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present invention relates to a flow neter, and nore particularly, to a

met hod amsloappersatsas for i nproving separati on between t \ROTAIS2008/084063 br at i on
frequencies in a oRfatrsnerdw AEterehern 1RAIVEDEYR SEpaRAEIoNNVENTI ON Fl ow
neters are used to neasure the nmass flow rate, density, and other
characteristics of flowng materials. The flowng material nmay conprise a

| i quid, gas, solids suspended in |iquids or gas, or any conbination

t her eof . MiGHAICAG EiidRit sensors, such as Coriolis nass flow neters and

vibrating densjtoneters typically oper detectin on of a
vi brati ng condTheter?Fé]tt Trsbar feates (4 8 “ﬁ%ftre?l? org %}y@\ﬂ@rl@stoa%g@ém ed

W th he pRte ﬁrﬁ&@r&@ﬁgk'éd}arat%ﬁc&t@zéemé of 'nﬁw vﬁ%ﬁbﬁ%‘r guéilc‘ié%%'d ke,
can be deter ne by proces nmeasur enent signhals receive rom notion

t r ansduceribragiag dlovainettrw th the conduit. The vibration nodes of the
vibrating material-filled systemgenerally are affected by the conbi ned
mass, stiffness, and danplng characterlstlcs of the containing conduit and
: t¥Rical Coriolis mass flow neter includes
one or e—cotdtt ts thalar € contet ed inline in a pipeline or other
transport systfqawambt&@nmyum % I @basu€e Ghe mhds @Row Shie! rde@dsit@ndnd h&héd ke,
in the system Each conduit may be viewed as having a set of natura

vi br d0i orcharsdtsgistichof flidivmege hateresanphe ﬂoswm@ Inwttrealdnang compris¢ ermiuid,rgadi al |

| at er al d.nodes...In a t cal neas rement
oot T bt 100 S0uRaRd TRy gty ) Br ity SRnRBtSy Tha et oV ibiag: eng
material &hows d gbﬁ QUERbNE nERPABI me@&darﬁm'1b9ﬂ1n%fdehgﬁ?orﬁ9£@§%glchﬁy é’r%lsér ed
at points spaced along the conduit. Excitation is typically provided by an

act uat or ,byedgectir@nmetien bf anablaging cahdwie that epnaircha swangy oiateeiat.oiPrepeyies
driver, that perturbs the condujt in a periodic fashign. Mass flow rate my

be det er rASHREEBY WG P3Gl lﬁéh%iéP%@}llbrsu‘thé%@aéﬁ flowy density a9dthe dikensit ons
at the ”bae“a&%ﬁﬁleg Gdé)ab%q%@?sm biénRhe %g%; {é\efel %Iﬁ' 6@0h ngcﬁ{c%f]m ned

froma frequency o rational respons ow neter. Two suc
t r ansduceissodigttd phigkehofcbn&€nSsThé yibration modes of the vibrating material-filled system

generally are affected by the combined mass, stiffness, and damping characteristics of

the containing conduit and the material contained therein.
A typical Coriolis mass flow meter includes one or more conduits that are
20  connected inline in a pipeline or other transport system and convey material, e.g., fluids,
slurries and the like, in the system. Each conduit may be viewed as having a set of
natural vibration modes, including for example, simple bending, torsional, radial, lateral,
and coupled modes. In a typical Coriolis mass flow measurement application, a conduit
is excited in one or more vibration modes as a material flows through the conduit, and
25  motion of the conduit is measured at points spaced along the conduit. Excitation is
typically provided by an actuator, e.g., an electromechanical device, such as a voice
coil-type driver, that perturbs the conduit in a periodic fashion. Mass flow rate may be
determined by measuring time delay or phase differences between motions at the
transducer locations. Density of the flow material can be determined from a frequency
30  of a vibrational response of the flow meter. Two such transducers (or pick-off sensors)
are typically employed in order to measure a vibrational response of the flow conduit or
conduits and are typically located at positions upstream and downstream of the actuator.
The two pick-off sensors are generally connected to electronic instrumentation by
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are typically enployed in order to neasure a vibrational response of the
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flow meters are capable of obtaining an output error of about .15% or less. However, in

nmust

order to achieve this accuracy, noise and unwanted signals must be minimized.

20 In the operation of a Coriolis flow meter, the signals induced in the pick-offs
comprise not only the desired small amplitude Coriolis response signals, but also
comprise unwanted signals that are applied to the processing circuitry along with the
desired Coriolis response signals. These unwanted signals impair the ability of the
processing circuitry to generate accurate output signals.

25 The unwanted pick-off signals may be caused by ambient noise from the
surrounding environment. Ambient noise may be due to near-by machinery and the
like. It may also be caused by vibrations in the pipeline to which the Coriolis flow
meter is connected. Ambient noise can be overcome by proper mounting of the flow
meter to isolate it from the external vibrations. The noise from connected pipeline

30  vibrations can be overcome by appropriate isolation of the flow meter from the pipeline.



like. It may al so be caused by vibrations in the pipeline to which the
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meter to become unstable and produce incorrect output data. As mentioned above, the

mode that is desired and used to generate the desired output information of the flow

meter is the out of phase bend drive mode. It is this mode that generates the Coriolis

forces. The resulting Coriolis response is detected by the pick-offs, which generate the
20  signals that are used to provide the flow meter output information.

The in phase lateral and out of phase lateral vibrations can create a problem when
processing the signals received by the pick-offs representing the Coriolis forces. The
lateral mode vibrations are typically offset from the drive plane. The lateral mode
vibrations are generally substantially perpendicular to the drive mode vibrations. The

25 lateral plane is substantially transverse to the applied oscillation.

One method of minimizing the adverse effects of the two different lateral
frequencies is to increase the separation between the drive mode frequency and the
unwanted lateral frequencies. If these undesired lateral mode signals have excessive
amplitude and/or are close to the frequency of the Coriolis response signal, the

30 electronic processing circuitry may be unable to process the Coriolis signal to generate

output information having the desired accuracy.
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20 Another prior art approach is disclosed in United States Patent 6,354,154,
assigned to the present applicant, which uses a balance bar with side ribs that inhibit the
undesired lateral vibrations to raise the frequency of the lateral vibrations. United States
Patent 6,598,489 uses a similar idea as the '154 patent but shapes the ribs to raise the
resonant frequency of the drive mode versus the lateral mode. A limitation of both the

25 ‘154 patent and the ‘489 patent is the requirement of a balance bar. Because balance
bars are typically not implemented in dual flow tube flow meters, this approach has
limited applicability.

Another prior art approach is disclosed in United States Patent 7,275,449 and
United States Patent 4,781,069 both of which disclose the use of plates or braces that

30  connect the two flow tubes together in a way that increases the lateral mode frequency

in order to separate it from the drive mode. A problem with this approach is that



resonant frequency of the drive node versus the lateral node. Alimtation
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achi eved. ASPECTS According to an aspect of the invention, a flow neter
i ncl udi n\%‘—%@ﬁ nore flow tubes and a driver adapted to vibrate the one or
nore flo at a drive frequency, the flow tube conprises: a gusset
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Preferably, the gusset is adapted to raise a frequency of a |ateral
vi brati on node. frequency is increased.

15 Preferably, the gusset extends along a portion of the flow tube.
Preferably, the gusset extends along substantially the entire flow tube.
Preferably, the gusset couples two or more portions of the flow tube together.
Preferably, the at least second vibration frequency comprises a lateral vibration
mode.
20 Preferably, the gusset is coupled to the flow tube such that a portion of the flow
tube 1s stiffened.
Preferably, the gusset is adapted to raise a frequency of a lateral vibration mode.
Preferably, the gusset is formed as an integral part of the flow tube.
According to another aspect of the invention, a flow meter including one or more
25  flow tubes and a driver adapted to vibrate the one or more flow tubes at a drive
frequency, the flow tube comprises:
a gusset coupled to and extending along the flow tube such that a portion of the
flow tube is stiffened.
Preferably, the gusset extends along a portion of the flow tube.
30 Preferably, the gusset extends along substantially the entire flow tube.

Preferably, the gusset couples two or more portions of the flow tube together.



Preferably, the gusset is forned as an integral part of the flow tube.
According to another aspect of the invention, a flow neter including one or
nore fl owoOubswsarsd a driver adapted to vibrate the onePoOT/usee0s/084063v t ubes
at a drive frequency, the flow tube conprises: a gusset coupled to and
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frequency and a |l ateral vibration frequency.
the gusset along a portion of the flow tube.
15 Preferably, the step of coupling the gusset to the flow tube comprises extending
the gusset along substantially the entire length of the flow tube.

Preferably, the step of coupling the gusset to the flow tube comprises coupling
two or more portions of the flow tube together.

Preferably, the two or more vibration frequencies comprises the drive frequency

20  and a lateral vibration frequency.

Preferably, the step of coupling the gusset to the flow tube comprises coupling
the gusset to two or more portions of the flow tube such that the frequency of a lateral
vibration mode is increased.

Preferably, the step of coupling the gusset to the flow tube comprises coupling

25  the gusset to two or more portions of the flow tube such that a portion of the flow tube is

stiffened.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a prior art flow meter.
30 FIG. 2 shows a flow meter including gussets coupled to outer bends of the flow

tubes according to an embodiment of the invention.



Preferably, the step of coupling the gusset to the flow tube conprises
coupling the gusset to two or nore portions of the flow tube such that the
f requencywof2ow/dsatser al vi brati on node is increased. Prefreraiskgos/osdees st ep of
coupling the gusset to the flow tube conprises coupling the gusset to two
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accordi ng to drét hehoerbdiiwerteroncluitimgigussats t@mpledraa@pssithe hotes bandd dfw net er

i ncludin ssets coupled to a strai,ght portipn.and.a bend portion of the
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strai ght tube fow JWBHERM A h&é@ér%dﬂ&ﬁ%%ﬁs&@&ﬂlﬁéh % {hgohl RWISVRR a
according to an enbodi nent of the I nvention. DETAI LED DES%:RI PTI ON OF THE
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the art w appre e varrations ese exanples that fall within the
scope of the invention. Those skilled in the art will appreciate that the

features described bel ow can be conbined in various ways to formnultiple
vari at i odlRETAILED DESCRIPTION OF THE INVENTION

15 FIGS. 1 - 8 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
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

20  features described below can be combined in various ways to form multiple variations
of the invention. As a result, the invention is not limited to the specific examples
described below, but only by the claims and their equivalents.

FIG. 1 shows a flow meter 10 according to the prior art. The flow meter 10 may
comprise a Coriolis flow meter, for example. The flow meter 10 comprises an inlet

25  flange 101 and an outlet flange 101°. The flow meter 10 is adapted to be connected to a
fluid pipeline or the like via inlet and outlet flanges 101, 101°. As fluid enters inlet
flange 101, it is diverted into two separate streams by manifold 102. The fluid is
separated and enters one of the flow tubes 103 or 103°. As the process fluid exits the
flow tubes 103, 103, manifold 102 recombines the process fluid before it exits through

30 the outlet manifold 101°. The flow meter 10 also includes a driver 104, which

comprises a magnet 104A and a coil assembly 104B. Similarly, the flow meter 10



of the invention. As a result, the inventionis not limted to the specific
exanpl es descri bed below, but only by the clains and their equival ents.
FIG 1 shwoa=on/dshsw neter 10 according to the prior art PCThuS2608084068t er 10
may conprise a Coriolis flow neter, for exanple. The flow mster 10

conpri ses alnlnl t fI ncp;glOl:lda outle fla e 101 | ow neter 10
i s adapt €8° e T depgpr Hicpae ik S%S@rﬂpﬁew I} GORPRI{SCAnd
outlet flag Uiy t 101, it is diverted
into two s%%fér é@gAs(?cr]%;lrorgn@Sld%ﬁlﬁ ?3’1@0&%@@%}2 1fOIfS 6@'35 separated and
enters one of THeeﬂ(B\lvcmbésuhB$lﬂ)®3cajr géRBilly %séﬁamt@d atesise fdllovdngxedtdnkhe
flow tubes 103, 103', manifold 102" reconbines the process fI uid before it
exits thr%@u‘gﬁvqrhlé shexld be aﬂ?ﬁfﬁcwéq:cathfb@e seqhenst 4y gy ?éfﬁ meyelyl 195 thapyrperss a

i mi L SR bR R lFeags 10 Ep R RS AR b od Bons

second plc‘bkrlpﬂn%ntseﬂliﬁlﬁerﬂr%e tWBis6dticiRNBlakS & 8 U mgﬂ'ﬂ ﬂ&)‘é%&éﬁﬁ sIEVAV) thel O6A,
and a coil assenbly 105B, 106B. The flow tubes 103, 103' can general ly be

separ at ediguress t Hewkwér, dw shgukle bei onderstbiodvethatr thg mr@hwlmlveméioapisr eqﬁlaal ed

that the se desc th p f.un erst g as
the 11 owEBHEMIDE SNt EVRRRRr § 1¥ob et GiBOL AGRu i it cuderh
conponentpecFURENR TR Rial F1B6 BB Hb@%efe?' iftoll®bhe qué%Bﬁ%sit'tHé’Vlﬁv‘éHﬁo@%
shown in the figures. However, it shoul’d be understood that the present

i nverlOi Oqulllalljeqpﬁ]Id:egb]@.pphlsﬂl@é élovo tidter Howhhetet.oWherdiere, (I8eprdsér® in8¢ntidnn

addi ti on, ~al though the flow meter has been sho as a dual flow tube f| ow
meter, i tShenmel BsimHed i thsoemipesimentiesshoppett %ﬁflgilgeSegWallaﬁgﬁréwel Si%lﬂﬂde to

a singl e gtﬁéc’)"axit wgﬁ r%é)%ﬁ’}zg%ﬁﬁtlo%mﬁgfaﬂr\%ﬁhlhqge PJo@%%Wthé &X1 i on should not

be limte own 1n but Ger those

skilled in theAdirkt bedd 15€CDHII @(ﬁm\éa‘slaaﬁr@%raig‘lﬁtpofrﬁd)ﬂ lw),t hsor tohe sseqmle of
the clains. A first bend 151, 151' connects a first straight portion 150,
150" to at@ehomeraen didghtl Spor th oiecamd bend oS3, ASdecontediee rsendi sigright

T54. 1550 PoNoT K ral Bonut 1820 486 BTuhados TRE: Rt BIG S 20 PRl
connect's The Four Lh ot oy ORt portl on Toa IaB Lo e LT h St el AL Barti on
158, 158'157 t15%howindctseha ppurdt smaight portionoltIved Seonf & difithastiaoghy pargoy 8y al |y
known in 1t§§e' iis ghould be appreciated that other configurations are generally known in the art
and therefore, the present invention should not be limited to requiring all of the portions
20  discussed above. Furthermore, the invention may be implemented in flow tubes having
more sections than listed above.

In operation, a drive signal is sent to the drive coil 104B via lead 110 by meter
electronics 20. The drive signal causes the flow tubes 103, 103’ to vibrate in a drive
plane. The drive plane is defined by the flow tubes 103, 103’ vibrating about bending

25 axes W, W’, respectively. The axes W, W’ are partially defined using a plurality of
brace bars 120-123, which limit the active area of the flow meter 10. The vibrating flow
tubes 103, 103’ induce voltages in the pick-off sensors 105, 106, which are sent to meter
electronics 20 via leads 111 and 111°. Meter electronics 20 produces mass flow
information, along with other information such as material density based on the signals

30  sent by the pick-off sensors 105, 106. Temperature measurement devices such as RTDs

(not shown) can also provide temperature measurements. Meter electronics 20 can send

this information to a downstream process via lead 26.
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and therefore, the present invention should not be [imted to requiring all
of the portions discussed above. Furthernore, the invention may be

i mpl ementwo 2010/d65hBW t ubes havi ng nore sections than | i sPeu/tsh@sss4065h
operation, a drive signal is sent to the drive coil 104B via lead 110 by

t | ect 0. The d fl t 103, 1
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vol tages in the pick-off sensors 105, 106, which are sent to neter
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flow inf or mat 'ﬂr@a? gﬁ 09 W B gi%r 20”5(%@ E%ggoa?lggr?ggé’ n%gé%rf venfloﬁy

based”on the sign L&t rrpera ure

measur e nPSHm@@Mh@%%nﬁiéﬁBnt@%f Eﬁ@%m{/ e te SN Vi) e%ﬁbléﬂ&%rﬁé@%@ §20EPBeh@tUr €
measurements. Meter electronics 20 can send this information to a

downst r edreepr oot or siwmticzg. THdowevat i i eshpulhsheabingefstand tthzuesn 1m©$t 103"
of the pr| meter 10 suff.ers from noise created b node
ot braci oritborfbents, BT CnBhet sk RoRdcd MBS HITHR S P 20 RN P e

mode Vi brapieRfs 3l hiks:, GRURRIEHReSRIYRobd kel ftRE Efi?@s%n{ 'ihv%hﬂ&fi"cﬁn riggeisved
fromthe pick-offs 105A, 105B and 106A, 106B. FIG 2 shows a flow ' neter 20
accorl@i ng:a‘sld)y alre enipdn:lnerﬁe\d inf othee Vibvanty dlow Snmersofthathmokoﬁmonnmss flotv t he

fl ow neter for t he brace bars 120- ave been omtted for
sinpl i ci trpeasw% rcap%?hnp mh # sl ‘%P&f‘é‘?f t“ﬁéﬁref%e e PrESTBOIVARHES 1S
t hose PO’%?'i‘i%]{eﬁ t8'Gorld] &%l%%%gte@%tﬂﬁ? r ¢ f i gféto B @ er 4% rhd §h8W‘m§r’Eon can

Coriolis oW met er t the present”inven

just as e&ash hyvmatbmﬁ@mamdgrg,rfopéptampw_l brating flow rret ers that lack the
mass fl ow neasurenent capabilities of a Coriolis flow neter. Therefore, the

present i nventlpadditionnert ﬁucm'rm@aertt@ insdudest ingthe Iflow mrstesrld) ofbihe prior lagty tharay
com 52 0 St AR LU SRR P AR DR BPEL B0 ° e
:o;] :: FL dgg tggﬁi@%%ﬁ%?&@%@rorgﬁoﬁ%ﬁﬁﬁé P80 tcan 38 PRI tBRA¢ I8ty fubes ﬂOSlelfU3|’ on
The one or more gussets 260 can extend along the flow tubes 103, 103°. The one or
more gussets 260 may extend along a portion of the flow tubes 103, 103°, or
alternatively, the gussets 260 may extend along substantially the entire flow tube. The
20  discussion that follows only discusses the gussets 260 being coupled to the first flow
tube 103 for the purpose of clarity; however, it should be appreciated that in many
embodiments both flow tubes 103 and 103* may include one or more gussets 260.
According to an embodiment of the invention, the flow meter 20 includes one or
more gussets 260 coupled to and extending along the flow tube 103. The one or more
25  gussets 260 may be coupled to and extend along a portion of the flow tube 103, for
example. In the embodiment shown in FIG. 2, the gussets 260 are coupled to and
extend along more than one portion of the flow tube 103. According to an embodiment
of the invention, the one or more gussets 260 couple two or more straight portions of the
flow tube together. According to an embodiment of the invention, the one or more
30  gussets 260 are coupled to the flow tube 103 such that a portion of the flow tube 103 is

stiffened. According to an embodiment of the invention, the one or more gussets 260

can be coupled to the flow tube 103 such that a frequency separation between two or

9



gussets 260. The one or nore gussets 260 can be coupled to the flow tubes
103, 103'. The one or nore gussets 260 can extend along the flow tubes 103,
103' . Theworre1as9rsor e gussets 260 may extend al ong a porCirars2ei/os4ves f | ow
tubes 103, 103', or alternatively, the gussets 260 may extend al ong

substantially the entire flow tuhQe. The discussion that follows only
di scussesm?lﬁ’e"léﬁ‘é]@étrgo%ds B%qrﬁ@%ego ¢eondipg to R %b@tlmﬁquf thggavesong ghe t he

purpose qfyqC g{ﬁér ;Vi%%\ﬁehlof%% cgﬁgéﬂfg%;ﬁ’s%mﬁi%pﬁﬁ% 3{38& BAA thk MalRAY mode.

enbodi nment s ow t ubes y I'nc e one or nore gussets

260. Accaieiwener] @ shouldrirodiderndodthat tie gusvanoomayt becdupvd tetherflidd tube
i ncl udes one or nore gussets 260 coupled to and extending along the flow
t ube 103.10Ph&uchnidab ptheprabigtien anedesse mgpagtede o dppiioreo thenpressiteftieni®ng a

porti@n of the fl.ow. 10 for example. l4 the e di ment in FIG
DO e o Sbablnds B i Shiard e 83 Fion iftch B RPRE' TR mBAC ¥R Phf L &
the f1ow lhishR (A0, 1AGERIGbBEpSQCRRATHOUHIR e hick IR DIKRALI 0D guise Tte of

more gussets 260 couple two or nore straight portions of the flow tube
t oget her .ofAbe pradicniginventaen earbbeicoepied ¢ thehBovntubeatlDonyithdwe bemg eruphat ©

ts 260Q. led to the fl t ube, 10 t hat ti of th
Plow t ubdappnal SBiPeRgHac! RE P My e G HRBUArRE RpRehdnyy8H: f5h,
the one odrdvgmge&ggs 813129 Othe Ao emERHRLAG I RiochN®hils Qehihey 103 riabadyhat a
frequency separation between two ornore vibration nodes is Tncreased.

Accorl@i ndetweantwentradbreevibravfontohedesnvent i on, the two or nore vibration
nodes can conprise the drive npde and the | ateral rmdekéﬂl—b];/ve]é\\éﬁr it should
g ¢

be under st ood IPHMS HEbYIRSEEss thsgussaly 40 edupPatte &g F8UeEY such

t hat oth [ 4 I r - tion

shoul a narobe™ B ByRREu B, bR Pkl HE) FloBbFrodh Ok, RSFMH WA, |

node f r orenithRlimahesfthe Mpd@itioh] thehetekdl hedafpqesicatofdhd faty, tuballDBEs tdigedpr i or

art sol utions thewﬁussets 260 of the present invention can be coupled to
Bg

the flowbubéifag ¢ Hiooit tua Q3 divuhe deferad darggtion awig denpissett2H0f Thite
0" L THFLEISIR, P R Ee S BRI SRR LRC RGP
o 5 o gades, yssmmar el siolt et 5 spn ety 11
nmode frequdnthe. flgw dobalstnigngse imthe lateral plane is affected more than the stiffness in the
drive plane.
Although the lateral mode stiffness of the flow tube 103 could be increased by

20  increasing the thickness of the flow tube 103, such an increase would likely also
increase the stiffness in the drive plane as well. Therefore, such an increase in the
thickness of the flow tube 103 would not result in a substantial increase in the mode
separation. Furthermore, this is undesirable as more energy is required to vibrate the
flow tube to generate a measurement.

25 The gussets 260 may be coupled using methods generally known in the art
including, but not limited to, brazing, welding, gluing, etc. Although the gussets 260 are
shown as being brazed to the flow tubes 103 using brazing material 261, it should be
understood that the particular method used for coupling the gussets 260 to the flow tube
103 is not important for the purposes of the present invention and therefore, should not

30  limit the scope of the present invention. Furthermore, it should be understood that the

gussets 260 may be formed as an integral part of the flow tubes 103, 103°. For example,

it is known to form a flow meter from plastic using a molding technique as disclosed in

10



enbodi mrent of the invention, the |lateral node frequency of the flow tube
103 is raised by stiffening the flow tube 103 in the lateral direction

usi ng t hewguewarss15260. This stiffness increases the |atecalusawdesfosequency
wi t hout substantially affecting the drive node frequency. By positioning

t he gussets 260 at the b 1, 157 of the flow tube 103, the flo ube
Stiffnosd pied §f@tqs deknky 535‘@95 pad éf%oéat{@d ?Wrrt%nﬂ?{@fo%w%@ FBSETS 404 he
drive pl SR . I tiffness of the flow tube 103 could
be incr egg&b% mgg)g%ﬁse{]lﬁlgi%ﬁ%hgﬁﬂgogg of the flow tube 103, such an

i ncrease woul dPrefdeslly, thlesgusidic P6asee tfoienst frbfme sabdtintidily dgidvidateliaheudhs

well. Therefore, such_an increase in the thickness of the flow tube 103
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wel di ng, gluing, etc. Al though the gussets 260 are shown as being brazed to

t he fl ow undoessooohanshaguinetsz 26 doenasrhayvie eele fommeahtoindabeateridehstiogd: t hat
the particular nethod used, for .coypling the gussets.260 to. the flow tube
103 15 not! Moty et Foperin piitpHbeboge e atspRdutirs hotfossdesiian the

t her ef or eg4y8 it d 030t 041 Fa} nTo'E'?ro%ﬁi@ePQS Bfuch TRqREESEMpaldMEdrRBen vibration
Furthernore, 1t should be understood that the gussets 260 may be forned as
an i n0egrmbdgar Thatfdrbeit fshouldt bibeppre€idted1hat theFdesired anpde separation kagvbe t o

forma flow neter fromplastjc ysing a nolding techni que as discl osed
i nUnI t ed @pggﬁgiﬁatsemese%?% Aga PNathg Perisarggaterinhehesen o the grsester6Pe,

queset s 20 & By Stk Mg ol iseParlBo g Y ok onlfoflY b PR EThERTR &, "

gussets 2hPgphssensi . a stiffening effect on the flow tube 103. Therefore,

according to an enbodi nent of the invention, the gussets 260 are forned
from a mat eri ahcapadinggoaans einppaiaent i theggyendiong theaflogsmetps 3G0oinciugse a

i.al . | d d.that th 260 h
for mid i 200 flpaR WG TEhoR i Roudd L B GELF S80pfSebithi Bl e’ 50
however, @ussalcw ad 103.a Addotdingss dnesfibddiafent BE thd aWchtbeSthd0Rissck0Ho may

not provide as nuch frequency separation between vibration
couples the first straight portion 150 to the second straight portion 152. In addition, the

embodiment shown in FIG. 2 includes a second gusset 260 that couples the fourth
straight portion 156 to the fifth straight portion 158 of the flow tube 103. It should be
20  appreciated that both of the gussets 260 shown in FIG. 2 provide the same function,
namely to stiffen the flow tube 103 in the lateral direction without substantially
inhibiting motion in the drive plane. Therefore, the gussets 260 can increase the lateral
mode frequency without substantially adversely affecting the drive mode frequency.
This substantially increases the separation between the lateral mode frequency and the
25  drive mode frequency. It should be appreciated that the gussets 260 may affect the drive
mode frequency; however, the lateral mode frequency is affected to a greater extent. In
addition, the gussets 260 shown in FIG. 2 are shown as being coupled to the outer bends
151, 157. This may increase the stiffness of the flow tube 103 and thus, increase the
frequency of the lateral mode vibration. However, as described below the gussets 260

30  may extend across the bends rather than being coupled to the bends.
FIG. 3 shows the flow meter 20 according to another embodiment of the

invention. The embodiment shown in FIG. 3 includes gussets 260 similar to the gussets
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nodes. Therefore, it should be appreciated that the desired node separation
may be controlled, to sone extent, based on the particular material chosen
for the guesets2B0. Furthernore, the vibration node separatSz@s/osan3 be
controlled by adjusting the size of the gussets 260. According to an
enbodi neng

f the.i [ the flow net 260 i ncl 1 26
coupl ed L0 MOV it Gt ?Q%‘ﬂx thﬁgmegﬁvoge@é%ﬁﬁm@%&@gﬁ@e %@?%?%E@O-pﬁhq on
152 of 1 Neildoweh WL P% ofCEQIHLS 1 AhoPBRAGL FERL 18 of B HIBYERlbLOfs Lhe
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portion Xbther thanabebtite®bendshies 1e ipDds siervin BhEMN 2. MTHd gasséts 260 khiskes imFB@cond
gusset 260 that couples the fourth straight portion 156 to the fifth,
strai ght Jar soplaby die sasend |sgnightperi@n 157.t thereaprd bendpp? etnthegthindat

both Qf the. 0 s i n. Fl LoVl de_the nme_f tion., .0 |y
Co ot br r BBl FEEEEYN Lokt Pt o YR S L T
i nhi bi tinge MMEd Obaikht pdi€oArisyethiel thite behBansf Mdthet fagrtl UHa RIS s@@BnCESS of
increase the lateral node frequency w thout substantially adversely

af f ect i nghe Howdhibge %ndﬂldrebmnéhcyn);stmssets%@ﬁham ial FIi{5. i neoupdesetbe tsheond

separation between t | a1 er,al de freque d the drive frequency.
Tt ahoul dUBLE BRRES: Ldg DRALTd HEGUeaigT bRl Ui Teehd s hrrd e e
f requencythe RANPYRTight!JiRtibR §4 & tHETHGrth SRAIANG b 186! g5degikeliRe BudeRAIARN
extent. In addition, the gussets 260 sho inh FIG 2 are shown~as being
couplléd tshotvinendiiGesd caemdsictdsi a tehd. 158hi S5, thy gussetseladeart hblestbistibstestsallyf t he

fl ow tube 103 and thus, increase the frequency of the |lateral nbde
vi brat i odncrﬁe%etb@#%teréirr@égérqub@w&e|sswﬁwét HOBs@e drgoasy TIMCBEY acr oss

the bends rat G.! Qaﬁlo%i P%e%upln’?egert 9t Qc%]ppcflﬂgsto Eﬁocépers eﬁllﬂﬁl it énrﬂeoif !ﬂ%w

meter 20 according to ano r enbodi ment o I nvention. enbodi nent

shown i n ifiéatiod. | Acddidiag tgubs ehbodhferishbivarintlAG, e tigudewtaed 20 hasdén
FIG 2, with the exception of the placenent of the gussets 260. The gussets
260 of FlgBssads 3p@ cevplpfl agrass cagteof Hechenderddd, 158 1565556fn theeflowowbe dB3. 103

(RS, ARG LS D0 o P B R BT, P ISR B0,
bend 153,stigdsd etheNhiephl difc@tiOMthdPeby iRbeakit @b 141 ThQW frb@RNEP Dy hbre
addition, a second gusset 260 is coupled to the third straight portion 154,
t he thir dhetht ¢Bbodiamuts Meovyoum thGSt Radrght Beetfoon thesnfodiment shown in
FIG. 4 can provide greater separation between the lateral mode frequency and the drive
mode frequency than the previously described embodiments.

20 FIG. 5 shows the flow meter 20 according to another embodiment of the
invention. The flow meter 20 in FIG. 5 provides a single gusset 260 that extends
substantially completely across the third portion 154 of the flow tube 103 thereby
coupling the second portion 152 with the fourth portion 156. The gusset 260 shown in
FIG. 5 substantially eliminates the need for two gussets as shown in the previous

25  embodiments.

FIG. 6 shows the flow meter 20 according to another embodiment of the
invention. According to the embodiment shown in FIG. 6, the gussets 260 couple two
portions of the flow tube 103, 103° together without coupling the bend sections 151,
157. Therefore, only the ends of the gusset 260 are coupled to the flow tube 103. This

30 configuration leaves a gap 670 near the bends 151, 157. However, because the two

straight portions of the flow tube 103 are coupled together, the flow tube 103 is stiffened

in the lateral plane. Therefore, the lateral mode frequency is substantially increased
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the flow tube 103. Therefore, the first gusset 260 shown in FIG 3 couples
the second straight portion 152 to the third straight portion 154 while the
second guseen10aB9iscoupl es the third straight portion 152CTarstévs/ogmast h

straight portion 156. Because the gussets 260 shown in FIG 3 extend across

a bend 153, 155, the. gussets 160 gre able to substantially increase the
lateral nbdReY ﬁ@hﬁ@ﬁ&%ﬁ%&ﬁg‘ﬁ%ﬁ rive Hdg fiEngi §Be AEAIBTALRR BIRSS a8 G 4

shovs € he,, bl aRAIR! Lo ReR S0 hilditf:On@OtcRea®DAfl TREal holdSd RN {ON.
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between the | giRg.al (AR tHeedme@neyetandot A ofdihY oMRElRhéN BABBATEYCr Neh tHhe
previ ously described enbodi nents. FIG 5 shows the flow nmeter 20 according
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ho
substantially elimnates the need for two gussets as shown Tn 'the previous
enmbodiOnme il eweer Gthebfissh @ussdt FH0f shaww et sot @ipdat ar thenfrdt sttt lpertiemiodi ment
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260" ar 6 couaRa Tt AT PEye R Tod i WEREE B Spedll i dRePLDat ol 8757

near the thefigs stdight ortionHBEE VI@IcerthRCabib®litnRats] RsS blike@MavpRretvss sofe t he
flow tube 103 are coupled together, the flow tube 103 is stiffened in the
| at eral phanmerovide esfasicayate Hacricagceinastiffinge spele duptrby freguengist Apwegh|tyo

i dwj b ially affect] he dr.] f . Th
i br a0 ont e R ShE Ml RpoELdr BodeifoctichuEP OF nhAH W wlllf by°
the | atergé gﬁ?s‘é% i6(ﬁ%%:ﬂiﬂycd#§lerdel@%%dporﬁbﬁ§“gﬂﬂfé 4V tasts IRt S HOrtRt e ng

across the bends are only shown as ' '
not need to be two straight portions to provide adequate frequency separation.

FIG. 8 shows a flow meter 20 according to another embodiment of the invention.
In the embodiment shown in FIG. 8, the flow meter 20 comprises a straight flow tube
20  configuration. The flow meter 20, as shown in FIG. 8, includes a straight flow tube 103,
a flow meter case 801, a balance bar 802, and gussets 260. According to the
embodiment shown, the driver 104 can be coupled to the flow tube 103 and the balance
bar 802. The pick-off sensors 105, 106 can detect the resulting vibrations as discussed
above. Although not shown, it should be appreciated that the driver 104 and pick-off

25  sensors 105, 106 can be coupled to meter electronics, as discussed above.
According to the embodiment shown in FIG. 8, the gussets 260 can be coupled to
the flow tube 103 and extend along the flow tube 103. In the embodiment shown, the
flow meter 20 comprises four separate gussets 260, each of which extends along a
portion of the flow tube 103. The gussets 260 can be sized and positioned to increase a
30 frequency separation between two or more vibration modes, as discussed above.
According to another embodiment of the invention, the flow meter 20 may include a

single gusset 260 that extends along substantially the entire flow tube 103. In some
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extendi ng across the outer bends 151, 157, it should be understood that a
simlar configuration can be utilized on gussets extending across the inner
bends 153y028B/05H5G 7 shows the flow nmeter 20 accor di n@CTAISASI0RDE3

enbodi ment of the invention. According to the enbodi mrent shown in FIG 7,

the gussets 260 are coupled to only jngle straight portiop and a rtion
of a bendRAGMERS, s V1 ﬁﬁﬁ@{lsogsafm&gam@@%éiffw%égf* and il SRR 188 ¢ he
first be i j first
qusset 200 0o, B0 FolilE REEE BT HERIn@R Akctilo mONGWRbe I0E
Simlarly, a seEcop@s@iisaeintidaCasi desshilbsthalas/ehgongles aufddvednéter tith ihotentdd
straight portion 156 and the fourth bend section 157. However, the second
gusset 26004&sepatationu plnesprad chmediments the tapgRedgsoreppisied sanplise derdriye
enbodi.nment € et s hayi ng. r educ SiZ6€;: [ OV n uat e
o edse ite b TR Fhod DAL AL R T Eu TR, B, RS RIS e

are adequaiiiryass8PARATEE thERRIBIR6® fréduchbp bl broeididesiraaskd iatetvhbbe t he
gussets 260 are still coupled to two portions of the flow tube, the two

porti ons Fwyonotor need guwséte 20Rostsferaihghflopotube ol o ther bavérde phaegthereby
frequency. se arab%qn El G q?shoms a flow nmeter 20 according to anot her
enbodi menPCSesTha G L dF TIYHPRY embodi ment shown in FIG 8, the flow

meter 20 conpriesietiflr dbehptohOVot URE SVl SuidiAEhts THE floPVeRL&ive20,
as shown in FIG 8, includes a straight flow tube 103, a flow neter case

801, 18 balcacrgmidmarof @02 mismlimguots sehenfféied Ag ¢l divegtotrota bewehiottie seote shown,
the driver 104 can be coupl ed to-}gg,flom/tub 103 and, t he bal ance bar_ 802.
The pi ck-B¢ fN\&¢8HEBr dndesd, Parsenslllekitethe arhw il seqagniasghat ertain sisgcals of

S LS YDy RN SRR g o

el ect r onifagtherd@mblddigiease and berefurhec embodigndnes fallew ghipatle Redpe @ldovesichingd1 G
8, the gussets 260 can be coupled to the flow tube 103 and extend al ong the
f1 ow t uberf1tbg inyaitione lerbdilpehe appaigat ta Hwse lodwriiaast slil iadhprartsdst theur

separate gussets 260, each of which extends.al ong a portion of the. flow
¢ ube 1205 BIRE Tl IR uSi WG ENERET SRR AR Yt Pl sdfiyond
f r equencyensRRinahls AL HNERBpE WRd RiachBLE oY iRNiatdRfdntDdes, as di scussed
above. According to anot her enbodi nent of the invention, the flow neter 20
may i ncl udmisaalthough specific embodiments of, and examples for, the invention are described

herein for illustrative purposes, various equivalent modifications are possible within the

scope of the invention, as those skilled in the relevant art will recognize. The teachings

20  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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singl e gusset 260 that extends along substantially the entire flow tube
103. I n soneenbodi nents, the vibration sensors, including the driver 104
and pi ck-wbfR20mem¥sBrs 105, 106 may be coupl ed to the gus®eTaIS2@8/08@bher t han
directly to the flow tube 103. The present invention as descri bed above
provi des 3 flog meter with increased node separation. In some enbodi nents,
the two parated conprise the drive node and the | ateral node.
Accor di ngat.@dipj: s enbodi nent, the lateral node frequency is increased
relative to the drive node frequency by providing one or nore gussets 260.
The one ar. norke figussetes (2H0nsludinfgametdrendredlow tilbes 1B) iand biieivieaf 4, pl ane,
thereby increasing the |ateral node frequency. The detail ed descriptions of
t he abovel (R0 ddantadtevigrase H lew hakestliod batgediays Fequsnsy ohe ane opmeseiflaent s
cont eppl at he inventors to be within the scope of the invention.

| ndeed, ;a)tgﬁésiso(ﬁ§3)ts?<?%’ré%&%‘n the art will recognize that certain el enments of
the above- desd ghest (eaBpsHu £9 afiB\ex Ak bivg BR fierRibegdo9y suehitidtnat ed to
create further ngerrbod(i nents?mgitnd such fur%l}agr gerrbodi mentg fayll within the
scope and t eachi ngstr@fuenépesdpasasion;betvedn thajdrive dtegoersy andpdidenst a secondose of
ordinary skill in thg ﬁrt t hat the.above-descri bed enbodi nents may be
conbined in whol e ofORHOPIAUEREYS dfTeAsSdi t i onal enmbodi ments within the
scope and teachings of the invention. Thus, although specific enbodinents
of , and exanples for, the invention are described herein for illustrative
pur pdoes,2.var i thesfleg uiated @0) ofrddinh il cevheirs thargeis e $26(1)| extanids hlomgtahmorscwope of
the inventjon,_ as {)h se skilled in the relevant art will recognize. The

t eachi ngsOer]P%ﬂPB’éH %&r()é’ﬁ-n can be applied to other flow neters, and not just
to the enbodi nents descri bed above and shown in the acconpanying figures.
Accordingly, the scope of the invention should be determ ned fromthe

fol | owi n@g.cl ai T TdAnMEeME0T batlaim 1, wheifeiromen®ikedt é:eai))ex'tet‘m@b dibngg one or
nore flow tubes (103) and a driver (104A, 104B) adapted to vibrate the flow
t ube (103)bgtantalbyr the enfireeidemshele (10Ak one or nore fl ow tubes (103)

corrprlissi ng: a gusset (260) coupled to and extending along the flow tube
(103) “such that a frequency separation between the drive frequency and at

| east a spcondrhe flow meter (20) of claim 1, wherein the gusset (260) couples two or more

portions of the flow tube (103) together.

5. The flow meter (20) of claim 1, wherein the at least second vibration frequency

20  comprises a lateral vibration mode.

6. The flow meter (20) of claim 1, wherein the gusset (260) is coupled to the flow
tube (103) such that a portion of the flow tube (103) is stiffened.

25 7. The flow meter (20) of claim 1, wherein the gusset (260) is adapted to raise a

frequency of a lateral vibration mode.
8. The flow meter (20) of claim 1, wherein the gusset (260) is formed as an integral

part of the flow tube (103).
30
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vibration frequency is increased. 2. The flow neter (20) of claima1,
wherein the gusset (260) extends along a portion of the flow tube (103). 3.
The fl ow wetero/523y of claim 1, wherein the gusset (260pCeAtsesnd®sabdng
substantially the entire flow tube (103). 4. The flow neter (20) of claim
1, wherein the gusset ). coyples two or re portions of the flaow tube
(103) toget her Wmﬁ@(fff&mlﬁﬁ QY nagre O3 PO (LA0REA & drHEr Gh0%east

second vi [ [ j ' fl ow
et or (2050 G- RGVBRAY WEOMRY AR 193) B £l bkl Mo TRESr pbre IS, ¢ Do
(103) suabbésh@d3lpcqopiidsiogy of the flow tube (103) is stiffened. 7. The flow
nmeter (20) of claiml1l, wherein the gusset 260% is adapted to raise a

frequency of & gwser(@P0\gampiad terndwgtendgie hedlpwritber(102uchthatiaai m 1,
wher eicn the gusset (260) s for n.i ral part of the flow tube
(103) .59. A flow netécaoft??%agéller% Vﬁﬁ’ﬁ?%ﬁé%&%@ flow tubes (103) and a
driver (104A, 104B) adapted to vibrate the flow tube (103) at a drive
frequency, the one or nore flow tubes (103) conprising: a gusset (260)
coupl ed tld. andltexflenadieier @0paficlaine 9f Whercinuthe quses) 26D ehtandanlangpaparfion of

the flow typbe. (103) | tiffened. 10. The flow neter (20) of claim?9,
aidhgabaiibe vy

wherein t " extends along a portion of the flow tube (103).
11. The flow neter (20) of claim9, wherein the gusset (260) extends al ong
substantially the entire flow tube (103). 12. The flow neter (20) of claim
9, wheér eill.t hellpusemdt@6QY) obelple 9, tvhoreor theruesqy @260)a@rsends atdng f 1 ow t ube
(103) together. 113. The flow neter (20) of claim9, wherein the gusset
(260) is HaspREd Y HeicHEreRAX twbg (183tency separation between two or nore
vi bration nodes. 14. The flow neter (20) of claim9, wherein the gusset
(260) is adapted to increase a

12.  The flow meter (20) of claim 9, wherein the gusset (260) couples two or more

portions of the flow tube (103) together.
15
13.  The flow meter (20) of claim 9, wherein the gusset (260) is adapted to increase a

frequency separation between two or more vibration modes.

14.  The flow meter (20) of claim 9, wherein the gusset (260) is adapted to increase a
20  separation between a frequency of the drive vibration and a frequency of a lateral

vibration.

15.  The flow meter (20) of claim 9, wherein the gusset (260) is adapted to raise a
frequency of a lateral vibration.

25
16.  The flow meter (20) of claim 9, wherein the gusset (260) comprises an integral

portion of the flow tube (103).
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separation between a frequency of the drive vibration and a frequency of a
| ateral vibration. 15. The flow nmeter (20) of claim9, wherein the gusset
(260) is wOaptoadtso rai se a frequency of a lateral vibra&Cirars200868406he fl ow
nmeter (20) of claim9, wherein the gusset (260) conprises an integral
portion of the flow tube (103).17. A nethod for increasing a separat.ion

bet ween tMo or® mﬁt@if%ﬁ%rﬁ%ﬁg?é%ﬁ&n&ewe%w Bl‘r@pr%&%?atmf peies

i ncl udi ng, gy OF; FlefW i 1BER o BAE of nflil ¥ bt 8 ohRLALGt he one
or mor e 1itan OB HelibelRER AL oF il Ay (GBA WA bty

conpr i si ngbitakeths todp odfrtore dlapl fubgs @ gdiseefrequentén & dove plape, thewedthédhat t he
separation between two or nore vibration frequencies is increased. 18. The
met hod ofcosnmisiRgLthe stgedfei n t he step of coupling the gusset to the flow

t ube gonpri ses_ext.endi n e set .al on rtion.of ;the flow fube 19,
The nethod of orRlife 1 #uheh BF i RFER, E% BB by R MGt B 0% 7 o

tube conprises ext afgiafign fRQueksset iddregdsubstantially the entire I ength
of the flow tube. 20. The nmethod of claim 17, wherein the step of coupling

the gusset to the flow tube conprises coupling two or nore portions of the
fl ow tube together. 21. The hod of .claim17 erein the two_.or re

Vi brat | on ¥ 1 cUIBHEFEET 85 i Pads NPRE TR/ BT PEciolEg taet s Bt AP at i on
frequencyg, ise;fpﬁeﬁ&ahg% BlissEl AbB 4 ortidpesrehd ibRaupt.ep of coupling the
gusset to the flow tube conprises ctoupling the gusset to two or nore

portilons of the flow tube such that the frequency of a lateral vibration
he . nmet hod of claim1l wherein the step_of coupling

Fﬁgeghisiﬁ[ o Uane ikl GBMCgmphieEds theoiig o uphes s swect s thadowrtuhor e
portions dg%‘hlﬁrﬁ%s Bk ONEihE A% SUSD H0RY < bsPRELHY thedn O fenblP8Y U BRW fibe.

sti ffened.

20.  The method of claim 17, wherein the step of coupling the gusset to the flow tube

15  comprises coupling two or more portions of the flow tube together.

21.  The method of claim 17, wherein the two or more vibration frequencies

comprises the drive frequency and a lateral vibration frequency.

20  22.  The method of claim 17, wherein the step of coupling the gusset to the flow tube
comprises coupling the gusset to two or more portions of the flow tube such that the

frequency of a lateral vibration mode is increased.
23.  The method of claim 17, wherein the step of coupling the gusset to the flow tube

25  comprises coupling the gusset to two or more portions of the flow tube such that a

portion of the flow tube is stiffened.
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