantially opposite, but greater than the momentum of the active portion 151

20  of the reference member 150. Doing so may further restrict movement of the active
portion 151.

In some embodiments, the stiffness and mass of the balancing element 253 may
be chosen such that the natural frequency of the balancing element 253 is below the
drive frequency. As a result, the balancing element 253 tends to move out of phase with

25 the movement of the active portion 151 of the reference member 150. Therefore,
vibrations of the reference member 150 are minimized, thereby minimizing the
movement of the first components of the driver and pick-offs 104a, 105a, 105a’.

According to an embodiment of the invention, the balancing element 253 may be
sized and located on the reference member 150 such that the balancing element 253

30  moves opposite the reference member 150 and more specifically, the active portion 151
of the reference member 150. For example, as described above, in some embodiments,

as the flow conduit 103A is driven by the driver 104, the driver 104 will also excite the
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Advant ageousl y, the bal ancing el enent 253 can be sized and | ocated on the
reference nmenber 150 such that vibrations of the reference nenber 150 about
bendi ng Svexbe/ME0A8ar e substantially opposite vibrati ongcofustéve/obsidnci ng
el ement 253. According to sonme enbodi nents, the bal ancing el ement 253 may
be sized apd | ocated such that fhe nonentum of e bal ancing el enepnt 253 is
subst ant irafqrvlcsqﬁ%mb%rnldsoocaﬂélélgtt © tHercRenBIIATT 6%51 Foibil %utﬁ@r%&lbﬂ\;-éﬁ - the

ref erence m{%@r- 50 epdi i \c%)/\é) i t
coor di nat% sy elrtn]jgr%é\%lprg@%, tt‘Esagl%%l %gag%étlt;fo\?e 1 e%f)krn? |E gﬁénfé%r g?? et}r%%tlt gg%soﬁﬁtove
away fromibiae:, fsuoh actenght prob@3difficult bed often -Vérgdidepeidiog upbheahddlcan ehargr

el ement 253 provided on the opposite side of the bending axis WWnoves in
the +Z, -+Noyitieceqnlitionheldeweye, thanbalppsipgeitmart 258ecanchq peovidad sush thaf1 of

the referepnce ne r. 150 n i.al . ntered. erefqr he
bal anci nnggﬁagIR%sngP g‘:’? e%ar;e/g%emgﬁ% gﬁ?gélg%%tcaaxtl%gﬁs uch® £ ﬁg Seghhbé’ fi 58 %tnlci‘rr{gs

vel ocity djememntsn) TRérelore! ARVERALANGT e RfREMRt memBe POV in tHerdMMY 8Ktk 1S
substantially equal to the nass tines velocity of the active portion 151 of

t he ref erfoncdrivenbed pidooftt ¢ranpinents &6dd, nSeubbantambeymegmatedandhopposi t e
nonmentung. I n ot her enbodi nents, the balanci el.ement 25 be sized and
ocar ed SIFERREINE HeD RGNS N9 POIEn A ARG g Car ERanea et 30 where fE
subst ant i @k yri ORPARI f)ﬁk-crﬂ?”coﬂl?@ﬁérﬁé 102N 3938 10957eRbYR of atdie: agtdivs, oY tion
151 20 of the reference nenber 150. Doing so nmay further restrict novenent
of tHO adctxawglpdret+hHnYtdirection, thd balspomg eddoeitB53t mpoveéshm stedondedisecand, mass
of the b;’}] anci ng, el enent 253 may be chosen such that the natural_ frequency
P

of the bdPas&rmgletentht 5iredione | volick He pPPYE theftdntyectiag. aTherstarte, t he
bal anci n I t L1 h of
the acti \%Iég\f)or I c?rfl%i T %?Hf%%grrngg %é?se(ggét %I%E%fnﬁ%gg%%%fog%ﬁe%ﬁ rgplleons
of the rafigmences mMenbesrerddeOmamden 50,r8uz &dko el eirébyndiighi fotddl tododicomd ament
of the first conponents of the driver and pick-offs 104a, 105a, 105a'.
Accor di ngousteaingdatse dif tembalaicingelemenbAtI.on, the bal ancing el ement 253 may

be si.zed and |l.qcated on. the r.efergnce r 150. such .t.ha he. bal,anci n
o entlie a0 s gPREb S Skl s fLEPaHL TRTRE b Ty A8 halAifind iaheh
speci fi caldsygant B& adfikicdehyPaétetRMidd thohpprbpristef faetee IGBNREL hadh, 16@4th,

exanpl e, as described above, in some enbodi ments, as the flow conduit 103A
i's driverwidgh,t theckahessy emassO4nd/bhetlhri elerack@dstigs | thatlbglanessc otie theheyitu@ions
2010/ 132048PCT/ US2009/ 043418 ref erence nmenher 150 causing.the reference
renber 180 MBI DA R® EBHICS TERIOET A~ ATEHGEhORTE Wbith s ettt GV eat e
a stationgy Yecﬁﬁé ?ﬁ%rlﬁ%rﬁam,e'ﬂo%%e%&?_tar@Q&?eré‘l%; Yt ﬁ’eﬁﬁ@al UL Ath &MPE S
prove diffrcult and often vary dependi ng-upon 't he ow neter nountling
condi20i onxampbsyeviéhot titmétatieh, oy noetak gorerhllR ddfaam lbast po evhelesteat)dinthe@at 5

vi brations of the reference nenber 150 about axis WW are opposed by the
bal anci ngiaBYetit MPsS. TG EDULRI Ofefssofing Hie VD ABIPIGHSS r TKEEF |

t he regi f the:first ! PicK- . . '
can be e g e, dhd KPR BNE R Rler? SPBANGE T P tBrichiitnacE
of the reaher 86we thRBEthd 0OndMier Fhbfteof brdihargrdkvielin andaRiwil- &fprecig@panent s
104a, 105a, 105a' noves in a first direction, for 10 exanple the -Z,

- Y- di r ectdven, smale differeneendn enasserdistpibgtionvafs mags, avibeatmd agiplidedes omnd/étor

exanpl-e the +Z,. +Y-di.rectio which i s opposit he first direct]

Ther BFor P tisenrdop TiePay i hikeiahan BER T eE hoPasisht il ehMtign
force to ANRIGAARE cbhguit hdyf RE&S B nidisridIeiRaBDE SsHIBEPRAgHD Qvid AU thiRk8&Qs,
requires enough force to overcone the countering force of the bal ancing

el ement 26&s, Aahostheothandiernstios afkthe [balancingeclementsicul 4 capdimety,ghese tfat
t he bal anci.ng el ement 253 ¢ be adjusted by determ ning the appraprjate,
mat eri al ,Offhé‘glé}t S9N Ingthe et Witld agpysc! Hh, ,Celftgﬂi“c@?ﬁ@%"s ,tesﬁaggn%)ﬁar gPatie
char act erd,st,i . hb I:0NS ) At 0 .
referenc edrrar%Il eg&?@g{n e ‘althg srél i)f)gofp ?%?ed Hr%lgerrgdl s LO?HI&? nShiahg n%{rq%&l\’/m%ﬁflﬁlé 6%1?5%? “at e

t hat 30n pnawst edor fdtlaw oetredtsristios g nles dalancimt elethesnit i 238,  tBore agdimpleher .
For

particular balancing element 253 may be sized and located to accommodate a certain

fluid density range. The fluid density range may be chosen based upon the density of
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20 exanple, and not limtation, flow neters generally differ, at least to
sone extent, in their anpunt of mass, in their distribution of mass, in the
vi br ati orwarplo/t3eces and/ or frequenci es involved, and i RCThiS2@ai083setil ar
material or density of the particular material that flows through the

condui t. Those of ordinary ski inthe art will appreciate that even small
di t 1 er endBS ehostad dluig S @mﬁi ﬁaﬁwag erog Hension QAU das 818 25

frequenci Néls 4 h j r i [ f ot tisqul ar
ot or' ol CRRe Fanaop nde BORnt Y ol abBlirRlaidly RS b R et o,
shape, | ergbfimodatitthe ntwifoliddsssityrass, and/or ot her characteristics of the

bal anci ng el enent 253. Accordi ngl é}iﬂthos‘e of ordinary skill in the art wll
appr eci at e t hakhaserafzerdinaguskibleiny Bigt 3tk gvikedppbecipte bt avithin the geepa of the

i cknesgre ARBEOR b B\ Eht BulapaBESHbER: SRRy b Bel b Brsnin

253. For @¥Rmubtion, RAldnciid alenfatsanss feaye hgr@aiff@smt Tpchelchbard vaddhs,
| ocated to accommpdate a certain fluid densi t‘]y range. The flurd density
range maythisnesses emdiyasvassapod hoke olendinery <kill imhe art will appreciate that the

2010/ 132Q48PCT/ US2009/ 043418 the expected fluid. If a fluid Vi ng, a

i 11 er ontOUERLIE §TTeTe st G, DEnE AR i G TSTaRss: Tesbial ety SpfiRed by
an appr OpAltéHﬁﬂi\Vel?,' t%@%a%'cﬁ&cé_l&ﬂe_ Wﬂfay%'é% Eéba?&@@fm&ﬂ?et fhal ﬁecd?l%\é_btfeh}“ d
density. Those of ordinary sSkill 1n the art wll appreciate that, wthin

t he déopdonfexahpld pud st limteeon,i camovabtye dohaected eobaifaracagneahbereit0253

may be used. Further@ore],é in such sjtuatians, bal anci ag el enents 253 may
oug HY

have di f fi3FBIMeNea7d Hge h&IVeRi HRhdnay HpelRde ssdust diustorompeae. [GKpse
of ordin i i rt W i { t 253
ey he. 1 neaarar 1% A el atinten, ERRARES Bnd Fiyel Wb FEARP BARTR 1
bal anci ngoeheoBidui? 5@ Apys fivwh, skesr ¢t @diiafyekilria thbatt will egprocatcetiat 0 f or
exanple, and not limtation, renpvabld%aconnect ed to reference menber 150.
Fur t her noiliernagive heingedimeatsd the, eriveo 4l Maynah dleudedevies.r &1 gxampele, codpoolent

104a .connected to the reference er 150 and.a second .drjyer ¢ ent
Toab 'SondBarairns & PRETSIEE RV RsERITES OBesll RBEERF aDIET SSCRRPPRT,
the art WeldrertRRh&Rb&t &S0t hat in alternative enbodi nents the driver 104 may
be a device, for exanple, and not 15 |imtation, a piezoelectric device,
that is connedt ebould behppersnttd thos@3lklledun thotrttthes it ef ertbmcehersenpepf 180.

It should be afrg]arent to those. skiallljl%gd in Pe art that it is.wthin th
scope of RTR¥NHIEEBHPN fhP¥niicdyiney ISFWée‘i) PS8 Paf QU HRLORs R 2R AR50
conj uncti i y : i I 116E 1ol Ln : npl e,
Coriolis gw%%rehft]g?s(}é %ﬁs@%lgp}ien%:ér s% %%81&1:9 feégagﬁ?mélgss ﬂg %éggﬁ’u%‘g%{lﬁcﬂ&é@’
drivals, refedrdsiodrthemupibek -odfdrzerd, tee oyertet iafgpictodéfs pthevoferating moder off he
determ ned, characteristic of the flowng material. Furthernore, although
the above/lPf8E8R; 8FitHe Hefermiped (hapctaipticookithey owinge il mefurtermare;’s
wel | withj 0 . i ian.. i eat. of
the presebohff e B PloskilEist RS Bbeh HRY, it Qe LI 408, bltfer R b

ref er enceyimfhes sddpl dfale prs@itduieiribnad ikative i febRirds ché phrsntlidddatiok03B.

I n addi tion, although the enbodi ments shown depict flow neters havin
curved orindush@peduls Bowaeetdsi tFor ekamplgothedetseenpg prarabert 19§ muabe Pmémgﬂdesent

navi g | gl s Hepamort g tunbes” ThEBibiohnt Tuel R i, ST "

speci fic RYAMRRS ni@erk At ARS& SKIU-bRHel MW oAditsh AW HR1dTB& 8ppRdiatige t he

best node of the 30 invention. For the purpose of teaching inventive
princi pl gbat genpresovietritomals eppdyt gpphastee Heestragghipiubé i féov onetorsi o1t Sdw

Th killed jn.th t will i at iati f t hese
hat 1 al IMGECH PRV ITRQeEypb SBAPednaON YR | e resent desciiption depict Specifc
examples to teach those skilled in the art how to make and use the best mode of the
30 ivention. For the purpose of teaching inventive principles, some conventional aspects

have been simplified or omitted. Those skilled in the art will appreciate variations from

these examples that fall within the scope of the invention.
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WO 2010/ 132048PCT/ US2009/ 043418 The detail ed descriptions of the
above enbodi nents are not exhaustive descriptions of all enbodi nents

cont enpl aveadotwi3e@8 i nventors to be within the scope of PChAIS20p90M34IOHN.

| ndeed, persons skilled in the art will recognize that certain el enents of
t he above-descri bed ephodi nents may_ variously be conbined or elimnated to
create 5 furthgl éﬁfﬁd@an\%ﬁ%@ptl&ﬁa & che t ghisecrtgBErHentS F8f | RN t he
scope an i f -' i i, | t of
or dl mar'y Sk U 4 a8 erhpRiBN& RbhRiorked B the 3o ELPRPRRER Ik RchES
conbi ned the imkeation.onndeedppersotsidriedirethrddt thiild medogaideatiatn@mtasn wiehtents dfhe
scope and teachings of the invention. Thus, although specific enbodi nents
of, and dhamppesdessribed enbodiaents sryaraianlyds conbeeecher eliminaged to create
illustratdy [POSES, . vari ou ival ent. i ficati are possibl,e within
the " sCopd ifer EBRAGEREY B U FRCEABPIEER, RirTLbRRe ShTrtte s
recogni zeyf thBent@@ieR! NGSviPr Y6 dedppefedt b BRRc R R@PhheskillGnohbekt fhabhe
meters, and not just to the enbodi ments descri bed above and shown in the
acconpanyabaye-fdegaribed .endwdoneitn ghay, ba eenbivegen wtholder inmaehiol apats idditivnale

det er m ned fogﬂom tthe .{ol l,owi ng cl ‘i?lt ns,. WD.2010/ 1?,52048PCT/ US2009/ 043418

CLAI VB WETRGGIRENTS PIIAN flfCREOREARY 'S GRS OLUIIFTEI0G: a f1ow conduit (103A);
Sa driver (104pcoRfthGH Shdcthid leRBHENEME o0 IckahpR3IAbr, thel inbShtidH G OF f
(105) including a first™ pick-off conmponent (105a) and a second pick-off
conpdilentdesdritidal) herainr fef eiletaaverpnipesey, ¥afipus wdpevaient mbodiffcatists gieqlossaibie
conponent (105a) is coupled to the referepce nenber (150) .and the second
pi ck- of f WHRBHROHAPE of thssimyenidon 35 phesq SggpefiH% ﬂ&%wiwapt et g RycengECak ¥ t he

first teachings provided herein can be applied to other flow meters, and not just to the
embodiments described above and shown in the accompanying figures. Accordingly,

the scope of the invention should be determined from the following claims.
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pi ck- of f conponent (105a); and a bal ancing el ement (253) coupled to the
reference nmenber (150). 2. The flow neter (210) of claiml, wherein the

r ef er encewoentyer32q@850) further 15conpri ses one or nore PeFASEAB0434160' )
that at |east partially define a bending axis (W W of the reference
menber ( C‘S 3. The flow neter (210) of claim1, wherein the bal ancing

el ement ¢ s coupled to an active portion (151) of the reference nenber
(150). 20\%, % dhe flow neter (210) of claim1, wherein the balancing

el ement ( § I'S sized and | ocated such that a nonentum of the bal anci ng

el ement (1253) A sloswimsteaii2i®| tompdeiag: and opposite a nmonentum of an active
portion (151) of the reference nenber (150). 255.The flow nmeter (210) of
claim1l, V\here?iﬂOWWQHMFé]r%ﬁf)g el enent (253) is sized and | ocated such that

novengnt of the rg)\%{gg@)nc%n% m@%‘tl ? thggpos}m{a(eleg’g?dll ng axis (WW of the

referénce rrenbe y 0 ‘'ement of an active

portion (151) pfirst BRI ErBN R NERR ik 4HO-of@Papdhent (1084 @IS sdc3a@) of

claim1, further conprising at |east a second pi ck off (105") including a
first pick-off conpodentt orgBacht dO6bl;ed to the reference menber (150) and

a second pick-off. conpone dto.t condui t
2010/ 132048 P OBHS A5 RS 17 ORREerFB R B PR PO EPORI L % ier et n t he
driver (104) includ@spRdfih &%re@&@ﬁ%@&b@@%@) a&&ﬂﬁ's%&'or{d)pﬂ:i@-%ff eference
menber (150) and a selc)ond conmponent (104b) coupled to the conduit (103A).
10 component (105b) is coupled to the conduit (103A) proximate the first
pick-off component (105a); and

a balancing element (253) coupled to the reference member (150).

2. The flow meter (210) of claim 1, wherein the reference member (150) further
15  comprises one or more legs (160, 160°) that at least partially define a bending axis (W-
W) of the reference member (150).

3. The flow meter (210) of claim 1, wherein the balancing element (253) is coupled

to an active portion (151) of the reference member (150).

20
4. The flow meter (210) of claim 1, wherein the balancing element (253) is sized
and located such that a momentum of the balancing element (253) is substantially equal
and opposite a momentum of an active portion (151) of the reference member (150).

25 5. The flow meter (210) of claim 1, wherein the balancing element (253) is sized

and located such that movement of the balancing element (253) about a bending axis
(W-W) of the reference member (150) is substantially opposite movement of an active

portion (151) of the reference member (150).

30 6. The flow meter (210) of claim 1, further comprising at least a second pick-off
(105’) including a first pick-off component (105a’) coupled to the reference member

(150) and a second pick-off component (105b”) coupled to the conduit (103A).
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5 8. The flow neter (210) of claim1l, wherein the bal ancing el enent (253)
is integral to the reference nenber (150). 9. The flow neter (210) of
claiml, wberw/1326¢48e bal anci ng el enent (253) is 10 renovablvs2aoopsesi to t he
reference nmenber (150). 10. The flow neter (210) of claim1, wherein the
reference nmenber (150) conprises a reference plate. 1511. A reference nenber
(150) for a flow neter (210), conprising: an active portion (151) adapted

to vibrate ab i i ! : ta%,gp 0Ny ; t 53)

coupl ed t% thgw}ee e&%ﬁ%%ﬁdéﬁ )wgﬁgﬂla gpte flgagfﬁg({%%af%ﬁt t he
bendi ng avingponW il 08alositupidi talthy redgensd inenibbe(130) hné a pecdndanntpbddat 20 12.
The reference nenber gééO) of claim1l, further conprising one or nore |egs
(160, 16d194k)roupled tpdbgseonshitt (1834 define the bending axis (WW. 13.
The r%f erence menber (150) of claim 11, wherein the bal anci ng el enent (253)
is 257sized and | ocated such that a nonentum of the bal anci ng el enent (253)

i s substantialThe @6 aheté@10PHPOSLINE | 2wHBRERNhE BaRincinbel@aéht\(25 POk Eﬁt@%’raf 151).
14. The reference nenber (150) of claim 11, wherein the bal anci ng el enent

(253) i s todhpiedercnes mhmbactlisve portion (151) of the reference menber (150).
30 15. The reference nmenber (150) of claim 11, wherein the reference
menber (150) conprises a reference plate.

9. The flow meter (210) of claim 1, wherein the balancing element (253) is

10 removably coupled to the reference member (150).

10.  The flow meter (210) of claim 1, wherein the reference member (150) comprises

a reference plate.

15 11. A reference member (150) for a flow meter (210), comprising:
an active portion (151) adapted to vibrate about a bending axis (W-W); and
a balancing element (253) coupled to the reference member (150) and adapted to
vibrate about the bending axis (W-W) substantially opposite the active
portion (151).
20
12.  The reference member (150) of claim 11, further comprising one or more legs

(160, 160°) that at least partially define the bending axis (W-W).

13.  The reference member (150) of claim 11, wherein the balancing element (253) is
25  sized and located such that a momentum of the balancing element (253) is substantially

equal and opposite a momentum of the active portion (151).

14.  The reference member (150) of claim 11, wherein the balancing element (253) is
coupled to the active portion (151) of the reference member (150).

30
15.  The reference member (150) of claim 11, wherein the reference member (150)

comprises a reference plate.
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WO 2010/ 132048PCT/ US2009/ 043418 16. A nethod for formng a fl ow neter
including a flow conduit, a driver, and a first pick-off including a first
pi ck-of f worpmBai48and a second pi ck-off conponent, conpCIrAiSagon1$t eps
of : 5positioning a reference nmenber proximte the flow conduit; coupling
the first pick-off conponent to the reference nenber; coupling the second
pi ck-of f conponent to the flow conduit proximte the first pick-off

conmponentys and i i . 0
17 The il hod" SFARIA R AL AIRDth Bk AOS cORSL SR SRRl
el ement qocpobifsiesiudiga fingpicke fbad@apondng ard e Redundt mclanb flawimpodengr t i on of

the reference nenber. 18. The nethod of claim 16, further conprising the
step of sqoifimg"l%@elstﬁ@étoiﬁng the 15 bal ancing el enent such that a nonentum

o118, bl 2, ey BRLBOL LS ABRES € 2 omentum o

an active portR hod of claim 16,

further conprihuping bR SkepcRioffidhihcneh hecalcidide hiwnttal anci ng el ement
such that novenent of the bal ancing el ement about a bending axis of 20 the

ref erence meneuplisg thetsscemt pigkioff opppeicne toibe dloen corgluitrozimatey thepmist i on of
t he reference nenber. .abgut the bending axis. 20. The net hod of cl aim 16,
further conprising AASOSOFRMMCRGARY i ng a first pick-off conponent of at

| east a secondopbhiks @hhiahlinkNerh&lieh ARG fFERREheAPE, cOUpl i ng a second 25
pi ck- of f conponent ©f the at | east second pick-off to the flow conduit.

21. TBe nethod of claim 16, further conprising the step of coupling a first

driver conponent to the reference nenber and_a second driver conponent to
the condui%. 3 ezvz.ethﬁg OfebHigd Go P heTcan MeIep hereling thifebilanangplcicRenber

conpris esco?nﬂrﬁfeg E&qﬁﬁlgghgbglancing element to an active portion of the reference member.

18.  The method of claim 16, further comprising the step of sizing and locating the
15  balancing element such that a momentum of the balancing element is substantially equal

and opposite a momentum of an active portion of the reference member.

19.  The method of claim 16, further comprising the step of sizing and locating the
balancing element such that movement of the balancing element about a bending axis of
20  the reference member is substantially opposite movement of an active portion of the

reference member about the bending axis.
20.  The method of claim 16, further comprising the step of coupling a first pick-off
component of at least a second pick-off to the reference member and coupling a second

25  pick-off component of the at least second pick-off to the flow conduit.

21.  The method of claim 16, further comprising the step of coupling a first driver

component to the reference member and a second driver component to the conduit.

30 22.  The method of claim 16, wherein the reference member comprises a reference

plate.
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