A FLOW METER | NCLUDI NG A BALANCE MEMBER TECHNI CAL FI ELD The present
invention relates to, a flow neter and nore particularly, to a flow neter
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the flow meter, is directed through the conduit(s), and exits the flow meter through the

outlet side of the flow meter. The natural vibration modes of the vibrating, material
filled system are defined in part by the combined mass of the conduits and the material
flowing within the conduits.

20 When there is no flow through the flow meter, a driving force applied to the
conduit(s) causes all points along the conduit(s) to oscillate with identical phase or small
initial fixed phase offset, which can be corrected. As material begins to flow through
the flow meter, Coriolis forces cause each point along the conduit(s) to have a different
phase. For example, the phase at the inlet end of the flow meter lags the phase at the

25  centralized driver position, while the phase at the outlet leads the phase at the
centralized driver position. Pick-off sensors on the conduit(s) produce sinusoidal
signals representative of the motion of the conduit(s). Signals output from the pick-off
sensors are processed to determine the phase difference between the pick-off sensors.
The phase difference between the two or more pick-off sensors is proportional to the

30  mass flow rate of material flowing through the conduit(s).

Meter electronics connected to the driver generates a drive signal to operate the
driver and determines a mass flow rate and other properties of a material from signals
received from the pick-off sensors. The driver may comprise one of many well known
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mass flow rate of material flow ng through the conduit(s). Mter

el ectronics connected to the driver generates a drive signal to operate the
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opposi t e pRdsRture, the effects of the unbalanced components generally cannot be compensated
and may significantly affect meter performance. The effects of these unbalanced
vibrations and mounting variations can be reduced by using flow meter designs that are
balanced and by using signal processing techniques to compensate for unwanted
20  component motion.

Typical dual tube Coriolis flow meter designs split the flow of material into two
streams using manifolds and send the two streams of material into the two separate flow
tubes. The two tubes are typically symmetrical in shape and mounted parallel to one-
another. The two tubes typically vibrate at the same frequency but in opposite phase.

25 Because the tubes are symmetrical and vibrated opposite each other, the vibrations
typically cancel out where the two tubes are joined. This creates a balanced flow meter
(i.e., little or no vibration of the meter at the manifolds). A change in density in the
material flowing through the two tubes changes the mass of both tubes substantially
equally and therefore, the two tubes remain balanced across a wide range of material

30 densities.



Because the tubes are symmetrical and vibrated opposite each other, the

vi brations typically cancel out where the two tubes are joined. This
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stable mounting plate. Therefore, external vibrations that are translated to the mounting
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plate can adversely affect the meter’s performance.
Another prior art solution is introduced in United States Patent 6,666,098, which
20  discloses the use of a counter tube that runs parallel to the flow tube. One potential
problem with this design lies in the fact that the flow tube and the counter tube must be
made of substantially the same material and have approximately the same mass
distribution. The same mass distribution is essential to maintain a balanced system in
this prior art approach. Furthermore, because the flow tube and the counter tube extend
25  parallel to one another and are therefore approximately the same length, the two should
be made of the same material. If the flow tube and counter tube comprise different
materials having different thermal coefficients of expansion, changes in temperature
may create axial stresses in the flow tube resulting in erroneous measurements. While
this may not seem to be a significant problem, it should be appreciated that in many
30  circumstances it is desirable to provide a flow tube having a relatively low thermal
coefficient of expansion, such as titanium or zirconium. However, such materials are

often expensive. By requiring both the flow tube and the counter tube to be formed
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di stribution. The same nmass distribution is essential to maintain a

bal anced systemin this prior art approach. Furthernore, because the flow
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the invention is equally applicable to other vibrating structures that |ack
t he mbasurement capabilities of Coriolis flow nmeters, such as vibrating
densitoneters. SUMVARY OF THE | NVENTION A flow neter is provided according
to an enbddMRAARYGOFHEETNVENTUIN The f1 ow meter conprises a curved flow

tube and a bal angg, TROBELS @%&éﬁ%d@%ﬁiﬂ%i‘& aﬁ”%?ﬁé&ﬁf&h* BE rtlltéeh JeRMGAL i the

bal ance nenber i's position such cent ine o al'ance nenber

lies on Al@l aneeoompeiesy erdurngl fbowt Atbefl arvathddce Andinbeer Acoptiny itdesth
including a first driver conponent coupled to the flow tube and a second
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the flowihslpginand BrssQERRE dnsledlht coupled to the flow tube and a second driver
component coupled to the balance member proximate the first driver component.
According to an embodiment of the invention, the flow meter also includes a pick-off
sensor including a first pick-off component coupled to the flow tube and a second pick-

20  off component coupled to the balance member proximate the first pick-off component.

According to an embodiment of the invention, a method of forming a flow meter
including a curved flow tube and a balance member is provided. The method comprises
the step of positioning the balance member proximate the flow tube such that a
centerline of the balance member is located on a plane of a centerline of the flow tube.

25  The method also comprises the step of coupling a first driver component to the flow
tube and a second driver component to the balance member proximate the first driver
component. According to an embodiment of the invention, the method also includes the
step of coupling a first pick-off component to the flow tube and a second pick-off
component to the balance member proximate the first pick-off component.
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conponent coupled to the bal ance nmenber proxinmate the first pick-off
conponent. According to an enbodi nent of the invention, a nmethod of formng
a fl ow mawenoimisBudi ng a curved fl ow tube and a bal ance Pogmsee09i051pF ovi ded.
The net hod conprises the step of positioning the bal ance nenber proxinate
the flow télbg iéCh that a centerline of the bal ance nenber is |ocated on a
pl ane of rline of the flow tube. The nethod al so conprises the step

of coupl ing a Lidpdindd YRhs ATBPAR &RohNE bl aMekpBGuBiIchsa second dri ver

conponent to the nce nber proximate the first ver conponent.
Accordi ng to ancientflowaabe;of the invention, the method al so includes the
step of coupling a first pick-off conponent to the flow tube and a second
pi ck- of f conpoheenaednerbergsiinned sechhdat p eeprieof thebalppaptmember ligst

conponent . ASPECTS Accorﬁhnggggeﬁg%%l%po%%e 9,}%}{%%%0{”[]%/18”“ on, a flow neter
ube;"a rp

conprises: a curved T4 BW alance 0SrYti oned such that a

centerline of 4{fevdahan@iagERedrivdrednPdnéntRlodpRdab tie B&RNiteHd ddiea &cohde
curved flow tube; a driver including a first driver conponent coupled to

the flow tube and arsweoomipdnéniepuplodpoiherialangaphesbar protignabathardost nenber
proximate the first,driver conponent; and at |east a first pick-off sensor
including a first pirbiEr §PRPRRHEHEht coupled to the flow tube and a second

pi ck-of f compopeal gw#ﬂ-m sbikor RRIADNRE 2 TRIDSEK-BHOONPYRnt &Ripldd Blthe
pi ck-of f conponent. Preferably, the flow neter further conprises a counter

wei gi0 coupl ed t o tftew tubevanduxecopppekicdf tdrapdians touled &r thedapment .
Preferably, the counter weight is sjzed. le(ln | ocated such that a conbi ned
center of mass of tREMBHUNEBIMAHRHHrsEREKkIHECITPAICYr i ver conponent i s

ocated, on 2 MaRgl HAEnELSEl 18l g Kot by gl ol B 1o
opposi t e flde igRappdsits theeflrs Carifee ReMponent.
Preferably, the counter weight is sized and located such that a combined center of
15 mass of the counter weight and the first driver component is located on a plane of the
centerline of the flow tube.
Preferably, the flow meter further comprises a counter weight coupled to the
balance member opposite the second driver component.
Preferably, the counter weight is sized and located such that a combined center of
20  mass of the counter weight, the second driver component, and a bracket is located on a
plane of the centerline of the balance member.
Preferably, the flow meter further comprises a counter weight coupled to the
flow tube opposite the first pick-off component.
Preferably, the counter weight is sized and located such that a combined center of
25  mass of the counter weight and the first pick-off component is located on a plane of the
centerline of the flow tube.
Preferably, the flow meter further comprises a counter weight coupled to the
balance member opposite the second pick-off component.
Preferably, the counter weight is sized and located such that a combined center of
30  mass of the counter weight, the second pick-off component, and a bracket is located on a

plane of the centerline of the balance member.



Preferably, the counter weight is sized and | ocated such that a conbi ned
center of mass of the counter weight, the second driver conponent, and a
bracket iwoOlowatiedion a pl ane of the centerline of the Ppararsc@Inesther .

Preferably, the flow nmeter further conprises a counter weight coupled to

the flow tube opposite the first pick-off conponent. Preferably, the
counter wei ghtPrFEeréql&eav SFN | 15 ARICE JIRMDRRLY 2OSbIBFhOUIEBATEARET PEs of
t he countgr: Weir hbe dhk st pick-off conponent is located on a plane
of the céﬁ%gﬁﬁ%gggggog%eggﬁgaﬁtube. Preferably, the flow neter further
conpri ses a caubdfeeablwethgflovwe eepdrefiirther ¢digpiak anslaratigybébraeppasd t@ipldieto
second pick-off conponent. Preferably, the counter weight is sized and

| ocat ed he hlothatbeaandoivsi hidance eneraberoe Felsast grrtially edfins @flone upstbending
secon p”55§%L{%@5%§%§ﬁ§éb%§%%§$¥$%§§ket is located on a plane of the

centerline o ‘erably, wherein the bal ance nenber is

positioned w tA¢ddrdifg it BEsthBeRPesteFItRNimMbntidte aGHEMBE of Fetwihy BFlowhRier abl y,
the flow nmeter further conprises a plurality of brace bars coupled to the

f1 ow t ubenendingtrecuyatdifice trberivat a balance menber, sampirisingthedefepnel:a f1 ow t ube
bendi ng axi s and. a bal ance, nenber bendi ng axis., Accor di t 0 anot her aspect
of the i nvent R CE TR SR IGEE FOrTHeRGro PR B e PR SIIaGe BOCHUEA T | ow
tube and a bal ance [EBRBHce FRAME &1108tEd6n 8t &fa cBRRIiR OPiRGulRG bal ance
menber proximate the flow tube such that a centerline of the balance nenber
is | dbated on a pl dimwafbea centerline of the curved flow tube; coupling a

first driver conpgnent.to the flow tube and a second driver .conponent to
the bal ance newHBINGRSESLALIVET eHaPRG fo thei iy tys, r?e%?@?ncgﬁm%roum ing a
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coupling a first pick-off component to the flow tube and a second pick-off
15 component to the balance member proximate the first pick-off
component.
Preferably, the method further comprises the step of coupling a counter weight to
the flow tube opposite a first driver component.
Preferably, the method further comprises the step of sizing and locating the
20  counter weight such that a combined center of mass of the counter weight and the first
driver component is located on a plane of the centerline of the curved flow tube.
Preferably, the method further comprises the step of coupling a counter weight to
the balance member opposite the second driver component.
Preferably, the method further comprises the step of sizing and locating the
25  counter weight such that a combined center of mass of the counter weight and the
second driver component is located on a plane of the centerline of the balance member.
Preferably, the method further comprises the step of coupling a counter weight to
the flow tube opposite the first pick-off component.
Preferably, the method further comprises the step of sizing and locating the
30  counter weight such that a combined center of mass of the counter weight and the first

pick-off component is located on a plane of the centerline of the flow tube.



conmponent. Preferably, the nethod further conprises the step of coupling a
counter weight to the flow tube opposite a first driver conponent.

Pr ef er ablwo 20tve13gatthod further conprises the step of si 2PChgSard/oksieat i ng

t he counter meight such that a conbi ned center of mass of the counter

wei ght and th rst iver nent is | ocated pl ane of the
centerline of el%rﬁte @dy amqt%wofq%@r CW@#I@@S&E? §tept0?ﬁéowﬂ%aC?Imt@rhwght to
conpri se &t he bal ance nmember
opp05|teﬁ? gﬁgg%%n H%GPQ S@%ﬂ%ﬁ%@ﬁ#@ %@P the met hod furt her
conpri ses the Etfpatdy, ﬂlezmgqcﬁinﬁlrtmwdmglsbh&hecswiﬂ of sweh@hihdslocitiigheic a
conbi ned center of mass of the counter wei ght and the second driver
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t he met hgdehgéd her conprises the step of sizing and | ocating the counter
wei ght such that a conbi ned center of mass of the counter weight and the
first pick-of fPrefsngunethe step dhpetivehing the phlanes wientbee poenmetd thadlwf tuliee

fl ow tube. Preferabl. hod fur her rise e step l.ing a
Count er PSS Bov Haniba P pErbU SRR inR ke Sraop DLl b
conponent . Prafgfablly, tht Mecthsd NRthel UbhPRLesRPR eg%ﬁ%oﬁﬁﬁngfﬁﬁﬂlr%tysdfzdr% and
| ocating the counter’wer ght such that conbi ned center Of nass”of

countl®r vieirght tha flewstaberaddphe lbbabtinte amploeretot 3t lamd partalhclefind s flovc atteed on
a pl ane of the cent%{&qu of the bal ce nmenber. Preferably, the step of
posi t i onitgdngexpnd mg%'%? &%the fl ow tube conpri ses
positioning the bal ance menber within an inner bend region of the flow
tube. Preferably, the nethod further conprises the step of coupling a

pl ur al i t \BRIEBD&ESERIRTSONOF THE DR WINgGSand t he bal ance nenber to at | east
partially define a flow tube bending axis and a bal ance member bending

axi s. BRI EF DHIGRIFRpENaqrior et IRANSIeSsor assembly.

15 FIG. 2 shows a single tube flow meter according to an embodiment of the

invention.

FIG. 3 shows a cross sectional view of a single tube flow meter according to an
embodiment of the invention.

FIG. 4 shows a single tube flow meter according to another embodiment of the

20  invention.

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
25  of teaching inventive principles, some conventional aspects have been simplified or
omitted. Those skilled in the art will appreciate variations from these examples that fall
within the scope of the invention. Those skilled in the art will appreciate that the
features described below can be combined in various ways to form multiple variations
of the invention. As a result, the invention is not limited to the specific examples

30  described below, but only by the claims and their equivalents.
FIG. 1 illustrates an example of a prior art vibrating sensor assembly 5 in the

form of a Coriolis flow meter comprising a flow meter 10 and one or more meter
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FIG 1 shows a prior art vibrating sensor assenbly. FIG 2 shows a single
tube flow nmeter according to an enbodi nent of the invention. FIG 3 shows a
cross secwpanal13gilew of a single tube flow neter accor diPag/useomansanbodi nent
of the invention. FIG 4 shows a single tube flow neter according to

anot her enbodi nent of the invention TAI LED DESCRI PTI THE | NVENTI ON
FIGS. 1 -cloctgnirsidfe i PW%@OB%@EWSPE Hﬁnt?ég%reg@@m & tbia each
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I nvention or the purpose o I ng 1 nventi ve princ Fes
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art will appreciate variations fromthese exanples that fall within the
scope of the |Tﬁﬁ‘eﬂ9WdﬁeteTH951@C]§F@Pﬂ panin of flaeegosrkOlwand l%bpmal falds 0Raand he

features [i c 0 o] Vaps,oU

vari at5| ons dfanfiﬁggd nven |Ao%n g@ﬁ 1rQ;}e)aélu ?ds ltmé?éinve r@’yne%ilté ORB&IP%l%Elie to
t he specithé oAl B, de8®. | PRABEI OWan®UD 1061 thePredche cthidbFBaraAgfitdicior
equivalents. FIG 1 i Il ustrates an exanple of a prior art vibrating sensor

assenbl y Banifpldhé02 endnloL'. aM@orfobilsulé)2fandvd(}iéDéthecmmﬁnt§mgp& freaffinet or 10
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15  through the conduits 103A and 103B and back into the outlet manifold 102" where it
exits the flow meter 10 through the flange 101",

The flow meter 10 includes a driver 104. The driver 104 is affixed to conduits
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

20  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
103B. Other examples include piezo-electric drivers, acoustic drivers, etc.

In the present example, the drive mode is the first out of phase bending mode and

25  the conduits 103A and 103B are preferably selected and appropriately mounted to inlet
manifold 102 and outlet manifold 102' so as to provide a balanced system having
substantially the same mass distribution, moments of inertia, and elastic modules about
bending axes W-W and W'-W', respectively. In the present example, where the drive
mode is the first out of phase bending mode, the conduits 103A and 103B are driven by

30  driver 104 in opposite directions about their respective bending axes W and W'. A drive

signal in the form of an alternating current can be provided by one or more meter
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shoul d be appreciated that other
material, such as, for example, density, mass flow rate, volume flow rate, totalized mass
flow, temperature, and other information. More particularly, the one or more meter
electronics 20 receive one or more signals, for example, from pick-offs 105, 105* and
20  one or more temperature sensors (not shown), and use this information to 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 techniques by which vibrating measuring devices, such as, for example,
Coriolis flow meters or densitometers, measure a characteristic of a flowing material are
25  well understood; see, for example, U.S. Patent No. 6,505,131, the disclosure of which is
hereby incorporated herein by reference; therefore, a detailed discussion is omitted for
brevity of this description.
FIG. 2 shows a flow meter 200 according to an embodiment of the invention.
The flow meter 200 may comprise a Coriolis flow meter or may comprise a vibrating
30  system that lacks all of the measuring capabilities of a Coriolis flow meter, such as a
vibrating densitometer, for example. According to an embodiment of the invention, the

flow meter 200 can include a curved flow tube 203, a balance member 250, an inlet
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coordi nate systens may be used and the particul ar coordi nate system used
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tube 203. According to another embodiment of the invention, the second driver
component 104b is coupled to the balance member 250 proximate the first driver
component 104a. The driver components 104a, 104b may be coupled to the flow tube
203 and balance member 250 according to generally known methods including, for

20  example, brazing, bonding, welding, adhesives, mechanical fasteners, etc. In the
embodiment shown, the first driver component 104a comprises a driver magnet while
the second driver component 104b comprises a driver coil. However, it should be
appreciated that the driver components could be reversed, i.e., the first driver component
104a could comprise the driver coil while the second driver component 104b could

25  comprise the driver magnet. Furthermore, the driver 104 does not have to comprise a
magnet/coil combination. As mentioned above there are various alternative drivers
including, for example, piezo-electric and acoustic drivers. Therefore, the particular
driver component coupled to the flow tube 101 and the balance member 250 should not
limit the scope of the present invention. The important aspect is that one of the driver

30  components is coupled to the flow tube 101 while the other driver component is coupled

to the balance member 250.
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one or nore sensor conponents 104, 105, 106. According to the enbodi nent
shown, the flow neter 200 includes a driver 104 and two pick-off sensors
105, 105'woAbtoncssgh only two pick-of f assenblies 105, 1@BT/isc@odtiem, it
shoul d be appreciated that the flow neter 200 may include a single pick-off
assenbly 105 or. npre than_two pjck-off assegblies. Furthernore, i.n sone
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conponent 104a conprises a driver nagnet while the second driver conponent
104b 10onunbes )3aand ithe rbatamick . meimber &50 shousd owt dirhg thpps@pk adfe tha Ipatsebthe

driver caonponents could be reversed, i.e., the first driver copponent 104a
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i's coupl e@sb, 105b coupled to the balance member 250, the sensor components 104, 105, 105’
are substantially isolated from external vibrations that may otherwise be transmitted to
the components. For example, in the prior art system where the pick-off components
were coupled to a stationary reference plate, external vibrations could be experienced,
20  thereby resulting in erroneous measurements. However, the present invention
substantially isolates the sensor components thereby reducing the chances of erroneous
measurements.
According to an embodiment of the invention, the sensor components 104, 105,
105’ are coupled to the flow tube 203 and/or balance member 250 using brackets 230,
25 231, 231°. The brackets 230, 231, 231° can be coupled to one of the flow tube 203 or
the balance member 250. In the embodiment shown, the brackets 230, 231, 231 are
coupled to the balance member 250. According to the embodiment shown in FIG. 2, the
brackets 230, 231, 231’ are provided to couple the second sensor components 104b,
105b, 105b” to the balance member 250. Advantageously, the second sensor
30  components 104b, 105b, 105b” can extend beyond the balance member 250 in order to

interact with the first sensor components 104a, 105a, 105a’.
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to the bal ance nenber 250.Simlarly, the first and second pick-off sensors
105, 105" conprise first conponents 105a, 105a' and second conponents 105b,
105b' . Aswehown3stime first pickoff conponent 105a, 105aPCrassec@yphsadsto the
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combined center of mass on the X-Y plane of the centerline, due to machining
tolerances, it may be prohibitively expensive to provide exact balancing and therefore,
some variation away from the plane of the centerline may be acceptable in certain
situations. However, it should be appreciated that as the combined center of mass is
20  moved closer to the plane of the flow tube centerline, the undesired vibrations
experienced during operation decrease. This sort of balancing is explained in more
detail in United States Patent 7,287,438, which is hereby incorporated by reference.
In a similar manner, the counter weight 204b coupled to the bracket 230 can be
sized and located such that the combined center of mass of the second driver component
25  104b, the counter weight 204b, and the bracket 230 lies proximate a plane of the
centerline of the balance member 250. Sizing and locating the counter weight 204b in
this manner provides the same benefits as described above with respect to the first driver
component 104a. It should be appreciated that a similar balancing can be performed for
the pick-off sensors 105, 105°.
30 As shown in FIG. 2, the flow tube 203 comprises a curved flow tube with the
shape of the flow tube 203 defining an inner bend region 213. The inner bend region
213 comprises the area generally beneath the curved flow tube 203 and between the
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brackets 230, 231, 231" are provided to couple the second sensor conponents
104b, 105b, 105b' to the bal ance nenber 250. Advantageously, the second
sensor cowpanani3s11104b, 105b, 105b' can extend beyond t reThskemoesinenber
250 in order to interact with the first sensor conponents 104a, 105a,
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t he conbi ned center of nmass of the second driver conponent
higher thermal coefficient of expansion than the flow tube’s thermal coefficient of

expansion and for a given change in temperature, the total change in length of the flow
tube 203 and the balance member 250 may be substantially the same. Because materials

20  having a higher thermal coefficient of expansion are often cheaper, the balance member
250 can be formed from a cheaper material than the flow tube 203 without applying
significant axial stresses to the flow tube 203 due to temperature changes. This
configuration was not possible according to the prior art designs where the flow tube
and counter tube were positioned side-by-side and comprised essentially the same

25 length. The flow meter 200 of the present invention may therefore, be formed cheaper
than could be realized according to the prior art. It should be appreciated that while the
balance member 250 may be formed from a material different from the flow tube 203, it
is well within the scope of the present invention to form the balance member 250 and
the flow tube 203 of the same material.

30 FIG. 3 shows a simplified X-axis cross-sectional view of the flow meter 200. As
shown in FIG. 3, the centerline 340 of the flow tube 203 and the centerline 341 of the

balance member 250 share a common plane, i.e., the X-Y plane according to the
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104b, the counter weight 204b, and the bracket 230 |lies proximte a plane
of the centerline of the bal ance nenber 250. Sizing and |ocating the
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coefficient of expansion are often cheaper, the bal ance nmenber
250 with a fluid can assist in adjusting the natural frequency of the balance member 250.

However, it should be appreciated that the fluid flowing through the flow meter 200
does not flow through the balance member 250 during operation. Rather, the balance
20  member 250 can be filled during the flow meter assembly, for example.

Also shown in FIG. 3 are the various centers of mass of the driver 104. As
shown, coupled to the flow tube 203 is the first driver component 104a with a center of
mass CM,, and a counter weight 204a with a center of mass CMy,;. According to an
embodiment of the invention, the counter weight 204a can be sized and located such that

25  the combined center of mass CCM; of the first driver component 104a and the counter
weight 204a is located on the X-Y plane, which is also the centerline 340 of the flow
tube 203. According to an embodiment of the invention, coupled to the balance member
250 is the bracket 230 with a center of mass CMg. Also coupled to the balance member
250 is the second driver component 104b with a center of mass CM¢, and the counter

30  weight 204b with a center of mass CMy,. The counter weight 204b can be sized and
located on the bracket 230 such that the combined center of mass CCM, of the bracket

230, the second driver component 104b, and the counter weight 204b is located on the

14



250 can be forned froma cheaper material than the flow tube 203 w t hout
applying significant axial stresses to the flow tube 203 due to tenperature
changes. Wbhi2s1o¢i3sfiigur at i on was not possi bl e accordi ng POTIUSR00MOBTIGS ar t
desi gns where the flow tube and counter tube were positioned side-by-side

and conprj sed essentially the sanme | ength. The flow nmeter 200 of e

pr esent X6 BT ¢h @k@r@fr%méies Hhe <68 alecgﬁglaﬁérth? R3RNES dpeambrs ii‘l)al 12 ed
accordin t i r 15 houl REG) d i t | ance
rober pobofid BeafcOhichat whils RON dtshRoIBRPISGHEHRLLdRhed BhiErel () B0
it is weldxawdly bhihd KeYgdape tlof nidyebpdEBenlt dudweadriadm niapufaeturirdigh®]dat@sce

nmenber 250 and the flow tube 203 of the sane material. FIG 3 shows a

si npl i fi dar xxample. c Hoseeveb dit ingyabe vdesifalde to Hecate dhe wetnbinegloeentats afv@ass i n
FIG 3, the centerli 40 of t flow tuybe 203 a he centerl i 1 of
The bal artg G2 K28 il &' of dBsanBoing frhoRityhdSeoBBhRIddd Bl 0T o

t o t hecogfigh-Bat @nSH§OB) ABSahRGimilBrQthaRhc¥®Pusiag chliftef QRIG DO%a, 203b0f
t he bal ance nenber 250 Is |ocated on, or at |east proximte, the X-Y pl ane

of the ceterl 20d’ 349 efample dridow camie20Biscusdioantsageattesd yor brevitiyadiatee
menber 23% carh be nested under the flow tube 203 and can be driven in phase
opposi ti S Y'PHPat of the flow tube 203. It should be appreciated however,

that in other {EhodifBRE Sthk Mo | Petek W 20388l & BRotRES ehibBaffeREpedtN the

bal ance nenber 250 (the flow tube 203 coul d be“nested under the bal ance
menbdl 2560yentidint hdtgrenttelilbahtastcevmmentidG. 256 sisnikhaorthapreanpsly sdesgriteed
hol | ow tube, .t should be appreciated that the bal ance nenber, 250 may

al t er nat i%b%dnasls%r haweversthisgmabpdigent shoyyn Ekq-ﬁﬁa?%notpaﬁmﬁ@ tho FRunte

b ance RN 3. b, SRR A IO, TSR Ko RISy,

| - beam regular, refore,” the bal ance ne

limted tG 4Acivagutqiird ubéitiasalstudibrationt toStatipchshie fappiie ahbiletcd hattel by
certain enbodi nents, the bal ance nmenber 250 may be filled with a fluid. The

flui d maythedrigen §@&4 and pickepfhasnsag ARSI that ercoemipies tonthe dlovs fubp 2 ade
e SRRt AR PSS GhRUF 5% o SSHRFHRLEL .

net er 20Qonfhdnbhi 904 P BHeaResn dBIHRESFT components 105b, 105b° can still be coupled

to the balance member 250 using the brackets 230, 231, 231°. However, it should be

appreciated that in other embodiments, the brackets 230, 231, 231 may be omitted and

the second components 104b, 105b, 105b’ can be coupled directly to the balance

20  member 250. It should be appreciated that the particular method of coupling the driver

104 and pick-off sensors 105, 105’ to the flow tube 203 and balance member 250 may

comprise the use of adhesives, brazing, bonding, mechanical couplers, etc. The

particular method used should not limit the scope of the present invention.

In operation, a drive signal can be sent to the drive coil 104b via lead 110 by

25 meter electronics 20. The drive signal causes the flow tube 203 to vibrate about a

bending axis W-W, while the balance member 250 vibrates about a bending axis W’-

W’. According to an embodiment of the invention, the balance member 250 vibrates in

the same mode but in phase opposition to that of the flow tube 203. According to an

embodiment of the invention, the axes W-W, W’-W’ are partially defined using a

30  plurality of brace bars 220-223, which limit the active area of the flow tube 203 and the

balance member 250. The vibrating tubes 203, 250 induce voltages in the pick-off

sensors 105, 105°, which are sent to meter electronics 20 via leads 111 and 111°. Meter
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250 with a fluid can assist in adjusting the natural frequency of the

bal ance nmenber 250. However, it should be appreciated that the fluid

fl ow ng twiocaghu3she fl ow nmeter 200 does not fl ow t hrougirCrhis2dmaloasice nenber
250 during operation. Rather, the bal ance nenber 250 can be filled during

the flow neter assenbly, for exanple, Al so shown in FtLG,S are. the vyarious
centers GTCGHICsofV PHREUGRY Pises TloaY IAQMEHRMh 2l BiBether THEMRAtRR 14?203
is the fi dr i : e 4a Wit h cept  CKTBES a a unt er
wei ght 26&%&% hdéggl eg(%gegf%o n%gs%é}é%]% ?é}lﬁcggrg{engﬁ%o ansggg]{)sdiq‘réghtﬁ%f' t he
i nvent i oMMereataedinhedsurengint dAAda gach ke RTIRd (and shoen) ednsulkb piroatidd he
conbi ned center of nmass CCML of the first _driver conponent 104a and the
count er eMgRAtatrogmepsIreyerised Mefer redecionigs| dhecannieih this wfegnatipa to a
centerlding 340 of the flo 203. According to an enbodi nent of the
inven?i ond,eOVY:n %S?rgd)r?%%% Hleawét gﬁ‘ce menber 250 is the bracket 230 with a

center of nassa&MRdindlts AnCOHPbEFhehP of AR RAkANGE m&erﬂ&ﬁfﬁgias%)w@@sﬁﬁmnd
driver conmponent 104b with a center of mass CMC, and the counter weight

204b wi t Hhepugbrihe flovf tuhe 283 Gltb alanhe nmahrer €5 0vwei dlatfiledapitle dre proceisAbddand

| ocat ed .the bracket. 230 such that.the conpi.ned . center of S of
the. br ackUt™ 350,414 i SRR Tt PYURT GBRRIREND VouBe SR TRECE A o J8Fgh
204b is |otdterR, HeXnY Mok BBGecdlihGhil B MRQIBALSEStHeRIARBUREhbGS AL Of
t he bal ance nmenber 250. Tt shoul d be appreciated tthat while it Is desirable
t o | dfat eahle ahudded ectocdingeo otlofr wes knewaachdthiodn stdheasKediphingnmme drhinsreray

be difficult. due to certain manufacturjng. tolerances, for exanple. However,
it my beddeinagpragses o thecplance meerplstimoNetPr C&AMBIS of mass proxi mate the

X-Y pl el ib I : ' h
o1 okCof T sensor e CoBURRERhEing e b 2B R RGN ot s

205a, 205he c2fibdine 32054 the filofv &bamoike tlenflow rHeePLed eartlbs eusisimiich sheapert t ed
for brevity of the description. FIG 4 shows the flow nmeter 200 accordi ng
t o anot hehaea@yddibeaelizsd intae privearti dritis Thieecanisoidic raaince masapbIr 5P @n be i s

S Y L SRRSO R bSO B
205b, 203Rat, of2@8 ow ThRr BOPI AddithRafly ONitiREE baldRE HRAWRAr PBO being nested in
the inner bend region 213 of the flow tube 203, the flow meter 200 may be implemented
in situations where the flow meter size, and more particularly, the flow meter width, is a
concern. This is because the balance member 250 does not require a significant amount
20  of space in addition to the flow tube 203. In many embodiments, the balance member
250 does not add to the width of the flow meter 200 as the balance member 250 is
nested in the inner bend region 213 of the flow tube 203. This is in contrast to the prior
art flow meters that incorporated a counter tube where the counter tube was provided
side-by-side with the flow tube, thereby doubling the width required by the flow meter.
25 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
further embodiments, and such further embodiments fall within the scope and teachings
30  of the invention. It will also be apparent to those of ordinary skill in the art that the
above-described embodiments may be combined in whole or in part to create additional

embodiments within the scope and teachings of the invention.
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FIG 4 may require additional calibration to conpensate for the inbal ance
created by the driver 104 and pick-off sensors 105, 105" that are coupl ed
to the flwa20ube880@3 and bal ance nmenber 250. Accordi ng POTiUseoemipIds ment
shown in FIG 4, the second driver conponent 104b and the second pick-off
conponent s 105h, 105b' can sti|l be coupled to the bal ance nember 25Q using
the br ackB %@tﬂug 3pecifig pmborliignfupt. ant cxaplc fpye thepigvention g d???é’c%egn

ot her e L : : ' : ' apﬁ%-

second gg%%%ﬂgﬁé@mf%%ﬁfﬂ%ggg%giﬁﬁégsgéﬁ%ggag%ﬁgﬁgﬁn ﬁ?%%lléﬁgg t éhggfance
menber 25Qopd bf hbanvahtioe, syphoscikall@lintthateltvent panillagt@gninet Nadieaghiegupl i ng
the driver 104 and pick-off sensors 105, 105" to the flow tube 203 and

bal ance rEfpded heithean kormnlicddo ofer flow Beteay Rad NQERISt t9rthe eAGodHatids ng,
mechani c |l ers . TIh rticul ar .nmet-hod use houl d,not 1imi the
scope ot AnGiRBaRe ofh Shontf By Rk SRR FE RAS ARG R R eapasd e
the dri veane&itlonk@dhldeaddt@asindd foRytheEs BSwRkeeinRNi cs 20. The drive signal
causes the flow tube 203 to vibrate about a bending axis WW while the

bal ance nenber 250 vi brates about a bending axis W- W. According to an
enbodi nent of the invention, the bal ance nenber 250 vibrates in the sane
node but in phase opposition to that of the flow tube 203. According to an
enbodi ment of the invention, the axes WW WWare partially defined using
a plurality of brace bars 220-223, which limt the active area of the flow
tube 203 and the bal ance nmenber 250. The vibrating tubes 203, 250 induce
vol tages in the pick-off sensors 105, 105', which are sent to neter

el ectronics 20 via leads 111 and 111' . Meterelectronics 20 produces nass
flow information, along with other information such as material density
based on the signals sent by the pick-off sensors 105, 105 . Tenperature
nmeasur enent devi ces such as RTDs (not shown) can al so provide tenperature
measurenents. Meter electronics 20 can send this information to a
downstream process via | ead 26. According to an enbodi nent of the
invention, prior to flowing a process fluid through the flow tube 203, the
bal ance nmenber 250 can be filled with the process fluid. This can aid in
adjusting the natural frequency of the bal ance nenber 250. |In other
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enbodi nents, this may not be necessary and the frequency of the bal ance
menber 250 can be adjusted according to other well known nethods, such as
coupl i ng woeoww13sane additional nasses to the bal ance nmeabars2@804516Hr
exanple. Wth the centerline 341 of the bal ance nenber 250 being | ocated on
a pl ane oi éhe centerline 340 of the flow tube 203, the flow neter 200 can
be made I aper than could be realized in the prior art. This is
because tfjg CI:;)Cg,jmiance menber 250 can be formed froma cheaper material having
a higher thermal coefficient of expansion that that of the flow tube 203.
Addi tional.l y, Aiflokv inber ii20ncempmsibgr 250 being nested in the inner bend
region 213 of the flow tube 203, the flow neter 200 may be inplenented in
si tuati ons wher@rvekflowdbeeldsy; si ze, and nore particularly, the flow neter
widthe is a ca rn.. This i ecause t.he bal anc nb, 0, n

Fequi e a i gt rus B e sOr e e B RS R IR e PR B8 5. 1

many enbodi nents, themba @B0PIiEEHPEplade @ f deestctie (3dd) 60thk RErvddidw Afbet he
flow meter 200 as the bal ance nenber 250 is nested in the inner bend region

213 of the flow tuld@0®03. This is in contrast to the prior art flow neters
that incorporated a nter .tube rre the count t.ube S provide

Si'de- by~ b i SR 0P B e T gy En BB T DERA P Ao PEEEHFES by ¢ he
flow meter. The detﬁd\b%ec@élﬁ)lr AREd QRen@liriv B ARSNR ?%9%9&{1}1& & the Ot

exhaustive descriptions of all enbodinents conterrplna he 1 nventors to
be wilOhi n t he scopéatdnct meermborddf0)qproxinmde d, figpedsoarsostpohbed 104a)t lied ar t

wi |l recognize that certain el enents of the above-descrjbed enbodi nents ma
vari ousl ygbe %E%Sh%ﬁr%p%éﬂ-?fﬁsw&péélqﬁ inglag éafﬁ\}.smék-()mcwé'ﬁf 81,053}1(1 sucK
further embodi ment Scohgie'd tp‘tﬁe{‘%&vé&‘ﬁ &Hﬁg@ 2’633 ahﬁﬁ%?&ﬂﬁﬁ%iﬂz-o f*lfo@@\ﬁ[%ﬂ{i on.

It will also be apparéent to OSEOPOI’IFIaI’ skirlT in e ar at the
above-descri bed ent(cpdwmﬁlem&y tixebgemdel medbemn( 260 ph®xirhate Mh@arst pick-gfifeat e
addi ti onal enbodiments within the scope and teachi ngs of the

i nvention. Thus, al tdesuesid@Pdk c enbodi nents of, and exanples for, the

i nveagi on are described herein for illustrative purposes, various
equi val ent nodifications are possible within the scope of the invention, as

those skid | ed TH I6® ni@bE2B0} 0RELhinML | furﬂq@p@&ﬁbﬁﬁngm@uﬁ@a%i%mmwa vi ded
herein can be applied to other flow neters, and not just to the enbodi nents
coupled to the flow tube (203) opposite the first driver component (104a).

3. The flow meter (200) of claim 2, wherein the counter weight (204a) is sized and
20  located such that a combined center of mass of the counter weight (204a) and the first
driver component (104a) is located on a plane of the centerline (340) of the curved flow

tube (203).

4. The flow meter (200) of claim 1, further comprising a counter weight (204b)
25  coupled to the balance member (250) opposite the second driver component (104b).

5. The flow meter (200) of claim 4, wherein the counter weight (204b) is sized and
located such that a combined center of mass of the counter weight (204b), the second

driver component (104b), and a bracket (230) is located on a plane of the centerline

30  (341) of the balance member (250).
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descri bed above and shown in the acconpanying figures. Accordingly, the
scope of the invention should be determ ned fromthe foll ow ng

cl ai ms. ClwONBIMBsSOllai m 1. A flow neter (200), conprisi RGT/GS2@0¥86d5 f | ow
tube (203); a bal ance nenber (250) positioned such that a centerline (341)
of the bal ance_negber (25 |ies on a_plane of a centerline (340) of the
curved fl%w t ub¥ %@}e,(tera(gﬁp) Qﬁqlamézlﬁurﬁhﬁw%mﬁn&afcmvlg&er meig(béfﬂi%hponem
(104a) c : oy hver conponent
(104b) Cgﬁ@?gﬂ‘?g“%QQWE§§%§§EBE@%%%# %éégﬁ%?OX|ﬁat§8§ﬂgq}§$ﬂt driver
conponent (104a); and at least a first pick-off sensor (105) including a
first pick-off conponent 8105a coupled to the curved flow tube (203) and
second pi’k- of Fheclhens ormser ( @Qb@%ﬁlalé@épwh%retrbth@ IFOUBST Histaht (Rlhse is (izmlgnd

pr oxi at firs | ck-of onent ( 2. The f t 0) of
Bl oz, St iyl R b QTR MM g douBoray CEal R B R IR b

t ube (203jicleppaminifnehe 106451k 16tatatesn £ prReREMe dch@dine (340) bRthef dipRVedTet er
(200) of claim2, wherein the counter weight (204a) is sized and | ocated
such t hatflawv tdheld202d center of mass of the counter weight (204a) and the
first driver conponent (104a) is located on a plane of the centerline (340)
of the curved flow tube (203). 4. The flow neter (200) of claim1, further

conprising a caifi&lh &EADHof SO0ARM ¢ ofRihecdifplifiSe RRLARCE WERIHR €053 50)
opposite the second driver conponent (104b). %. T%e flow meter (200) of
cl ai m04, oshpledito thdiealgmenhenbeve(2§O} ofiB4b thd ®cend patkarftcompatend (Hifbh. t hat a
conbi ned center of mass of the counter weight (204b), the second driver
conponent (104b), and a bracket (230) is located on a plane of the
centerli (3 0) . (. f

e 4o Bfw WiiGed baﬁ&%lﬁgf&%ﬁ%gﬁe ?BB@gf\Xzfeiﬁ\f\’(i@bﬁﬁs §29Pdn P

claim1l, further conprising a co
located such that a combined center of mass of the counter weight (205b), the second

Q

pick-off component (105b), and a bracket (230) is located on a plane of the centerline
15  (341) of the balance member (250).

10.  The flow meter (200) of claim 1, wherein the balance member (250) is positioned

within an inner bend region (213) of the curved flow tube (203).

20 11.  The flow meter (200) of claim 1, further comprising a plurality of brace bars
(220-223) coupled to the curved flow tube (203) and the balance member (250) to at
least partially define a flow tube bending axis (W-W) and a balance member bending
axis (W’-W”).

25 12. A method of forming a flow meter including a curved flow tube and a balance
member, comprising the steps of:
positioning the balance member proximate the curved flow tube such that a
centerline of the balance member is located on a plane of a centerline of
the curved flow tube;
30 coupling a first driver component to the curved flow tube and a second driver
component to the balance member proximate the first driver component;

and
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coupled to the flow tube (203) opposite the first pick-off conponent
(105a). 7. The flow neter (200) of claim®6, wherein the counter weight
(205a) isweizam3snd | ocat ed such that a conbi ned cent er Pofi/usea@9/0ef16% he
counter weight (205a) and the first pick-off conponent (105a) is |ocated on
a plane of the cepterljne (34 of the curved fl ow tube (20?;%_. 8.. The fl ow
meter (200) ofCO¥P P s tisleA rcogm%fsmstpﬁée Howdtihe and peseme 1 go8H) coupl ed
to the bal ance ne L LGKs myenent (105b).
o, The f1ow met or (JBBo ‘otaF Bighe mEmeREHRRnR e Bt pERIE" 050y s
si zed and | ocat ed suw@ipdnbat a conbi ned center of mass of the counter weight
(205b), the second pick-off conmponent (105b), and a bracket (230) is

| ocated on a plane of the centerline (341) of the bal ance nenber (250). 10.
The fl.ow meter (20 f i.myl rein th l.ance nenher (2 i

posi tl‘sonelg’? Wi t%{enmg%m? rfl ira%qﬂ? r%d fl%%%el?gﬁméjﬁl%?% t@&?ﬂ_@%%@%& % é%uv%g%ru%gelglatzw).
11. The ftheme fIBwalbd epiibsiteh fak@Ediet compbhiel conprising a plurality of
brace bars (220-223) coupled to the curved flow tube (203) and the bal ance

menber (250) to at |l east partially define a flow tube bending axis (WW
and a bal gnce nber hendj ng axi.s, (WW).. 12. A method.of formn fl ow
meter i noludt TCAEP0Ga C A B Do AR EE AR S RONBEInE HEHBrH et ne
steps of :c ARk Wt RAcH Mt RRbABRR ITRARE LT RIS bIMBE oliiter AR dnd HRWikpbe
such that a centerline of the balance nenber 1s |ocated on a plane of a
cent d0l i nirivet comnpoant vebbchtedwntaulene adthplcemgrlaefafrtbe cuhvied lowctmbponent t o

the curved flow tube and a second driver conponent to the bal ance nenber
proxi mate the first driver conponent; andcoupling a first pick-off

conponent; 4 o t-f[f\ge %@‘6’9%&‘%@1@%, %@feﬁ‘?@%}g@%@%{tﬁé e QFRONAM 4 ol WPaLANCE

menber proxi na irTs i CK-
to the balance member opposite the second driver component.

15 16.  The method of claim 15, further comprising the step of sizing and locating the
counter weight such that a combined center of mass of the counter weight and the

second driver component is located on a plane of the centerline of the balance member.

17.  The method of claim 12, further comprising the step of coupling a counter weight

20  to the flow tube opposite the first pick-off component.

18.  The method of claim 17, further comprising the step of sizing and locating the
counter weight such that a combined center of mass of the counter weight and the first
pick-off component is located on a plane of the centerline of the curved flow tube.

25
19.  The method of claim 12, further comprising the step of coupling a counter weight

to the balance member opposite the second pick-off component.

20.  The method of claim 19, further comprising the step of sizing and locating the
30 counter weight such that a combined center of mass of the counter weight, the second
pick-off component, and a bracket is located on a plane of the centerline of the balance

member.
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13. The method of claim 12, further conprising the step of coupling a
counter weight to the flow tube opposite a first driver conponent. 14. The
nmet hod ofwol2aiom38d1 further conprising the step of sizi rgTarsdodooesbs ng t he
counter weight such that a conbined center of mass of the counter weight
and the first driver conponent is |ocated on a plane of the centerline of
the curved flow tube. 15. The nethod of claim 12, further conprising the
step of upli e . i e second
ari ver conponent g EBU s Eriz0 Ykt H AR ARRR TR i R AEnGIe Srep
of si zi nepraxighdte drtdunged fiew cobsd@nprivek gbtitionily thébilaaccopshibeedithanirer of
mass of the counter weight and the second driver conponent is |ocated on a
pl ane of PRY t@éﬁtr@glpnﬁéﬂwrcw%i Pavdwee menber. 17. The method of claim 12,
furthgr conprising the step of coupling a counter weight to the flow tube
opposite the first pick-off conponent. 18. The nethod of claim 17, further
conpri si my, t hertsdt @pthefl of ckimd 22 fgtH® eaiiphidinhBe §ep R eHuYRIblusdIR of hat a
conbi ned center of nmass of the counter weight and the first pick-off
conponentbrage bays bt e fnw tubglaadéhaobalahee member foi atdeast parhelly degefda floow t ube.
19. The hod of cl.aim12, further c dsing the step of coupling a
count er aﬁéﬁﬁ?ﬂﬁ%g?ﬁ%aﬁ@ﬁiﬁk@CﬁBﬁﬁ&Pfﬁgﬁ%Eg@égthe second pi ck- of f
conponent. 20. The nethod of claim 19, further conprising the step of
sizing and | ocating the counter weight such that a conbined center of nass
of the counter weight, the second pick-off conponent, and a bracket is

| ocated on a plane of the centerline of the balance nenber.21. The nethod
of claim 12, wherein the step of positioning the bal ance nmenber proxinate
the curved fl ow tube conprises positioning the bal ance nenber within an

i nner bend region of the curved flow tube. 22. The nethod of claim12,
further conprising the step of coupling a plurality of brace bars to the

fl ow tube and the bal ance nenber to at |east partially define a fl ow tube
bendi ng axis and a bal ance nenber bendi ng axis.
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