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I nvention The present invention relates to force
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00|I-ty edrlvei;]S t ha V?erturlﬁthe conduit i

In,.a

per i ofi ¥PIEA GArighs MRgs Loy Meler ingulesneos Mmpse @?WAE‘H%H‘%BWG
f&?ﬁé&tb@ Iﬁ]ll?éﬁ maat snpélmg or@theﬁa anspd é;ts%_rrnﬁaﬁ@mﬂ_@tp Wa@é‘rial, e.9.,

(0] a e rans | oca ons e nitu 0] .
ik Phlegantyns 0 158 syaip: Eoeh ondhiuat Govipied as having
rwﬂes?m@dﬁbra‘fb@ Frldes fcludingl %nr Q%Iﬁﬁléﬁén?ﬂpl_?aaéfnahg@ fohsional,

ucer ut ccur . ransaucer
EaRT e SHelPsRoasin e SRy RaHASS Moy mEAURCRS
a@pmcmbm @Gomdmlttméxd'teﬂ @1 orsd druadrengbrationf modesm:sta material flows
xt raneous .force

i SHRB AP RE R Ry (DR eLR REUp SRARe glons

ctae covd Uit dxeitation i€ Bprallyf praviges bpad attuetopi gl ame at t he

derlieé{t%nxercﬁ Higg\%%vi%fe, sturc]:ﬁ arsr%tv%llrde c-gn-in?pe driver, that perturbs the conduit
in a periodic fashion. Mass flow rate may be determined by measuring time delay
or phase differences between motion 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
vibrate its case, flanges and the pipeline at the drive frequency of the meter. This

vibration perturbs the time delay signal in an amount that depends on the rigidity of
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vi bration perturbs the tinme delay signal in an anount
that depends on the rigidity of 1 WO 2004/099735

wEOAH829D3/ 011959 the nount. Since the rigi dPeyUSL003/011959

the nount is generally unknown and can change over
time and tenperature, the effects of the unbal anced
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direction and the distance, d, from the center of rotation of the conduit center at the
driver location. The angular amplitude of vibration, A8, is determined from the

following relation:

AB = arctan (AZ/d) (1)
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driver location. The angul ar anplitude of vibration,
AG is determined fromthe 30 followng relation: De =

wa@e@dam76AZ/ d) (1) 2 WO 2004/ 099735 PCT/ US200B¢DLUSH59011959

The offset of the driver conponent (magnet or coil
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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.
Summary of the Solution

The present invention helps solve the problems associated with unbalanced

vibrational forces using a balance system that is sized and located so as to balance

out the drive system.
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the local environnent also results in an unstable zero
(a flow signal when no flowis present) of the neter.
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sol ve the problens associated with unbal anced
vi brational forces using a balance systemthat is
sized and | ocated so as to bal ance out the drive
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ASPECTS An aspect of the |nvent| onis a Coriolis flow

meter conprising: at | ea®BPERd St | ow conduit; 20 a

il 26 SIS iR eaiBh &a Coriblls&lod meRASSmBing:| ow condui t;
a bal gitr]ce sgﬁ%’em co Ied to the at | east one flow

conduft'®@ PY CPRJIT hal ance systemis sized and
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Isfl ste gﬂq%alagged 339 gn? %oﬁp?e(} to t}‘ue at r?E‘orr]1te Im oc]:contlel? V\ghrelréllr? the
balance system is sized and located such that the momentum of the balance
system is equal and opposite to the momentum of the drive system.

Preferably said balance system comprises a balance mass.

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

Preferably said balance system comprises a balance mass coupled to the at
least one flow conduit using a leaf spring.

Preferably said leaf spring stiffness and the balance mass cause the natural
frequency of the balance system to be less than the drive frequency of the flow
meter,

Preferably said balance system vibrates out of phase with the at least one
flow conduit.
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drive system and the bal ance system|lies proximate a

pl ane of the centerline of the at |east one flow
conduit. Preferably said bal ance system conprises a

bal ance mass coupled to the at |east one flow conduit
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t he bal ance system using a bal ance mass. Preferab
LaAlNCRsY e '\ea Mmate@r%@m%%féh@ pentediepef e af lwask nedlow
ajpdgait. zi ng the bal ance system such that the conbi ned

center. of mass, of the drjve system and the
Preferably said step of coupling a balance system to at least one flow

conduit comprises the steps of coupling a balance mass to at least one flow conduit
using a leaf spring.

Preferably said method includes the step of choosing the leaf spring stiffness
and the balance mass such that the natural frequency of the balance system is
below the drive frequency of the flow meter.

Preferably said method includes the step of vibrating the balance system out
of phase with the at least one flow conduit.

Preferably said step of locating the balance system comprises the steps of:

locating the balance system on the opposite side of the at least one flow
conduit from the drive system; and

orientating the balance system substantially forty-five degrees to a plane of
the flow conduit.
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bal ance systemlies proximte a plane of the
centerline of the at | east one flow 20 conduit.

woe@ipreBs y said step of coupling a bal ance syBCEIS1003/011959

at | east one flow conduit conprises the steps of
coupling a balance mass to at | east one flow conduit
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t he bEreierablysasisnathothinchaes thesstemofUpedting teb@ange system on

ttlﬁk? ;P;?dsﬂ@gﬁe%y %‘gﬁeéét ort? l&/V"c&ﬂﬁltqtroh]Vfﬁeforrig?ggégg% of

ow neter er ab S the
step Bfef@nablwaaidrﬁ@en hfdoctmnlngraoé sizirsttberbalatce sifstgphasmprises the
Br af, '
é;% %nﬁﬁé&.nggﬁb@@#g&@g@& duen élgaq i F}BH@ T 8 the

Satgnse @f/stem3$)e<nuﬁt and pppasite t@ﬁiean@eelstymtcé mez)drlvtemystem ina

?ﬁeeﬁt&rﬁér@%ugrtégﬁd%ﬂoﬁ&?t one flow conduit from

I've systeny and orientating the bal ance system
subst anti al I y fort\Descyiption of thesDrawingdl ane of the

fhiew qlggthéung a éor}gqps ﬁg\g#(ggp?% PCT/ US2003/ 011959

Prefera od inclfudes the step of locating
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bal ance systemis equal and opposite to t
moment um of t he Rftailad eygqrmﬂanpfahe TeaEienon

per pepiis: ul| S‘En& %e&oﬂUMN&dé@ﬁ'lbﬁHh déB?e‘i %Fécﬁﬁd StnHled B9each

Dravmngi | ustrating Corio fl ow meter;

these skilled um&»@raa&h%toan@m WUS@fth%b@amﬂq of the Xentione For

%Re Ebr@osé”oﬂ tle!aélﬁﬁd’ ﬁ@@rﬁwé'bn?fcnéléé Sso‘ﬁ%%dn‘?@nﬂ(ﬂnﬁv\ééifecé Halv@Ween
conduit of [lustrates a

isAnaifiee °§9§‘!"E§’ﬁ|1 |Tﬁ°§e F'f"lleﬂ'” é’?@a@fbl"’é‘ %PPFQ‘??ée VeRadiens §Am these

Felemplesi thatusit \K/?Ml@fheascj@ﬁé BNHe iSRG THbsBRRHIBE in BX AANLiR
of the invention. ail ed Description of

t he
|appERAAtR HhaEihedeatyres d@ﬁ@”'tieﬁlé)eﬂ% FW%ﬁorﬂgg%‘? Inp\ﬁ”SHs ways to
demh fiultpRe@rihtichseof dInesntioR. 1B8aCAsult, the invention is not limited to

the specific examples described below, but only by the claims and their equivalents.

FIG. 1 illustrates a Coriolis flow meter 5 comprising a flow meter assembly
10 and meter electronics 20. Meter electronics 20 is connected to meter assembly
10 via leads 100 to provide density, mass flow rate, volume flow rate, totalized
mass flow, temperature, and other information over path 26. It should be apparent
to those skilled in the art that the present invention can be used by any type of
Coriolis flow meter regardless of the number of drivers, pick-off sensors, flow
conduits or the operating 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. ‘

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
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15 those skilled in the art how to nake and use the
best node of the invention. For the purpose of

W e@alop9785 | nventi ve principles, some conventi oP&l/US2003/011959

aspects have been sinplified or onmtted. Those
skilled in the art will appreciate variations from
these exanples that fall within the scope of the

i nvention. Those skilled in the art will appreciate
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to those skilled in the art e pres vention
dalgt 'Bé”'i%‘é&i%?ndaﬂljﬂeﬁ Jeifeld 102s0ias tp Haye @W&mtleﬂy the same
rRasy dtasdioRl mbRenRWIRRIiLENE %la‘éﬁ‘é n°’10dn9 VI @Irtgotelﬁglﬁﬁ Qkes

flow conduits or the operating
VoW arct \Q’r"‘ﬂs'@éﬁ?ﬂweWOTh%f&%%@‘Utis Bﬁﬁﬁd ertwerdy fle the1

anghifblib'in aﬁ@%én%l%ﬁpaﬁlfél #dRiopnd 102" ; driver 104;
pi ck-o f sensors ~and f1ow conduits 103A and

103B. Fiov cRBeuiiI03hB a5e éR\l%‘f tfy diveE HR4in1appositridiegionsaahsut

Qﬁélﬂ&%b@cﬂlvé DehdiyVags LA HIOW" B4 viad |s]tgl$&d t'ﬁle FRdeat di0l
%% 101' are affixed to_manifolds 102 and

Aingmepdeqy she flgyymetsy: Driyes 184 maysampgse B@%@f manewelsknown

@‘rraﬁ'@tﬁélﬁts 1Qeh aSRABEGNEt AoURRIATS AbRTohAt F03Mind an opposing
2004/ 09 PCT/ U(?ZO 3/ 011959 spaci ng between

FRAMSN %ﬁﬁﬁwéﬁa WigHo3g. &nﬁt@wﬂwg BRI iy Rased Birenahdhe
Idibpf)élﬁgvcomt@llﬁu% Both @3Ad@Rdo b@é’rl?ate Wﬁﬂtaﬁle‘:&’if v@‘%‘g%%l is aPplled
dﬂgo ]t gonsertcﬂintoa elne sysed:(

BA5 et S 20 Vedoad o lasieti 0o dhagesrphien eif16- 1is
rmxb\&deoahe@mw &n é)laﬁr\ﬂble BEthelopassen et ¥ CdhollstlonaBiel bR @&hot

Ot%eo }1 ou E‘tmanl fold 102 where 5 the
{aipay dgtﬁi it %¥e ﬁg'f‘groF e Aresent n¥eRtion- to enter flow
condumrmmﬁnsiza&aﬁsmﬁd $BhSor slt@weﬂw@rhle‘ahgm taﬁ@luu 1'8

outl et man
r?Spe&Ye?% Wé? e? %Qgé’ﬁé" CFﬁ PSYR S'ﬂf‘%‘ﬁﬁb’e‘i‘ﬁm Wlf’f'lC
cansks drweam%amdmat@&lawmoads@ mngﬂqda@mwwmejaﬁoalcy 20
i, nl et i fol 02 a utl et

%géz%ts Ig]‘? apg rlﬁg’\/vgﬁrogcﬂ}s glpg%lts i‘}rgm ;g)(r:k- %ag] 108 to compute
mass flow rate. Path 26 provides an input and an output means that allows meter
electronics 20 to interface with an operator.

FIG. 2 illustrates a drive system 104 for a preferred embodiment of 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
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10 nmass distribution, nonents of inertia, and elastic
nodul es about bendi ng axes W-Wand W--W

wo eappeeByel y. The fl ow conduits extend outwarBCHUS2005011959

the manifolds in an essentially parallel fashion.

FIl ow conduits 103A-B are driven by driver 104 in
opposite directions about their respective bendi ng
axes Wand W and at what is terned the first out of
VB ErfyPRignilicupiediasee 299 wn getotiom siie thet isfounarkty receive a

GRWNEINaGt 90A f 1658 YT heedubvnRyB 2995f ﬁ%@ﬁé&? B $ arestlﬁ&tl1 V\%?ded

a magnet nounted to fl ow conduit an op
i Serpe AtemMEaNeN Alixaddna cﬂthCO'l@BiB 10;&& &Iildt@BBetplaﬁgch dnver

cLO4t6 Coriblfs MASHREErishr ough the opposing coil to cause
both conduits to oscillate. A suitable drive signal is

appl i Mganghassemply 230dw@segnagnet becpey 22 e adbase Bragkets 211
ExterfrohP4 first BRIe & Hfelgh Bt Re%BeQOZFWélIs b1} B %ng Qég 'é?t%"x&l Btward

nmerely as an exanple of the operation o
TPyl egeR,m 21§ oorst Side Al BAGTEY k?%oquzﬁ?tW?H%Z'l%WT{’g

Wontrbleh HiRsEiBh of theahid e fidBle ha@h@t@%%@rﬁ@nd@lar to the
transmts siensor signals on leads 111 and 111

r"@g‘i‘i@?ﬁ‘?f 1 $04\pt er el ectronics 20 produces a drive
Si gnaMagRet 208ds é%@b%hﬁa‘dﬂ{ Sgﬁ‘k!ﬁ@eﬂ nﬁggnéﬁﬁa% fif3t and a second

osgi | ate flow conduits A and
C

PORR D3 xpfitesl iRlo s mwagnal slesve (Npi@hpBhThe erasiprt sleeve

&lng I’m@é@ef 2082 AFhxealth aRBGRT Surfhes of %@énettk%eﬁmtts secure
ﬁ@rate Pat h P vi des_an i nput and
S riEedies pesamgna T Blasner f Diybloali i o Grot shown)

Iaﬂﬁ>@ﬁft@n§s<¥mdnh sitfe, Wﬁ@ wgaét pdid @ot ghdwir) iksh &a& ﬁ}%t B el Y&the
OE forﬁgé (g el?‘enbodl nt of Coriolis
RESRer rdnefos £l Gt e Faspelioas Mt oot
dri VeCoEl.Qsﬂsdn‘ibly’tlZZGJlnbludé&cdlmDZSEnd Y @ﬁ)‘é)h g0 sy CoﬁJfBSbbln 205 is
din e, ar t hat other types of drive
Hbes fio hikeate ™, Calibopyin 98 naoa shae P maliton sdisigece
Zélcblmimmleh mill 2044s seuhd.\Cal204 iBrmaaket on ool bobik QOQ opposmg
Si n dir 0 m ma ssenb
SR 204 BT D854 o203 L BN S5 s
whil 204 Shieeitdrratihgvaurderfts oaans*ermnfzbatan@mngmm té a‘mact and
/ / US 003/ 011 ha st
S o8F 2eBenu B R Pan Ty 68t o7 oef o plotlte in
oppesitian ta onfelammheondw t 103A or 103B. The curved edge
290 o ded
manner G EaRe S TTBIRCRRP bt i dridlctoaany 04 Fow
goodsi 3rhagemourt€aitotibdrer il 4.1 Brifdr 04 medfeset fom flow conduit 103
by ®. Flow conduit 103 moves in the Z-direction with an amplitude AZ. As flow
conduit 103 translates 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 its
associated center of mass, CM, rotates with the same angular amplitude, A, as
flow conduit 103. However, because of the offset angle, ®, drive component center
of mass CM oscillates up and down line L. This gives drive component center of
mass CM vertical motion AY
FIG. 4 illustrates a balance system 400 in a first example of the invention.
Balance system 400 includes balance weights 401 & 402 coupled to flow conduits
103A & B. Coupling of balance weights 401& 402 can be accomplished using
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out er edges of a second side of magnet keeper 202.

Wal Il's 213 and 214 control the direction of the
magnetic field of magnet 203 perpendicular to the

wi ndi ngs of coil 204. 10 Magnet 203 is a substantially
c\ArCH Meghadsripduding mashanicahattaghsient itiazingercgividg. Baldnce

Megigrt 40407s! ascéritérto? thas8oM,2 B@I%ﬂ@é wéﬂgﬁg?’(ﬁ |)§( E%te%i %ﬂg Yddhted

The naqnet s| eeve and magnet

seehAbptdis craies obnasgMet an@wwmwemil gesambly centgneitmass
2081, kékuﬂ@ﬁi“&borﬁ&ﬁ@@'@érﬁe%@nas%lﬁ} thaP3 1804 C?C@A {Fé X9 idhe of

pol e (not fixed to its second si
r@g‘ﬂéé 18%@“'%%&6'@%%)9*# 403 hasp cemtar ofiraagsi GMed Batanche

hbeigkcm2ds 6R6d ahd rHéGféatsu&O?naE s Qérrtércdf nﬁd’s@ g‘émbﬁled with
fz%el ds |nto coil 204. Coil asse ol 'l

4 Magngt asemblyotantes obmgss EMn reéwt%n @ czwlnesi ceater ok mdss

tOCH; a2 @B8tatéd &n tHeOXly HatbfoR8dt 1688, h§%ﬁkzular aftribytes of
ptg &%udl n froma first surface around

BRES Wetsints I8 ausisthabihareassdimesaielociiy Bhbiha batsce weight is
CabamtboppBREE &) the fass GRiek vaR4ity Sf thO BRRGRSeHAY/ i

s alternating currents to 20 cmﬁ 204.
']ﬁ%g'r%&'?@rf?’.&ggﬁbf%?‘?r@m@séB%%bbmI 204 and magnet 203

to attract and repel one anot her which in turn causes
flow conduits 038 to OSC|IIate|n
opposition to é&e ﬁé\” Ves=03 j || ustrates a (3)
sinmplified X-axis sectl on view of flow conduit 103.

t 103 has dto it driver 104. Driver
T3 Mhes SERLEE s GATERIRICE Wetght Countesp thg margplum of the
abivduadsed®d attached tda pdrécularcionaait a9givish bix an anpl i t ude
AZ. As flow conduit 103 translates In the Z-direction
its fixed location causes it to rotate about its
center of rotatiMeg)y «fRpa)esul ting in angul ar (
anplitude, AO Driver 104 and its associated center
of mass, CM rotates with the sane angul ar anplitude,
AO, afIG.fg idustateschsldnck GPsteido508Ve anothecanismhl®bf thBevention.

Sl 308k o i FRTLRT 650 5% el oo
cl®3pch Brusingelnaiapriogs 5048 505 Mest spiirgpbodisiorionteddm FI G
PP R GRS PRIt uld e S5 S o
s tiow soaduit a8 ot 2sserulpy @20.t The stifinesoodaatt sprind 88Madd Bass of
(B%%lcé % Sgﬁuft g@f‘k?e”&%géé\@ gcgtﬁta?‘th%%]attﬁ*aﬁrequgncy &he active-

y balance in its first vnbratlon 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 (+2) 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
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i ncl udi ng nechani cal attachnent, brazing or gl uing.

w@aloanew3s wei ght 401 has a center of nmass CMol PCBEBZNO®@11959

wei ght 401 is sized and |ocated such that its center
of mass CWbl conbined with the coil assenbly center of
mass CM results in a conbined center of mass CCML
that is located on the X-Y plane of 5 conduit 103A
/@H\esalctlvb@rLtwme\aeé gintal 402 oppssita t@&l@t\eﬂir@ﬁionamneﬁwnﬁ .of the

Sar 3 e uR0ett e Bt S Gl e MBRLSHaE e EolisThes San
bentearly efimimated. Thdhsanes dédign bmnwplemarmjlmteduhmmiﬂ of

1035, TrecpnRralpie M ffiReb S el SRR wERRFHE ana
\5912 ge suspeedezijfcdrm chrduits HOSAE B Hyi Imﬁpm&xj 50:4 &\506f theheibrate
o n@ﬂa%%s Itg %W c n%.ﬂtse@r%?\lﬁé ;ﬁngessggl nglsﬂ \$e(?}l |tﬂ?toP(?s Aass being

Yodple@tﬂﬂlamg:orfdorts t@M&B.ow conduit as shown by: (M*

VY) B . | .

ol afiglie e bbb 8 B oo lR) 2 vy e
@ﬁseth (Eor tdustamee, dedaraatiory obihe awdnifdldtoastingsdnytdoodiibiforces can
%?P hE nfete aY@Qs R)ywerM%Wth %&(r%\( gflgﬁé glg A: ||oﬁ':‘s
iTTustrates ance syst emsb N ano er e f of
tirhehasewdtit thehcaus8h b thealriye stass oBe€l, theo Itmajleadarml rmapgecan be

il e té?&ﬁgé%%te%ggﬁgg%gggnél'w &91%' tB%%eoﬂjgﬁﬁ;léﬁ B

usi ng rngs Lea

cefasmeten. dtikewigm ifdké flengsl yoradorddus @ersartlfolct defonatioplisane
gl eI Aol GPeBBRS wieks S ik palohSs FleBpan be
spadergnadled and mass of 25 bal ance wei ght 501 are
chosen so that the natural frequency of the active-
y-balance in its first vibration node (the diving
board node) is below the drive frequency of the
meter. Wth the natural frequency bel ow the excitation
(drive) frequency, weight 501 tends to nove out of
phase with conduit 103A. Thus, as conduit 103A nobves
to the left (-Z direction), active-y-bal ance wei ght
501 noves to 30 the right (+Z) relative to the
conduit. But, because of the angle of |eaf spring 504
to the X-Y plane, weight 501 is constrained by | eaf
spring 504 to nove to the right and down (+Z and -Y).
This i s advant ageous because when conduit 103A noves
to the left, the offset coil assenbly 220 noves |eft
and up (+Z and +Y). By designing nmass and spring rate
such that the Y-direction nmonentum (nass tines

vel ocity) of
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the external Y-direction vibration of the entire neter
can be nearly elimnated. The sanme design principles
apply to tube 1038. This second exanpl e has an
addi ti onal advantage. Because wei ght 501 and 5 502
are suspended from condui tGLAI®BA & B by | eaf spring

ey V|brate out of phase with flow

Wlﬁ%}uﬁa %83‘% resulting in very little of its
mass bei ng coupl ed to flow conduits 103A & B. The

bove ted to conpensating for the

rlvef\%(nglg%ﬁ etr%gé'gnsm st ance, deformation of the
mani faﬂlelasi@serﬂngsob{ywtondwt forces can 10 cause the
net er f t e n. If this
fl ange b@%%?elr%%oq@&:jﬁotﬁﬁ apleg‘t‘l Q[“E f@h’r%%%é{é'gsed by the
dr i veatraBscesystat coumdecmtot ihe ab@lasmme flowseondaity viveerein the

Hn%@%?%eﬁw(?s 99%@?@?%5&;8 %Dcr{ ilﬂgtn ﬁg%%@mﬂ@go‘f :u{éf t?ehéer%%
fSIyahagss el @and oppekite to thenmoinkoluch ofdihe drinet $ysteni.s

,out - of -phase with that caused by the drive nass

of fset, the bal ance mass can be 15 nade smaller. 10

\AD 2004¢ 090dB5IoRaTEigseDOI ML WbEein the ARlBCe FYRigmicomprises a
o Bthdss: 1. A Coriolis flow neter conprising: 5 at
'east one fI ow conduit; a drive systemcoupled to the

at | east one flow condw t; a bal ance system coupled to

té"e afpd %@ﬁ&llsofgﬁ/ hh@ oF&IéHHlM %vher‘@ﬁﬁﬁ@'bglaheg%ﬁ%@gge and

emis and | ocated such mentum o

syst
tioateshsuphdleat the eorabingd cerjer0f neass obPieokivesystgmang the balance
Ertntht Io‘é? p‘?%x%gt% FLNE oFHE tc@ﬁﬁegﬁ? ofthe HRRaSPEALHAW oW

aim1l er ein ance system conpri ses
a baI ance nmass. 3. The Coriolis flow neter of claim1l

wher eirfe CRRIRHA RSt BBLISM 1 WhelchPHle ®BRince system comprises a

balance mass coupled to the at least one flow conduit using a leaf spring.

5. The Coriolis flow meter of claim 4 wherein the leaf spring stiffness and the
balance mass cause the natural frequency of the balance system to be less than

the drive frequency of the flow meter.

6. The Coriolis flow meter of claim 1 wherein the balance system vibrates out of

phase with the at least one flow conduit.
7. The Coriolis flow meter of claim 1 wherein the balance system is located on
the opposite side of the at least one flow conduit from the drive component and at

an orientation substantially forty-five degrees to a plane of the flow conduit.

8. The Coriolis flow meter of claim 1 wherein the balance system is located on

the opposite side of the at least one flow conduit from the drive component.
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one flow conduit. 4. The Coriolis flow neter of claim

1 wherein the bal ance system conprises a bal ance nass

coupled to the at |east one flow conduit using a | eaf

spri n% 20 5. The Coriolis flow meter of claim4

wher ellhe Ereolisdlaiv mpter nficlaim T Whersin tha datanee spsitrmaricsized and

t"&%ﬁe*f“@ihétﬁﬁen% bl bf GO EREY Blsdh Bl Aigosicthe
rfeg ByomepBINg of tia @rige sysiem ¢ 4 Hiseetioptrerpentiicolaatana drive motion.

wherei n the bal ance systemvi brates out of phase with

the at |least one flow conduit. 7. The Coriolis flow

Mk er Agnethpdiforfarcehelresing a Keriplis tovcmetsy Heving ablehsicmedidw

%ndﬁlhﬁq&ﬁeﬂaghgs hgﬁ%gfe ét%% &t least one flow conduit

fromthe drive co 30 an orientation
subst &eHAliag a;ﬂrlf/@ﬁygtemutqw%@@e@égnq o conduite of t he

flow ganfiHg & ba%ncggﬁstg}ﬂrtb Hd at l%és?%@ﬁ&ﬁﬁoﬁé%tcéﬁd m 1

wherei n 't he bal ance” systemis | ocat e opposite
si de @Pafﬂr}gearhi’tsm@@me katance [systemcvg that theompmeatudr ofitee

%m@@@%temlé-eé(@l 2094 Mé%th@%#&%g%f%@%a Ste tem N€

Coriolis flow neter oé) claim1 wherein the
systemis sized and |ocated such that the nonentum of

tihe b%@ﬁféﬂwo%%‘f%%mn 118 IRAHg tﬁ@@tébctﬁ@éﬂrﬂlﬁ‘g e dalfice system

nmoment um of the drive systemin a direction

h’éF}SéﬁQﬁ'@iﬂea{Paﬁ% a drive notion. 5 10. A nethod for

force bal ancing a Coriolis flow neter having at | east
e flow conduit, the nmethod conprising the steps of:

18up| g methad; of slairp 40 dvihes comerisipg tf@a%@p%qféoqerﬂwnd sizing

GROBAIbkce sysRiMPLUHIhA (A8 LaMERes )éér‘it@m)ftrﬁaésr@ tied dﬂl\l%asﬁétem and
one fI ow condujt; and locatin Si m%gtt he bal ance
I

= balancs YIRS RIRYMBHR RlEAT thetqeeteﬂw hineldeas) spefipw
icong@gtial and opposite to the nonentum of the drive
system 11. The nethod of claim 10 including the step
of form ng the bal ance system using a bal ance nass.

115 12TFré1 mefRidsidlaih 13%%:&%‘51%;5 bﬁdoluﬁml@é bslaRge éﬁeem to at
ati.ng and sjzin t he bal a syst em such

0 So Lok SR B et S5 Ao Rorace an e d6 hbast

améflowmnbatw@@am%md,l es proxinmate a plane of the

centerline of the at |east one flow

14.  The method of claim 13 including the step of choosing the leaf spring

stiffness and the balance mass such that the natural frequency of the balance

system is below the drive frequency of the flow meter.

15.  The method of claim 10 including the step of vibrating the balance system
out of phase with the at least one flow conduit.

16.  The method of claim 10 wherein the step of locating the balance system
comprises the steps of:

locating the balance system on the opposite side of the at least one flow
conduit from the drive system; and

12



conduit. 20 13. The nethod of claim 10 wherein the
step of coupling a balance systemto at |east one
wo b@wogostiui t conpri ses the steps of coupling BChabznge 1959
mass to at |least one flow conduit using a | eaf
spring. 14. The method of claim 13 including the step
of choosing the |eaf spring 25 stiffness and the
bal ance mass such that the natural frequency of the
bal anecgentsirgf taebaknbe bysterh Bebsiantiatly forgciveieyreet té A@lane of
f,[bo nmeter. 15. The method of claim 10 including the
st'e O%POW%’ ating the bal ance system out of phase
with the at | east one flow conduit. 30 16. The net hod

of, claim1 i.n the step,.of |ocatin h al ance
oot et el SLBPL R 5B s abeeo MR REEtom on
5 dhsbpposita sidecof thixpatdedst ose dew abnduidramt tHeehive sgstemt | ow
conduit fromthe drive system and 12 WO 2004/ 099735

PCT/ US2003/ 011959 orientating the bal ance system

sisbst aheinsdthod bfardim-10i whesreie gtepesf |docatiag phdisieingthe bdiance

fl C bt 17, T : f._cl ai Lne i ng.t

SR e o ser SyBRIRE §yefathd et i ] 18 e

snamenifint dfehabalbecessysteneisfdqoal aamghpositd todhe tioenethtunv ef the

10 lsc}{’i?/g% tegfﬁh ch]?r%cﬁ@\t;%c}ﬁer%cuﬁr% g‘d?‘lge W{&%l‘?' n step of
ocatrng and SiZing e balance ~ system'conprises the

steps of locating and sizing the bal ance system such

that the nonentum of the bal ance systemis equal and

opposite to the nonmentum of the 10 drive systemin a

direction perpendicular to a drive notion. 13
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