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A BALANCI NG STRUCTURE FOR A SI NGLE CURVED TUBE
CORI CLI' S FLOW METER BACKGROUND OF THE | NVENTI ON 1.
w6 ki7R3@R4 THE | NVENTI ON The i nvention is rel at edTius2606816544
field of flow nmeters, and in particular, to Coriolis
flow nmeters. 2. DESCRI PTION OF THE PRIOR ART Coriolis
f1 ow neBAISANCINCASTRUGEVREF QR A SENGLEGWREER nore

fl ow tubes and, pe ' ' phase
di fferences, i @%mﬂﬁgﬁm\%ﬁﬁ%ﬁé i nduced by
the Coriolis forces froma material flow ng through

the flow tubes. Coriolis flow neters have a nunmber of
BACKGROUND OF TV INYIENHERN gns. Sone neters have strai ght

flowt rved fl ow tubes. Sone
nmet érsﬂ]mgmﬁwm tube and sone have two flow .
gg@gﬁggms&éﬂ%d% 0 d1@bf Sow hesersRingrin pasichierto Coriolis flow

ed to address different problens in the
meter@per ati on of the flow neter. One of the problens

addres V| [ of the flow neter at
t he %oﬁﬁ%&ﬁﬁﬁaﬁg@hﬁ t}?%:“ ]%Ig@%ﬁ%%ng system Typically
t %riﬁii?ﬂ’o%ﬁ@c&s%%ﬁihdhﬁd@m@e by @ibeRingtone @€ hoed floaftubdsend

meter to allow the meter to be coupled into the %ib\}l))i ng
measiistdefiectima) ortphase didfrapaes, tnyihe yiiratnasihow tubes andueghbyihe

core G S o BROTT Eg b b

numb S‘iadfﬁgreh{‘?o&f @ dedighB! Bbmb Refers WovetraRwBlowtthBes and some
| ameter of the flow tubes need not be the sane as the

have ciraeflew tafest Sempimpéteng beyst single floav tuhe ang, pame haye two flow
typical | trical i ' | .

tubeso heC R HEE DT P S SR AP U] S g ems i

the O}?eg%gmfc{f‘?ﬂéjﬁ&%haéﬁ Ot $MBe PRBRS1s RAdRRGRkhas Beatheeilirhigon of

s are symmetrical and vibrated opﬁosite each

the fl6WhEdter 4t e aanbecttrggrenttty fieqaping sesderse Typigellwherilov mgter will
two tubes are jo a

i ned. Thi bal fl . .
have fribage fheach e dhersieroas Feharr Bt ysab il R biping

o steﬁini folds). A change in density in the nmateri al
¥ owi ng through the two tubes changes the mass of both
t ubes teguRkigys aipicallepkiftbe Sowrnd maigrial infe twe Siregfms using

remai n bal anced across_.a w.de of ter] .
e B g el FRRP oL, e o i
split o %\J;Joestlf@.ﬂlsf 8leQBamae! dithd AGwRuMsHeed ARAR thE sadhd Aethediameter
of the piping system. The two tubes are typically symmetrical in shape and mounted

parallel to one-another. The two tubes typically vibrate at the same frequency but in the
opposite phase. Because the tubes are symmetrical and vibrated opposite each other, the
vibrations typically cancel out where the two tubes are joined. This creates a balanced flow
meter (i.e. little or no vibration of the meter at the manifolds). A change in density in the
material flowing through the two tubes changes the mass of both tubes equally and therefore
the two tube designs remain balanced across a wide range of material densities. The two
tubes are typically joined together at the manifolds. Splitting a wide range of different
materials info two equal flows is a difficult task for a dual tube design. Splitting the flow
can also create a greater pressure drop across the flow meter. In addition, material can

become clogged at the split point inside the manifold.
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materials into two equal flows is a difficult task for
a dual tube design. Splitting the flow can al so create
waea 20078304 pressure drop across the flow neter PCTAS2006/016544
additi on, material can becone clogged at the split
Si ngl e tube designs don't

D Ok Held B¢ Frsignt e P Uihe Hlopiinto twrriisaan, Finalieynathethe

| prob%%s%@até’cﬁ%ﬁﬁ's tﬂ%ﬁg‘ﬁﬁet % Rith b B aﬁ QEGEIU!I Vfl’)é AL hiR is only a

equal strearns. ecause thereis o S
singlg |thraiumg1@1bc tHnetheamethod muse bh usédmﬂmﬁ)ﬁawﬂﬁduﬁx@uon of the flow

br.at of the flow neter at the
metef al s dEhEes; St SEle s desieDs s ihg crmyerpalanee member
cﬁxﬁaﬁ &k a

surr ge \%?%t?ﬁtﬁ%@%\év Vtﬁﬂlf%ﬁr%% Bhef tlg)dr?gstagﬁ m%te? % &ik@Bsed in US
Pateldl6$4ﬂlo%1§d‘ﬂom0h$npai ﬂmv/cﬁnsigflseﬁskﬂ” COJ‘VIed) |singleﬂfck§5x$ tube designs
h flo dengl gyf sensor' rved %I e fl qw tube designs

aveyp B iResfo HENAI i BPGioBIon feraer sibe anifolds.
One Wchi h

ne tecih g{ui: %20 Srgcéﬁdaéeasﬂigégﬁ lp?a{t? haVt %&a&@éu@ﬁantgiﬁf ﬁ1§1§ernf1a91 the mass
of the uibsatingt tirbd, Ifgr dxagipler US Ipatent 58 0ﬁﬁ5$“©<ﬁr1dlf$€l“ Welhatk fldfvmeter with

tube for e e US patent 5,705,754 "Coriolis-Type
a singlt eepi g EPeT Aathor diiagicas lhvinn gbes parallelashetupther, but
1l ?ﬂ%@vﬁﬁh@ﬂﬁt u L 9. each other
° ybut only fh%yvgﬁg?‘g?ﬁh]%%)%%ogﬁ S%%Eelao{i&nﬁ% 53 useﬁ?@ the
countes beladce’ afildrm’gl‘ates tmbeppcmtel @hﬁheaﬁﬂi the neasurmr tub@' ARGRarAPK of this

br.at LN the neasuring tube. An

el 3165 i RRERLL GAPATE W brapuirmndus bbenber ecniqu s
L
bu11d6a §ﬁﬁ;w99 %acg{%(%’togt%lg r'éiél ge[ ttﬁgé ﬁlléf:ﬁ lflélggérq;ﬁ{lt v1§r0%glér9ﬁﬁ C)[ppos1te

phaschaﬁtha viteatier tubd) dor fmabfp&?é ©S patent 56849 SPDSMiass P $edbnsity sensor
ht he \ée i bratj n tybe, for exarrpl e US patent 6,484,591

with iR HOF Ty These gethedsipaycrentng balanenduaeter for a
18RS al e wieY 0% £al

ST ay gt% %V%P%eg Sl-w er | afhn% Mlﬂ%/ee(%%%@n‘gq t??/ et changes

or a diffexrent matatiel with m/dfffereﬂteieﬁﬁms meaafred hige AGK @Rdt@ is typically no

1 cha gles or a different material with a different

ONsH A 8TEYCS s neasured, the flow neter is typicall y no

| oRQeLs l; er a need a

syst e mogér}gggneﬁ ﬁ%dffgf ;g}z#egjrl] gllrl% fgnegmdef i ﬁ)aéanccmgvaeﬂnglﬁ rdrved tube

Coridlizrflosy mstef bosy aveh@r ofavgteridl deasiges. of materi al
densities. SUMVARY OF THE | NVENTION A Coriolis fl ow

meter is disclosed that uses the deflection of a
UMMAR? ﬂﬁﬁ’]?fv ance the vibration of a single
curvgg(ﬁ]’FI ow tu EeIQT e two ends of the torsion nenber
arAe CatibEs flod nder igdibcloised thatudds tHe defleGfIH &Ta 1©R5S ﬁ’i@m@gr to
si.hgl.e f|l ow tube. A balance nenber is attached

balange g’@ﬁ’tﬂ@ﬁu%ﬁﬁﬁ Snele Purwd font WhonTheriseendad i tbresemeiher are
attacﬁeﬁ%,%ﬁ%ﬁr&t% vﬁﬁf%%er?tfer gecﬁon of the single flow tube. A balance member is

attached to a center section of the torsion member and vibrates in the opposite‘phase of the

single flow tube causing the torsion member to be deflected in torsion.
ASPECTS
One aspect of the invention includes a Coriolis flow meter, comprising;

a single flow tube comprising;
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single flow tube causing the torsion nmenber to be
deflected in torsion. ASPECTS One aspect of the

wonvensiam i ncl udes a Coriolis flow neter, conpCTRISH6/016544
a single flow tube conprising;an inlet section and an

outl et section where the inlet section and outl et
sect i onan gylet sgxiian ang ag qufalesgetion whersttheyiadat seasioniand outlet

atge%ﬁgggarggxgpgg Ellé { section and a second bent

sectron afta he outl et section; a connecting

sect i ona €ixitdedi egtiheitneRsd fohike frlétSketiRindseetdrdbeanskction
t he second bent section where a center of the

co@ﬁ?@é@‘iﬁ’g’[ g QUHPLSRCE | nes an axis of symTetry of the
single ]:1 &tlH%ﬁﬁﬁ \éégt%ﬁcﬁn%pg eeﬁ] e?ﬁrs tg CEP% a{l%gle second

syrmretrlc e axls

si bglteedtloawlictbe cérser dﬂtme@brmastﬁ{gt Seaﬂlcbrydéffheé)a@aﬁls aﬁ Symmetry of
torsi on nenber. having a first end and a second

m@@élrtglfeﬂpwﬁgbe ?éﬁowlpese thetsingieeflow dubenis ;mmep@wl Z}:g)ut the axis of
%{”:"Hn andd {g'ﬁeél%lstgég%ﬁ eng' t?ﬂég gftfn %d %SS?n‘ua{ﬂqut orié Plbne;

ConneCt b A@sivAGldroer Ghvihf e feétral and hevéontRad R@efe thd Eirst end is
second bent section; a bal ance nenber attached to the

t oftéached trethp spnnasting sactine phifesingls few twhe neehthe firgfenhisction
mlgt%%: s@c%nﬁ%%& llgélcta%flecf ‘Ja%hes ¢ rgllecetlrfése (t%ﬁ’l %fﬁ 1%?%?%k¥f%mbe near

ance nenber gener a
toﬁﬁlse@brﬁmbegecuaﬁ Ieast one drlve bracket attached to
the bal ance nmenber where the at |east one drive
br acket 2] gla@%mm@bereajtaﬁlaﬁdﬁg@hﬁtogsm membgieandetendiamedowards the

OGS SR AL DO ot et

h ameweﬁlsdoéeﬁ&@ny ?@@Eﬁcﬁéﬁlﬁﬁ@ N kot Aembks; St end and
the second end of the torsion nenber is conflgured to

vi br at e2filnashiens drivi bracke attashad fethe belancumyembemiwhire the at least
cenﬁeeérv cti on onfi gour ed to,vibrate

oppos!| 6?1‘: AL 1S Cotnﬁg?rgg LOuRS i deVicy ey @\?/dflb’ﬁ gevice is

t h&frﬂ‘@éxda&blfapﬁg 4 feelaghinkiae SRERETov Ribgdef ormin
torsion along a torsional vibration axi s. Preferably,

a fir st thedeision erbergiaipgacentse séctipe and wbeieshe ffst eiband the
R R e R R
flow tube and the center section is configured to vibrate in the opposite phase with
respect to the single flow tube thereby causing the torsion member to deform in
torsion along a torsional vibration axis.
Preferably, a first manifold coupled to the inlet section of the single flow tube and a
second manifold coupled to the outlet section of the single flow tube; ‘
a manifold spacer extending between the first and second manifold, the manifold

spacer having an outer surface, the manifold spacer having a first opening through the outer

surface near the first manifold and a second opening through the outer surface near the

second manifold where a first end of the connecting section of the single flow tube extends
through the first opening and a second end of the connecting section of the single flow tube

extends through the second opening;
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a mani fold spacer extending between the first and

second mani fold, the mani fold spacer having an outer
weoeund7asen24t he mani fol d spacer having a first opemiusgno6/016544

t hrough the outer surface near the first manifold and

a sg%o%#aﬁgegin%_throu h the outer surface near the
s e gt mperpligngd with the foggional dibgaticnpaxisandreeapleddo the outer
REGF R . j t h.the ..
S A6 AP L USRS B B ot
torsigeoteinber.of the single flow tube extends through the

second eing;afaﬁexible menber aligned wth the
{ oP SR B Bratipls sPassrsnglRersdbtipb acationimd tuewiet seetion of the
singRYloh@&Be Bhd fh@%r%hﬁ@cﬂoﬁ BAE e sg!{b?ld%gﬂfsle?ﬁ%ﬁ ?f(‘) g i%i&gle flow

second surface of the center se on o
tubenenber. Preferably, the manifold spacer encloses the

i nl.e ction and the outlet section of the single
f|%ﬁ%?%@&‘bﬁHMPﬁék#ﬁﬁgv1%@ﬁ9ﬁ§8&py%mhyﬂb t he second

beplerseqt i : S . referabl y. th

bepif Y 80 ELohAS 500 £l Wby IS o e
Pr Bfearalily.ye pitkeff suppeitanehbatidiacted o th@XtaSanics midhBeR§here the

.hﬁ#ane defined by the single f]ow tube. Preferably, a
PickOlt Synport e is Paralielovittythe demion mesnhes and gxtgndsebarmedretwo

r i f . ] rallel wth.rhe .
soenf o G ool skoRRahl SHEHES 8e B CBherlie e B Iffis of
symmoemnelthe sigglediiv abeahd tWheresths glekofflsappdrtRemdsr BRBASHIE] to
skdes of the axis_of iinnetry of the single flow tube
hold g fyst srnsos deee # acfiist endeffhe pickek stnort memberfangdarseeordosensor

deviddhd S?(%Jnhreﬁa °§%ﬁ%’gﬁ“§§§ﬁ%ﬂ%e§i rst end of the

pi ckoft support a second sensor device at a

s eRrefuatdydh doingichwtaphakiofthe HUAEOMEMBBIRNEREre TR &SRSk Y,
a dongle attached to the torsion nmenber where the
Pem%’&%‘raé te thedenspmarmberandegtenfedevwruard drome thsgprsiondnember, away

f . ' nb f
o S N SIS MU0, PR B T
and wharergicrdpngle i§ berfRiurgl 16 elihité bilBeregiadalheidh hhiBe S0 tgllﬁgsecond

,isi configured to elimnate any residual notion in
manifqldsss and second nanifol ds. Preferably, the dongle is

it h. | | t | h i £
R oA D ORGP S MIEML BB AR e
axis ofithe teotanpolar sSHRPD perpeltiichler @by tordibemeibel on nmenber is

a:%gnerall flat plate parallel to the torsiona
vilBrirabln tsdorsiemunenber s atgenernily 8ot ratg pefalieht thetssionl

Vibraﬁgmg ah® wﬂgllgtthes Hgsrt] eltlci] 8% thte tt]oersifoh Elqsémbeca? ‘1js llae%t such that the first end is

perpendicular to the connecting section of the single flow tube where the first end of the
torsion member is coupled to the connecting section of the single flow tube and the second
end of the torsion member is bent such that the second end is perpendicular to the
connecting section of the single flow tube where the second end of the tofsion member is
coupled to the connecting section of the single flow tube.

Preferably, the connecting section of the single flow tube further comprises:

a first straight section attached to the first bent section and a second straight section

attached to the second bent section of the single flow tube;
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per pendi cul ar to the connecting section of the single

flow tube where the first end of the torsion nenber is
woaupliea2to t he connecting section of the singPeTfiSene/016544

tube and the second end of the torsion nenber is bent

such that the second end is perpendicular to the .

coft ﬁ%@?g HEteeeriighatichedito, anhigrtendinghetivaere thenlrststraight section

and 86 GO I&BieRf sebfign L Or si on nenber is coupled to the
connecting-section of the single flow tube.

Pr Bfed¢rabllyythe bhlaneanambér ¢fghs siagle dovofubé e gdnegillg ffak plite
.tube further conprises: a first straight section

having ¢ Feprzgidebshape Withytae widsodafdhe rpepid afagheddn the torsion
nwnﬁkfQbﬂghw%&§kh§pwﬁkﬁ8ﬁg§g.tO the second bent section
f gle ow tu

of the sin e;a curved vertex section

at Peetérebly] the balancemsérabeti in gotfunetn, hatyb @ hightsend B s@f@bs along
h section and the second straight section. Preferably,
teaﬁﬁé’%&@&ﬁ&@%@]@oﬂ@?gl%ﬂOWBb%i ngle flow tube is a

ge j ' hape W t.h
OpRRASALY, {1l AR NN 08, 1 A0SEEL Sk RIGRE il v
balanvenbanbalacngljtsue] suoh shap el natiral Béduencyti the ottt Gifstadddbration of

f%pe %alance_nenber Is configured to have a hlgh )
the fiountbp gnd forsipm membsr anthbalsnce anqmabes s wyehnkichgr than thedn-phase
natusil Erggl@entag, ow tube. Preferably, a stiffness of the flow
tube and ‘a stiffness of the torsion nmenber and bal ance

meAhethepaspeadif tistiadersionltotipaised H@ethal WF Bhlakdigsy €REB1iOFlow
tge,out-of-phase vi bration of the flow tube and
metef §Reng 4 sipglararved flpvplibsnenprisit®r i s much hi gher than

t hg, .0 f t her .aspect. aof ..t he

BRSNS R B e
whert ltew/bent 2 6tidiB \oif (g singdé B@tved autmask drk ansidppbRed and where the two

conprising: suspending the single curved fl ow tube

bent petig @Fe eWePRosR:SiAes afifa axiy afsymenctly o theetiegle whiveé flowdube;
be ' the.single curyved flow t ar .
e B YR i R B i B A0t o poims

placedpynsidttcaiyd®sutahe akis 3R byin@btr YKe ingleurbdien sk Retind closer

curved flow tube; attaching two ends of a torsion

to the:gxip ef symemetrethan iyl terochent sagtipnoed the inglatcurved fleov tbs;

pl : [ Ly .about the s of symetr f the

D! SR TTEE DAY (R0 IR ¥ Bl ST legflat
structirerBRshrtiatithasountgbdl e e BEttuROMd RO SngE chiRd $ioMghBe vibrate at

curved flow tube; generating a force between the

the sape freguengy buidn theppositerhasd and vhenstthe paintarbalamterstrutturesis
attacl’zédi?@ eat dé%ﬁfeg V\?Q:ﬁac gfl Jr\;lltegérgiaolélarg%nelb%tv{fﬁje%b%rtﬁe ggn?ertsggtiosni Or}qilee torsion
member deflects in torsion, along a torsional axis of rotation, in-phase with the balance
structure and the two ends of the torsion member deflect in torsion, élong the torsional axis
of rotation, in-phase with the single curved flow tube.

Preferably, the method further comprises the torsion member is attached to a
manifold spacer with a flexible member and where the flexible member is aligned to the
torsional axis of rotation.

Preferably, the method further comprises a dongle is attached to the torsion member

opposite the counterbalance structure and configured to eliminate any residual motion in the

two manifolds.
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the sane frequency but in the opposite phase and where
t he count erbal ance structure is attached to a center
weeai7iiem2ef t he torsion nmenber whereby the cenPer/US2006/016544
section of the torsion nenber deflects in torsion,
along a torsional axis of rotation, in-phase with the
bar@AteT atnecicelithe nyagienrommiiscenmethod afthelaneing adipriolis flow
' r.Si 0 . the torsional axis of
met@?ﬁ??%ﬁ%ﬁ%ﬁ%‘@@%@% F%rgﬁlléﬁﬂn% e curved flow tube.
Pr efbeatalyl thie sinBle owetdddibw tubkher conprises the torsion
menber is attached to_a manifold spacer, with a
f | QMR wetebial hattee whtst densis thpugh Blegibratiageyingls curved flow
tube?! 1 gned to the torsional axis of rotation. Preferably,
the method further conprises a dongle is attached to

t hdefleatiag dmtorsioh @ torsion ddniter Wherecofiit efdaldngtond end of the -
structure and configured to elimnate any resid

torsig FICGIVer AeRse it REShAAI DY BdrakivBia ke Sglestrved fppdube and where
o col LA PO g RRSIOR Serfboel LA R 1o R I s sRPBARL b e

vibrationpritiss siggle cubredfiongubbendivhge e M WB@tibh s isHemed at a first
owing a material having a first density through the

fl : :
locatjombetyveerythsifish cad end thecrenten dpotion of thedprsian megbernand a second

: ' S| . a first end .an .
s R APISUREPo (rAloBE A o esion
of the h@siohliahben of the single curved flow tube and where

a center section of the torsion nenber deflects in '
t oPEtesablynthe meetborhmstherecommaises Bewinge mptsriak hayingaf seconsd density

' Wiy f n re a fir vi bration
o1t SRR AP e P MO Bt Bl Rl Seone
densé dn@nBleictBle GeN tvelirati@Cdxi O nBflofdRe fdrHedia@the TR EMNBEatRAAnd the

second vibration axis is forned at a second | ocation

secopdviheation: axds is @edorees famgd at theseesadtlesationct i on of t he
tor,sion er~,. Pref er abl t he met,hqd further . . g
co‘r%?&lgress EF to%"t%%mgelﬁ% P lsﬁsa%/’fnﬁ&()g of ;s Cﬁ’é%iatgf’mlls

ﬂowgmlﬂp@m -he single curved fl ow tube where the first

density is different than the second density and where
t heroviding a gingleallowo fbgxthe singlerflow tfhgeomipoisimgd at t he

first location and the second.vibration. axis is n

| onger FoRHEFORIoR 08 28 QERer it hek Dinl restion epd optle
of sdckiend e @riall9RligAMPr | ses a net hod of manufacturing a
Coriolis flow, conprising:

a first bent section attached to the inlet section and a second bent section
attached to the outlet section;

a connecting section extending between the first bent section and the second
bent section where a center of the connecting section defines a axis of symmetry of
the single flow tube and where the single flow tube is symmetrical about the axis of
symmetry and where the single flow tube is formed essentially in one plane;

attaching a first end of a torsion member to the connecting section of the
single flow tube near the first bent section and attaching a second end of the torsion

member to the connecting section of the single flow tube near the second bent

section;
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providing a single flow tube, the single flow tube
conprising; an inlet section and an outlet section

woher7a3ehe i nl et section and outl et sections aPeT/US2006/016544
axially aligned; a first bent section attached to the
inlet section and a second bent_section attached to

the out Pétchingc bafpceaneppride thediysisida ofdhe txsianaeamper where the
beLugrn r&ﬂﬁbér' exdnd® %arﬁ?ﬁ'{e'cgﬁ]telacg!(dché P&m%&?%?eoﬁgﬁ] b the single
sectlon ere a center o he connec Ing S 1 on

deflowetsbeamiwviere theslyalaret myenter ih@ieaitgddh ehd pla dfiheflandube;
where the ingalrtiefl ow tube is symmetrical about the
a8

axi s of 3&3FRRE A yeashena et racket ©ithy pelanqegurmbasevirese the at least
f OpBGRSHRAGA: & rgoo%ﬁkﬂreﬁ Qﬁ nRuf0s c'iri?et SREN D8 el c¥r . R0 is
of 'a torsion nenber~to the connecting section of the

si noifegutddote applyen foedraghingt the siigldo®oww nibect i on and

at t achi ri% a second end of the torsjon nenber to the
connect oS eRbEFhavie ascentsr seqtiopang wheraibafirstisad and the

? ecQidd ngd;Mo 1?1@ ﬁlljsf?)ﬂ ihG Q}@c%;ong 'ggt\%h s gﬁ)trzﬁg ﬂggflas% QVei{th%e single

I rst si e torsion ne ere anc

e fibertulsxdreittls cérawededton Beoafipired tofibidieinahs Bp%dsite @hase with
section of the single flow tube and where the bal ance
mefisBect faths singly Hewitube therepy gausingrthe faasipn gwgmbeghto deform in

at 1 Ar.i bracket to the bal ance
m%%phgﬁg?é téflﬁgﬁtg\]tﬂpgagg{l a%ﬁ'e drive bracket is
c o Rtdferabledht matimadfurthetddnvigisdeviuptinpadire rhdigfold tov@e inlet

device is configured to apply a force against the
sectign 9§ the Sfr}gémfl@w%ee aden sesprd Banifpldfethepailptrgction efthe single flow
tubeS€Ction and where the first end and the second end of

the torsion nenber are configured to vibrate in-phase

W tftachhig sshagfed paver betbeeaihd firktema 88dont nsRelol N theSnanifold
configured to vibrate in the opposite phase with

spacgighgyaie an; quiqrisariages gheamanifd spaser havinapiirst apesiingythrongh the outer

' . f.0 N _taorsion al gn t or.si onal
s 258430 TRENER 1 510D ork T BB B LN e
secof® Manifeldsyieed firfi @nd of tHeonfidfih 6dtioh @f tHeesindlé Bbw tube extends
sectiagn of the single flow tube and a second nani fold

throygh the firsh gpendng awska pesAndend plthe coriceting erstion bbthe single flow tube
extef B e S a0 o7 spacer having an out er
fﬁ?ﬂéﬁﬁﬁ”gﬁﬂﬂé&éﬁ? girefnﬂie‘ﬂ tS R GRfer BAYARDf e hbnsifol @RI Shd to the

torsion member where the flexible member is aligned with the torsional vibration axis.
‘ Preferably, the method further comprises the manifold spacer encloses the inlet
section and the outlet section of the single flow tube and the first bent section and the
second bent section of the single flow tube.

Preferably, the method further comprises the manifold spacer is essentially
cylindrical.

Preferably, the method further comprises the torsional vibration axis runs between
the connecting section of the single flow tube near the first bent section and the connecting

section of the single flow tube near the second bent section along a length of the center

section of the torsion member.
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surface near the first manifold and a second openi ng

t hrough the outer surface near the second manifold
woeher7a3e2ii rst end of the connecting section oPCThS2006/016544

single flow tube extends through the first opening and

a éecond end of the connecting section of the single

fl

Toierale. bs mstnd furhenrgmprises atchbing adp@mffr@fpport member to the
balm@eﬁﬁ&ﬁb&gv ré !hg zﬁ(ﬁyoﬁ sﬁﬁﬁ%fgﬁ%ehg)e{ %Sps??éﬂte%vitﬁ W t%gaionomember and

f
the mani fol d spacer an on nenber ere

exteridseébetweni thoascgmenmeof ths cahnegtiag satioh of i sitplsflowahbe on opposite
.. Vibration axis. Preferably, the nethaod further
side .{%

¢ Pis of semeian pf e singlsaflasy tibsand géhere the pickpEfisupport member
. . Shacs . .
s <ok 50 08 AL B SERL Bl B PP Sy B o

second sdniser davitglat a keaond end of therpédkerBdupport ieenbeet hod
fui)teger conprises the manifold spacer is essentially
cyt?

RIRPlathe msthaddigheneompisenitarbing rulonglerto grsrprsiaremember
wherk e &(9{%% grbglépeﬁhikaﬁﬁf #oot!‘lﬁ thidn eP %v&%ﬁ%%&s%grm@aﬁ% from the

connect1 ng "section o e single

torsibm metnbes Atvag éoki the bahdcd Member aed i dligns®mlthePlagé of R single
single fl ow tube near the second bent section al ong

a
flow|tahpnd where s doagleds cardiguresiio sliminade pay eepighal motion in the first
rably, the nmethod further conprises
and %??%gﬁlaﬁn g&ﬁ?

a pi ckoff support nenber to the bal ance

mePRizgerabipcthe nidie dtuftkafdonguigpotht doBEIBE a flst i@t alilhel generally
wth the torsion nmenber and extends between two

rectagg@laprhape githialang sxin et the sectangplar shanstperpeadisulag fasthe tengion
membdP€ on opposite sides of the axis of symretry of the
single flow tube and where the pickoff support nenber

| sSPefrhiblguhe thetlodaltBeraohiptisés the i&Sion GRnhiee i9d géhefdIFSlat plate
end of the pickoff support nenber and a second sensor

paraligl ¢ the tatsionakwibrstign ang apd whiee the dikstend efiths dersiomandiaber is bent

=) ; .had  f her conprise t achj a
such F L B0t e DB PR L PSP B 3Rl oo e
wherp elipBivdemdibfahe to@sibf thehided is%ﬁgﬁﬂb@fhe%ﬂn&ﬁhg Bét¥ion of the single
downward fromthe torsion nmenber, away fromthe

flow frahesamddheriaeped endaeicthe torsiph greatber 15 henbsyshahas tiof sechred end is

| 45 ow t ube. and wher.e t he d le.is,configured t
perpeéﬁ?%h%&{) (Lgh By 1?02%15 JEdion Rl e singly %?)%’em%’? }@{are%% gﬁ?@&% ﬁ%‘?(’f the
torside®eA cotibled &f b e¥nndcify SRR S fHe sipS N6Q M. ses

the dongle is a flat plate with a general

\ : y
r eBteinehly dhe giethed fwithdy camipoises thy icennsttingheection vhihg wingte flow

mbe%ﬂ%% r%{o ISeers1:oll cular to the torsion nenber.

a first straight section attached to the first bent section and a second straight section
attached to the second bent section of the single flow tube;

a curved vertex section attached to, and extending between, the first straight section
and the second straight section .

Preferably, the method further comprises the balance member of the single flow tube
is a generally flat plate having a trapezoidal shape with the wide end of the trapezoid
attached to the torsion member along the torsional vibration axis.

Preferably, the method further comprises the balance member is configured to have a
high bending stiffness along the axis of symmetry of the single flow tube.



10

15

20

25

30

Preferably, the nethod further conprises the torsion
menber is a generally flat plate parallel to the
woOaowiiemal vi bration axis and where the first ead/ustoos/016544
the torsion nmenber is bent such that the first end is
per pendj cul ar to the connecting section of the single.
f | Bipferably. theapehed Birthey eqmprisgs aptifiprss o6 hsi v rbeiead aistffness
[ ke t ' QW
o tf I s A8 MRSE A FE ey Rl ey or

the @rofphivatviiragors £ duieraditSrsioa mxaniir adl Bhlahe: hb@ber is much
connecting section of the single flow tube where the

highgitham thedpmphase nayeral Bealeasy- menber is coupl ed to the
connecting section of the single flow tube.
Preferably, the nethod further conprises the

BRIEP DESORIPFIONOF OREODRACINGSgl e fl ow tube further
congqfi ses: .a first straight section attached to the )
fi FE¢- Tisan ismestrie yiexnel Gorédisdlety meteail §hwithabe pasp removed in an

exm?ﬂ%gﬁﬁa%nkgﬁ5P§w§5§8&9nQ§@Bn§eCtion of the single flow

curved vertex sectron attached to, and

exFERd Bgnhsim@be vidwhef Coridits by Rie@RD06 Q6thi itrtasdsh dntRample
second straight section . Preferably, the nethod
embpdimentel the ipfentie t he bal ance menber of the single

fl is . I '
tr SR S S BEER Pt oo G SR R Brmsasmpy
embadib@ehetktht tvteh8od.or si on nmenber al ong t he torsiona

vibration axis. Preferably, the method further
cof¢ i sie sntispandiEe Fieveohrsebon ¢ka Coneliyile s aneter 498 e amexample

embpﬁﬁﬁnpﬁgﬂé%gpgh$ffness along the axis of symetry of

e SIn omf%ube.Preferany, the net hod further

CORTG $8% partid ifoneses ciobs-sdedohd] 91w bbE€oaNE Bov hickdr366$n an
of the torsion nenber and bal ance nenber are adjusted

exaraple gmppdimenh el thatiuveationr equency of the out - of - phase

Vi tjion of .t t ybe and~torsion ne and bal.anc }

oo & AR e PREGO RS R FREREOREH  pafaiciied state in
an ekdr@sly emBYdinBiRt FRHPESRREGTI ON OF THE DRAWNGS FIG 1 is

an isonetric view of Coriolis flow neter 100 with the

c aF K rténis viseplifedand enempl €omelisdttiwrareter $00 ahan exaggented peck
. jnvention. FLG.2 is an isonetrigc vie f.Coriolis

displapiirtigtitpe 3R 1 v SappieSihodnentel s D EMiRBu rent

of Fidre7aiinyu 8hpIeibd iEdrfretrid view &MolskRNMEMbEr 708W afRfun@eflected state

single curved flow tube 308 in an exanpl e enbodi nent
in ampgxaptpée ¢mbedimienhof the invention

FIG. 7b is a simplified isometric view of torsion member 730 in a deflected state in

an example embodiment of the invention.

FIG. 8 is a cross-sectional view of one end of a Coriolis flow meter in an example

embodiment of the invention

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

FIGS. 1-7 and the following description depict specific examples to teach those
skilled in the art how to make and use the best mode of the invention. For the purpose of
teaching inventive principles, some conventional aspects have been simplified or omitted.

Those skilled in the art will appreciate variations from these examples that fall within the
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FIG 4 is an isonetric view of a section of a Coriolis
flow neter 400 in an exanpl e enbodi nent of the

wonentiam. FIG 5 is a partial isonmetric PCT/US2006/016544
cross-sectional view of Coriolis flow neter 500 in an
exanpl.e enbodj nent of the |nvent|on FIG 6a is

scopg |0ifer ipyegiionn dhoseetkilind indhs gt will aprsopiste that thsolgaturesalescribed
veloIsE LEEEL L Rl RUBLRL SRR MBI g s

resu]‘tJ thevinvehibon §@6t Ainitad tethaggevifit echnpgekdodesidae®ive Yut only by the
vi bration, in an exanpl e enbodi ment of the

uri
Clalm“h PIERTEYAENYS s a si nplified isometric view of

to .
B a e atw—
of ﬂmiclmblhtfmmh’ubﬁ o@etivlicflvwenetef 100osippRes@NRRSE fTABEE 102, an outlet

{pégcte state_in an exanpl e enbodi nent of the
flange, t npangioldgl 345 ap optlefgnanitold | h gimapilold erracemkdbengingle

T e i R T

1 O4)EibBﬁIéldl‘&EbB’uﬁR {B8. Cokiolisdlvay ineeer flO irtvh PEbiGeS Bt {rid®Bhown). The
epi ct specifjic exanples to teach those skilled in the

lnleté\né OHH&H ttapseral 82 and | isallsplase bl delesibut are shown without the
bolt hgl\é%ﬂxt élﬁ%@hﬂ%’? rTﬂeﬁﬁleP Hi® &t?et %anﬁfgﬁﬁg dnlvﬁlg t::1:L|*e\lf?1stened at either

SOomne conven I Onal aspe ave peen

end Sf nfrﬁrluf(ﬂd sphcorr 1 0@iTi Mugitold Fpase 164<is|t$71ﬁdallyl’byllh@r1@dl tberdaly also be
appr.eci ate variations fromthese exanples that fall

forrrwfimmpthﬁéé% sections 1 foe examplp e resiangyiss sw0ss kgctivad Eagh enseof
smgl%rﬂo‘%ﬂble 16k B'Esqg&oa(;rp r%@tln {lgqnle?ﬁ{cfj&? ‘% mgrﬁl%’(l)lfig gdﬁgbeldq\g’4) A

ousS ways m

soft v@inieefidnOst shiowinl énayrbéaiséd Qﬂ]ouﬂ‘he andsastuhd singld %urved flow tube 108
invention is not limted to the specific exanple

to tha d¥e mapifaldp £l Bvandpldth)-oft gartsd septéoncafghergingls dlown@ubr: 108 extends

abox%qﬂé X&Ef%%ﬁi%gf 1%%15120%& e§§ce9 ?Oé ﬁ]?r% (%; aﬁé)lg\émgévn? ﬁaec%oe&d roé mamfold

spaceNMIBN tBabihce SRtidtorei 19 Ofalttﬁ&heﬂ% e sifdfe BOMRIHSEB ABwb Bbfiecting
flange 102, an outlet flange 104, an inlet manifold

pointss Al he Avyo soimestingrpeintsairel lorad naarrmthmf aiddIspeteflowdehe H8 near

f ub 3 |
oL B AR L LRSS
strudti@ed 10 & s’h@pﬁhﬂ@d bétoreeR fﬂ&Wo&oﬁh&ﬁn?@bﬁﬁs P 'sﬁfg‘ﬂe Bow tube 108

pi pi ng system (not shown The inlet and outl et
and lrsm@ﬁl@e@e bemgenethq smgh:)ﬂmy pibedi0B ynd theemamgfaild bprces1utin

opergtlon, a prcwn ctive CQ‘(J)enng vsr}ould be attached to the manifold spacer and shield the
single curved flow tube and balancing structure from damage. Figure 2 is an isometric view
of Coriolis flow meter 200 in an example embodiment of the invention. Coriolis flow meter
200 comprises inlet flange 202, outlet flange 204, inlet manifold 154, outlet manifold 152,
manifold spacer 206, and case 216. ,

Figure 3 is an isometric view of a single curved flow tube 308 in an example
embodiment of the invention. Single curved flow tube 308 is comprised of an inlet section
312, an outlet section 314, a first bent section 316, a second bent section 318, a first straight
section 320, a second straight section 322, and a curved vertex section 324. Inlet section

312 and outlet section 314 are axially aligned and join an inlet and outlet manifold (not

10
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bolt hole for sinplicity. The inlet and outl et

mani fol ds (152 and 154) are fastened at either end of
woami7fiedod4 spacer 104. Manifol d spacer 104 is typpraakdog/oi6344

cylindrical, but may al so be forned with other cross

sections, for exanpl e a rectangul ar cross section.

shovey apspesiévely. Birstgret seetisw 31658 cawded totislef prcion Bédi ﬁg@nd fpent
sectlgﬂ § 13 ﬂj c%o R%?qo gﬂﬁ(%c%gct@ry 1f40 lF(iIr%t s(traéaﬁ S&Q%n%aﬁ)is couﬁ)zegl té fﬁrst

ect

benttsérmo&l 3¢l Secoridvaarighk sawtibh 922 %ub&dﬁb Sedon® bBiﬁrslef:tQirﬂSI 8.
(152 and 154). A curved section of the single
Cur‘teé pertapEecan é%ss whpled 1o Rest ood second piraight S@‘Pﬁ‘m& rm(bquui 322).

Curv%ﬁ %ﬁéx %egzgoh EQ F geﬁ%ttﬁéa %HIJ)P %f B %88 %F%rg‘ﬁ q 09 frgly { oc&lgr curved .

shapss n[gl @efekmlelﬁﬁﬁ)oﬂﬁﬁerﬁbf thatncaitiva ¢hotRBowa), Bi]ﬁfed _{;B@ext $¥tion
connecting points are_ | ocated near either end

Wou@ Geyple direstly ta the firtignd sepond hentesestmns {3 kfgngl F118) Welffthye

3PS AP LR TP S8, SHRS3 O T e s o

in essaniale bhe glapei Thssiagle chitred |tm¢ ®ibé ﬁi)wrrhlhtbﬁcal @Bownsis £A,
posi tioned between the single flow tube 108 and the

thereiergias A JpERBIN 20HO ﬂymr@%ff&r therpingle ﬁpw@hﬁt ive

CoNgELPS B SIACEE Rl S TR B 1BRSG0 AW cxampi

emb&difridat off the ﬁl’ﬁféﬁh@iﬂ Ne@eolisHi@kfikte? 408 caiptiS@MBdnifotd ¥aB¥ 406, flow
of Coriolis flow nmeter_ 200 in an exanpl e enbodi ment of

tube 448, gndhhatanice piructyeitdf. Bakanwtﬁ@t@fs 420 cormpiiges itersioninpdnalper 430,

i85 B, ALy PORIRE R A T st e

struck® 416 aod Flowdubs4@8adt §9 f'ﬂdn@ic \éyﬁéﬁ/n Phat Belpdva b & feeIMRAwo body
flow tube 308 in an exanpl e enbodi nent of the

SPﬂHgﬁV@ﬁtSV%?m Single curved flow tube 308 is corrprl sed of

peFr LG TEfiotanein 420 silrcfico B o3l 1he pidsSpay ve
attachéd By BfakingeGldaly, 3Rthg, BlaBRERNGk thE [iRé. O orR@KhBIR e%ac%dlment of

and a curved vertex section 324. Inlet section 312 and
the igyentien. the endsor tasipnamembeti430 lagtac togheflowebe 408meanwhere the

i fol d h
BTN TR R e T
is a geherallPEROPEDSIM theefb leflls BE hpw£0 Yl datRe M Lfls are

section 314. First straight section 320 is coupled to
perp¢ndigilaie the Bew tibsrat $egwoIdanss svhsterthe trrsios mﬂmhn:n 43@ attaches to

e o-.second b cti ved V.
the iR RRE A0k O TSRERIRem a3 35 ik SdmandRhosiin 8 alfnton side i
facingQRd b@VEd (3R REEbr3A%he NGWNRIL08 ThE B0 sidRNs %%ﬂl ¥nifold
take the shape of a circle segnent or may take other
spacenftOpe d\ &trhpisatianmoda €i.e xa apisef eefoadotiem exehds deng the length of
tex section, wou

t t d
the t%féi?ﬁ?%élﬁ?‘?féﬂt%%g’t%v}ﬂ%ﬂow b Sxin 6 SEnile wentv by rgon
membad£taaRsk 13 18 f1EWRERDYThe first vibration node may also be called the torsional

vibration node or a torsional vibration axis. Torsion member is shown as a generally flat
plate but may take other shapes, for example a tube, a square rod, or the like.

Balance member 432 is attached to the top side of torsion member 430 and is
centered between the two ends of torsion member 430. Balance member 432 is essentially a

flat plate formed in one plane. Balance member 432 is perpendicular to the top side of

11
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elimnating the two straight sections (320 and 322).

The single curved flow tube is fornmed in essentially
woneo7pBene. The single curved flow tube is synReTmSe®b/016544

about axis AA, therefore axis AA forns an axis of

symmetry for the single flow tube. Figure

torsianypraberAdOy ThaPBme debaet PORIBToe AneeRher P Hligsi! e first

e PR 0, L SOV oy o
shapds| fovekaisle 4Q8tamiel obthkdike e Balancemamber43D. is Bahfinured to have a

. structure 410 conprises torsjan mher . 430, bal ance
high Prendbr L5 DragRT Of SRHE PERERY WSimElm oR e

R §E e e PRURER T U R Lo D AL RN A0,

attackicty flsiop Y balasce Bymberd32ERitkoffppdrt hetishien is gepatably a flat plate
430 is attached to fl ow tube 408. The e

( . ! 2nds, may be :
formed inceaadpnsyib apickgtt biskel g, 2t greh 374, Pe@w%&ﬁuag% pemher 434 1s
| n -to-
pedfies A0 SHBTBL o AL TIbo ! kil RSB pobl e
side, RB& froMfRrack [eh hdlawetnditbes @82 eRickaffbradhord 36 foa eacl @rd of
~surface of manifold spacer 406. Torsion nmenpber 430 is
pickeff gempertananyber 43¢ aps eandigiied fio moEnt s58seER G0t shewrkheingashre the
such .1.ha he . i r £
e 5 s R SR AR DR RN SHA B A LS. e o
sensh@Chased Got Bearhiplownidghe: 4dBoil pairsarosptivedeasord30thb dike. In
ato&;i de and a bottom side. The top side is facing .
one gxgEIpia AYeadlimentiafthes v enting agnagneb 1sr4tiggnad fpdhedew thigeind a coil is
0 Si de~k s Ci ' 0 g
as§PL I B8k 8 OGP OA G985 454 g EEL o mas

high ati s bhecthRNgich thit thdeathal Sbqrnopotery vibkess aotdenig pickoff
the flow tube axis of symretry near where the torsion

suppp wirarbea ereavelbawafromehe fove Feaencyrafdhe fubetbalange girychyre. This

nade also be call.ed .t he [S] Lbr.ati
sepaffioF of Tl eGP b ek o ARYer B AP ey and
othePodesITREraidny Thlaabthel ahBodithentd)thé mkentidr@6t sd@pe she pickoff
for exanple a tube, a square rod, or the || ke. Bal ance
sensons wswkd 2@ beingountedherhig belgnessruchise.s Tapiskoff sensprsrivould be

430 ' d_b
o R0 SR AR By e
a fd e RhADR IR RAhTLIARSINPERIVD, M) BracletwIgee attdhed to the

is perpendicular to the top side oftorsion nenber 430,
top oftpickofizsppatt fienbdr H34. bRtivnbiackasinbis arg gonfigired fogpnent a drive

with the first vibration de., Bal anc nhe [
systh ik 58 04 e B bl it ot B R Sl and the low
shapesice sQypiBNBHIpBed td @6 FRAMBe 8 thé BEislof kenmBaY ante tube at
tuberreh%berczggygls confp?gured to hav?a a hi gl’s10bendi Egy o

the etief bfths suivad aentiopwt tiuf flavnaubg| &mensiefanide ephodiment of the

. si.ng) e flow.
mvention

not shown),ttﬂgr%'is only one drive bracket mounted to pickoff support member.
In another embodiment of the invention (not shown), drive brackets may be mounted
directly onto balance member.

Figure 5 is a partial isometric cross-sectional view of Coriolis flow meter 5 00 in an
example embodiment of the invention. Coriolis flow meter 500 comprises manifold spacer
506, flow tube 508, and balance structure 510. A cross sectional view of manifold spacer

506 is shown to expose dongle 540 and hinge 542. As described in figure 4, torsion
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Li one exanpl e enbodi nent of the invention, pickoff

support nenber 434 is attached to the top of bal ance
woenyasonr82. Pi ckoff support nenber is general PgTaStdoan16544

plate forned in one plane with a pickoff bracket 436

at each end. Pickoff support nenber 434 is .
mempsr pthigiatiachse to ﬂow@%é&f) niapise 543D attachead de theshnbieny side of
torsqgﬁ %?x{bek §%(9 %Ei[ egctc&l d %ﬁ(@éﬁ%‘r’%gg ntée& d;{%g ma%ﬁf%( peer r5 gg l‘gher?ugh an

operdigbinaiare fotd sp%lﬂét 51]‘6 ﬂn okettammplp paibbdimmesmb ef thd 3dvearién, dongle is a
configured to npunt_ sensors (nhot shown) that neasure

geneyaily rﬁ@%&ul%rél% plafe Vish they lopg pyis peipendieacte the botigrs Retace of
tors1§1é gr%’%‘ﬁ%eg ?3"’6‘ r%ﬁ eg% SWa ir%{a g Lﬂﬁ{é otl@%%h%ﬁ’q@ efgg Ife%a%%;% Q%}é 1 with a

mass#&nehEd atake tihof the Idengllaa Doingleesdarp tentasd ol aﬁﬂ?é’gtmlﬁétrﬂcblﬁtbout the

_invention a_nagn is attached to the fl ow tube and a
axis esﬁsrmﬁr@trhpf Bew et5<98tth%t lpﬁebﬂ@@tﬁftheoc‘reatqe of themugyedfvertex section of

ﬂow%tiﬂf?@n % L §5{2 3a4thln m&%ﬁ&' tﬁgt{ c%ﬂﬁ 16 ﬂo?t‘é’ﬁ?ﬁﬁcg O%I‘SIOH

I‘UC ure, nat ur a requenc

mendber 831y tovth® topt subfacd®tiasnitdld ppakos (6. SHpEe Eitypi&ﬁmefon&é@ in two
well away fromthe drive frequency of the tube/bal ance

parts; ppg ep gitker srm|<>£ theedomgler oneningfin manifold sppe glen Eiege 542 forms a

rive, f yuen
plan 3 ¥ 3680 B ORIR AR 1L NEHTAEHERG 501
Becdudy Bitgk 612 (S’Hﬁgné&wwﬁ)thé toesionat kibrhtichensie] the Wigk thadittlelR no
mounted on the bal ance structure. The plckoff sensors

eifeqtdpy raisipg thedtpatensytod ths few tiherand betanpggruchire.oHingef j4gwnay also

er [ |l e the mani fold spacer. In one exanple
becgﬁglﬁﬂ?%@' ?ﬂgﬁe i nvention, drive brackets 438 are

at Faghebatdichard amplifie® bk ofetvs ETREbLS TBWRES ek in an example
Drive brackets 438 are configured to nount a drive

embgdgigieatof the invepidatn ) Cemtalis flaw mf:éfnf 608 capprisesangnafodd612, flow tube

bet L Wt b
608,358 85! TisRR% ASSisg HELBIcGnfberid, jordiih By £ batance
men#bék 63D fpickoRRppott Rlendbbec34) peckatf BridkeE63Y, ﬂﬁv@ﬁraﬁ:ﬁ@c 638 and
curved section of the flow tube hi one exa

donglerbé@li Heme pats afiféoriokis dlomy mnte( B havedwan SImmeﬁeé fowclamtyyin

br kof f

descftfifigrth Heer Rt Tho IRV A Es S RAGER brsRRRBRbet NS Stown as one

flat $lbie\48d HoBsHHNnSs HBYinB ehd B ke d dbivart |RgeBd 62 SRWVANEE flow tube
menber. Figure 5 is a partial isonetric

and balases-stwetureopiatst of Bve win-displactd positloowhe bperath@roa drivar(not

shovfp RGO B e dua Rt BRAGp s i o i affe arrows BB.
The $8ncAftthcRAd #0618 vIbrateG %Heesaﬁk%eqﬁieﬂéy%ﬁ 156 tobpHiie ﬁb@.ﬂl

of manifold spacer 506 is shown to éexpose dongle
andligvire gleissznd AgsvdeSCeortidlidflowm nfateglﬁoé atjan @mggcr@mdmbler

dispglf?rggﬁé@}&lg %{H{Izglofslglll{ %]orﬁ% e %qa od1ment c%l tﬁe mventlon Flow tube 608

has rotated counter-clockwise and the balance member 632, pickoff support member 634

and dongle 640 have rotated clockwise to balance the movement of flow tube 608. Torsion
member 630 has been deformed in torsion with the end sections of torsion member 630
moving in unison with flow tube 608 and with the middle section of the torsion member 630

moving in unison with balance member 632, dongle 640 and pickoff support member 634.
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torsion nenber 530 and extends down into the interior
of mani fold spacer 506 through an opening in manifold
wepewaso@®6. | n one exanpl e enbodi nent of the PCT/US2006/016544
i nvention, dongle is a generally rectangul ar flat
pl ate with the | ong axis perpendlcular to the otto
The tewsimabexisef xotationdncsremisdly abag, thoptigpestiog of fgyiblegpember 642

for exanple a shorter length with a nmass
Wﬁh&%?gé Eﬁﬁﬁfg%%e tip of the dongle. Dongle 540 is
gd 260 780¢: siplifitd Isomletraddenys bhrsien menfbesyitntany

of ow tube 508 that intersects_the center ofr@ig
exanmm%bpdmpm@f theinypirnofl orsigpmemher 3fghashesp sineplied by

h| I
ol TR IRl PR B B, USR8 R G
730 ihlial §@-deSlet iz tasd. Ilyuringrdmfhtuoﬁ of i fxaw heeterpthe fhmw tab¢ fret the
side of the dongle opening in manjfold spacer 506.
balanep mypanbsz yitrae ﬁt%ﬁ spina fequensy bpkinghe @m&ﬂw #res Fusipg fhg flow

tube %1d Bﬁﬁce%&nbe\f é@ Eﬂagg %0@8 %g dﬂq%lsftﬁ Hﬁ% ef?)tng‘re?%‘ﬁfe A3Sows torsion

cause hinge sional

memWBédih Dk 00 tHé@ﬂ@pesttﬁl&nMUﬁgg vitastidn dfttheflow tole afdftetdnce structure.
rai sing the frequencg of the flom1tube and b

The tytor engls af@rsmp myantsn 730t e sBaged dafhedipva tiybe &?tegewn) have
been@n?e or ro ra%% fa%clgggdggcg{uﬁeﬁﬂga&lse aﬁgcgg)gﬁfé'rl]lt%%@}g‘)&e

I'n an exanple e

movéhéntiof ‘ﬂ@’ﬂdv@ ﬁlbqulhle @hitddlefor Omtaﬁeeﬁorﬁﬁ)ﬂofsﬁ)clsmmbmb&‘ 730, attached
mani fold 612, flow tube 608, and bal ance structure

to the baipml@,g ﬁglr;‘glllré KnofIskowplrbas be@nzwmieéir@. rtatadeAbautaxgnBB in the
Oppoﬁﬁ% %ro‘lg’is Cl%n)%ge le?cfélg)ngOBg%g tL%r ac g@ggn g%uﬁbgt‘lue' 648

oppo@ﬁé"'%b@étf 3)0@&10%“1’{8 fleéw fdb@%&ﬁieﬂfalzﬁﬁ@ strastarel{@eirshown), the two
nmplified for clarity in describing the operation of

endstalfeortiopnanhes wouddype @xsawﬂle deBeaipdi relapiarisgdisedtign about axis
BB S e RRE 0T oPR e 520 wRNO AR R, BAERS fn e

oppdRitt BRERIErIISkWiR dfecti@BabodL axiB HB non di spl aced

position. I.n operation a driver (not shown) attached
t oAmeC@ rng exis L4 kfestr@enﬁbc tpcatersel yeevibragan podss of yibration axes

SRHONEIIAC W T T
axis Wﬁﬁa’tef Wil g Bldarcs sﬁﬁctﬁfé(hb\éhteaﬁlﬁBBOCE’vle@J a3t dfltomionBh&@nhber 730

at an exagger ated peak di spl acenent durin
to thv |1¢ft off axonCCiamd o thexighp bEaxdsrbbYToEe abolt e Bﬁwﬁ‘é@ﬁ Vish the flow

tbet PARREOTR D P ABT rc he SUB CR GRS e ORN » change

in dSRAP PME ARV B0kt ﬁ'tlﬁ&ﬁ%%t%et owhed tR@eniilyeof the material
novenent of fl ow tube 8. Torsion nenber 630 has been

flowitesf throvgl therflow rcdmeanclwasen cahsing the raesstof thesvibiating pube dmincrease,
the t\rzrv%r{/tft?rratigr? godes shift away from each other. When the density of the material

ﬂowing through the flow tube decreases, decreasing the mass of the vibrating tube, the two
vibration nodes move towards each other. The vibration amplitude of the flow tube divided
by the vibration amplitude of the balance structure will be called the amplitude ratio. The
amplitude ratio also changes with a change in the density of the material flowing through the

flow tube. As the fluid density increases, the amplitude ratio decreases.
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nmoving in unison with flow tube 608 and with the

m ddl e section of the torsion nenber 630 noving in
wani@aaoozit h bal ance menber 632, dongl e 640 an#@CpiUsk®bN16544

support nenber 634.The torsional axis of rotation is

essentially along the intersection of flexible menber

64BigwetHis @@f@ﬁ@ﬁc ispbdpwEsone FRgT 2Corolimdow Feiyidn an example

I fol d
embod 1151 n%t: of Itl(lee %Jfré( %3 %\gﬁ’llpgfs/eesncﬁ&ﬁ{ ﬁg.qlor g}%g% (ﬁ%%%ﬂ&lg%rkm
manifol@ shesr 303? Buﬁét I’i’@dtiofm &d di}ﬂo@hmbb,mgcartd st sectibaB1Pbiflew tube,

W thout the ends tilted upwards. Figure 7a s

secondhtenight sertion 820 pEEoviubs aps igsiop r §3%ht @uﬂﬁfpﬁm&ld 852 is
1nsta@gcf fn%e O % MFOI(% L%We@ée r'{1het (Hﬁlelf. ge?WOITI Hpﬁo@/'%%aet 2?'1%{ 1s installed

ance nenoer Vi requency

into & 1Rkt GRRREO4E TRHES embedilithnfod hﬂaef Paosks &hlb&glﬁﬁﬂnﬁaﬂdéﬁ‘j@ avithout
menber to al ways nove in opposite djrectjons.

touching #h dusicagloths B ofrtbwislow tube §hé torttachrd torflapas 8 9‘5 L prevent
moved uer:rllt% the! eIJ%x tR?dﬁ’éc‘u g%ffvib(%%\ﬁc;nu% tﬁgéjlslﬁ%a{}glgo c%se connect link

ruc ure. i'on nmenber

856. 8860@1@&6611‘[ b&tioh 818 looWolvtabe {snmtsugimﬂ) Thaie hesber 830 is coupled
twi sted or rotated about axis BB in

to the sepané ﬁtr@glatéﬁwcg@fdm Hewitabe ngap whéw th@ flpweubgedisdrm gie

:
b 5 T AL S B
S hTH@Ealaﬁb%%trb@tﬁfb dndl fidve ehbelof Had At mbﬁutonébx:t s BEBynafnlc system

the opposite or clockw se direction, follow ng
that bejleveps offeq-free et bodsespsing @@asa systern The,aysésay tﬁsﬁelfdoalancmg in that

vi bration sitipn of t a
ity g el Rt R aimbiti S JF G G1F kP AR T THE ystom vt
self ¥R cd vieh dhahsdsan dld densief bﬁﬁé ﬁfhtérﬁil 8o®irpCkyduph the flow meter. The
direction about axis BB and the nm ddl e section of

self- bdam1ng1de¢ﬁé@natm@y wearkicrr o i iatheyanepditpdecetil whereby the

e 0 or count Iock se dir t
fowige ARSI Seclro it Eobufeaudfird b FbACRRAS e B e
densYtSr bi@tdse 1nad@sioR o me%aﬁgeqn tl@é(ﬁﬁplitﬁﬂé'fﬁﬁol theteow Bl 0

nber 730. Every part of torsion nmenber 730 between
corresspomdmzlslaﬁdn theiposition od thet e wibration heddsdhaiédde tlmeltswmnember

t BB. t  of
o R BB R L R
tubeamh‘ thafdl SitBRicH Pdghent Cal Br tRee frb@ntH RE thekibe &Qﬁlbetldtr@@ structure

or location of axis axi s DD can change in
are welbgms dlet rmtlaalc‘hblﬁtgen ifm;qd%my iof $hei atharisgrugires in Hie flow meter. The

oW n htheflow . W the densi f _the
s EencY SSPRGHAR BNEPO G DS Tr e PBi e A e
tube%ﬂﬁ'xb@ &rﬁchﬁe ﬁ%ﬁ&an@fes 8wy iR Bdw AbelbalBcd Sinidhet @@ B&have as a
he two vibration nodes shift away from each other.

freeJ(Mae L) Ibedsdmmm yTlsf twonesnirecionsdf the Swisrtybe e defyHnsupgorted (as
sho g owfégqllj' %&gé\?ﬁ?cﬁ% éci) S Ginoat ?(I)nnl% tﬁe Faniold. gy &S?neg a soft connection
between the flow tube/balance structure and the manifold, the dynamic structure of the flow
tube/balance structure is free to act as a free-free two body system.

The stiffness of the flow tubes and balance structure are adjusted such that the
natural frequency of the out-of-phase vibration of the tube and balance structure is much
higher than the in-phase natural frequency. This minimizes the coupling between the two

modes of vibration of the flow tubes and balance structure. In one example embodiment of
A
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vi bration nodes nove towards each other. The vibration

anplitude of the flow tube divided by the vibration
wanpl7isude of the bal ance structure will be cabPCeasStde/016544

anplitude ratio. The anplitude ratio also changes wth

a chan%h in the density of the material flow ﬁ%
the invieneQRy fihe Weplfa%wttl@b@equ&@cx et 2140 He apd (ks ey-afpdpsenagyal

frequeH 1§ gg%ﬂ(): ! ona Qtdles?%&ggffcthg glégfz%lg!eg#éra?so&)hﬁ%ﬁe c% ?et the natural

frequléﬁ(t}ecﬁf difieranibiadanplode RNd10eHse0d Hafawiah €robhnthe dtive ﬁequency
ﬂ#re 8 conprises outlet manifold 852, outlet

e Grngls islugedippoanrtcpbaancs the motigr of ﬂl@r‘PeBtl%c%‘?n €f3|16\ﬁnd 318)
e t
of thé ’{l?%.mﬁg 6838e BE e B Y q&{;chg W b6l RESR e, The
dongﬁﬁ Qeng@yltsh@ie zﬁﬁﬁhis@ laft BPpBtddsioietiadindte &ﬁiy feRidubienetivh 1ﬁfthe flanges
fold spacer 806. The outl et section of flow tube

0028&Q19§)|nstalled into outlet flange 804. In this
enbodi nent fl ow tube passes through manifold 852
W t hout touching it. Instead, the end of the flow tube
814 is attached to flange 804. To prevent novenent of
the tube in the direction of vibration, the tube is
attached to case connect |ink 856. Second bent section
818 of flow tube is unsupported. Torsion nenber 830 is
coupl ed to the second straight section of the flow
tube near where the flow tube exits fromthe manifold
spacer 806. First bent section (not shown) of flow
tube is al so unsupported. The bal ance structure and
flow tube of the current invention act as a dynam c
system that behave as a free-free two body spring mass
system The systemis self-balancing in that w thout
any external forces, the nomentum of the system w ||
sumto zero. The systemw Il self balance with changes
in the density of the material flow ng through the
flow nmeter. The self-balancing will automatically be
achieved by a shift in the anplitude rati o whereby the
fl ow tube anplitude decreases and the bal ance
structure anplitude increases as the fluid density
increases. In addition to the change in the anplitude
ratio, there will be a corresponding shift in the
position of the two vibration nodes that divide the
torsion nenber into the part that noves with the
bal ance structure and the parts that noves with the
flow tube. The natural vibration frequency, or drive
frequency, of the tube and bal ance structure are well
above the natural vibration frequency of the other
structures in the flow neter. The | arge frequency
separati on between the other structural frequencies
and the flow tube/bal ance structure frequencies all ows
the flow tube/bal ance structure to behave as a
free-free two body system The two bent sections of
the flow tube are | eft unsupported (as
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shown in figure 8) to provided a soft connection to
the mani fold. By using a soft connection between the

woOlaww/Buke/ bal ance structure and the mani f ol d, PCAIS2006/016544

dynam c structure of the flow tube/bal ance structure

is free to act as a free-free twp body system The

stiffness of the flow tubes xl ance structure are
j st ed such that the natural frequency of the

We agﬂnlr'

out’-'of - phase vibration of the tube and bal ance

st AUCHiBlS flesv meeds, dungdrisingt han t he i n-phase natur al
freq,ueg:ﬁ/. g{}aigs mnim zes the coupling between the two
mo @&¥12GF UMY BI&tOBWTIS1S he | ow t ubes and bal ance

Struct upe;nlin s, gﬁ Qm&n%ﬁﬂgfé'e??& (ﬁf4g W3R the injef setion

i nvention, the in ase natura equency 1s at

an@ 2h endoitticd beqivas €3 M tireraxiallyrabignehcy is at 408 Hz.

The desi nt%fe the flow meter is alsqo configured to
1%

. : . t
the nat#@ PletpqleR (3 161 a%hé} i0ythe, Falet SSRHFDId 2} @ik second bent
| eastion 091 shzuBuRY o IRBBE LY B kg equency. The dongle

is used to’counter bal ance t on of the bent
sect i ona3diecting s&1idh (814) eRendiing betwrea thaifist bent oéctioh€316) and

dynam c structure of the flow tube/bal ance structure

Thahegsrrpdaient esetion (3 1 apereamerniriof therqonaegtingiseefiond318) defines

Lo R R RS B o oAb abd o DGR MG B
CoRWhinsiriegt abdusithegixés dfl sommicty @nd avhierd the Bihgleaffow nibetis formed

section (312) and an outlet section (314) where the
i nesentidiztip oae pEm9) and outlet sections (314) are

iall ' X fht§t '
To ¢ he” fRreiBH e b (416 a0 Ay PEh AR e fis
( 3¢f isaitthetaddad theocdnhectiigtsk@ions824) ¢fithé Sihdle;flodv tube near the first

connecting section (324) extending between the first
be Rentseetionda 1 ¢)ang)the preondhendsis @ached do thesewanedimg (seetipg)(324) of

wher e . 0 cti . igQn (3 18)

define lgﬁg&a’%%e%?ﬂ&g%n%%}g@y eétp%ﬁéggln 1le flow tube

and whep®alahe: siehbke(4Bh patachidibtoithe foy$IOE idenibat (430Paitd extending
the axis of symmetry and where the single flow tube is

f ofereadeidhs serntpref the conmsgingtosten ogthe sigicfowdrseand where the

AR5 b ARSI e Ui b0

of the &iegtont deive brHoRet£3V) atthéheliité Ble balance member (432) where
the at least one drive bracket (438) is configured to mount a drive device where the
drive device is configured to apply a force against the single flow tube; |

the torsion member (430) having a center section and where the first end and

the second end of the torsion member (430) is configured fo vibrate in-phase with
the single flow tube and the center section is configured to vibrate in the opposite
phase with respect to the single flow tube thereby causing the torsion member to

deform in torsion along a torsional vibration axis.

The Coriolis flow meter of claim 1 further comprising:

a first manifold (154) coupled to the inlet section (312) of the single flow tube and a

second manifold (152) coupled to the outlet section (314) of the single flow tube;
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bent section (316) and the second end is attached to

the connecting section (324) of the single flow tube
waeean7/186e4 second bent section (318); a bal ancePOEMS2I06/016544

(432) attached to the torsion nenber (430) and

el b e B SRR AR 150,
the m%ﬁ%%i_sbg%eg L) ﬁl(nlri}{%&%ﬁ’t%f‘ ik ahe bnlPR A () KBARER first

t one drive bracket (438) attached to
openiihf ¢hroaglatieeure studice (43 2the fins meanifold @54) aakd seooed ofpenug

bracket (438) is configured, t a drive device .
througl &) Lttﬁe%uaﬁaﬁ:waa&?i%@%ﬂén%m gnf#gavhf@ aa’%ta ?}%a"fjfﬂg? fgmecting
scoti A B LinkRAICHL B9, Bxeh I AR e B DO TR et e
connddn@g sectivnchiehdsingle floe thbe attemisrtbroingh t{eA86)nd apening;

configured to vi bra{e in-phase with the single flow

. ] |
t (oRedRlg meTRP érftad e 1@@@&%@@%&% @B%lan Bisgng pathled to the
outer'ts%%&f%ﬂﬂg Oshif6ldRPaARE E(;hgﬁéadste%é sdcBnd g\ﬁfa%g BoHR Eh@Vkection

ereby causing the torsion nenger to deformin
of thé isbwmealteng a torsional vibration axis. 2. The
Coriolis flow neter of claim1 further conprising: a
first manifold (154) coupled to the inlet section
( . ' I : i~
5. (28]l P B R PR, AR DAL ks e
inlet séotigh €3 11)ewd thetmitlat seation (A1d) sprhe asing{clflGy tebetand dhenfyrst bent

_between the first and secagn i f.ol 152, 154), the
sectiomiF1odprfl e second @i@@fﬂfﬁ\ﬁ%é ﬁﬂ% S8 fﬁqw fikee, the
mani f ol d spacer (106) having a first opening through
the outer surface near the first manifold (154) and a
4. seTndonpiefleg nicksr 0 glairh Rewituué ere raatifohd gpacea(l 06 hie essentially
. second manifold (152) where a first end of the
cylindgemlect i ng section of the single flow tube extends
through the first opening and a second end of the
connecting section of the single flow tube extends
5. U hTeeIgbribhefl 6@ e of plith Ngivheae tHeaxsisiinal vibrdtien akis42in the plane
aligned with the torsional vibration axis and coupl ed
defineg bylike yogleflogiftbaice of the nmnifol d spacer and
coupl ed to the second surface of the center section of
the torsion nmenber. 3. The Coriolis flow neter of
6. Cl @BheT3rivhenew nhgerabiaial1dushaceinpkif) encl oses the
inlet section (312) and the outlet section (3 14

t he piskagisepparomemberd4dhipttapled tpithe bajanpe aepher éﬁ”i) 3‘%}6 the
pick?afg gléépr(])zeit. REH ggr%é?ﬂ?)g% P%S]ﬁ%ll with {hg 4:§1)sio fm%rgigerﬁ l.Gd felit%ﬁ%s

_ _owrreer_o C ere t
betwlB WO SRR the cohB&tingSeetiomaBL4 pdfl the single flow tube on opposite

sides of the axis of symmetry of the single flow tube and where the pickoff support member

(434) is configured to hold a first sensor device at a first end of the pickoff support member

(434) and a second sensor device at a second end of the pickoff support member.

7. The Coriolis flow meter of claim 1 further comprising:
a dongle (540) attached to the torsion member (530) where the dongle (540) is
perpendicular to the torsion member (530) and extends downward from the torsion member

(530), away from the single flow tube, and is aligned with the axis of symmetry of the single
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cylindrical. 5. The Coriolis flow neter of claiml

where the torsional vibration axis is in the plane
wdebinaa2by t he single flow tube. 6. The Cori oPCs/USk@a016544

meter of claim1 further conprising: a pickoff support

o R e e S35 R ot n e

ﬁrst%ﬁ&&c&ﬁl?m&?ff& on menber (430) and extends between two
segnents o tlhe connecting section (324) of the single

fl ow tube on opposite sides of the axis of symetry of
the single flow tube and reth p'c f.s ort .
8. ne%%@omls% OV dnetesfti cgaamefd@v gler 5t is gl glate with a
) <6 tRd £ Ebe Hﬁi‘éﬁl to th
genegﬂgrrgaal%ﬂﬁ SB con Esg%rg)ar s}t}gvt?ce at Egﬁggﬁg g’? o e
torsibieepibek (30).support nmenber. 7. The Coriolis flow meter
of claim1l further conprising: a dongle (540) attached
to the torsion nenber (530) where the dongle (540) is
9. pe‘TH@@ggS%fé ﬁBth etb B dfhSH @Here‘ﬁ{g)[? 55é(§f?§19)f1b@ﬁ@1393(fs%r%ﬁerally
ownwar romthe torsion nber away from
flat Hata ghoellel mvthé tdnﬂonaﬂ wibratsonedxii gareldwindre khet fivst @end «f thé torsion

ynmet r he s | ef | ow tuhe and where the dongle
merr?osm) e SueB ﬁlnt %@9 nsl i3 pPripe @léarawher SAIEARS ?’Fﬁilﬁ%b?f the
singfferﬂgwmgga ('\e{h%%ef t"ﬁg ?irﬁ%ﬁg ) V\}]Hg?%ys{o 1 né%llse J(%l?i%){oltgé g ectmg
sectiph af thewirighe fogeaunler aild tic seeohdaglidbfahe sdmpﬁ nvérhiser d&s bemn glch that

axi s of .the rectangular shape per pendj cul ar
the seepndend inperpendigwaoy thegcomrtférémeéﬁ?tm of the Wﬁélooa% u@? where the
tnF]s[%J gagr [ Wel=ts:
Secoﬁ{i @%%ﬁgg\g&%lgﬁla e‘? 1eelal%or sicgnaggﬁlrgbs}%%tﬁ on giﬁhé% tlow
tubeand where the first end of the torsion nmenber is bent
such that the first end is perpendicular to the
connecting section of the single flow tube where the
fi i
10. co Eﬁé gt%ﬁghéj gg&{lﬁe’c&o&fsél'%ﬁle %H%@ l&}éé ﬁ@%&@%&%a@%&iﬂﬁ% single flow
tubemmﬁoﬁl@ﬁis@f the torsion nenber is bent such that the
second end i s ger pendi cul ar to the connectlnq section

of aii¥ sypight tectipn (9200 pachpeiodhe Fest Serloiratieid 16} andpesecond
sﬁalélﬁc;séét?ér%lg@sffﬁ ch{d tg)cﬂf@ %e%gnc{rﬁentt %% tﬁ)‘ﬂrw F@t fglgve ﬁgg 'é 'ﬂ%QI tﬁf)e

cl aictved whé:esdctien agahed td, aad Sﬁéﬁdlﬁglbaﬁveémahs firg lsmalght section
flow tube further conprises:
and the second straight section .

11. The Coriolis flow meter of claim 1 where the balance member (410) of the single
flow tube is a generally flat plate having a trapezoidal shape with the wide end of the

trapezoid attached to the torsion member (430) along the torsional vibration axis.

12.  The Coriolis flow meter of claim 1 where the balance member (410) is configured to

have a high bending stiffness along the axis of symmetry of the single flow tube.

13.  The Coriolis flow meter of claim 1 where a stiffness of the flow tube (308) and a
stiffness of the torsion member (430) and balance member (432) are adjusted such that the
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a first straight section (320) attached to the first

bent section (316) and a second straight section (322)
watvamabed4t o the second bent section (3 18) of PCIAIS2006/016544

single flow tube; a curved vertex section attached to,

extend bet t.he. fi trai ection a
natu e GUR gt B R ghebg atttgion ofthe BB amdipron Rigiber and
balaJ'IB%tIﬁémBér @hﬁbﬁr}]ﬂghma&tﬂehﬁ- aé@maméq%ﬁqk 410) of the
single flow tube is a generally flat at€ having a
trape20|dal shape with the w de end of the trapezoid
attach t.he tor nber al ong t he
14. £ oS ol bREIEA CaRpis gy heptidhaciie o P Aapidrbe.
Cmnﬁﬁmﬁéaln1l where the bal ance nenber (410) is
configured to have a high bending stiffness along the
ax B@pglﬁdlsg/thmngﬂle clﬁ’vd:dﬂomtuigil (608) bﬁhwtﬂmmo ¢hd@s offthe Coriolis flow
Cor.i ol | w net er, of cI r i.ffness of
metef Ribefd i) Hepee s i eogle.piry sPrvec St Ree Gl srmepipred and
wherRAD 850 b3 ctRAArOS SRitETABEST b3 o %n?&iyucﬁttﬁ951ngle curved

such that thenatural Trequency of the out-of-"phas
flowtitbs;at i on of the flow tube and torsion menber and

bal ance menber, i s puch hi gher n the, i
AP PEER ey orsion ReBER GOS0 B Finsls el low ube (308) at
two pOhislacdfs h%e&ﬁ!aﬁ{r AP D Sf fretfy ef\clfﬁ? Flfng,f%}%u Flow tube -

conpri sing: suspending the sing
(308) aBylobmttovderaxisid sgmadstryftharhibe @@D ibeditissctfdnewf tl’ﬁatmgle curved flow
where two bent sections of the single curved flow tube
tube(308) are unsupported and where the two bent section

o ge&?atﬁﬁ%k&%eﬁb&ﬁ%%@?mgl@ cAed R l%ﬁggggfgg Xg?g gblﬂﬁerbalance

gle curved flow tu ttaching two
strudhare shcnthaethb eour(teBalindecsttuctirs ambthe smgteveavdd fhow tulleg308)

.. (308) at t oinfs placed symetric out the
vibrajg p Fa@?/% y B¥t i e epnegiterlase wtisdhe e agayce

strucitd 1§5t9a%ﬁéc% foo% eﬁfer @é@u%n Qb R Meﬁlﬁiﬂﬂ @e ﬁé‘f@b}bﬁg tcenter

sections e single curve om1 u ner at’i ng
sectibnOf theltetsivmanerhber (430)gleBeas in@gkib, aluniwliers{a3@aBixia Bﬂromtlon in-
ouﬁ‘c g | ance structure such_that the counterbal ance
&

phasg a%wtlﬂlﬁ@r%@wgth% e PydspifthoiRrelaeqbggetlect in torsion,
alon%hastgfsgonr%f %ng SR if gﬂfs@% HPHE sinBrd r%eﬂ%ﬁ iR (308).

ere t e cou terba ance ure
attached to a center section of the torsi on nenber
(430) whereby the center section of the torsion_ nenb

15. (43* § medhaded el 4phese Bl toré}qyﬁgerab@rdﬂ%@)dﬁ aliached & manifold

08 S PR B el ARE RS MG P s

to the torsional axis of rotation.

16.  The method of claim 14 where a dongle (540) is attached to the torsion member
(430) opposite the counterbalance structure and configured to eliminate any residual motion

in the two manifolds.

17. A method of balancing a Coriolis flow meter having a single curved flow tube,
comprising:

vibrating the single curved flow tube (308);
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along the torsional axis of rotation, in-phase wth

the single curved flow tube (308). 15. The net hod of
wobhei7nmsdn4 where the torsion nenber (430) is atPathsenoboi6s44

a mani fol d spacer (406) with a flexible nenber (542)

wher e the | exi bl is.aligned to th
¢ ofeT B maS@r@ kavinen gtSFgWS“SI ttlro‘tgﬁb thf SRR Syred fow
mbeWhere a dongle (540) is attached to the torsion menber
(430) opposite the counterbal ance structure and
coddfiegting th toosieh b worsiah encarber (48@) ) eithate avbitst emd aml & deeordrend of

mani f ol ds t hod .of bal anci n i oli
the tﬂrétoermttab?rr%%ﬁcfsm PS@ with the 19rpiEeR ohth esmg[ﬁm@ff@mbe (308)
and b(;hé]lé %tc'eﬁféﬁg&%oﬁ'o? eecoféwn Qnﬂérg%@%ﬁeﬁs? orgt iﬂtﬁ@ ogposite
materi a avi n i rst ensit rou t he vi ratln
phass ofitfleevilorativee df fﬂemmgﬂemveddhfw ﬁ[}iel(ﬁ@S)l andtvdresd ofirsh v1bratton axis is

n menmher re first end and a seco

formef ¢ bFHEBgh b VO MG AEEPLdRe gemtep rerdionf the ohon member
and ¥ 56A4 L #Rarfn &)Hsemsfbfﬁ%deat?%%eq 2 18daBBh b n_%ﬁ%es}: %gfend and the

ere a center section o torsion ne
centetasbitent & thertdrsivs nemben t he opposite phase of the
vi bration of the single curved flow tube (308) and
where a first vibration axis is forned at a first

18. | 0?@%%&&@3{\@5& f—}lﬁrélg{%}nﬁ gd.and the center section

e torsion nenber an §ond vibration axis is
f oﬂnazdlgad matesiaChandng @ sbhdder3ey vaongi the sﬁgdnmﬂvezhﬁlb\a gbe (308)
he center sectlﬁ%eof the torsi

menb
Whet?éhﬁ Hept densityds difterent thanils seee%gt@tﬁ @ng whswth@ ﬁast vibration axis
s T30 Pl N 00 RGO SR Lot Dl S0 B fommeda

the sdedriddobeniont han the second denS|ty and where the flrst
vibration axis is no longer fornmed at the first
| ocation and the second vibration axis is no | onger

19. ];rgLAurﬁﬁgt ?Ii of Ht%nﬁﬁ%tgl?lﬂ% 2 ?i;o i8 Brow! QOm@'ﬂE hod of

urin ow ¢o g: providing a

Si vidifig Q\Mﬂglﬂo@owhﬂe the Rglgk: ﬂdxﬁ\mﬁew@ﬁqﬁgmgfl sing; an
et section (312% and an outlet section (3 14) where

the i nl e injelcrerden (332 pgndancpudigt estion X @»ihere(ﬂg,e ;mgt sgetion
kﬁ@é%&‘ %Qct dfs &3 1%2%%%‘511@?%5&@” (3 16) attached

sec Sécond bent
a first bent sectlon (316) attached to the inlet section (312) and a second bent

section (318) attached to the outlet section (314);

a connecting section (324) extending between the first bent section (316) and
the second bent section (318) where a center of the connecting section (324) defines
a axis of symmetry of the single flow tube and where the single flow tube is
symmetrical about the axis of symmetry and where the single flow tube is formed
essentially in one plane;

attaching a first end of a torsion member (430) to the connecting section of
the single flow tube near the first bent section (316) and attaching a second end of
the torsion member (430) to the connecting section of the single flow tube near the

second bent section (318);
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section (3 18) attached to the outlet section (314); a

connecting section (324) extendi ng between the first
woent7/18exti on (316) and the second bent secti oRCTR%3)06/016544

where a center of the connecting section (324) defines

[ f ft le fl { d wher
v hgxéfngﬁtaé%mﬁaﬁ%ﬁo %Mme%ﬁ?évﬁ&i%ofﬁﬁnwﬂ% Mgfber
n§ fifie A WARHR Ihaﬁbérl (mgifex{eneyvtw& {ng céﬁéﬁmhe connecting

y 1n one plane; attaching a first end of
t oseition oﬂ‘émsargle( ﬂ@@)tubmtdhﬂm@ﬁmémam«gmeﬂtr @3 2pfs dmated in

tube near the first bent section (316) and
atﬁ% ‘"i” ?% é@é’bﬂﬁ’ ®end of the torsion menber (430) to
the conpechindG $86t dfdtirRle Hr&ﬂ’cet%ﬁ@@j % thé Bﬂa%dé%erﬂﬁér(%m where
t he second bent section (318 tachi ng a bal ance

metheeat 1dad3e drive ﬂotm:ké’u (GE] 8) is |cdﬁ'1 gifred toemowrt i dnrve mlenine where the

Q ere the ba nce 432 ext end rds
th&%"eﬁ?vé‘fe 1§ pORfEgr {TE %r%ee%aa}ns thgsing %‘iVﬁ

flow tupg t@ﬁfbn"iﬁ@rﬁ@eﬂ(ﬁ?O)t}ﬁlvﬁﬁcaecem%?p&rnoﬁ%ﬁa)wﬂeﬁe the first end and

oriented in the plain of° the flow tube; attaching at
I eﬂﬁsecmﬁl aﬂtdlof thebtoestdemenb&8H30)are hmﬁgiraim)eVMmtmanhase with

2) wher e e at keast one.drive brac (438) js )
< et OYV&“ the cefpienAectipmis E%T’ﬁﬁ’rlé?‘t Loy ilratf | lBe opposite
s )%%S i ?lowgf{%t%?*ﬁ? B e B 98 ey mgmber o

cedtformsetirsion alongd awbsiomal vibration akisend and t he second
end of the torsion nenber (430) are configured to
vi brate in-phase with the single flow tube and the

20. Ce%@&neﬁﬁ)(&tdf‘i’ﬁ‘arfu?acﬁﬂﬁ{g @@51‘?&115%1)%5#’5191&1‘? 9 ﬂ'é? com rising:
opposite phase wth respect to e S|ng 8
t heo@dmgcaa‘usu manifdié (15 $ the intetdeetion G 1d¢6fmhmsmgle flow tube and a
torsion alo a torsional vibration 20. The

seco;%é%&fowr(l efﬂa&w}qﬁ sertian KA 6f the SFIFE’E%\/%BW @b m 19
ﬁg&%ﬁngaom%ﬁﬁ E&zcgg %%Zk%eén fHe rf'f} %Eéd}}dq%&ﬁﬁﬂ%s (ta§4 152),

secti o the sing om1tu

the Aadtid spaeed B06haviigZan dudert dnefacyy t}ieﬁhamﬁﬂﬂ spavef Bddng ofirst
the single flow tube; attaching a manifold spacer

operingdyoushithpewer Fafaes neyr thprst wanifeld b rad &sse%%rslzppemng
t
o 0P TR s QRSRA il 124 0,20 U o e comecing

sectiohfof dghsindieflowttatie uéiaaRongathetfita dpehiap aﬁ&alsé@ind end of the
(154) and a_second opening through the outer surface

conesHpg sastion abiva dingmile s tepeextemys Wﬁ@rrgél the pgqoad opepingf
t h%tt&c%ﬂﬂge Cﬁé}ﬁ@le member (542) to the outer surface of the manifold spacer (406)

and to the torsion member where the flexible member is aligned with the torsional vibration

axis.

21.  The method of manufacturing a Coriolis flow of claim 20 where the manifold spacer

. (406) encloses the inlet section (312) and the outlet section (314) of the single flow tube and

the first bent section (316) and the second bent section (318) of the single flow tube.

22.  The method of manufacturing a Coriolis flow of claim 20 where the manifold spacer

(406) is essentially cylindrical.
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section of the single flow tube extends through the
first opening and a second end of the connecting
weeat7iiem2ef the single flow tube extends througlThisen06/016544
second opening; attaching a flexible nmenber (542) to
the outer surface of the manifold spacer (406) and to
the torsion nenber where the flexible nenber is
al he o
B R PR AR oIk SR piyehe K onal
vibrattoaraxig fues betmiebothct cspnmlang sedtibR @Y tl&rmhgls ﬂswtthbe near dte first bent
sect (312). and t he outl et secti %g
sectign ﬁﬁ‘? ﬂiefqoawi tigg docting Of e Fingle flopEHpe g%aett eo??c? bgy sefikign along
pf the single flow
: ler%hﬁ%%gg&gelﬁﬁ%orfﬁ%gé @Slgﬁ ePgt uring a Coriolis flow
of claim 20 where the nanlfold spacer (406) is

m ' M#g% A aség’m@%hfiqw ef & % figther gompdsing:
t 0 ﬁﬁééﬂﬂ?é 9 ﬂlCﬁ&f?Eﬁ}ﬂﬂF@ﬁ%ﬁbéﬁ{??@qg ttﬂ@@a”arﬁ@ %}&EJHP %ﬁSIZ?] Rhere the

section e Si e near t I'rst
pickefctipamt mnmbelh(d%)m pecilehgith det torsiommemhber (QB Oonel efxtemds

tube near the cond bent section alo ngt h of
betwieRR N AR IR FOTERC L B9 plge ﬁ’@a@gﬂ < Opyqgposite sides of
|
e 5 e PRI QpOBLI LS 4 BILOE SRR

configtidet) totlwld héird atrmnc devieends arﬁrét4e3121)of \tieeypiek dfh mmbﬁ:kmérﬁber and a

sypport nenber (434) is parallel with the torsion
secopd RTEPT a6 ataricad of thrangledhsurReriaagaisit s of the

connecting section of the single flow tube on opposite
sides of the axis of symetry of the single flow tube

25. an@hemetieod dfengivtdondringsuPmislis finbeclains 1€ ﬁﬁﬂieg U@lﬁﬁnilﬁg
hold a first sensor device at a first end of

pi elthinga dongle CARM9dhe ]gmaoa meEhsh (302 Hdere th%d%gée &40y is
penS AR Bt Rhsb Ak 05D PRI TGy A firion

menfhigt@B@Y, aveiyfrdns th”egaal@t:é arhibe (4323 @nd ical{gnd)n the pldve of the
t or si on nenber where t he dongle (540) is

singlsciqye e @ éNheff‘othF ﬁ@ngl% (2409 i qpafipated (o slippingirgrnystesiderl motion
{F@ orsi on nenber (430) , away fromthe
mth%%\r@gqﬁéeﬁ]’g% }7;% and is aligned in the plane of
the single flow tube and where the dongle (540) is

conflgured to elimnate any residual notion in the
26. i hée methpdeiapiglarhning detiolizdlovrpéclaian R avhere the dongle (540) is

a ﬂapglla{é]f \9&1& g%%%%@r r@%#%l&sﬁhfai) OW\%RI ﬁgré{ga%)g%n gflth%?eecrta%gtug? shape
pap&@ﬁhﬂmgbhﬁéKﬁﬁa@ﬁwwmkh a long axis of the rectangular
shape

27.  The method of manufacturing a Coriolis flow of claim 19 where the torsion member
(430) is a generally flat plate parallel to the torsional vibration axis and where the first end
of the torsion member (430) is bent such that the first end is perpendicular to the connecting
section of the single flow tube where the first end of the torsion member (430) is coupled to
the connecting section of the single flow tube and the second end of the torsion member

(430) is bent such that the second end is perpendicular to the connecting section of the
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perpendi cul ar to the torsion nenber. 27. The net hod of

manufacturing a Coriolis flow of claim19 where the
woaowiieen2menber (430) is a generally flat plat eCT/US2006/016544

parallel to the torsional vibration axis and where the

. fiyst end. of the torsi nber (43 ent s ch
singley g8 1R PRI SrRITLEnDBF e CaI S (THD TEeHmEL P ks
conn%@ti&{g' QBt&f of e s RU Ky bieW t ube where the first end of

the torsion nmenber (430) 1s coupled to the connecting
sectlon of the S|ngle fl ow tube and the second end of

N SRR 20 e BBt Db
sectlbﬂeﬁthEQiI%IJﬂWtﬁBébﬁrtﬁ‘_é&eJ Grkhigs: second " of the

torsion menber (430) is coupled to the connecting
segfirgstraight deetion (FG0pattdcbed touthe fir BentBaetioreBh6)pamifa second

.manuf act yrin riolis flow of cl 19 wher he
e ) RS (o B r o cfe ishend Bt tb So/h G he ot g tube;
CORBhvE&$
the first eréeg(n{ebggrg ?t?%%&% %E%I)@%ﬁ%ﬂdgﬁgsgé%gﬁ 21% ér g{é@ﬁfiﬂlé}ﬁ section
and the s¢dond s(raigR) seatiomched to the second bent section
(318) of the single flow tube; a curved vertex section
attached to, and extendi ng between, the first straight
29. S e?ﬁé Hi%th%ﬂ%f&ﬁh%u?fcﬁﬁﬁ% SCERIY I"ﬂows 191{‘19 ?N%gﬁe tHO6 a_,[}%nce member

hod of manufacturing a Coriolils OM/o
(43 ZMﬁiﬂle sinigte fhav arbeds agmhmall}( Ag3)ate ha\tﬂ]lga Smap@doalaﬂ kloape twithethe

.. 0S eneral ly fl e havin oid shape
wide gt B geit atadhsd o s tor i gn Rerih Baione D (ienal vibration
axist orsi on menber (430) al ong the torsional V|brat|on

axis. 30. The nmethod of manufacturing a Coriolis flow
of cl ai m 19 where the bal ance nenber (430) is

ﬁlé ’g‘%r"@a G ha eFU?{I‘EI g(gq ﬁgq g{ t{u&{,ﬂ‘)easq_raelt% lglrt]c% member
oy TRt S8 g o

flowtttlee. t or si on nenber (430) and bal ance nenber (432) are

adj usted such that the natural frequency of the
out - of - phase vi bration of the tube and torsion nenber

31. an@h@ﬁ){eﬂ#&ﬁ%f %ﬂgﬁ{ctdrﬁlg%&ww HSF oft 1AM f&\%h&% apsjﬁ?ﬁlgss of the

nat ur a requency
flow tube and a stiffness of the torsion member (430) and balance member (432) are

adjusted such that the natural frequency of the out-of-phase vibration of the tube and torsion

member and balance member is much higher than the in-phase natural frequency.
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