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METHOD AND APPARATUS FOR FORCE BALANCI NG Background of
the Invention 1. Field of the Invention The present

wonventisn rel ates to force bal anci ng of a Cor POKiUS2004/011795
flow neter. 2. Statenment of the Problem Vibrating flow
tube sensors, such as Coriolis mass flow neters

t ypiMETHOD ANBAPBARATUS FOR FrQBGErBAf—Ai\'QiNﬁ ating
fl t ub t ub l.
br oper 1 o5 associ aBAr K PHREHIEINGeRORL £ (o,

tube, such as mass flow and density may be determ ned

bé processing signals fromnotion transducers

el otihedNYFREPT he f1 ow tube. The vibration nodes of

TSP TRl i SdaRifbereEeRem fotidey
characteristics of the containing flow tube and the

rial n therein. A typical Coriolis nass
2?@%&? Eppﬁﬁ?‘ﬁ’z@'ﬂde two flow tubes that are
CO”'\%F&ﬁfﬁg' I ﬂPoé"ééﬁbdi‘s,%M' éé‘@oﬂbh@hﬁ%‘s flowR et typically
system and convey material, e.g., fluids, slurries
opehatel hkdetecting mtmmfeambmim flow e tor tu’egs)kidaav centaihs a
as .having a.set of .natur.al .Vvibr c ud
AL BReRICS PR LB 6 PRueD e i e 47ighhs mass
flowP R ednB®Rfay B datdritihéiby PrRIdetking ﬁ?ﬁélsfﬂrd?Wmotlon transducers
nmeasur enent a pI i cation, tvvo U shaped Tl ow tubes that

asgpeiated withdhe ﬁ@WaHUb@L The \sbailootrn@de%pfet@odbfaimgt raaterlal-fllled
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chedadtetists ofethe enesigingtfldvetubeendlinegmatéral céntdlmwtlfe‘rem
symmetry exists half way between the flow tubes.

t he ATBQ'C% &ﬁfﬁwsrf’ﬁﬁ%s ﬂ‘PW\fT‘%tleéf“a:Vn'“C'lUﬁ’@ tvodiiow L}Blﬂs9 that are
coﬁﬁ?&b@?ﬂ [ Eﬁie‘ﬁn@ ‘3'tﬁ1=9r tFé?%Bﬂé;ﬁ%fjerﬁW édrﬂ)@y?ﬁ%rlal e.g.,

er a ane Symet r tatlon
flLﬂdﬂZ)lSdJ.a‘héS apddhedﬁkd ihythersyatmmaEach flewgtubeanay be viewed as having

8 S0t U dbraian aodes detk ey fh BadmPle, Sare bpbd S, torsional,
ra{j@ﬁ;Bheréouale%imaegpmwwga @6n$l|?sem§a§ fow Mmeasitent

requency a material flows through the vibrating
afdlioationyder, U{shepadtfiomntwfesﬂh@t dreqwientee parallehtmeactedther are
commn

extite 2 btate AT Bob SHERH hefitst BiitBEBHase bgading mode.

EARESJES arthedd i 8l edth %baiéﬂn@eébwuaé@%nm@? biki¥e A plane of
del a%/ or phase differences between notion at
4

SYPINOR

vibration, the flow tubes’ motion is a periodic bending toward and away from each

fekists half way between the flow tubes. In the most common mode of

other about the plane of symmetry. Excitation is typically provided by an actuator,
e.g., an electromechanical device, such as a voice coil-type driver, that pushes the
flow tubes in a periodic fashion in phase opposition at the tubes’ resonant
frequency.

As a material flows through the vibrating flow tubes, the motion of the flow
tubes is measured by motion transducers (commonly called pick-off transducers) at
points spaced along the flow tube. Mass flow rate may be determined by
measuring time delay or phase differences between motion at the pick-off

transducer locations. The mégnitude of the measured time delay is very smali;
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transducer | ocations. The nagnitude of the nmeasured
time delay is very snmall;often neasured in

waamssecsnds. Therefore, it is necessary that PO®US2004/011795
pi ck-of f transducer output be very accurate. Cori olis

ss flow nmeter accuracy be conprom sed
f%ﬂﬂﬁﬁ%tarﬁdtmé@ngﬁacwga e, 1 s Recersasy t@atrthemkeoff
tra?‘fsdeEQF‘?) %Bérnﬁfgeé“r%?%a” sing from extraneous

rces r exa riolis mass flow nmeter having
unbaﬂ:mrdBdnasswﬂowenetermumys*eayebemmMromlbe@bycmnhheanties
s case,and qﬁ%t he at ached Eh_gel in e dri

L) Rmedriesyin "ﬁ%t@éﬁ FUGES OB TTRM %%'E H“PH@”S'”Q from
embbag féicaw %P%xéhﬁﬂ@té eorigfs! nidie waﬁfété,eﬁa\ﬁﬁg %paaianced

bration of t eentlre nmet er neans t hat an‘pl
canrm)nmtscas cexseenxtarnal wbmtlparofdtarq@@etm of thre attaﬁ»ed pipeline at

vi bration, and.that ff _nmeter
thd B tRienRl " Wi e o4 off0iElo (i Ren BaifRib Hiw tupe
viirabien faneaHe Meidesité extstngevibratibh@F the Ratifd SRS RBaNS that
nmount i ngm stiffness has been observed experinentally in

davepisg of ie meteighexierealndpralipp dampsthedfw tuheevibratians aad that a

sti@grﬂg eﬁq@ﬁ&ﬁﬁﬁgﬁgs él‘oﬁ\)"‘u{blébf??_éljee&u ﬁ/@@él éé §gﬁ$§gtg? Bhount lowers flow
tubadliegabhon The fchangt il dowttubé mesgienth aligasountihd etN‘fness has
tube stiffness due to nounting stiffness change

been Phsesyed eXpeEmentadly in Reetres mth higheexernal tV'QfQU%'I‘ @ﬁgohtude Itis
a BRI b HbARESH 1Ry RHsbd tdatehffieuid density.
oca ket so results In an
Freqaelad:y rs aso andndipatiorf af ﬂd)wv&ulse ghﬁthes&h e_@ham:gés iovilove tube
stfhgsa Lo SRy MecR ingss chaGhS T ERtbraliat rdpkntbeqneter. The
leel?:? chligiry Bé’tv@éﬂ tﬁ@'@v@%@ﬁatlbh%n@"(\%@ ext§|'r{bﬂ ®idrBfon) the local

characteristics of e nmount are generally unknovvn and
envinonotesnh géscoresults iman amgtabdegerasignal, (at flay signat wheofno flow is
the @ﬂb&ﬂ anced conponents cannot be conpensated and
ignificantly affect nmeter perfornmance. The

ef f et uRdediRepexteftAragsh peRlAs tABmatRd ommmtglgrml in an

variations are reduced by using flow neter desig

ameuant tbated@mruisc@mtherﬁgldﬁwaadcc@mwnaMﬁh@m%m |Sdfm@al e

crgpBgbcklyhesfbin 4 BnEag, ol P b bl dEREE PR tme and
teftipeesture thé effectshef thbmmtiatd)mdadcﬁnpbmtgcadnalsbé bempensated

vi brate in phase opposition. This is often called t
angl may Sdﬁ!"r'@‘éﬂﬂtmﬁffe@t FRAter PRRRIMaRES. nbhe efferisf thage unbalanced

v&aﬁbﬁg tﬁ{gp\{#ﬁ?ﬁﬁg%@ | r ec?}t’ B8in 6!’%& ffdtbPPesigns that

erpen ons
areda‘eﬂmrmude coor di nat e

The balanced vibration mentioned above traditionally involves only a single
direction of vibration: the Z-direction. The Z-direction is the direction that the flow
tubes are displaced as they vibrate in phase opposition. This is often called the
drive direction. Other directions may include the X-direction along the pipeline and
the Y-direction perpendicular to the Z and X-directions. This reference coordinate
system is important and will be repeatedly referred to.

There are also secondary sources of unwanted vibration in the Y-direction

resulting from tube geometry. The tube geometry is normally configured so that the
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systemis inportant and will be repeatedly referred

to. There are al so secondary sources of unwanted
woiRsatisn in the Y-direction resulting from t BO®US2004/011795

geonetry. The tube geonetry is normally configured so

that {henotion of the tubes': centers of Ss i s towar

MmN alikp HPBM caitersfBRSRISJOWar ¢ eng Ry Bemssanteethpr about the

pldheIBf §_\P}ﬁn+8%|§'3"fh{!§ ke B/ 'df%ﬁé%ecméuér'i‘ef{ﬁéb@b%ataﬂd fluid)

['urd)” mass argely cancels. In order
masseast laggelptanbalst lherderrtoaveidl -meatien obthehtuberdemtersfof mass,

e LR eSS Mk i oot aeaer iy PBREHbAE Ryt Bending axis
arl |§Rfé£alﬁ! ?§ %é’hﬂﬂﬁfetw ﬂ)lbn@e THekepI&tkd \ineﬁe Féférr@é'té%%%e

Sy nnetr ane i s vertical centers
babancmslgnaasdf theesymme’nsy p&rwolsx)«/@rmcraé ﬂaemntqsa)feeass;must lie

t hat Y-d t. I Ih
citegtiBgVe e bihfinbeerp by thef Bl PRAERIST Gralf incets
r esuffidrags blsena b@&)rﬂl’drY &ibratd karté in trmwcmrc-,@u&n ras@lting from the
ot her masses attached to the vibrating portion of

t he
drweavwr@myanwemmrm othes seassegiatiashar toitive athra@g portion of the

flo&ﬂ)ﬂr%)%genﬁf‘e (‘Mrlnl éeegtﬁ{iﬁl?ﬂ It\ﬁbraitlﬂp {ﬁ%r{eﬂté %/H ﬁ% réi%?red to,

at’i ng COﬁp e cen mass O

fovslhﬁ;ﬂicit?,gastthmﬂbmm; airhpei@tst if thecentdrof nhadeeof the vibrating
offset fromthat tube's bal ance a Y-direction

camperanthgiteehediq §?‘a@ﬂ@w5vbe S b ulatfube'stiaience plane, a
Y-'éiHB@ﬁén W)Péjt'irﬁgf A issgg{ib ot 'Fltlletlé BB &%@%etﬂ es'ﬁeﬂcﬁﬁg motion

rrver mass ance p ane
ha& alrotetibh compoment. tHhiher drivar inossd uscnﬂspabfrem balbnt:e ipdane in the

Z o SR B MtGichd et PR Sofies 2ABSES He fver mass to
haleth E:Sﬁfp'o??nf@lt mdflof ﬁ"rﬂtlﬁeYlHil%'héh qulmebébdfbé Bﬁ{HeZYf!ﬁre%ﬂon

extrene of fset of a nass. a mss is offset fromt _
mbtidrcee bel undersipod b@@ne&es@lzmg an gxtreMmeariésetiof @mene lf a mass is

oRER TR bt e A ALdrRR Ui REOS AbgDfneTRihdfo axs),

theh thé %t@h@ﬁal desdnett bs BlotiBrssscet fohotaequaly B thedy and
t ubes bal ance the forces in the Z-direction but not in

Z-directions as fniwatessFEqualsdfsemasses @ndbe dweikrading dybembalance

thizlaleBS IR HRE &M ResBop Sl B RLRF-abefons s 22 The ar ver
massERA 248 084 1 digclobes @csmﬁtﬁdtocmetmob@inmam{-mmuons by

the flow tube's bal ance pl ane n Second
affipgl aheliset Wasslo; the qrposis sa%ofg@ Eethabaé\séhatdéwer Mass so as

toltiHn gtzthg c{g)ﬁ?t% h@&‘ c@ feh of st&‘?to ?I%ﬁ/ % ST hcé‘BE# e plane.

l'oc aneso the owtu
f or c®scomdarg hnbalanbbd vsb:ta]‘.lmforoés ansalsmbelgeneratednrethe

3’33 l(?{% gg%r\ﬁv%ﬁggtrgg%fe%s@{g%é% ngcahted on the batfance planes of

the flow tubes. These forces, which are the subject of this invention, are generated
when the masses affixed to the flow tubes have unequal moments of inertia about
the lines connecting each respective tube’s end nodes (hereafter referred to as
bending axes).
Summary of the Solution
The present invention improves the balance of the Coriolis flow meter

structure by designing the vibrating components so that the moment of inertia of
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the |lines connecting each respective tube's end nodes
(hereafter referred to as bendi ng axes). Sunmary of
woOheos8eisvi on The present invention inproves tRET/US2004/011795
bal ance of the Coriolis flow neter structure by
de3| ning the vibrating conﬁonFnts so that the nonment
enentds egeal todhe srnent of iBg(ia ofitheatrerghinaeomponent.
r e expre33|on
Tﬁ%?’?éfﬁés'ﬁé Ol oy R R A ot 1. Wner e
= the nonent of ine th s r =the dlstancel{rom
t he rotatlon axis o e conponent to the increne%
mass dm . = the total nmass of the component R = The
Whexdi:us of gyratlon of the conmponent The nonent of

|nert|a reat | ffected by the distance termr )
Theiry a §Eﬁ%?%@ef‘é?ﬁf‘ el a driver in a Coriolis flow

mhetes, thaggptation axis is unknown because the tubes
bend rather than rotate. Fortunately, as long as the
r met e gedhetdistanee fprmitter iotatiqreaxialof thes sempaneritadhe increment
posi ti on#{ the h0| ce of rotation axis does not
matter Flel axis theoremstates that the

Monent Oftheﬂ!&fal hi?as@bﬂlﬂﬁeéan%nénts equal to the nonment
of inertia about a parallel "axis through the center of

Rmass pl usTheneadius ef gyratien ohéheicemaaoenbet ween the two
axes squared. If we set the nonments of inertia of the
two drive conponents about arbitrary synmetrical axes

equdthe inoeferititd n@érﬁé&m?mﬂfwaﬂédétﬁbﬁltlm tiistdnceted® # Pbeing a
t he center of masses of_ the drive conponents are equal

sogared {arih kora fHverie 26eaplis flaw rpates) the rotation axds is unknown
be%?[]%ﬁltﬁ' 1Bl sSH RPN bt r8t gt Fb%nﬁféﬁ 'Hsélggé tdosntﬁ%f/rg@ter

drive conponents equ one o

geloneeteeist symsmeftrioyésgudl onadses aiyeqml positibhy) thedchoicdavidtation
nonent s of ertla gbout t he center? of . mass

s da8e HobtwER!. T R begrerD RiAtEP v tha daomAgt of inertia
oL M O BT BN T BOLE it I e
ceater dftreass plus the mass times the distance between the two axes squared. If
we set the moments of inertia of the two drive components about arbitrary
symmetrical axes equal, then the distances from the arbitrary axes to the center of
masses of the drive components are equal and, with the masses equal, the parallel
axis term cancels. This means that to set the moments of inertia of the drive
components equal, one only needs to have the centers of mass located
symmetrically and to have the moments of inertia about the centers of mass equal
to each other.

The components of the driver and the coil including their mounting elements
are fabricated in a distributed manner so that the mass of the magnet and its
mounting elements is equal to the mass of the coil and its mounting elements. In
addition, the magnet and its elements and the coil and its elements are configured
and mounted so their centers of mass of these elements when combined with their
respective tube centers of mass are on the tubes’ balance planes. Their moments

of inertia about their center of masses are also made to be equal. Making the two
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mounting elements is equal to the mass of the coil and
its nounting elenents. In addition, the nagnet and its

wehkermanisoand the coil and its el enents are coRETESe®d011795
and nounted so their centers of mass of these el ements
when conmbined with their respective tube centers of

(coibgrd magnsi) elemanis of equall maseapd deratingtheicomhined centers of

s 41908 PER o SRSl R 3o PRl Sioratons

within W%wﬂ‘ﬁé@r aMiaHn@gﬂid e tdraponemtisof équenhinsersts of inertia
mass on the bal ance plane contri butes towards a

COPB’HR%% tha derthergesucten in wicRSIEAYIRFALIRNN t he f1 ow
t

rertomefieholiBucr R iS BFRANE ot Mo EGHRonBREF Mon8its of inerta
abgn??mlncfﬂhtermmaeﬂ eqGalreinithese instaveesran alteinate approach can be

ifficult to set the conpon nts rrents fin
Usilo OGP DOLa RS MRS Gt g DA TPEREGS TRET ks in the
Z-&i?eéﬂotne rarhéht‘ﬁq ARPREORCHT lﬁé‘ﬁlahf@r Hﬁ@%beﬁ@éﬁﬁé%d@é’ﬁ&bmé larger

noirent o I nertia |rrpact he nmeter balance in the

missdom Hhratisame wtmraThlsrtedm'nque)fn essandealdasr therparalldd @xis theorem

be bal b th
to $RfheE eRRiieof ey el ThedBSSuRo bPSoB] i ttaton.
t heqp elhirRaRArGiCRe EHTRE! i$ ch bengyen MatiLdrivdreembodying the
(assunmed position) axis of rotation. In summary from

presentabesrdion inclydes igemegaeat earaponerd and @ il sapmepent It can be

G SR SRR AR ERBOFRD: €t

ap@@?@t&@@ﬁﬁtﬁodwﬁ@d‘}é 66l thvapoRgite bire Bipieatst and endurted to their
appar at us enbodyi ng the coil conponent are fabricated

resprrtiveflovetibes inseich & eapaet th?é th@ Brase i dke drvagepmponent
R it b fle ol pSTRRSnEIN 1t i oL ar O RREABr EoiBiRcite have their

cobtisiped éwitls thaflowttbbe) cartols asfetiasm/oh hhelh eeé;iemiwe liadgnce planes;
centers of mass on their pective b pl anes;
argh e i MEGBohagRBN A 1 COlH P TR B eV B dsgments of
iné‘rﬁ‘é%b@@lﬁ%elf@é@@hﬁof}ﬁna@.@e%b 80R4Hg Bhﬁléh é%mlérc%ll%f)mponent to
Mass. e nounting of such r|ve coi [ conponent
the hettbot obarfict flaw fubstarfd the mavetinghdf theemagoeit ¢crrgp@|ﬂent to the
t he net c one to .the ttomo econd, f| ow .
D35 OF A Gerasd BRIy e ATOUEPS SyanenaEa SaBBEeT SryRflER which
vitra RS PRSI L ON- g HERRSoppbsRIvASEn PRIbfLsiHst theyedilation of undesired
I nhi bits the generation of undesi red i nternal
inteimalatbretiens.Furt her in accordance with the present

| S SRl B MRS RS R iapgcors ar

dSSRIH, fAlSTiciRSeE  arbthouated Bie tieh fld\ﬁﬁubéillmﬂ]@eéam&) heknner as
each pick-off transducer has a magne
described for the driver. In other words, each plck—off transducer has a magnet

e

O

component affixed to a first flow tube, a coil component affixed to a second flow
tube and distributed components that provide dynamically balanced elements that
do not significantly contribute to the generation of undesired vibrational forces

within the flow meter.
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conponent affixed to a first flow tube, a coil
conponent affixed to a second fl ow tube and
wdi2edsriiasb ed conponents that provi de dynam cal PgT/US2004/011795
baI anced el ements that do not significantly contribute
to the generation of undesired vibrational forces
ASIPERTS the 1 ow meter. ASPECTS One aspect of the

1y <% PSRk TR Bl ey s TS TToy RIERG! B Afsifo
Vi brsaﬁnsdflow tnbasmdop pesirid tow aliveadapteddneeotibrated in phase
a drive system adapted to vibrate each flow

symet r
opPRSHIoRFRAUL Addane O S¥eNM8iend nodes of each flow
t Ubea dfive 8ystéhPadsy tBS t6 UBraRESAch flc?\ﬁ'tl%’é H806t éiédssﬁnrnsetcting end

rating drive system conponent fixed to sai
nddleevoftamb flovetudreg vi brati ng conponents i ncl udi ng

secqn brating driv nt. af fi xed

ot Sretbiife Snddass RERY AAPRORER By Pt sagmponent
afﬁ&(éd/ﬁb SHgriesofoaRmeent s are of equival ent size and

position such that the nonents of inertia of said

f i r ssecbndwikratiag soimposents incluslings seeend vigraingvdrivesséem

cof RN Ao BB ol 8BS ol s < 0 second

Vi breaiid fiest éindveconatvitiratingaeing Blsteit ebeipabkyits 8@ 6f equivalent
first and second vibrating drive system caonponents are

sizg aegl positivaasIcHbat Mmamegﬂt%ahlaertr?a@,fs%d fistdiowy tubeyplus said
g T o R S T A o

sal us sai
inaﬁtibrcﬁtsiaitgsela:o?nceflmysmwasrpmmeetorhd viboatirey drivessystem component.

balanc ne a all el S ane .of s

end HiG @ 3L ate S DAl St sV Hasents are
sée’d“foeﬁ lﬁ@ﬁénﬁéllgsé’dﬁl #efed flow tube plus said

secon ratl ng rrve syst em corrponent lie on a

secd?r@fekrabbnd:he phdm@dpamsalell flrsbflmwtub@Badéheafcombmed center of

YR PERfE Stk it s 32l trsk Bt i TS5 Eppoqent fie on o
f.r@tftsé|éﬁ&e b@n%%éiranéwtétsaid BMINEW! ?/rrﬂﬁét rgaarft second

brating drive system component includes a magnet
corr;m@bmdeﬁ obsaid s@con@ﬂowtﬂbﬁ@@dttbemnableed eabteriafwass of said

secong f%w tu e ng lsla?‘fj é‘ééo%e\ﬁbﬁ%ha cﬁ‘;&‘l dSy%PérJn c%%B%%%%'Phe ona

second balance plane parallel to said plane of symmetry.

Preferably, said first vibrating drive system component includes a coil
component of a driver affixed to said first flow tube; and

said second vibrating drive system component includes a magnet
component of said driver affixed to said second flow tube and coaxially aligned with
said coil component.

Preferably, said first vibrating components further include a first pickoff
component, and said second vibrating components include a second pickoff
component.

Preferably, said first pickoff component is affixed to said first flow tube; and

said second pickoff component is affixed to said second flow tube.
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Preferably, said first vibrating conponents further

include a first pickoff conponent, and said second
woisatissg conmponents i nclude a second pi ckof f PCT/US2004/011795

conponent. Preferably, said first pickoff conponent is

affixed to said first flow tupe; ,an&,sai d second
pi cKIeferaBlypsaishirst and sprerd ViDEALY drivegyant cemponents are

Sii%bg?’ ﬁ’é&f&ﬁ@é{ép{?m%%%“ cand second vibrating drive

em conmponéent s ’ar I'zed to have substantially
equdtreferablys thePendl @oakk wf shivdirshitow dukes andl tkaicdnfbined center of

mas O 4 Gt W6 LpeLA S 5P 1St G rahint Ve SYPTGoBpapent i on a
ﬁrmagkﬁegbla'nbgp&aué th'safd gfé%%?%‘?nﬁhé\w allel to

ne of symetry; and end nodes’ of said second
f | ovenduhedemaf sdid secabd flew tubatamd the comssined ceateat of mass of said

scB 0B L AR Sl 15 B S BB i on o
se@@ha!ﬂa%ndewléﬁé%a@élwleo@éidsmaﬁ@bf§¥mmé1mer aspect of

the invention conprises a nethod o operati&g a o
Cor iAnateer agpeaef e nyeptor cagipriges iarmethiacdei epgratiaga Coriolis

ﬂo@\,p@%g%ﬁ(?%_&!)@%lg ube adapted to be vibrated in phase

0 t a plane of symetry; a drive system

adap fiet flowvube ainel astorid flow tuthe adapted taxrsvibrated in phase
connecti ng end nodes of each flow tube; said nethod

onpposPions3bRyt eRlage Oh§YBYMEtENf i xi ng first vibrating
componint S(PELAEfEado Wealh AFLALRR SRR B, Ginecting ond
nodelsraitaach floonubeesail methadicorgprsing doedtepsbofat i ng

drive, £m conponent to d second flow tube; .
S1 71 GBR T OUEOR CRgRANERTY NCE e e PR BDisiye sygtem
Cﬂbm@y@%gmﬁ@ﬂﬁ&nqﬁﬁg to be of equivalent size and
at t

position such t e monments of inertia of said
fi r sffixingwetabe vifiraing abuhpbnests inclding agedond wibsatingdrive

C onent are, subst anti Iﬂl equal to the nonent of
SYBHEP COMRONeDE IS SoanAINGl ERBa pl us sai d second
vi br@zihggan@rddsﬁiowﬁg SHICREPANE BEcord SbeatY drive Sstem

met hod Turther conprises the further steps of S|2|n? o
cosapendrits { baef equivelantsisr and pgsitien sech yRatdhe moments of inertia

orSPRRERD R BUUE ML e S Bh B ernare
subseittially equal to the moment of inertia of said second flow tube plus said
second vibrating drive system component.

Preferably, the method further comprises the further steps of sizing said first
and second vibrating drive system components to have substantially equal masses.

Preferably, the method further comprises the further steps of:

positioning end nodes of said first flow tube and the combined center of
mass of said first flow tube plus said first vibrating drive system component on a
first balance plane parallel to said plane of symmetry; and

positioning end nodes of said second flow tube and the combined center of
mass of said second flow tube plus said second vibrating drive system component
on a second balance plane parallel to said plane of symmetry.
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positioning end nodes of said first flow tube and the
conbi ned center of nmass of said first flow tube plus

wealm/fiisset vi brating drive system conponent ORC&/USR003011795
bal ance plane parallel to said plane of symretry; and

positioni ng end nodes of said second flow tube and the
c onthiretedalelynihermethaskiisther C@&lpﬁlsgé&*&ﬂ—'ﬁh%\ﬁt@mﬁ)@f pl us

<o AR PR bl e B RS il fing 2 col

coﬁwm‘%htwﬁ’rdﬁléfﬁbéa’d ftréltefldwtdbm;lahdrther conprises the
further steps of: affixing said first vibratipn drlv

sy s Edining ARErRan0Nd; \ﬁfana@agﬁ’glvg SY§tam COMRAMERLS Bclugding a magnet
coﬂ{edo\ﬁ%%t BP a'OQIJelr Eaﬁjl o bHQ%W /i aid b@fé)ﬂglllf‘ghg%ed with said
ORd VI Brating arrve system conponent § 1 ncl'uding a

cormgnqiormtrponent of said driver to said second fl ow

t ub d iall i ghed th, d
br o RIPIRSRG- Mo cee semsricDst vERa favs system
cofdridink ﬂmrférrs Y&nédéb%@&imsahpwéﬁh&ﬁ@tnai@aﬁaige@nd vibrating

I'rst pickoff conponent and that said second vibrati ng
drldelsyetemsbmpmnpﬁrrm&r includésa sesond géckodl carsperent; said method
(ﬁ é aon%nt a| d nmet hod i ncludes the further
ingdy MREF BRSSP first pickoff conponent to said
fir Serﬁnilhgw firsbgickém orfdonshid Said giestidbwiubiedbhd
conponent to said second flow tube. Pr eferably, t he
net reftixing atsesonddrighatteemppaemnidosaidiseeond flawdubecond

D e SO AT a8 A KW o SaB pcor

copfsbrieie o Rave suldsthhtislty é$wm35wsend nodes and the
conmbi ned center of mass said first flowtube plu

sai dPrefarablyy fhe metheg Birthgs oSS ROSHIONEN eah NQUps pgsaid first
C
Tl BB PR3O RS S Sl anf o SRERSH e s
satfitsit vitdatirentisve efstears somboreitdors a divsicdodlance plane paratel to said

sai d_second vibrating drive system conponent on a
p'%'&eﬁavrsm We@Nfl ane parallel to said plane of

”“;B’dsr % &hé 'rﬁﬂbg f Qhid %%%Wﬂﬁoe@ﬁd ﬂh@&‘@m@ﬁ%d center of

nt ages and aspects of the invention ma
mbss besaid rs@eosd dlow uuberplas saudoaamgndfwbmang @IFIN@\ﬂYﬁém component

Of’ldj@eg\%lpslqe SCI‘ I %rlmé)BaF FPO sald%(l)é] e O syrﬁFhe t h the

Description of the Drawings

The above and other advahtages and aspects of the invention may be better
understood from a reading of the following detailed description taken in conjunction
with the drawings in which:

FIG. 1 illustrates a conventional prior art Coriolis flow meter;

FIG. 2 illustrates a typical driver for a prior art Coriolis flow meter;

FIG. 3 illustrates a perspective view of a Coriolis flow meter embodying the
present invention,

FIG. 4 illustrates the Coriolis flow meter of FIG. 4 with a portion of the outer
shell removed;

FIG. 5 illustrates the flow tubes and brace bars of the Coriolis flow meter of
FIG. 3;
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FIG 1 illustrates a conventional prior art Coriolis

flow neter; FIG 2 illustrates a typical driver for a
wonroriesd Coriolis flow neter; FIG 3 illustraceasano4/011795

perspective view of a Cori ol i S fI ow net er enbodyi ng

the present inventi I lustrates_the Coriolis

{1 o Geblussfates the Hef\ﬁpﬁﬁt"é? wsmfdhe&r VERP QfitherCairtisiflow

2lG 5 illustrates the fl ow tubes and brace
me{‘}gfgf/g tHe Coriolis flow neter of FIG 3;FIG 6
i 11 rdGr dtilesttaes a&festmatc'roas seoéimafvieWe)fclhe\ﬂew fabes of FIG. 4

3 FLG 7 ill trat
aftixEipithe Siver slodnerts erthanying s BYemit | ow t ubes of
FI Gri@, Bfllfdﬁl%@eé ﬂ1et (F%[qaﬂé b¥ e @r‘l\ﬁif@bﬁ‘lx%‘%%fé%d 5&cond flow

i nventi on; ustrates the details of
tukis;wed D affl xed to fi rst and second fl owtubes and

FI G k1. trat e. S ff t d

na FI e ATENEY ik etBié BBl hrEirafedibent ppb AR Mt in which
thdyhrSaffilked & trofndRsesédt i on of the Invention FIGS. 1-9

and the follow ng description depict specific exanples

to teach those BetaileshDescriptionraf thednventiaRe and use

: 2: &:Eléﬁtg 1%5;\% ;{’Fﬁ% t&@ﬂ:@ﬂg%g@?lon@é |I:trLﬁ)e%“ co%gagpsles to teach

thaskpskilied imathe drekowto mMakd ard use thebesemhodéuftke sudntied. For
in the art will appreciate variations fromthese

th%QHFﬁﬂsésOfttﬂ%@h'F%I'ﬂquWﬁ|Hﬁ'npl%e%§§ﬁée e@n\ferm'qnﬁ{/ew%ﬁ have been
Slrﬁéﬁréﬂ;&hltﬁg} X dééb lﬁﬁéd i b HPRI gla @%néﬂ?‘ns from these

escri OW cah be co I'n var
exampted that dalhwithintthplseoparof éte mventidn t Hl'bose\skrﬂecj om theAart will
a result, the inpvention.is [im edt specific
appiePcbaLbedeRNGS JERepohAouH 4N b OIS EatRs Ways to
for‘fﬁ‘frﬂtfltlrﬂg %Véh@r'?é éft §€:§MD OH. %g:regh@iﬁg idvartion i Mot I|m|ted to
ustrates a r|o l'ow nmeter 5 conprising a f

therspecifiasxemples d@scaubeddmlw, klit=only byithe cwnsl\aﬂcbthelr equwalents.
D imect ed to neter assenbly 10 via

density, mass flow rate, volune

f1 ow|GaY gjudtefied hTsHdBTRoW hidter 5 esRpFising £ floaNfer2REembly

i nformati on over Eath 126. It shoul d be apparent to

10t eeiq eleetonias 2Re Meter elratronias 2} isseannectrdia meter assembly
10474 I@ad Wtobgro%we density, mass flow rate, volume flow rate, totalized

mass flow, temperature, and other information over path 126. 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 tubes 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 tubes 103A and 103B.
Driver D and pick-off sensors 105 and 105" are connected to flow tubes 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
spacing between manifolds 102 and 102' to prevent undesired vibrations in flow
tubes 103A and 103B. When flow meter assembly 10 is inserted into a pipeline

9
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type of Coriolis flow neter regardl ess of the nunber
of drivers, pick-off sensors, flow tubes or the
wopersatiis3g node of vibration. Flow neter assenbbynmﬁmMMJﬂﬁ
includes a pair of flanges 101 and 101’ nanlfolds 102
driver, 104; pick-off sensors 105-105'; and
Syﬁiiemv%wtﬁé@“ﬂ)ymah Gatmz;shemﬂat%lﬁ Peiagdnpaswreds fnaterlal enters flow

méatggé%%gmﬁ @ﬂﬂoﬂl&i Hiﬁég J%@O?SQ &dthtr@féﬂ %\éﬁt:ﬁiogﬁ‘?olaq%ﬁ where

an es are
thertotal arhwdsnilﬁfzmtmﬂal@s’zmrema itd enhter flodRtudred T0BA aﬁd G 03B, flows

tnipih T LheRCR i ok OBk ancL ARG e B! mBBIaHA O wher it it

onayi ons in flow tubes 103A and
mé:ilt@r %égélvr\b‘\ﬁgh/ Wﬂﬁé%ﬁﬁaﬁ%sggﬂbl y 10 is inserted into a

p| péllowidshes ¢63Armd Hldale stlectedoand apsrophiatetymenindéd to inlet

it PR Gt Gt 40805 g Ve REblap Rt Beferng mass

disthsitor, roinehed ofiRBHIAL afl é@étﬁ:fmébuh absuf ls‘éﬁcﬁ BRes W--W and
enter flow tubes 103A and 103B, fl ows hrough 11 ow

Wiiberespesiivainid Thessaxasl coatain the ’tblb@uﬂncbnodm(a’taﬂianamp'oints) for

eath E{ogv futb é‘lgé(&ttg %sa%gt%gg é%ﬁé\%g ({I%irgﬁg%f | %Plﬁ*gld%(?n }a'n

esaémallyrpaﬂamélyfag}ﬁunt ed to inlet manifold 102 and outl et
mani fold 102" so as to _have substantially the same

mas oW dubesh 10308 afﬁa%\fﬁrsbbﬂrlv%@tm #hagh @pppaition@bout their
é{fﬁé@sﬁk/b &m@m&%féﬁwgﬂ@\??‘sabnw YRR g\ggwl&? 'ﬂfésﬁr%?BbV & ¥ending

e axes e en i onar
mquie of e flaw mesteh Drivey D ubay ca'llmqi')rléé @NetafbnanyEWeﬂ rl@hown

a"%gtgg%egll 4 i n%%g %ﬁ% H@Sﬁeég@ﬂn esﬁe”m By opposing coil
mdlirit¥@to @oWﬁuBBQ%%EO\F;\l P8ltbhiitingRettert 1CpasIRERFSIGH fhe opposing

bendi ng axes at is te
cobb i cefisdbnth figw ks tof osdiltate inphase eppogiioneA itaje drive

stk B iR st 0o oniee o Yadredd00R sy Bt e Gescription

of FRG! 1 pRSViiEd ﬁlefréI?\Hstérbéxéaﬁé% ofﬁﬁe%de@éﬁlﬂ{ by C‘é#i'bh@ "ﬂbw meter

I s passed through the o p05|ng coil to cause both f
andip &t inderderd tq |ﬁﬂéfh¢1t€m¢5\m ofpihesresent. invenrtian. abl e

" e ol 8R8trahfes ol atras BB R Sor o Gab s efids 1 antl fir,
regpentivelyd Vietee lsfecionids m@mﬁcﬁlc@% d teverpighal o eaRfs £10 which
Coriolis flownmeter and is not intended to limt the

capge Arvey Bito oreilleianiuhes t0iAa ard sEein Rhaserorpasition. Meter
el OricAISAbcteR68S Uit Sh@RBhEvABChF&lRak oMokl transducers

105, 105' to compute mass flow rate. Path 126 provides an input and an output
means that allows meter electronics 20 to interface with an operator.
DESCRIPTION OF FIGURE 2

FIG. 2 illustrates a drive system 104 for a preferred embodiment of Coriolis

flow meter 5. In a preferred exemplary embodiment, driver D is a coil and magnet
assembly. One skilled in the art will note that other types of drive systems, such as
piezoelectric, may be used.

Driver D has a magnet assembly 210 and a coil assembly 220. Brackets

211 extend outward in opposing directions from magnet assembly 210 and coil

10
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respectively. Meter electronics 120 produces a drive

signal on leads 110 which causes driver Dto oscillate
wohowtitases 103A and 103B i n phase oppositi on. PVEUSR004/011795

el ectronics 120 processes left and right velocity

S|gnals from pi ck-of f transducers 105, 105" to conpute

assaEDlY P30, Expoketp qrgavlpg@wm@s eéwnﬁ@uwasdq&oahthe flat base

a4 2 FEECRYER, o sR I Rl A & Etipfored to

re€diGe a2flow tutsd rIQBAS)ra%B' V'Eh@szsitvemédg@ a0 oﬁbmo‘kéw Zﬁﬁare then
n a prefer

iment of Coriolis flow
Wéab ﬁi&rm FoRRRAPHEIANNEY aﬁv&ﬂr{%fhogv %Ab@a 1|03A%1@n%8ﬁ8tto attach
dr%%%’@'lg?gc s e ® the art will note that other
types o

rrve systens such as piezoelectric, may be
used\/la@ndat\msehbmgm h&smmagnm:bkabpgr 20D aamdbasec dBtackets 211

oFEEBIY A 4 et AR P L TR Pt

fro%ﬁ%uté’rr & ZsédorRl ﬁdéﬂd?%a@{ﬁét%epét 209, Quhwes 18 hhe M4

the fla ase and have a sub ntia curved edge 290
CO@tfobﬂtﬂ)dthﬁ’ﬂoin efdhe maagnetictfigidnod magneéaeﬁxp@rpemdlowat ththe
3A Of The curved edge 290 of brackets 2 11 are
W'Pﬁ@ﬁlsv&!l %@?%r in sonme other manner affixed to flow

t Ubﬂ\ﬂaéﬁ@t&w@ é@@l&stbﬁt@tyt@@|hdﬂéal\frﬂégr1@t41émg§39rfirgﬂ arfd a second
flow nmeter 5. gnet assenbly 210 has a ma()ynet keeper

engh2Magngt %%%es fltmcamﬁgn@gn@ stegvendot sbawa) f Thgtm@gw sleeve
ar?i: rg%@ éoé‘ S gfﬁxéﬁ%o a%éo%gzs;(ﬁfﬁ%d?f%é%ﬁ kee{%ge? Uh%ak Lecure

er e es O a secon

mafaet 2@'3 InSma@Be’aansiseZﬂtéldeOt rMbgmétQ%B ty@lwally rhlaefa pdiie (not shown)
endi cular to

a@ﬁg@%@gsgo@wez enr%tagﬁgff’ pﬁegﬁpfss%p\@rvdwa?ﬁn at s fitted to the
se%hafé?{dzg@ha wélﬂ the d t.erf Ids ﬁq?&e&?'zélﬂd

|tte into a nma eeve (not 'shown).
The (Dmgassembb/eﬁ&ﬁ mnhﬂdeagndtZOAOﬁndroelléfobbxeﬂ% .oCail bobbin 205 is

afbis e BRERIER 249 S O2iD 20RARR SRD RIpERG G gt surface

arBGh& viHIER céthM)is ablihde€dind4 & meGRRY &1 esil ba_Blﬁin 205 opposmg

magnet pole (not shown) is a cap that is fitted to
magreii20Endod R0Adg sennegsd to lead é&@ witih aa@mt alterﬂa‘mg:lgurrents

to.0 2087 Tl maBbs TR s cobR B pddlat 7o pttract and

repEPGHE Bndthbt wHigh In ek htsedfiolagbés _~$0@R|anr@|_fm3BJﬂj ogcillate in
roma first surface around which coil 204 is wound.

oppeisitioro® one abeiiekd on coi |l bobbin 205 opposi ng
Description of FIG. 3

FIG. 3 discloses a Coriolis flow meter 300 embodying the present invention.

|.

Flow meter 300 comprises a spacer 303 enclosing the lower portion of the flow
tubes 301, 302 which are internally connected on their left ends to flange 304 via its
neck 308 and which are connected on their right ends via neck 320 to flange 305,
and manifold 307. Also shown on FIG. 3 are the outlet 306 of flange 305, left
pick-off LPO, right pick-off RPO and driver D. The right pick-off RPO is shown in
some detail and includes a magnet structure 315 and a coil structure 316. Element
314 on the bottom of manifold spacer 303 is an opening for receiving from meter
electronics 20 the wires 100 that extend internally to driver D and pick-offs LPO and

11
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magnet 203. Coil 204 is connected to | ead 110 which

applies alternating currents to coil 204. The
wahko@srmetso ng currents cause coil 204 and nmagnePCRAB2408/011795

attract and repel one another which in turn causes

A e T T o 08 RS ke o0
30501d Q?i‘%""]b tABYiRE. 300 enbodyi ng the present

I nvention w neter 300 conprises a spacer 303
Desarlptionraf FiGe 4l ower portion of the flow tubes 301 ,

302 ch are |nternall onne heir left en

DoZ e AisH Sl Ay Do SR Ao0n ThiS Uy Emaven b front

pdHioih 613‘ Marf folthEp&EKtB03 So ﬂ%@ba&%@nﬁeﬁwél't@@ﬂ@ n?é?ﬁfolcﬁgﬁacer may be

mani fold 307. Also shown on FIG 3 are the outl et
Shewrt. | Bhg@astgethat afet shsvek oo FiGL AU naftan 5|G, k3, omluaa@@uter end

30 574 4 o A0 10yl €10 BT g, OB R ot

opnings 40% aBd 641 EHiewetnbes B0 1ahd 362, anirvedfiew tapsisketichs 414,
@acer 303 iis an opening for receiving frommeter

4ds anRd dd 72dntuse, fipwdabes g0 irad 304 wWheaterabaus theiyberding
a)%rggvgfﬁénmnq'h%' SitePEAS bR Bﬁggﬁﬁ fd 94 eqﬂgﬁﬂ Brace bars

n use to be conn via flanges
4(than@ab3thel@ dptepalinatheolochtien bf bendu@gmswla!m Wf, FElEment 406

.4 FIG .4 | [ 300. Thi
s & BRI URTe i th TMleSBTKeRIP GVERIANG RicepHe LG aad RPO
wﬁ@h tafa@hopeﬁéwn'dﬁ Fl@"ii td m.ﬁ.&%mﬁ@@. ; ce™ 8%he flow

shown. he par s that are shown on ut not on
meteGinlat; surfabe@@%attlee flewcmbtesiositiebir s 401 and 404,

out e A0RGR B aftbherioner pisince Bbeigh arifos fow tubes

30UaNEG0D! awe b@ﬁilﬁ%@kégw afd 4w’ ér%hcﬂr@r@ex@h@lrfblﬁre IbAgth of the

use, flow tubes 301 and 302 vi brate about their
ﬂqyén‘tﬂtﬁrg3(é&es Wand W. The outer end brace bars 401

. t pe i nner brace bars 402 and 403 hel p
D ‘?, 1200 Iﬁi BI ocation of bending axes Wand W.
El eri@. Hé¥mpfsés anmbllm/vfotfﬂbwrtabé@eotl R d"8OZHhich are shown as
affixed to driver and pi ck-of fs LPO and RPO whi

baing OHBNargihbdmﬂeﬁﬁeﬂrem Qa%OFhefﬁMW,?éthﬁ)WﬁHéRW of drlvgr D (which is
o FAECAFC IS 57 B bt 855900 o SU04aP Gy B0ftfaco bar
401naed 464 rttbg@theofmthfwtheit obéniagd<l06farid 412 budeakso3hbvandn FIG. 5.
ThesRiTeat of e qutar g deteciineet fow tubes 501 02l shown '
exaggerated to facilitate an understanding of its operation. In use, the deflections
of the flow tubes by the driver D are so small in magnitude so as to be undetectable

" by the human eye. Bending axes W and W' for flow tubes 301 and 302 are also

shown.
Description of FIG. 6
FIG. 6 discloses driver D which has a coil section C and a magnet section M.

Coil section C is shown as having end 601 of a bolt (not shown) which extends
axially through the entirety of the coil section C. Surface 604 is the axial outer end
of coil section C. Element 602 is a coil spacer that surrounds coil section C.
Surface 603 is a spacer. Element 604 supports the wires (not shown) which are
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Description of FIG 5 FIG 5 conprises an end vi ew of
flow tubes 301 and 302 which are shown as bei ng
woubosantisy defl ected from each ot her under thePCT/US2004/011795
ian uence of driver D (which is not shown on FIG 5).
nner brace bars 402 and 403 as wel | as outer brace

conaﬁgte@lds? tha@ndsofced evindingafcril seetien Copklemeyy 6055s dhg outer
B2 rgoPLBOy SpoenSiop p Hsfece gignanflipe wres o

coihsagtien & ack wouhdciHlemehe6o armﬂlmrwh'asm dorny)rrsfng d:@l sectlon C.
ope the deflecti,o

by Jﬁ'@ Vg]"%ﬂ@eg%e@mlnclpﬂe?%g%E%E@ Qgrlg@ r’B@gnet
br?’&%@t@@)t\ﬁﬁilc@ W@ggﬁﬁ% n@?ﬁﬁ’dr@hcﬁ%&?f@g@@ﬁ Wounter
and own

or flowtu al'so sh scri
weifhiFare rr&gﬁe@c Backets 6d8eandisurface B1dturctnetelf eemdoammagnetlc
S C“ng C and a magnet section M Coil section Cis
‘ﬁiﬁ)ﬁ s having end 601 of a bolt (not shown) which
ext Qﬁ@%eaéblﬁbbs id Bh@lg‘ﬂbd Wa%"ﬁdsfcﬁda ndl Wﬁ)n@ Pr'léter electronics
[

section C. Surface 6 s the axial outer end of coil

1280eanareonductarsidat Tagfield created Ibysnargizedingll 60& intaradis with the

S A o B e SRR A% o megne

eléeneN® wbve eixialvinghage @Pp@@itlbniﬁﬂelr‘ﬁlﬂe fafluBhesefthe energizing
605 is the outer surface of the coil bobbin. El enent

siggwd fiogn m@eéalepér@elcgr@%dnm d0ing Hibeylight enerparien of coil element
C @ﬁﬁ';gbo B |F\:cl%ﬁ1 il é%Be%?@%Hﬁgge 89? rﬁcl)\?e i éﬁoso?t axially of the

rsing COI 1 on and na

m%@@étL@ke%p%la\g?esﬁk ebown oﬁgglﬁ (&(Ithmdppelaéunfmweﬁ coil spacer 602 is
racket 61 Lch surrounds nner nagnet,
aftatht IO SITaRBe oo b3t b I SETar THaN elheryRper surface of

mﬁg ktfrbék%@&%rﬁfﬁ%’d {P6R 16wel sGf ?éé‘gf hiehitusE B09f Tdhebc))/scillatory

I n use, coi 'S energi ze
mavesmeu’suﬁ el cadli @mﬂnagnemmmpenem sof dmrerdi% cagsemasimilar

osgﬁlg #&:r&gs 11 @E&?élslegﬁﬂa rg%%é Vél%/l"&l ea{n éggﬂﬁggﬁltlon under
théh@ﬂd&?ﬁ@%fth@d%é%@gﬁéﬂ%n%th 1q¢penent C and the nmagnet

elenent Mto nove axially in-phase opposition under
eshmmlnﬁlgjﬂﬁg of the energizing signal from neter

cor V16 dri O35 reriad v et ey s A Fndoh2Rer sbou

thei 1d iR dftd 2R enibltpottich as twelxdsh lcyosy séd‘tbnnﬁ@\neifltlﬁe elements of
keeper 609. As shown on FIG 8, the upper surface o

calslampgRaidiC.e0agnet eamponrantib ok driverl. <AikGQ2 has its |t@m8urface
affXEF 1R 1owe? sBriStd ok AbWTERE 801! A RPurfids GHhagfiet spacer
610 is affixed to the lower surface of flow tube 302. Elements 602 and 610 may be
affixed to the flow tubes by means of brazing and/or spot Welding. Bolt 701 having
end 601 is contained within coil spacer 602 and extends inwardly through spacer
303 and terminates in element 606. Element 606 is affixed to element 704 which
includes the surface about which the coil 608 of FIG. 6 is wound.

The magnet M component of driver D includes element 702 on its outer right -
end. The left end of magnet M is element 703; the middle portion of magnet M is
element 710. ’The right hand portion 702 is contained within counter weight 613.

When component coil C of driver D is energized, the right hand portion of coil
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magnet bracket 6 10 is affixed to the | ower surface of

flow tube 302. The oscillatory novenent of the coil
wandsmagset conponent s of driver D causes a sPpariuae004/011795

oscillatory notion of flow tubes 301 and 302 to

cofiTETE i Ui egiliancs ey topdA RS ShimpaReLFompanent Nivirafe axially
inW&rchy ﬁh@%ﬁt\ﬁﬁﬁﬂy W‘{r‘fb%‘é@c Jotelé%hfdtﬁ’ew éh&’ﬁ?sg’galng’%%%za similar

taken about thelir longitudinal axial md-porti
ln\mwol arai;oat\l!‘ﬁrdssbrsa@omafrﬁlowtahesﬁSOﬂlmdeB(éZrents of coil

e RER bpver (e ABFIGSS 30% Boci 4 fouCtupgid yibrates about

behling 415 8V'3Hd th@ﬂohDﬂ@xbélﬂ(fZ&ﬁBra@és %@Gﬁﬁeﬁ&ﬁg%&lsﬁx/vlomls is

is affixed to the | ower surface of flow tube

menecHea s SN aRd-IGS.0t aay SheVerticallivg 16 isho the @alarm@q@ane for
refp R, O BheE 7% RoeR e el BB, S g o

thepteafmksf symvaeﬂi/WOBhf\%t@balSm%C'ﬁ’ﬂ 308 the bhalf1od ;ﬂéhéfﬁoﬁ flbw tube
ment 606. Elenment 606 is affixed to el enent 704
Qihe'%ﬂaﬂ% Pianes’ theortaitseending axisWi ane istalse saralgbto te plane

of SyfAmdiny POyItch is] D wag%%m&éﬁgm%e% Qhq Sizver D

on“its outer right end. The left
end Fddw rlnniwaaﬂOMansi 3 xvibrate TIRG a tuhmgtfbddbbo@tdhéircrespéctlve

BT e B W e v
peffectly @yﬁémﬁféllyﬁalﬁdeﬂ SRS tLHeetf‘ﬁfg?% ﬂﬁggnl})‘é‘ggsumed to

port1oh of coilconponent C an d portion
genemtefa longavel afomsamsired vibbrationawithinxihal Ceriolisflowl inyetendf which
th%ytl\,/vardlgt with respect to each other and in so doing

a8$e? 8t il ar i nward and outward vibration of flow

t ubg3G39khane tﬁ@%en‘ﬂh@a%é Weland Wi IB&%@%Iighﬂy"lﬁvb%?rom the

301 and_302, flow tube 301 vibrates about bending axis

cepjeslitesiOf and (787 efiflow BiEs\30r and 80abJinesbeetiding axesW’ and W

ot B ok RA870h o7 eevgyn o resen

inviewtien %&]shO\ABﬂbﬁera P boerding Hxes WMt ahdwV bRe shﬁwﬁldﬁﬁet the flow
is parallel to the El ane of symmetry

tufwe%nteaia N AE6 ?nﬁ77q7sb‘?‘?ﬁl-tsl$é3fﬂ £ MRS @P%ﬁ’&ﬁmf&ﬁs @ﬂ tbw structures
to Wﬁ?ﬁh arg%ﬁt‘%ﬁ p"l‘ﬂ%qfl ﬁ] 0N ALASHARAL '792%7%@

I'so para to ane of ~'sy
(ne@ecﬂng themtthohey dmhpmasmts) aresn'itﬁé tlﬂb&icéﬁiérllr%sOWG and 707. As

the HERS GRIEBRErTR TBERGPRISTaPEE RS A0 A Ad0PY Cipemferenial
pafhﬁ%l%dg\ghé %Eﬁéw@% 2 ee%e\fmr%hc\él slgr 2{ ganrgﬁpﬁg}éé%%rgﬂ{é%s the centers of
mmpmqacfothelr respective balance planes 716 and 717, they also move
slightly upward. Likewise, as the centers of mass 715 and 712 of the flow tubes
move away from their respective balance planes 716 and 717, they move
downward. Unless balanced, this vertical movement of the tube centers of mass
715 and 712 would cause the meter to shake in the Y-direction.

The driver of a typical flow meter also has a mass that is dynamically
unbalanced when affixed to the flow tubes of the typical Coriolis flow meter. Such a
driver is shown in FIG. 2 and can seen as comprising a first structure 220 that is

affixed to a first flow tube and a second structure 210 that is affixed to a second
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generate a low |l evel of undesired vibrations within

the Coriolis flow neter of which they are a part. FIG
W@ 26030ws550 he bendi ng axes Wand W1 ocat ed sl i ghtCIrgus2004/011795

inward fromthe centerlines 706 and 707 of fl owtubes

301, an 2. These bendi es Wand Ware ofte
ﬂowoteaﬁe%v&g' 4 Va1 aids HGRMERRL BASS e dhervibrating Storolture of the flow
t B@’\Bﬂl%bt mal
URATSD the UG Bt §fY maStRTLUER arRa AN MaPthd b{figf the mass s
posidinned in thmspe?c%beimbe?ﬂheﬂwoaﬂmetmfest Iﬂénmsaastdnpnses

cIcfhelisril, 20Ro20F o4 g S Ehetie SharatEd. 25°ana 7 15,

( nemﬁets*trlm&tdre%f@ﬁé aﬁt)@rdom@weﬁeséddi% o 2 Ve tivde301, 302,

~ centerlines 706 and 707 the tubes I nwar ds
instérd of thendréves [bof thesprepest ianentiare the rﬂbw/\meter would likely remain

unflBih SR b8 csBBH i dvat ol He EAL ePErdeRimarPS. Y would be
positibhed tetwden the RENGdntsrstricAEE 70T @R ewAubBs %0‘1 ahd 302.
17, they also nove slightly upward. Likew se, t he

Theshicentsrsf Frass wagddiedar thet inpResiHRel the babane@\piane 716 and
71 ?V\@'ecfaﬁ\glgog @ﬁm% ﬁoéaglﬁﬂeﬁféeésf@v%%ﬁﬁég%m @ﬁérs@fﬁpggg ?/voﬁ?d go down

aslmsfanmﬁ mof/e thwatdigacte ethieg iahdafp aRsey/mbbe @why/fi@m each other.
woul d cause the meter to shake in the Y-direction. The

This Would Gancgl ihgy-dpcianwnbripare fosythears fipviihasdut s
i Gal
un%&?y\wh RBRLANRRIANAE offebt SFfeldivkEombaerdiRets

Corio ow met er . river
ovelvavaimisrth&le@ecRobiing ftram tust@cenater obmpiss wiffsgt frofm thetbalance
ure 220 t hat t flo e and

! fixed to a f
plael alhis GV aaRR HRpUaneed e g BeReies siondicenh amanit of
unbiESifed vibedtichsdhisteh AA6lG neétgpi ficant nass to the

vibrating structure of the flow tubes. Also the driver
addd hertrivien Esof thequrebent imaention mnwesmllmmmmferﬁ Iﬁband a

S poS in t spac etween.the t
mdfiid sompent hOURLh Atei bRt ettt bt kpeicfe/ond¥ of flow
tubEs330REAd 302 iRfsuthe mtahhéf a®to Eh&bledhe fflbw! tiBes o tehtit@ with a
of the driver of FIG were added to the flow tu

migignum Qi@mdesnﬁ@@ é&)«ﬂafmn& hEhigrs aehieped{n aﬁ@orgaagéwth the present

f kely. r j
e REER th s foBhesfEl rftidtoHEG vle EETELRpopent C and
mamtmcom@meaf MRs&athal thepkdchh eoppsists anbahapeitapebalaheed
r adi aI centers 706 and, 707 of flow tubes 301 and 302.

Stft}*ﬁ%‘% haiRgaasabandddentical ineriial shegacterstiose Elrmants pppaffixed
Idlﬁ?lﬁ/ t%%@rb%?tgm 8Pfovl tdi%e 304 a?'nngZ B?ﬁ?#‘ﬁ?e Ef)sﬁlgbéd in axial

oca the drive conponent centers o
al|glmwenamth leach blesr smth‘atttlwvamal earter of ther caihand theamagnet have a

comm<¥n g‘e)r\/t%r axis tha{ enabﬁe(s: t&\g E\,er IEelements to vibrate in-phase opposition
along their common axis. The affixing of the drive element C with its center of
mass 718 to flow tube 301 with its center of mass 715 creates a combined center of
mass 727 that lies on the balance plane 716. Likewise, the affixing of the drive
element M with its center of mass 713 to flow tube 302 with its center of mass 712
creates a combined center of mass 714 that lies on the balance plane 717.

Locating the combined centers of mass on balance planes 716 and 717 ensures
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This woul d cancel the y-direction unbal ance fromthe

bare fl ow tubes but, unfortunately, with prior art
wdnoosansssot he ef fect of the drive conponent of PEEIS2004/011795

overwhel ns the effect of the flow tube center of mass

of fset fromthe bal ance plane. This dynanm ¢ unbal an

ed
thatdhe @ddad cempagiends de swt disiwibrtheaihratidealalance of the meter and
85} BB 3hy RSk Ped Ybbattyd FEePhfboudhe o1l ver
and Taermﬂr@hoﬁmm@ﬂe ahd thevmagned v cefipoxert bfodm\fm' D are

B ST R AT SN O
de%ﬁtﬁbd’" Firsy fﬂﬁ‘i‘n%fsagﬁ% Loife é’cﬁﬁb@ﬁérﬂr@ madd éﬂué to the mass of

chi eved 1 h accor ce wmth t resent 1 nve
thedmggnit Mycorhabnertf driver &hdThe n:enganrof mrgasdw‘ém:of the cou and the

nent magnet conpo hey,
ol rzgs 5159 Baohst 98 BAGESaLel delatice i ing Bending axes
W %@W aRexi, 48 hidrAént 6’f%éﬂtn§' is %Bﬁﬁ@sﬁb@rfbﬁiHeCéon (& c%ﬁ%’&ﬁent and
are affixed individually to the bottom of flow tube
thesotagmedi l\/Bonzmpasnem 0 t:_hqucblw men@r@l ofrinentinz0f efichgfrteese is made

ac [ SO th C
esbarRIEaheD 260 Gt b i el Sratf S Be BlarheFiifb e
exbhsssbyasel enents to vi br ate i n-phase opposition al ong
heir conmon axis. The affixing of the drive elenent C
with its center_of 5 8 to flow tube 301 with its
center of rrassﬁ?SFea a conbi ned center of mass
727 that lies ont bal ance plane 716. Likew se, the
affixing of the drive elenent Mwith its center of
Wﬁrass 713 to flow tube 302 with its center of nmass 712
P€tes a combined center of mass 714 that lies on the
I bal ance phanfomant oflinefial ofahe kengonented centers of
mass on bal ance planes 716 and 717 ensuresthat the
maddéd cor?@@?’feﬂft%a‘ﬂbmﬁfﬁmﬂf“@! gleme™e vi brati onal
baI ance r
" undesir e VI %ﬁgﬁ%ﬁﬁpﬁ@%@%?ﬂﬂ?g@? Fﬁﬁ&?&gqﬁ%éﬁﬁ%r of
conponentmasylof the comgpeier¥! conponent of driver D are
desi gned, fabricated, and configured to have the
vi brational characteristics next described. First, the
f
L85 o ke Lo BUBRARRS obpBRER SR ol Bchanmee
comstsised t8ntefs bhmassidf esct drive acosnpenerdfanddtsrespaciife fiow tube are

IodRa0in Reertncesidnas 76 and £« PEolbitaAartel & fEgs rites
erfsﬁ?escé'dg WWC@‘%G&!&WB@ha%@QH@ﬂBﬁfﬁJbéQ to be vibrated

that th inertia of each of these is made

in-phsesatippokifioaghile avoidingdhe generationesfiungesired agrations.
DddERfoRIFRRALE ™Y be

FIG. 8 discloses the details of the driver D of FIG. 6 and 7 when affixed to
the bottom of flow tubes 301 and 302. FIG. 8 shows the end 601 of the bolt that

extends through coil C. It further shows end surface 614 of the coil section and the

coil spacer cover 602, coil surface 603, wire terminal 604 and coil element 609.
FIG. 8 also shows the elements 609, 610, 612, and 613 of the magnet component
M. FIG. 8 shows conductors 806 and 807 extending from bracket 802 to coil
terminals 604. Conductors 806 and 807 are connected by conductors 110 (now
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expressed as r 2 dm Were: / = the nonent of inertia
of the conponent m = mass of each increnental el enent

wo 260stihessai st ance from each i ncremental el emenPCraskiea/o11795
center of mass of the conponent Lastly, the center of

mass of each drjve conponent is I at ed sych that th
shewhbinaaplyenesaingrsignalsl Bt }r% %Ctm% ﬂéwo 4Rl Section C.

arl SR o3 1 e 1 g BBt Bl conductrs

806raw 837 .aThg magestl dpacbnb 40 tedifixed do the botthmtofeﬂmbu&xa 302 in
the flow tubes to be vibrated in:
the,Aame REBNET (gt INRColerca et B0 EeafEad io s Pottrn, of flow
tut;%ggql ption of FIG 8 FIG 8 discloses the details of
e driver Dof FIG 6 and 7 when affixed to the
Ddsutiptiom of FIEo®% t ubes 301 and 302. FIG 8 shows the end

601 ol.t that e ds t.hi t

P02 36, I e EL SR A Bk SRS Ancieblor g g afcea to
thé BSp 6Pfléw$tﬁl§é§3013aﬁaf30@03éa(§wpickfdﬂ hasa BllTompdrent C and a

termnal 604 and coil elenent 609. FIG 8 al so shows

magnetaosmonant 80 theimme manngi@sgdaesoihetdiiverbynéhe coil C

oo R oo s SRS PR Pl £ maonet

coﬁ%tﬁ‘lé?ﬂ Pas o%sﬂms(aaﬁmcﬁtmmepmcﬂlowﬁuoer&oxtleucs-ofﬂRPo has
novvshovvn% to ap ener gi zi ng nal 110 from

coadugtors AP € yvhichy af%cgwct%é@ p@ﬂd@qorapa et's! aed r‘m fF1G. 1 by
8t 410 SR A AL g RpaRd by bracee
908 fTheedoit @ ¢dmpmntmasoa efanosnttaf2eartd 204 to sbppertize coil

manner that the. c acer element 602 js affi
conpuciass esyedkas f ingian axiglly ¥ éMeSEnd-sustace, 9M%9“ef'\/'

cogﬁnpgprl%éhlc)%[éﬁ'{ %ﬁégég{i ?bi E}gﬁ{ g@ﬂr?ét'o%rféfspahég t&éfe‘ﬁn&ﬁ@og of

to the top of flow tubes 30
magndet?c@ﬂnpcmezﬂ MioEkiGf6. has a coil conponent C and a

dr , v Qpﬁ%éelg%g ar@1 EE’E}S@S&%‘S@E% cogﬁégperae %féq’gbrlcated in the

sathd hﬁ?ﬂ\eﬁ’ Qstdectiped ®r theavier e teatleact dempagaethdd equal

conmponent has a spacer 316 affixed to the top of flow
masses, gepterpiof massfordbe Ipalance planes, and equal moments of inertia.
This ensures that the parts of the pick-offs comprise dynamically balanced
structures that can be affixed to the flow tubes as shown so as to enable the flow
tubes to be operated in a manner that does not generate undesired vibrations.

It is expressly understood that the claimed invention is not to be limited to

the description of the preferred embodiment but encompasses other modifications

and alterations within the scope and spirit of the inventive concept.
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conductors 907 which are connected to conductor paths

111 and 111' of FIG 1 by neans not shown in detail on
wOehka@s5/19155These conductors are supported by braekews2dé/011795

The coil C conponent has a el enent 902 and 904 to

upPort. t he, coil conductors as well as further having
WERES s

Ames isy

nner end surface 903. Magnet M conponent

1.has REIrBHE oY bl i that corresponds to
el enent 609 of nggnecphgdghponent Mof FIG 6. The

pi cle st Jowrtabe (30 )RMIcha sedesd foedube ¢A02 padasted 40 de vibrated in

f ' i n the sane nner .as cribed for the
phg%?@eoﬁ)%gsg%p;ﬂﬂ:{o%&;ﬂae% 8K@metWag6§3h al masses,

Centeﬁtﬂﬁv@éyé’t@ﬁﬁ({[))"hd P8 FidesteRRAToW fIKE S90IR a es,qonnecting

noments of inerti'a. This ensures that the parts o

engli rades ofeachniow subadynani cal |y bal anced structures

t o S nd e O PR R R B aefRo arive
systeat cdogponent (Qearixed e vaideibr fsly vidg:ations. It is

expr essl é] understood that the clained invention is not
to ISECPNEViRIating componests ingiudilg sgcansevibiatingrdrive system

coRBRAMNTTIN) ARtk SAIPESIRR AOIpAIDTi T cati ons and

erations wthrn e scope and Spirit of the

i nveharactedzett mpthalbait! first andise®shd wibratingAdrives $y@tém

flow mFter C{)%‘Ei sli ng:_ a first flowtube (301 ) and a,
CORMBKE"S PGP v3leabyiza FRGRAFTHRN SHEh gt Hieoanomierys £ inertia of
S g B S P R Bl G YE ek oD g eR ¥ substantially
eqarkly thermementsokinertizoolesaid seeand flowdube phes sditrssicond vibrating
d Vi bra{i n cor&/pongnts (D, LPO, RPO) including a first

rkYFEé’ﬁ%“FIgO PN ystem conponent (C) affixed to said

first flow tube; second vibrating conponents including

second vibrating drive system conponent (M affixed to
2. sai d hedeenelistlawmeateeof ¢aim dcharactedzed in that seil first and second

Vib%fﬁ@%aﬁ{v?%ﬁiﬁfﬂ@?@gb?h%“fs%ﬁ ﬁ%%“&;ﬁﬁﬁ%“%fsﬁt@&ﬂ%@ﬁ%ﬁasses-
of inertia of sai i rst ow tube plus sai i rst

vibrating drive system conponent are substantially
3. equdihe: eOtiglis flaywaiater of claimes { iof 2oshasasterized omthatl ow

s BES AT RPN SHBERR cqrpr f mass (720
of shidrfirst fiow helne plustdaid fisstivibrafimg triee dysteapesmponent (C) lie on a
first balance plane (716) parallel to said plane of symmetry (708); and

end nodes (W) of said second flow tube and the combined center of mass
(714) of said second flow tube pius said second vibrating drive system component

(M) lie on a second balance plane (717) paraliel to said plane of symmetry (708).

4. The Coriolis flow meter of any of claims 1-3 characterized in that;

said first vibrating drive system component includes a coil component (C) of
a driver affixed to said first flow tube; and

said second vibrating drive system component includes a magnet
component (M) of said driver affixed to said second flow tube and coaxially aligned

with said coil component.
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vi brating drive system conponents are sized to have

substantially equal nmasses. 3. The Coriolis flow neter
wohoasiiaisse 1 or 2 characterized in that end no®#es/USYJ04/011795

of said first flow tube and the conbi ned center of

mass (727) of said first flow tube plus said first

vi brating drive system conponent (C) lie on a first

bal i i -
5 (T08) 1 SonBES ol heteR B ahy BF cleinS 3.8 cReRei B i frs
vikraéing sebipaenie fitrther diclude a f(rs*tlmgck@‘f cempdneet(ﬁﬁ)ﬁ);‘damdvsaid

sehian rdind omurmiatbinelitech P! péfol CRamRnear (G-

said plane of symetry (708). 4. The Coriolis flow

met er of a‘nk_/ of clains 1-3 characterized in that: said
6.f i r skhe,Coriglis Agwdanetes of glairerh @bﬁfp@temedimématmd &irs iigkoff

0 . river. affi t irst flow
oo AR TROR xRt s i Brd o Bltel G0 B m component
i nC|Sﬁ1@Se60ﬂT@pr‘Rbff@@Wﬂﬁ?@h‘t (@ M) i9 bffs@iddodaiy secaid flawdube
to said second flow tube and coaxially aligned with
(394)-d coil conponent.5. The Coriolis flow meter of any
of clains 1-4 characterized in that said first
vi brating conponents further include a first pickoff
7.con’|p'ﬁ:jm®bn()6@ﬂ<)>vé/ meté&s?';:lém@olnﬂamtdmizediin@aiwm fisttadid second
N ude. a secon I cko CO 610 6. . The
v'fafaf'neﬂr%/efayé MHEPEIPORENES Bfiensize F%Pé\é@ é?«'b%@&“?'?y Bhggl masses.
said first pickoff conmponent (602) is affixed to said
first flowtube (301 ) ; and said second pickoff
8.conp'61&36t)ri()ﬁaﬂ¢wi reetef of glaimtdbciksariadtesizedrial thatow t ube
(302.7Th ow, Itet f claim6 .
Chardiid Soqgu VT sais firsh g b Foflerl Bseropinediqentpr of mess
797{)&5?3&&13#@\'!6\‘/@{[}5@ 6105 Sail ﬁ’rsﬂ/ib@éhﬁgodﬂ'\?é/ §ystem component (C) lie
stanti al equal masses. 8. The Coriolis flo
oro@ ﬁcﬂ:;baiame:hlanad?é@) rzar@llelriOtsaad plamdofr&yme(ry\x?@& and

ot erid h3ded Yot §AE 42Bhe ol ¥k 13030 AR A5 ofiFRlfda Elnter of

misH (P44 said ¥ecodslamesEplBasid ééaorid ﬂbfﬁhr@ cﬁm\ressystem
bal ance plane (716) parallel to said plane

ry
conmed)entdil lieran aseeenq bplagcehane sebomaraliel dp fsa@leplane of
syma and the conbi ned center of mass (714) of said
SECERY f1 ow t ube pl us said second vibrating drive
system conponent (M |ie on a second bal ance pl ane

( 717/1 n? A gld lo? opgpatﬁ]%l aOI C%lrlg se flg\];v r%g{gg%%wprising the steps of:
a first flow tube and a second flow tube adapted to be vibrated in phase
opposition about a plane of symmetry;
a drive system adapted to vibrate each flow tube about axes connecting end
nodes of each flow tube; said method comprising the steps of:

affixing first vibrating components including a first vibrating drive system

- component to said first flow tube;

affixing second vibrating components including a second vibrating drive
system component to said second flow tube;
characterized in that said method comprises the further step of:
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9. A nethod of operating a Coriolis flow neter

conprising the steps of: a first flow tube and a
weeendi$show t ube adapted to be vibrated i n phRe®uUs2004/011795

opposi tion about a plane of symetry; a drive system

adapted to vibrate ea_ch_fgowtube bout,. axes

corsrgiany! RoRtioniag Sakk firshend SEEAN yipestinghiversysiem

LSl t - o6k nfdUchtthMi [ inerti

corfiEERENS 10 Dol SElERen Tize 809 PUSIon dUch it BAoMbnts of inerta
of sxidficstdiotv fibegRislshidrfast Vibratingubive syfstemiangnpenatid@re

sut%g,tgrg;gllign | a | nenh&én??)%ﬁﬂﬁ'gﬁ% oﬁggl ﬁ%nc%p\ém%g@%gplus said
sedﬁ&?{\ﬁg@hpzﬁ@e'ﬁs@?ﬁ%oﬁ%&éﬂl hod conprises the

step of :"'sizing and positioning said first and
second vi brating drive system conponents to be of

val . >) he. .

107 nerbe svghod af s PRl ThebtiF el $8ng IR al fdt and

secHrir AbidtigdirivessyBYsh BngssIae is have sabistanhtially edual masses.
equal to the norrent of inertia of said second flow

tube plus said second vibrating drive system

11 19 Sﬁﬁgﬁé’q\gé%‘f gﬁp%n@a&mgn@ 9 ?)Ir Qb%aug?ﬁggt\%iggﬂhéhﬁeps of:

S SIZing Said first an
vi bpasitiogingrérdencdess efnsaid fipstiiiont sibecarttithe combined center of

- coit i R R
firsf g%ﬁr{%g}“glge ﬁgpallréffbe%iefpl ot &yrhietyt apdt ube and the

center of mass of saild first flow tube plus
sai gobitioaingwrt avdewoitsaid sesgnd dowduhpanerthegipnabined senter of

mapos A PR s Pl e a8e A B ingE o fraryfpeonent
ons‘faglé'%)&dwbéﬁg%?glawe_ SERafelah sl Plamecsgnihemy t ube plus

secon rating drive system conponent on a
second bal ance plane parallel to said plane of

sy try. 12 The neth i < :
12} el irﬁathqqeoffqnvt%c’@%sﬁés gt E@ﬁﬁ%@%"gﬁ‘ ? i spt% of:

Vi brghling sSidi it ARitRE drensaterhsconmednetits ihaudiog la coil

conponent of a driver to said first flow tube; and
coafonenhgf 8 arivestecearid firstiloat fulg: @Pfve syst em conponent's

secatring seid TERRLIERAE ive s ieih Coffinaehus RRRidy p magnet
coRfIENRME BF sailiXirivEheo saidsetont! flomy tubeearad cotxdalipaligredowith said

characterized in that said first
coil component.

13.  The method of any one of claims 9-12 characterized in that said first
vibrating drive system component furthers include a first pickoff component and that
said second vibrating drive system component further includes a second pickoff
component; said method includes the further steps of:

affixing a first pickoff component to said first flow tube; and

affixing a second pickoff component to said second flow tube.

14.  The method of claim 13 including the further step of:

sizing said first and second pickoff components to have substantially equal masses.
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vi brating drive system conponent furthers include a

first pickoff conponent and that said second vibrating
wdnoosa1s3pet em conponent further includes a secea®/us2004/011795

pi ckof f component; said nmethod includes the further

steps of: affixing a first pickoff conponent to said

first fI owtube and affi xi ng a second pi ckoff

1687 o R B PRt 4 Fluchdo o ek W

cl ai m
fir @sﬁl@dl@@ﬁﬂ‘ldo@@@ bf)fsélddwmrfmvetutae and iy eombined center of
subs i.al Ily equal masses, 15. r% t hod of any one

mags irsy fiow quhgm@ﬁ; ﬁ@ldtf'ﬂgt Yibrating, I’gllee%@t%'p component on a

f Wat be and the
flrﬁ%goéﬁ@blﬂﬂe?ér ofb?@c‘?%aﬂ pl ﬁé@f%&/ rst owutube ol s

I ned cen mass o sai
sai qbosltmtng/erhﬂ abdeg oflsaidesexpat émmlbpmmmeomrabmedst:enter of

| | el i d pl f - _and
S Breom Bo € bt il aoeBRd N bratna s avathat Saponent
onG@Q@wﬁﬂbﬁ@ﬂbérplaﬂe PEEReb Sl BltRCSnhhewyt ube pl us

sai d second vibrating drive system conponent on a
second bal ance plane parallel to said plane of

symetry.
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