MO 2006/ 014153 PCT/ US2004/ 021318 SPLI T BALANCE
VEEI GHTS FOR ELI M NATI NG DENSI TY EFFECT ON FLOW

m)lﬁg{ﬁ%d of the Invention 5 1. Field of thepcr/us2004/021318
I'nvent1on The present invention relates to force

bal ancing a Coriolis flow neter using two or nore
split Y-bal agpg|neBpliNCEWEIGBTS FORELIMINAEING
Probl em Vi brati ng copaNSITYSBEBEET ONCHLOW Cori ol is
mass flow neters, typically operate by detecting
notion of a vibrating conduit that contains a
material. "Propertigs oc| ' he.material in
t he conduit, such agaﬁgégo'g'}'@\tﬁ?%ge\ﬁrlé‘%éﬁ@%nd the |ike,
in the conduit may be determ ned by processing signals

fromnotion 15 transducers associated with the
tohield of thednverdionyi br ati on nodes of the vibrating

teri - f s r . ] .
ISR blfih g ST A58 i GBI RS MltkfBsing two or
rabret 4t Yobdlahoe a@ighmedui t and the material contained
therein. Atypical Coriolis mass flow neter includes

one or nore conduits that are 20 connected inline in

%?@%Fﬁpgf@??ﬁ,gﬁelﬁransport system and convey

uirds, slurries and the Iike, in the
syst arbrabaghcondail sehsomy sbeh as Gariblissmass floy rmetase; typically

e e ) bR ANB « S
%ﬁgﬁg&%{s a%%ﬁb@télch\évgﬁﬁﬁe FARVHABAINE @OBALI, SR 4 Aidserfiovd density

I'S exc in one or more vibration nodes as a i
aral theilike, i thescoRbuttimaybe determined) by tproeessing signalsfrom motion

I TV S i Db o e it
Rsferial-Aled §)r§_ict.av§1pﬁééh(ﬁrl§ﬁ Sid MERIEABYERE cOMBifEd nsaey) stifness and

a vol ce col er, that perturbs the conduit .
damping ehacatiteristasiof dne covbiaining sanduit angdhe peatenial contained
[geterrri ned by neasuring tinme delay or phase

HPEIEr ences between notions at the transducer

| ocatA 8jphcal Tbribis B AW Aeetef incheids ore detmyeicendaity that are
smal | ; "often neasured in nanoseconds. Therefore, |

rt, . -
dannectedsoling in @ pinelipetar StheriFANRRCE: SYSIeHANGD oY Y material, e.9.,

ceurate. r. . i . .
i sftis ArBIRE K in 366 4Lein, AR EARBIRRAY 66 idlled as having a
syt of hlémralntibm‘nipﬂ{mgdiétgirfcuﬂmg:ﬁbr axmuﬁlsa,_fsbnpb@erlldm, torsional,
abATshecialng modes. T  typical Canonis miss fis MG AEREh:

application, a conduit is excited in one or more vibration modes as a material flows
through the conduit, and 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.

| The magnitude of the time delay is very small; often measured in
nanoseconds. Therefore, it is necessary to héVe the transducer output be very

accurate. Transducer accuracy may be compromised by nonlinearities and
asymmetries in the meter structure or from motion arising from extraneous forces.
For example, a Coriolis mass flow meter having unbalanced components can
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1 WD. 2006/ 014153 PCT/ US2004/ 021318 vibrate its case,
flanges and the pipeline at the drive frequency of the
wWebLelm1dRsSs Vibration perturbs the tinme del ay pghrfiRghos/021318
in an anount that depends on the rigidity of the

mount. Additionally, a Coriolis flow neter determ nes

vih@te g Thby, ﬂéngébearﬁd e plBBﬁr@élﬁ beihebd@SROfrefuémsy of the meter. This

f requency of drive node the drive node
v:br@rtlga@rslrh@th@hm@qulme sngagbm an amgpsist thatdepepds opdhe rigidity of

A T0RE8] ARG BTGP SRR o e o

rﬁ@tb‘ﬂa&blasedl phrthefroyuencpaf tHedde mose. tif the drive mode mcludes
tenperature, the effects of the unbanI anced O&gg&onen
rpatien of the @@?ﬁaémsﬁgda% awag}e»s §RSTATRCE density

f s
{iBp et AP luersaly Fiocte).” SRiod T RIR.3 BRTRGunt s
aesierglly Uoknaoweh emdctwu ciengelmiterdinee had dermpératuce, Bye effects of the

‘?M%B%Lﬂ’g g%:"?ﬁeﬁr Oft%?&lsﬁ“n %%ﬁ#ﬁﬁqﬁaﬁgﬁgw nsafﬂe&pp@ﬁaﬁect meter
Dt W qh%\’éf?cgé’ Bt ﬁ%%e‘imb‘éha%c‘éb%x%hgh&» S rﬁaﬁﬁﬁng variations

rection direction is
ahierreduced blyhemng flewooettnidesigns dhatdareialancechend byysing signal

SogRatinadsaauSs o RmBRTsatedon A fied GrBhéis of Hbtion.

per pepg Bﬁlaﬁ‘fceﬁ%wé‘ﬁoﬁ distdisSed 'e\‘b@%'lﬁ\ﬂﬂveﬁbmy@émgle direction of -
bal anced. This reference coordi nate systemi

vnhr;aiuoname BaliationChhe &-disedtionis the diestion B‘tﬁ!ié'ée gondulits are

FRPBECRAS Pl Violel a8t flfperi elidihd 2 o Pretchlong the

pipafiné §n6 ohe haliRa6iRsh pé&perbiculy tb thegtand Xrdirgctiofseare not
source of this secondar force is the | ocation of

belspced. T his iaterence ingiersystayaie ipporiart becaise (EOHOIIS flow
%gh%giqrgéﬁ%|§e&ﬁﬂg&élﬁu 05 Wﬁ%h@‘%ﬁﬁ@@ﬁo OTHB%rce creates

COl con UC ive wre fastene

anestbe vibeatitshirk theWelinéctiom tredt iionot balaneed;,eésbyunghn meter error.

center of mass of the driver ma nd. .t he .center
mass @meﬁwm@ of this Seeendansorcp R gio biekan oL SR iHssf the meter

con A as %ﬂﬁlﬁﬁwcﬁed}f\%" lasB&nbly Qindidts of Iacl*{’lagne’t fastened to one

anes are necessari |y spaced
eqreduit 4red kel affoendaotive wireffastengd to mnethierrdongiuiti Tiwe Y-vibration

BB e o SURBER of I R e ARPRRLo A mass of e
&ﬁ@&%&u%&t?ynﬁ R EIRE reSpéttive Xveprngs of th@&éﬁlﬁﬂnﬁé{sF@f the flow

the optimhum position in the nagnetic field
emdiui(s) The X-Yrlares ate neeassadly shasedanart fqkeep the conduits from

L I
PGSR R S AAiRbr. TR o RS By ARk BEaor il ae
apSstRdmahei plahdstiddduge thdeoll nebds ftd bedaneentricsyith THieeend of
vibration is then seen to be_a_ «cyclic rqtation

- magsehie be atihe optiguen pesitien in ﬁ"%’@ﬁgéﬁt'% 0ot at i on,

CR TR 8Hhatit, when driven to vibrate, does not truly transtate but rather
cyciically bends about the locations at which it is fixed. This bending can be
approximated by rotation about the fixed point(s). The vibration is then seen to be a
cyclic rotation through a small angle about its center of rotation, CR. The angular
vibration amplitude is determined from the desired vibration amplitude in the z
direction and the distance, d, from the center of rotation of the conduit center at the
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vibration anplitude is determned fromthe desired.
vi bration arrplitude inthe Z direction and the

fromthe center of rotation of theyuswose21318
WO S et or ot the > WO 2006/ 014153

PCT/ US2004/ 021318 driver |ocation. The angul ar

' from th
U Bt Pinel gt Qhpiftide bEvIBRIRATESR détenirtedtffom the

foﬂbf/\mgrer!dtldme dri ver conponent (nagnet or coil
assenbly) center of mass fromthe conduit centerline -
causes the driver conponent center of mass to have a

Y-conponepl 2faréthd (WZd@ti on. The driver conponent (1)
mass usually has an offset in the Z-direction that is

at least equal to the conduit radius. The angul ar
ff f t h '
ﬁegf, bpa bt q:ﬂtgegﬁo\%lggg%%ﬁ't Lrpﬁgm RLESY %cfsil‘gﬁs‘% gfc@ﬁﬂer of mass
freRPHHe dorRIuRTenadime ehtibontiu @ﬂ*\/érmanm‘ﬂarﬂm@uterrof mass tohavea
anplitude as the flow_ conduit, Afroxwratln frset i
Yﬁmmmnmtqfuts vibratien. thedriver sempgms B@ﬁ? " offse n
ZTIJéI! g?c%tﬁr{ %t%%skgﬁuglrtb“tﬁ cﬁﬁaﬁﬂacﬂﬁsnm dhg{d?aﬁ@ﬁset o,

rver nmass Y-direction

fr@im trférhonﬂ‘éiﬂ cenfdsting |§ﬂiusatbtfrr@hglble Thé Idvivien gompenarhmass
= AZ sin (CO (2) The Y-direction notion_of

oseiloies abowp B offebpas e IIBINE ETREG ISR SRR as the flow

t f endlcularto
BhiF 5 RabftSiniafihd 85 rRPon A RICENA Pt beTRTRg por |
tﬁ(c:h fithe @@r?jnémmglthé @frwgn ceritet bk messiwith the: eentes obtpiation.CR, the
the Y-direction vibration itu
dinesmersysdireionanploas A Yhecgﬁ) L’ P"r?é’o{g"mg&ﬁ?qé'l%ﬁg?
the neter mass. This Y-vibration of the entire neter
is adirect result of the desired conduit vibration
in Zin coyad sin (@)t h the angul ar of fset of the (2)

drive conponents' centers of mass. This coupling
bet ween the desired conduit vibration 25 and the

unde i oplaioiidh AidieR Gfiné Bivenbomponshemaseaansehitic whole
danpi ng e meter Y-vibration danps the flo

etedto Vbt rmiimN-directipnaEpnsea aiionsel mPMATR Teguffes that, for a

fesherdsneanatimeter Jaay ol VBrdig ot il TRyek is oqual to the
Y- Hﬁgétﬁﬂﬁ)ib%bh JHRpRtLbe @f Hhe ﬂﬁvasmabaantmemmsemme driver mass
experinmentally in neters with high Y-vibration

diviged bydﬂee mater massprides ¥rvibetiansd toe patirg meteldgandiect result of
9 oSl BB AR A R o 400 spgamhemest et crive
SeRRsBHents tdehfere ©F nihis. t Thiswouplimgbetweamihesdesiearyeondyit vibration
and the undesired Y-vibration of the entire meter means that damping of the meter
Y-vibration damps the flow conduit vibration in Z, and that a stiff meter mount raises
conduit frequency while a soft meter mount lowers conduit frequency. The change
in conduit frequency with mounting stiffness has been ob_served'experimentally in
meters with high Y-vibration amplitude. Itis a problem because conduit frequency
is used to determine fluid density and frequency is also an indication of conduit

stiffness. Changes in conduit stiffness due to mounting stiffness change the

calibration factor of the meter. The direct coupling betw‘eénv the drive vibration and
the local environment also results in an unstable zero (a flow signal when no flow is

present) of the meter.
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calibration factor of the meter. The direct coupling
between the drive vibration and the |ocal environnment

S ts in an unstable zero (a flow signal
Vﬁ% Ql(’%‘iﬁ% present) of the neter. 3 WD 2006/ Ofﬁﬁg@%‘“"m”s

PCT/ US2004/ 021318 Summary of the Sol ution The present
i nvention hel ps solv ated with
aphnBhoGr B1F SanTeay

unbal anced vibrationa al ance system
t hat The preset invéntios efss solvathe prdfdémsassooiated ith unbalanced

atRp bR ughia bldnee svdibphal i ] 20010valk Sessto balance
cfdtcme aflve Q&@fénﬁmAH@éﬁt%beBM% A SWHE dnStinfeints RSARVEASon can

flow material densitieS. Sofre exanples of a bal ance
rgoistaima suhaiaetialiycopstantmass fiew zalieratiendacior oxadamwide range of

t ers that couple the two or nore
Sgﬂ;ﬁéﬁg\@ &\%g{}ﬁﬁgnﬁg&g flow conduit. At least a first
Y- bal S6we eseingjiies bf a bl RIsysternlTAciubeiwbbrafol Y thadance weights
a first location between the first conduit node and -

anekivee oy moss attashmernt membesgdhatcanie tie twear mnre Y-balance

O TGP OE A R N S e PRI OB 8 e row
cﬁmlmt\m adiirstrigicatioh betwesns thefirist bdisduit Rodé and th@ dlrlve system and at
| ocat ed such t hat the, conbi ned center of mass

st pesaNdt Y thalancgweightis eoupled te flew Gandywat 3 " peapnd location
b%t\%bﬁ'iﬁé EH/?! s%teh‘? Sndtie %@g@:‘@\%@n%ult hBgeC eﬁ‘l%% or more Y-

centerline exanp I nmore ba
hibdaneeweights besl saeu iand- I;aebmk:lammhsthat thencdrabinedfdegiterest mass of

159 ciEr Pl e TR iOE NG5 Walights P Ass/anHBINsaR the XY
pl‘é\ﬁé‘ofﬂ%éﬁr{’tﬁm@éiﬁemﬁet he attachment nenber being

attached to th ow conduit between the driver and a
20 bdndsonge exampWs o mmqremﬂlmmedemaes kxmlledeattme—y—balances

d dj t
HpH SRR ESTANEE ARGCbUSY-GHAN R BT rises a mass
oohnbbRd torsiecend enhh %h@hh@ht h'lerﬁber ShiftHirR &heﬂéﬁdj of the

conduits). An active-y-bal ance works by using t
aftaghment mﬁmb@ha@mg a%lch@d tp sherflow carsluit between the driverand a

t%‘hgﬁﬁ’ia)\( s AGRe! 'iﬁl?nélgbg?{;] ggn }gq.éget%f% %ﬂeboglrb%r’ﬁi& gopduits depending

ctron nonent

drethedecativrd ofthbahasceentbrs of mermggnemmwa@mbumm tyipeeof flow
nents and to thereby prevent unwanted case

dr ive c
Rigr ERUT Qr’T'E' Hend. ?m?ﬁ"g}ﬁ or gyakgandyitthci pl e of
ggs: ;@]ﬁglﬁtféaytﬂ%ﬂaﬁ'br AL anﬂhg?hérﬁt L Gire TR Ehdut motion to move
the active-y-balance mass in the Y-direction. The Y-dlrectlon momentum of the
active-y-balance can be designed to balance the Y-direction momentum of the
drive components and to thereby prevent unwanted éase and environment motion.
By the principle of equivalence, this also makes the meter immune to environmental
vibrations and ‘daniping. , ’
ASPECTS
An aspect of the invention is a Coriolis flow meter comprising:
at least one flow conduit, with the at least one flow conduit including a first

conduit node and a second conduit node and including a bending axis W that
intersects the flow conduit at the first conduit node and at the second conduit node,

wherein the at least one flow conduit vibrates around the -bending axis W;
' 4



ASPECTS 30 An aspect of the invention is a Coriolis
flow neter conprising: at |east one flow conduit, with

wtl)hz%gﬁ ulgast one flow conduit including a firsgcr/us2004/021318
condul't "node and a second conduit node and including a

bendi ng axis Wthat intersects.the flow conduit at

the i ' Q03Rd atledshonsdoancomduit@nd node,
\Aheréianrﬁ,%hs‘gggétmicggglt%go%e fl ovs condui t vi brates arﬁwa_ge balance

t he hevatimmp systamwouplegdotbectdaastone flow conduit, w v

PCT/ US200-,1/ 021318 a ' »
SYSRE SoMBTTNGANE e, | PRl IEUFERECAR) Bl OF rhot® fpchment
rﬁé?n%)@r% 1Akt ESipi tRNEvd bewore f\rdbi\a(lagciw\ntdigmhdp ﬂﬁe abaast one flow
system conprising two or nore Y- ance weights an
comuibwimretn attieastaifet Y-pelADEe Weighils eeuﬁﬁ%é’%?ﬁéeﬂxge%ﬁt one flow
nor. e, Y; bal ance . wei " d at
oBBiG i SRSER iR o W ok pogBnd v system and o
ISR Rl foha Y-Baladte |v@?ﬂit ismeupleaiio therad idast amedflaw conduit at a

e e SERSL A o
|l ed, to,t . Ca h
COUptFiﬁrgfr?r olélyaﬁeé ﬁh}njﬁ g?%{errpﬁ%f:ét‘éw £ 08viehl distare BLabovk the

| oca rive systemand the second

bePBmkY 4xi Veghe Rirsthebatdngetweight islecatpdtavertisal distance Ywi above
vertical distance Yd abov e, 10 bendin ' :
tihe bgndmg@qis‘a%@r\ﬂethgrﬁew@gﬁ}dBa\a@&eéﬁ)&W 1§ (Ggaio vert€al distance
Ywl . ' axis W and the second
ngl?g%gggge\%ﬁgﬂg%%cat ed a vertical distance Yw2

abov eProhgabigndisyratio %/ W1 Brssfostansially eneiand opgihad-

Yd/ YwW is substantially  one and,onexhal f i
fi v stPretaraBy RPhrates LY ue s et 8,8 58BRetafo YN
rati b ¥na@ &f dcwindrratio o oFdl-Yave cordigared so
secbﬁjcf-g?ég?lmg %%%(\%Ztﬁgﬂeﬁcloﬁ?i gured so lt h dt a2 dri ve tiall
thates deine Jreqaenos vensus twist §QuRDgY Fatia @o i Sybtantially
substanti al | const ant,_over j i i fl
comstar YRF RRdfidfs 'Pﬁ't”l'cﬂgeﬁ?'af %ﬁ% ? B%n ee{fjllﬂgﬁvj #%r%n%ﬁl?? .éit one flow
clt%rn?ihﬁr ably the two or nore Y-bal ance wei ghts and the

WO of nore 20 attachnent menbers ar e‘[;er negwtvl %
coupl Rréférablyithedwol asasereohdalFREe \WHIgH and the iye T
e hePRg: A | 144 dhie iBW eonduit.
%ﬁ%ﬁfgﬁ?e'ﬁgﬁ{%‘?@ %?@%%HDW&% P&/)f%ggﬁ gpggﬁ to the at
| east pRAGablyNeaREUH horeV Hatarads weldhts and tbe twers more
attachnment nenbers are at | east ri,i al :
attachesgrdmeembersaie f&m%bbhé‘)‘é‘?'eail%g?e L’éaﬁfjg\g\}%m}%&"d”m
conduptoze 2R Pef i 1ABNieré e biMBast partially
o B e o pe .
deformable in response to motion of the at least one flow conduit.

Preferably a deformation of the two or more attachment members and the |
two or more Y-balance weights cause the natural frequency of the balance system

“to be less than the drive frequency of the flow meter.

Preferably the balance system vibrates substantially out of phase with the at
least one flow conduit. _

Preferably the balance system is sized and located such that the combined
center of mass of the drive system and the balance system lies substantially
proximate a plane of the centerline of the at least one flow conduit.

Preferably the balance system is located on the substantially opposite side

of the at least one flow conduit from the drive system.
5 .
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two or nore Y-bal ance weights cause the natural
frequency of the bal ance system to be |less than the

[ o jgguency of the flow neter. Preferably '
‘g{éﬁg‘ﬁé@%@st em vi brates substantially out of p%g,'ﬁéuszowozls]s

with the at [|east one flow conduit. 30 Preferably the

bal anpgsrsptieiRe Eaiéﬁﬁiggﬁ%& itsﬂéé‘étﬁﬁ oTHR éJb%iaﬂtEﬁ%/ r(]:>(£Jpc:si’t<-3 side

conbi ned center o e drive system an

Wherat dsasi onerflaw esnduiboanthealrive systerwianat at 2n priantation
Bespafiaif ok B et G4 borfnb SRR s iBRcbraut

subst prsfeRIDlY tHPPAIShES sfétem istizdd18ndlod2E8 Gu ek ehatl the/momentum
conduit fromthe drive system 5 WO 2006/014153 :

dhe btaros systemds spbetes ialuxv gaualanshsubrantgly anpasite to the
PO a8 HibfePh 1T RO bRy e st o o arve

motient ati on  substantially forty-five degrees to a

hori zont al plane of the flow gondegia} referabw t he
bal an%@fQS%ﬂﬁéﬁwm%SsstoofaﬁmmdM -balancewgightgomprises

SHSEAUY PEhol B B0 11U TATEUAGH Np mutplod
b thedcubeeoby veetival distarier ¢ of ihe drivessystemadtiove the bending axis W
FBEab A veitica disfaiaat of i wAbil RaERGH e GG above the

S isah) y one-half of a mass of a single,
l?Jlri vgg%?(osgwmed wei ght Msingle nultiplied 10 by the

cube Af aglditionial aspedticfttbe irevevitionfis atreethodvier foree dalancing a

bave ﬁhe bendipI axis Wdivided by a vertical
@PE?'éﬁw %W_‘V,‘?teérft_ gﬁ@é%hﬁgﬁﬂ%mg{- bal ance wei ght above
the ?Miﬁ@ afidat Yhe AOwASKIdUIO With theRfdéastfonefow conduit

invention iS a method for force bal ancin Coriolis

a
inchigingea dirst canguitetddecansbasecend gondait ppgaiamdrfgrfber including a

bR B WA e Sdots 1ne Ay kit a8 005 ditibde and at the
sédtshd dortRAenciie] whirbivethel dtdéastione flow benduibgibrates afbund the
that intersects the flow conduit at the first conduit

berding@risaW:t he second conduit node, wherein the at

| east . Je .V ' .

e, BEVEENG AURREm CRIRES, Bt idaltbne AW EpReu and

| east pmﬁﬁiﬁ? evbalancisysteancouped to thengt leabbodrenflew conduit, with the
system coupled to the at | east _one flow c&‘r}duit Wi

e W th
balance sy iz COPIISIAGIWORT TP, Yehi@apee Maighty angdwo pidnore
4L SHhenBREnibds BatBiuple the two or more Y-balance weights to the at least
one flow conduit, wherein at least a first Y-balance weight is coupled to the at least

one flow conduit at a first location between the first conduit node and the driye

~ system and at least a second Y-balance weight is coupled to the at least one flow

conduit at a second location between the drive system and the second conduit
node.

Preferably the drive system is located a vertical distance Yy above the
bending axis W, the first Y-balance weight is located a vertical distance Yy, above
the bending axis W, and the second Y-balance weight is located a vertical distance

. Ywz above the bending axis W.

Preferably a first ratio Ya/Yw. is substantially one and one-half.

Preferably a first ratio Yo/Yw+ is substantially equal to a second ratié Yol Yw2-
' 6
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attachnment nenbers that couple the two or nore
Y- bal ance weights to the at | east one flow conduit,

WME%{»(%]Q] t least a first Y-balance weight is qsmpbgﬁo_;mm]g
| east 25 one flow conduit at a first

| ocati on between the first conduit node and the drive

SySt I?E flrﬁat%ho a PG X sbabaaestiowldhk ars configured so
coup e at least one flow conduit at a s

tha eadmxmwfr@me/mwarms twist/seguanayalindoorne/ @osn IF Sl?bsqanf'a"y
d P
cindeht peerFaroes e BoEansiy g fri SR ihe o S he flow

cbRguif.i rst Y-bal ance weight is |ocated a verti cal
di stance Ywi above the bending axis W a %he second
Y- baPaefeeably tghtwo s megariebalante meighls 2

ve t b t

Rarien! Dol 2k Peliornt E180 18 e bt feBst bR Z’%"%""“‘
fir SPr%@H@Q y e fgwb Wo)r gx(?gg?'ggzbfgcalmygbtgargd }lﬂge wgcseemme

rati o U 4
abipchmeabmempers gse renpradly §oy efgﬁ‘?o/hﬁ B ety conduit

vl axtial

oL VP Re i L WA B T ey metbreseanayastparialy
d@ﬂ:gﬁiamm |rpr\6ﬁpoﬁ!§@|&g Aotion o‘flttfm:a dt tast pgy flow eondwly

nediumin the at east o ow condu

the ﬁx@fe@ablmtéefwaat'%e ety in el et BleThfls'and the
tﬁé gi?ﬂﬂ%r? il %rv§ <Pé‘t‘fs@9t 8 Hatirat ﬂ*éﬁh@ﬁcjv ef tHeebalance system

cond Preferably the two or nore
W beab e thanviaeghive fazetmmbgz df the ﬂtDWrme‘@rat t achment

Coggﬁgrgfe%ﬁiygﬁggg%qfét dcg? sgégtgag&%ut%?%hfage‘%nh the at
Iggéf%?\%sﬂow Sofduil. east partl ally 10 deformabl e in

response to notion of the at | east one fI oW C n&@lﬁ&ﬂﬁ] bined
Pr ef tratergbly the batarwei systarn is Agedandlocatades gombine

qgﬁgneg?;gf mggﬁdo#tp.sﬁgﬁaysfﬂ gtgg ?nce A yﬁé%‘e% élidé?@ntnany

;:%5 @ét@ %Ifblékkﬁ oﬂfﬁé/«%ﬁtéﬁméamue at Iddst ohedlowreorauit.
erab

bal ance system vi br at es. subst
out d?refﬂ‘rabl@r the talanne systemss jeeaded gRAN PISHE?/S%(S\S?GEY P}onsﬁe side -
Pr ef er abl bala and | ocat ed
ﬁ'&‘ﬁai %QPY{J 'ﬂ]g‘@ fﬁ%@gﬁéenphg?%kaﬁ% of the drive
syst mrabWewmmahemdomd sukﬂae mbst&ﬂﬂ?“y opposite side

it e inset ond Pw, canduridraBI e SRS BYs IR #n0y Bt ghtation
su% LG9 Port v HRGHY o3 héfnﬂﬁﬁ@ﬁblhﬁe%f@@e flow conduit.

Preferably the balance system is sized and located such that the. momentum
of the balance system is substantially equal and spbstantially opposite to the
momentum of the drive system in a direction substantially perpendicular to a drive
motion. ' ,

Preferably a mass Mspie Of an individual Y-balance weight comprises

substantially one-half of a mass of a single, driver-located weight Msingie multiplied

" by the cube of a vertical distance Yq of the drive system above the bending axns w

divided by a vertical distance Yy of the ir_tdividual Y-balance w_eight above the

bending axis W.
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20 of the at |east one flow conduit fromthe drive
system Preferably the bal ance systemis |ocated on

ntially opposite side of the at |east _one
‘?P?&’ﬁ@gﬁ%ﬁ.t fromthe drive systemand at an PCT/US2004/021318

orientation substantially forty-five degrees to a

hori zontal pl ane of erably the
bal ance systemis si Izjlea" c"kgwpoécﬂ?’%aﬁsuc#%{%at t he.
m)msnF 130 1 MEistratashe Curiotis lewaysterrooniprisitig balow Aldier assembly and

E"%g [and substantially opposite to the nonmentum of
CIBIPGUONICSt emin a direction substantially

per peppd cpl hl@l%tr‘afésaa Eﬁﬁ\/é‘ 8y t%ﬁfainoéhe Bﬁ‘ﬂ:L rﬁ@h’é’o@a '@?ﬁ‘éhs flow meter;

Mspur of an 1 ndividual Y- nce wel conpri se
subst BKB &illuystretwambﬁ‘-a)os sactlmswewf ofaa flowgitanduit of a Coriolis meter;

drive o mul ti Iled 0

cube % ‘&@1 E@ﬁ%ggﬁ 4t tf "(}é é%%lpgmventlon
abOVGFF@QS estae é‘l‘)bﬁin\‘)é@g&iéi‘ﬁ% QMoﬂwe‘x‘%&hhﬁé of the invention; and
di stance Y,, of the individual Y-balance weight above

the bEad Hystiries abatange sare’@m mlxle‘Gawother example of the invention.
PCT/ US2004/ 02131 reh Dt O awi.ngs FIG 1
illustrates a Co&let?ﬁéa q’% otgﬁ’f)ﬂ“ﬁ'ht f1 ow

et er FEGS e1d8 andihé follBivitig @és%ﬁlbhéﬁld“eﬁmct@p@cm% examples to teach
illustrates a drive system.in one enbodi nent of

ibese skilledrin éme ﬁétlaw 1o make@ndause thesbesiimmede of xheamvgntlon For

@%édr&ﬂs%{ - n'vgﬁ‘nfé) ﬁﬂ@ésél)ggt gﬁ{r‘%oédﬂphfigﬁglt %ﬂg&ts have been

sifmplified ldnmmttedn T th@skBledl ih tiss BALGH a@d@&umm@mmom these

i n anot ger e e of the invention; and
Srartee ek al viHa e s69ie hbeiny@rtionof hase ke intherart wi

5751 R Vit ol e P g B L B s wavs o

oW Nng on
fopaont Itiplaewxmqﬂcns dgfdhé émaEntionh dsea $h$d|lt, ¢lde inveintiends hot limited to

'Esvrgpte?: 52 aalgél%% Eég Egﬁav,mgﬁff Q{é“ﬁ%ﬂ%\éﬁgragg%elr equivalents.

Sone ERs Vﬁﬁlhbﬁﬂ@s RERP]iS 107 (Retlp %q:ﬁbﬁﬁh? o ﬂ‘&/v Pheter assembly

omtted. Those skilled in the art eci ate
1handmelss efaationidse2® Metangleetsoning 20f laldonwechdrtotmeter assembly

h i h
685 Pus BB LoMENE Bt reS fowudle uRUBE Y wlfy latized
10a59 foed idrperitiney antether dforfritiBh Vs ipaite 282Nt ShowW@d be apparent
of the |nvent|on As a result, the invention is not

Ipithpsakilled in the apdoatthe pirsefsiipentiniceamba userdw, amutype of
Cfdlisthol B RS drtR puERer CEuRhS: PLIRY heprasy, fow
corideits as {eeroperating mode of vibration.

Flow meter assembly 10 includes a pair of flanges 101 and 101'; manifolds
102 and 102"; driver 104; pick-off sensors 105-105"; and flow conduits 103A and
103B. Driver 104 and pick-off sensors 105 and 105" are connected to flow conduits

103A and 103B. The flow meter assembly 10 can also include a temperature
sensor (not shown). | | |
Flanges 101 and 101 are affixed to manifolds 102 and 102*. Manifolds 102
and 102" are affixed to opposite ends of spacer 106. Spacer 106 maintains the
spacing between manifolds 102 and 102’ to prevent undesired vibrations in flow
cbnduits 103A and 103B. When flow meter assembly 10 is inserted ihto a pipeline

system (not shown) which carries the material being measured, material enters flow
8 _
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- used.

10 and neter electronics 20. Meter electronics 20 is

connected to neter assenbly 20 10 via leads 100 to

royi density, mass flow rate, volune flowg@tes2004/021318
W?‘o%%§4"?j‘§¥9a mass flow, tenperature, and other

i nformati on over path 26. It should be apparent to

Hé?%sélﬂd g tm%u h%ﬁgb 1d1agg§§@s Hresghinlenranifold™ 02 where
can

€ us riolis flow neter
thedgtat dmoumt of icherialiairecied tarante fow SPBRUE 1038} 1038, flows

'SQY!V? ﬂé\?gguééi%%ﬁéhqu f @?E@@%ﬂggﬁ ?&g}’ét?ﬁ%ﬁ!&gg 10§5Where it

eﬂ&%&%%s@@ﬁibiapwgthmhgﬂ fRMGe @A’ driver 104; pl ck- off

sensors fl ow condu1 ts 103A and i% ted t
Dr i vElowleuhduits 4934 apd fl03Bnarerselagsd ﬁ%opﬁ?@ym"”“ edto

| lnfpg?rggr%g)ﬁahg|a{p|d(1)c\e’j\'1tﬁegﬁrga§+|fo?d 14234 88% ﬂ\Q@&SUEQ%nilbethe same

SO i nclude a tenperature
m%:?g%‘i&tnlﬁlﬁﬁﬂn ShsMBhts Sn&tiangad elfsticanddales' abmut bending axes

VLAY vt Y sty v snagit QLA Sl the
106 b fold
ot 5 ARt Bale R, 08 e one 1t ow
CondF'loKAﬁcd&B.ﬁtsamBA-@&e WMHn by driverct @4 iregppesite ditgstions about
thear iespectieebenciad e Mg Woasd pt ier i Bffted Bk st out-of-phase
bggcg ggﬁ'p?,deng %’%&%’g #gtiél?’ Bﬁifréluﬁ?@ thdly/ @AhgAse ofiBlofimany well known

ange 101, passes throu%h i nl et
aﬁaﬁgémledtsl@ach\feeramajlet nmmle«htmﬂmw condyé1@3Asand gn opposing

cob o ol 360 S350 AL Beaddhouoh e

i L3 lied
PP IEL B R st mtabisoem et ool

by ehetet etéc&nd:csmﬂ ofa ieatdel 10 teodrives 30do Theypdescriptian:
102 apd out | et fol d
péqu?cgﬂﬁ?%lma; qrggglg t#gng pie?gﬁ‘(?n éﬂ? :E'g)‘rf]'%hrsmﬂ% meter and is not

teadhing ;ﬁﬁs@cﬂqmml ng axes W-W
'dt‘gﬁ&‘%ﬁ%\fvﬁ@éﬁg ect |'vel he fl ow condU| ts e f 1n nd 111,
out V\Me:télyefbctmnllcbéo rre@mvreaa@@sohwgﬁa dg 111 an

|l el fashi El

ST o8 T LA Ao s 10w

e

protasses Dt agd right VARG élﬂﬁ‘ﬁﬂ%@g@r@&&f’%mo\?%l 05, 108 n order to
f

BN BIRALS Al 15, JPath SEBRAADAR Sk R ArpBUBRN Bsdns that

g co nount e fl ow conduit
AIERB.méter aldctionids 20 tcimtertate With paspedatoir ough the 15

gﬂ. ? }b&gzgnﬂs{;@ﬁ% é?;&ﬁ/%, sg/%EﬁB ﬁ?@gH Icatnsé érﬁbgéfﬁéAtaotf% Ch¥iolis flow
meter 5. In a preferred exemplary embodiment, driver 104 is a coil and magnet
assembly. One skilled in the art will note that other types of drive systems may be

Driver 104 has a magnet assembly 210 and a coil assembly 220. Brackets
241 extend outward in opposing directions from magnet assembly 210 and coil
assembly 220. Brackets 211 are wings which extend outward from the flat base and
have a substantially curved edge 290 on a bottom side that is formed to receive a
flow conduit 103A or 103B. The curved edge 290 of brackets 211 are then welded
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SR

by nmeter electronics 20, via |lead 110 to. driver 104.
The description of FIG | is provided nerely as an

\@6‘%6%90?, the operation of a Coriolis flow ne ‘
I's not 41%ﬂended tolimt the teaching of the Bftgrélz%?ouozms

i nvention. Meter electronics 20 recei ves sensor

&1iif%ahwe Sihel ﬁ?&ﬁx&(lﬁﬁﬁbdto]% condQits ?Pﬁ%ﬁérid‘é’%ﬁ% {%@Hﬁ&h driver

el ectronics 20 produces a ve signa
104 orConclissiiow anéterb. 104 to oscillate flow conduits

103A ,and 103B. t | ect [ 20 | ef
and rgaRelAssey 2008 < niatsi seereb P2 88 itBass Rygokets 211
ebiond fronPA giest dide of ATt kaep&S20Z . \ais 2418 andad 14 dftend outward
provi des an i nput and an out put neans that al

|

| ows
fram autey edg @ secand sidernfenagiet kaeper 2020\alistdst3 and214

ok TR T e Fafndt i TR Ao rapdioular ta e
windhgsasficofirggadi ment, driver 104 is a coil and magnet
assenmbly."One skilled in the art wll note that other

t ypedViaane 202 iss3 subsiantially evindrisabmagpet,baving 2 firgtand a second

PR30 B AR Pl Y rd B o RRRTRL KW, THAEBhS! sloove and

magnei 208 ambffixed 16 assetondi durfagesfrhagnetXeepBr 20Rdb secure
211 are w ngs whjch extend outward fromith

pagnet2Ainmagpst asanably, 210, Magnet 203 wg@aﬁsﬁ“agf?og@%ﬁw shown)

a?ggééq Ed“r sbSonhd gﬂ%‘?‘ﬁme Bg@%t\'@lé én(f)tl %v%‘?rig g &alﬁte%gisoﬁtted to the

e curved edge ackets. 1 are
sesiondcerel oitnagoéet 203! id iredthesaagretiof«ds intoicoil 204one

ot achonaRsamBly a2l inghiusis G &7 e ot obbis g i BoBbin 205 1s
FAREIR] ¥ bea&kdia® 12 CRBBYbIk 208 Was@gggélop?o@ééiﬁgtfrom a first surface

Brackets 211 extend froma first si magne

areupe wiichz col@0fds wsingn §oil PA4ds trapdntedtonaeall babbipatds opposing

bl 248 Corfeod i G 1516%, TRERRIGH G0k Atating curonts to

JBHRTA, Thef élﬁlrﬁaﬂlﬁ% oBaaAts GAlelssiP20d bAd Imdagriet 203eto attract and
wi ndi ngs of coil 204. Magnet 203 is a_substanti al

i I G

repel ere poatheryyich imiuwn sguses flpwrcansyits 13Axand 1038 to oscillate in
3.1 ] d into a magnet sl eeve (not shown).
%ﬁ@&ﬁ@tmﬁ%r&é@egnd 10 magnet 203 are affixed to a

secorFlG ¥ liaskates ansigisificdotaris sttfiohviee of flewrneondeit 103. Flow

R s R S V7B Jha L Brsel ke o Soncui 103
29 o AICI0F ARSI g ZCAR Rk o ey i ohs fow
domduitctfl3 tragstates in the Z-direction its fixed location causes it to rotate about
its center of rotation, CR, resulting in angular amplitude, A8. Driver 104 and iis '
associated center of mass, CM, rotates with the same angular amplitude, A®, as
flow-conduit 103. However, because of the offset angle, @, drive compdnent center
of mass CM oscillates up and down line L. This gives drive component center of
mass CM vertical motion AYm, ' , ’
FIG. 4 illustrates a balance system 400 in é first example of the invention.
Balance system 400 includes Y-balance weights 401 & 402 coupled to flow
conduits 103A & B. Coupling of Y-balance weights 401& 402 can be
accomplished using various methods including mechanical attachment, welding,

brazing, or gluing. Y-balance weight 401 has a center of mass CMy4. Y-balance
: 10 ' '
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Coi | assenbly 220 includes coil 204, and coil bobbin
205. Coil bobbin 205 is 15 affixed to a bracket 211.

| in 205 has a spool protruding froma ﬁ(iyf,@gzm,_“‘,z]g,,s
“@Jiopgglg?garound which coil 204 is wound. Coil 204 ,

nmount ed on coil bobbin 205 opposi ng nagnet 203 C0|I

tlaﬁh%@%ﬁf& loatetpslidhlfhatits DenenfinessaCviy, rtmm!mged with
currents to coil 204. The alternati ngmch‘J%?fgnts ca

thecoil 28serably centaial mass Eldeshite in ach FeBifE ‘Thass CCM,
3% cht%@gﬁ ﬂ?édg Léheggf‘é&%&t' A nOAIQH' ?Soa#Q'?fé’e Wlﬁght 402 has a

opposI t o one anot
cbhfer of madsUekLAt ‘e-%aﬁamambig‘m d02)is sides amttaoated/ Bevh dat its

flow conduit 103. Fl ow condw t 103 has unt
canterof "1@45 Cii cambirs wilh $he acnel gase Bl ‘Z%ﬁBDPF"ﬁ% CMm -
’g%"%n'ﬂ ?%éﬂ%glﬂehséroﬁ HBYEBCOM, H2R jLoehicRFdh #fe W Yiplane of

ow condult 103 translates in
cbheui108BeThe gartidutarf atiriité® ofitheo¥-hsdancesweeights are sych that the

reaRAAEES ahﬁén{? ghie Yrhsatss Veiht i cadl Tk obBEYllo g mass
tu&% \?&%!3@ ty SR8 drivbt abEAbRS mﬁéwld“@cﬁaﬁreroa@auh dlow conduit as

t 103. However, because
shbwhitgy:of f set angle, 0, drive conponent center of
mass CM oscillates up and down |line L. This gives
drive conponent center of nmss CMvertical notion

AYm 30 FIG 4 *eV ) apce system 400 in a  (3)
first exanple (SM ﬁihl nv ti oﬁa Bal ance system 400

i ncl udes Y-bal ance wei ghts 401 & 402 coupled to flow

duits 103A & B. Co j f Y- I '
16 Siheraros Iha sxsBTIEh BLrGSY i wERAE PR thé Hidinentum of
th{??ngf E%dgﬁlﬁg%ﬁb&ﬁéd % basHhiewhr cosdui aggivearazi ng, or

nce wei ght 401 has a center of nmss
CWol . Y-bal ance 10 V\D 2006/ 01- 4153 PCT/ US2004/ 021318

wei ght 401 is sjze | ocaed such that its center 4
of mass CWbl ci%?"’g\’egmnﬁﬁ’ phe coil assenbly center “)
of mass CM results in a conbined center of mass CCML :
that is located on the X-Y plane of cgnduit 1 3A

Al'so,FI®. Bdllugitienbalgnce fystam $09 in r ARk Sl dpp Jrvention.

Y- bal

SRS Lo tsal nflies St e se bozehupiato fow
RFHERIE M03Re8 B usinl |eakspritids 5048505 Leafsnringdfdkin this

e
%g?e{&(j tf@{ﬂ)@b@@%ﬁiébﬁﬂetﬂw cohduit #8861l bksembly 220. The

ance wel ght is equal and opposite
étﬁfnbb@ ofksff sptingS9daricomiasy obff-balende weight:80ats ghosep so that

t%;%a\{ﬁrgll h%&f;ér?é‘y o\‘f t?nre ac 132- tﬂ)éi\évngé) Hé hrﬁ%}qbéﬁoﬁ RoYde (the diving
board mode) is below the drive frequency of the meter. With the natural frequency
below the excitation (drive) frequency, weight 501 tends to move out of phase with
conduit 103A. Thus, as conduit 103A moves to the left (-Z direction), active-
Y-balance weight 501 moves to the right (+Z) relative to the conduit. But, because
of the angle of leaf spring 504 to the X-Y plane, weight 501 is constrained by leaf
spring 504 to move to the right and down (+Z and -Y). This is advantageous
because when conduit 103A moves to the left, the offset coil assgmbly 220 moves
left and up (+Z and +Y). By designing mass and spring rate such that the

Y-direction momentum (mass times velocity) of the actlve-y-balance are equal and
11
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(M* W)BW+ (M* W)DA =0 (3) In other words the
nmonment um of the Y-bal ance wei ght counters the nonentum

Ril@s driver assenbly attached to'a parti _,
cona)lljltl ]as given by: (MBWY + (MDA)Y = 0 (4) %@@004/021318

il lustrates bal ance system 500 i n anot her exanple of
oebésité“l/&fﬁé YHirecéOn %lﬂ@ﬁ&rﬁﬁimﬁg& drivet e88fonents, the external

bal ance wei ghts 501 & 502 coupled to flow conduits
Yidsectiorpvibetion ofdhe esthe mpderscan ke sesrlyedininaied: ihe same design

s oriented at approxi mately 45
Pb@&ﬁ’i%%a?@wﬁgugg%ﬁ?ane and is connected to the
oppoiHi®setéitd exarmpre ha®xn eaditional agvastage aseem&a/waght 501 and
220. The stiffness of |eaf spring 504 and nmss

502apAuspended froms oanduits 19RA 8By leahsppng o4 &1§P§r they vibrate
om Eﬂ gﬁ?%é(n V\% J‘ﬁ?gﬁﬁ&gi’s\eﬂ dn?@'& @bggf%dlfh(]%grﬁ/éryﬁ@e of it mass being

cdupkadtbrfbweondww‘mm.mster Wth the natural

r/v;?g n@{yﬂd e Other%ﬁ;E\’}Eé{)b o Iéd“ of r{tq&f%gﬂ@é, lgaf springs 504

é‘lg‘r?\g%l?}l‘-l ?@1 h%c’@%b %%ﬁg I%Z(’ﬁﬂﬂb é. 2?2%\?;@% akd onenta’non of

“the tgaf spriBys Maandmetghts 6581 cance vari®band sttt aabl@ve tl‘B@ goals of

of .t he angle of leaf spring 504 to the X-Y pl ane,
t%r@‘rﬂn B1 is constrained by leaf spring 504 to nove

to th”g, 'B‘Eihﬁstgeﬁgs APAlance sgstenT 600 inf gétsaﬂcﬁher examﬁle of the

advant ageous because when condwt 103A noves to t
imegirttiont Ha tbisfarebodinignt athedraiagcegystan 680 includesahe flgw conduit

1055 e & Wt AL o B B et ] (IR RSB, the crive

Etetrﬁ‘qoﬂcgickéﬂ 108! AL PO Bt l%%%ﬂf rsRafd sb&oH‘@Y balance weights
006/ 014153 PCT/ US2004/ 021318 opposite to the

601ai anst 60dh, andrehieast first and secppd@tiachiant eapmpbaERQ2a and 602b.

TEOBRAE anl 4 S5 21 B4R g0 SRR o4 an e s

condoitirnddeseaawhid tite tobshd 6GRiuifThode §68bndt shczuiqbbe -Unalerstood
an additional advantage. Because wei nd 5

taatthe shapedeldhe flow eomriiii 143 othe fwgtﬁjgwsgffgg ﬁ%@wa?eoénd the
fﬁ% @9{’ 18@%@% cé ! esu?tﬁgﬁ eSFne‘?l"@sse {]Idf al8¥be understood that

congd I'n very itt its
tl‘raﬂ:@cdi@rﬂgaf the ufpbaldnbe Wélgmsmmm BQmBAr@an examples and the

Lt 25, L5555 3 4 SePH, OISy, o
i g, et s s
taledanced, letachi eve the goals of the invention.

The flow conduit 103 can comprise a single conduit flow meter or can
comprise a component of a two conduit flow meter (see FIG. 5). The flow conduit
103 vibrates around a bending axis W (see also the center of rotation CR in FIG. 3).
The bending axis W intersects the flow conduit at the first conduit node 603a and at
the second conduit node 603b. |

The Y-balance weights 601 and attachment members 602 are coupled to the
flow conduit 103. A first Y-balance weight 601a and a first attachment member
602a can be coupled to the flow conduit 103 between the first conduit node 603a
and the drive system 104. Likewise, a second Y-balance weight 601b and a

second attachment member 602b can be coupled to the flow conduit 103 between
12



FIG 6 illustrates a bal ance system 600 in yet another
exanple of the invention. In this enbodi nent, the

ﬁgl“&r}(ﬁgl.gyst em 600 includes the flow conduit p93yus2004/021318
aving a first conduit node 603a and a second conduit

node 603b, the drive 15 system 104, pickoffs 105 and
thEive %ﬁér@am écpd fHe SEbrRESSHELINNGR] 60BIs. WheghtsYailance

, | east first and second attachrrenI
wmgmsogamaahalseceod iY-batenee pyeigbt 621k oan herermanestly or

I t d bet 4
ST RSB G RED D AN 3 e
nﬁhﬁ’%&rcbtd?‘%oéls{ﬂjﬁéﬁr@?ﬁadmﬂénﬂ rh@nﬁimfﬁ?.?bf ihreelditianya réamovably
condui inthe figure is given for, exa an
couded attathmweobmemberi@ip eam C@%Y%'ﬁ?s?esmaz’éf n@é@ﬁ‘éﬁfﬁa@mem
|t sh £
meSey iz A 350,88 A1REB Gy g i figy R Ta
]?f(a"WW%;or rAdE Wt%lxad\wh%}g{m Boagare aisgd a codefi togaccurately and
’ t t t t
cliecibialyperioshyehalaneiBd althe Bpwumtala: ot WihpyLATRELTHS fow
5?%&}@%%{3%%?@[6@8%%8 %W%etetr@ eA?i\‘lﬂgém et is Bﬁcdihﬂered with a

can conprise a conduit flow
s I@Y—Maﬁc’ﬁWeWﬁaﬁleﬂ atcamuglmpomf on tlnewﬂowmm\gﬁmt 103, is that

ihe ﬁxﬁv\u{?é@t?rénaﬁ ggptg} Sanahifowasn ehe o §IBEtr 5 s 3gd for flids of
dftfort dirlsbsTin dFa B for 138 ﬂowTrHSté?W s fiswMdalibration factor that

ow conduit at the first conduit node
lsﬁﬂaéFéﬂ@bxﬁtof ﬂuhbdemtw the distrihutioncafenassadded torthe flow conduit
Y- bal anc hts 6 d att
wa seta heeosqu&ha? palive e 58 T pERUBARES pitF 2o
ngidRfes inGRAd d
@SW | e‘é“”st i??rﬂgﬁfs f’cgfﬂsé%’?}tdcﬁfe ] éﬁgsl??igjte?[\/\/een teﬁqe' first ensvbe
condin & tyidel (Ga3be flandmetes, the flaw spaduiti 884s vibraleg atea drive

rggaggg;gﬁgé 2@#{% B We' E%ﬁﬁ%%ergga%fos?nm&%g}ch a resonant
f'%%‘??ﬂ%% 8?‘@1% R %ﬁﬂuﬁﬁoﬂmmmrﬁgﬁﬁwe mode vibration (1 e a first

04/ 021318 the drive stem 104 an%gﬁﬂhe se ﬂ
oubnﬂ-phasabeedﬁga‘ooderh@cmmts cy@rgﬁn@ges\ﬁg pn% the flow

8%5@3 6?%&& pgﬁﬁ@ﬁﬁﬁ}( H‘Wtb@%tl%gg{ lf{;ﬁ\ﬁ %%Crl].lé'ﬁ Iatt the center

o%% BywiddRdaRM08S Pe ét Bk Hiive BystetratMe ﬁor enemplﬁ these end

and second attachnent - nenmber I n addl

noges \caibl corprisaibedipdast @Qﬁﬁﬁ%ﬂg(%lqs ﬁgﬁ Con'pr i se
AR ARt Ol e i o s
5. it ¥ 2l taB6 vibratigh s tikROwisirmode dbati ereatagdhettine delay thatis
rﬁé&rgtgt%&rthg ré?qggr{ﬁsf Hg\ﬁ k\élﬁ? gﬁcfené? Véb%ﬁéaﬂféf% leohBut-of-
phase bending mode), the flow conduit 103 has stationary nodes at the ends of the
flow conduit and additionally includes a stationary node at the center (i.e., atthe
drive system 104). Consequently, in the twist mode the maximum amplitude of the
flow conduit 103 occurs at two points located between the drive system 104 and
the end nodes. "

The twist mode haé a twist resonant frequency that is generally higher than

the drive frequency. However, the Coriolis force is of greatest amplitude at the
drive frequency, rather than the higher twist frequency, and is preferably measured

at the drive frequency. The resonant frequency of the twist mode of vibration is
13
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calibration characteristic of the flow nmeter 5. A

problemthat is encountered with a 10 single Y-balance

%Iz tached at a single point on the flow It
,G&?S th at the flow calibration factor can SPWOMM”IS

vvhen the flow neter 5 is used for fluids of different
BRIl BShe thal v jon.

GPRRRAIL) ol el g rorartifaueRty B 4R iy Mol 6 fibragion

Td!mneﬁorq, thelresditing mintiplitide obfnbratm Bohiﬁ.mcmomohmé frequency

ffelice bebfise e e efiighcy 885 siniiet SorreH FRGlands 1fthe two
feepeeRs A0 e Rt bingFRRRISSaice. fifwl sengibtat, the wist

U-tube flow nmeter, the flow conduit 10
ammirtadets small. dtrctarethusrtwmtmat BHeequenay ratl@ql@@ﬁegn the drive

ffeﬁ@%ﬁﬂg\ﬁngjﬁgf‘}w rt]ti%%l)rlt t i UEY F’rﬁgsqg)raqnl%pent ﬁg{‘é%rt] W or%fer o keep

tvé Ro@M ¢Alibratiorefactdr dfithe Elombt@fm@@@%tbmévag rmde)
i ncl udes stati onar¥fnodes at the ends of the flow 2

conduihe dige angditwist freguparias beth gaange W\ﬁ"ﬂhﬁtﬂ%dﬁnsw changes.

TR0k of s e tyel v 92 SbterBlne{ bl Rl bnoy reto

_ remémswman’abemrﬂweawbh Baerzise theriventodd iba smm U-tube

in FIG ‘ st node of V|brat|on|s excited

ﬂpnerr@é?r Iaphuglesaoéesaéém ﬁnﬁg of thenlew andujt| 193 and bﬁéause the

t RS é‘h Lﬁﬁ%ﬁﬁﬂﬁ“‘%@"%@%&%@é ggﬁféﬁ' foQ? réglﬁlé ?iaésh% the drive

| sgstam 5104ﬂmhetmfeﬁecb ohicveering the. drma freqmmhmnd réfducing the effect of
ndi n t.he fl ow con
- 350N St 916 BHUS Grause: Mbiha Vst Batpessfere are

r?ﬂfé’stét% ' db 'b? 'e'é@ﬁ Jlov ﬁfb@téso\ﬁéﬂ )és"t%éem%etcﬁﬁté‘re Wc%fmg extra

drive system 104). Consequently,
mass at imddﬂ\tdwsysianl tdhdeephot atfectdhettwist mmm Qf the central

10 curs a poi nt ocate tween t

reyie: dioweiet lnfalPoliatt ALtRosuEt Ak PoREldEin the twist
rhdliS (betAERnmE drivedyeRs 1022dnd thel6RE hatky) reidubes thd'twist mode
the drive freq uenc:ﬁ/ Hovvever the Coriolis force is of

sgnsiivisy to ghpnges inefluid demsitydr i ve frequency, rather

s B ARl il ko s
Iééﬁ%@‘ﬂ)& YWaanao®deights 60hra emien sidd.af W@ drive system
2006/ 014153 P / US2004/ 021318 ene eﬁlegé l?Rﬁ?r t han

104 The ahlaast twe Ydealapce waights 62 ApH
Wﬁ?{e%rn? frfpm ﬁwé ?ﬁ\% &%&Em”‘f@ﬁ, %SUQ‘?O\% iy 'ttig dr@n THe fhass for the
unction o requency di'f We t he

erence
Yobalemcerwejghtcyaratinist e ldcaterd at 2 gistance fmerqthemwe $ystem 104 so

thatr e Trive 2 pust boaveRGRs Do Ehange e PiongT Pmauit gt changes in
f@:’"@\l}\l&gﬁlﬁ{ gﬁﬁrqig‘%ﬁcg?ro?ﬁ Bk R sfsteh?a08eak bePdétermined, such as
through finite element analysis, for example, and has been determined to be the
distancé at which the ratio of frequencies (wprive/WwisT) stays constant with
changes in fluid density. Simultaneously; these weights can be sized so that they
are correct for Y-balancing the meter. |

The drive system 104 is located a vertical distance Y4 above the bending
axis W. The first Y-balance weight 601a is located a vertical distance Ywi above
the bending axis W. The second Y-balance weight 601b is located a vertical

distance Y., above the bending axis W. The two or more Y-balance weights 601a
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frequency and the tw st resonant frequency nust be
kept constant in order to keep the flow calibration
the flow neter at a constant |evel. plhgy
4 § P S2004/021318
Wé%((gﬁaﬁd tw st frequenci es both change when the fluid
density changes. The | ocation of mass on the flow

aﬁd@@? 5 %F@E)HErar%?e m%qa@ hebbidirg ©oa andi¥tanakiratid O/dmmmmmwz,

const ant bet ween two. Because the drive nopde E
fot p]aample Untariseembbdiment; ene jon botfi et theogdies gamn IP%SB sfantially one

'PFLSZ %Afgﬁévﬂ, %’ﬁd g 0%83 %tﬁﬁ?@@%tderﬁsn I@%\Qﬁé r?gélg)e(re;n{;t flow tube

éB?ﬁe?try"(aﬁd“Sth@P Fattor ymb&and@éah@e $uUbstaitiaiyttwot However other
[ ower1ng the dri ve 3uency and reducing.the ef

vabtﬂes tanbe @ed@a@e&ima 8 F embodiment, thefist rRYP i i
tW' St utgé@%rc%n ti& Yaf\ﬁ”éj(ﬁ Eqﬁp,,smag YD) eAdtvever, it

as “o center,
stw@bb%d%l(étb@d thethe aﬁsthheesicaw eaqyactcmdmzlodm capduit size

ansbupEClETHEn ANGTREEEN HIERESR P I Eridh RLEFIATES therefore can
f N L.t
foglgse{ng/%l%%@ léeﬁg Pﬂofé’éﬁ '3 thgggi)% éﬁ@é%ﬁrﬂ |t PhvYg can differ, and

€ en reducés the tw st node

| areawstiidcessarily eqahlnges in fluid density. 20 The

200 The Patiahlotations ohtte T ansk it pb T, A rdiéideThe
6
d:l%%g%g% S %@90{%&@@ Bk &étéﬁnmﬁdtéa@eﬁméfﬁa IRy6¢ € bdGtbratively

ance wei ghts 601 are | ocated
dét@&hrrfealmsim@ladﬁmﬂ@ElaaemfAnﬂyslae{F&A)\t@CWSU@rﬁol@xarrml,e The
shown_in th

d%f%EEAd‘gﬁLﬂf m?g tgglq %égp%tanﬁ@l yac%n{lf\réﬁq(gemyglg.%ﬂ/{sﬁ ratio over
féd & iRYE oea%%%, S0 18R rhbdunt aherfionecanduit 108! The desired FEA

uencl es change the proper anount vvlth change
thensfbre colnsieenss the YThptionlisaasceeptabla kevel. ain %e ?nghﬁnem an

e b BepEnCHER Bl Bf0H Btubh Yokged fofbalance

w%% @O?%ﬁﬁ@aﬂ/er‘fiﬁbww the piekofts 905 éndqlﬁﬁ’nu e;s the distance ratios

E/wrwi sr) stays constant with chan

Yel¥nsang Y S mare mwnxateiyhe% engeirgates %‘aﬁ fjéﬁ"?éhew”mma'
t hat the 0,.a t for Y-balancing the neter.

thﬁ’iég aPi?fVé"@? ﬁgég&{e@il ocated a vertical distance Yd
abovp, hdditibeHErSasasf sach Yiuafice welg‘ht B anilidamei tgrhe
601 a is |located a verti Calwgl st apce abov

cweu@t%waﬁnéhwocml@nw %‘&"&‘H!?éj st ‘Pfe bach

' i Msingte OF
A S I s S
a 5hgl©Y2D81Bn04 MightRETAte8 20 ake dpize Systeamd 0440 opderie achieve the

s;rglgrafﬁgée; a?pg %‘?&fé‘g 19 P%Ié’gg%mpm pﬁgéﬁﬁgﬁﬁag‘?m"fmce welght
6675 0?6018 danYe hpSroxithately SéRnPihed hsdudt usk lof teformula:

Msplit = VZ(Msingle)(Yd/Y w)3 (5)

Consequently, as the vertical distance Y\ decreases, the above formula will cause
the mass Mspit to increase. |

As in the previously discussed Y-balance weight 501 and leaf spring 504 of
FIG. 5, the attachment members 602a and 602b can be at least partially
deformable. For example, an attachment member 602 can comprise a spring or

leaf spring. Consequently, the attachment members 602a and 602b can deform in
15
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and one-half (i.e., Yd/Yw =1 %). In another

. enbodi nent having a different flow tube geometry (and

ors), the ratios can be substantially t
\96%66/({1?%& her 5 val ues can be used as desired. quu%ﬂ‘émz”‘s

enbodi nent, the first ratio Yd/vaI |s substantlally

l@%?éhsé fo H&ﬁloﬁ%‘iﬁé’ ﬂbﬁf é % The er s JIBW}] two or more

However

. Qﬂaﬁmembemwz amdothéltwg ctronbreow-babame weighte Goarmause the

oG el b thef BRBRES Snete BBITa S 1654 et thefine frequency of
thl"fW fiater 5ie AsiDrdsift @ YalaNne s?@fénY %Wz@nc\%‘ra‘?é blie&s phase with

ﬁ 10 are not necessarily equal. The actual
thedlow eprdWE 18%e Y- bal ance” wei ghts 601, and therefore

exper | Ry SyPiost $OR I ener i FlBf antiogateripuch that

tbe FiombinedElcentaniof Amadsysil the (drive) sylstsrini 0dlignd fHY balance system 600
Xa t‘i desired FEA result nmintains a
tgﬁlé‘fﬁﬁ% W"%H‘s-?l*%ﬁt plgprioltheganterinesf the dlpw camduit 103. -In one

SRS T B Vo e o

of the flowncaraluit 0&-frept thiel drivecsysitemn! 10D (s2ecFIcN &) meonean

a % rtln oint for the FEA conputatio
rﬁﬁ?‘? Hﬁr@ § Sf,-’%ﬁ Wb%%fﬁclecam emthe smstﬂaiiaﬂs«mposvte side
dﬂhé A6 éohduft ‘Fd??fr@hﬁﬁ%fcf gl%}%\?\lgl 04and &t afi o'neﬁ'nfkﬂ‘on substantially

di stance ratios Yd/Yw an are approxi na
fQﬂmﬁuedmestma harigbetal ptanet d:fethbdraw oonduit 183, T hatbalawce

<3300 S0 Gk P RTEON siger kElnsalis wish i b doggentur of the

balrice Q%téﬁmuo @,rsdb%farﬁﬁw gégfa?ance sffﬁfb gge';ﬁmo'}ﬁcﬁhbﬁ‘ of the

of each i ndi vi dual I

drvesysternd 0drin g @reqtmﬁubﬁamﬁky pm'pagdleulaf to a driveghetion.

or dor't P HednaroBERal o Bueh biF YA G0R breights 601 can be
uSkd imasdebridconiplishrthe ebjedtiveslof the ﬁiv%ﬁﬁ@n Wi 88HitioR Odarious
r 601 b can be_approxi mately determ ned through use

"b'f"oliﬁﬂ & Wﬁﬁnﬁ@uraim\@ ofrattachieniimembersrPX wes b(ese)mglowed The
atﬁ%gﬁg%g\ %r%bef?ssedfé ﬂélu&é‘qu%ﬁzl rﬁ§ hﬂ\%’gﬁ f‘ff—[)?%?\%é weights 601,

or mul a VVI cause
candndade mmepierattafmhnmr&yhelmmbys Bbawsﬁﬂalﬁnbébﬁ?@m 601, can

) i ght 501 I f 504 of FIG 5
NG oS SRBRPS OF SR AR BAMRETSBOP dean indlude
aﬁé&hx‘n%'ni herﬁﬁé@rémo?meﬁoéf cﬁﬁé’r%lt ?nat%@al? z?r‘f [HBRMe attachment

can conprise a spri Spring.

' "&mb@@m hgvlnghhﬁmadbﬁnfntatmardtmractéﬂﬂmsaebb 602b can

def oWe abov 15e>¥gr)np %(s)Ga{rg 1:146% ?mlte té)%%%qgér{so% ]for the driver mass

offset. ‘For instance, deformation of the manifold castings by conduit forces can
cause the meter flanges to vibrate in the Y-direction. If this flange vibration is
in-phase with that caused \by the drive mass offset, then the balance mass can be
increased to compensate for the additional vibrétion due to the manifold
deformation. Likewise, if the flange vibration due to manifold deformation is
out-of-phase with that caused by the drive mass offset, the balance mass can be
made smaller.
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response to notion of the flow conduit 103. The
deformation of the two or nore attachnent nenbers 602
3¥HP/1B5Bwo or nore Y-bal ance wei ghts 601 cause the
natural frequency of the bal ance system 600 to be | ess
than the drive frequency of sflow neter 5. As a
result, the bal ance system can vi brate out of
WPBRECScI%intdd is® the flow conduit 103. The bal ance system
600 in one enbodinment is sized and | ocated such that
the conbi ned center of mass of the drive system 104
and Jies substantially
1-proxf‘§@§q’ég‘§ﬁ%¥é‘o$%@@%% terline of the flow
condat [eadtishe flow moaduit (bARY, withithe @b teastona fovwsgandyi (103)

ingicinga Arg oBgHAtoae 18358 9 piseente $BREGE hBas 1BGaniahd
inﬁgc {'Rié -bghairﬁmxigv@%trrﬁ@sedt@ the oW coRdalt ¢103) 4tQRe ifisst conduit

n t e substanti al I_¥ opposite side of the
néde(603a) cnidtat1be second chaduit node {§03nwhereia Ae at least one flow

' ' bst ant i al | , - fu t
conitbRBaMbsrtsaramd e BendRakin W B0fs The bai ance
sys: 8 {Hrﬁg%ybférﬁfomﬂwwﬁam thesatdéastdnarfbw condueiti (03} Hfor

that the monmentum of the 15 bal ance system 600, . o
ostilaing said it joasd 9BP FENLCUBBUE 08 G RRRL AT i sid Coriols

t h ' 4 i di ti bstanti al |
Ry, o 2,9 et on b oy

undeg HYatarite Satem(660) baupledio thebal laastone:flgwtaongdoit (103), with
L R o B KR L2 VR (b1, oo,
séﬁ ib%ggﬁ%iﬁﬁéeiﬁagf afbhgEd {ERdlaREsT VRF stidiBepeRditRiar to the direction

pl Oy attachment nenbers 602 can incl ude
of bssitatidméfthbairiveaysterh andmssperdigulas ta the, diregtien of flow, and two

i ncl ud | tipl tt t :
or Bk e ghieeR oA THEES.pOBREF e R i B AE -batance
v@i%& E61Y, BAIH)%6 theSBleasttnd flelvuwdaduni(1ed)wherein at least a first
nenbers 602 formed of different materials, can, ingl (;e .
Yabalanbeweight{EAba) is coopladiei thg alileast P@ﬁtﬂod‘éﬁ%?q‘wpf@% at a first

PR e vas iR T kBt pole (RS RERe Sisforigioa) and at
122 al fetonaoebalificerwaighiB0d b) isheoupied tothe atdeastare figw conduit

conduit forces can cause the peter flagnges to,vibrate .
Nt sacreoSim behmaen bovregsu 10T d 18 B conaui

i_n- with that caused by the drive nmass offset,
npﬁgﬁgﬁﬁtz)'bal ance mass can be increased to conpensate
for the additional vibration due to the manifold 30
deformation. Ljkew se

1. , Jf the flange,vibratiaon .
Zoani ORCGRAIS IR Tosiet of Tl TNDSIRICE TR DiateT(dg4dls located
a%e&ﬁ@@ ﬁﬂ%t@é‘?‘? ﬁ%%o%ftﬁébenﬂﬂ\@ Had W,%é?%ﬁ'ﬁtrfeﬂ‘lﬂsb?-balance Wf-:-nght
(601a) is located a vertical distance Yy above the bending axis W, and wherein the
second Y-balance weight (601b) is located a vertical distance Yw. above the

bending axis W.

3. The Coriolis flow meter of claim 2 wherein a first ratio Ya/Yw: is substantially
one and one-half.
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35010/ 165SG CLAIMS What is clained is: 1. A Coriolis

flow neter conprising: 5 at |east one flow conduit
35(011&'5,"?‘53\% h the at | east one flow conduit (103)

including a first conduit node (603a) and a second

it g 3 .. . . ey _
oo TR CRR0ER 9L Gl bR B SLBLAY P Sbstatiany
e ' htsecondeali®¥3a).and at the second conduit node

2603b), wherein the at | east one flow conduit (103)

vi brates around the bending axis W and 10 a drive

SysSt . 3 b o) i d
5. 1054 Gools ABRINgSr of cle ZunpRafa Maratioon/Fonahd a secon
ratid0R) Y, Larercurifiguierkso thattahdrivestreguedumyi versgs twisbiieauengy ratio
further conprises,; bal ange system (60Q) .
Workpee/Wirwise 4% U%ﬁ@"ﬁ?'@ﬁ%&iﬁﬂ“{Eﬁ%’?@é%"t%"gﬁ%@g@gf’g faw
n%éﬁfﬁiﬂﬁ%%lg?%é fibW @oh¥ait efo3yor e Y- bal ance wei ghts

, 15 said Y-bal ance wei ghts arranged to
bal ance vi bration perpendicular to the direction of

[ ' of th [ [
B¢ he. Ge CiRUR g el of ST FeRaf 165 1RGRY higteY-pafhnce
w@@@@@(@m@@a@b) SR2IoLatdipat pontel of rhdemiune deflectioneof the at least
Y-bal ance weights (601 a, 601 b) to the at |east one

oné eandaib (10) in adwjst @de.ein at | east a first

Y- bal ance weight (601 a) is coupled to the at |east

one flow conduit (103) at a first 20 | ocation between
7t he' The Corinis dleint metsheof (i) wiedeinttbe twooe sgret ¥ibalance

e 3 osb) 583 e o Py SHBGREBH B oL 62 g0z ar
' [ ; 104 d
S R o S A S T
flow neter of claim1l wherein the drive system (104)
is | ted, . tical dist Yd. t [
Bai s 10 Garial@iiow metanof et iineein R iact Fpalj¥ance
' i émbéis(@02a| 602b
R R G R o A i i o0 e
réroowakly caupledttodae atileashane flow conduitdd83)-he bendi ng

axis W 30 3. The Coriolis flow neter of claim2
wherein a first ratio Yd/ YW is substantially one and

gone- FakfGoridlis 3 ATetéicdiElaim 1 wherein the two or more attachment
members (602a, 602b) are at least partially deformable in response to motion of the
at least one flow conduit (103).

10.  The Coriolis flow meter of claim 1 wherein a deformation of the two or more
attachment members (602a, 602b) and the two or more Y-balance weights (601a,
601b) cause the natural frequency of the balance system (600) to be less than the
drive frequency of the flow meter.

11.  The Coriolis flow meter of claim 1 wherein the balance system (600) vibrates
substantially out of phase with the at least one flow conduit (103).
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4., The Coriolis flow neter of claim?2 wherein a first

ratio Yd/Y,N is substantially equal to a second
39040/ 58BY 2. 5. The Coriolis flow nmeter of claim 2

wherein a first ratio Yd/ YW and a second 5 ratio

Yd/ Y. f h f L
127er oThS FRrielS ABRNRR ST Falift Wi s Py 600) is sized
aﬁd%%bﬁafﬁ $18dH that e tEmMbinedetentdresfgnass of frieudrivedsystémy(104) and

low nmediumin the at | east one flow co terli f
thetodncessysteim (636 e SURstBOlialbIPX Hte b NG ALK Gepteriine o
t h 10 ht 601 601 b
thgrag Iﬁg%&a??‘goﬂm{’ 88%(‘?@?2 0 'emaxi V\rrll(ilmgdefsl écti oﬁ of the) at

| east one conduit (103) |n a twist node. 7. The
15 bal b GoroNE AGMBIEE! CAmCbUhBIE T PRERCRTSERIRIS) i
1oBh{eR ‘Eq;égagfaﬁly@g;t%@ne @Qi%béf tAB &t |éé3.stmerfwabhdu:t (103) from

coupl ed one flow conduit (103). 8. The
tk@odn\xdsystémc(m&ter of claim1l wherein the two or nor e
Y- bal ance weights (601 a, 601 b) and the two or nore
attachnment nenbers (602a, 602b) are renovably coupl ed

140 tPRe Torlchia Howornetdr chwigimnt Wheréih @Re bakihce. sy§h§m (600) is
Coriolis flow meter of claim1 wherein the t gn?
logatescomthe subsianialy qreosie siteef) thgrat Igastjangflow condult {103) from
REEA bl TORA B Bt o L BAPRRSES B fot 1 Reppbos o2

hﬁﬁicﬁftaloﬁlaﬁé@fthelﬂ(wh@badultmaﬁ':)format| on of the two or
nore attachnment nenbers (602a, 602b) and the two or

nore Y-bal ance wei ghts (601 a, 601 b) cause the

$at u‘l’ﬁ% éérﬁﬁ%l%ym%ﬁertéf%lé]ﬁ{ # {éM%h& Haf Q) syls@er’ﬁ%OO) is sized
ess

drive frequency o  ow neter.
afid locEted 6och thatthé nomentuer obthedbalanee sygieme(690) lsesubstantlally

egﬁ' A T S SN R S oSt wtb%(df&g)s%@% (104)in a
f QIR 385G poFpendietiapts & drlvewnamirer of claim 1
ereln the

ance system (600) is sized and |ocated
such that the conbi ned center of nmss of the drive

yst 04 th ) .
1§ubsﬁ- Eﬁt((rl%ﬂ' Igﬁ&% eﬁ%rt(ga%&ﬁ] ixﬁyeié?\%éﬁ%gn tl%l? an individual Y
bh%cétwélgﬁts(ﬁm%oﬂpﬁ%§ @UES!GhtIéII}OGr)e-hElfb'ﬁa riﬁlass of a single, driver-

Coriolis flow neter of cla V\/nerelnthg rv
lopp@ecbWﬁ(gtrszmms multiplied by the cube of a vertical lstance of the drive
system (104) above the bending axis W divided by a vertical distance Yy, of the

individual Y-balance weight (601) above the bending axis W.

17. A method for force balancing a Coriolis flow meter, the method comprising:

providing at least one flow conduit (103), with the at least one flow conduit
(103) including a first conduit node (603a) and a second conduit node (603b) and
further including a bending axis W that intersects the flow conduit (103) at the first
conduit node (603a) and at the second conduit node (603b), wherein the at least
one flow conduit (103) vibrates around the bending axis W; and

providing a drive system (104) coupled to the at least one flow conduit (103)
for oscillating said at least one flow conduit (103); characterized in that the method

further comprises:
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| ocated on the substantially opposite side of the at

3$§@§6§§§ flow conduit (103) from the drive system

14. The Coriolis flow neter of claim!]l
wherein the bal ance system (600) is |ocated on the

Subsb A0l AR Ferd!B80pLaldie B patieattisnd hGW condui

(1@'3') ew”tt&th@l‘ialanbé tsystbna(GQO)foorrtgnsing/chdegme Yt-balance welghts
hori zontal plane of the fl ow cond 15.15

(683 601k), salY thalaceweights Aran %P%'aﬂﬁ Vﬁlgﬁgm gerpendlcular
to e8GR ohé'l@aﬁﬁf the"Htive g’%g o s rbBAdicul® to the direction

nonentum o ce syst i's substanti al Y
ofeftpwva| arahmcsubamattablhmenbmbwst(GOZm@Qﬂh‘rélmmuﬂe he two or

s e TR B e B SRt o

wﬁb%ﬁc/ %ﬂeearst affirst Wbﬁlahdéhﬁélghf‘ @)1 %cMméd 'to e atleast one flow

i dual Y- bal ance wei
cmdwt A68) at ayirgtriecatiars betwesnrtag §lrs5fcoad§|tmi@ (6@Bakand the drive

s, (VB ekt Yol bBlAnGE walght BOTBY, e to the at

Iebb?oﬁ@ Aewngbriits 199 Patva decoriy logatien betwéerdtht dveesystém (104)
of the individual Y-balance weight (601) above the
ang the secend eonguitnpder(608bket hod for force bal ancing a

Coriolis flow neter, the nethod conprising: providing
at | east one flow condwt (103), with the at |east one
18] owThemekethbd of tlEkn 17hwhedaumy1adﬂve systeomd@i4) ismlogated a vertical

e e o Oy i e oo
Io%Q é"veﬁil:%?gls?énc?’? faBove tﬁ@ HeMathy Axi8 W eand WheleintHe second

e second con node (603b), wherein the at
YI-Mamce weight (601 k)da tarated aoeytical distaree Yupabave the bending axis
Mgendlng axis W and providing a drive system (104)
oupled to the at |east one flow conduit (103) for
oscillating said at |east one flow conduit (103);
characterized in that the method further conprise
199 3%bemathodef claimni&whgrain Bdirsh@dios{«Y enis (Ssl@ésantla"y one and
Oﬁﬁiﬁked to the at | east one flow conduit (103), wth
al ance system (600) conprising two or nore
Y- bal ance weights (601 a, 601 b), said Y-bal ance

wei ghts arranged to bal ance vipratio r pendi cul ar

205 TRbsanetbedsiaim Towhpra AT RRIONG et S SUbstatially equal to a
cular to the direction 5 of flow, and two

Sgé%ﬁglgélgg]?vﬁwmnt menbers (602a, 602b) that couple

the two or nore Y-balance weights (601 a, 601 b) to
2% h € ?‘helrﬁe %tod clalrlno% w%glqéfhta f{r%{) Pe?ti’o Ya/Ywi @and a second ratio Ya/Yw2
are configured so that a drive frequency versus twist frequency ratio Wprive/Wwist
is substantially constant over changes in fluid density of a flow medium in the at
least one flow conduit (103).

22. The method of claim 17 wherein the two or more Y-balance weights (601a,

601b) are located at points of maximum deflection of the at least one conduit (103)
in a twist mode.
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wherein at least a first Y-balance weight (601 a) is

coupl o the at least one flow conduit (103) at a
3$Q@i€€%éati on between the first conduit node (603a)

and the drive system (104) and at | east a second

23 TR SR b 3 et BRIES nd Yool e
60119 dHd the taxsdrafivlel@achmenst hbmbees (B02a; 60@b) arepekmanently
18. The method of claim.17 wherein the drive

(603b) .
C@-ypé@‘éiﬁ theoat)least onecHewgopdyit(10Dal  di st ance Yd above

the bending axis W wherein the first Y-bal ance wei ght

(601 a) is 15 located a vertical distance YH , above
24.he Thadiethodof slaith Fnethertein tietwder sece Ydbalapae aveights (601a,

o4 e e hiressiacrophtremeets (a4 50951 afe b yebly

c é&ké‘mjﬁ %ﬂléégtéﬁ%ﬂw%@hm (ig3)substantial Iy one and

one- e nmethod of claim 18 wherein a
first ratio Yd/ YW is substantially equal to a second

2824 g BraBoo i 0TGN a5t ot rdoers
(60231 BOPbRaresat |bAstiparially défofrhabiledn cyspariseU rotish of the at least
frequency ratio lve/ Wwi sr is substantially

or® flewanendyitd103hanges in fluid density of a flow
mediumin the at |east one flow conduit (103). 30 22.
The nethod of claim 17 wherein the two or nore

28- baThe Q;Bethad _@iﬁbbirg(iﬂlwhereiﬁaldfdmrhrmtéon (ljﬁ:theetdmmr more

oi nts of maxi mym de i on of the at t one .
attasiuent members 692@,1@9555 a4 twe O ol VTBEIGACS yeplhts (601a,
6@\@& ancocﬂect‘fat af"fr%%@lnéy@ﬂﬁb'ba‘ié}ﬁ:é térh (BDOYto be less than the

e wel ghts 601 b) and the two or nore
dave frehuemty ofthiediosy (@d@ra, 602b) are pernmanently
coupled to the at | east one flow conduit (103). 5 24.
The nethod of claim 17 wherein the two or nore

2¥- balraa e thBl i chaimbtO wherdif thé barhde sy stenW6@0) vilrates
attachnment nenbers (602a, 602b) are rerrovabl%/ﬂ;gcoupl ed

sulbstantiallytoutef phase avith the atderntionefiaygponguit ( net hod
of claim 17 wherein the two or nore attachment nenbers
10 (602a, 602b) are at least partially deformable in

28€SPTRAE éthodWf ickiimof 7 wherelh the balancasysfene(60W®)ris sized and
(103). 26. The nmethod of claim 17 wherein a
logatest sugh that the eomabingd canterpfonass of the drive system (104) and the

balance system (600) lies substantially proximate a plane of the centerline of the at
least one flow conduit (103).

29. The method of claim 17 wherein the balance system (600) is located on the
substantially opposite side of the at least one flow conduit (103) from the drive
system (104).

30. The method of claim 17 wherein the balance system (600) is located on the
substantially opposite side of the at least one flow conduit (103) from the drive
system (104) and at an orientation substantially forty-five degrees to a horizontal
plane of the flow conduit (103).
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attachnment nenbers (602a, 602b) and the two or nore

Y- bal ance weights (601 a, 15 601 b) cause the natura
35Qﬂ@€”¥ﬁy§ of the bal ance system (600) to be |l ess than

the drive frequency of the flow neter. 27. The net hod

i Felfod S8 B BN 58 ne

lo&é’t@@lédch(tﬁé‘ﬁt}\e rAEméhtun [t thee barce fsysiem (600) |3\Asabehant|ally equal
bal ance system (600) is sized and . |oca @5
andwaubstaetlajlyrmm@ﬂe dethe m%me%%ofdhetqye&yﬁi%m@ Lip,a direction

S SRR Do GBabR S RGO, L)€ substant ally

one flow conduit (103). 25 29. The nethod of claim 17

wh inth I t 600) is, | t d
35t B TIeANPg 06 SRS W ANBSTEN 8 mass Mg T PoLlel palance
wﬁ@ﬁﬂgéddu ; ﬂﬁgnsfe%%yb%ti@ﬂ Yhe- h‘b)!ﬁéf%%%@@fa st Igggrﬁé\elocated

re| t he bal ance system
weighaMaggomultiplied byitbe aubeaif lavastipaldistence de abthe ﬁl@veﬁystem

B R BN T oo

YR RIBSWERhE (60N sbvbahe behahg a)fs e flow conduit
(103). 21 35 10/165SG 31. The nethod of claim17

wherein the bal ance system (600) is sized and | ocated
such that the nonmentum of the bal ance system (600) is
substantially equal and substantially opposite to the
nmoment um of the drive system (104) in a direction
substantially perpendicular to a drive notion. 5 32.
The nethod of claim 17 wherein a mass Msp,;c of an

i ndi vi dual Y-bal ance weight (601) conprises
substantially one-half of a mass of a single,
driver-located weight Msi,gie nultiplied by the cube
of a vertical distance Yd of the drive system (104)
above the bending axis Wdivided by a vertica

di stance YWof the individual 10 Y-bal ance wei ght

(601) above the bending axis W 22
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