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SPLI T BALANCE WVEI GHTS FOR ELI M NATI NG DENSI TY EFFECT
ON FLOW Background of the Invention 1. Field of the
wo pawsni416n The present invention relates to foPCEUS2004/021318
bal ancing a Coriolis fl ow meter using two or nore
split Y-balance weights. 2. Statenent of the Problem
Vi brating c@&RiTt héUleE WEIGHES FOR EHIMINAEINGT | ow
meters, typically O@ENSIBTY)FF(E&@EQMQ_L@M on of a
vi brati ng conduit that contains a material. Properties
associated with the material in the conduit, such as
mass flow, density mgrbgnuld;ﬁhelmvbhﬁoﬁondwt may be
determ ned by processing signals fromnotion
transducers associated with the conduit, as
es of the vibrating material -filled

%‘F g’ién@?}éﬁ y’qare af fected by the conbi ned nass,

Tlsé pfésmm invaemtiod askitexgtociorceabalantinyie€ofiblig fisw meter using two or
contajning conduit and the material contained therein.
mare splitcbalascedveight®ass 1 ow met er incl udes one or
nore conduits that are connected inline in a pipeline
or other transport system and convey material, e.qg.,
2f I&iﬂatémetﬁlovithé Protdewt t he |ike, in the system Each
con be V{ ewed as hﬁw ngga set of _natur

Vi b?\Zlq %tl'{‘ QAU SRNSPES Ry Chasy Canalisingss §|PW"8?GFS typically
operad B?de%éb“tnﬁ?%éﬂlon bﬁél '\/R‘Jratlrﬂj‘goﬁdl}ipﬂh%@ cORGRs a hﬁlatérlal

typical Coriolis mass flow nmeasurenent application,
Prapediigs asspciated veth the ma’@r@i intheeccondbitasiegnasbirss fh)yv adensﬁy

o . LR S ENED S8R PP s HO motor

traesdlidels aEg@ctlél%Ul\mth tHe ¢otiuitabb Yhe@vibyatittdmogesdf the vibrating
act uat or, an el ectronechani cal device, such as a

maégriak-ied |sy$§eﬁé gapreraly are pfectedrhythescankingd merss; sfifingss and
d%@élsn%rﬁaéé?t?ﬁ%ﬁgbe?mﬁsﬁnkﬁ gaééa‘?}d?ﬁﬂya%ethgqjgﬁf{e??af‘sgntmﬁed

ay or erences
thepdinons at the transducer |ocations. The magnitude of
nmeasured in

hanoAdRRACC ool mpss oW etes inudes 3R of Baresondhits that are
coritesly ﬁﬁheQHtapbibelhfe Hleét}’meﬁﬁﬁHé;%r? sy&éﬁﬂéﬁd‘ €8hvey material, e.g.,

accuracy nmay be conprom sed by nonlinearities and
fleidg nstetrieiseand thetltke, rethersysteracthach eanduitanayrbeivigwed as having a
se ro'fsnlacc] af vi%rr%t?oxnt Mades li'r?chfjél 586 for example, simple bending, torsional,
radial, 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 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 have 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
1
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For exanple, a Coriolis mass flow nmeter having
unbal anced conponents canvi brate its case, flanges and
wo b@epi4163 i ne at the drive frequency of the nep€r/USI4/621318
vi bration perturbs the tinme delay signal in an anount
that depends on the rigidity of the nount.
vibkdt it$ oase,|flangas @ndi theipipdlinevatrtbe erive dtegiuenoy of theemeter. This

B S S5l AR AEabEHF Yo o

thé Rfo RS Addil UG Sa CHIbIiIPHIBR BRsr deismilaes aiaraansityadf the flow
the density neaSurenent can be adverseI% af f ect ed.
8

maienabbased on gheifrequencyt eithesliive medee Hfdha driyeunrgisludes

d ' :
m@fion R saea e S csomeRfte. (BEREfBhtafes SRS
mé&Bsurehht tha det édNeatéélF ciffeoriderSipee tins rigiaite.of The mount is

effects of these unba

d vib [ d [
genarelat WV ang 680 GBaNS avel HgeranstforuRapt gs sy ects of the
ur{%@é}nc%rdec&ﬁ{)&%ﬁg cARAoe Péhw‘b%n%t%ad&dg@‘é %@gﬁﬁ'iﬁ&antl‘y affect meter

ANiqués to conpensate for unwante onents o
perfriramce Thire lffeetsoafthesdunbalanced vibustias amdwwunting variations

e e -
prgegéjéﬂt@ ferfqutisS] @ffterfsaté Rsuniiditad Ronfddiits of motion.

I'recttons, Tncluding the X-direction along the o
pi peThebalanded ibration discussed peeyseiplyesanly g singe direction of

.and X-directions r e_,npt | anced,. Thi r :

800t e 220G, P 2R RN B reEReR L Feiapys o

d@b_@éé aBtREY OB rateS ERaddrettiBhs Linoiudilg therXelireotiomelong the
-direction. This force creates a neter vibration i

piphlinerand the I direatinaparBendieuIBR I ihecd anfesdITeFiRNS, Are not
{e : P
A s
mtbilé?'ts Cp@bd@tfe;ja secandayidinusuidal ifoice inthe Yrdigeationf A&tieferde creates
a pestangbraionbriaa Ve draHEaY s HAPIed, Seaiing Y FRET eror
cent 8@{3%{ P8 St s Eé@orfé{a'r)y F‘drfér_?é?ﬂ\%t lodd¥ibrt BEtheaibss oPfhe meter

mass e driver coll not lying on the respective
drier gesemidy. ok typieal deneeassanbly)consistshef @ magnet fastened to one

qui t . .The X-Y pl ' I
ot S ErtoVaES R B ALE gAATE gy oration
isadé‘efsgﬁ by thB&ehtH & riasd ofMhedriver Mynskanditae denteradimass of the

are o fglet fromtheir planes because the coil

. heeds to
divesramilcwidying onithi respediive ol plageeef the santatingfg) of the flow

oSRHRT FRRASY Bt RS PO, S Spaf Dl e conts o
inté PeYFriivRh ik dristher Tepadenters|of nessdsf thbanagnéteand/or coil are

| ocations at which it is fixed. This, bendi . b,
g AT aeibBIanES BACALS INRBRLNCRUR T 3 CANGITAE Ay thprend of

mAgRERld BE &t the B5timaRERodiforPf the magnetic field.

A flow conduit, when driven to vibrate, does not truly translate but rather
cyclically 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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cyclic rotation through a small angle about its center

of rotation, CR The angular vibration anplitude is
waledsnnmised fromthe desired vibration anplit uper/vsonde21318

Z direction and the distance, d, fromthe center of

rotation of the conduit center at thedriver |ocation.
drives leaatioharT henpndulanemetitudiemf aibiretion.DA9, is sletermined frem the

romthe . following relation: Dg = arctan (Dz/d) (1)
fo[m\glngfr]e@p%of the driver conponent (magnet or coil

assenbly) center of mass fromthe conduit centerline

causes the driver conponent center of mass to have a

Y- conponeh® %ﬁrqt@@(‘ég&)ati on. The driver conponent (1)

mass usual ly has an offset in the Z-direction that is

at least equal to the conduit radius. The angul ar

of f ls'Eﬁie offsetfafdhe dhieeconapohentanagriet e coi asbermblytenter of mass

negligi ble, The driver copponent nmass oscillates about
fromahe Lpagit pesterlinscalisas thk é?ysﬁeorm@m# CeIHBY ot TS Ja have a
Y-’gﬁﬁfn\}:fedrn%‘?{t 6P Vibratidil- THOBFiOE! EBthpoSehtRadPls@AlyHad 8F offset in

mass as bel ng perpendicular to the Iine
theairdirettiorgthiah s alrleastrequat tetheotondhdtsradiush Theangulaepffset, @,

oSS i LB B o
oécﬁ)até@bba—@ﬁtsYoﬁée{;\ch?igsit@h Wit i;r@sé}ﬁetd?@uﬁria\tﬁp?]ﬁtg@gggnﬁ@tﬂow

mass causes the e neter to vibrate in the

condiiit; 46t iApproxisraiingviheinsetiart ohibeeitvermasguas beingmarpendicular to
f freel: T i )
th@ﬁrﬁ'ﬁg“ﬂni‘%%wg ﬁﬁ%gﬁﬂ% ?‘%&%‘?fre’?a%g Wéﬁu"i{f %gﬁ{étr%g rotation, CR, the

drredtinh&sd Y Qdirectibn ahdtioh, A0, icandse sdlvéd érodt theefollowie:

tinmes the ratio of the driver nmass. divided by the
meter mass. This Y-vibration of the entire neter is a

direct regul t_ : esired conduit vibration in Z ing
conj unctiéxmvw Esﬁﬂgq)gngul ar offset of the drive @)

conmponents' centers of mass. This coupling between the
desired condyjt vipratign and the undesired

vovi Bhavrdredonmetenct e dienoRaieTs s aasendhghole
mI‘en*ﬂ@r ZtH'%};tﬁ%t%YmeEr\aHIr@&ti&ﬂ”@%nééﬁafib@% R tLinY tjue aRat, for a

, at a stiff nmeter nount raises conduit
fréeely uspegdethimaien thavidireation vikyation obike entireneter is equal to the

frrequency. The ch i o] ' I o .

VL GRRPhelF LR 0BG b B R ikl arer mass
diTRICRY 15y thiet Rettirghasé. VT hisal-yibRatisTpbdl thedsntird meter & a direct result of
probl em because conduit frequency is used to dec%%r '

thel desiredesnsiduit \abration &y ddR epniunctipr withrthe riautar; egpp the drive
oA L PR GHaT A DRGNS haspey Bffaluortin

ahd eheBheéssirethe-vithration of thepbintire rheteneszaristbatidamping of the meter
YY\}it?rra%E)h %%n%]sdthe 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 observed experimentally in
meters with high Y-vibration amplitude. It is 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 between 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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the local environnent also results in an unstable zero

(a flow signal when no flowis present) of the
woredoen14Gssmary of the Sol uti on The present i nvRCI/USIV04/021318

hel ps sol ve the probl ens associated wi th unbal anced

vi brational forces using a bal ance systemthat is

si zed and Iocat ed sdSummarypef thecSolulion he drive

YR oo 000 FEERTERNG 0D o

V|lf>rlaﬂ&’)hélafbI’dla_fsélis!l?1 altRtdde S)Remahut desizeNgsd Wcapss o Bls&o balance
flow material densities. Sone exanples of a bal ance

oui Jiae drive systee Advanipgasudy.vnsRIne eebpgirgants thadnyeasion can
m%{n%é]ﬁ raesﬁsﬁﬁﬁ%{}?'ﬁbpg@ﬁfﬁacsstm 85@#&@? ?%kg%rg a wi¥ fange of

ance Wwei ["'ow condu Irst
poésibde owematzrightiensitiemaupl ed to the flow conduit at a

fi | t b h f d d
| vaorB0 SRk e DRSS Sy SLash IS BAD GhoB TR BRlaNce weights
rﬁﬁN\Fﬂ dSP'mb?e ELtaunmeRANE t?érs AR 1HCRId @F‘mB?é Wl?é]ance

rive systemand the second conduit node.
weightsoioea fYMIc@ndeltV\m tgast adiret ¥+mmweightwtmﬂme¢to the flow
ter of dri

t h h d th
cqyip el T eRiS S bERTEST o TSl il e M fd Bystem and at
le8st 3 B8cafidYY AaecOhveighe |sc@51;bnéa tE ROV RONHOR at bf‘se%@ﬁﬂ location

exanpl es, two or nore bal ance devices, calle

betwerndhg dpue syeles) asd the sceaitt c@mlétjn@;iﬁ t ?r'.be va@\nr more Y-
o8 bl 85284 O YRR B AP S RETES e of s o

thetdriwer phg thé thQ)raﬁcbr@CW’ﬂal‘undmnblghti)lmngtmiammhlgabn ihe X-Y
the fl ow conduit between the driver and a bending axis

P'Weﬂéfhe\/@ﬂfiﬂ%tdl?%@@@ecan be used on one or both
ggﬂf\g@%?@gﬁ%t&gﬂg 'ﬂg) ‘H‘ﬁ‘l’ér‘gén@;&? Eed, 'E%IIQ@‘%% e-y-balances
carebe confignired wnaﬂ'\ecﬂmvs( comadult(s) iy acbve—yd&fﬂlamwcbzmp@es a mass
act|ve-y-bal a t
B OrRis B b enatiechmeh ets s Wi Braheeaad Prine
atfehfﬁn%rﬁ'rﬁ@ﬁlbbp Beinghittathdtiit6 ¢he ﬂBerBmmtlb@t\ﬁéelﬁ % driver and a
active-y-bal ance Can be designed to bal ance the

bendimg axisiWn Awtiverit-balastes lsen de waedcompoa&fibothaandyts depending
o BB U BB R £ BP e PLATP TPl T (R of ow
m%%g%h@ﬁﬁﬂ@nt( e £RBIfigl®BEDAIdondults pt | ons and danpl ng.

An active-y-balance works by using the Z-direction conduit motion to move
the active-y-balance mass in the Y-direction. The Y-direction momentum of the
active-y-balance can be designed to balance the Y-direction momentum of the
drive components and to thereby prevent unwanted case and environment motion.
By the principle of equivalence, this also makes the meter immune to environmental
vibrations and damping.

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
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An aspect of the invention is a Coriolis flow neter
conprising: at least one flow conduit, with the at

wo e@st14ase fl ow conduit including a first condedT/URNd€021318
and a second conduit node and including a bending axis
Wthat intersects the flow conduit at the first
concudrivensyieamebupied taethseaidaastcnaiilow caodeit; anser ei n

bondt N300 SRR oiied 308 ot R A od Bt Mfh fuo balance

syetim icompristitfiwd or miote ¥-babhaos o é@niddwordredoteaaﬁdmument
at least one flow conduit, with the bal ance system

members that gounls e tweras monﬁ‘aYzh@&@QﬁewglsmS fortheraideasit one flow

L i

cdtldda:‘t?tra ffrts’f loeation aefwf/elren thé-firat corciitweodghand thecdiiye system and at
o the at | east

ek ronchy-HAneS et s Cgued i ideartane €58 caRuit ot a

S&Bﬂd%cétme@e%ﬁq Bdrive %B@Pﬁ an¥ehe Bbcd)ﬁd ééhkﬂhlﬁ‘ﬁodé’

he at east one f ow conduit at a second | ocation

bet vitrexfierably tiiei drivessystermis lagatdatba yedinalidistanng Yq abexe the

arg ARE Wathksh ViENee Al i3 REAlRE o fitfER} iftince Yin above
th¥ Mdﬂ{gﬁhéxlwgaﬁd tfe Sasiderl balarie Weight [ Istatede Yavtical distance
above tthe bending axis W, and the second Y-bal ance

Ywealyve the becﬁtdmgaGXIaWertl cal distance Yw2 above the

bendi

subsr iR b g st 260 3ok s. Grpstbitiatb B ardoXpinel

r at i prefgrabty a 'flﬁstfwﬁ@tY@M,\h 44 bybstentdllytequal slmacsmtondlram Ya/Yu2.
Yd/ YW2- Preferably a_ first ratlo Yd{ Ywi

Yot 1 BreTorabhps S e GO SSFRd g, Y4 bt ARGy red S0

t
ARt SRR A3 suancsly

cmfstantfdvaanlchadgesnn fluit lienatty béadgiowomediursin thenatleast one flow
Preferably the two or nore Y-bal ance wei ghts and the
ceVitar nore attachment nenbers are permanently coupl ed

tot ﬁ?eféﬁ?_ Fh%[t\ARﬁ@r bPIVYCIRAIEHES weliiié Qhahhd th or vére

or nore nce wei ghts and the two or
am¢mammnem’mn$er$pemm@ﬁb'\mme¢mfbleeﬁi I@@sttcm;e figw conduit.

| eas ne fl ogw conduit
¢ 2EretBrAD: i SELS b, Y GHBRES eigHE Al EiwDRE fhore
afltfcHAS MRS MBbePs BRS Femowibly beupled|tedisé at)lwsf boevflow conduit.

conduit. Preferably a deformation of the two
at t aPreferablyiievosonmere piachipent megkers: %%Pé%@éggaﬁ'a"y

dé@g&ghfe RadssondetdRbHERf iHeaHRESY o fibR%oRBLANCE

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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to be less than the drive frequency of the flow neter.
Preferably the bal ance systemvi brates substantially
worocoisiphase with the at | east one fl ow conduP€T/US2004/021318
Preferably the bal ance systemis sized and | ocat ed
such that the conbi ned center of mass of the driv
systRieferablivt the hedangeceysigrtie igated og GB%ﬁHh?ﬁaatlﬁlJN OPPOS'te side
Li
orh@ TBlF B Ak EoRuit RmARE AL et ahbz 2h didion

subsesitietly @cbrt)t-hee degaimbl aahbryzcnpalqﬂane of;tmfflawf/ cbhduiht
Ieast one f nduit fromthe dri

sy st PRbEPENARI GRS S él@s%r?éﬁqcétqdo%mf@abm fgmentum
ofStHgglJIt c'feaé rﬁ@@%ﬁbétgnﬁélgﬁeﬂalta% stbstarlly PSO&E@’&M the

con rive syst at an orientation
memesitumtdfdhé girive system inea disgetiars sulostantiallyi pasneadicylas tea drive

o{ the flow conduit. Preferably the bal ance systemis
MEH9%d and | ocated such that the nmomentum of the

bal apete @b/ é”i‘hés% lﬂ%}?df%'htlhéi\/idUaﬂBQ’U@éIaﬁeéiwelght comprises
substanti al’l y osite to the momentum of the drive

sdys@ardm"vt@r@ r@alf@ a massxftsssingle; drivgr-iosatashueight M«smammaltlplled

bc?ué\f 8y Ve %E&lgga%\%éwgﬁ?f'mé%nylgs é(éfesrﬁ%\ ?g% the, Fndlng axis W
d|0’ﬂ@drtﬁ}l 4 veftical aB&mcelY pofinedhdividiral V%al!ancatnmbh&ab@he the

QNIEAn gie multiplied by the cube of a vertical distance
benfiiag axisdNdr i ve syst em above the bending axis W

di vi de %dﬁ-‘r‘uoﬂa}’ﬁ%ﬂé(g%lf tﬁje% Eﬁ/@ﬂﬁ@n 1% Hhethb8 fd)r"\’ékéé B48hcing a

Y- balance wel endi ng axi s
C@d@ﬁiﬁil@naxhetas,ﬂheimetﬁodimempmse‘rg| onis a rret hod for
force ba] anmre%\#a Coriolis flow.
f

Corrouiag Shiadof e o cneh Wil Ehe by st S B0 cgnait
mchﬂﬁi Jﬁ;f alﬁ?ﬁgfgnﬁﬂ nod@WriePa debdnd BShdwlt Redé ahd l‘f@r‘ther mcludmg a

a second conduit node and furth
bemnhhg @D(rngathlate indensgctaxhe flamt eenduitaidhs éus$t§qrﬁéltfr10@l@ and at the

Sl e e RO P A B o

bgﬁ@hgta&%wound the bending axis W providing a drive
system coupl ed to the at | east one flow co

fplr ovprsiviting ammthM%@ﬁhé@fﬂQﬁﬁt%egl%w ele] U'g @gd
OW_CO

or R & bk Sy SoRRbARfsy B RISt IEARIEAGY cbRut, with the
barRBe sysich@ tospyising theort moreoY -balaece/wisighis apd hwb gitgore

a%tgcktmqgntartne%ebers that couple 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 drive
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 Y1 above
the bending axis W, and the second Y-balance weight is located a vertical distance
Yw2 above the bending axis W.

Preferably a first ratio Ya/Yw1 is substantially one and one-half.

Preferably a first ratio Y4/Y is substantially equal to a second ratio Yo Ywa-
6
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one flow conduit, wherein at |east a first Y-bal ance

wei ght is coupled to the at |east one flow conduit at
W@2G406108£153 ocati on between the first conduit noPET/ERIN04/021318

the drive systemand at |east a second Y-bal ance

weight is coupled to the at | east one flow conduit at

a sdueferabbcafirst matieYwenantd@ srgond rafietYehY eraretapafigured so

6% Pla TR0ty 08T s rEatBhby L. Comesuti S butantaty
cofistdr@ver ERaingedinl faNG eensitgbt a flowl raediued iretheedttieastione flow
di stance Yw above the bending axis W and the second

copdyd] ance weight is located a vertical distance Yw2

abo [ ' j '

Yo VoreTEoRERE 8, Hinpre" L HAEG ARloRIE AR HEL L frore
atfddhgientg?émbéfgaﬂéﬁife ;besrkr)rlammutlfy_rubu;aleldytodha ?(tj /Ieast aneeﬂ(zjw\ncbnduit.

rati - Prefera irst rati '

secdueloabcedme et Ditaeie waiobls ad ind by pyatore
atfdcARETIoMHBE S TOVIPOURIEY 16 Bic B IS, offe Hbwicehndut

densPreferablyathiel tow oredorenaitachrhentanembess achat lepstpartially
degandui t.. Preferabl

Bt in RS b B eatie A e IRG bRGG we! ant s
per nagaably & depdrithtion dfiSe 8o be Afdre@t@ichhisnt eRiIbbfs. and the

PreferabIP%bthe two o r nore Y-bal ance weights and the
twoner more Webalaage weighis cavserihe Ratiral frasmengy of the bplpege system

t,0 th east: f i Peeferably the two o
torbq,g%lsg t@%rt] Qﬁi‘%ﬁoﬂﬁg%ﬁws&@ﬁgq@N Wgzg% partially
def opreidiadly thel Isslpnes systomnibiates efibsthntially dwtasftphase with the at

flow conduit. Preferably a deformation of the two o r
leask eneflowaongntt: menbers and the two or nore Y-bal ance

wei g ! i R & bined
ol A el b SRR Rcal sl A g comone
cantbeof mBss i teblgve bysteal amt theslyalaproe sy$tent ks substantially

pregiaeE PRNstartts et gs et 1698 i 167 8bodit ana "
| ocapriesttiiitd18dlahbe sgSBRI Radceaidrr thefsubegmtially bgFosite side

drive system and the bal ance systemlies substantially
ofpthexatieast ameplam eonduit fremcibetdsivei systain. t he at | east

one FAHY HLbugbhs BB kyb0TeRt (HERBLRIEN Boppsie sve
of 1Bast 1858 drieoMove eBAtIt frbrotietdiivedsyistem syelt #tran orientation
substantially forty-five degrees to a horizontal plane of the flow conduit.

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

Preferably a mass Mgt 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 Yy of the drive system above the bending axis W
divided by a vertical distance Yy, of the individual Y-balance weight above the
bending axis W.
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Preferably the bal ance systemis |ocated o n the

substantially opposite side of the at | east one flow
weonwdoi4153rom the drive systemand at a n ori ePCHUSZING/021318

substantially forty-five degrees to a horizontal plane

of the flow conduit. Preferably the bal ance systemis

si zed and | ocated description ofitherDrawings of t he

2 U AR Tk SHBUAED opopgsermty on

méest lefBtighics; di rection substantially perpendicular to a
drive notjon. Preferably a mass Mspiit of

i ndiMCd Zallustraigs adrivesisiem ie @ﬁﬁ@@%@dlmggﬁt¢%91§ flow meter;
one Iﬂ@ f3 ﬂﬁt?atgg%% )@faxﬁsc‘éc?igh‘?ne o ‘éeﬂom% Bﬁﬁrﬁlﬁ f"% cHblis meter;
cal di stance

MSi ngi e nu ed D
Yd ¢fFIG. Ialalldﬂra/cesay!salanm@bxasterrt ihea fuendxargnpha(o’sthé/mventlon

% belT 1o GollwErafie balomcs RUSIBEaaNp e SARDIB Re pivegiion; and
of the. FifvsmaesH l% ?ﬂcé Ly stahT |ﬁ aﬁo%r'é%lahﬁ)lé bP¥Me invention.

nmet er corrpr|3| ng ter a mbl'y and neter
eI ect r oni cs; FI Betejled Description thdilel wveptionem i n one

eI s ook e L GEbie e pecmat o tooch

thebe akifled 'nﬂHeSaﬂWﬁo Hﬁlak‘e athdiUseUhb hise nctidisl thg Gsvention. For
systemin a first exanmple of the invention, FIG 5

theipwiseseobisashing inviertiveywrinainles, some senventional aspects have been

SIWQI'F ed(% 8? Rgpt?é;gci ﬂ]& gph{a{%ﬁ? I'L\a;éelﬁ t&ﬂllgﬁgﬁ]ﬁgﬁﬁg vﬁyéﬁc%@ #r8m these

exapasies phatdall ofithirnthd suopet dfahe vdhtioh: T hased stki1led |n the art will
foll ow ng description degl ct specific ex

aRRIgoRE s Sha faaticas dapcrned BEIOVE e b8 SaRRangSan tighoysways to
foF@ Hﬁﬁﬁeevé)r at ?g JrweE mv’eﬂﬂ nFas 4 REuRUIHCR et on is not limited to

Inventive principles, some conventiona
thesypecific é)@n@lb&d&ssmb&ﬂ béloed bat onlmttyttdae clainessand #idil eqglivalents.

DTSRI Nl g N S—
1(;r BAS $nstéh lg|é€;ﬂ’ohfbstitﬁ Ricterd|bbtrSes 26 igt6nhdréd td teter assembly

eat ures escrib | ow can be conbined in various
10wipsenads 1100 to mpudvide density.inmassiiew sate; Nelume Bawirate, tatglized

| i
b A bomb BB 8P ey iseghh Pk BelPat 'R SHRRE 4 Gpparent
toltheké sRilbl Vinkienag that the ptesdritisicribascan K®used by dnlydype of

met er conpri Si a flow nmeter assenbly 10 and neter
Cerielis ﬂmmezoegaéneés of the: AUGREE 8T davers, Biskiicsepors, flow

céW(}u‘?trs cﬁ‘%ﬁg'& Yatmg 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
conduits 103A and 103B. When flow meter assembly 10 is inserted into a pipeline

system (not shown) which carries the material being measured, material enters flow
8
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10 via leads 100 to provide density, nmass flow rate,

volunme flow rate, totalized nmass fl ow, tenperature,
w@paeo14183 i nformati on over path 26. It shoul dP@EUS2004/021318

apparent to those skilled in the art that the present

i nvention can be used by any type of Coriolis flo

metet asseraglrif tssud flange A0Hirasses taraugsrislet mameJﬁ 102 where

the FSARauh! @nGRIEY S c?irae;?é%é]&eeﬂt%grﬂe esggm%aAand];I%B flows

thr‘blu%h gew (?(&idfl.?ﬂsm 03N and rilgga‘ arhdibadl@ﬁrt@odtléﬂﬁenrfdldl 102" where it
pi ck-o sSensors 105": and fl ow conduits 103A
exaﬁmqteeessembb'ew mu%ﬁarr!ﬂ%llo‘l)ff sensors 105 and 105'

ar € sgGn %Sﬁﬁgll‘ijs ﬁ?gf\ uid §?rége | S n%@r%?nairé]? mdied to

met er asse al'so inc tur
inleemzaifoldm02 armbrzmjlet rrﬁaarrquromso asdo have substarftially éhie same

i PR bSO, A RS ot s B s
WIRY BhaWs-WhrespRagidly. hfﬁb%@\nccrrﬂrums%&éndaatvmdl e@m the

to prevent undesired vibrations in flow condui ts 103A
mamfbldS)BBan wheentiadllywanaltet fagiierenbl y 10 is inserted into

e e

théie $@§He‘cfivé Behbinguatesf WeargEWE Ghd, atpsstas téiiealihe ﬁrei edt-of-phase
mani fold 102 where the total anpunt of materi al

becﬂlrdrftg:lﬂ@detclf taeflow metak EBIven1P4 MAGRORRESE G5B, ofmamgwell known
ar%ﬁ%ﬁ%tg | %&%&é&n\%%&nﬁ td A3H UMAURAUSA ﬁ‘@? }enlod)posrng

ere | exits neter asse
coll imowgtbd ftb ﬁogrecd@llilt 103RvAn@itematsgldsrerdis pam ‘drreugh the

e i o, SRR ARkl TR L3 RO cpp
by%‘rﬂ@?ér%ét% O||é’s ?ﬂevré?é?d %6 o dtipér 1dl1JtTﬁé‘ de%ﬁﬁiﬂrﬁoﬂflG 1is

inerti a, asti c nodul es about bendi ng axes W-W
prawdeWnMHy as paapianlg of threeoperation of auGerolisxitaynmeter and is not

mani,f ol ds tiall
m&?&ﬂmﬁrt "yrf"at%'ﬁ%ﬂ& &i/!trl%ﬂﬁlebgm%ﬁgﬁg@egrIeadrl)/ven by
dr i Wabtel MedtibriRP2s Hécivlly SotidopBigralRooh 1éduy 111 and 111,
respective bendi ng axes Wand W and at what is terg&lch

respectivielys t Metar-electinies 28 dredyagsibdEve signabon lerd Ee

Drive [4 0
colLTRADEY oS IR R dls TR b o3 Mrer stognics 0

ré@&é%@ﬂéftaimdQﬁfngﬂeltg:rty@rgnamfmtreplrck@fﬁéoemsowrlﬂﬁr 105" in order to

103B. An al ternatr ng current asse h, the
casppidsisngassifion @te. a%@&h B@W@%ﬁﬁsnﬂ@q SPEP(L% Mmegns that

S R P RS e = o0
FI GFIG.isillustrates a drive system 104 in one embodiment of a Coriolis 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
used.

Driver 104 has a magnet assembly 210 and a coil assembly 220. Brackets
211 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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provided nerely as an exanple of the operation of a
Coriolis flow neter and is not intended to limt the

wo e@eloi41§3 of the present invention. Meter el ece€DNBI84/021318
20 receives sensor signals on leads 111 and 111",
respectively. Meter electronics 20 produces a drive

orgm gnme ather mannel affideiddn flowernduitsi and 108B to attach driver

| at.e uits 103A and 103B. Meter
10 t8 ‘#?rb‘?hscfb‘%('eg %esses left and right velocity
Si gnAbgnétraaFer *2@0 ﬂ1a§%mgﬁeﬂﬁéepe1(ﬁ!2 asnadlra@er Bta:ckets 211
flow rate. provi des an

(040 ute a nmass
emgf ﬁﬂrrb@flrﬁjtslclﬁegfrf@agﬁa’t k%n%@%ﬁé\(@kﬁ PARSTHE 3ﬂf1c?§<tezt¢ outward
i VSRS AL QRE R iencEl Gonds 202 45blg1S g 214

cdﬂiﬁbetheEdlréomoa qiitieé enagribtiexiepbhmageeb2@d perpendicularto the

04 is.a cail and magnet assenbly. One skilled in the
W'HF’tngﬁnq Icoﬁ(?toé that other types of drive systens nay be

use n%&étg)g’: %%s@aﬁt%@%}ﬁhdﬁ@é Netmm}j‘é* fifst@idl a second

asse Br acket s extend outward in OppOSIn
eri. n\mgnem 203fis fittedintoet magsethblegve (Wotahpwini Thaseagnstpleeve and

SNl s A TR A S0
S 8 BRIt s gl e s

affme__d tor its seeandreidgetibe magnas peletned shawhhisa &ﬁplt&%tdSﬂ"Hed to the

e RS S s L3R FcRlRTRIY pk il s ©

magnesil Kesdrably2Z¥0 inslualebai 2080 and ebd bbblblrem&rﬁoﬁ bolbin 205 is
a first side of nmagnet keeper 202. Walls

affixe@ i buiectiat @11 r Gl Bipbbin 20),bas §rspeok 853%13'%9 g’@”b?é‘}‘rs" surface
a@ﬁﬂ ?&hlgﬁ%fﬁ%ﬁ%wo\@ﬁh' 903?54%%&*&3& Bﬂtdoﬂ|bdb|bﬁ1 205 opposing

Ion o he magnetic of nmagnet
magnelem @bib204 cs d:(hmeutedjtmlgaddﬂOwhlbh MJlea/agﬁmatmgg:u rrents to
net , havjn

iy YR et b B Bt

'eFSH ﬂfyr%ﬂﬁc‘fﬁ‘}n tubR @ alBe fdw TopEMRs 408 ANEREN¢03B &3 oscillate in
re xed to a second surface of nmagnet keeper 202

o%p&s;’tﬂnuﬁoeommgnﬁﬂ‘!ezw i n magnet assenbly 210. Magnet

[ as. a

207 LT o, BuRaeq i ke JARHEH Bl rBdh Bl 105, Flow

cc%ﬁi:hfﬂ 1d?ﬁ?§ m?d?@?%ﬁcnmﬂvéﬂﬁo‘lﬁf Zprgwen ¢04 i?i)affsei fobm élow conduit 103
e magnetic fields into coi 4. Cqil asse 0

by f%| Blewscasiuit TRmoye ik #ie ZtshissHion Yo a'tampw- As flow

cgnod'sud $03 translates in the Z-direction its fixed location causes it to rotate about

its center of rotation, CR, resulting in angular amplitude, A®. Driver 104 and its
associated center of mass, CM, rotates with the same angular amplitude, A8, 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 AYn,

FIG. 4 illustrates a balance system 400 in a 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 CMp1. Y-balance
10 ‘
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affixed to a bracket 211 . Coil bobbin 205 has a spool
protruding froma first surface around which coil 204
w0 go0sounid3 Coil 204 is mounted on coil bobbi n POBUS2004/021318
opposi ng magnet 203. Coil 204 is connected to |lead 110
whi ch applies alternating currents to coil 204. The
weiphA0rhis siged and dogaied sush thaiils crpierpiomasy ko1 2oskiged with
t
t31cbl 36k S8t PR Fn s B 1T A coltiEd SRS mass com,
thabisdoeatad @nhtae. X-¥ gland of tbngtit 403A. Alss, Nptbaléneeiv\béightlmz has a

section view of f]low conduit 103. Flo dUI t 0 ?
cantir Rl dhass Mz Y-halange velght 42 s sized ang K v%h{ha its
1
cetbriARLY Cnd Edriindd withite g@@wttaségﬁlbmwgva@rﬁer B i3S M

I on an a Iltud conduit 103
resulés il atembimed centar df mass iCCMp thatfis Josatédonathe X-Y plane of

carui f03g, T eattewSr 8RB es 47 RebAiafte LRI 8k g0%h that the
mass ﬂﬁie%t\%‘i’o(ﬁl?rﬁf%e ot bé‘l@ﬁée \A@@htﬁ@bghéﬁam bppddife BARE mass

angul ar anpl i'tude, Dq, | ow conduit 103. However,
tlrbes selosity bf th@edrmsa@semb@r an the Ycﬁ'[&ﬁéloﬁof%@@éhtﬂo@éiﬁ@@wt as
rTEss CM oscillates up and down line L. This gives
conponent center of mass CMvertical notion DYm
FIG 4 illustrates a balance system 400 in a first
exanpl e of the invention. Balance system 400 incl udes
Y- bal ance wei oM § Vadaw '&(Nb’?Vmbaﬁloed to flow conduits (3
103A & B. Coupling of Y-balance weights 401& 402 can
be acconplished using various nethods i ncl uding
Insthbawords thetrhesienturh, of\t\haé YHvaande WBIg’l’g countegs ttlnen momentum of
Y- bal ance wej ght S a,ce
the. dfla\'l%ﬁ%@@bb’tﬂﬁ%%'f% t %P%’é‘&”'%ﬁ&ol‘g%'é?é@“’&”c that its
center of nmass CWoi conbined with the coil assenbly
center of mass CMD results in a conbined center of
mass CCM t hat (Msw)yoc@mdy 80 t he X-Y pl ane of conduit (4)
103A. Al so, Y-balance weight 402 has a center of nmass
CWMb2- Y-bal ance wei ght 402 is sized and | ocated such

t hat pjd.s5 Ma8iralesYaldmessyiba SIID”'hI aresiney é*arh;bie df!it;aamventlon
assenbly center of mass CvVmnr ts_in

Balancesysfernagg imdnges X-halpece W@!ﬁf‘éﬁ 501 & Fd2 ;%pvp\@daiﬁé‘low
oA 58 TR BEC SR Ha 04" LS8 S el 500 s
ef;r\%btﬁﬁhém |§for|tbh&adYatba?qmﬁm?1e\teliyglﬁ degreeg tatheMeyY pianesandis
o the mass tines vel ocj i ver, ass n
comrectediia the erppsitecd %aﬁw)érf?%ﬁe ?‘M‘LP? cgil %ﬁ%ﬁﬁl%%?d-( e
stlﬁn\éps%\fvleaf(é\ﬁrmg\@%d thds?)of Y-balance weight 501 are chosen so that

the natural frequency of the active-y-balance in its first vibration mode (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 assembly 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 active-y-balance are equal and
11
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In other words the nonmentum of the Y-bal ance wei ght

counters the momentum of the driver assenbly attached
W 00a/0pess i cul ar conduit as given by: (MBWY +PCIVDA)0V4/621318

0 (4)I FI G} 5h| | lustrates bal ance system 500 i n anot her

exanpl e of the invention. Bal ance system 500 incl udes
opposite tmthe Vislirgrtien smmentsppot bemftsst dover esmeshenis e external

Y-%lﬁe(f m%ﬁgﬁlgﬁ%ﬁﬁé AR e %Q'n%%‘négﬁy( ehﬁuﬂ{e}téﬁ rTH’%séﬁ)\@ design

MEorcent ed oXi ma
prifeI&eappl9 td hebeq03B) ane and i s connected to the

d
ggg%sﬁ%geanq? qa%{ggtglgcehe{ql %%‘vpc ngH%ga%@ﬁm l E?p;":agj vyeight 501 and
50? 48! s%%@‘én?ﬁ‘%i ?ﬂf’n 26 sl (R REB eémh@érlﬁgPSM‘%I 505 they vibrate

requen e active-y- alan In 1ts Tirst
outob paase)wnmﬂdm ¢omduitsi 103A) 8B arasultingah vesy bidlesf itstiaass being

drlve frequen ter. Wth the natural
COPP 5%'Fmst{1qgggbgeati on (drive) frequency,
%Péq;ﬁﬁ& beitiferiBolaNs HEtarRie BR@DBiendtidnasTneidaf springs 504
us, as conduit 103A noves to the left (-Z

amﬂ wetght&nﬁm irathei figure wre givender axamite- sohe ﬁﬁgl@sartd)OEl%tatlon of

B L e

thé%érﬁmﬁonstral ned by | eaf spring 504 to nove to the
right and down (+Z and -Y). This js advant ageous

bs;:aﬁlﬁe Buhusirates aralanemsaysieneaoq i yai@noter example of the
off.set

GRS, il TRGEHRHLZAS 1R Lo st oo conc
106 Raviag td first ot node 603 and rmomkicnnrﬂja)t rmfdetGQiSb ‘the drive

®y- bal
sypiem 4, PERORB A0mand 195" BLioast BBF B0 Sebfnd Jehalangs weiahts
601%a &%BﬁB?%na( aflera%‘éfuﬂs%) M'sl%"cahd aftaBhmieRenfImhbere Goihednd 602b.

can nea I m nat e he sane desi agn prl NCi
Tiae plckoffs 106D ardocsted beﬂue@xﬁmﬁr@/qq%\@t@m 164 S the firs

odHmRon T A Sraaeed o o T bp 3y LR Be Byfgrstood

th%@@\e ét’i‘éjy? ¥ edlowv estiduf 10 asteidure fid gwendodexadraple0and the

ting invery little of its ss b
flow wphddit 1163 fdapvearapiins etberl ggameties. |t s ng%'ﬁilags%ge understood that

der st oo h
hggppﬂiﬁ%n%%ﬁ a}dbé&?‘ﬁﬁ @%@%1%%@??&%%& gisgt%i{l%\?g;ﬁéé and the
lokafiosx aamary ddvorainglte tiee flowrtubeneatedal, tie How tub@geometry, the
springs 504 ‘and weights 501 can he vari ed ak ﬁs
flowimatesal, femggeatire AriveEvIpAioR: ABYer ARes. RSP Toscgpstruction

to‘?e%% ggcgtcsystem 600 in yet another exanple of t he

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
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invention. In this enbodinent, the bal ance system 600
i ncludes the flow conduit 103 having a first conduit
woewe/ 06031 and a second conduit node 603b, thePdr/Usm®04/021318
system 104, pickoffs 105 and 105", at least first and
second Y-bal ance wei ghts 601la and 601b, and at | east
the idrive syaiens 404 mndaheseraadcondui spde §93h. ae Brsb-bataace

wBhEL6H1 < a0 TE ey R B B Begalfy o
refRVABE ssupled to thedfovP8shduit 103 bguhd cbrrespaisdiag diest ditsahment
t he shage of the flow conduit 103 in the figure is

mempen 60da aadansrad afiaghiest MesMbeiPRRRA-¢ Imaddiian, a removably
oolRR) efushel mERSF B0 T dm Y Qi cBpled attachment
méfhbar 804 thatlcan e slidalsp r;laez."%lii:rmlaés;mbtlsuadlot/\hcrﬂondlniiaﬂ Oh?o n fs

can vary acco to t t teri t

FUbel e pretas . PAEnCR PRt (e Vb it to adirotel and
eft@&tﬂ(é?&'r%e}fsorﬁf Y ¥ia of teStow? let8PS ShutGAfifdut UietMny a flow

etc. The Tlow conduit 103 can conprise a ,
calibreglon crardctietistic ofithesflawy metecan Acpioplars éhat is enpouwetered with a

oSy PEr6S VAL LS EER LGS AalTpndbe s e 3, o e
thEIRVEEAIHRALIGH facbraddroshifRvHigh the@owsinetdh® isoeset foy fiaidssof

Wintersects the flow conduit at the first conduit .
differsnt gepaitiand Imerdeidosthediw mwtend to have adipapcaliyation factor that

o RSP R T o B 9 16 corun
10%ha¥to 68 bachisatan diive freguéachtoemistriesduencgatio (an, be

coupled to the flow conduit 103 be en the first .
WomvElWinyisno@E A0S §oBHANt ﬂ\éero@’m%n‘%@égﬁﬁ‘@i%ﬁ'.” TthleZ\%@{-

a sego - .

renaid St LA i R Pt g aeative
fréquevasnte dive frequananis bhosando stbstastialhtmatsivairesonant

M O Y T T

l

ou@é%eybér%‘ﬁ’é fibde) indleddd sttieraguiddeba thy ende of the flow

corresponding Tirst "attachment nmenber 602a and second
canduictdi: rhilestberoimozfmaximuaa yibrational amudifeaeegurs at the center

of e Hoatio SR GENTE o- B8 g SvERin 84 Rk Bainfl, 1ABSY end
ne@sd E4PBEFpABe e nblieye08a dndt60BkBshdww iroFIGd. e

Y- bal ance wei ghts 601 are used jn order .to accuratel .
and €he &wist made ladbratian Ve Bxsiadbyniheporipls FemvGRailifa from fluid

i P 5 IR 50 i Bt g e iy na
meReQtEl ey tk @lettionics. In a twist mode of vibration (i.e., a second out-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., at the
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 has 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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singl e Y-bal ance wei ght, attached at a single point on
the flow conduit 103, is that the flow calibration
wo a0b014168n shift when the flow neter 5 i s usepPCT/082004/021318
fluids of different densities. In order for the fl ow
meter 5 to have a flow calibration factor that is
genewmpem@mnthan thé esbraahiegyencyhef thediriviebnede of soratis

o85BS SR BRSBTS b

diffetSREd ME(WEIN @Edﬁ\@mcﬁlﬁe@w@m twmfre%warﬂﬁ%c@lehcy If the two
changes 1 n fluid densit n a typical Utub

fremseecleStaﬁe clasentheotvisi Qmmb‘-gdess {ﬁrge aﬂfébeﬁ?r%dtﬁt?r‘ﬂiethe twist

SR anly R cbiifs bPSRETIRH ¢ reBEREY it betwegn the drive
fre@Q@ﬁléy andd3e t\ﬁlbtarers%muht frequeliéyvmusbble kepbearstamt ig |oréer to keep

first out-o hase bendi ng node) inc st at
thelﬂaw&aébratmféﬁgg%# Qﬂ%me éBﬁZ?QPF‘aI@& ||eI ? ﬂ:ry

poi 0 t
20 AT 58 g 4 By crangos
Thayletatiorl 6#maks onetharfioetu befn&ernmnds ndutsercthe frasryenicy gatio

ol e 65 i g e e

ﬂo?ﬁ@léit%& lgsluﬁég WOHEQ 'a@tﬁé EMds bf tHesﬂd\meoﬁd&!ﬂ?W:B bhatbe@aus@ the

node t creates the tine delay that is
pamﬂfunwdnrmyn ahwlnmcm:mms djstha eenier, Wpaatingpydrapmass at the drive

o ARt A BT3B B9p BB e oo

~ flud dERSitf émg@m e daveifraddéndyo nlalthg twvist muim where there are

stationary node at the center (i at

ncxiﬁ@tatrhoilwpds @asﬁg@lq tewtube aSnW@'heS oitpdn thﬁne%m%ﬁéocatmg extra

maxi
RS Y Lt 4 JB Aol it ABaBmtgRos o conta
nc%dée HBWeV@:S ﬁ@ciat"lﬁbenass at thnmmnﬂsarf raaximiusn deflectinamin the twist
reguenc a
mededoemmapn Peversystara 1egiam] £& and nifes) Wit eyt mode
sqi'gﬂh)ltwg%hébgégﬁfﬂﬁlﬂ\é‘;engftfquency, rat her than the

requency, and is preferably neasured at
t he Thié gelutior do éhis yraWback leéoﬁ@mm afbaé@pu@wexfst@m §Qfkincluding at

S i i e ERTREBO h ASh E
104 eTRE % ?eas‘t ffo 'Yeﬁéllahbél Yveidfith 604 deredbcatet IU@Btream andh

unction requency difference, bet ween tq_
ddwnesimm;frcmd:he d@ve gysieny tabrasshawr L bedigure s ?‘ﬁem?%\%for the

Y1bfa q%ugm i t%{:élil QLLfSt?? H)c%feot &ft 8 Hls@%ﬁi%éufggmecgbs%riv@r%tem 104 so

thefithd Btve BAd $RRDTrE aéndeé bettuehim)gd thiei propet amennt wigh changes in
drive frequency and the tw,st resona%‘tfre

flujd dessity.c dhis distance fanadhe dove §)§gem can be ec?ectgrmmed, such as
through finite element analysis, for example, and has been determined to be the

distance at which the ratio of frequencies (Wprive/Wrwist) 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 Y1 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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the flow calibration factor of the flow neter at a
constant level. The drive and tw st frequencies both
web@ngetidhen the fluid density changes. The | oRel/US20040621318
mass on the flow tube determ nes whether the frequency
rati o remai ns constant between the two. Because the
andr60/kb axsdiberefoee logptack@icdordingdofa Y Wistanes ratiecYdfesand Yo/Yuz,

fof SEST Ao heer R Badinddhtd BRS8N b HF% #81pBREByRRtaly one

andasied-haml f(ﬁ:xtvmwasqs 18t Thimotiéngmbydihint hadinges diffeeent flow tube
effect of lowering the drive freq uencty and reducin

geometar fangtotber facmra) dee satias ¢ambgsubs anﬁellwwqfeHow%ver other

el bl g el i SR ork RSt g,

subetngially bqualttoribe @xtord ratsYal.,s tie. AY iV, 5%%/@).101©wever, it
does not affeétthe tw st node because of

[, .
ShAGIELbe PBABIRS st She fisTanses Can ATE SRePRIRS BF M GoRgHit size
n%eéi{a%&ﬂeﬁ tidd) d ghﬁtétéc‘éﬂsgﬂ t;:é%%cé@%tt&"eﬁﬁd khe dﬁs’téh’c%ssthéF&H?'e can

andt e én uces the tw st nod
fosemsiytsizd ofyratio. dhenegeer, ithe fwaratiateYidYwyand P(e/\émlqa!n djffer, and
ack is to forma bal ance system 600

'argmttggfszﬁﬁsaé YPAU&t two spaced apart Y-bal ance weights

601 @d:thaﬂbcémé’r% @ffthbhﬁbﬁrdn‘(:@ weigheneot04ndheredbre the
| east two Y-bal ance wei 01 are | ocated upstream,

distadce®Yns aneé Xwef ¢aimbe ﬁ@?afmlwd syRerémenlly ossaphsviteratively

ol Uobie d TEERA{E Ak PRAREHRLELIS dolhpre The
debbd FEA hedult igirdainge sutstantzsly constant 0sHrRE/Wb@hdt ratio over
change t heﬁsar oper ampunt wth chanﬁes in [

:
cf@@@@ﬁﬂ@/ﬂum sity of arflaw mqstwmnlé the Mlow CWQPEEF:O%GJ hesgiesired FEA
thBff t@JHEt ﬂ%th%ure'ﬁw@t%nttB qgité‘blb R SMR Bhe emb%dlment an

ana or exanpl e, een et er m ned
a;idnexwhaie atartmgtpom fartthe H%EA\ aomputeitldrr iatliadiy toaades the Y-balance

A FAEY S AR B8 THRTESS 0 gance et
Yd?’Y Z e&h&vﬁ/w gfaré BBYroXiRately E@énd Bfeatedah %rh@lé‘ﬂoﬁrhme horizontal

rive system 104 is | ocated a verti cal
that stanm@XImthd@dQQTéeb)endl ng axis W. The first

Y-b I 601
o EREBR A ERARIE R Pia e bttt S Thich ot
ca‘lﬁ!lﬁ@d \ﬁl@érbthélobaﬁ@ﬁ ﬂds @eéﬁrdet@mhlndd sTheaRadsRisgbolveach
t he bendi ng axi s two or nore Y-bal ance d%hts

ingyickiahsplgof-belasce wmeh@m will pred kb SERAEN Ky 888 Msinge Of
a gfné eaV’Cbeal e \%W %tﬁgt Qﬁ%/(?:\% syst&th ﬁ%ﬂ%r@er {aibve the

one t1os can be
saﬂémm baﬂalhoing reﬁean dT loen endsal N, .fiiof @n, indididval ¥-dalstage weight

| n anot her enbodi nent t&v dwegea dlfferenh flo

601a or 601b can be approxima rmined through use o\{}’the l?ormula

Mspiit = 1/Z(I\/lsingle)(Yd/Y w)3 ()

Consequently, as the vertical distance Y, decreases, the above formula will cause
the mass Mgyt 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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geonetry (and other factors), the ratios can be

substantially tw. However, other values can be used
w@goodesitsed. | n one enbodi nent, the first ratiBCIVUSM04/021318

i's substantially equal to the second ratio Yd/ YW (/'

., yd/Yw = Yd/ 2] However, it shoul d be understood
resperse ipematien oh thesllewsonduly 188 ¢ Jhei ci@‘omamcprwf iheriwgi @r more

ot e FRERTHEL k3 M by BB bR S\ FIBRERy oayee e
natadal &eqﬁ’énﬁoufebhe Btende sy stétni 600 Wes@dhé(ﬂﬂ\@dﬂ%lfrequency of
di ffer are not necessarily equal. The actual

the flowt mster %fAF Reesulbdhe hatangs W@“M carpulratgQué phphase with
thd Rewasi Yw 1 and YW2, can be determ ned

experi rrenta y or can be iteratively determ ned using

a Fihg kalBheespsteAnGOQ in sné léEﬁ)odlmehhlscaimed &od located such that

tn CRETRISRd ST BL e o MM VST AOF 47 4R balance system 600

Im@%'b@t-’é?ntl'aﬂ H’dkn%aftﬁaffilédé 6f thd den®a|iAB @F B fléwcdAdhit 90'3. In one
conduit 10 The desired FEA therefore constrai ns the

embediment, the halan@cwmrakﬁo@ isdaedted lon thasubstendialy apposite side

of Bl IR AR AR o Malelh ARG PGB R direly
envddimealt,| thetbaldrive %Js‘féﬁﬂfec(m i$05c8d ohGhe substantiall @pposnte side
di stance ratios YdA V and YdAV 2 are approxinmate =

of #hei flewecansyit03rmdhe deive sivatenn A 04 @ndaat amgrﬂentatlon substantlally

foR RS YeER S 1.4 hariaRaLiahe, G HOW Py 103, TSpanee

sywtwn 60Déen |OOeEHmb(DdIhT:E$'It ixesined endriogcated .suth ¢haethe Mbémpientum of the

s 1o G sl ReURLAYT RepoRiklodhe ndaglu of the
drl\ﬁeg%s?éiﬁqo\ﬁh%lré oAlRBHsBntil§ g@rﬁé’rﬁilﬁ}féltt%r% %Iﬁée tlon

to achi eve the sane mass ancl ng effect
mas dt m;cpuld ﬂoeaincmﬂshopdltha’@nare mamwam@we@mmsm can be

us{eﬁén@g Cﬂgﬁ]hﬁ the t?%}?ﬁ./_g?e%(e)g%ned f&cﬂ{&?u h cgcffe jon, varlous
mﬁ%@r@%ﬂ%drﬁgu?éildlﬁ%ﬂmabhﬁﬁnt therhbeRB0d\CAaleBE AFSIByed. The

the above fornmula will cause the mass Mspiit to
atiagbmend eembers; 602 ern cludeocrosy-links bgtuesn Y-halangr weights 601,

caffih@ihie HdiBREA LA SR thAnallads pbl Znatancd Right 601, can
ingladé Ivahblyslyl shapéablr sizebattachangrit enembeai 662; lvamnihclude

mepber 602 can conprise a
attachment members 602 nP rmed of dsn‘?eren? materlals, can include attachment

" members 602 having different deformation characteristics, etc.

The above examples are not limited to compensating 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 vibration 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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| eaf spring. Consequently, the attachnent nenbers 602a
and 602b can deforminresponse to notion of the flow
w@ondi1415303. The deformation of the two or nDOPET/US2004/021318
attachnment nenbers 602 and the two or nore Y-bal ance
wei ghts 601 cause the natural frequency of the bal ance
system 600 to be | ess thanCGUAIMS i ve frequency of the
| ow neter 5 As a result, the bal ance system 600 can
WB IS HAMGG So phase with the flow conduit 103. The
bal ance system 600 i n one enbodinent is sized and
| ocated such that the conbined center of mass of the
1.dr i Ve Coyistie fiowonetgs ¢ompsisbl: ance syst em 600 |ies

©he Btart 2Rt CahRt £103%) M Bioht oSt 65 6w daPuR103)
inclMgingna fif cbﬁduﬁJﬁad@gG@Ba)tehr@ @sbe@mmladmyn@qmcmabe) and
side of the flow con

inglydiagr kending axs %@%Lﬁi@éi%%tﬁ‘\fwé“% @é’%\s{@iﬁkﬁﬁl rst conduit
0,
| Py on o
(ﬁ?ﬂl;ﬂ@?ﬁ!bﬁigﬁ&@ﬂ?ﬁﬂ??ﬂ?g axisyNf i ve degr ees to a
oy staampaitaToro% podtierfine 28 st and fow et B3 E end
thaty hhg, gp@gmmo )idd®ip tb%it%ﬂﬁ@ StYSARBNBGRdW Bonduit (103), with

subst ant | and o posite to the nonentu
the malmoa/wmt(sﬁﬂnmpﬂsmg dwpemm@ﬁe ‘émrmﬁwa@hys (601 a, 601b)

d I I
B 6f bote 2hiatfBrb ethefR 092, 402 A bl thefyp or more Y-
béléﬁ‘cé’ﬂ/e@ﬂg (esawramb) totrrcatdenst arfe fidwe cobﬂem(maaswmerem at
the invention. In addition, various nunb

leasta fieiiYabalense melmtt(ﬁeﬁ%ﬁthwlﬁ?etost 6 Toiast ¢ 06‘@ flow conduit
(1@5@ §§¥ ?ﬂjﬁ@&% cﬁ”} Rl nﬁuﬁ%d%ggg*&ﬁfﬁ#@ the drive system

ba ance wel
(10a% bHd et ledst iapdezoatityabalance waagb’e(rﬁ@m@ib empled tetheraideast one

flo pa‘ém@%’%oam‘i%&éc%%'sﬁgce@ﬁ beiehdha e aste £ it and the
%@b@ggent mat eri al s, can incl ude
rs

5% t msnt 02 having di ffer ent deformation
characterl stics, etc. The above exanpl es are not

o 8 TR BT 54 A6 B BB Eloq o ceted
a Q/@H@é! Histai<ees, QBGVé?ﬂiéS@eﬁd?ﬁ? aRriselV, ilhangashé @irstibbalkaece weight

Y-direction. If this Tlange V|brat|on|§¥ .
(amammloeammveﬁ@al distanse Yoy ahevedhe pendingsaxs ¥ cand wherein the

St YA WERLP TR s Rad 6 BRRR AR AR the

bagdingeis wn. Likewise, if the flange vibration due to
mani fold deformation i s

3. The Coriolis flow meter of claim 2 wherein a first ratio Yq/Yy. is substantially

one and one-half.

4. The Coriolis flow meter of claim 2 wherein a first ratio Yq/Yy+ is substantially

equal to a second ratio Yy/Yyz.
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out - of - phase with that caused by the drive nmass
of fset, the bal ance mass can be made smal |l er. CLAI M5
wOb@b/0158] ai med is: 1. A Coriolis flow neter PCT/US2004/021318
conprising: at least one flow conduit ( 103), with the
at |least one flow conduit ( 103) including a first
5. condikiet Cotiolis ia0 Bstenaticlaing 2ouvnereina (ﬂl[ﬁttrag@ Ye/ Y6 @B)a second

nd, jncl udi ng.a bendi ' t ' 3 :

oy Salea b idue e e HetBhel PbRiBI fsgfioncy rati
w@\g/@w.ghi@ spetidiafip Bdustannovsr dHedges.in Woiek éenmsitytof aafiow

east one fl ow conduit (1032 vi brates around the
medinm ingheyat deagt ogedlow eorduit @93)-104) coupl ed to the at

| east one flow conduit (103); and a bal ance system

(600) coupled to the at |east one flow conduit (103),
6.Wi t MMHeh€ohealisiioe nsetet efitlahn d) wisemrsin the e ommose Yaipalance

welgbicRhin. SHHRRPORE8 2t PRGSRP! FRNMUR BTIEHRE of fhp aftoast
OHED(E&HXMQ%% é{"ﬁhi%{i%rg)d@ma’ 601 b) to the at |east

one durt ), wherein at |least a first
Y- bal ance weight (601 a) is coupled to the at |east

one f| ow condyi t 03).at.a fi Jacatio
7.1 T ANSbRGaN Hhbates ps e davBlein RO S fRre T Hakhee
wégﬁtsa(fgghafiem ) SREMROWE Hranars attuehrabht mefibers (602a, 602b) are
coupl to the at | east one flow conduit (103) at a
pesawmently coapledriotibe wé taast ﬁeedlpw/féorsqi%&(éﬁ)ﬁs-lo4) and t he
second conduit node (603b). 2. The Coriolis flow neter
of claim1l wherein the drive system (104) is |located a

g.ver tTa Cofiofié ABREMYtér @b oletmt hehbesiliting tvec Ds mare Wabalainge
the first Y-bal ance wei ght 601&% i s | pcat

d
weights (581281 hardl tha MEDEYEOI R BENRRL TEIRRER 6077 602b) are
reﬁft‘q?fa%lfg%*ﬁg?ﬁ?r@aﬁéagﬂ SR foWRiowLit (p@3p) 1s |ocated

ert ance Yw2 above the bending axis W 3.
The Coriolis flow nmeter of claim2 wherein a first

o i B ARSI oG U e o
rréﬁﬁ% (é@%%%é at |éés€ﬁ§ﬂiall¥ AeforArbi th fesbobnse to motion of the

_r|oI|s flow neter of claim?2 wherein a
af least omaflow cotdviti(1@%)d a second ratio Yd/ Yw2 are

configured so that a drive frequency versus tw st
frequency ratio WDRIVEf WW ST is substantially

160ONSTRBICAHEHS flohameesr dfitldim hdesinid gefofmation ofthe 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).

12.  The Coriolis flow meter of claim 1 wherein the balance system (600) is sized
and located such that the combined center of mass 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).
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mediumin the at | east one flow conduit (103). 6. The
Coriolis flow neter of claiml wherein the two or nore
w2maloanis® wei ghts (60l1a, 601 b) are | ocated aPCPpUBI$021318
of maxi mum defl ection of the at |east one conduit
(103) in a twst node. 7. The Coriolis flow neter of
1% ai Thel Catiolisflowtrneter abclaim iowbereim theabalange isystesn (600) is

o34 n 835000 o ERTBR 1Rt 103 o

therivel ghAneo4y (103). 8. The Coriolis flow neter of
claim1 wherein the two or nore Y-bal ance wei ghts (601
a, 601 b) and the two or nore attachnent nenbers

141 ou W G0 0849 ERR BT HalmeiRafet s btlngb sy SEFh (600 i
Io?%tggmrﬂtggzmgjb@tantidﬁy olpposmas sieraf the laehlm?bnnerfbmmrwwt (103) from
t
theeupairataD (Hyb @ 8o teRipa subbisdefly BibeBiridpareps to 2
h B ota ane 8@?‘@[}"‘%&)%6'{% ter of claim1l wherein a

t1on e two or e attachnent menbers
(602a 602b) and the two or nore Y-bal ance wei ghts

4 271t EOHRl BT 2 LB Pl R BB p 0o (600) s sizes
aﬁd Eﬂ:ﬁﬁibcé’u&f thiaf the hiomemuRT of thé . baTérR:eCévslt&hl(Soﬁ @Wubstantially
neter of claim 1l wherein the bal ance system (
equal eadessibstarsially opapsije &m%nom%%wwfﬁhe drige &VS\?eea&M) ina

o PHaFaRaNY betrehilsuace dBvaRABEY) | <% Teu and

| ocat ed such that the combi ned center of mass of the
drive system (104) and _the bal ance syste 600 i
1@ubswaaoanon§%gwanemoé clpim hwbegin @Hoass Msait P? AR "zsfwdua' Y-

bé Eﬁc@bvé@r?&s(ép?fﬁo h}ﬁ%\é @é{éﬁtlélm f'r§|f off Hns&y d)ioé bﬁm ;e driver-

OW et ere nt ance system (
loicatddoseigat! I\/ng“le tinktiptied Hyahe icabeof @appetical elistadee % Otf H@;e drive

syeiom (104 beyR e bealing axiscii sikicer 1§12 Ueichl dRghERLTbr the
lnﬁhﬁdlﬁé}l\aﬁéﬁnéé %é?giﬁt((@@Q ) abSvé fHeab&rHiAgG akiRew.

substantially opposite side of the at | east one flow
conduit (103) fromthe drive system (104) and at an

19 BB PLREC SRR SRR LR 5850 g comprising
gog't etcrj]vfkjlﬁ @Y\'Ilésﬁgléhe fibwoaHdvitl(108% neitttHehat Ibasteoreefiow conduit
(103) |nclu ing a flrst 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;

providing a drive system (104) coupled to the at least one flow conduit (103);
and

providing a balance system (600) coupled to the at least one flow conduit
(103), with the balance system (600) comprising two or more Y-balance weights
(601a, 601b) and two or more attachment members (602a, 602b) that couple the
two or more Y-balance weights (601a, 601b) to the at least one flow conduit (103),
wherein at least a first Y-balance weight (601a) is coupled to the at least one flow

conduit (103) at a first location between the first conduit node (603a) and the drive
19
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and | ocated such that the nonmentum of the bal ance

system (600) is substantially equal and substantially
woppesi4183t 0 t he nonentum of the drive system PADUF2004021318

a direction substantially perpendicular to a drive

notion. 16. The Coriolis flow nmeter of claim1 wherein

syatema$t04Nmid at leastn see@nd Y alanosweight @Q@)g‘mcoya'@ﬂ tp the at

e L I T L M

areupe sicod\cehtluit abddi(603pce Yd of the dr| ve system
(104) above the bending axis Wdivided by a verti cal
di stance Yw of the individual Y-balance weight (601)
bo : ; f Qr i
1%‘61' Jfhe é H\%tl&ﬁfé%f aglln"f‘)w %&ehﬁﬁgrﬁﬁﬁﬂﬁggﬁ@ |6&ated a vertical
distanpe Yglam@vemhebeddm’g atls Ve aghereirethiel firet ¥ doadanae wed) (601a) is

e.at |.east e ow co dui.t (10 i ncl u
Iod4tedsa Vestili i SiaBhe Yheabay HrDEn e P Lol Wisidihthe second
Y-HaR3RL v@élghf qgoﬁ Bf s Ibeéielddé 08rtidal@iBelinge Yasigbolétthatbending axis
IntersectS the flow conduit (103) at the first conduit
Wnode (603a) and at the second conduit node (603b),
wherein the at | east one flow conduit (103) vibrates
around the bending axis W; providing a drive system
14, 104 he pigthflof Blainh @ 8avhéreash fiesteafio YWYGH Nelsibstaafidly; one and
and providing a bal ance system (600) coupled to the at
one=half. one flow conduit (103), with the bal ance system
(600) conprising two o r nore Y-bal ance wei ghts (601a,
601 b) and two o r nore attachnment nenbers (602a,
2002bJhe hethedoptieinh H8 wherein a finstratidr Yo a s substagtially equal to a
(601a, 601/\? to the at | east one flow conduit (103),
Sﬁmé'ﬂéﬁﬁog(td wgdast a first Y-balance weight (601a) is
coupled to the at | east one flow conduit (103) at a
first location between the first conduit node (603a
2and Thenithed ef staem1810Agreima fmt ratia ¥/ Yan Seclom gecond ratio Yo/ Yuz

s DL am bt e rieayedre T SRS SC i Ry el Eprve/comwer
|stsﬂ%s€yn'tléﬁy é&ﬁétgm &\J&Adh gésﬁﬂi‘ ﬁuﬁ&féﬁﬁty@ﬁ ARdiowW nisdiem in the at

he nmet hod of claim 17 wherein the drive

lesytsmrmﬁlcpwmndué (1@%)at ed a vertical distance Yd above
the bending axis W wherein the first Y-bal ance wei ght

(601a) is located a vertical distance Yw above the

2bendT g nfethed Bf ciaird vihehertein tHth\tteonlmﬂ»ré(Wlance welghts (601a,

wei ght (601b) is located a vertjc tance Yw2 a
6@ mgqg@ ﬁé@q{gd )g;( pging off maxirpemgafies onapf eatleast Q@]eepgniult (103)
it fikShofatio Yd/Yw is substantially one and

23.  The method of claim 17 wherein the two or more Y-balance weights (601a,
601b) and the two or more attachment members (602a, 602b) are permanently

coupled to the at least one flow conduit (103).
24.  The method of claim 17 wherein the two or more Y-balance weights (601a,

601b) and the two or more attachment members (602a, 602b) are removably
coupled to the at least one flow conduit (103).
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one-hal f. 20. The nethod of claim 18 wherein a first

ratio Yd/Yw is substantially equal to a second ratio
wodosMe+152 1. The nmet hod of claim 18 wherei n ap€1/S1004/021318

ratio Yd/ YW and a second ratio Yd/ Yw2 are configured

so that a drive frequency versus tw st frequency ratio
250D hEmmrlwcsasf ¢lgirs UFswhereiratheytweooersmare ati@ehmentimgewers

(6pPa, PR AR f s ity AR eton B B g of 8 et foast

onld’]ﬂtg\ﬁlcantjbﬁ('tw or nore Y-bal ance wei ghts (601la, 601b)
are | ocated at points of nmaxi mum defl ection of the at
| east one conduit (103) |n a tw st node. 23. The

Zéﬂg ght H%é%é&b%léﬁq b) a rLE %te 3%%0%%&0@2'?%@ rrent
attavhipgart niédBers @025) 662k) ared thenisvd biymooe M—lwlahoe WEegtHs (601a,

| east one flow co dUI t 03 24. The of clai
60,1h) Grupe e NALIreLEe rw& 'zﬁ balanses ﬁg«’ef@ 25‘30)(@@9 '&SS than the
drg%]fb?aug{wdfhﬁe“ r%téFDre attachment nenbers (602a,
y

are’renova coupled to the at |east one flow
condui t (103) 25. The nethod of claim 17 wherein the

o1 2 e o] Y BTS840 oG 0
sdﬂ%@arﬂFallS;%f‘ébf BRSsd Watw the e dst bABFbw ééhdulh@osyt hod of

claim1l7 wherein a deformation of the two or nore
attachnment nenbers (602a, 602b) and the two or nore

L R

lob@t@d@dcﬁ&héf thewsombinell deheerfdf onaswdfahe diive s?btermﬂ(b@)cbnd the
of claim 17 wherein the bal ance s stem

bajanee syster (6p0plies subsiaatallyproxin fie aaplageegf) thg ﬁ@ngqrtyw of the at
gl;’ll%lé : he nethod of claim17 wherein the

le‘éa ancgoé’%sﬁbwt% is sized and | ocated such that

the conbi ned center of mass of the drive system (104)

28, o  Rarthog PLA@ID: 17 Whewdh ihs FRaBCe BVt 00 islgeated on the
t\%@i ﬁtké?l‘{yo&g%gﬁe%ldel%e A Yeast peTRINEsh @it GIOR) 'ﬁ*oiﬂthe drive

rern-t ance system (600) is located on
systbrot(404).al | y opposite side of the at | east one fI ow
conduit (103) fromthe drive

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).

31. The method of claim 17 wherein the balance system (600) is sized and
located such that the momentum of the balance system (600) is substantially equal
and substantially opposite to the momentum of the drive system (104) in a direction

substantially perpendicular to a drive motion.
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system (104). 30. The nmethod of claim 17 wherein the

bal ance system (600) is |ocated on the substantially
woppoesi4is3 si de of the at | east one flow condui PCT/LSBYP4/021318

fromthe drive system (104) and at an orientation

substantially forty-five degrees to a horizontal plane
32f tThe methodohclain 17 wiesein 8 massMgiasaindadividual Xrbalance

in the bal . is sized. .
g BB PR SRR B S bEA DB, gt
wef)iggpﬂnsi,hg?e rﬁumFE@@by%é YuB& bah vangkas disames Yabf the drive system

osite to e nonentum of the driyve systen\égqé% in. .
(184 pjabexs therbendiag axisi W) dividgd byenverdigakdistancs Yoy piige individual

ion. T ' erein a nmass
Y"égtﬂﬁcﬁ igionnER1TREBAE 1R bEndhEaxds Wi ght (601)

conprises substantially one-half of a mass of a
single, driver-located weight Msingie nultiplied by
the cube of a vertical distance Yd of the drive system
(104) above the bending axis Wdivided by a vertica
di stance Yw of the individual Y-balance weight (601 )
above the bending axis W
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