WO 2007/ 130024PCT/ US2006/ 016544 A BALANCI NG STRUCTURE FOR A SI NGLE
CURVED TUBE CORI OLI S FLOW METER BACKGROUND OF THE | NVENTI ON 51. FI ELD
OF THE | NVENTI ON The invention is related to the field of flow

neters, anB 920 PP#cular, to Coriolis flow neters. 2. ESEEPRPEHIESTYE OF
THE PRIOR ART Coriolis flow neters typically operate by vibrating one

or nore flow tube d ' ti cPR3aDH
differences, in t*ﬁﬁ@r%ﬁg!ﬁﬁﬁ% tu eigélﬁr{%iggzg% the Coriolis
forces froma material fl9UBRYCORIOLES FLIOMWMNBWERIbes. Coriolis flow
nmeters have a nunber of different flow tube designs. Sone neters have
straight flow tubes and sone have curved flow tubes. Sone neters have
a singl ¢ fdeup by BRAIIGVERTROLWo flow tubes. Each type of

Corioli ;%Af(? ow Er)et erél?las}%een devel oped to address different problens
in 15 the oper dti BIELSY OFAZIE INGVENBKEY . One of the probl ens addressed
has been the,_vibration of .t I G ClihNg @RIoNE fb&

t he pipi ng sg}s’/‘?HWFn%fEeé?t?%;%t{iﬁgwfl{gg\g}v%ne eerré,%ﬁfl ﬁ%@e a’flange at
each eng&dsthe meter to allow the nmeter to be coupled into the

pi pi ng system Dual tube designs typjcal split the flow of materi al
into two streans Dﬁﬁ%@ﬂ%@%fméﬂiﬁg@nd the two streans of

mat erial int et wgﬁf BRE B8RS ohé SMnbR i fubes A0 t WO
streans, the%gl}lgﬁse %@“&#&m o&?tut_)ejél nfeed%?ot be the sane as the
di amgt ermekuridealefieqtions; os phase diffeFenses, iwithe yibaging flov (ipesiadpspd by the

trical . h d. nouthed | - J
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phase. Breadssr diflGchtdlRReruBE BeSai¥MEbink arkeralitre wirkighi fiulv tybpoaidtsemeach
other, the 25 vibrations typically cancel out where thg} t\/\%?toﬁlbes are
j 0i ned. e sureedsfiave Gibgs. LA SR liagsA SRgledlop; tupe and somehage tpflow
vibrati f ‘ i ' evAlopB 38 diess dlEmEh problems he
mat er i a%ﬁ%b%&%ﬁéﬁﬁﬂéﬁshﬂéﬁ%@%%%}ebgégz%egnOgs t he r?ass of _b%gh t ubes
equalsl y tanepdritnef dedidwmetenoOneibithd prblems afddnsssed hanbagn g ibetiansef a

Wi de range ol 1Bt of hReolSBAS b6 to HASi{R ystm. Typicaly the flow meter will

have a flange at each end of the meter to allow the meter to be coupled into the piping
system.
Dual tube designs typically split the flow of material into two streams using

20  manifolds and send the two streams of material into the two flow ’Fubes. Because the flow is
split into two streams, the diameter of the flow tubes need not be the same as the diameter
of the piping system. The two tubes are typically symmetrical in shape and mounted
parallel to one—anofhcr. 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

25  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

30  materials in%o 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.



tubes are typically joined together at the manifolds. Splitting a
w de range of different 30 materials into two equal flows is a
difficult tg)sk for a dual tube design. Splitting the flow can

Ccreate a gw AL B‘Péssure drop across the flow neter. | B HH%H"W%F]S“

mat eri al can beconme clogged at the split point inside the manifold.
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t he fIOW|qr1qtlo two streans. This elimnates the problens associ at ed
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VI bration of the flow neter at t anges.
desi gns mgjerat thedlangasn Straightl sugle tube dedgnsmaurse lUdSlditéiEal&ice'r@s’iﬁﬁer a

portien . vibrating flowtuhe. One such is disclosed in US
Pt nt "o Shrsthliging o feBlelatbrion Bl vhe APt e . TSt RS
f1 ow t ubeatdssd, 4015483 CRritbEEaR ﬂwﬂ@@fsﬂ?genﬁﬁ'@ h@luQ*Hn’?%n 18 Rk b gl
vibration of the neter at the manifolds. One technique is to i ude

a suppor PaYR ueda RumPH @t techeiquesdo simingtd the vipratiog hfthe mieder at He maxsfoldaf
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thror g f tahe t sec nd "du " tube is used as the
coun cnée 5‘!%1 eﬁte S‘éfi i & by SEo Wbenparaliel frepsh othey but
t ube. Anoﬁymw Iaateﬁammbﬁgﬂ SRS THEQUohE MRt L isGisOPR. 96
"Vibratory transducer"”. Another technique is to ructure

at t ached°¢wter balassergr wibratpeinappesitepbase witinte meﬁWamc witler altrescainplet dfehis

oOpposi t eyl { r t. r e
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measur i nuitd dxetnotifwsehaied tigdinglagube Heahe: An&aba e ¢ibiRbsh hospBsite
den3| ty. Unfortunately, when the density

t
of "The RS phihe Mgl el ol o SRR b APASTT e Hiwcnererdsnittsensor
density {wih BBRSI @fbed bi@sdHn@WER! QhedeSndidts G cYeall, ﬂ&ﬁ’a[ﬁ%ﬁlmg{lf fora

bal ance. 2QTherefore there i's a need for a syStem an
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t he vi brlabgenin bdlarmmesi ngl e curved fl ow tube. The two ends of the
torsj.on menb are zﬁtached to, and vibrate vvlth a center section of

the €ingle fl erovsgAesth s afgiene aog method Zurfhelineing a singletaurved tube
section @nd@@o%&b%eﬂ?%@é offdielibie@lifs. | N the opposite phase of

the single flow tube causing the torsion nenber to be deflected in
t orsi on. ASPECTS 300ne aspect of the invention includes a Coriolis

tlow met&innERRR AP TS INVENTION
A Coriolis flow meter is disclosed that uses the deflection of a torsion member to

25  balance the vibration of a single curved flow tube. The two ends of the torsion member are
attached to, and vibrate with, a center section 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

30 One aspect of the invention includes a Coriolis flow meter, comprising:

a single flow tube comprising;



a single flow tube conprising; an inlet section and an outl et
section where the inlet section and outlet sections are axially

al i gned,; a first bent section attached to the inlet section and
a second b¥N2CENY%}n attached to the outlet secti on; 5%‘3%%8?366‘11?%
section extending between the first bent section and the second bent
section where a cegf fillet@bctiolant AAGRE bddflos bl Wk HRE kddBsh Ak Gitdep O
symmetry of the single flow tube and where the single flow tube is
symetrical aBrstions ave agiplly alignedy et ry and where the single flow tube

is forned essentia i ne. pl.ane: orsi.on nenber havi a first
end and a second e%\?( S\}\kgl%tgecﬁhogl aﬁ ?cﬁlg? %e%‘fi@est Se%nﬁgﬁéﬁcé’ahg%ttsﬁ%mn
connecti ng seattached wfthe betledsavgibe, f|1 ow t ube near the first bent
sectign and the second end is attached to the connecting section of
the sPngle flow t ubEOTESHNG Yretiasisnging brtwesn thefgs: bent section gad|thesegond
nenber attach i BEfR @&ﬁ e
center of theg%éﬁﬁé%?ﬁﬁg%éeﬁﬁ%n of %{Snr{gegrilgﬁgg{:e eggve%%bv%ﬁsgﬁéy%?gr of
t he bal ance 18weinslaflew tupsaad ahey thesvipge dowahteris syyundiecdl@beutdine axis of

renber wher o OnER ol Rl A Ehe B AR et Bt o

drive device wher ea idisiolficiberieivinge first @@ahd B6Ecodd bl RRRE theFirst¥nd &
agai q@t t he si ngge fl ow tube; the torsion nepber havi gﬁ a center
(5]

sectilBn and whEraeq fadhs ponnectingdection of fhe singdckdoyh ibe merrdhe ngbang pestion
menber is confy { far, h D Wz';}uhk ngl:

and the cent eéﬂcgﬂéité:tg% giﬁgfl}s{d%gﬁ%(?ﬁ%%e‘gg?%ﬁ \?I I“’ate %‘@ﬁ%‘%&%@%@%%%e
with respect the sedondbemigheetidnt ow t ube t hereby causing the torsion
menber to deformin, t.orsion.al on torsjonal vibpration axis,
Preferably, a fi rs?bﬁﬁqﬁef%ﬁnﬁbeéaﬁp%dw%e{oﬁéoqu’% erapd £xt topgeds the
single flow t¢tnteraltheaoRdBectfE SRHoNIBIMthé SihSle FRWAIBSarldOnidRethe BhiaBle

section -of the single flaow tube;. a mani fol d spacer extending

betwden the fMPRPeripgersllymernradicylal i the fesioramebitd spacer having an
outer surface, t e, o L dhveBACRL NAYEAS Be bhibdl O MLALOUINY he
outer surface near the first manifold and a second oOpening t rougah
t he out er surdémokivedeacketie codipored tormouhicd diivehieviee avhére st drbrdieoice ishe

connecting section of the si.ngle flow tube extends 30 through the
first openi ngcoélﬁgmggé%ﬁﬂﬁpﬂatq{gewtﬁge g’ﬁ@@f"‘i‘?‘lﬁ‘f”secti on of the
single flow tube et ension MerPetkhvida® RAEPRLHSPEM Wibre the first end and the

20 second end of the torsion membér is configured to vibrate in-phase with the single

Y

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

25  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 aﬁd 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
30 through the first opening and a second end of the connecting section of the single flow tube
extends through the second opening; '



WD 2007/ 130024PCT/ US2006/ 016544 a flexible nenber aligned with
the torsional vibration axis and coupled to the outer surface of the
mani f ol d s&acer and coupled to the second surface of the center

section of "Or&%Y 5% on nenber . Preferably, the rent¥EPYEEdter

encl oses the inlet section and the outlet section of the 5 single

fl ow tube and atfheibid hehbdenbnsaaski ﬁﬁﬁ RSN d1 RS RHOREL EB&%upi&Hoitgl o ]I;ry

the single flow tube. Preferably, the nmanifold spacer is “essen

cyl i ndri cayfacef greapamfold speers apd penndadddp the sseendisarfacexdf she eniensdetien pf thge
defined hy. H%ﬁrﬁi&?' e flow tube. Preferably, a pickoff support nenber
attached to the balance nenber where the 10 pi ckoff support nenber is

paral | el wi t hPtdferablprtbé manifieldibpacened]lossd thathtet bR aAd tHeGuEQGERBnDf He

t he connect | section of. the single flow tube on opposite sides of
the afis® 1"'33%@@? ?’dgti‘leﬁﬁ“éggﬁfﬁgfft@n@%%smd&ﬁ@ Sﬁﬁ&n@fﬁhﬁéﬂtﬁl%ﬂQWf
support mgygber is configured to hold a first sensor device at a first
end of the pickaoff support nmenber and a second sensor device at a
second end of P{qﬁ@atﬂmﬁmmﬁql@mrmmmmmw ably, a dongle

attached to t i . re_the dongl e j ndj cul ar t
the torsion ng%’gééglgr%]t 8)%? %glb%\%ﬁs & lpg%enﬁ’q?"’r?ede%gﬁg © ﬁ%@ﬁ’w y
from t he si ngPefdrhtdyyatpidkeff sappbrt embegnacheditd the bARnEEMBEr vHLRIBET Y
of ':nliuﬁ si ngl flowtque and ere the dongle is confi%ured to

el i ni hat B“‘%?@ SYRPOFL RFZH OSSR e] With e teysiogmezpher srctesiendaeireen

20Pr ef er gdinentstdTehed@REH Eind } : t.an ar
shape with a long axis oféf§c ﬁgoé ggﬁg%g{eglro\e%%g%gn g@#’g@%&%&@% a?%sg?tyhe
t or si on BEWBeRY ofthediagle oy, tubdrndrwiress e pivkoff suppost mergien éy ehnfiyured at

pl at e pagalyl t cor sianal vibration.axis and where the first

end of th@htaéﬁrrsstisglﬁbﬂ%r%éeéra ?%I%gﬂgogﬁ}ﬁ Rlcg?i%?upé’ﬁ’éf mpqrpber %ischng sensor

per pendi demicerat b eedohé exDoltRE picherf s@pbitarenter.t he single flow tube where
5 torsion_nenber is coupled to the connecting

t he i rst en%oﬁeré}n?g}{e ) (

sectidn of the® @ dppgfatiashed indle tomdonsmemher veieee i domgle isor si on
menber | t ; i i . 1o the
Connect i haPaicuf &b Ralios MenbECAMbEAL, sSRRPEOH G\ Hiol felblf gy

t he t or sitem thesigle flpw tewumiddd alignetitvathotbamds bf sygnsatgtaf die siiglé New sibegl e

Further iR e B0l el POl Pt 5t Ot ot o s et peped
bent secinkgifbldsnd a second straight section
20 Preferably, the dongle is a flat plate with a generally rectangular shape with a long
axis of the rectangular shape perpendicular to the torsion member.

Preferably, the torsion member is a generally flat plate parallel to the torsional
vibration axis and where the first end of the torsion member is bent such that the first end is
perpendicular to the connecting section of the single flow tube where the first end of the

25  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:

30 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;



attached to the second bent section of the single flow tube; WO
2007/ 1300241' CT/ US2006/ 016544 a curved vertex section attached
to, and ex | tween, the first straight section ond
st rai ght S@?&ﬂ%ﬁﬂmﬁ ef erably, the bal ance nmenber of thzﬁgﬁ’ﬁ%ﬁ@%ﬁ%% ,
tube is a generally flat plate havi ng a trapezoi dal shape with the
wide end of theuivedRperai eciihlaedlRd 16, And BRAGASb@Necn, IRTRG 5N ALE
torsional vyibratiqn axjs. . Preferably, the bal ance nenber i1s
conf i gur &8¢ s sgeapd sgaghigectigdndi ng stiffness al ong the axis of
symmetry of t Ligl t4he. Praf £ fRess of the
fl ow tube andbgefczr?!iﬁ? Ttﬁeegéégdgf the t 81;%?815.&%5%%@?{;%%&%8%% c@a rPZa er

ar e adj ubedug s trepezollat shaprewiil thervitle Endeefithatypendid hechedito hE tdptias e

Vi bragi o] the flow éﬁ%ﬁﬁ and torsion menber and bal ance nenber

of. 1 | o)
i s nuch |e§hb§F ﬂ%ﬁlett?{go}l DR ural frequency. Anot her

aspect of t hePietably] BObAKTD hickHer B CORENAGH Bhabdh BA bR SR dehén
flow mﬁﬁ{; havi ng a si ngl e curved flow tube, conprising: Suspendi ngg
the si ngM¥ &iFrafsgnmettiof ths singlediovefbewo ends of the Coriolis flow

meter 15 wher : ' | curved £l ow tube are
unsuppor t ed alralff%é\%g%l?’e tff1egs’t%\t/(i’/(!tzﬁ)i?[%zjr??J E“g%?‘,l dgénggrﬁlgssoo t%eptﬁlc')sé%%elgﬁ?fé?gof
an axi s bilasgmetbey anfadiusied sachghet themated! fréqendylitie out-of-phdst MHRALRG of

two epds.of. a torsi menber. to single curved flow tube at two
por i8St i A Presh Pt gud bl psbes e %v%mmﬂ@p thea-pipseg| e
curved f hgwtat BBgueatydd cl oser to the axis of symetry than the two bent
sections of the single curved flow tube; 20generating a force between
the single cufpeBeraspet pfibe inyaetion eompnisesrdmbthod of elangingarGorilis owhat
t he coun S t i hgl e curved fl ow tube vibrate
at the s%?feﬁepplrle%%%@éle%g{v&lﬁﬁoﬁﬁge{)ebg%noér?s%%‘phase and where the

count er bal ancaispdnditgtthe singls catvédilidw Guiebetvae e Endf the@orHis MBS meter
center section of the torsion nmenb

t or si on nber Efnereb, th er
dof | Bt sPRFTTHP b sections pichs Sipgle srige flowsinke as¢ upsgpRaricd And Pheistibesivo
W th t hephpkanes al%'i)n?[‘pgb’s(itre‘éfd%s Singh é&%ﬁs%nﬁﬂ?%? ks gﬁz e R0, tﬁg S’eer

deflect in torsion, ng the torsional " axis”of rotdtion, in-p
with the si ngat@c@gg Peqlerds ofia tagdien member to the single curved flow tube at two points

placed symmetrically about the axis of symmetry of the single curved flow tube and closer

to the axis of symmetry than the two bent sections of the single curved flow tube;

20 generating a force between the single curved flow tube and a counterbalance
structure such that the counterbalance structure and the single curved flow tube vibrate at
the same frequency but in the opposite phase and where the counterbalance structure is
attached to a center section of the torsion member whereby the center section of the torsion
member deflects in torsion, along a torsional axis of rotation; in-phase with the balance

25  structure and the two ends of the torsion member deflect in torsion, ﬁong 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.

30 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,



Preferably, the nmethod further conprises the torsion nenber is
attached to a manifold spacer with a flexible nmenber and where the
flexible ' ligned to the torsional axis of rotgtli

30Pr ef erab ,%7 fgﬁor%gt hod further conprises a dongle is %&1{/@%})&6@1@54

t he torsion nenber opposite the counterbal ance structure and '
confi gured t o Agloihe Aglet e RSBk Sdmpich @ fhetHddlofBalbidingBObAGfow
Anot her aspect of the_invention conprises a nethod of bal ancing a
Cori ol i s ReEhaHEE @sgR Sredloyy whe. SoRERBE f | ow t ube, conpri sing:

vi brating theygj ; flowing a material having a
first densi tyvﬁﬁétgit%&%iﬁ%@gﬁ%gﬁ‘kg&gi ngl e curved flow 5 tube;

def | ecti ng i nflowing amaterisidmsinga five domitywhrengh the fvibratingesimglecontived fecond
end of tqF t orsi on nenber deflect in-phase with the vibration of the
Si nglé curved flow tube and where a center section of the torsion

nenber def | ectisfldcing & isith 4 PrddiEmEGHRY SiHefe PR dhdbREcohl BrALT @8 Of
the single curved flow tube and where a first vibration axis is

formed atforgion mesiben geflestinhore Wt theatbration of ihestinadneirasiflonabe evd where
section afechibitscb @bl IRIBEMCANE RASEEANG:0Ih e BPodi!iade 3 hRr B

at a secon ocati on between the second end an eh cent'er section of
t he t or sivilmativarmifdre sifitle bavabfiyy ttbhendrehéred firstrvitrefiorcaxigis feerd &t Dfisng

a material havj a second densjty through the single curved flow
Fube hentsatbepd B ERL Ead e e peion ohii (oM SO ST «y
and wher ejriiRnfaxisSt fotinRa at 4 fRoRNbEatiof bBvebR &ECIA B SnPihe bliferfsbétRh

| ocation and the second vibration axis is no | onger fornmed at the
second | ®EBeitersion membepnot her aspect of the invention conprises a
met hod of man i Lal | ri si.nes..provi din .
single flow tgegé\r%ik’éﬂgfn%&gg H gtvgqlﬁtﬁnr%\é%%%ﬁgs? |I§1aéce‘%§8g‘ﬁg %?eg?g%g?ﬂ%n
and an odlirbegh thesibglovumké flewtihie: wikkrethe Sest ideavity dndifforsit #tn the second

15 density and where the first vibration axis is no longer formed at the first location and the

second vibration axis is no longer formed at the second location.
Another aspect of the invention comprises a method of manufacturing a Coriolis
fiow, comprising:
providing a single flow tube, the single flow tube comprising;
20 an inlet section and an outlet section where the inlet section and outlet
sections are axially aligned;
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
25 bent section where a center of the connecting section defines a axis of symmetry of
the single flow tube and where the single ﬂo-w 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
30 member to the connecting section of the single flow tube near the second bent

section;



sections are axially aligned; a first bent section attached to
the inlet section and a second bent section attached to the outl et
section; a connecting section extendi ng between the
first bent WOV ?4nd the second 25bent section mhereg%P%Eﬁ¥%Wnﬁ¥4

t he connecting section defines a axis of symetry of the single flow

tube and where theaficRfHge Bl fdhBed 18 (RYVIEBIAD SFahe RROMH mhl!ii}%er%e& Ak

symmetry and where the single flowtube is forned essentially in one

pl ane; att achibalgnes membar exigrdsutpwards thesientar ofitht eonnegingtsectiommidt single
section of thewiube

i Ral : t.he first.he section
and attachi ng?la sec oar?él %%%ég%b&%éﬁ?%ﬁ%% %ge?}i{eercrlbl% etpéa]{l %&8 glf?ﬁ"e%ﬁff’ng
section of the singlimhinganlcstivae dees biatlet Rebobaatre Menstee whe the at least
attacgi ng a bal ance ,nenber to.the first side of the torsiqn nemnber
wher e”t he bal &A% 1??9?‘?‘5‘?“@)9?%%1%344‘8\%9%&9%%3 e avhepythe duvedavireds i ng
section of t heoigisato bhyalrolas aitth WIRLBIL ARy PRkance menber i s

e

oriented in the plain o ow tube; attachi ng at | east one drive
bracket to the bal Bsdersivamarbonhevies 2 brategsedtionsnd Fhere titk finseeitdraad Kiet

bracket to th erboneieg 3 rapedionsad Siee i fivtoriaad)
ot gur ad o SRy YA e Bl iy Butite ¥ b spgie

t or si on menbeflotenbeor@dahcente sedion iy @afigned whak@tetih ehd dppséiteqhdseatith
t he ﬁcond end of thtﬁ torsi on glgnger are configured to vibrate
i n- phdse wi t h*&REt 1 g Pasie iy o themhy causimgdbhiorsionsmembeyrio deform in

configured toyiiBE AbRe b PorkibRx YRRARN GisPhase with 10respect to the
single flow tube thereby causing the torsion nenber to deformin

t or si on al ongPeeferahls,tbthmiethed Hurtiter opmprises coupling a Hrsé franifbldyto thelinletret hod
furth [ ' first I f.ald to the inlet ti f
the. o ngl PRt B sBEHA o8 et h FenBiRrnR e Ry srie ol Bl

t he singhbef | ow tube; 15attaching a nmanifold spacer between the first

and igcond mani f gjlnds, the mani fold
attaching a manifold spacer between the first and second manifolds, 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
20  extends through the second opening;
attaching a flexible member to the outer surface of the manifold spacer and 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
25  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
30  section of the single flow tube near the second bent section along a length of the center

section of the torsion member.



spacer having an outer surface, the manifold spacer having a first
openi ng through the outer surface near the first manifold and a
second openi ng t hrough the outer surface near the second manifold

where a fiVWOP¥AE'E¢ t he connecting section of the singt@/¥Fi8UNEHE

extends through the first opening and a second end of the connecting
section of thergiaglysmt bWl #hehe? Lol diachi: gﬂé} pRe:

openi ng; attachin g flexi g_l e rreenb%rﬁﬁl{tio thg o%’? 3 gﬁﬂré? ce lg%g??'fé[c’the
mani f ol d belgaeeanembrt vihsre the pickef§ fupportendpaer istperatlel wigh fhedorisioh enemiveb end

i | i 4 1 ' | vibrati .S, f h t hod
further SIS Bobd B SRl o X R 31 Ba oF TR sefitlah whe B BRberiy
the out | eidesefiht axis of synitgetsi ofghesiddlOAo¥ WitR a8 vheRahd hicRIT ARPbrtSRetteon

and the 25 s con&r&bﬁgt section of the single flow tube.

Pr ef er abFyCOPRECTHR hrid 2 firyt sepser dying et & 85t envboffaepicknisupper: srember and a
essent i akdebng YadsOiteviRlat a second EEIrHARRO LfforfRERRE, further
conprises the torsional vibration axi's runs between the connecting
section of th8reggralely.ahé method fvtheneanprisaeatiaching aldengle tetht toasiomnenibae

connect i cthion of the. .single flowtube near the second bent
section a 8%%‘%‘? n&?‘ueg]ts ﬁelg?n‘ﬁﬂgaré%ﬂ}eg?rs’é)gé’?‘?r%‘ﬁr Bli‘de‘?’ﬁ?df g?‘gﬁl‘ﬁﬂgﬁ@%&e
Pr ef er abtotsioh hembet, aedy fiomtthebal@@oRIchfRs afd 1saGBhdiin e PISdeQfriheSERnor t
marrb&irJ tg the bal ance nenber where the pickoff support nmenber is
par altY el Japittabs 3nd whsrethg dongledsspnigiaedsierelimirainanyesidnal motior intha fizst of
the connggiidg,Ssaikiag of the single flow tube on opposite sides of

the axis of symetry of the single flow tube and where the pickoff
support nenbePreferildy,cbafiefod Sdtheocduaritestht idosgle Berfd plattewitlc & gaderAly

first end of the,pickoff. support..nenber and a secon ensor deyi ce at
a second™® Fo?ag%lf“ #ﬁ%e bifi ﬁéﬁﬂﬁpag‘lfﬁ’ﬁ Bt}etre%‘?%&r shape Perpﬁ?%?@?réa (e toxsira
nmet hod f yiskdbey, conpri ses attaching a dongle to the torsion nenber

where_t he dogl e i s perpendicular to the torsion menber and extends
downbair d f r ond TekEablin ke wethad Fasder compaies the tarsipie miszbsirie @ geearalbr flat plede

i | i ' ale] \Wh th
dongl 1 £ eidtit 8285308 Hirmh i M et el B R o F
and secosthriatitdfecfirsisend B pdrpandizhiar td the comietiig setidnluEthecsdigds flswsutiche

dongle is,a fl plate with, a generall ctangul ar ,.shape with a | on
axis of e Hhscissteich esunisn v hobeied fo 8 SpwecHng SFim hdbsRele

flow tube and the second end of the torsion member is bent such that the second end is

20 perpendicular to the connecting section of the single flow tube where the second end of the
torsion member is coupled to the connecting section of the single flow tube.
. Preferably, the method further comprises 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
25  attached to the second bent section of the single flow tube;
a curved vertex section attached 1o, and extending between, the first straight section
and the second straight section . ,
Preferably, the method firther 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
30 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.



15Preferably, the nmethod further conprises the torsion nenber is a
generally flat plate parallel to the torsional vibration axis and
where the fir of the torsion nenber is bent such fjrst
end is per%@r@é%’g{?ﬂg?’ to the connecting section of the s‘ﬁg{’%@%&?"d%“
tube where the first end of the torsion nenber is coupled to the

connecting seedmablf the Bﬁﬂﬁ:idrfﬁhﬁerfchﬂﬁﬁéeb' Q@tiﬁﬁ\%% bie FBGAIE £10G Bkmbde

torsion nenber is bent such that the second end is 20 perpendi cul ar

to the codheceisiog meeher erd brlanchanesiheyire adivstad susbdbatits maturildrequensy df

end of t I i i t he nn Lhg.section of the
single flr}%:'/\;s"?ﬁ%«lgg&e Wgﬁne#z?%%ﬁ%ﬁﬂﬁ%%r%%%%g u‘?ﬁ%%l% (%eﬁ%cjnref ¥&8%e
connect i ridgteethtn the inphikaatiral glequdnepw t ube further conpri ses:

a fir§t straight section attached to the first bent section and a
second straight section 25 attached to the second bent section of the

si ngl e flEYEFTEECRIPTION ORI NEDRLYHe%gsSection attached to, and
extendi ng between, the first straight section and the second strai ght

secti on. Fity.dlf is pm ognetrichde vl Godolisuftavhaeter b0fbwits 8 caserebaehioen
menber of ] ] . ng is.a.generally flat plate having a
trapezoi c%m@ﬁg}ﬁlgg%g{eﬁé%éw (Ialhélﬁ?:ut%fl'the trapezoid 30 attached to
the torsion nEherisah iwgetriveview o Coficlis flovbmaiet D00 Rith &s case in an example
Preferably éik[}% 1irr/{gt_ttgo_d further conprises the bal ance nenber is

conf il§ur Sabpgimey e WV Bendi ng stiffness along the axis of
symretry of tRes3 9gh RoldeBl Jitl0ra VB 20974 A3RQAAPEEHIS2006/9 6544
Preferably, the melt hodof Srther co?r%rfges a s????oness o??t e Tl ow tube
and a st ieffbpdiventdf thhimvemiosi on nenber and bal ance nenber are adj usted
such that the tural .freguenc f the out-of - se vi bration of the
Cube and t or TR ‘e abEPSR SV aft et A oo RaB mPs A Al setmee

i n- phase eadbdinRht dNtecimeaaion. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is an isonetric viewof Coriolis flow neter 100 with the case

renoved in anFEkanippeadiabisennsEiscrass-sectianal yiereef Cariplis fewaneter 500 in an
FIG 2 i %x@c?pl&éﬂﬂ@dtﬁa%ﬁtéﬁtﬁé"fn@%ntﬁﬁ” olis flow neter 200 with its case
i t

i.n an exanple 10 enbodi ment o e invention.
FIG. 6a is simplified end view of Coriolis flow meter 600 in a non-deflected state in

o)

[*

an example embodiment of the invention
FIG. 6b is simplified end view of Coriolis flow meter 600 at an exaggerated peck
20  displacement during vibration, in an example embodiment of the invention
FIG. 7a is a simplified isometric view of torsion member 730 in an un-deflected state
in an example embodiment of the invention
FIG. 7b is a simplified isometric view of torsion member 730 in a deflected state in
an example embodiment of the invention.
25 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
30  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



FIG 3 is an isonetric view of a single curved flow tube 308 in an
exanpl e eplwdogenbof the invention. FIG 4 is an isofpkiddeobaw
of a section of a Coriolis flow neter 400 in an exanpl e enbodi nent of
the invention. 15FIG 5 is a partial isometric cross-sectional view
of Cori ol i®pé bdikienBietioBOPhose skillea MRl £t WINQBidTRé (HAf the TeatiRY ecliBey
FIG 6a is sinplified end view of Coriolis flow neter 600 in a

non- def | eetlew cap e eompingg llbxa&f%lﬁévaéﬁrﬁb@ﬂwmﬁhe VeHationgod i igpention. Asa

FIG 6D '1% %(fnfv%ﬁg)nelg ofllluﬁi%c?{ lﬁc ?) s%gﬁfbeggglowt bﬂtlrbnly by the
exagger ate pee I spl acenent ur| g VI Ion, 1n an
enbodi nmentlainfs dndehé¢ingepntdlems. FIG 7a i s a si rrpl ified | sorret ric

view of torsion ne 730 i.n an un: efle ed sta in an ex le . .
enbod.f{mnt of fﬁ&fﬁ%@ﬁﬁ%@mc Viewpic orglis; Wamg‘ieﬁ%&? n aéhe%agw??g?mwlmem
view of tersk efréRMRNtidBO0ChRolds ﬂ&&h&@érq@o %Bﬁbﬁsés&nqmeeﬁa{galmz an qutlet
enbodi nent of the invention. 25 is a cross-sectional” view of

one end oflangedfi i inkt ma@vﬁoml.ﬁﬁ am nuthaﬁ mexfnel 16 2eabwdifoelmpact 10he single

t DETAL LE PTLON, OF. TH EFERR
ond the T BTT S TR BN ARG R G 1 o1 B i oty fesieh (1ged
30 ski |l eth4)ard ixed & todpddithe Tormkie flatdnetsel G0NatdLsihidgetedf (nbhghown). The

i nvention. For_the purpose of teaching inventive ﬁl’l nci pl es, sone

convelft i owist and putdat dlapassd 1 B2 and E94niymeallychage bekirhelee gut whw%mthvedhe

1,1 o 0 S, e O OSSR BL S Kl L

Those ski drdext mannfoh:bspaner M6l IMayifoléspaatiel Gﬁhatypﬁdmﬂyfcghhdrﬁcas, ‘hemay hBede
bel ow can be ed in vari Ousfpli\q%éakpﬁo formmultiple variations qof

the i nvenﬁovaﬁ qré&‘tfﬁ?““@ﬁ% ORISCERNZYAT $rops $e6H0R. oEdohend of
specific é%ffg’ﬂléfﬂbﬁﬁcugﬁ@s“ FiR8AoRBEAos Rithe ﬁﬂéﬂanaw&qngdlﬁmgs(]@@qn& ey

equalents 5F|gure is an i'sonetric view of Coriolis ow nete
100 i¥$ amsoéamptaiontheidhawn) mey bt iecdctogeierthe ¢mis efitheoinglCourved flgwfthisnl 08

nmet er 100 rlses et .fl.ange 102, an outl.et .flange 104 n

"ol ot nanei) o e Hera 152 K sped sBhoR ki son SRR A8 ofkends
singl e cuimes tel AitérisuiFReeldf8n ANthl@sRRkAITG tRBbugh ﬁﬂ@fyéﬁﬁ%ﬂ}ﬂ&cll-gﬁ@of Mhgitold
and outl et flanges (102 and 104%J are used to cou Coriolis flow

met er 1oospiaqaﬁldo Biefsinge steypdure rhl ﬁﬁ@ch@htg,m§ smgj@eﬂow tube 108 at two connecting

points. The two connecting points are located near either end of single flow tube 108 near
20 where the single flow tube 108 extends outside of manifold spacer 106. The balance
structure 110 is suspended between the two connecting points on the single flow tube 108
and is positioned between the single flow tube 108 and the manifold spacer 106. In
operation, a protective covering would be attached to the manifold spacer and shield the
single curved flow tube and balancing structure from damage. Figure 2 is an isometric view
25  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 254, outlet manifold 252,
manifold spacer 206, and case 212.
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
30 312, 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



10inlet and outlet flanges (102 and 104) typically have bolt hol es
but are shown wi thout the bolt hole for sinplicity. The inlet and
outlet manifolds (152 and 154) are fastened at either end of manifold

spacer 106WONMKYBM2H spacer 106 is typically cylindri cafCT/¥R#P06PAG44
also be formed with other cross sections, for exanple a rectangul ar
Cross se ) . : 0 in
Che s i ot " oERRAy R A b By 310 obifiE el ibilod 310 saD At
(not showedtiomdy 8 keecoupled t¢ outjebsentioh®] de itisst sifaight section §R@iscuupleditdf firotv
tube 108,t0 the t ni f.ol ds, (152 .154). A curv ectio f the
singl e 150 THte 4 gg&ﬁn&ﬁb?g‘&t%&émﬁg ipereledde Fﬁca’&‘ggﬁiﬂl? SRR P L g
spacer 1@uréddretghsedtio BRMsRBuglél 0Tkt 28R decohd bRkt @é&ﬁoﬁpggg and 962).

Bal ance structure 110 attaches to the single flow tube 108 at two

conneét i AgEYsEivatiex sepHen g3fomavidke theishape b r irele spamand ermaitakie athergurvasy.
end of si I i

ext ends Igﬂ%glg e O%gemanﬁ %&go@%g%teo%%{{r&f_ﬁg?%aisa%&@, éd{?éﬁcw{eﬁ?)gse}%gni S
suspendedvoobt ceeple difeetly tndhefnnedtsteugdpenirdestions (3 Iteand 30g) thestbsow t ube

108 and i osi ti.oned between.th i ngl,e flow tupe 10 nd i he

i 1 ol d SUpEape w0 |Sﬁal5%¥§?§t°ﬁ16§%2ﬁéngr’*§%)e st sueen #E“imﬁ 1§ fepaned

at t ached it @ssédiRlIyBRE %1&!1@.' TR b dHvehbe I GmleRithCatiott ¥8dAkl ow

tube and bal ancing structure from damage. Figlre 2 is an Isonefric

vi ewl95otherdprearissAA fermsirataris of santpetrnfer eingleflewbddi ment of t he

i nvention. Cogialds:.f . [ I b f 02, outl et
1ange 204, i e AiseriheiFEehedhe FABh oFF PoliBi o HiRRRocin Sine
206, andemasdim2fiPof the guesiod. Cerialis fleo mrtdt 400 vorapyises manifold ghRe 406y G6w
flow tube 308 in.an exanpl e ephodi pent of the invention. Single
curved f _45&1%1‘1 F%S_%G‘f%%eg* C%%Fqcﬂ%glgwnr@?ﬁ tgeyippmergper 430,
out| et s@ghhRetdidbr 482 /HidQH sBFkt HEAH:YA4 3 driFe BRERATIC BalafeL | ON

318, a first straight section 320, a second straight section 322, and
a culyedsiventure#1@ aest flow td2408 heilas e dyennic eystea thatbehava sl acfreestoest tiworbody 4

are axia I nd join an inlet and outlet manifold (not WO
2007/ 130%%%%%23@/ 016544 shown) respectively. First bent section
316 i s coupl eBadheend ol edrsiseaicmber B03s atbebald flaenfubs 08, i TH e3dSmbp be

coupled to out]et sectiqgn 314. First straight section 320 is coupl ed
to first 2 ?& é)é‘&f@%la& G02. SHEBH ¢lagning ¢pac Bke tIn ope gmmpleembadimpert of o

second begpt i : t] VA

Firor andasRaabh I e o kBt 0 AR 0 IS bR Rk FRelee
sect 2on 8ow tuheA08zktendhebovh theeutst swrface of nenif@d spacer 406. Maysidrakembérian
curved shapes. lLn.one ex e enbaqd,. t of .the inyention,(not
shown) , %:Sualr)’%%%fa‘@%?l?téga%@@ i %Wﬂﬁﬁéﬂ%@%fl}cgﬁqt @5380 RS FP st and
second bgapertisldr e the (RWOmBNE theliho pliRs aM¥redhd Bt habdrag0 bidhes to
strai ght secti onsﬂé 320 and 322). The single curved flow tube is

formed i Fedosehbs 408. yTosrien prember 43Pras & itongiide drakogonysile. (lipéon sde is
Symet i &R}, 3OU v Vet bction of the flow tube 408. The bottom side is facing manifold
25  spacer 406. A first vibration node (i.e. an axis of zero motion) extends along the length of

the torsion member intersecting the flow tube axis of symmetry near where the torsion
member attaches to the flow tube.- The 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.

30 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



10 therefore axis AA fornms an axis of symretry for the single flow
t ube. Figure 4 is an isonetric view of a section of a Coriolis
flow neter 400 in an exanpl e enbodi nent of the invention. Coriolis

f1 ow et er WRFBVEGHBEi ses mani fol d spacer 406, flow tubePZXf8S2096/6544
bal ance structure 410. Bal ance structure 410 conprises torsion nenber

430, bal ‘?oﬁ%@n H%HP r4363i‘ge glaﬁg 8dtined BPBAGAceN RS 4434 ali Wik 48 first

bracket s ance tructure 410 and flow tube 08 act as a
dynani ¢ sipsttienmbdea tBarelawenisr 43Xis dpvin ase ttapozdidiyfigpe #.rivyt may e other
system

h end of 430 h b
The e T eyl atrosraisedte BRn e Relhe b2 16 il Rald Bl 0C

or the | k8 beﬁdhfﬁﬁﬁt@é@dﬁﬁh@-oﬁﬂmﬂé defined BetheRigr flowtubthe ends of
torsion menber 430 attach to the fl ow tube 408 near where the 20 fl ow

tube 208 ext ehidwe srrsurle embodmert ofdhy Ineriions PIFkoRt TRPYt BFBCET 43408
Torsion %Bﬁ] Qtﬁg%fﬁ‘al&t‘c@ Shde¥ 434, iy (ﬁug?eﬁt TR ndoBEis oWRraRdsadt iplked

upward suc two ens are perpen ar to the flowtube at
the two firmeén cﬂeqyﬂaetvh’él aplclmﬁbracietriﬁﬁam&@l catlt Ridref stppartreehbay 34 isoe

408. Torsion r 30 h d d
Ci'de 15 PHEPHIPY AL AR f o SR AP mEREOT Bl e B AOA e

bot t om siide nd ﬁ%ﬁtoﬂoﬂﬁcmltfa%@e RemBRaGEr PHR6H bckéts 836 ut icAkhdaf node
(i.e. an axis of zero notion) extends along the |ength of the torS|on

nenbé@ i pickefS serpprignenther #3beve confisuzsd; te mopmEspRYASS (npt
eyl o BANE2p RGP EERLS bhiffect bRt AE 4d %?tﬂg*‘ttﬁ’éﬁ’;‘f%%’;‘?’ﬁ@g‘e

Vi br at i osend&i Bay BEorssd dor exeimipira msgnemndmoﬂ@am, @mpacailsbgsof loathepikat & but
may take ot her a for exanple a tube r | i.ke.
30Bal anc @MhEHwIe g@)ﬁ{%ﬁ%@f&l@ﬁ% nF‘BlEtW@glteBE 3§tf“ tthf‘j’g" tBh ?‘F@r@o‘ﬁ’t‘l
430 and Lg,meMoshescREE Wasitett Pﬁk& p?BH%Jeﬁfbef @Séﬁis‘éﬂnizFQMS ad8# mass

Bal ance menber 432 i1s essentially a'flat plate fornmed in one plane.
Bal atte hightstfinass moglrp,aupleﬂxat aipaipral Gequacst Gfpng ivieation madsp i pipkott
menber 430. The Iane d

the firsf Rpogglgi Wcf’e § é’%%@%n%ﬁ%%?qﬁg)&{meﬁg%bﬁ%@ea trape20| d
in figur eepé:anbﬂbfmame@teh@és Bidniess anﬁz@bu;ﬂiﬁglmt\&eﬂﬂieehivaﬁ@mibmy atche

| i ke. Bal ance nenher 432 is confi dto ve a high b
stiff nesgtheﬁmaslra B terigion, KTt PRI EHEOR At i Rk

5In one %@uEWREGéHBG&E@Bnh&ﬁmkﬁ&ﬁﬁ&kﬁﬁb PGl ssHRPORbuIaBEDET
434 is atta to the top of bal ance nmenber 43 Pi ckof f support

menb20 i saogetedtadther parts bﬁtheﬂoapbs flow mster for @m@lﬂﬁ thaapifeld spacgt-ckof f
bracket 436 a each end kof ort e I 4 i r r
t o bal ance mehb ri ﬁfngﬁ ﬁﬁ%ﬁ Venhﬁ\g éer;?‘/%lbécaﬁcg[rstt4 gir;gr aﬂg&gh%’th@

si de-to- t(ﬁi di’%ack@ﬂ'@uﬁﬂo@ﬂheﬁ@erh@@k Drio@bladkets 38 de sdrdigudd 2o midiuetendrive
brackets on each end of 10 pickoff support g@rrber 434 ar.e

confi gur éﬁtm(n%slwnmtwr@ect t@cﬁpplyr@cfm betrveen the balapee SpetireAnd the low
p03|t|on e.
Ay 1 ypo B£8R Rl Bl B T A S oIS s
an opfi cale c&ﬂﬂ@soﬁ‘the orvécheectiokef the flow néaeeiaamﬁl eetamphmmhwémenbbf thtie
invention a et i s attached to the tube

attached 11%"8“? Bfl BRERF %]W%’(ﬂ?é‘ty oneidure ’taoig a]@‘t%ﬁ’?ﬂoﬁ% member.
conf i gur gg,@ghed e BYMIARS SO R RVEHi0R (idt EnRaED, &i\fellﬁédltét@ mayedubel t he
natural frequency of any vibration nodes in pickoff support nenber

are wel | damtyomtodmlamnem@mbwe frequency of the tube/bal ance structure.
Thi s separatign of at en
(he drive fr efibutcy Srdid) e e REL SRl e Srcdbtis BRI 0%

enbodpnerkarfple ElﬂBodLiﬁEﬁrﬁfftlﬁHIn(reEmim.S t‘Iommjs fldvempiee Ko éonyrissmanifudd bshcerot
be nounted on the bal a Qc)e structure. g pi ckof f ensor hﬂgs be 20
¢ A %Hﬁ%

mount ed ©86.dloneibe 308 andpalance sopstus SIS f1oREs ﬁ%@? Vit o
506 is shown to expose dongle 540 and hinge 542. As described in figure 4, torsion
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I n one exanpl e enbodi nent of the invention, drive brackets 438 are

attached tm tde/mogeqof pi ckof f support nmenber 434. Dri veddr aeksihi &g
are configured to nount a drive system (not shown) that is used to

apply a force between the bal ance structure and the flow tube. The
force i s mymbeasilyisapphieddo flowtthiee $080IDdnghes 4t is tatigchad it® thefhostymmstder of
of the tube at 25 th; caep%ter of the curved sectlon%‘%:{ the flow tube.
In one exXEPPRmERBSHT et BiendhdovRiERThORITRBET BAAIS SPicerEd thaoughiap
one drive, P 4,058 %%é o i
enbodi rrentﬁég?{gbhe |nvent§%8n (not shown) dérlhsgaﬁgk fth@lﬁg%%eﬁongle sa
mount ed dge‘ﬂetfﬂll}'ye@mgmlasaﬂaapbee Wﬁhﬁwiong:agsl pepﬁndleular tpahd bcatom swfret of ¢
cross-sectional v ter 500 n_an

rbodirenEr g PREbE Eh TS ol oy Fake Rt Saee o Bog sl S L eheth with
mani f ol d sRACLIHtaBRA! atfthoip bﬂthe dofdle. Madgleala ”&@én?éréd’&ﬁ b syedifletrifal about
cross sectional view of manifold spacer 506 is shown to expose dongl e

540 and hihageisol symmgtry @6 Elppabe PP theginresseats thoreanitayof thagurved vertex section

bongl o 540 15" ST SeRet 18 1 o Borrartlits e PO RBRIRE e s RS d8 gl

ext ends dfembemnd3d tb hie: doptserfha ofafianifaid §pate ma@ﬁg&@&}yﬁﬁmwfm@m two
opening in mani fold spacer 506, 1n one exanpl e enbodi nent of the

i nventh onPargorhy & 9@1%513% AEths dopsleopering in BAnifpld spsend &0 wiinge theé forarg
axi s per gﬁfﬁ% i 1§Ellé&dt\b§h Hﬁtﬁl%ﬁ% foﬁglewglfa 1§1t1 95 BN RIELm B ﬁ%o

Dongl e 540 may take ot her shapes r exanp orter I'ength wth a
mass at t adtredsedtingsh@t X ispligfied Wah dmrtgtsmnaDahgﬂtlen !ﬁéﬂb itlse loiepd hﬂseldtle)m @nd

Tt or seot Qe iR BRREY STl Re and R GRY | Btet R msyalso

H nge 542,d &liad b HleRibieEmbahet hat coupl es the bott om surface of torsion
menber 530 to the top surface of nmanifold spacer 506. Hinge is
typi dal l'y for niguiente and Q@p@r&ll@pllﬁﬁbemim@m bieGorstlgelayt mictee 686 fryrecxample

openl ng i n acer e t

al i gned wi él?%edf hglﬁfo qﬂge?u%gm% of gl:oglr?lls %F’f @%d?%@é%e% nﬁ%rf@f‘ 6@9@8&
530. Becaubesll, agébBdicd giruatur@a@dpmmgﬂﬂé)helewlﬁb@raaiz tﬁtsﬁrﬂhbﬁBeM@e
t he hi nge has little or no effect in rai sing. the frequency of

t he
flow t ubé’aéﬁ*i’éle BEMHASE 83 5t GhOF PO g5 434, pigkoH lgeclqgchfmdrlee bﬁwke‘c 638
fl exible %lé: 640 F%‘gglr %%rt?@f eBflof %)%@\g %}e%éé%b'hfa{/éegeeg@ﬂn nven 09r:lar1ty in

Coriolis i'n an exanp
Cori @0i s cfebmbmgﬂmropsﬂﬂon ofifirei fies mieter efor Exaandetdididn nfehther 63ba sﬁ&&n as one

and bal a e tr ure co si.ng .fl exi berrenbr 642, torsion nenber
630, bal OtS%%W "E? E@a’d? tl@&ﬁéfb?lﬁe E@Hr%&aéke\w t’Srﬂé’é‘k@Pe

636, dri V&d%ﬁﬁk@?}tn@ﬁﬁe @f‘f@sfj@ﬂﬁ |a%o§49%)la%%7$oﬂﬁ5ﬁ Zlélgcféa“ ohQl dr f Ry

met er 600 have been sinplified for clarity In Ing t
oper at i orshown} #itach¢din thetihye blfaoketemnﬁl cgugeaths flow tn’eentmennbﬁ&(hlmsg AhoveBB.

as one flat ate an the ends tilJted u rd.

Fi gures stﬁij Q‘PF&S@QB@&W t‘glglgﬂﬂ ge%lfeﬂlﬁ% [is2 d?ft Oﬂpé’éﬁm%asf’n a
non- disspl aced m@@ﬁ:tébqsnan bt PIRRTGHCR1B1iR fld i H@Er €010t a8 RQUEHerAbd pGled to
the drive brackets would cause the flow tube to vibrate al ong arrows

BB. The Whsrhaseaentduibiirerationid apickimple embodinens afibe fimwgtiemchlopumubs 608
the oppoq{ag ?ot%@%&nter—clockwwe 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
30 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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25Figure 6b is an end view of Coriolis flow neter 600 at an
exagger at ed peak displacenent during vibration, in an exanple
enbodi nent_of the invention. Flow tube 608 has rotated

count er - cl YORPEERAd t he bal ance menber 632, pickoff sHpHBYROMHAES

634 and dongl e 640 have rotated cl ockwi se to bal ance the novenent of
flow tub i ' CtBalls pgﬁei&a%&ﬁaﬁ@fhaamemr #ax h
t he end gg%%?sé%%?é}?ktggﬁogﬁgﬁ%n%nber 638 O noving in unison with flow
t ube 608wahdomsionmentber 630 dl e section of the torsion nenber 630 noving

in unison wth bhalanc nber 632. dongle 64 nd_pi ckof f ort
N L S B S S S R S
rot at i oneksmRs&apddidbhtof @ledftentibe TosdhepttepM3Ohasfbeaxsibipkfiedyber 642
with torsion nenber 630. Figure 7a and _7b are sinplified

i somedri shoyyingt apt Taigrlale srthautihe pnds didred woude Eigyedas R GRYE e
i nventi ORzq; i 72911_]-9 igngoh Aok | i [t as
a flat pP?é(% é%\%l\n%g?& t gcﬁtg'n S t???ég%%&po\%ardsé&&ﬁ?%a’?}éegg‘%gﬁgvavsﬁggﬂgrsi on
menber 7Banae nesmben vibedi¢ aidhe shngt ftquendplont imghopprpoaits pesefcasing the Bow

neter, the fl t ube and the bal ance nenber .vi br at e..at ) .
freque ncPﬁ’ﬁ ﬂgﬁlﬂaﬁcﬁg‘ 6%5‘1 aﬁ‘éfamgvamg%ogﬁ% 81r?ﬁ%8n?'le%l§}mf nggho% ggg rsion
bal ance pRHSF intoRe BF #8¥BapFP¥Reh tuRPIShich 6f thefbiv @itk anfbgluice sithctiows
torsi on nenber in one of the shapes taken duri ng_l vi bration of _the

f 1 owlPubdhetrep ends ahtossien mamber B0 thay arprpbtaghicd te g dlogy tubeingt Sevmphie:
730 t hat f et 1 : ]%ﬁg i st ed
or rotat g%ﬁ%%@o%}??%&é%béﬁ%scoumaﬁ ﬁ%’%ﬂ%&%\lﬁa@g | ?cgg%(’?%n, %Iﬂl}énov»i ng
t he novemeremaft of the fidvotubt.uBl: middée aricelatkrsectiorcafitomsiongembien A3 & kttached

torsion nepber. 730, attached to the bal anci structur nat, .shown) ,
has been'®fif Si’lé’ém%% StUSHIEE &’ﬂg?ﬂ?&ﬁéﬂﬁ%gﬁe Sfeﬁ‘%[' ﬁ%ta%ﬁ 6%%11%?&18 %ﬁg i e

cl ockwi sgpslisfieet dedkwidedite@ibrl) GollMind it ntlion bf R dahatesttensd, raahdr e.
At the 15 opposite vibration position of the flow tube and the

bal anée eoppasie vibeation ppsiteroofihe flowauhagsd dirchalagee stgrciyre Mmobehemay. hetry
be torsiqgnall flect i 1 i ti : i d
Che m dPRReEip g HEAREEpbRgbe (AR RIALER o QOMHRR re Mnapblt A0
def | ect e@B mdtthemtidpostticn dfitosioumtcerbee Vackomld e dirsiondliyaieflediamiim thexi s

BB. Axis CC and axi s m]%gjgrﬁsent the | ocation of two vibration nodes
or vi br aCPRRfE ecousisr-plopknEige fireqigh abPH aNEMer 730. Every part of

torsion menmbep, k3t bed %ﬁ@ﬁlﬁ%%r‘ése@gh@ TstaBo S tHE vilth@drafodwd érvitirB€on axes

bal ance structure about axis BB. Every part of torsion nmenber 730 to
t he R6ft famedid wrBd memberd30h Evely ghrt obforsisd member B0deteenpys CCatids BB

along with e flow tube. The position or.lecatl '
oo oD ERA DI Wi PEpAEAE S5l SRl B ELAT A oSt 730
flow ng tdwmeudhoftdae ¢ end fouberightlos axit DD wetsi dbyutafkid B along edth dhe v

flow ng through the flow tube increases,, causing the mass of tthealn
vi br at i ndbeuFBe pesitigicerdecation phaxis (i apd gris Oy B1RES 18 FSPensg {3, Cangn

each ot hef s \#en Jjéégglgggﬁ%&\?&ﬁgim&{gﬁ FRAGY b, IR RIS PSGRe IbRrikl OW

t ube decreases, mass of the vibrating tube, the two
vi br @i oflomirgetbrougly thetflometulis insmesesotahsing themersy phthe viboning gieite tnecas,

(ne Tovyi e Gy So0 B, B0 B e Bl

flowing through the flow tube decreases, decreasing the mass of the vibrating fube, 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
30  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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30 anplitude ratio al so changes with a change in the density of the
mat eri al fWowovasobrough the flow tube. As the fluid denst¢tNIS2006/016544
i ncreases, the anplitude ratio decreases. WO

2007/ 130024PCT/ US2006/ 016544 Figure 8 is a cross-sectional

view of one enBigofe &i@trbsﬂ—iestlbxhabmfm%ﬁmeidﬁd@ﬂa@o&ﬁﬁnk €o®irhee iRntexhple
the inventi 8 co ]gles outlet manifold 852, oqutlet flan e

504, i PBPEIEHES Dads enBRT| D s guiqreTisga A St MR el oo b aner
bent sect QRif§E8paer %b@%LﬁI‘épfectléx?QWSlf & Fuol déeg&gtpﬁén?ge&lgg 8(?? of HgW tube,

t ube, and torsion menb [ et nani installed I'n
the end ofecoudhitfaighi SQ@&DE%Z(B@fﬁlovﬁ'héemmﬁltetslcaemlnm 830). Oludet medifold 32 is
is installe to,outle 804 hIS nbod t flow tube
passes§ t h%%&ﬁ&?aﬁ? £ad 8%%51 SH?ﬁ?f 89%)3@%‘: feCUP’HE? @8}?( tulgeﬁ%ld@ﬁgls&lled
the flow fngbenttlflahge 804 aAahpd eirfboﬁin@é?ﬁﬂomﬂbe PRsRBAEA 1ﬂ’£ﬁi'f§m3t2 without
the tube in the direction of vibration, the tube is atftached to case

connect | louRhiBsE. Issewsh therartof eecllow b B4 os attached toffrage 804. To prevent
unsupport ﬁgv%{[&{t%'f% ﬂggﬂqetﬁqe%%g e § Et%tfu? hy Oeitﬁgct: Nes Ce%”cg S%e{cﬁl I Jink

section o "ow 1 e near ere EXI

mani f ol d Smcﬁﬁcoﬁ@ﬁem%ecﬁﬁm H8ruf fRectube it UReposteOWTrsedn the@ved 3806 tdupled
al so unsu&}orte he bal ance structure and fl ow tube of the

curre B 85oRd été%lg]étsge&“‘a‘y‘hfdh? Elowybener iaierefbn dow trae exitsieun theee
two body $prifd s SPRRS 800 SEEMbe{ o ii? BMHo wgkﬁo%@e%'a&g {n?u@%?t’é(ilo

wi t hout any exte or ces, ntum e syste
zero. The syst Tl ilbrice SEwetufe :hwl Mmbmotf ttheodman&geavemlommet M\ﬁyﬂammﬁystem

the mater rovvln t hr.ou he fl ow neter sel f-bal a
ot omat | ol b SR EOae B0 BOGH et Alstemy TR SHET Bt i Hgyn tha

the f1ow itheutanpilete rees &@Sﬁ&naﬁdlntdﬁhé)@lséﬁp@u%ﬁﬂﬁ} ié'%@ @H@é}ls&&}%ﬂl
increases as the fluid denS|ty i ncr eases. dition to the change

i n the anysilfi halpgee mathi dhangdsan ghadensithef the Mm@éﬁowmmgrosxghme flow nteger.

20into et HRi R O AR ALy L Fub o S e e ey

t hat novethe fotvhtubd emblitide dedreased Btd hatdhate shiktiaé b@plifude GULRRYs asQhe fluid
drive frequency, of the tube and bal ance structure are well above the
nat ural ViEEX IngFFapsse duafdniopto thsehangsdp tha amplitugesstip hengavifl b

meter. Thee cgﬁuig ﬁ?ﬁt‘ow X lf%?i?l@fl A IRIWRS NGRS, IEJ}% s HlaDBR iR Y & ac{'rllﬂ'c’)mnember

frequenci es a bal ance structur reguenci es
t he fZIOow ntobibe pat dret encses uithuheblandeshastercasidah@pdrtsehatimeestwich the dyw
system tube are |left unsupported

bent | sect | ons of the
(as shown Een —}Aﬁ 'éraéy%fadloﬁ FArged. & ‘irb‘fet TCYRRE P B ey abalangs flgpciure
By using ges@fitab6RNI8GhbRR @%H&?Heﬁ&%o@} b foﬁ{é?é@@étﬁ@ f b FSG HEr. The
and the manifold, the dynam c structure of the flow tu e]/~ al ance
st r uct ur eaigs ffequendycepabtiens betwkerthefotles strwsutabityquepsieeand the flow
tube/balance structure frequencies allows the flow tube/balance structure to behave as a
25 free-free two body system. The two bent sections of the flow tube are left unsupported (as
shown in figure 8) to provided a soft connection to the manifold. By using 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
30  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
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The stiffness of the flow tubes and bal ance structure are adjusted
such that the 30 natural frequency of the out-of-phase vibration of
the tube and bal ance structure is much higher than the in-phase _
nat ur al frgﬁﬁ@ﬁ%ymnfhis m nim zes the coupling between i G5 [
of vibration of the flow tubes and bal ance structure. In one exanple
enbodi MR ifentibdlghd @\.ﬁﬁfaga &E\ualtﬂkﬁuéd&? RASR7 EHLMA e Jui-sgﬁﬁagﬁgrﬂﬁgl at

247 Hz and the out-of-phase natural ftfrequency is at 40

desi gn ofrequeacy is@hideter Thedegigs of therifovguetstistalsosenfigues taaetthahatiral

frequency _of other, vibration de to fromthe
drive fr ﬁﬁ%@ﬁ@if&%ﬁﬁ% V%%rg% nem?dgeqﬁ a5 gb%%]%%t%g‘ %rgg’l @%@%‘3@“%%?’ i on of
the bent sect Thddngkis agsd to t&ntd bakndd e flotish bihe beniissdtide (36 dndS18)
dynam c structure of the flow tube/bal ance shructure. The dongl es

| ength, Shikpaowiubeutside pighe dyngurcaruchirepf the Hawdubsfirlanes sEaGaee. nbis on
inthe fj %@Q%héiﬁ%&%%s are G NN, e\i@iﬁétew residusnfoRbh B the fhhQW

meter, conprising:. a'single flow'tube including: 5an inlet section
(312) an@03randdf4)et section (314) where the inlet section (312) and

outl et sections (314) are axially aligned; a first bent section
(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 10t he second bent section (318) where the single flow tube
is symmetrical about an axis of symretry that intersects a center of
t he connecting section (324) and where the single flow tube is forned
essentially in one plane; a torsion nenber (430) having a
first end-and a second end where the first end is attached to the
connecting section (324) of the single flow tube near the first
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15bent section (316) and the second end is attached to the connecting
section (BDD00DM3G0ke single flow tube near the second beUT/E8TI06AN6544
(318); a bal ance nenber (432) attached to the torsion nenber
(430) and extending towards the center of the connecting section of
the single flow tube and where the bal atisAliviSrber (432) is generally
perpendiQﬁl .to the torsion nenber (430); 20 at |east one drive
bracket ( %génﬂttached to the bal ance nember (432) where the at | east

one dri VQ.bra%@bri&ﬁ@ﬁ%wiﬁet&?%ﬁgﬂﬁﬁ@ to nmount a drive device where
the drive device is configured to apply a force against the single

fl ow tube; and single flowHeba imckiding: menber (430) having a center section

and where the fast end and.th cond end of th rsion nmenber (430)
is configured to viaBtHgngseFH@bﬁ%@Sa’i}dl?rho"ggt f%&ogﬁ#gﬁ?éﬁfq%wetl Feseaiep
the center segiiRnd suS@RbLEHsT914)QAre/hR41B] RignBdt he opposite phase

Wi th respect to the single flow tube thereby causing the torsion

menber to deform i @ fireirbeinbsectipn iyl 6 attanhed emtik indebyeation (B 18) usd a ecofdhbent
Coriolis flow_neter., laim. 1 further co i,sing: 30a first manifold
(154) coupl ed’ Coloflrg"épgl)nalﬁg&ersgetgtﬂileo?i'ltegieffmgglﬁﬁfe single flow tube and
a second manifold él;ﬁﬂﬂec@iﬁ%l@é@%nt(mé%@teﬁﬂing%nﬁ&%tm@ﬂrs&%Mt)se@ﬂo_nt(b% and
single flow tube; WO 2007/130024PCT/ US2006/ 016544 a mani f ol
spacHt (106) &etsspiidenbeachion k3 theviere e siugle B oihe inaymmetrital At an

154), the manif.ql LN n ter rface,. t nifold
spacer (106) h%\g/) i°ﬁ%}ﬁ§ﬁfg’ ﬁ&sﬂéaw%%)resgﬁ%% "%ﬁ‘%o‘ifgﬁe ?%nélggtﬁrfgesrecg%? @égg%de‘g ere
the first mantieclmtld fio@)uba farrsacanshtialie i aig: fliqugh t he outer
surface near the second manifold (élSZ) where a first end of the

connecting 5 sect i BIPTENIRENSTAEIE heyiaq adiigend,and ddscend dgrhanie first
first openingeand aﬁa&feﬁ%%eemng&ir%@@ct%’@g@)t6ff‘zﬂe &ggfeu%%gh??r the first

single flow tube extends through the seco openli ng;
menbkr (542) bdntgerdonvilé) dnidehe secondem iswitheletito theaoonseaing sectignl (B84 )t ad

t he outer surface of .the nanifald s er and c ed to the second

Lt ate ot it e U Tt B e SR E B AR Y 10 e

Coriolis flow netejbgnéd ReMbér @Efﬁtakﬂﬁimm {094i6n BRANRE (431)?%(1 e,}%ter%dri]ng
o) e

encloses the inlet section (312) and the outlet sect ion (3
single flow tigmardsibe eerger ofrthe comertingseriiomof Be ainglmlow ebesamd ovittr bt

section (318) bﬁgncte%elﬁgé}%%)fig %x\ﬁetrzlﬂgreperpendicular to the torsion member (430);

20 at least one drive bracket (438) attached to the 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; and

the torsion member (430) having a center section and where the first end and
the second end of the torsion member (430) is configured to vibrate in-phase with

25 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.
2. The Coriolis flow meter of claim 1 further comprising:

30 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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154. The Coriolis flow neter of claim2 where the manifold spacer

(106) is essentially cylindrical. 5. The Coriolis flow neter of
claim1 wh sional vibration axis is in the plane defined by
t he singl e%ﬁ&%ﬁﬂ@g‘g 20 6. The Coriolis flow meter of BYHPHR046/016544
further conprising: a pithoff support nmenber (434) attached to the

bal ance nenber {A3R)d yﬁaeém@d]%xﬂéhﬁhgbémme HrstaBd Beond A3difoli§152, 154),
parallel with the torsion nenber (430) and extends between two

segnent s tsfmenifold spasectliophrayigianoter sEipre.dhe manifelf spacsr f10BIRAVIRER Bt
opposite .Sl f i r ingl 1be and
whore t nebmil BFE it B e oo YTTR Dles BRI SRS Sochtilieliis O
sensor déwoagh tht oatef surfdce aext tiof setdrel mardfodd {1583 uphare b inerhe vf thd 8dnneatink
a second sensor. deyice, at second_end, of {he pickoff su rt er.
7. The c&%ﬂappgfhew&w?%ﬂ?w Cxepes W%ﬁ%@rﬁ{&op@%ﬁﬁ?ﬁ b %ﬁ%ﬁ le
(540) at taoheshd Qctifieof@E singMR HERHBE eﬁéﬁﬁmﬁgg@em%n@leﬁaﬁg;(540) is
perpendi cular to the torsion nenber (530) and extends downward from
t he torsion nefisibleB80per (4@ plignadrwithde dirsighad vilirafion axireandgauplpg to the

[ d with i f. f i ngl e .fl wh
Fhe tongP it miiie BEkS sl SIRLE tag Rluptel S el B st B, GRA WDRES
t he fir sfdpehrsieseanteni f ol ds. 8. The Coriolis flow neter of claim

7 where the dongle (540) is a flat plate with a 5 generally
rect {hgul ar shape with a long axis of the rectangul ar shape

er pendi gul ar : i : el . ter
B ol m o wEbEChigs 857 kA SEURE 2 (ibsiihhe HaniE obhdly 0k PerkloR FL
par al | el infas st¢dtiont(drZiaod die antlbr wtiieon(3dK)i of thensinglh Spe thleeandithsfirsebeht of
the torsionp 1 nb i s bent such t e first end is
per pendi FGFER &1@3 ?lf*ijgél‘c;(?ﬁcf?ggglﬁﬁﬁe%@&(?@h Otplets [esérk% F‘g’ef | ow t ube where

the first end of the torsion nenber is coupled to the connecting
section of the single flow tube and the second end of the torsion
menber 4 benthesGemolisfiaw mgter seelam? snereithe wapifld apacen @PO)is ofspatially
connecti%ngﬁggli on of the single flow tube where the second end of
the torsi’on nenber is coupled to the connecting section of the single
flow 15tube. 10. The Coriolis flow neter of claim1 where the

connect| g‘!g S eﬁgel 8(')11'10?{:3 fionemggep g% cﬁaJI'nl PWhere the torsional vibration axis is in the plane

defined by the single flow tube.

20
6. The Coriolis flow meter of claim 1 further comprising:

a pickoff support member (434) attached to the balance member (432) where the
pickoff support member (434) is parallel with the torsion member (430) and extends
between two segments of the cormecting section (324) of the single flow tube on opposite

25  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 2 further comprising:
30 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
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tube further conprises: “a first straight section (320)
attached to the first bent section (316) and a second 20strai ght
section (3222) attached to the second bent section (318) of the single
f1ow tube; HO2N{1EYW24ert ex section attached to, and ext eRel/HgR006/016544
between, the first straight section and the second straight section.

11. The oL S1efd QWL e ' :\Igﬁ.@r. ARG IRDE ol )
of the sicﬁ{g%glsffgleff?oow tu ecI ngrgq%ﬂdgtggael y flﬁjﬁ %’?etg%aw ng a? redidhdf
t rapezoi dmbtishaypbe ¥irdt hnd feeond aenideids.of t he trapezoid attached to the
torsi on nenber (430) along the torsional vibration axis. 12. The

Coriolis flow neter of claim1 where the bal ance nenber (410) is

configuregl to TR\CridlBifk Beldbidaist 7 fhdrk Q:‘éﬁio@%gfﬂﬂﬂld) hea 8xt Hat®fvith a
symmretry of the single flow tube. 30 13. The riolis flow neter of
cl ai m31 virerallyrestangylapshapp prithigdong axdn of the gargiber shaprgyerpgrdioylar to the
stiffness Qf, gegr(ﬂ'n@n menber (430) and bal ance nenber (432) are
adj usted suc that “t'he natural frequency of the out-of-phase
vibration of the flow tube and torsion nenber and bal ance nmenber is

much hi gher than the.in-phase ural frequency. 14. A pethod of
bal anci ng"a caRF Seret %a%lﬁ%t?fe&a ﬁnﬁh%e ﬁﬁﬁ@n&ﬁ%‘&a?‘ﬁogw % grperally
SCoNnpri siff@plate &:»aralleﬁfbslﬁ@ RLiBE) bRt s8n g WhvRGhE HewWehd BEmE R8I
bet ween two ends of the Coriolis flow neter where two bent sectli ons

of tHE& simmyiter tshepbench|thatthe st ¢rRIG8perpgndioylss tpthe cornbeting ssstion of thhe

two bent t4 r i Ldes .of _an,axi s of tr f the
ool e C PR AT ok il AEROR LS PHERRB] B BXL 2o e HWE bkl
(430) to skdiensi tiglstnpteiflveduld a4 thadeeor(d38 bf & tbietonInernbe ipbeare adh that

symmetrically aboyt the axis of symetry of the_single curved flow
tube (3083 sfRpPgdeperpniholardg e GpoesiiimhEsetion o ST o Bg phere the

secti ons safnk BRI 6t MOtRsoH methel tAMAILPS haRhn e L4 HoBnd Q_ﬁngg %'low

bet ween the single curved flow tube '(308) and a bal ance 15ne
(432)15sudubet hat the bal ance menber (432) and the single curved flow
t ube (308)

10.  The Coriolis flow meter of claim 1 where the connecting section of the single flow
tube further comprises: _
a first straight section (320) attached to the first bent section (316) and a second
20  straight section (322) attached fo the second bent section (318) of the single flow tubs;
a curved vertex section attached to, and extending between, the first straight section

and the second straight section .

11. The Coriolis flow meter of claim 1 where the balance member (410) of the single
25  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 configired to
have a high bending stiffness along the axis of symmeiry of the single flow tube.

30
13.  The Coriolis flow meter of claim 1 where a stiffness of the single flow tube (308)

and a stiffness of the torsion member (430) and balance member (432) are adjusted such
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vibrate at the sarre frequency but in the opposite phase and where the
bal ance Rp@bRL7/ is attached to a center section of

menber (430) V\Z1ereby the center section of the torsion n%@gm%@?@?og?s“
deflects in torsion, along a torsional axis of rotation, in-phase
with the tHﬁ'ﬂ?é‘r?a?uﬁltﬂ’rétﬁfe )ﬁoﬁﬁ%&t%ﬁm o@éfthgﬁo&%@%taﬁmef |
deflect in 20torsion, along the torsional axis rotation, I n-phase
with the mm@renctbalmm rhérolyer isubech(18@I8Y thanibe infitesemdtivatifrequentyai m 14
where the torsion nmenber (430) is attached to a nanifold spacer (406)
with a flexible nmenber (542) and where the flexible nmenber (542) is
al'i gned tg the ﬁ'xEﬂ‘lﬁﬂBF%laIﬂ?ﬁi§a Ebris 1Rt Aot Qx@tergélmg’l-@smgl@%u%rﬂ%% #abe,
claim 14 where t Coriolis tlow neter also conprises a first

mani ol dcomppdiegt to an inl et sectlon of the single flow tube and a

second mani fold ¢ d to,an o] e n f ube
and a mani f ol a“BBfé‘ii@% SR gq?gg?tl‘”reg dggggir?aéo 1k
mani f ol dﬂowﬂﬂ&ex&wﬁ'&@@b@béxﬁ%%ﬂoh§ oﬁﬁh‘é @ﬁ@h@uh@dtﬂb&r ﬁ.lBeE 6308]1ar3(11)1§ﬁ;1@bﬂ£d
(430) opposite the bal ance nenber (432) and E onfi, g ed to elimnate

any resi dehhersthedivo hent sretiohere PR PPPRNIgSides exis ot symimetcy of the sisgle
2007/ 1309&4?&6@%&06/ 016544 17. The nmethod of claim 14 further
conpri sing owng a material having a first density through the

vi bragti ng si ngi&hmartwectntﬂs ofie toxsiom mEnled (430 ¢o thetshngle ofrvas Fawtubg (308)

further cg rls tel Vi DN se n y
t hrough £HECFOHER @a%e&r%gﬁn?qlcally%b%uﬂ% gﬁéet | rlgéa ggﬂg‘?? ?/‘EVI s
di f f er entubk l(rmc) heclosaas chedmajftsymmdymﬁrtﬁe Mnebefnt mtmxw dfrthad single axi s

is no longer fornmed at_the first |location and the second vibration
axis i s AEVEbLHYGRubeorRbd at

generating a force between the single curved flow tube (308) and a balance

member (432) such that the balance member (432) and the single curved flow tube (308)

15
vibrate at the same frequency but in the opposite phase and where the balance member

(432) is attached to a center section of the torsion member (430) whereby the center
section of the torsion member (430) 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, along the torsional axis of rotation, in-phase with the single curved flow tube

(308).

20

15.  The method of claim 14 where the torsion member (430) is attached to a manifold
spacer (406) with a flexible member (542) and where the flexible member (542) is aligned
to the torsional axis of rotation.

25
16.  The method of claim 14 where the Coriolis flow meter also comprises a first
manifold coupled to an inlet section of the single flow tube and a second manifold
coupled to an outlet section of the single flow tube and a manifold spacer extending
between the first and second manifolds; and a dongle (540) is attached to the torsion

30  member (430) opposite the balance member (432) and configured to eliminate any

residual motion in the two manifolds.
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10t he second | ocation. 19. A nmethod of manufacturing a Coriolis flow

neter, CO%E&M?}%O?J oviding a single flow tube, the si n?@é{’#%b}[%h%)&“

i ncl udi ng: an inlet section (312) and a
section (314) where the inlet section 15(312) and outlet sections

(314) ar e}fﬁxi ai'ﬂé’m@ﬁ]jm? gg%lim 14 furth@r édns@isé%ﬁftmwsaggﬁmaiaﬁ Bdg aekached

to the inlét section and a seco ection (318) attached

t o t he ouddnsity themtghalre ¢iBiadihg siagleennediflomgtubect i on (324) extendi ng

bet ween the first bent section (316) and t he second bent
section (318) where the single flow tube is symmetrical about an
20axi s of symmetry that intersects a center of the connecting section
(324) and where the single flow tube is forned essentially in one

pl anes 25 30 attaching a first end of a torsion nmenber (430)
to the connecting section of the single flow tube near the first bent
section {816) Tandeshachefulsign &7 Swthenebaprasing: t he torsi on menber (430)

to the connecting sectio . [-hgl .

pent et on (AN £ Ear R frvbe € SR Eai MR, 2600 IR AT Epe 0o
side of {MeretiRE Si@dengEyiie diffré3@hanvhe secontieehstyamdenimeeatter firtkdB)ation axis
extends towards the center of the conpecting section of the si n%J e

f1 ow t ubis nerlengdemnadyal thafirsh desaheming the seeond;vabration ais i R lopge pTmgkat

of t f ; attaching at |east one drive bracket (438) to
t he ]@ZI a%g\é\’cénggxﬁgggﬁ?%z) where 10the at | east one drive bracket (438)

is configured to nmount a drive device where the
19. A method of manufacturing a Coriolis flow meter, comprising:
providing a single flow tube, the single flow tube including:
an inlet section (312) and an outlet section (314) where the inlet section
15 (312) and outlet sections (314) are axially aligned;
a first bent section (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 the single flow tube is symmetrical about an
20 axis of symmetry that intersects a center of the connecting section (324) and where

the single flow tube is formed essentially in one plane;

25
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drive device is configured to apply a force against the single flow

t ube; wo dob®13cesi on nenber (430) having a center segld90sANG/016544
where the first end and the second end of the torsion nenber (430)

are configured to vibrate in-phase with the single flow tube and the

center section is Q@fﬁéhiﬁg&@iﬂstteﬁd‘ofblt@’éi@ninﬁblﬁﬁt?(@@Eﬂﬁib&%oﬁ@d&lﬁggedﬁohf&:f
respect to the sin ow tube thereby causing the torsion nenber to

le fl , :
deformin toréh%ﬁnglpéwgv ibe oeay; theyErst beisaetionn(3 Biand attachingrpseqend gadiof

of manufact uring the, Ei%ﬁfb% {4%05 e %ﬁ%ﬁ%ﬁ%ﬁ% 5% %‘% s{n%!ete S tube near the

conprising: 20coupling a st mani sectio
(312) of the seagdédehl watibu(fd8&nd a second mani fold (152) to the
outle$ section (314% %1;‘ the single flow tube; attaching a manifold
space? (406) bet wedH2¢1iBe ¢ PrlshceipamBud4Ad) thak Fist gde plitha torsippymemnlrs
mani f ol d spaces;dy436) ' ) ' :
having a fi rs?;)ocgeni n%ﬂlf%\r?lra%%gjﬁﬂlf ﬁ%&g@%ﬁ&%ﬁ@g;&ﬁg%@%@k ﬂ Jlf?]gt% %ﬁﬁemng
mani f ol d ( 154 peddiod od tisesingld flopembagn® whede titighiarich encontiee (4B i adentariar
t he second malﬁif | d éfngé vvheég a.first end of the connecting section
of the singl e™R#E WFRE RPIHBE 2fr ough the first opening and a

second end of the ganiged &tﬂ%s%@ﬁé&x@&bl%cﬁe'ﬂg@gb f&gﬂhgib%l]'ag& n}%‘l gsxeq&g%ggﬁere

t hrough the second opening; attachin fle .

to the outer herdtdmet afe drive brakief (138) spavBguréd 86hoamd drovetdewideorisiothe
menber where the flexible nber is.ali.gned w t he,t grsi onal

vi bration 30a$1¢e deGe IS‘FHBHE@EFﬁB%aIB’fIY ﬁﬁ%ﬁ? %\%HEIEF& H}?ﬁ”ﬁ%ﬁ@ﬂrt%‘?;i s flow
meter of claim20 yhabsid@enBa q49bﬁhaitﬁﬁ%‘3@£en(ég@tio%rhﬁli%%§e REirbttn@land
section (312) and the out|et section (314) of the single flow tube
and the fir st thseaeonsiead adribg R1BIN membeh 38w ndnimnmed toeabiatming3ms) wish

]E Ihgws Irrg'?la(ra ];:c 81\(% s:iill l?@ 98&’&}%%% ‘Jie}%ttﬁg tcgrﬁgr S%Etiala fl %B%éu%& Pogvigg?e I%CH'IEI: 81'3}'}0%ite
15 phase with respect to the single flow tube thereby causing the torsion member to

deform in torsion along a torsional vibration axis.

20.  The method of manufacturing the Coriolis flow meter of claim 19 further
comprising:

20 coupling a first manifold (154) to the inlet section (312) of the single flow tube and a
second manifold (152) to the outlet section (314) of the single flow tube;

| attaching a manifold spacer (406) between the first and second manifolds (154, 152),

the manifold spacer (406} having an outer surface, the manifold spacer having a first
opening through the outer surface near the first manifold (154} and a second opening

25  through the outer surface near the second manifold (152) 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;

attaching a flexible 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

30  axis.

21.  The method of manufacturing the Coriolis flow meter of claim 20 where the

manifold spacer (406) encloses the inlet section (312) and the outlet section (314) of the

22



Smani fol d spacer (406) is essentially cylindrical. 23. The nethod of

manuf act uwidngodzngoéxy i ol is flow meter of claim 19 where f;@@ﬂg%gw?{}gh“
vi bration axis runs between the connecting section of the single ow

tube near the first bent section and the connecting section of the

singl e flgnpltabe nbaknd 1R mecendsdeash (@3 esd t}ﬁ@e@dlﬁ%nasécﬁaﬂm 89br e
center section of the torsion nenber. 24. The net hod of

manuf act lﬁﬂil&ﬂ\@ floweubsriolis flow meter of claim 19 further conpri si ng:
attaching a pickoff support nmenber (434) to the bal ance nenber (432)
where the 15pi ckoff support nenber (434) is parallel with the torsion

nenber (4230) dn exthedd$ nhatMerfing W SOUIRM Sy fetdrbe cRRANOGI NG the
sectiogn of the single flow tube on opposite sides of the axis of

syme?r y TeAntiofEsrACR|496) iseasentipldy avithdidr e t he pi ckoff support nember
is configured to hold a first sensor device at a first end of the
pi ckof f support nenber and a second sensor device at a second end of

the pickaBf supponéthodobeanudbturid® thelb@isiptvedmeter walaflﬁqywﬂemthtehe
Coriolis flow neter, of claim20 further conprising attaching a

dongl e ( BFBIPIRIGVIPIRECR GKisiTHRS bREWBEY e&sr@)ecms@tlpﬁ@f therfijrade flewoybg wear the
per pendi

Phe tor ston (SBracher phEHR R Fhero e s e Ho AR RO MBI old B

al i ghed sectmhalqﬂgarﬂengtﬂldfhhe mmglsectfohlmﬁtmmm@mﬂlemf e the dongle
(540) is configured to elimnate any residual notion in the first and
second mani folds. 26. The nethod of manufacturing the Coriolis flow

meter of Hgl ai myEmephisd &f 15%19&91%41%%%%1%%(;1?%01 etfehéf cIR24§ I‘Iep a

general ly rectangul ar shape wt e rect ang ar shape
per pendi cuhpmsitg t he torsion nenber.

attaching a pickoff support member (434) to the balance member (432) where the
15  pickoff support member (434) is parallel with the torsion member (430) and extends
between two segments of the connecting section of the single flow tube on opposite sides of
the axis of symmetry of the single flow tube and where the pickoff support member is
configured to hold a first sensor device at a first end of the pickoff support member and a
second sensor device at a second end of the pickoff support member.
20
25. The method of manufacturing the Coriolis flow meter of claim 20 further
comprising:
attaching a dongle (540) to the torsion member (430) where the dongle (540) is
perpendicular to the torsion member (430) and extends downward from the torsion
25  member(430), away from the balance member (432), and is aligned in the plane of the
single flow tube and where the dongle (540) is configured to eliminate any residual

motion in the first and second manifolds.

26.  The method of manufacturing the Coriolis flow meter of claim 25 where the dongle
30 (540) is a flat plate with a generally rectangular shape with a long axis of the rectangular

shape perpendicular to the torsion member.
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WO 2007/ 130024PCT/ US2006/ 016544 27. The met hod of manufacturing the

Coriolis f\#(@%ﬂ’ﬁ&ﬁfoz@f claim 19 where the torsion nenber (4884240836544
generally flat plate parallel to the torsional vibration axis and

where the first end of the torsion nenber (430) is bent such that the

first endafs pqn@%ai]wbﬁhaﬁﬁaérhﬁn%&er&ﬁfdﬁ@glomaepsf Shint 18 wHeROhE torsion
fl ow tube where the first end of the torsion nenber (430) is 5coupled

to the conreadier (P03 ésca Eensrally Adiplaie pyhlelitp thw torsbenahmidrativn axéscrddvizarel the

f the t ' 430) t. h that the. s d _end j.
per pondi cUTAP B PRAVEIAERT PiTg 00t PR b e hemrgracry sptuiariore
t he secongo@ietin sectién boiheisaiisBoReibe AB&Y thesigOeHd Ethé Qréibf member (430) is
connecting section of the single flow tube. 10 28. The net hod of

manuf att ueupied thdheennsriing fecoon abthe single Bowitvhelamdihesasondhend of the torsion

connectin e f ingl I fur Li e | ISt
ctrai ont - DEREELISPLS bl i e SRR S petishiRiiE RS LS Rpafe secBh of
second st haisiiate Beetutwha? Ye atbardeitbfttbe thidos araitdr M3 is@tbledno the
(318) of the single flow tube; a curved vertex section

att ached Wneg sexieneli the sweleflentubene first straight section 15and

t he second straight section. 29. The nethod of manufacturing the
Coriolis flow neter of claim19 where the bal ance nenber (432) of the
singll® f 128y t uble: msthad @é nemafdcyuringabe Gbadks fiew ingeranfictaApelfowtat tishape
with the wide end of the trapezoid attached to the torsion nenber

(430) al FIRGREHELEETHY ¢ SigBleIo 1Bk TR ComBESESThe ot hod of

manufacturing ffg; @Ji%l?c' seStidr @;‘E’Oﬁﬁb%ﬁ%di)ﬂco ﬁﬁ% fikMod% OGS BPakPd @16

menber (432) is configured to have a hig endi ng stiffhess al ong the
axi s of symipht sectioh (321 aghedghdo theoacondoeant 2&5tioB 131 8Jivé threetingld flofv tube;
manufacturing the Coriolis flow neter of claim19 where a_.stiffness .
of the singl e TTEHL B SRECE LEr s ELR s breroh Tromsbrrgaasetion
and hal ange imedberd 43t sastenadj ust ed such that the natural frequency
of the out-of-phase vibration of the single flow tube and torsion

menber and bal ance nenber is nmuch higher than the in-phase natural

fr €quUeNCyg, The method of manufacturing the Coriolis flow meter of claim 19 where the balance

member (432) 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

20  vibration axis.

30.  The method of manufacturing the Coriolis flow meter of claim 19 where the balance
member (432) 1s configured to have a high bending stiffness along the axis of symmetry of
the single flow tube.

25
31.  The method of manufacturing the Coriolis flow meter of claim 19 where a
stiffness of the single 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 single flow tube and torsion member and balance member is much higher than the

in-phase natural frequency.
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