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METHOD AND APPARATUS FOR FORCE BALANCI NG Background
of the Invention 1. Field of the Invention 5 The
present invention relates to force bal ancing of a
Coriolis flow nmeter. 2. Statenent of the Problem

Vi brating flow tube sensors, such as Coriolis nmass
flow neters, typically operate by detecting notion of

a vi brmsmod ARD APPARATUS Fbﬁrom BALANCING 2 10

material. Properties associated with the material In
the flow tube, such Backeiaund pfihe\inyeptingi 1y nay be
determ ned by processing signals fromnotion
transducers associated with the flow tube. The

vi. bFiatd efithedivegtion t he vibrating material -filled
fs

S ARl o o G T BN e
containing flow tube and the nmaterial contained
theggin. ' Coriolis mass flow neter nay
i?a#@ﬁé”?'ﬁ"’ﬁ’%m@ s that are connected inline with
a pi pehbraﬂng)ﬂowtthm sén(ijams,rsnu:h asﬁcirfdrg maksd}mwmpters ty;r):cally
rraterl ui I ries .a e li in,the

byiaedittinagmptalt & 4ubrafiob ouERE & Yines 1ot SPheipe =
Qﬁa{éfihu Lla’ogéﬂbé %{sbwat&dﬁﬁm thmiaatélnélgn aﬁwnowumml lséch as mass
si nmpl e hendi n or si ona radi al ,and, coupl e
Flovbar Seisity Tey bS BISHTIEd by BReatsiid, Hghiah o moton Fansducers
HYIbEIBRI With tHe' o hubRa TR Vibratior Hhﬂ%sbhﬂie vibRatiAg Ineatbﬁa-fued

paral el to-each other are excited to vibrate about

tsystam geeeraliyiare affectedby theseorabined mass «stifingss and gamping
r@%?acter@?ﬂs %?ﬂ\%soﬁ'ﬁalhﬁﬁ fF:thg n836E nididifal S8 hiafifdaRelsin.

bendi ng axi s symmetry exists half
way bé typisal cheolfs rass Mmetemﬁ mdﬂﬁ@tt“@diﬁmhlbﬁﬁd'éﬂt@re

Vi Qﬁeﬁnnlmter@trf 5@\’}55\%&9 %f %@é@@%@sﬁtﬁgrdnﬁ%ve)( material, e.g.,

ben FNg towar rabou

fluddse shﬁn&s/ambﬂ'leulke&dhe aystem. | Eachyfjdive ubieympy beiviewedns having
Wsd a1 rl’v&l?r%tia?/ M%P?ﬁﬁéiﬁﬁﬁgf%ﬁggsi&ﬁé 8$nd(;§¢“i8rsional,
tnabiasanm o@um@a mwee flmahy;ﬂcal IGDrbhﬁmssﬁhmneamreﬂbnt he

ub s reson ﬁ@ Eéﬁﬁ@%&? ryal r%]ﬁpprealcﬂeotherare

fémed wwbtd@@ gboet tﬁéﬁl%ﬁﬂ fh@dbé( wﬁhé ifipgt dl—@ﬂﬁﬁawb@ding mode.
(commonly cal l ed pick-off transducer

S aanes @ iae ends bf oaeh be defe ear bierslendiig S8, A plane of
dsinsh ety exstdhalf way between the flow tubes. ln the most common mode of

vibration, the flow tubes’ motion is a periedic bending toward and away from each
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 magnitude of the measured time delay is very small;
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measuring tinme delay or phase differences between
notion at the pick-off transducer |ocations. The
magni tude of the nmeasured tinme delay Is very small; 1
of ten neasured I n nanoseconds. Therefore, it is
necessary that the pick-off transducer output be very
accurate. Coriolis nmass flow neter accuracy may be

Witepr easLeed iynaruseconds. | Thereforeyitlisamyesssry test the pichaff

ter structure or from%mdeswed notion arising from
$%§5§F’|" BtRuthe YerK aceat&y appl e, a Coriolis mass flow
et er dHHALS thass TRWaness ac AR Be 6dHip .@mm By hehlf¥arities
vibration of its case and of the attached gel I ne at

tand agynyaelries inhedpeter strueurgerdrom #néewﬁipmp on pasing &em
teﬁ@raﬁ@évé R d, %rte%mn% docaﬁémnéégdﬂdmmﬁ%ednbauamed

extern ration o e entire nmeter neans

cROmpangnts carr@usmeactergababr@mapf it pase ansholthemitached pipeline at

itlgleswgbéjhﬁgﬁémtﬁr equenc ﬂ%@ ﬂ%béﬁ*éern ! tgggﬁﬂ& tube

| vilwatien ahd the undesired eoptmrnalwibram oﬁhagmtrmrrbtenmeanmﬂ\at

A B 1l ok’ R 4Risr B vhdatior Sdns B 1o Eibe(YGBIA o that a
cstiffl méter mouht raises flovwptublel fesquibacywhile &ilsoft rhetbe mount lowers flow
G RRG THRdlotsBv A by B g tmess s
?Ddlﬁfcflﬁéﬁledfai?égg?ntmlygh g\%t%lgbgtgﬂl’lﬁ ﬁbkl%gr;m??rdmﬁrn %lfﬁplltude Itis
b Carise Tay LDBCHERSBFY 5106 %5\3@# fiid gensity.
\Fr’eaeéwns arse a(n\/ihanaﬁé@bmdw Hider A5y, Bh&éé!ﬁﬁ'ﬂow tube

environnent also results in an unstable zero signal a

fotiffness @mﬁo mAuRtingostifinegs changs thegalibration facterridhe meter. The

'teegga}a‘)““ nt t%ézﬂlthgepenamon iR ; ﬁféff@"gir?gétgﬁ%hé fdcal

cénwmemenmlso regiulis én aheinstable zero 6|gn§? (acfiows signakwhenine Tlow is
a‘; eral ly unknown and can change over tine and

Jﬁ% rdture, the effects of the unbal anced conponents
cannotTheaundesipadh edeathl vibnationeperhirps thiel meter butpaut Sigoal in an

erformance. . The . ffec a
ARt RRRRAE B e Ao A PpfipinliF 3R MR RLGSEFS the
ﬁar@téﬂ(ijsms giﬁth‘y_r mdent eg'efgehbmny uAknowe ahdlcan @bdng& beer time and
ﬁ%g%{e‘c gre\éh]e;pafgc%nwgtﬁm Ing:re]llan %/r(re\p&[lgn tc'a\r('n)rri]oail bey compensated
and may significantly affect meter performance. The effects of these unbalanced
vibrations and mounting variations are reduced by using flow meter designs that
are balanced.
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

2



10

16

20

25

30

direction of vibration: the Z-direction. The
Z-direction is the direction that the flow tubes are
di spl aced as they vibrate in phase opposition. This is
often called the drive direction. O her directions
may i nclude the X -direction along the pipeline and 30
the Y-direction perpendicular to the Z and

Ymélidreéf thetsbes’ BomtefLbfhassen tﬁwafodaﬁwaWay froai @a"ehl Gther about the

t ant d Il b dl f
1B, PESTaRetNThys s ORSNAM o il P oh hechiop Rand fui)
trhsss)ésdhfg%w édteeld, QR laraérrts aﬁzbwww@nwfmﬁm ceﬁh-f-?s of mass,

georetry |I's nornal ii/%con igured so that the
rﬁﬁqh&e"@ﬁr qf maasun@%t i fe§pe$t'vﬁd§§ne that inghides ﬂémnding axis

t
e BT RE Mo Ry hoty Qb Thead pERES Wil Bd FTShed 1o 2o the
ftbaiam:)e planes el thewygmlnytrg planel is vettigalp thesgentersof @ilaﬁs must lie

4, B R o Y e A B,

[ t s be'ﬁwmgs aiso a secandary vibpating foste indhe Nedisctior resulting from the

DA oS, A by ol 4.8 306 Wpratng popon ofhe
OfRSW BIbesO ThaRsmn ofthbseé addltldnalewtirht]ngahm'mpom’?ﬁs s referred to,
| ONn

tQ jnsure that,. this Y-directi,on vibr
o sepichvy e ERating pomRRagt, o % pais ¢ et dae viprating
t&ﬁnabrstnt@aﬁamrts%ubﬁ o tibe B dffvet from mermbewsqdaaérfee plane, a
transducers, and ot her masses _attached to. the

vYﬂ'raﬁ-qrgv-Baﬂﬂg derce s geperateg. ihisisthasause thedubgs,hgnding motion
: s §r&t9ﬁ6r{ bcfiﬂﬁénéﬂt by tHe! dief RERSIE BHSot o bBANES bRINGAA the

or si e vibrating conponents. |f
tBeirectinne tha;rth éti@naltmmnanb@f tHge minp@@@ﬁ@%the driver mass fo

4\%0& sgmpen&ﬁ%*ﬁ nicpe i tHReY idireBiigrs Sfhd bithel Vifrestion

ance pl ane rection vi ratlng orce 1s
ganhomcwd be Thilerstenciycvissalizingean exdreme pHeeticiq mess.dha mass is

0 A ERTIANE O} 4Kk B4 T o el )
rleatthe rtﬂira]tlmrpanpnnemfof mdi?n rca:;semit dmmtoge eqnallydhithe?( and

t av, noti on | . .
Calrettanscs It viestes LEOEA ofSpt HRseH onuthe 9 vitrating fubes balance
b@nelfﬂﬂzléféﬁ ﬂfédZ—Elr.edtkﬁtlm#tlnbtt quhaw-tanre]écﬁgﬁ}e of fset of a
Mass. a nmass i s se Q a
1o’ deghRA 2ARI A siebloss grsoluionia e Apbsm ! P e by
téﬁxlhgtaﬂtdfﬁaﬁﬂnaﬁié’ Eﬁ’ﬂ\%e%ﬁpo%ﬁe BRleidla w&m& dstthé driv@Mfass so as
equal n the directions as it vibrates.

thamngdhe sembineckeenteof massiquio thefaw fie's bajarce,plapg plane.
the fog dhﬂ/ inlblefricBl VibrhticH ol & alkd bb gRnerated in the

Y-dir ect Ion
Z-direction even when the masses are equal and located on the balance 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 fiow meter
structure by designing the vibrating components so that the moment of inertia of
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EP 1 248 084 Al discloses a solution to the probl ens
of Y-vibrations by affixing an offset mass to the
opposite side of a flow tube as the driver mass so as
to bring the conbined center of nmass onto the flow
tube' s bal ance pl ane plane. 25 Secondary unbal anced
vi bration forces can al so be generated in the

Ze@mdc{mnﬂe uahmhé;mr{‘rm&fmaﬁf ogme&itl_}ﬂmﬁ\ﬂem‘iMQnt.
n the bal.ance planes of . the flow tubes. These
?@Tec"é?g:!re%ﬂ‘i’rb r %"W@%]”@glaﬂgfaqwlﬁ'ﬁvention, are

generated when the ses, affixed to the flow tujes
have unequal rmrrents?gfrf%gr“t% about the lines a?

connecting each respecfive tube's end nodes (hereafter
"Where:ed to as 30 bending axes). Sunmmary of the

Spl ution The present invention |Inproves the bal ance of
tﬁe Corioli E\oﬁwmf@?mastructure by desi gning the
vibr atd ng esgggonents so that the nonment of inertia of

3 each conponent is _equal to.the po t of inertia of
the other 18 Satansh FERL e rotafin X iae FamppBNtth dhe increment
monment of PREkE@,Of an object is: 1= Jr. an= MR2 (4)

Where: 51 = the nonent of inertia in = mss r = the
dMst arice f theiotalenassiefithe goaReREMt t he conponent to

tpe i@renﬁﬁépﬁaﬁﬁﬁﬁaﬁgmﬂ?{_" W},@I mass of the

component gyration of the
conmponent The nonent of inertia is greatly affected by

L vorTHERaRehForhrke i LR pUBEBTA b Bindsert ) eing o
(sgkaedhtertne dan aadriveeint aiGedoliscfialv metérethet rblatloncww is.unknown
8 Mpef e o -0 olHh e g i the moter
Yronistryds symintdtiic) {equalimasies it equalpuisitions) theehpiealf Iretation
FNSd0es 14 TR 119 HATRIok B8 (0SQTPM sigleshiahp frorRen of inerti
Riboat bR lax@is 8qlans wed mohfent of inertia about a paralle! axis through the
center of mass 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 colil and its mounting elements. [n
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 momants
of inertia about their center of masses are also made to be equal. Making ihe two
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center of mass plus the mass tinmes the distance

bet ween the two axes squared. If we set the nonents
of inertia of the two drive conponents about arbitrary
20 symmetrical axes equal, then the distances fromthe
arbitrary axes to the center of mnasses of the drive
conponents are equal and, with the masses equal, the

iPAnEmaghst) BldrRbMts o B ﬁnas?hr&l iﬁaamg h@%lﬁlﬁnédféenters of
REsiPand naghél)
(0]

nonen Inertia drive onents eq

amesso therhalarce nlanamnmh@te@é?w@m ao'red olindesiied 3 vibrations

SHHEE i i, et Mbing o oA of hquel Fihchis B erta
confrtbutes to afurthee retiuictien irsuntiesived vibratianacl udi ng thei r

ranne SRSt PoievE 45 B 56 08 Alichehl” Hidents of et

rabonot thejr centare of mass egualal In theselistaness aif altteraatevappraach can be
sBl el oG ese. St e of iRl g ERGler Baance in the
;Zﬁﬂifetﬂid’hed sﬁfbllandm&mkbftlﬁéhia gortdr:ahw?ﬂ eah elest)aldnowsby afarger
ese elenpents W eir spec

(i b e pametif . ThEtcTue e 'Bsnads Ued GR2ERIE) Ay theorem
T ®alantB Mdthents @ ingtid hbsutahe (assbh@drpdsmw Ex@fof LGEL U
are also made to be equal ., Maki n v“) 6%00” and
magnetl) SemgiREy fromihechoxe, iheanba e g@é the,driver embodying the

L $venBBh ﬁ{cﬁzogg 1 r eﬂ%ﬁﬂlﬁreﬁﬂhﬁd‘ﬁ%ﬂ'ﬁﬁﬁmeﬂt It can be

ontri butes towa ducti on undesi r ed
Jurthensesndhatthe mmmnemﬂmbmrwrthamneg componert and the

%@%ﬁg%ﬁ‘r@gﬁ@g i on géhl re %‘?‘%}?‘gn E‘IotﬁH{é?ﬁottﬁeir

Sespadtive flowitubes/ mrsuchta nnannlelfthat:ﬂjbtmass ofdhe driver component

SAUBRIEH S T By o PR} 5ROl o

Q@mbieed (witl!dthe%uaube) cartiérsrof ssassroh theireespectivé balanca planes;
bal ance i Z-direction,

ARt b Foadel componestandlnh 251 simpehaSinaYR asial Matrents of

linertig fabo(lﬁﬁn%w%ntdﬁ@bf AABE. Thé mouhtihg of 8Gda drive coil component to
essence uses thevgar allel axis theor&m 10 to bal ance

rthabatiemaf 3 first iow tubesand the snquiting of iheyagpetsemponeat to the
HottoRt] f 4 Qamddho%wmrpfomm H?ﬁalﬂhﬁﬁf balehcéd Btrituaghich

that the driver enbod resent invention
Mimatﬁ;etbe Howdybes ncmﬁﬁsmpﬂam aad ihibits-Hegenertion|af undesired
GRRrid vidratidrizer seen that the conponents embodying the

nmagnet corrponent and the
Further in accordance with the present invention, the pick-off transducers are

designed, fabncated, and mounted on the flow tubes in the same manner as
described for the driver. In other words, each pick-off transducer has a magnet
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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appar atus enbodyi ng the coil conmponent are fabricated
and nounted to their 15 respective flow tubes in such
a manner that the nass of the driver conponent equals
that of the coil conponent ; that the coil and magnet
Ag nts have their conbined (wwth the flow tube)
enters of mass on their respective bal ance pl anes;

ﬁnd Ohetasldeetl oﬁ@ea‘hv?nﬁmv_ imem_fdesrangﬁeli?ﬁ@)w metepcomnrising:
ave egu npnents. o inertia about their cepters .0
s 52 Tt dlong fube anf 3eec0d gwdupeatapted Ebh%aﬁ%ﬂ{edt ip phase
oBtbditiéh QB{)E, fgneaofféﬁ%eﬂrgf’w tube and the nounting of

co t

e magnhe onent “to bottom of a second fl ow
t ubea girive isystem adapted toalibrateé eheh flow twbeahiomt axesicohnecting end
vi brajes the flow tubes in-phase opposition and
NOGRs B{?%C'}ﬁ%wé'é‘?\%r ation of undesired internal

Vi br sk QIB‘iatingléérhﬁbnéﬁtSGIﬁ&lQBg%@ ﬁréﬁ’iviﬂ?afiﬁg sPStBRFESmponent

| nvention, the pick-off transducers are 5" desi gned,
affixed te saiddfjrstfiew talgit ed on the fl ow tubes in the sane

cachgrai bERe bRt o1 b Feootd vilirgfie K component

affikéd X6 daidosetondrfidw fubaw tube, a coil conponent affixed
to a second flow tube and distributed conponents that

pr ovsaid fistrand segand vibratingesystara eompenenis arejef eguivalent size

a8 o5 JUG Ao e OB 8 BB T ot plyg i

vibratingefybtem Qoenpaieatt are substantialesqualrtoithe maotaents of inertia of
Coriolis flow neter conprising: .a first flow tube and

sgjd seeand flowibe les saidsacend d'%kfét'vg Syaleay comPeRgaL:

Oppoééclja?{gr@fég i tﬁat%réq:ﬁ?{%swég’%agg%g% flow b Aneethe/ &DrRBined

adap rate ea out axes
centenefmasg of sdid firstiflswdibe plus sdid firstuibrating dsive system

vi brat i conmponent s i ncl udi n first,vibratin .
caRPRRRE R AdIe! balpnes Blsnepataliel toisAld Plangptsymetry; and
SeCOBAd YioBbd of BaidGIBRRATIRM tbR-arts 6Rd ddrinéradf mgiss of said
system conponent 10 affixed to said second flow tube;
second flow tubenpltisssaibsecandvibrating drive systemngoonpenantdiecon a
of equi,val en} si ze .
second balance plane parallel to said plane of symmetry.
Preferably, said first and second vibrating system components are sized to
have substantially equal masses.
Preferably, said first vibrating system component includes a coil component

of a driver affixed to said first flow tube; and
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and position such that the nonents of inertia of said
first flowtube plus said first wvibrating system
component are substantially equal to the monments of
inertia of said second flow tube plus said second

end. SAHABBHINETRERTBIRER compopEREREidRs ' fiaghlt tiRbonent of
saiddriver affixetito sald secohd ﬂmwttutbé and tcobgially atigned vithi said coil

vi brating drive system conponent lie on a first
CHBPARRRL p| ane parallel to said plane of symmetry; and

ggﬁter 0 b%ss oﬁ %ﬁgaﬂnéecongpr ﬂ?’ﬁkge cﬁé&gs)éa:?f?&plckoﬂ

camponelntvahdmdwgecbnd/wbatsmnmpumemcludeacaecandmlckoﬁ
second bal ance pl ane parallel to said plane of
fy Preferably, said first and second vibrating
SySt PrafeRIBNp eiid first pRokfZinpéheritay affical b 3aid Arst low tube; and
equal masses. Preferably, said first vibrating system
conpsaidraecond pickest coroponentdspiivedito said seepnd, ew tube.

Vi br BetRER) e Flst Hhermefnd Va4 SySeT ke RBnRH g sized to
h&e seisstentidliyvéedualimaseed. t o said second flow tube and
coaxially aligned with said coil conponent.

Pr ef Anathiey a_sagcfopf_fthesmvant@natqrn@ﬂm ffthed O_f gperating a Coriolis
o EDAET IS 5 ERCHS) s B TPRRENG AP tyarydinnea e virated

ingstigsesppositiireabouttz planeaaf@yfnmelry—mnd(aﬂhvemmat:lapmd to
wgffl xed to said f| rst flow tube;

d d .
rate gach B%’P@rﬁ qut a&Pﬁl%GeFﬂf‘%ﬁFa @gg%ﬂﬁseggg&%%?; said
m%ﬁl%@ﬁéﬁb%ha?&ét@nﬁ_éd 5? .and second vibrating system
0

conponents are si zed 10 have substantially equal

mas safi mequhabraimgemﬂmpénerits to samhfirsbflowdulpe;i ses a

rreth é)ertln a Coriolis £9owrreter Itﬂg’Cl |nga

fi rs? tagsc@m%t% v3igsesqag ow

vi br §i& add“p@iiﬂéﬁin@%f fst ARddeRBhd HibthfRg spétem comﬁonents to
synmmet r driVe system adapted to Vvibrate eac

be bbaquwhbnﬂlsma@pesmon such thaf the morngats effinediatofisaidhfirst flow
tutb elils e t'5 ngttnl%dsyb? %o%ﬁénaecn %ﬁ"e Zsﬁgst%%tlally equal to the
moment of inertia of said second flow tube plus said second vibrating system
component ;
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affixing first vibrating conponents to said first flow
tube; affixing second vibrating conponents to said
second flow tube; sizing and positioning said first

and second vi brating system conponents to be of

" ner EafEgHerefdn B S Ficfia BUfhrisR3 nd R ED o
vi br pbsmgnmgsdmmao@frwd fiest dloswiublecanid thie qorﬂbmeu denter of

of inerti |d secaond f] ow tube plu
"?&ﬁ&?ga@oﬁ%rat Uowtdee R Ss% Dist VM#%BS gie System component on a

s the
f%ﬂ??%@%@&lé@&g?%llbh@éf??ﬂal %ﬁnno sklﬁ said first
fl ov\posmenmgcertdmdﬁsmﬂ seidl seeomda ﬂowftubemddhemnblned center of

mfglgr ﬁg Y ; Ubeﬂcgql @{ Ilgg St u VIB t&% (Srl\}e;/ %{ Ocomponent
oR 'a?toPl bRIARE! p Mnegﬁi‘aﬁem@%bfd ﬂﬁhé%f%?ﬁmﬁlélﬂ@s of said

second flow tube and the conbined centér of ° nmass of ]
sai dPafetahly, fthewnethbd further ermprisesthedfuvther stepsgf @izing said first

a3y S RERAIT vt GrpSa G WA SuBt bRy i masses.

f ur t PrsfefdDNRthé Peethbd flrhéhesmplisastief futher sepsaifd
first _and second vibrating system conponents to have

subsafixingesaig fiesfvibrating system gomp@ngn@dnyludmgaa seil semponent of
aP\J,%F ét'thJﬂ%eaEHrt her steps of: affixing said

g system conponents including a coil

Conpaiﬁctmg sﬁld sécdnd vibratirg systent cornpofients inclodinganthagnet
af fi xi ng said second vi brati nﬁgsyst em conpo

nt s, . .
comppnentRf saiddgwes to W tuhe andrq%fa?lvcﬁlsaﬁd with said

w t ube and coaxially aligned with said 15
c&P&ﬁ'ﬂgon'p@tnent Preferably, the nethod further
conpPrefembiyitte method futthert corgpssest said ficstyionating system

Céﬁ{)tané%@yﬂﬁgem 1[” s.t; &Ikgﬁ‘]o” Sor n%ﬂ&pgﬂg@d hsecond vibrating
s d?éﬂnm t ér&cfﬁﬂ hEKI%E ac%f&d@&koﬁébﬁlpﬁﬁbﬁ?%ald method

I ncl further steps o fixing a first
lnpludesﬂhedmﬂpm'rsiapsoﬁ said first flow tube; and

? }c ];:A%( lgﬁgéa firet plcq(on' é:oln%r];necn On%ﬁt irs ﬁow?uge Sand nd
affixing a second pickoff component to said second flow tube.
Preferably, the method further comprises sizing said first and second pickoff

components to have substantially equal masses.
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Preferably, the nmethod further conprises sizing said
first and second pickoff conponents to have
substantially equal nmasses. 8 FIG 6 illustrates the
perspective view of the driver D of the Coriolis flow
meter of FIG 3; FIG 7 illustrates a vertical cross
sectional view of the flow tubes of FIG 4 affixed to

t he dFIGeS ilakeaestite peispastivegriev ef thavdriver Bnof the Borioli$flow
i”tUStélﬂbe .the details of the driver D affixed to
fpglef o ‘®econd flow tubes; and FIG 9 illustrates

the de1@i 7 Blusirates alveplidal trodaseuticich viewdofithe geﬁ?nulsé% bfFIG. 4
all e

\%{C thea_are affixed to the flow tubes.

?‘@Bit_ﬁtﬂi‘% riar elereents poadylngithe fMeBtIoR:. o and t he

fol l om@os m@%étbﬁtthé’ﬂeiﬁﬂé’b%e%éf bi dfieeHiretsandsecond flow
teach those skilled in the art how to make and use

tyRex;888 npde of the invention. For the purpose of
Ceoching 4 ! I NV . o
eac fﬂg ¢ mv:@@éetgﬁ ﬁlé;flﬂt%f?% ﬁ @gk-oﬁ"?l%sﬂﬁ’ééfg Qﬁ;ﬁ%‘i@hamer in which

aspects have or omtted. ose
shey arecaffixed todha lowdtiibes. appr eci at e vari ations from

th I f i L f th
[ nsz(r:t [ gﬁénﬁ)'hgzebgﬁihdggg?#é%ﬁg{; {%wmlgpﬂﬁgnappr :ci ate
t hat FHaSf t8tanddbe dallowinddesdriplionvdepiot specificndamneples to teach
' t f | t] iat f .

AT Sud S A ol e B PR3l b eon. o
tite puipese pétiachingdmamtive prideiplas] Serde kohventional aspeicts lave been
el ordss. Phode.FRAAIE 5 53y PR gom teso
eRERpISE that Rl Withix tﬁetsebPé\aﬁﬁmwentﬁﬂ. Thoseekiled &1 the art will

el ectronics 20. Meter electronics 20 is connected to

PPERciale $ating teatures dgseriheagsbelon oap becom iBriariops ways to
m nfdtugsns Uarietion¥ Of tHaBn{érmidn! H<a rdsetadhiedAfbntiBR3S not limited to

enperature, and other Information over path .
e spedificexamples desciibed helnow, kit oplydy thridaimg and theieequivalents.
HesERPTIONEOR'HE jnvention can be used by any
ry'p?‘cﬁécmrﬁr‘s_%r' neter regardl ess of the nunber
of dr Fl@r tillugirates afGoriadis flowsmetes Sfdopwrisingss flow meter assembly

R S 5 Y oo 25BN e assemby
10 via leads 100 to provide 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 regardiess of the number of drivers, pick-off sensors,
flow tubes or the operating mode of vibration,

Fiow 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



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. 30 Fl anges 101 and 101' are affixed to

mani fol ds 102 and 102'. Manifolds 102 and 102' are
af fi xed to opposite ends of spacer 106. Spacer 106

rgystena (ot shbém) ﬁrnwmésethmerrarbe“ng Aadrddanthtert enters flow

L etot sagemi 34 thicugh flenge 101 oBTases thisup DS e Ang hero
aheidtal auﬁsu& cﬁ)fﬁétéfﬁl(@ﬁire&@é’fé‘éntéhﬂ&h tﬁ@és’ 1@5« aﬁ@ 1 033 flows

mat eri al bei ng neasured, material enters

afa@@smmwbeﬁaa% wndlwﬁgearmad(ﬁﬁwet maori@lﬁ 1oar where ft exits
5 fFHé‘[lef- aksbrBly 10hRFR PP gqbqﬂ amount of material is

directed to enter ubes 103A and 1036, fl ows .
t hr ouditow tuhﬁstlﬂﬁésarmm&\aw seleried and isppropriately owuntad to inlet

TR 107 81 U bl 105, & G SRSEIRN, 4 somo mass

s@tehutmm mulnemp obimertia, ahd efastioneetiulicbout bendingaxésWi-W and

I ‘.S . .

R IR Rehaly, b5 208 ot Reting Bodt Bies: (statiqnany points) for
10 ieaehtfiow tubad Thbdiew tabadxtend antwerdlydron thie maakoldé W and

W-W, res ecI{?il] e }/ These axes contain the tube end

r?gaggtiatllgtppm | nts) for 10 each flow tube. The

flow famlmtmtmﬁ Buwamri]ﬂmbi ﬂ@fértﬂ]{h ;gmefogi smbn aBBut their

essentja ara i on ow,t ubes

desRRctve eéﬂlggaxeb ﬁnﬁm@dﬁm tis termed dhn ﬁrishevtrof bending

TRERESE this @lotmdteag DD YA SorMiiisk é‘ﬁe emhny Wetl RhORA
the first out of endlrm%@node of th | ow net er.

15 prapgemeniapucty apAimeg Qm%twﬂ%tube«m&rmsan opposing coil
TSRS P e 8y ERHGHEE o] B gopos
/il 40 cavsechoth fowtibento oscillate inephaserappghitione Agpiilablerdrive
@Fﬂal Fsoaﬁé)ﬂgé ﬁyl?ﬁét?r %‘F%Jﬁ'w %20 ts\ﬁag o2 | 4 ‘Ilsﬂégdrivgr gh e description
ruéFuB ‘laisqm‘ovdad owereyGs an axamﬁld of tHie operdtiovefa Donb'iaeﬂow meter

20 353K Bt ihded o inftind tstnPoprels PrfiRbtinvefiont o 20

and i Matert elbﬂt'micbetm trahsmitd sdriver ighalsi dlgleaﬂs theand 111,

pr esent %'V'g Qgr %ﬁct ML ef 2@&%@%@3?% %?w& %I%na on Feads 310 which

causes driver D to oscillate flow tubes 103A and 103B in phase opposition. Meter
electronics 120 processes left and right velocity signals from pick-off transducers
25 105, 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
30 assembly. One skilled in the art wiil 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 flow tubes 103A and 103B i n phase
opposition. Meter electronics 120 processes |eft and
right velocity signals from pick-off transducers 25
105, 105" to conpute nmass flow rate. Path 126 provides

afksbMBW 220108 Ak kOIS 1 are WRRGEWhIER lexB8ridCNBwER! B6m the flat base
el ectronics 20 to interface with an gperator

ver sybstantiallyopeved edpe 299 on a hottomside thatjs fogmed to
. f H . .
?Pééﬁé“a]f% LBk 13RI & 1oRBe AR B 2&0 Gggﬂa@:kéi? 211 are then

ow neter 5. In a preferre np y enbodi nent,
dwelded opin sprae otier mannenaiiined to tov hhes HI3A andh 03B to attach
%H‘F&E&”Cﬁﬂ&liﬁdwmeltér ote that other types of drive
systens, such as piezoelectric, may be used. Driver D
has a Magnetassembiyid1) hasG sragnet kesper 262 asial base2 @rackets 211

S om o Tt 886 5F SheBitbRhcthel 208 P WIS A 3 UL $14 GfiEnd outward
Cripehrovbuontal e canbebiteiriiotpnweipend il
Leoplypl BRretredlicn AENE Ragitt vakl otnodhel HoY Hansdifefaria the
g o O e T hor aonner aftixed Lot ou

t s Magnet 208 is a Subsiantaly svlindieal magnetiaving. Brst agd asecond
fdrRV MBSt 203 IVRE6E Int&a eY sidble Sﬁ?t shoWRY MEhe hwgté sleeve

202 as a base. Brackets 211 exten roma first_ si

Fndringarat 2034a5e effixed to waeacend surfagriobmagestkegpene2 fa gpoure

f : dpei

THBR081n SRRt Bhacif 2107 MefoS) 203 RNy h8 BiRAg (not shown)

rafijrest todistsespad sidendiheamagd pole (noh shown)ds aieaptthat ig ditted to the
i ; . iy

SopBing Bic 3 it 265 10 MR e ildinetl SIS RB ABEAOY,

MagnetCaliGssembly 22Ginciudes call 284,rand adildwbbin 205. Cailhwalpin 205 is

TRb btk AP Bh A2 g 3Bl it ot sutce
2rundwhithrozil 2049s wiolpd 2 Coil 2084 atoultis ¢y coibiadbibin 20S opposing
gt 208 T § eafipactsdtooga ' 1DRcH aopitisiaigmain qurrents
160N 208N I hefalteRriitiag caRenfsTallss €6l 204 antmaatiot 208 tebttract and
Irgfngl c;:noeI al\no%l?edfr' which in tum causes flow tubes 103A and 103B to oscillate in
opposition fo one another.
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
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Coi | assenmbly 220 includes coil 204, and coil bobbin
205. Coil bobbin 205 is affixed to a bracket 211.
Coi | bobbin 205 has a spool protruding froma first
surface around which coil 204 is wound. Coil 204 is
nmount ed on coil bobbin 205 opposi ng 20 magnet 203.
Coil 204 is connected to |ead 110 which applies

aRPé&Xx r‘r"alowmgeteusoeiﬁadaptai wheh irk0sk tolthecanrieetethvia fignges 304 and
{e ﬁ' use 204 and magnet 203 to attract and
g% apee %?ﬁ Wi ch in turn causes flow tubes 103A

aDdsQ@BnbﬁFlel late in opp05| tion to one another.
Descrl FIG 3. 25 3d| | gses a Corioli
1 ow IBe 1B ANBUYIERGOL IR BRIATRD: (VR WerdRmoves Bip front

niriidn ePMapioEd eér I ERHRE Bau%irwﬁbptéltﬁa niéaﬁoldoswcer may be
portion of the flow tubes 3

| o alhe pabnthat amishawn e FIG 4but Baben FI5 4. dnjudegouter end
thrécé bars tﬂﬁcgmﬁg& "’Iﬂﬁel"ﬁ}hﬁ@ Pﬁfgﬁmﬁéf ‘ﬁﬁgf‘eﬁ@ ﬁ?\gltudbe outlet

right ends via neck 3 mani

mnlrm%@%m%rﬂom ‘@bes 3an @ng %@%mnved flogdube sectionget14,
4Ll ﬁDé @Qﬁ" ﬁ'l‘lﬁé{g ffII wit ?‘Jf S%E%N) '365 vﬂ;réte%%guf‘ﬂ%lr bending

he Ti
om(ealw amddVl. n'EInQJduter andhgawtbars |40¢md<40@1a31detha mar(hrace bars

24153 o achertiii ne Bpatof gl A8 ankfR) ' Biement 406
Sb eahomnting;s]ﬁmm'etfbethm wiess dffided imziilnvgr; 8@7{}2 plnkﬁeffta aFQéa%d)RPO
bt e el o Pl & s phmlettyy Stars 45445 B flow
grugter&ﬂ% gmf@caosmaeisltﬁsﬂow rhéiter bitiet. Descr i pt I on of

This ementdonaad ¢ are g inaeraiBon r 1S HRlltengs gl fow tubes

Sfﬂﬂcﬂid 362 $ﬁe baaamg xkS W Bh@ W'dre BRowh %xfahairfg%é Iength of the
acer shown. The parts that are shown on

Vbl]'let‘ﬂé’ié)oon FIG 3, include outer end brace bars
er brace bars 402 and 403, right end
és flod8tric.H openi ngs 405 and 412, flow tubes 301
and 3CAG. bwomptises awetndb@vg etilow ndae$ﬁ4)1 anth3)2 whigh age ghown as

Al%emq bWHg eh éng)B( g@ﬁ'f’v\? et dotaﬁlduqtg&t F{ﬂrﬂ[ag%éaggdﬁver D (which is

ot sha@h oarflG4 6).41nmed bteve ban402 Bnd 403 asrveell aH@utenbrace bars

AR5 5] Rod BRI Wi Slfet B5QAGY146E aRE 5 Bk 35 SnEWASH FiG. 5.
The portrayal of the outward deflection of flow tubes 301, 302 is 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 undstectable

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

shown.
Description of FIG. 6

FIG. 6 discloses driver D which has a coil section C and a magnet section M.
Coll 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 coll 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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Is a mounting fixture for the wires affixed to driver
D and pick-offs LI DO and RPO which are not shown on
FIG 4 to mnimze conplexity. Surface 411 is the flow
meter inlet; surface 306 is the flow neter outlet. 15
El enent 405 and 412 are the inner surface of the right
ends of flow tubes 301 and 302. The bendi ng axes W

oRn¥itedte tisdonds ePdoilvhditig bheoll sagioh Gif Elghtantie06vs the outer

t 3 Fl
Svifae 24 ior oo e, L@I@mwmﬁf B SuAPe ATE WG A egires of
%49l Retfith CHBding. t36ment 678 érecm Wes coliiisi dg%arsebtm C.

i nfluence_of driver D (which not shown on

| hner Thediant band magne ferias nciidesiaenst SUB: SAingrical gvignet
35kot 898 viich 48RS ot inblin @t Hrb PSR D Sounter

own on he portrayal
tweighiiandamagaetia krackets 648, andsurfaped! 13on thedeft end of magnetic
ed to facilitate an understanding of its
operation. In use, the deflections 25 . of the flow
t ubes Iyse,il@08\is endrgizee yoa simukdidats!igra) fionu hetarelectronics

b de ' .

SeL PORIGTPRILD, Thitdlf orsiBay tfierlBa ] B fidraths with the
rE]Dl‘.!ag:ms}tit::tfi_eltt:haiotf‘w feinG. of mé:gﬁgnét tdicaase mwr elemenDCwnddhe magnet
S pi58 i T e P SR R o e onraizng
tsdr:ggwg);ro}mh?@batrm%@hmg ﬂ}o ah ls;g ggngp uﬁiwhngﬁt@rﬂlrﬁom@t uf &l element

i ection ur f ace i'S
5 op G, 8 i e ealbipe Artaiace BO7IpYe kAR Uy of the
AgrstiRdSenel 609.CAL 'sﬁawﬁon Fra! Bame lﬁa%r Erfacesdfasofllspacer 602 is
i

nt 604 supports the wires (not shown) which are

ﬁf:@shtﬁazlpwr ﬁbffmf’feflﬂ!réw@ﬁ 30d; I'n @i siilagmannerghe upper surface of

i éﬁegrﬁbr%ékegbgﬁ?g‘néefﬁ?&gg ﬁetl&\ﬁ?]%i[gﬁarﬁ? gz gb\gr?gﬁen gh2.t l’I’fﬁe oscillatory

trhevemeniof dhe calband magneteontpanest a.of drvert) eausas fssmnlar
A 60 S B4 S0 8 0288 UBRag n-Bifed fon uncer

rmg irfluenbe bf theldriveGighalbn gatistt0.ounds an i nner magnet,

t 5 ans. t [ on5 gll& fﬁce 612, counter weight and nmagnetic

d surface 611 on the left end of

magnetrlG. 7 is a cross section view of the flow tubes 301 and 302 taken about
their longitudinal axial mid-portion as well as a cross section view of the elements of
coil component C, magnet component M of driver D. Coil 602 has its top surface
affixed to the lower surface of flow tube 301. The top surface of magnet 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 \;velding. 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 coll 608 of FIG. 6 is wound.

The magnet M component of driver D includes element 702 on its outer right .
end. The ieft end of magnet M is element 703; the middie portion of magnet M is
element 740. 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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bracket 613. In use, coil 608 is energized by a

sinusoi dal signal fromneter electronics 120 over
conductors 110. The field created by energi zed coi

608 interacts with the 10 nagnetic field at the end

of the magnet to cause the coil elenment C and the

magnet elenent Mto nove axially in-phase opposition
weuseponent Ci arid therigft hahd phﬂ:ion ﬁ@ﬁg:f magmet sogpoheritrMwibrate axially

| ect 120,
Ity b ifimep=ca 13 palh Bifies &N dn 30 Arigarduse & simitar
?ﬂwards@ﬁj a:’tdlasdlbbﬁétfbngﬂlomuaeé B0RaddeDp, axially of

e netgl,c eceper . SNown
UDper '? Qﬂ\é‘”g? 6?‘?5 83‘366&9%%%1 ?@,‘? 5@5 oy tube 5106 vibrates about
| sBMRIngasid AL %nafwﬂukqw b8 ﬁ@%brhtéséab%wbéﬁdm RN, This is

t he upper surface magnet bracket Is affi xed

t/Aera ety WF@ 14 8o by b@r@@é"nerﬁéﬁ Issipithe batange plane for
f
TRUTRE S0 B bian fo BOHES (i SRAGRORXSV: it Kyl o

dhe pzoe of symimstat 208. nvmgaldmer?ﬂass in the balanwe Plamefor flow tube

900l 4y

geys?crl pw S Ialﬁé‘@gcb?éﬁf!ﬁég}@ﬁ 533?2\? %gé?sselggﬂarallel tg the plane

off symmettycd08 whieb issodd way baﬁﬂaermdanesabtﬁjand 7hei r

| ongi oss

sect! 510 R ind Y2 FBtete P8 8l bork ApBuCihe Fespective

roegdirg amwf f et WM Idtbwdvellr}/ﬂ!le two flow ﬂJbéQfofltI@anl séleei ﬂm nota

surfage, af fix t oywer surface o ow

Boirethf rinioirhaifudetfothichite and shdiBfors snay 68 pssuied o

gfehbretd atlow idvel bburdesiratifvibiaticts witiitie Corialitdlow meter of which
enents 6 2 and 610 may be affixed to the flow tubes

YRERPI brazing and/ or spot wel ding. Bolt 701

havi nmeeﬂgh&!oétne%mgaawwwmatdd s‘iﬁﬁﬂﬂm@?& from the
and ext ends mvvarﬁegﬂthrough spacer 303

ceptarinessO6 andel Ghetfloveitbes 304 and: 3020 6T! h@emﬂmneg W’ and W
SRk 0 PG S 45707 M rsen
dieptiae as sbowd . B, bending exes=W\e apd W 202 shown offset the flow

S ool T 9, o 94 RO BFE gl Bucures
Thwhicdhghey beenattgoivedi dihe oy fube centens ofmass 7h2 nndd’tlﬁt er
HiRergerBane adoRARRAIRT). A oMb PpHiEHINGS 708 AL 707. As
thetubes hend Q‘iWarUe,rlﬂeW@Ehlewloﬂﬁas@ﬂMG@QMG@IWlﬁﬁﬂhMentlal
V' ! atbou‘?l ﬁ'leaber}amg axes W'and W. It can thus be seen that as the centers of
mass approach their 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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inwardly and outwardly with respect to each other and
in so doing cause a simlar inward and outward

vi bration of flow tubes 301 and 302. Wen driver D

vi brates flow tubes 301 and 302, flow tube 301

vi brates about 5 bending axis Wand while flow tube
302 vi brates about bending axis W This is nore

tﬂbwube showa dmth&Es sngmﬁuahtﬁnaééﬁtbtthé &Ibréﬁnmesﬁikﬁn‘efof the flow
t he bak an flow Bal ance

St QB LTS adn 1 (a5 IoSUh BETPe’ (58K 14 ik Bhhe mass i
bbemahem m 0k swmbmbeﬁt?tﬁe twe ﬂbwqabeé | THis fass do 7dhsTeBe

ancegBﬁane or flo . Bal ance pl ane

2R #gﬁaai% andam Qfghaﬂguer@fﬂﬂ | to the
pl anejfife ei‘ruawaf@ﬁtha rgf.@& ortEIEh2iwe H]aﬁgé%o ﬁ%fg&@ﬁxbes 301, 302,
an 2 Vi

pl anes 716 and ow t ubes 30

|lriat%acaoi the nﬁlgelr BIQf thenpigsentinventions thediaw metasavayld fikely remain

gﬁs@}é\ée%s are no é'%r%!éﬁ%ccﬁfl gynam g@:ﬁ% ehgsa?f FS: g would be
msﬁoned betwesntthe radialrcentars 706 mglﬁﬁmf flow tuges] Bﬂhaad 802,
(e Béflerly AL R lcithe lfor fids b BBt piie®7 16 and
Do ot er) hea 706 e 707 ot Lo Cubes 0T and o 00 o

38 5he §ibe Thayua Gl Sadtonpr and unvasdPey VR pWa BT gagh other.
trhts Would canésl tﬁ@mebumeanﬂélﬁmrﬁ@?e bilefiovetubes bfune

gﬁg)sen i nyent | Ofgf%%l Shogﬁqp& Iﬁ? bend| n axségets

696rwHYlimd % bmwmeoﬁotg fibeGthterdt %@%'Jffsﬁﬁﬁém%e bBRince

structures whi ¢ are attached. The fl| ow tube
planee (hisdynanis upbalagged WS?Q‘d in @#@@%‘@ﬁtﬁﬁ significant anpaupt of

t enterlines 706 and 707.
ROGBARENigrtiofs I Sbh d ok e

nvvards their centers of mass 715

and 71he tldedwotthecmms@ntemerﬁlpn inrdudas caleempanent C and a

\ t .
WP SofSilent I OAch are ot tb 1 b O ERPocpdBiiv anee 6 flow
pjbase‘mwalﬁi 30RlinALich a mapner asctoranable theifigiu tubes tnaperate with a

PRSI e uonlrBE VTR fHis FEchiet2d 18 ABed28ned wiihe present

invention 551 Gee:gdlnglfébdt:@mg and eonfigurmgethe coilocbmpenent C and

bal anggo Eé'gel i@%% m)v nent of thg tu e%lfgnéers

gﬁggtﬁggéw nggim aﬁ@ ﬂf@% |'nléﬁihl aﬁaracfewmudéal Eléhﬁms@'b@ﬁxed
individually to the bottom of flow tube 301 and 352. They are positioned in axial
alignment with each other so that the axial center of the coil and the magnet have a
common center axis that enables the two elements 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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unbal anced when affixed to the flow tubes of the
typical Coriolis flow nmeter. Such a driver is shown
in FIG 2 and can seen as conprising a first structure
220 that is affixed to a first flow tube and a second
structure 210 that is affixed to a second 14 fl ow
tube. Such a driver adds significant mass to the

\mehrtﬁé aageas béMﬁbMérﬁs @b ridbdisturbuhe vmm{na@afﬂwgr tlhg m?ter and
driver a mass | n mnner a e bu (0]

s dyBat Q@GT?JG#'M tmq!saiwﬁvigf?z'ogﬁ%&e E'é{}’\ﬁété?f‘ ‘the two

flow tryBesil Tébrﬁpmﬁ afhia hﬁ@ﬁeﬂu cfhea%f dr%?D are

205, 213 and 214 the driver of

Sesigeeg, tabhcated.and mlguad tpﬂraveéhmb@twabeh&redpﬂ@cs next
ideQ¥fiBedP elf’irs%%l e :of thé‘ P&i?é%?ﬁ ﬁ th?(&{(eﬁhélfto {HtEmass of

pr esent | nve ow net remal n
theeriagnet compamentiof driver & sThe oarﬁgeofdnawyﬁwf thercoil and the

SRR P s 22 ot o daliRbple e e BAGHe UATGE iing aves

Temred We et sthefmomest ofdnértia lis eorffigurecdofor the ¢oil@ mmp@eent and

f the b nce and 10

e s M dhepSe fis it oo Bline 280 X g1y g grace
té@wntmy elqbel. tTHeamoment of meﬁiabeeach obtHess elertents rasy be
t he e away from each other. This would cancel the
fxakﬁée%‘ﬁsn unbal ance fromthe bare flow tubes but,
unfortunately, with grior art drivers, the effect of
the drive conmponfsi F)f overwhel ms the effect of
the flow tube centewW of mass offset fromthe bal ance
15 plane. This dynam c unbal anced would in turn
%Hnerat es significant anobunt of undesired vibrations

@&h a flow meter. The driver D of the present

invend on tHachoMeAt 6Chbria@Tieeshpéharitd a magnet
conmponent M which are affixed to the bottom of

Mspeét i veM@seof gach ingpmentalalemsnt and 302 in such a
MANNeL: as {if cﬁ&l@ﬁb@frbhﬁeédtﬁhh‘eﬁimal%rﬁmr@% BbAtBr of

20 m ni mum of esired vibrations. This is achieved

i n accor damassaf the eamapgnedéent i nvention by

desi gning, fabricating, and configuring the coil
component C and rmagnet conponent M so that they each
dastly.itbe seaterdphmass of egchdivenearaponent isdocated isuch that the

SPHTn Carh & e o Phe ERARRADR it Peper g tube are

I6¥atedh dn HiRbaldhes planes 66 iand Gr&d Designingab digertoi thesendes
WI ; h eac%@pal}y éh%d étpu%tu% 'tf?at enanes the i‘lo&vqﬁb&ofo be vibrated
n—phase opposition while avoiding the generation of undesired vibrations.
Description of FIG. 8
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 802, 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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common center axis that enables the two elenents to

vi brate in-phase opposition along their commobn axis.

The affixing of the drive element Cwith its center of

mass 718 to flow tube 301 with its center of mass 715
creates a conbined center of mass 727 that lies on .

t he bal ance plane 716. Likew se, the affixing of the
dhowe) fiDapply erefgidifg sighal 110 feemtmetepéleotrorics’ 120 twcdil suwtion C.

ESniols BOL ez 803, 5082 A1 4R HPoutog HERSREHE 2 Appge ponductors

M08 ¥hdB07. ThORR ?h@ﬁsﬁd@ﬁr 60V dFfitbd R the bottem oot mbe 3021in
bal ance planes 716 and 717 ensures 15 that thg'é\dd

émﬁ@wenﬂémaﬁf thatithe call spacar elemem 602 is aiixed ip theclotigm of flow

er and thus do not generate any undesired
vibrati on in the Y-direction. The coil C conponent and
onent of driver D are designed,

abr! $RE°8 idnhes et e |std?p'ia<-a=rsfF||EPoVéHH EBOAHG. 3 affixed to

characteristics next r st
tthe thmﬂ flow tubep 804 randi 302rekAchapidiedff hes emollicampanent G@nd a

s HABRRBAENAT 1 et ﬁﬁ"&?f AR.08eS i Gvef b, " ocfC

a:rommméat kaglalspdcert3HScaffitadoio the Gopaefrﬂbvnwbem th& magoet M

W Next he nmoment, .af .L.nerti conf i [ fqr th
Gerbasent i A aRacel a1 affed ifie toh S0 ibe b2, Fictdff RPO has
td&ﬁdﬂ?ﬁﬁﬂ!}opﬁhbﬁfﬁr& %nﬁ’éct@@@qﬂidubmiptethﬂ?m %1)1 of FIG. 1 by
essentially e . of inertia of each.o

RO GASHENTa Aaipilied FIG, g dthed B0 37 PG by bracket
logs. te EBNNE Bbmpbnémaids sclemeant 802 aﬁa @021 supportithe coil

mass of each increnmental elenment r = the di stance from

«copducioss aswell g5 fisthardavingan axallydnperend surfage 205 Magnet M

SRR hod 3 her B pERR oS el Biriosonds K eldfieti 600 of
o*ham&tszom‘poeanﬂ\ﬂdzfﬂe @onmponent and its respective
fl

ow 53'% |ng Igﬁ?ﬁﬁ&i@ r? ?n%c&%ﬁ%eaﬁagam&ted in the

717. rrver rul ensur es
@ammmhbyaﬁ)démnbad fartthe drmetesa that eachutiroponems has egual
tubes to a

masses, cen ers mastsegn the balance 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 fo 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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I n- phase opposition while avoiding the generation of

undesired vibrations. Description of FIG 8 25 FIG 8

di scl oses the details of the driver Dof FIG 6 and 7

when affixed to the bottomof flow tubes 301 and 302.
WfL . 945t he end 601 of the bolt that extends

t ugﬁ cOol

aﬁ)sél ﬁﬂ "C. It further shows end surface 614 of

1t he Adidriglisdiavwomederdcdrhprisingi | spacer cover 602, coil
surface 603, wre termnal 604 and coi enent 609. . .
P11 & Bratiiow s S0t Fand Acseeond ot 302 B9apladiodvibrated in

SBEBIE t .shows conductors
p‘%s(iégﬁ% 807 é?(?%?lr%gﬁf?fo rgc{kg{o@i)z to coil

t er nd daive sgsiem (Dhadapteddo silFateneadofiowtebe aboutaxes tgnnecting
condyctors 11 0 16 shown) to apply energizin

egc?aﬂti?s ?ﬁga%]? g?ré’ﬁﬂ’(\év%r el ectr oZﬂ cs 128 %/o coi Igl glectgl on
C.  fisfoibpthgt@dmpafentsGRdud®ga file dib?%%g%gﬁstgﬁgéﬁmﬁanent (©)

brackets to support conductorS 806 an
affised to sadduet iy dube;s affi xed to the bottom of flow

el cnsiongoboreing RRTERrEHEE Feuldlfh shind HrafiESRigm component

( ixedPes saidddconddfowuBe; 9 FIG 9 illustrates further
etails of pick-offs RPO and LPO of FIG 3 affixed to

t he $aig fisst andoseaandedbrating sygteso companents ate ok equivalent size

o RO S0 e onfF T oy ol 15 5 e
vibeting system rcofiigoneint are dubstahtially equal fto theomamidets 3F inertia of

t.he magnet M  conponent has a.,spacer 316 affixed to
3 SePaRA Howt bR A 8510 800Rs HETBRNG RYRIERHGOMBORBNES o s

907 (’!Ig%rﬁgegﬁéﬁi ?@9%%%6& \of 5a1d et fisw dbe 9@? the combined

111 nmeans not' shown In detail on
centeMbfemass (Ti2il)oafeaid first flowdpbetpdus sgidifirsickibrating@Biveystem

coil C.c onent _.h el enent and. 904 to,s ort
oqionet(CTB8 e g belerics Riane (ZLEhRaralekiosai lsPg,pr symmetry
(708):adrfddy i nner end surface 903. Magnet M conponent has

an'inner end portion 905 that corresponds to el ement

609 end nades &V) ob spidsacont flow tube amsl theneombinedsieider of mass

(71745 pF S8 SR e oS s R St fibraflBE 98 syS @i Component
(MR of aGsecontNsiiite plaRe §AYA) parallel to said plane of symmetry (708).

2. The Coriolis flow meter of claim 1 characterized in that said first and second
vibrating system components are sized to have substantially equal masses.
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20 masses, centers of mass on the bal ance pl anes, and
equal nonents of inertia. This ensures that the parts
of the pick-offs conprise dynam cally bal anced
structures that can be affixed to the flow tubes as
31OUTNS LI HAR RS &fWTail) #natalERddifhaRPer 2t

a manner that does no enerate undesire

v: br aaugcﬂrst vibtating s;steraamkup%namlt lraﬂmngls 4 lcoil cbhipr?nent (C)ofa
ai i nvent.i to be limted to 25 the
da\ggr n?f q i sy ftorﬁ‘eﬁ g*ot& @9 enbodi ment but

eNCOogRA s ' I

Wi L P heona o gﬁﬁgﬁﬁ%b@?ﬁ{'ﬁ";‘“ﬁﬁ@g‘ﬁ?.%‘2‘9?@%%;3°mp°"e"‘ M)
ofi FaitNeiver aFFndeditoﬁaid secdnd flowciuberaind chasiallyraligned wnth said coil
congrls% a first flow tube (301) and a second flow

3 n?g 2) adapted to be vibrated in phase opposition
about a plane of symretry (708); 5 a drive system (D)
adapted to vibrate each fl ow tube about axes

4connébeiGayiolis flow meter eficlaime h chamcterizas infthat said first vibrating

. . < incl udi . ; .
o Bb AR B ARRE AR Rsa BT ARa nadelh 9 9), Bhiadthid sgond
vibeatingtcothponénts Snelode ansstondipiskofticarapsrent(810).br at i ng
system conponent 10 (M affixed to said second fl ow
tube; said first and second vibrating system
conp n -
5Pt TR SRS ol gBeh AR 4Pl Bl Gyt oo
cqnhgenem (Golﬂlb issaffixed tu saxlhrfgs'sﬂm albe:csmc)pam ar ef .
su sta tia to the nt s nertia o ai
secoﬁ%f é@b&“’g cRmRenent gggﬁ)n'é ﬂf? ’Eﬁdﬁq $Ryd WQPB%%OW tube
( onent ; 15 characterized in that end nodes (W of
said first flow tube and the conbined center of nmss
(727) of said first flow tube plus said first

V|br drl Q st
Bial ahte Soricls oW T § ChatastizadiiahEy 2 iand second
vibriihly syd mn%m@ﬁs 6kl sivbd %@Ihavé %Bgﬁnftlbw’e&u@ﬁnﬁﬁé’es
t he Conbi ned center of nass sal d second
fIOM/tube pl us said second V|brat|ng drlve system
conponent (M lie on a second bal ance plane (717)
paral l el to said plane of symetry (708).
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2. The Coriolis flow neter of claim1l characterized in
that said first and second vibrating system
conmponents are sized to have substantially equal
masses. 25 18 3. The Coriolis flow neter of claiml

TChar AhefHaesr 6J5(]3 taﬁﬁé a éﬁ?ﬁcﬂlsfﬂ6v§h1é{élbigﬂd;ﬁ%d§¥@%tﬁ\|;8g¥ tube and a

nponent 1 ncl
setﬁdndddwttube addpfedlpt bef Vibrated e phasnel oppositior @bodt a plane of

e e e
c@ﬂﬁbtﬂ%’%rﬂi hddé‘é bé&ch ﬂb\k'iuﬁf* $hid ?r'lét @:@ﬁ‘?"&'i‘éracfénzed by:

The Coriolis flow neter of almlcaract rized in
t hat affixing finst yibrating eompgnentsrip saichiiest flowttube; | ncI ude

o br PO Eeins RS imoerients 1 B Ghboditiew fuoe
conpgRfiy and pBsitioRing 'Sihd fifdtiapid s‘ed‘ohaw:mhﬁg s9&tefh ebmpﬂanents to

characterized in that said first pickoff conponent
be of gauivalentsize-and positicn such dhatrtheunemsaty elingrtiaefsaid first flow

a8 SR pESiro, SRR E8Hhporiint e Suptertt BfyBftotne
maimentafinertiafsaid sedoreidflow titeaplusaiaid ecorid aibdatirgrsystem
- _vibrating system conponents are sized to have

cCAmPeNaRty al iy equal masses. 20 19 7. A nethod of

OPer ghh é}.zgar.h% trSsTeT ﬂ‘tﬁétﬁga ggrdgi&gg%é‘ rﬂwér'étg;{) of! ol

- tube an secon V1 br
phas posmpnmgtermirmademd)f saig fiestdloaf tubeyand:theyeamblined center of

mgen.ot SBUEHBLIS 3%%3%%%‘@%*&@%3'6@%&8% M ggponent on a
S bERoB e PARIBHCPLAA o of Syt B 1ot

brating conponents to Irst fl wtube
af f i Rositiosiagend nodesaof sajd seopth Sowdube andittie sompined center of

W t u(?ﬁﬁ S W;ﬁ&%ﬁ@ '&t?'&g wwbgatf' r%l%veagfstem component

oﬁ&%éb@hﬁrﬁaléﬂdé?plﬁﬁé pﬁﬁénél 9 8afSlAné A syfretipTEnt s of

inertia of said first

8. The method of claim 7 including the further steps of sizing said first and
second vibrating system components to have substantially equal masses.
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tube plus said first vibrating system conponent are
substantially equal to the 10 nonent of inertia of
said second flow tube plus said second vibrating
system conponent ; characterized in that said nethod

CONMP#| . . : EYelql end nodes
95r Sug Fiethdd rdiCT TG o[BS AR K er o
gassaﬁ&imaid fﬁrstslibrbting/sysi@eri gb?t_pomhtg; ilhbluding/? leoilicongponent of
rive system conmponent on a irst bal ance pl ane
agsiver tcbgaffié"lr%%fqub!b@ﬁ@néf symmetry; and positioning

end : ' '

cont 2TXED Sid 38680d FHdng sfileht mBBeh i inalamgE hagnet
cemponentvwifisaid driverdio said sesordrifloartpbeand comaxiadlysadigned with said
bf\l anceﬂéliﬁne parallel to said plane of symmetry. 20
Coyl CaRRORRN0d of claim 7 including the further steps

of sizing said first and second vibrating system
conmponents to have substantially equal masses. 20 9.

10he Tbe method of iclaimm 7/ charsictetized intbatsaid fiest vibrating system

ofmplieftiyRRet iehidts 2 BRERICHST ot BRRGRGL I sepgpd vibrating
sydt@w domponéitduahér incldesd sedorrpickoff BompoRent saidMethod
conponents including a magnet 5 conponent of said

ingludgsthe furthersteps fid f | ow t ube and coaxially aligned

char 2TR00 3 BRI et spRGrF O RuR A1,
conpaffirinig 4 secded pickoff cdaponent tesaidi sgcohl flowubaent

and that said second vibrating 10 system conponent
further includes a second pickoff conmponent; said

th i : y . Xing a
1 ﬁs r S?H% ."lé"'f}ﬁ#’#' q’z glﬁat'p@ﬁledn iﬁ%[dgﬁﬁsgawp g F s%ﬁé\’/" t ube; and
siaingi saioh firsd andswrdnii pidladff campppertstto thave autistemtiallgl equal masses.
flow tube. 15 11. The nmethod of claim 10 incl uding
the further step of: sizing said first and second
pi ckof f conmponents to have substantially equal masses.
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