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Lo~ S SPRI NG RATE BALANGI NG THE
FLOW TUB W\\%R I N A STRAI GHT TUBE CORI OLI S FLOWETER *cooool *

. FI ELD CF This invention relates to a Coriolis flowreter and,
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30 the case ends. A relatively short portion of the flow tube extends inwardly from

each case end to a brace bar that is perpendicular to the longitudinal axis of the

flow tube and connects the flow tube to the ends of the balance bar. The material



20 is operated with materials of different densities causes the distance
bet ween the sensors and the nodes to vary. This varies the sensitivity of
the neter and degrades the accuracy of its output information. Although
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of the 30,.fl ow tube and the material therein. Two, fundanmental |aws of
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of these two groups is equal and opposite. The second | aw pertinent to the



~Thus, three regions in each of the vibrating nmenbers share the spring
function. In a balanced floweter, the flow tube wth contained materi al
and the bal ance bar have the same stiffness to nass ratio since they have
-the sanme 5 resonant frequency. Wien a conventional single flow tube
fioweter is unbal anced by a materi al of a«di fferent densites tde nodes
separating flow tube structuresta'émthe batancesbai SEructiird imve to
acconmodat gofirarecgeitiiat inthecowmarsrigistigdnit st gedbtd abalyrideligvimeter's
conprising the flow tube, bal ance‘bar,’and case. "Wth*a nore defse
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in neter sensitivity is also unknown. The nodal shift with inbal ance al so

al ters t heingtrumegntations B 01739 542 Aleamd S 539888 fjusirate’ priet ard atteorpter
and the other _shorter,, But),sin the ‘spring function" in each ne r,,s
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stiffnggs 9£B9'sﬁﬂ Fgﬂﬁhqu Cﬁﬂﬁgﬁﬁfﬁﬁﬁaﬁthe resonant frequency. A shift
in nodal location thus significantly alters the effective spring | engths by

maki ng one shorter and consequently stiffer and the other |onger and softer
(spring stiffness is inversely propoSQLANHONO spring length). ‘In the

present inventi t he nadal .shi f i ri densi alters the spring
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energy can a e made insignificant in a region maki ng The spring
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to. e ect vBRBIaHB R Fehulled 1 Eherb@Rce Pi Fikafina HniBte Mg, °
there kg afhidiBeldndkthbmbfdfial #ferbinon of the high stiffness. Both of these

20 methods are used to renove the spring function of the flowreterfromthe
fl ow tube and badmmiedesmentaiiawsf sikyatingsystems 2irply toine prrsentinventiomai n

i npor t ant the . ] f S
accordance%ﬁﬁgﬁgﬂgﬁﬂggkgﬁS%gséﬁg?§¥?g%ﬁgﬁggﬁﬁggﬁ%"%?“pﬁg%ﬁsgggﬁgh$%0%@fion)
the flow t Thg meahs tmatdbe frastinhes selocinginfanecdirestionys equaito fige hiusstirmle®5
portion of the flow tube and ,regl_aci Fg it with él exi bl e bellows. The
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‘remain relatively straight). The majority of spring deformation and spring
energy storage is thus renoved fromthe dynam c part of the flow tube.
Because the flow tube must be continuous and cannot end at the brace bars,
-the flow tube ends (external to the brace bars and internal to the case
ends) bend as the rigid 6 c.e-. e . esCaniidl evar beam seciti ons. ~of the
(hereafter called tube stubs) ¥t Jis ..5. .0 see. et . ..
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bar location is sufficiently far fromthe end nodes that nodal novenent due

" to fluid density change does not effect the spring energy in the center of

t he bal ance bar. 20 The nodal novenent does effect the spring function in

- the vicinity of the brace bar and nmakes one nmenber slightly softer and the
other slightly stiffer) but the change«tss.moi enough t.o have.a #ajor inpact
on the spring rate of the bal ahtce sbar, W &hout s-lgmfhcant.sp-rbng. rate
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brace bar can be avoided. In the preferr&d errbodi ment, the case connect
links are flat butterfly shaped structures that extend along the pivot axes




~said flow tube (104) having a spring function and a mass function; said

bal ance bar (110 i ) having a spring function and a nass function; a
reference mass (1401 ); 25 neans (1701 ) for connecting said reference nass
-to said brace bar neans; driver neans (D) for vibrating said balance bar
and said flow tube transversely out ofesjphasa wWtherespect t.@a each other;
said driver nmeans being effecti’vésto estiabld sh @ viblatiorlal inodé in one of

sai d brace I 2 AT gg(g;&)' aaai

(104); anda@% trs’ai g %T%%gtg%(?r?glqﬁngggﬁgﬁ%?ﬁgﬂﬁﬁsfep raf%ﬁ ﬁ@?gﬁ‘%g’“?%ﬁ@?. on
of said flawplitudesf ofotimet flew $pbeé mgmdf balencebasfadjastdhbelsaives agomaticadiyoary,
the present invention I nt al,ns, dynani ¢ bal ance spite changes i,n . .pateri al
dens 1y byPoeaire mMengiy, dBL Shie HeRa % BefE: BaRre n e HEReq syl
does this thynsrRRARNSIGAlTicaat iR sSriHe6IVinY theRhéetd caBet he vicinity of the 10
.. . .5 end nobieaccortieneywiththe preseot inventien,dhe pping function fecarcentratey
lirr~salon, gthe flpow tube/bal apce bar pi yvot es,. These |,ink rerigidin
{ranst at | O thR Brace BAF @R subsiantis RioBae Bom WETiow B Gl B bafircd e
seen t hat ABRGet e L Qi I4O J -havi ng
an i rrprove%%:‘iynam cS %gpfggggb@‘ég%é%q gﬁs%%mmpoéyn@%%\ﬁgm gf ?‘?’E’)‘J\yt ube
(104) and endrgydnsterdmin i< di6flegtedrstatet clfl andrshatolies! Very litkadpriig enerpcib

ot her; brace bar ﬁ Oo'rlnatzg maanéwci)nnecti n ?nd Elortio of sajd bal ariice bar
Lo sal d 1118 VaRelflegmgach an 17 TEBSTAnS] Tha sYRsT: s AURUAR (PAPHRG a
mass f‘H?Ctér%}g sai d bal ance bar (1101 ) having a spring function and a mass
function; a ¢ ¥é (1401 ); case connect link neans (1701 ) for connecting
said case to said brace bar neans; 1E drkke@ neans (D) for vibrating said

bal ance bar and said flow tube transversely out of phase with respect to
each other; said driver neans being effective to establish a vibrational

de i . ciive _
Said 11 ow BYBsTiEEnG) oo B mAdRsiohiniam by R B Mimess ki venf
of said flgmall.ulb¢hdn this ROdérethepstruruiaubetiaves af theaigh thetciscehipge; or gap
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bar; said;flexi ' | ' n - ' rin
25 funct 1 d e P bR e Bofila BBHeCtoR, 30 ray Mifalf PR te B g ftnaP | N0
concent r athyorechicirgpthe Ispdingplotaliy or makirig theespringstiftndsa; kpsolangetthas thied

i brational node ch t ing function af said. b i
bomanse TeadiRg Tais o Aetet e, WRen Wiedt dRfednaatiisenates 29 ow
tube at ditﬁf}ﬁg;ﬁ%efe@ MR8 rigidl IthiC it ML focaliof BfkhaPhigA SthfrBss] ABolf of Midke

bal ance bar intain an 30 inproved dynam ¢ bal ance of said Coriolis
f 1 ownréCer mathodseretisgrdo semave thespiingfunstion ekthgdlowreetesirgm thai ftow tube t ube
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further ashpimics of ffs Spstorl, ibut bhiye hrdssfalsifents.conpr i ses: 11

In accordance with one possible preferred embodiment of the present

invention, the flow tube is removed from the spring function by removing the mid

25 portion of the flow tube and replacing it with flexible bellows. The bellows have

such a low spring rate that they store very little energy despite their high deflection.

This soft mid section of the flow tube allows it to deform like two rigid cantilever

beams loosely coupled at their ends by the bellows. The bending moment in the

dynamic portion of the flow tube is so effectively removed by the bellows that the

30 flow tube halves on each side of the bellows undergo very little deformation (they

remain relatively straight). The majority of spring deformation and spring energy

storage is thus removed from the dynamic part of the flow tube. Because the flow

tube must be continuous and cannot end at the brace bars, the flow tube ends

(external to the brace bars and intemal to the case ends) bend as the rigid
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-
“longitudinal flexibG md po~tior~ ~1 (Od3)~o~ said flow tube hag increased
e e e e flexibility conpared to the rest of said flow tube; said
-flexible md portion of said flow tube concentrates the spring function of
said flow tube proximate said wi brational &ade; 5.sal deconcantradsd on of
said spring function of said flidw*fube: cllahges the $pflng fundtd o of said

flow tube i%%ﬁt‘ﬂé?&”ég?hhﬁe&hﬁﬁﬁa?Qﬁ@fflJWIi@l'Sé Hellckt, ﬂT%ﬁ‘é"ﬂ&v IddcBdns N

said flow tube at different tirfes;*sald chetges i h*salll®* spritg *Uncti on of
sai d flow t(neresfiet baltedntubetstibs) storengpringeenetgyaas theyabvemd e lothe aptimum

Sai d 1 ow tQBBOSIMERY PbEmiPreF RS NVRNTER Sl o) Of tha: S Ssa Fe
md portio | i | Hédétﬁ ct
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tube (108 stobsdyithesacd Hedlowsdatiee {ub@ogtybs Svhich dlimirede s spring egiergyiinal

[ bstanti al | | 1el  t id b b d id fl t ube: d
2h d cace CDRmRmbITAReramad s Rettre Ul g BEWHS, Yhetprtreritidduadlien; or
preventing ﬁo?alﬂélfﬁa{v\f]ﬂfbeofn_ iRl SreRBAE fveRtiofBa NSy Wal nfbsfr i%%’e)ﬂéﬂs,sé‘égsé@%@- 2A

further aspect 1s at sald case connect |inks ne conprises a 20
first and aresidwmindthedwacedanect |ink each of which has a substantially flat

surface oriented_substantiall erpendi cular..,to.a Jongi tudi pal axis of said
bal ance bar and Iﬁﬁg’@ia'i“@ %rr%fi%eatg)r,eaggﬁngﬁng@nésafalyobv%g&%vqﬁ&o% SRS,
respectqyd o ' Is i e li@at 4 f | r ans
W th re‘,sdpecfitai?ﬁtb go{g%ﬁ?éggsléeslsgﬁ?@réo‘{%ifgeﬁ& E(;)l q@e{t%dé%?g@e armréeogns u@%héﬁ@
about an axiemazadpepfitcslbalarice Bar santhdeostifft Thenzdlanse barfdess dobadxdeed
bar and said flow tupbe and extendi ng from sai.d brace bar rre&ggeho sai

case. A furhayanditiskiacedargat iiserdstharetaleiihApgs noinesg s PWEacH&f

" d first . : sy . d
so a5 to adEMEBRLIHIO RIS el Al ins St faRRHe Condeiol) ofihBass FiaPe
second end HaldASe badflor therspnieg fanetior of thetrhaters he resulof esTdoindQhp fluiw

each of said first and secong( case connecé‘ | i.nks itfq connect e%@&o sai d_brace’ .
bar neats dHBesand balanaedbanirons e SRendelynction of; theemela is tthenseiing ai d

case; sai d fiheBiid eotbethiatdd ArfStocANIRAY i itkofes arl Ow | orsi onal - spring

rate so as enabl e a rotation _ ar nmeans with respect to
said case; 12 The concentration of the spring:function of the flowmeter.in the brace bars .

. .. said. nid i on bei.ng ot SUffi~j ~r 5t ~r ~ngt h' tp, pr.ey~nt. a tfasz~l.~tiorl
of “sard br dEadanammS i el pee Hark ais reiniiah SRaRfigYerkith B Sfecte o
each of saighrhpfisd sROW spARGNITRSASWATIBLSHthE bRésent IHVMEEN iSBAKABSdBodHaB et

menber {2901 )" defining a planar surface connected 5 between said bal ance
bar an®Gaittecnsbnedemwbich dynamicelly geparade therdewdube spring frorithetbalanie

bei no-al | orket UG ERER R M raBa il EasRiifodsuy shPatos e Sipr Botfon

bal ance bargf $iaé @ffedtvesphrghdiicthacisign ahs tloantdibsi fasmsthessiaiit pattion of the
per pendi cul arto, sai d . . ) )

effective spring which acts on the balance bar. Changes in material density cause

slight shifts in the nodal positions which (because the springs are so short) cause

25 one spring'to get sig'n-ificantly shorter and stiffer and the other to get significantly

longer and softer. Conservation of momentum dictates that the nodal location

move toward the member with increased mass. For a more dense material the

nodes move toward the flow tube while for a less dense material they move toward

the balance bar. The result is that for a more dense material, the flow tube spring

30 (located in the brace bar) gets stiffer and the balance bar spring (also located in the

brace bar) gets softer. This change serves to maintain the two members at equal

resonant frequencies. Conversely, for a less dense material, the nodes move

toward the balance bar, the flow tube spring gets softer and the balance bar spring

gets stiffer, and equal resonant frequencies are maintained.
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10 first side and affixed to said substantially flat surface of each said

" case connect |ink; said gusset nenber being effective to raise a |ateral

vi brational frequency of said bal ance bar while | eaving substantially
-unaffected a drive vibrational frequency inparted to said balance bar in a
direction perpendicular to said latergl vibgati ognal fgequengy. ,15 A further
aspect is that the Coriolis fiowgetery flrther ihcliudes fl gw fQgbes st ubs

1404) f oAl

(1a0d) 1o  ComERehe IByADe BARA AL bk b A B e 2o
stubs i nclaed gk RINcaeyriaiaie balariveps favedazhsathar. bAQSecb&heY&GJMtﬁblb@lé%
being effective to | ower said spring function of said flow tube stubs to

i sol ate sazitzrab@ra@mmwd%atnﬁwaiynameéﬁmwsppaﬁe@@ﬂdfv@@@et iavelvingssiguificast

S0} “posi : roned” pEBIRY=ih £ RERs R atither AR g e v R miRRES < 51
pert ur lgat spﬂﬁgqéte%mamédtﬁmwm@eﬁm:am dyreat lddvantige@ber thal pridiragtiph
said 25 fl ow |l e said flow tube is vibrated by said driver neans;

sai d sensthatnissisedsiagg atd pipeline vibiatier peduces hesehangminemetergsansitivity
generatin ug epresenting at |east one characteristic of said
fl ow ng ng‘(@} %ﬁtﬁt'ib%ﬂﬁf’%% aspect is that said case surrounds said bal ance
bar and said flljpwadGthtéereandr sitatdinbpiereaRanetanpe i ﬁﬁ%@vnﬂﬁﬁ*na’%enal

| ongi tudi nal axis substantially parallel to said balance bar and said flow

tube; sai deoaieprashiessta slight (nsignifiartbehangmineenring ates ileng:withra megars t o
an | nqgarwﬁgng cl>nr tn"'laos% 8 trsn%lltlgncaﬁe F Jsc%rlg\fﬁgtt hegbélra]ﬁcé rb%rr]éS lo?rtﬁé) ?)rlg]; a?tal d _

brace
.. FRABR Hid !mbre%srm%\ﬁﬁg bRhsRhd: rroaés(tdsrsgssivgqybr Qteryobﬁfa%d{és @pt or
of Ia|d bal ance .. . bar and said flow tube wth respect to

each ot heDB3330GAththwougmmbish theariek P amlLng@l raggnshmreﬂwe ﬂ'én&balaance

dDb b
Lo ot P Bhns Gednaky Bag beq R donstant BERARG! shifodS dnfSidhalll 1S BEGITL, o
rotation ef;rpahHok, aﬁe mfdlﬁgm@ﬁt mgtrﬁbawe ?ribc?é< hasnﬁféaeﬁfax%babgboata

| ongi tudi nal axis of said ance bar and sai d case; | exi b portion
of saild§ bahahcendandi aaé indbe xenter. odhe( arokination efounitonm stiffngss hmdspru ng

i dport1 BrraRepR ot e Fen3g bhe beRTshes™ it e Alairly Cne

spring f upgthedpringenergy df fHetydlandebar igstoretien s eegibh! Theeeatralbdesicesai d
concentration of said spring function changes the spring rate of said 15

bal ance bhar mtlgamsmfn@wnﬂm&rfrqrnrtla@ £HAWAes thateda meevasnentdus toallgdof
different Hgggﬂ &ﬁfﬁeq]é Hoéé‘bgt Lo shy *%ﬁ dﬁ@ legwi'éyﬁ‘@gtﬂg één‘i’as f thb P4 éér‘l'?eeba}; ubs

(1404) co portrons of sa roxi na e sal d brace ‘bar

means2p0 Q‘hé&hddfal frRivéneateloesaffect travspringefuatiidas in trnGI vicirityef thasrageddrmat e
said brace bar nmeans for 20 r,edum n the ﬁ{}qtggrﬁate of said flow tube-

stubs to RBEIMRkeseRYMamke Wahtl H?ﬂ Ughtly stiffes, Ritdie changepr ace
oo, oeea B SrBspRShaUs ol DRpgtof g Fprde o Blitisoar
f 1 owret er anyhcajttségmh@amm)mgrnat@change r thiei prlmfartegatem have suéﬂmleﬁﬂrmrﬁlbar
means whi Irnovement that the nodes leave the brace bar and move into either the balance bar
25 (for low density fluid) or into the flow tube (for high density fiuid). Either way the
case vibrates in phase with either the flow tube or the balance bar in order to
conserve momentum.
Conversely the present invention produces a slight shift in mass distribution
along with a major shift in spring rates. Two design features are necessary to keep
30 the meter mass involvement minimal. The first is the concentration of the
flowmeter spring in the vicinity of the end nodes. The other is that the connection
of the flow tube/balance bar dynamic system to the case (or the world if no case is
used) must be at points of no vibration amplitude. The only regions in the dynamic

system which have no vibration amplitude are, of course, the end nodes. The end
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25 materials of different densities are extant in said flow tube;, and
sensor neans (SL) SR) positioned proximate said flow tube for detecting
Coriolis oscillations of said flow tube generated by a flow of materi al
-through said flow tube while said flow tube is vibrated by said driver
nmeans; said sensor neans being, effectiye [N .fespopse {o saigd detecting for
30 generating output signals reegresening at |edst;ong chayagterisstic of

said fl OWI ag?lggef }Nﬂhﬂ el bial aﬁa?‘RFﬁ'Fe lﬁ-lﬁ%lﬁ%ﬁx\ﬂltﬁ @ﬁ&l&%‘ ylul |E awri t o a

have a subs at surteaces er bstaﬂtlal' perepe
| ongi t udi nd¢signi f tthb staiictutmlcennectirey t!mr\dyabaw@dymenpeo rthe caso(ladrieaftenf

said brace bar nmeans with res?ect to ? 14
termed as a case connect link) is therefare critical to maintaining the case yvibsationi | e

iorévéniin f of tic(, Grace ba~,Ktvea~s with rgsp~qt'to said
case; sal garﬂgt éﬁeﬁ\@%‘fﬁgal d brace bar neans bei ng about an axis

per pends cul ar tﬁhsap@clfmr@a&ngtdloﬁahemse cxnneat lnks ofvtthelpresent ieveation ng
fromsaid brace bar meang%ﬁ said c se a first end of said case connect

li nk meansderRERAN R t rap%rbaé Re Riképreed erobedimeningf the
connect ed é}%aﬁ@e AP s‘&ﬁé'ba ?r 85nc°e<'Htﬁc %ﬁ%eﬁr %bfbgéaér?g?aqftgaﬁgﬂgcase

connect S nmeans navl ng or si onal Spring ena tion

of said brt@@% é)@énd@mmughﬂﬂie heﬁm(ﬁen&e/r sfathe tfa?@mi:e EQr sThé brabe bRk tHgh
being of sufficient strength to prevent a translation of said brace bar

nmeans wi t Hakedpeferm ef ﬁpulaéa@ss vﬂapla extend fcomitBetoutsidr dismederafithadlow

pet woeld s 3018 e FEREiafelotol ST AP, BT lacb et SRR Pt o1

nenber havaxigl Rnbil 8b & de Haivbi thedpicper Aiffnessad lmp“afrﬁﬂ% Afesfratdradkahance
bar with said first side being ali gned substanti al | garal lel to said

| ongi t udi fsgqusnay terthe slynapi¢ sieetube of thaflowgieieret fh% hats at l9catasbnd
si de sub_st r}bbfaénld% &Sﬁg%ﬁﬁjﬂrﬁ: l@a{r to said first side and affixed to said

substanti a ace said case connect link 20 neans; said gusset

nenber being ef GRehithis dptini@nsgeamé ethalnavuﬂ@r@ftth@wofﬁﬁmawa&f bEjed
bal ance bar while | eaving substantially unaffected a drive vibrational

frequetey hafgadetamiaedaileyaptaids balanced s¢ that ta nedaldecplionint erah ansl sai d
| ateral V'&rt@te' r?l'éf’ér lgr\ﬁﬂ'gﬁ% brgé?'%e{rur'm@rlnr?&pﬁﬁ*adenﬁ Hﬂ%ﬁé%%égséggﬁ?@zm )

~dynam cal I'y bal ancin er conprising a
and a fl OWnbu@@w(tﬂa(me flowitabé eddthé sutertsuaface maved With the baktitedidreEadir ace

bar means ( are connec {0, a ter case 401 and to end

o t 1 one. dlodedhalelaleeRIRIa ol & ANk I AP tAGEB e B 2P RAN DRSS  ng
t he 30 st [ E}-Eﬁfa sely
out of phgéggd B’? hgl#'z{é%éectaﬂ!ttgagd;%ﬁwe er Ileﬁ% aggégk%{)é%tgn Irr?(%gigé{oé%r one

of sai2D bdhphase iwiih thediadanoedoar dred mmaemsots mllutlbhcampluhde wiith distance 1
~ 1/ L

S-p~rs~e th\‘?:\msﬂ"arlPP%&?}|f ?%’i%‘f%ng]f‘waé‘%@ffgﬁll? 2 ‘Hﬂ?’n thQHFFESdﬁe ﬁ% %&lﬁ of
sai d bal ang&;iiRaés in phase with the flow tube and it also has increasing amplitude with
distance from nodal surface. The brace bar material is thus seen to deflect in
shear, as though it were a torsional spring. The nodal surface separates the
25 effective balance bar spring from the effective flow tube spring. When the
amplitude ratio between the flow tube and the balance bar changes due to a
material density change, the cylindrical nodal surface moves inward or outward
changing its diameter. This changes the relative “spring” lengths and maintains
equality in the natural frequencies of the two active members despite mass
30 changes of the flow tube. The mass transfer between flow tube and balance bar
that occurs with this nodal shifting is insignificant and the case mass need not be
involved.
The case connect links must support the dynamic structure of the meter

within the case without causing case vibration. The balance bar and flow tube ends
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CHARACTERI ZED BY: providing a md portion Q402) of said bal ance bar having
a greater flexibility 5 than the remai nder of said bal ance bar;
concentrating said spring function of said bal ance bar proxi mate sai d node;
- said step of concentrating changes the spring function of said bal ance bar
in response to the presence ofs: nmakeri ats ofe«diffesent edensjssd esed n said
flow tube at different tines; -10 sal d- st-ep--of ch the- spn nq function
provi des agghaps A @W\dmﬁ'mm u@? m_th@ haw “TR§poONse
to the presence o mat eri al erent enS|t|es |n sai d w tube a
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aken: | o NS BHER BN LR siE baf Skt Bt AR A ratRyora badtia IS e

di scl ose V;'n*é‘fé‘ntrbe %ﬁ‘\b&dﬁ%ﬁﬁr@ d:ééé @énrfbfct finks hRECIRES tHd éﬂbﬁbf of S dfRRéS! 1S
fl owreter.” Figures 4) 6, di sclose the vibratio

char act &rilsai endoft thmpwdt ap% n@)ymasblngtthem stifbin traoslatiguiiretiee direcliosef a
prior art r|oI| ose al.anc fl ow
Pube spr i ngbeaar Pumecat St e stefis Wiyt Fudag a0 3 the and
16 discl os kirtfth@idase @bnhbét IRkaeBtiforsiBa!l 851G e
structure Q?Sét h%glﬁfa(’alsﬁebﬁlt H?Vgnt |non 25 Fi ur(§§8l17 18, ?@%rggq é%\gggimé)

di scl ose fbmabledrardan@elas/om‘ect Hetprr@fmmedlembddilmbet thie chee mmmmmks are

i nvention. gure 22 disc) oses ro stub extensi on stub of t pr esent

i nventi on. f‘?ﬁl H‘it%@lyﬁ"apf syHCtutes that exdgndsalang dngseivak @xes Qﬁ”e&”f thest
and a c f&iﬁ%&l 7 i 0

Fi gure§@29&§ﬁ58 %ftﬂ%?g ose aaﬂ!aﬁldﬁ g?ﬁgtb%'re%ftﬁécégs ?[1 Effgﬁeﬁbﬂl;?gfpeeﬂg&r?é
connect i ngon ieakh sifie fef gachsbdlangd .babEnd. e MEScRNEToIANeDte apg beisntdd
Figures 1 and 2 16 S T
o Fi rgeerpsn@ca!ﬂrtw Hﬁtu;?e@xﬁijfﬁlsggomedwemﬁa%thf@or\wespa@ batwsen fheer ~7
| ovat ee~i t

under a noﬂ Wﬁcsér#&tutxrleoar?g tshg nge (r)lg@rqgattﬁé nog:fn&lfl gﬁgﬁgﬁ‘gq%g@% ﬁ%ﬁ{ é“nThe
flow t ube vibratios. dwotwaistedf e butterfle shapensbichSiccansiapproxghatefehalhwagR.

Dashed, fi i s . the zero displ acenen is of flowtube 5 104. Dashed
line 1t e}wmdbﬁtbélqn@e%rfwﬁ? ket cdinactign baigeen das belagsee. 2
portrays thg a??cf"@a ayuda | i ting
flow tube Coriolis f ommt?gsrlgﬁgpﬁtgéggerl ol i Qe%isclzéemcl) BHH%EPQF% lhgh%{?g?l al
deforns the shapP ®759 EéZ\Abdsclorsgsfa Cariolistlowmwlerdorspdsiigr mat i on, whi ch
is greatly exaggerat.e 08 i,n Fj 2. .cause d'.f eren

| ocations al ong‘g% ftP@ﬁ/?f%@ %B? W?Pﬁ’raét(t%g)tq{'egf?@ﬁ‘t@?jaﬂ '?liyeP%'ﬁﬁlebtﬁases.
Each poi ntegdipetel;ne vi brating flow tube undergoes sinusoidal notion; but
during materi al f1'ow, the points do not reach their maxi muns di spl acenents
orzer @i spl ac elnme@ag(mwmwnepﬁeg eadiartiars ef saigpaleneg bardevsaigbe
experi encgf "}28 tgé;ase change with flow while | ocations toward the inlet end
experienc M Easi ng anounts of phase (ag and 15 |l ocations toward the

outlet end of tétﬁdffnow/wubet(eoemwmgracq:ring:ﬂumﬂmmgnarﬁ)mass fahctigrpdi ng phase.
The poi nts having maxi num phase |lag and lead are thus at the inlet and

outl et ends of $aid hai!mbargﬁaeﬂkh%wnafa sping fusgtion gad armass fenetionir e

defined by node C zero vibration anplitude. End node 102 is
assuned to be a rftef%'f'er! .Z,ttagggﬁ%@ flow tube 104 while end 20 node 103 is

positizgied at tdimeans{1701)dbr &bmvedtimlgesajd)rbfefﬁmemasst@rsabd btdve Bdroneande to
the left of its md 101 haf a Ehase Igg in . that each POI nt on this portion
of flow tube 10dryIsEmeansnBlder hralind ;s3jdshrlapeaehar Ands saib fligw clubene

correspon e 104 passes through zero
di spl acene qké}%e‘i%?%élg8g ofl_ﬁﬁa%é ?Ipérrééé%t?{)l efghg\géﬁ%’gt ween two | ocations on
flow tube 104 isaidkizivebrmeamsbdiyg effectivd toestablish asvibetienal nede irvehecft y

[ ocati ons SAGREA G 688 (R 1 BRBcasaRT | RS iP8raRed! IV adEd by
flow tape f reqb@dl&%or&ﬁéd’&%dé aeuﬁ@mp%ra@thetapr gﬁ@n&@d@éf $8d HokPbley
proportional to the nass flow rate throu owtu . The phase

di f f er encdremdthe mrldglfumtmm baance out put signals 30 woul d be
great est at th vel pci sors SL _and SR
at nodes 102 a 'g@ 134% ﬁé% Jiggﬁan&,oqb%%ﬁgaé Honﬁgﬁ?s%agmqq Céépﬁgter
However, td?ﬁr@e'ssmnﬁla%ﬁmadér%rtymlaltémﬁ@ reRitive sppingeehtas rafesthhp2niind 103

si nce the do not nove. Thus, nprom se position forthe vel oci ty sensors
SL and SR d'%t"@hltj@@n |ttfh7@cs th&sbkmr@@t@éﬁarta@ﬁ&mcw@rﬁnﬁ@aea th@zwgmty afgbef or a
reasonabl e 17 oo
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e e e sensitivity (phase differenc,~) aid ertq~Jgi ~
signal ~p~plit~to ~rp~td2, a'readily detected sine wave. These conproni se
positions are usually about half way between end nodes 102 and 103 and the
-centrally located driver D. A change in the |ocations of the end nodes 102
and 103 with respect to the 5 location of the fixed vekocityssenegrs SL and
. SR changes neter sensitivity t on fol” @W As & he nodes are DY ed iens t GWar ds t he

vel ocity sesradnedesr Thetdyaaddc stragtife irsuppmniée Indhé vase bydinks, aldigy Wiea s
delay and thus the neter sensitivj changes. .The‘focafions of the flow

t ube end ndubg/qﬁi@n%aamwoaaéeeeif%eﬁe ks Bie Hgid in tranelation indeegidiiection ohe
et er but V':glfaq ﬂemﬁ%%gt[lh%?slgﬁn be altered by neter inbal ance. 10
n

Descriptio | gure igure "3 discloses flow tube 104 connected by end
plates 301 to a Beanhdeskartthanan apebt ofihevinvemorlPeiidosva @roﬁbn@ﬂowm’etbas a
certain anplitude. |If case 304A is stationar t he nodes reside at the

desi red Snodnavnm@@atlmﬁ@qu)dymlqbeianmesa;ﬂ yialisdlawmetesinaludingt o be

dynam cal ly bal a i 0 VI ng
ot the sams frednintyubBiTOSkand 8 AP 370 F BREER e Bial? rtA by
tube 104 (aephoersi tuation for an unbal anced flow tube). The dashed |ines
106 and 304A represent t he undeflected flow tube ~ and case position.
However, the dedpriasa bes{tiO1)seeanseennestingendpgtians pf said bakpicedrar tasaid he
true nodes @2‘; se of the case vibration. The true nodes are now at the 20
| ocati ons § '303 on the flow tube 104 where the flow tube 104

vi bratiygn anpl i taide flo@d t@be\(ﬁoﬂphﬁﬁﬁg a?@ﬂnrhg?fdmﬂ@h atitfa RESiuhetibR; case
vi bration anplitude. Thus he' total vibration anplitude at nodes 302 and

303 is zero. It &aadbalaw@an(ﬁamih@vnﬁgcvaspmmg:&trtcane aeba massuBpction;Fi gur e
3 have noved in pw tube 104 from plates 301 due to the case
vi-brating out o:‘,@fﬁgg%gﬂbéph flow tube 104. 25 Shifts in nodal locatiori
with respect to ddseasbripest linlomea@BIPT61)or BUHNSBtiRG bald ddx@ tb! 2BtLde Bar
sensitivity to flow and are undesirable. In order to keep nodes 102 and 103
at their desegns,points within end plates 301, it is necessary to keep case

304A f br at le (f] o
densi ty35y " coum Ml g RIS yaNG. 580, Bali¥oBab A e R b ¢ n

EPOL ?gg th?mgggfeﬁy ?gﬁbﬁpﬂi@ée it regpectito vaRAGthér: equency Descri ption of

J " said driver means being effective tq-ﬁgtagihﬁlma vlbéajlogmgi nqge in pesofa

: d

SYSEEM O 3l dadobns 1 G8E SN ABHAL BaPEl AT JATRST bR 1HIDST

rate k. V\hen mawdvmramthlnﬁacmrsepnrbt@ltmpwringahmweheﬁwbd flohetuibel fasrat e
180 degrees out of hase ach other at the 5 sane resonant frequency.
The | a®Pof theSRERY fung H’rb? Qﬂﬁer'é%fw res that mass tinmes velocity in
one dlrectlon i @gs tines velocity in the opposite

di rection, Wﬂ@g@@. nce vi br ation velocity is proportional to

vi bration arrpl i tabagitudidatfiedBlewhial poriond h002Pofaaid balareeibay hesphctaaded. | n
sinple ter . arge mass 10 nP st .haye,a small vibrating anplitude
conpar ed t_ﬁg?ﬂb'"w 057%363‘#%9 I“?ﬁ/\éemif?gtth éP@CPsoaév node N having zero novenent
on the spring. i 'f%@(ﬂilé%ld)kohﬂﬁ'n ¥ i@ thdtakke/ 'Hi‘?scdr{'b%nﬁﬁféé"%a@ts‘bnhbo

| engt hs having | engths | . Since the node N position is fixe

each s@bi néumatian o&md@lmabmmxmaietsamwaramanwet o a wall rather
Vibrating syst eeibRoR GBI R iy Fipelnar loF Haldhen oL Biibiasaid
resonant f (REHEGRA nd@ﬁéﬁﬁ@bsﬁﬁ@ggﬁﬁ%mmﬁloﬂ%thdﬁhléﬁé’e BAHATEsp A6 ®fthe
(stiffness/ nmass) or he two hal ves of the system of

Figure 4 npsesem:ﬂeoftmetmotsdﬁﬁelrmts@en&btlem@ssaidﬂpw tsbacd dlfﬁereﬁqums: r = It

is al so possi bl Ss ratio _nu

const ant based %ﬁfﬁg%bgﬁg} ?1%' %%ﬁ'gitf%%t[? gf%ﬁggéﬁi{?Q%eggr g ?W aQnd
vi brat Bon #AprIIYd & icTheianpe lolﬂgard Cbriglig fowmictertiviieA elateAbR dMGiffERSHtNYS
k, and k2 by node N. The stlffness k of a sprl ng is inversely proportional

toits | engensitigs pasedbeoygh said donebibe atiditiarenhimas mA =n2A2, by
substituti on, ﬁdéﬁtgg %%%ltiéthgqséf&ﬁg%bné ’t‘l&fﬁ'&% %cﬁ%%ﬁ‘%%ns'é%gur e
I

4 represents a tra anced sin r|oI|s

then m reprageaway pbmouma(ﬂdoaj of ‘saxdbalémcdbdc 19 ~

1 t he bal~nce ar. ~aS~
304 is cbrn~ct~ d\f‘ffhleﬁ(ﬂsﬁgf’t F&Bedﬁor@l%ﬁﬂq u'r“eh%r C%PHE%esnode Nis

noti onl ess, case 304 does not vibrate. In Fl gure 6 an additional nass Dm
has been added tom to represent a matetlal of higher density in flow tube
m. Conservatl on of rmrrentum rrust stl II appl y, so the nodal Iocatl on 5 N

o M v o ) - s - T, .



conserve nonentum Since the case nmass is |large, the change in nodal
" position is small, the case vibration anplitude is small, and the neter
sensitivity change with material density is small. However, the sensitivity
. change with material density is sufficiently large to degrade the accuracy.
required of a Coriolis flowreter in some 2&weapplications. The case may be
considered to be a reference nmass thats i s @onnecteds t 0s t he hakance bar, the
flow tube and t keldmgitadinahilexitie mitlgsetioni(1068) obsalei figw ffulbatéisyinéraasades
upon the tradjtjonal flow tuybe balo?ncic{ig et i

F8IchR

Bt method by* al tering *tthe *Sti ffness
of k, and Rexibiithepmpared iQ YIS rex) WIWRRs in balancing. In the

k, and | e i1 19y in the
G <t 1 but ed ¢ hr SOThAarDELY paeR ofcHid HpRAIBE HopganiRloaThl Eglia fynctipn

struct ure sfishiddfow talse phaximald saidVierationahmode;of the end nodes' 102 and
103 location with a material densit chan?e in flow tube 104 is very small

conpar e to theS@id eencgntration phgaid sphrd Tundtiesn ehsaidoinw tHbe ahengeshthge

tnabie to SeHifEfTet dreetd o B8 1EiediBnskine B It albral o st ©
case mass. dBASHEk if Bald G wbSaktifferem UMES20 .. ... . ..o L
prior art, the peichehangasdn-ssid sbdhg?éuwwwiﬂ@wﬁubhffguhﬁgmint:ins A8

304 ] | T ' o '
when: Eau. pivagRBrlc s ot Stk CBAIOR oditcler BRUR dit gl SRS,

Fi guregqo7 gsflsifies paesRfvtehtsditt Vion tude Aot timedxt remel y short spring
701 in the nodal area so that any novenent in nodal position due to 10

dynam ¢ unbal anéefusthes aspectis thatispid flexiblgy@id parige ofrsaithowiube innledespri ng
rates, Kk, nﬁ \éﬁ(@s altering spring rates) dynam c bal ance is naintained
and the regﬁ 7 s)'t ransfer and the length of the nodal position shift
is reduced. Thi @ fueihee aspédtds trestaaid basd (a0 1a8dirbbeds baiddsalancedae(1101)

sensitivity with materjal density., Figure 8 i1s an enl argenment of the spring
regi on of &nggrid fowituba () arasaiddrase hadaaans (190 he short di stance from

to m. TPt al so SASLEATROFYR SndHAkCe 07 SRS rRuby baaTRE 1o PaishHEE B8 e
short spri gfdlsaftpflbw tGpej agd ky is shortened arid stiffened while spring k2

I's | engt hened and, soft ened eni':gbl I ng neter bal an_ciiwi th much | ess nodal
shift and case §Ak¢ase eaNectiink meany conects gaigdhrapg bar meansgieciaid case 20

Structure g oo Bl uahliandhpr Shid SRR ARERI e an NG el P0Rte

bal anci ng appr 6ach e prese I nvention I's ustrated by the
way the resonanf furtbguaspgctds tiaht said basarennebdinksoneate (1701 roonsrises a

T S B S S TP i R LA o
' such i ' R ' - | hod
Such asygynt@ t@yméhﬁbuﬁ?ﬁh Wn?lidlﬁ’nélrdg(g of$did Pl AN Ber %ﬁ% 0

mai ntai ns the equality ng case nmass 1o the ance bar nass.
case vi br asleapechtbepermntit 3 rotatidn of said itace barmeans with raspeect te sBificaeivhile

preventing a translation of said brace bar means with respect to said case;

said rotation of said brace bar means being about an axis perpendicular to

25 said longitudinal axis of said balance bar and said flow tube and extending from
said brace bar means to said case.

A further aspect is that said substantially flat surface of each of said first and
second case connect links is substaﬁtially hour glass shaped so as to define a first
end (1704) and a narrow mid portion (1702) and a second end (1703).

30 A further aspect is that said first end (1704) of each of said first and second
case connect links is connected to said brace bar means and said second end is
connected to an inner wall portion of said case;

said mid portion of each case connect link has a low torsional spring rate so

as to enable a rotation of said brace bar means with respect to said case;
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m +LIm nmR2+m~ 5 1 ~ a This equation requires the case nmass to be directly
“involved in the bal ancing. The present invention nmaintains the equality of
the stiffness to nass ratio by altering the spring rates, k, and k2 of the
fl ommeter structure in response to the added mass, Dm 10 Equ. 6 kl +~t Ire
-0k nt +~m _ ma 15 This equatipn ,goes, no} stnvol e i hg wcase, msg*ynd
instead, alters the stiffness pf* k~ apd k2*to ,aghi gve sbalapcing. This case
does not vi br.at saigirgiai gortient beinhgiofsafftjgntss @oigth yoteydt AnrapitR 6ids=Ad
dynam ¢ bal ance. Description of Figiure 9 Figure 9 shows a typical prior

. Figit
art fl ownrsracerhasneansWithdespedtiesaidhcase its 20 deforned state. In prior

o ong thei r T erBoHURER Z3ReROR IR Palini Ay MR Sgeind Uasd Bt bks ¢ ne
system i s fgRheRthdhdes ahgudset NathbEE (200t défmihg ATblamar is”ulgfécbrbdﬂﬂe%ted

context refers to a volunme of netal that deforns ciastically in response to
appl i e f dratweentsaid batancetmrpndasaidicase apshechtinksind ret urns energy back

b ol arge spr i oksRel MeMHE Al e St AERUS aan DL Trce et °
relation tghihRge BAaWithPEhiD fir@nside. beRRS atighyd | ddBdtantisliyabbealidin® said

effective length and thus the effective spring stiffness of either the flow
tube or tHengiudingeaXaof sgigs belancedrarnof Figure 10 30 One of the design

details of the pr.esent .invention.which enahles ring,.rate balancing of a
(lowmeter, rat HetdpHaretUTBELRaYHg RS sut e SuBREnTdLY Sopeptictier 83aithq
proxi gy € firhesi@8ena @it dab shitPsydstamtianh fat Strtateor ol il 888 canfEGRGRR! val
enbodi ment of structure conprising the present invention. This structure

| ocal i zes the spaidrgussehtnaroberdieing effectivertn misepalatesgladbratiorabfreguaitcyi n
the vicinity aof nodes 22 . . | 1 .. , 0,. 0

102 and 165 itk PEREe far bhile pavipgrayRstantiay: ypafigeipd & dive Hipiatiana
por ~i ans ¥RQqemey idpaRetfto RaldbilhAre baben Arcrbign prrgdsdichal td 89 Ihitakl are
very easy to bend. This is done by the use of a less stiff material in the
cent ers ofvigradienalfisequentyand bal ance bar 1004 such as rubber, or a |ess

Tou’ nE oLy AT R o BB B P CRARR AR RE 1 BN ek BobAp SRS ' D°
areas conqeapApict donpebsmgiancer pettivieot saidQlbvatbel BRAimars BiRl BRIV ISr

region. Because the spring rate Is so lowin these central regions, the
spring enenggns doeswds<risald ease.n t he regi ons where flow tube 104 is

10 "The st rai gitt Chy Pahecdt e SRt bl Subaihphi R iRIRRE CR0D B 7, 0
and free tidBrse baryever, they do not formeffective springs since their
soft center portions renpve the bending nonents fromthese stiff elenents.

I t h&0al ance S3%d bglews Peing effectivertorlawer sgichsriingtimciinn of sais flgietube
sufficien X j.I i oo i econes
insignifi ca%l’t’g %‘ﬁé?ﬁiéééﬁmggér%' Tﬁ%’“ig?’?ﬁ@'dﬁ‘ﬂ!Z'%s’,‘lﬁ?@m@él%é#ﬂe' t ot al
spring, k, is tAhantharraspect stthdt thedCorclimBewaegted futtber bampoisebr ace bar
1001. Figure 11 shows a se%%l vi ew . of one end of a

he hrace bar. 1001 o
{1 owiret ef  havi rETPOb AT S RO HPARY SroMmaLe 6814 BetpatPE deteolines)
Figure 12 éé}fme Mu%"&tfdhs%f%&%ﬂ&k fithe g%aﬁédﬂﬁ%ghb%f'{ﬁ%@ﬁa%r h 4281

that 20 results when flow tube 104 and ance r 110 ave approxinmately
equal 26 biflaw tubel whitepsait fbws tubBhie vitordbed by saidedarireeansig no notion) is in

t hi i ndrical f 1104 (dashed | imtely half
bot ween- 1 ow 1 G0 FEFERE Mg BRINdnRESHe: iy GeoRanes 1B Satedeetngoor ho
def or mat i QanbRing 66t §igN&%ﬁré§ﬂé§é}ﬁﬁ1d9&fIe&%?én@%ﬁa?adwﬁﬁid 8f §8id Nd\}wﬂgt I on

anplitude than fl'ow fube "104. 25 This situation results froma very high
density mamaterial. in flow tube 104. The dense naterial tends to | ower the

of “romentun . 14 Tuier B3eBRES el ket SliabtBds FRGHETEA BRE o R AR MGk,
cl osegpo tilisavahdxaid BracdUsariebhs, f1 ow tube' s decreased anplitude. This
causes the flow tube's effective spring to become short and stiff 30 and

ve spring ! .
decreases the @aishcase has a lopgitudipal axisssbstantially pgralial o sgichbrleasedat! v
t he bal a”%%dbfaﬁdﬂmvet%iaye spring has | engthened and softened. This causes
t he bal ance bar™ s resonant frequency to also drop. Wen properly designed,
the shift in spaidigasatenndctilink mearky @70 1haoni€as sald bruse sarfrhieangtd aho

bal ance the extra mass of t hi density, material in the fl tube. The
r esonant ﬁ'?"éﬁj’ﬁ‘ﬂﬁ@ipéét?qm@ sapcgﬁa%%r pre\}en¥lng t"we tlransléltlon o salc?vi\:larage bar
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" equal anpunts and remain eqQal v~thciut inirol4irig tie case nass< : A~
thisis .) ... .. ... . desi rabl e because case vibration anplitude
changes neter sensitivity. Until now it has been assunmed that the relative
vi brational anplitude of flowst ube 104.conpared wth the vidaratdsonal

anpl i tude of bal ance bar 1101 {deéfeases s=amith & d&nd® materical &nd

i ncr easesmuarts with irgspeatds eaiditasdvutihg Be didltpdhasbaribmatfotivf ¥diddatanve
havi ng equal r Soncflﬂt frggue&ﬁj es’ d#;e o t‘h'% sprihg fate sHi*ft,**this
assunpt i oRaF &nd §&iq HpW ube i fespertioRA¢LPthiel, i sual i zed as a dynanic

bal ancer faste i 1 ¥ ily
apparent that gﬁej %svéeen@léécg?h%ﬁ?ﬁiql}rr@aﬁggg%ﬁ %%S‘?? Fgﬂg%ﬁfott#li%ﬁ g? g‘%@dbar
1001 punpisrazesdraymeans with respect o saidocdsal anitep fevemtirg bgiditrdrasiatomef sditio 1
and increases its anplituyde untij] thg reaction force fromthe dynamc

bal anc@r shiseadges éWiﬁ'H‘E%SPﬁﬁH%?ﬁ‘ ICASRass is put onto flow tube 104, the
dynam ¢ bal ancek; ‘ : i :

mai ntai n frequgég/%g%bﬁféﬁggr?ggéépégﬁ%{ S l;aérr?)é ?P gggghﬁ# Fﬁ%@gﬁélgts"ﬁritgn of

nodal cyl &nevegitudifel daxds of saiddrakyce bér amd saldbcasmyoved from fl ow tube 15
104, the dynam c_ bal ancer (bal ance bar} raises its resonant frequency and

lovers its anmpPRiiexlej mdd PoRion p ﬁ@ich#?}éiﬁﬂqe bat includes @ et pU(R4QR)1tero1.
29 d 30 i ; MRi 0t al: 1 Al i th
20 20 2O Rl SR ABER| o S wlbiRarbe: BREARGE: BN lbRiiet 1°

vi br at® ngnddew t ube) 20 bal ance bar and case nmenbers. It is able to
acconplish this .concentrating {he, sprin unction locally around the
fi xed nodal ar 6af? xible Wi hPW'QF‘a@%&S@&f f&’@b%u[)ﬁi @@Légﬁslg,eﬁ@_‘ﬂsaﬁ@% stesw how

Hovever , FoiseteRBEne0edril ol gth dHol Hde pickiile BhidPibRtonal,
il lustratgsddy; Fi gures 14 and 15. Figures 14 and 15 disclose a floweter 25

case 1401 having an- end portion, 1405 of case 1401 whjich contai ns bal ance
bar 1101, fl ovERIdRONEeRtrakAN 9 8 SRRNG J1Cton SANgAStNEOTPIIE RO RAidnce

bar 1 j D : r : r r
To01. 4 n [E1EneEbE, GARNEN] Aol ins B siorRp (97 BRSERE of Matan ftirerd o,
t han t he densitiesinbsaid Flbddtubepdti difident timds; gure 15, the bal ance bar 1101
anplitude is ch larger than the 30 flow tube, 104 anp|jtude. These
situations woullWlaPe B-@Sa(?f’r@ﬁ)e?oq%ﬁ“ﬁg %nqt’ Peﬁtomféaicsa{lowﬁ#%%oxmat%nd
dense matgl;) i r t Figures 14 and 15 differ from
Figures 1 1;&1?%56{!3%%'@%@?% T oév?\{‘?h 8104 is bending in the flow tube
segment 1404 bsdidefrw butze stubar intide beltbweapeoximdtel at bracedsgpomeansdor he
;i r q UE?O apl%ldlugl%gt ?heIs | s?ﬁll\'/ir;[gu tr)aetf1 g? slfa?d bf_’léivs etu%agr s}u%%i t&elglal%% eszaﬁg r Eq}@}aapgr ? he
resul t of gy hichfy frém Yaer@isedddy; ai ~ripl ~udas of fl'ov~ f ube ~ 04 and
bal ance bar 1101." The flownreter can be designed so that far a given

mat eri al densi tspid heacebgumenns cadaing ukistantiallydhe jerdite ispringdubctior obar i s

Fvever | S aralisubUeiae b T iaRTLe Saabichifhe oA d ook e Bute
f1ow t ubehidteding the! 3pfsg hate tfH of etpRentansf EAR| bPACH BaPaREERS while

unbal anced. This torque is-resisted by the case connect |links 1701 (Figure

17) &l onsteriaig of diferenidensitiesoare edentiagaia flonviubepandt rates it

resulting in e I i I , o 0 e reci at ed
why case-connet N ARE B SE rERERB BRME A IR It BPUEY o
10 of vi hrefiolosditibreasiedd flbwitkbe Hétbratud by £ Hogtoffmargiafthroagh saie
desired nodal |ocations be forced to translate by F, and the entire

st r uct ur dlaye drrwhila saidhHewdubeisbeatgd bysié Agvergeagshnect |inks 1701

transfer the fgr.ge C 401 . wWhi ji t rjgid; e
forces cancel %%Qhégﬁ Jrﬁﬁggﬁl?%ngfﬁ%ﬁg@%ﬁgkfng b%?cggsgﬁﬁpggggﬁéifbahen
bot h 3dsgerferatisg olfiflit sigreals abpresenting @b hesdsl eret charatterishic @frsaid Hhwilg
nonents on case 1401 al so cancel. Case connect |inks 1701 have specific
desi gn crP@i i nposed upon them They nust be rigid enough that they

prevent si gni f AGaRhef 85BbétVie tHQtt%é/’iﬂtﬁ?ﬁ&?rﬁnkhﬁe@ﬁ@ﬁhvé%%??st?fwtiﬁﬂ%lﬁﬁt bar

1001 and case 1401. Si taneous y must be sufficient exible in
t or si on swurfdest oridgrded slubstantiply pefpadiemastoaa dorfgittdinal axist aft saidalkndr ut

storing sl anild Sled B O Ao o of {id BRRASEA} AarsWith fdshuct'th <3Rf ! Nd
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energy were stored in case connect links 1701, it would be external to the
" nodal area and degrade the self bal ancing performance of the neter. One
possi bl e preferred design of the connecting links is butterfly or hour
- glass shaped as in Figures 17 and 20. The narrow central section 1702
allows for a flexibility in torgjqQm 25 ,butsnot tramgl ation. s#e, vide ends
1703 and 1704 provide sufficient estiffpesseto regdist tranglatisonals forces.

The cent r akageokhitnpAX@Atidgestrapslatiow ef sgidisact dryt eég@ivﬁﬂ;féweqtéto said
transl ational forces because the bendi ng nonents that acconpany the
transl ati ogagéices on the link go to zero in the center of the link as is

shown in the bend; i f. Ei 21, se.connect.|in

o e e Ryl Bt sl R A il bl SRR PR
bal ance bakaf Ghgrudindl axigroftsaid flewalBel dhdeXte8@ingTrorh's2i BREcE BRPARERGs! O
each other. They are driven to vibrate in a direction that, along with the
t ube axbs teskR aSﬁipIane.callgd the drive plane. The flow tube and the
bay ance. bar_al 5% BRY8yE of BPLL LR gk AL E KGhndcR S shl fradeliS! ' O"
1 drive pl aigandHRd baid Secchideénd i dBrHdcYePfo ANtHerVAll pbritioR ofty=A¢ @akar |
anc~ balance 1 / o f bar) it is likely that the frequency of the
per pendi cul ar vidnit potiorsdsaidrasecpnnest links eansiiaviag arlevyiersignal Bpring

f i : b houl d b
hvor aed | aiE oestHE Pl A S oA A RS il e3Bp e T Shid B%H  ve©
nmode apg the persaﬁmii@pbﬁronrmﬁ%msumdmﬁt stlehBth Rt BlevBHE A SiahshAIOMESNsdife

case connect |inks and bal ance bar as is shown in Figure 29 and Fi gure 30.
Gussets 29bmace bar meapaddth wspastlocsaidease! i nks 1701 and bal ance bar 1101.

foqui red i n t he YaEF pareRoRar it BREs R dules AOalsiiimpmasiotltly
nounti ng agefihipigse pldfart berfade duRAESted béMR cPeslaShIEHE& baFOsid sBRF@Hse the -

gussets are thin, they do not significantly increase the torsional rigidity
of the caseon@eiditlk MBARE or raise the frequency of the drive node.

ransl 801 on i n SHE dheion ridTRBE, naifo 3t 08 Aueg P R PG R itia o B84 by
forces F1 pagince barseith aed dirbersided huing! Aigned thbétantaly tpdalslt b fpads

iri response to the torque. This flexing of flow tube stub 1404 external to
brace bar bmudmaéagusg%isa@mla@@bar;i on of the spring function of the

et rabl e to. sofpeaspuRgiber Bk iy 4 5cod shESeRt Y Betpa iR e, °
of the nodgrst Bds afyt ligeéd o ehid babsantially fat sefface of @glddase idoanept linlg 20

bal ancing of the meter. Description of Figures 22 - 28 The spring energy
st or ed2Pn M@MSst ub 1404 is reduced by reducing the spring rate of flow

tube stub 1404 : LS lhn ABLEL . r
such as be||omsQ%%%?E§§&3¥Sﬁ$%PB§EQE§ﬁ%g&§‘83%§ngghﬁgrW?Eigﬁ%?ﬂgagﬁer yyin
t ube 25 stob saithbatances bap whilet leaving sabstantialy iunaffectedche@e dhige Vibedtional
regions. Bellows 2201 al so great reduces the torque fqrces applied t
Cose Ta01 o Bl Bighaldebatcin denitraBepdiou) ta PR A he
brace bar ﬁﬁﬁhgﬂwﬁﬁgﬁubﬁcgiVOt freely. Froma self bal ancing perspective,

n o g a

the desig ure 22 d, with the case renoved, Figure 23 is a
pr ef er28d enbodiAnfurthesfaspieet incisdes ai method efi.dyd@nicgliy bak@iciigasCariolis

flowmeter simlar to that of Figure 22 b { thout gase, 140 i ng. shown.
fnpart | cufapmetne Brigind s Eafich, Par JHipl) chiekr PR ube b stervrd,
tube 104 hgihdtenBalBepariisl tbMizh dthel;s M d section and bellows 2201 in its

tube stub 1404 sections. Flow tube 104 is surrounded by bal ance bar 1101
havi ng a fl exi bbeaceekareneans 1R Hpvetcamestrsbtoge fipweetsy case (14QLicard to

section 10 : : caen Canid- P, oo
EC O 1098d POrtions of e palapes B ALY Fept oK PR TS MYPH CmRASIBAMS | o
~ara. 183. stéhe'aft w.icture of Figure 23 further includes case connection
l'inks 1701. The structure of Fiqure 23 thus, is preferred in applications
i n which dynani ¥ibsatingheaid balance barianst said flowdpba trapgieisely eutiof mbasegwith
achi eved b i : : Sl it C at ki Nng
Struct ure PERLE P PEBL® pleedd FptuahdFode o i B LA e oy SR

pr oxi mat e bizcedvar medns or $aidftove tutpy! | cati ons bel |l ows nay negate sone of
the features that nmake a single straight flow tube flowreter desirable.
Bellows are difficult to clean internally. This nakes bell ows unacceptabl e
in food applications) for instance, 10 where it is necessary that the
entire internal surface of the flow tubd5be cleanable and subject to
inspection. In cases where it is desirable to have flow tube 104 of a

- e N 1 n I o AN A



The net flow tube spring, however, consists of the soft flow tube spring
and a portion of the stiff brace bar 1001 spring in series. Springs in
series add rates like 30 resisters in parallel; the soft one (or small

resi stor) dom nates. knet-kl k2~~k1 +k2) 27 ~aaa-~"", .- _, __a
a. . ~-~a~-~-eyeaasaaa g asa a3 a~-aa>—aa Tﬁﬁs)-'é:loo pound
per inch sprig in' ssrfezewi~h a 1'® pauge~éreimeta s sp~i »gsresults in a net

spring rate of §aid V&T@H@Baiﬂ'&deﬁﬁ?mtgﬁ@?ﬁ@‘@ﬁhﬂ*WMQ@M@W@MHQWQQHMo

130 pounds i nC, L Of | | novenent, the net series

result V\ouﬁrgﬁ{)éﬁg Jsbﬁﬁ%nfghrggé%gggé@.B\%I%@%%ggeper inch. Thus a 30% change in
the stiffness oCHARABTERIFEDSBYt ng is seen to produce only a 2% change in
the stiffness of the conbj ned ,spzi ngs)q‘)The net flow tube 104 spring rate is

t hus doni nat ed BSPvidiag adnid Farion Faiddadanrce bar hadng agseater Jaxibilifynge

in the pr [ 1:NQ: iLtle effect on the rate of the net flow
t ube 105 %@gefréﬂ%&?%%&%%é‘j@%ﬁhﬁé l4‘3:3"r1cti on of flow tube 104 of Figure 24
is illustrated gomsstatingsuidl Sperg firttbaSf 8aidblards barprokineie 4d nble; f | ow

tube 104 mass is represented by m1l. The net flow tube spring is
represented by &aidwiier Bf cencedraling dwvingssithe spriog funetiaroet saidhalames bdr f | ow

node N TrB TeapaBre I3 sBhe Bt bietRudl o iRt BenBlies iy Sekfhomiosst
whose spri #iffelehtittnggncentrated in brace bar 1001. The node of this

structure in the 15 bal anced condition is represented by node N at |ocation
2501. 1& Fi gur es@id step $f phangingdiedspiing finatiosvproyisies1aa imprevech Synamic a

heavy mat eri,al iS.,nt J e. flo i uses. t he node, N
Shi Tt to chings bf SIEIHE AdkBeldiCi tERfichB o i Bbsea S bifafiel fon
shift in tdifopdtidensitieadi Barbw Mibe bt Hiepertitir@r | ng segnment k2, the

bal ance bar 1101 spring. The flow tube 104 spring, however is made up of 20

the soft dDeserptioneof theirawings:t he fl ow t ube whi ch does not change | ength
in series with the.short stiff [ of ,the brace bar on t fl t ube
side of the ne 'ﬁ%d'aYe'Bi%‘i m%nt?g%/%tﬂ&t H'&%ﬂ'ﬁ%%{e%gr%d’gaggg ?Bgﬁec@%‘gﬁ'@nt IS
short eqied gdtanéd deseviptiorthetdts talstalin senjenein withehdidpawingetigdviiistee spring

dom nates the spring rate and the nodal shift makes little difference to

the flow tiigerest, 3vadad disglasenyjbeationehekaracteisiicadfqepriet eyt eraighyivbe 24

is thus a ] i th regard to maintaining bal ance with change in
mat eri al oéﬁg&{%@ﬁg al ance bar 1101 can change its spring rate but the

flow tube Rigdras'®, Fhange ands8neRsldze twyivigratieas! tAQfkctdigticsest!!lumped hat
the case does vibrate. However, the case novenent is nmuch |ess than prior
art met er SSHFNGANEES SHECKIES.f ness change in bal ance bar 1101 reduces the
necesssyky : %'é%f : i | in case vibration results in a
smal | e?d chﬁaaégi?zj'%{ke no%grlog%';[i qrgoﬁggfﬁgﬂﬁ%fgg.r acy inprovenent in the

f I owret er Eigoreaiedisoioddsethprbatancy bar @8d flow.tube.spring structure. of.the.present .

. e e+ e e e i i+e « . . . . . . .. The resonant frequ~ncyequati Qt

i ~| u~t r at SEVEAMRN-t ~~ enk~adifi~t' (without 5 bellows in the flow tube) of
the present iHon418t44 {5 ist Wﬁ‘gfeé' i i@r art
met ers. kr‘flglf‘-*- rh@#l?ﬁ#'z’lr?rw ?lgbg)aégmn |ftf|teg?§t?§8§r’nt %&??g |dtcgéonal
approach (taperd thowybe atructare-kf ther presEhtinventiorsence of this term neans

that t I I t i,brati |itud j t
bal ance t (E0UER 1.0/ dva 2P b Broleetgiis! o3tk Jud fRse chbbetfhud o 1 °
structure @b A8sehttihvéntlerr.i ol is flowneter enbodying the present invention.

Figure 27 conprises the enbodi ment wherein the flow tube 104 does not
i ncl ude a Fighute22 distieseasrfinydstubrextensiphgiute obthe presentinventiont o t hat of

1404 ar ead PHERA 4 250251 20a0 A% Balsal 4 Mafand o S L hiestntce
end 1405 b&id?@pl@@é@@b@ﬁn@m lthapnésehtGavdriion. f | ange 2701 by nmeans of which
the flowneters of Fi gures 27 and 28 may be connected to a source of

mat er i3  stighres2Sapd pIdissoseran altemapve earmedient ofdbebrage bar granadtitg on
its out puairﬁ(grcﬁﬁ%mggt%_ggbodl ments of Figures 27 and 28 include a driver D

in the m w tube 104 and a left sensor SL and SR for

detecting novenments representRETYWILED DESORIPMONati ons of the flew
t ubel bal ance bar structure which, in tum is indicative of the materi al

fl ow rat e Deseipgiontdfdifliremieard 2 25 It is to be expressly understood that

the clained invention is not to be Limted
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_to the description of the preferred enbodi nent but enconpasses ot her

nodi fications and alterations within the scope and spirit of the inventive
concept. Thus, the tem "nmaterial" as used herein is applicable to any
substance that flows such as slurries) liquids and gasses including any
conbi nation thereof. 29 30 Subskitute sheet - 22 August 2000 .\AE CLAIM 1.
A Coriolis flowreter conpri si ng- “a flowstube (104) ahd a bal dancesbar (1101)
ori ented subst &iguralll porrayakiGridlié fb&cimﬁetmwbﬁitadbgﬁave(b@éba’bed&t&h@

connecting end por s of sai’d bal ancé bar® to "Y1 ow't'ube&® said flow
tube (104Fentaritiy %f tyEP. 104 2 oPRERtinghUNdeha 69 f?%epnélﬁonwpda%éq aie@de bar

(1101 ) hAXkBIoGaBRSIB i F83 OThEMEABB DAL ASLOBechy 1RG0 sl &1 Cace

connect lin or connectin case ace bar 10

means; dr amdra rgatrsen&o) SFerafsl"thdaJnnengOG& thelztra displdrememtddaofifldw tubé ube
transversel y ou hase wi th res&@fégf?gq each other; said driver_neans

of
bei ng ©f f 2Bt \Pé‘ﬁhédé'gﬁéQVl'% RPROSI tion sadrermitysifdlons tubsi 104 Bigeraar
means _(10ng nr%)razé‘ﬂ'fé E’%@g@ﬁrﬁ@{%%ﬁpﬁ%ﬂrﬂ%n Qhdd flot lé?)\ﬂdc}}bﬁ (104); 15 said

vi brati onal separ at c lon OF sal ‘ow tube fromthe

spring functioin vfbrsmglﬂbmtabeesmrs fldwiRAECTERhEH Do fidlis ﬂ)rb@mitheltﬂbmiq
flexible md portion (1002) of said bal ance bar has increased flexibility

conpar ed Batefiel defamsthesdiapernthnvibraiing flawitybe Hit. This deformsatiane whieh 20
ol ance nisdt8efl BRadikacls BRRAPLOBIFEIGHR 2, SRISEIRIN AR Bhsafuty |

springof uftewi mh)eoflm atodwbadtanmeh t=ightly alifferent phaisds Vi Eaahlptnm alpgetithanges

t he sprl ng, functjon %fp saj d bal gance bar in response to the presence of
mat er i al sVibratingrfov t gqeseﬂnuwléairaowre)dvtttdaenafnaiemlé the paigds 25

sai d chan i

or oved B ngh et i Rak R SR RLn S Y foRA NG Ean e Bt Rofgy.

di fferent TH@rwntem a)amattdgtbwhubaledpéhméwh@ ph‘asélch‘aﬁg@m/lth flowswhils The
Coriolis flowreter of claj ml wherein said flexible md portion of said

baI ance blgcationpiowars tecinet ans expriense insrasing pMAngs l@élpé‘ﬁéé lpgrand -
f ur ~ 18, I(%:apons tobyard the outlFt gnd o?t Ih(FwﬁEee%( 8%*%1%40%%&%[3%8}9 %%&&?é é§ sai d

fl ow t ubeleading plaamswefdodrxsmawng/rrm:aneﬂhase ldgean@stéa@farémuh atthe tube;
saldeeX|bIe md ortl‘l_kg ng sai,d flow tube concentrates the spring
function Wlgfranchpy $ @hdhe Vikrating dostion of ithe KioWoiube. ndhese fnds are

concentra& ¢ %yf\?&gssé}r!bl?&ﬁdén&ftié?a r ﬁ@h‘é R4S, ube changes the spring
sal

function O OW 't ubé i n response e presence of materials of
di fferent densEhdemdlem(mlsohs‘shmed tdobe at thi iMletrafrthe flomekbestd4wtitareges 1 n

ynardQ. e A0S i pesifonanfbei et ot flaw Bibebe niffePedioe GrhaiflovEi

to the left of its mid 101 has a phase lag in that each point on this portion of flow

tube 104 passes through its zero displacement axis 106 after the corresponding
point of the right side of flow tube 104 passes through zero displacement axis 106.

The difference in phase between two locations on flow tube 104 is the

25 means by wHich flow rate is determined. Velocity (or displacement or acceleration)
sensors SL and SR are located at two locations along flow tube 104. The time
delay (phase difference divided by flow tube frequency) between the sensors’
output sine waves is directly proportional to the mass flow rate through flow tube

104. The phase difference and time delay between the sensors' output signals

30 would be greatest atthe end nodes 102 and 103. Locating velocity sensors SL and
SR at nodes 102 and 103 would théoretically produce the most sensitive meter.
However, there is no vibration amplitude to be sensed at nodes 102 and 103 since

they do not move. Thus, a compromise position for the velocity sensors SL and SR

is chosen that has enough separation from nodes 102 and 103 for a reasonable
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densities pass through said flow tube at different tinmes. 4. The Coriolis
flowreter of claim3 wherein said flexible md portion of said flow tube
i ncludes a bellows (1003). 5. The Coriolis flowreter of claiml~'viif~erein

- said case (1401 ) surrounds said bal ance bar (1101 ) and said flow tube

(104) and sai d brace bar neans. (100) . "3ai:d"tase Mas <& | ongltudfhal axis
substantially parallel to saill bdl anfe DA’ and Saisd il ow {ubks ahd 5 said
case conrsetsitivityk{phasasdiferanss) atsheaoutha sidrhdm@indste Fadtcaleatidy

preventing.,translation of Ld brace bar neaps W th respect, to saj.d case.
b “The comtBrES sPGREYE: TRtds ZpRiEoliite ERANERS A USRI Rttt FRl S aans
(1701 ) dmeeR®Bndinbdsst 0aRhdR1 6B aAAME 2aARtrEMNRRAted Hiergach of which has
a substanti al laK flat surface oriented substantially perpendicularto a

: . y .
| ongi t udi nal ichapgedathe logationobliie entinedep ol abdpdGnwvith resprcito dre of

e r ans ity 1osrin SERR T bigal Siies St SRRty udiel SEHERY G fow.
rotation Af theaidtidy feendaid iﬁF@narcmhégemgﬂybeﬁg?r@z%ﬁowwsmgfﬁfm tifp sai d

| ongi tudi nal axis of said bal ance bar and Said flow tube and extending from

sai d br aceldcity senswrs; thesphase dletgy and Thies doe inustes sehsitivity ehan@es) aihe 6
wherei n sai d. subst.ant al flaf surf of ch of ,sai.d fir and secopnd
case coni‘é‘fﬁ‘ qu%qjtstﬁpgfo %Paﬁﬂq[%?cr%ﬁ ﬂ@%?ngi?ﬁ a_re_dfeg_arrr_upc_ag b_yitt':_e _tr_uc_t_xra? o
Ce e P Samad i ' f

narr o-~r nidgsb S 9—?@?}9?' 02) 2%310%% ﬁ&lm‘éé@] geggﬁ)%cgﬂgrr]@étﬁ%gﬁﬁ%g@. The
Cor i di0 s Desnuptiparofdfiggtes® m 7 wherein said first end (1704) of each of said

fi d d i nks i d '
Lnd a4 secotloufd ¥ SRR ol fdbd I O RBRSEERA' Byreid paRteany ihenr
sai d ni d peidindhPbas8baAaTrow AW 04 Id NBrdidg dhd 9% 5%&59{%@9}&&% rate

so 5 as to enable a rotation of said brace bar means with respect to said
case; saicdsei3D4fis statiobaiynthehodes fesitleat tha desiedinodaldoeations 402 and

| i id.b b ith i d ) . Th
Gor ol 1's 0Rovihs SrighrERIngt saliie s diriatekalf Belangse; Faweit BadaHEF Sase
connget lhBks3daN (ko Imhﬂggat thalsssete U, 639090 He&@ésrbu%faqﬂ%iﬁ‘ar

surface connected between salfd bal ance bar and said casé connect |1 nks;
sai d gussdth raspest thflowrlgbe 104 @ cemnuwrasituation foo an wnbalanesd flowf tube) of
said 5 bal,ange bar ,w_t id.,fiyst _side being aligned bst ant'i al,l

paral | el lh(? éﬁf"&eq &HSFP’@? ﬁgﬁj dg??g r%qreggrptdﬂﬁgy%%%f%og%q ;?%gvaf egﬁggeélasﬁenber
having apyaspid [MowWever ies aasiréd hsdREbERSHLIOREAE 198 4t plateS3I SR AR

affixed to said substantially flat surface of each said case connect I|ink;
sai d gusthe trasnbedesdegguse fafdhpveaseovibratinn. a That teweinogdeBrarei mew atf thequency

i br 80 ol SR Bt 2 30 PR NI B TR e HRALIER T8 Ryftdth
per pendi ewhsiitutie rekitide ltacasal304i isredjuadant dppediteis gasd Vibrdtien eaiplpuide. -

flowreter_of claim®6 further includi gapf | ow tube stubs (1404) for
connect i njhes Badolsd vration amplitude ablipdes 808 a5di 3R is 28504 ltfratBesgenneans

P onr oo e R cEarPogtons 302 cLRABlA FELAEREGE i FUBAOoHBNFubonel o
104 from plates 301 due to the case vibrating out of phase with flow tube 104.
25  Shifts in nodal location with respect to fixed position sensors SL and SR alter the
flowmeter's sensitivity to flow and are undesirable.
In order to keep nodes 102 and 103 at their design points within end plates
301, it is necessary to keep case 304A from vibrating. This is easily done for a
single (flowing) material density by counterbalancing the spring mass system of

30 flow tube 104 with another spring mass system of the same resonant frequency.

Description of Figures 4. 5, and 6
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~said bellows being effective to |ower said spring function of said flow
tube stubs to isolate said brace bar neans dynamically from said case ends.

32 Y I~ N o U<

- Coriolis~lowmneter of clairri 8 furt(~er coi~prisirig~ sensor mneans

(SR) SL) positioned proximte sai, g flowfgbe*for,dgtegti ng,Coyi,otjs

perturbations of said flow tubg ggneratefi°by, a, f] ow of: matgripl through

sai d flow tube Wae| &irsplified | sRENARENasS yEyRiaedoy Figsig & riflastrateandios

sai d sensor i: ffectd Ve i i d detecting.faqr
generat i ngcoé‘[ﬁ?%%@féd'ﬂg@rﬁgpmoem i n%&ﬁf%%gsbﬂozﬁ'gd &ﬁagéec%‘éw%tﬁg b(yf aRai d
f1ow ng mageai Massikds spriagQoith @l $psrirld eueH. eWdn glagkss h,C@rﬁ@hﬁzséfwBuﬁé‘éid
case surrounds said bal ance bar and said flow tube and said brace bar

neans; saiaparhasdialeagedotigytvilratal! 8axdegreas subaf phase withreagheothes at they
bal ance. bar ' ube; said case connect fink nmeans (1701 )
connec?’s ssarlgeggzg%@ﬁhj‘;é#‘%ﬁ{ﬁ "to an inner wall portion of said case for
preventing the Thansy of tomsariation 8f Aicraentoan ré%ﬂm% that MasePRES vél@acﬁ?iir@
ow

case during an out of phase vibration of said bal ance bar and said f
t ube wit h anesliection ieRvadtadhe massdirnes vsloailyninethe apposite dirgotiongbass

cace whi | ShnveviaYe: ngiBEe VPR YBIFCR JEPaSRRRL L rERERRE bRy pect
to said cage =paiAd wiairat, @indoA, seivibRitiaarigitudBaNk SRIPtéRAadB A%és

perpendi cular to a | ongitudi naﬁ axis_of said bal ance bar and sai d case; 15
a flexill enpirwispbave aismsll aratingaraplisde sompared e, alt also follows 2aatthefer

i i.ng_f ' i,d bal b i id
T brati ondd Sntrk NINiRS zBHE e G PBuR ThBdhe RO e aode Y 1 ove
(1003) f oiiiaBs e lspihg Infohive Rirightsis habig RAgom Al A f | SicbUbe medxiNat e

said vibrational 20 nodes; said concentration of "sai pring function
changes t Ipesitioni iadixed: @adt sgrng padihahayesas thadgk @isdt wemfastered to revplbnse

to a presenge of terjals of different densities in said flow tube at
di fferent f?ﬁ?\?éghaﬁbwmz)a&?ﬁ e(SPA{@Q} connecting end portions of said
flow e proxiTrd @voAFaleas gf ?lfv@@ Boagﬁlilﬁﬁﬁﬁ@ syRefN@n dthe? 8idé GFafinghdde - -

e e e e sai ow tube stuf™~s in ~ludet~~ltoy~~ pf reducing
t he spri ndi)rratst bavethaisamevesananidyequency. | Besonantdraquensyds equs| to the
- ). 1 ~t = rap~.ba'r.a-feans for stubs to isolate said
brace bar SQHFEQ B?%’z (%ti{tn%?ggﬂgsgo tai ns substantially the entire spring
function of 30 said Coriolis flowreter for nmaintaining a dynam ¢ bal ance of
said Coriolis flowreter by altering the sprfffig rate rati o of segnments of
sai d bracEdarl neans while materials of Ld;zrent densities are extant in
sai d ow tube; and sensor neans (SL, SR) powitioned proximate said flow
tube TOr detecting Coriolis oscillations of said flow tube generated by a
flow of material through said 35 flow tube while said flow tube is vibrated
by said d[l"h\éetr\/vonﬁglr\}g’s of the system of Figure 4 must have the same stiffness to mass

ratio since:

k
25 Equ.2 fr=’-—5-=,£2-
moN ™,

It is also possible to determine that the stiffness to mass ratio must be constant

based on the relationships between spring stiffness, length, and vibration

30 amplitude. The spring of Figure 4 is divided into two springs k, and k, by node N.

The stiffness k of a spring is inversely proportional to its length, or k,/k,=l./l,. Since
IL,/1,=A,/A, and m;A;=m,A,, by substitution, we find that k,/m,=k,/m,.

If the spring mass system of Figure 4 represents a traditionally balanced

single flow tube Coriolis flowmeter, then m, represents the mass of flow tube 104,
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sai d sensor neans being effective in response to said detecting for
generating output signals representing at |east one characteristic of said
flowwng material. 14. The Coriolis floweter of claim1l conprising: said

- connect link nmeans have a substantially flat surface oriented substantially

perpendi cul ar to a | ongitudi nale axi s of s&ai o bal.diee sBar and shaped to
permit a rotation of said brace *b&r nkars"Wdh rsesfects to saidicase while 5

prevent i ngnal My, &g masisaf the belingedarc¥eate 30% isrebrntckdd tasiblamn’at po8aiNdas ase;
i d tatian of Ld b bei t | ndi cyl t

sa 0ot i o, F o4 Biac L URaRe ScLan AbpUL an ik ReRERL oW a1 1

nmeans to SftiGadPrass Amitids 1988h é’(ﬁdé@tdjm??&!?ég?@@é}%‘é n?a‘téﬂ%l??@@@e‘r@engiw o an

connected to said brace bar 10 neans and sail seqond end nect e
i nner wal lin flomt tube rof. Ganservatien ofimurdeptorm masst still apply, sathke vodaldocatiomks

bar s NindyasdSati Thab 2nosordda sBindia parindi Rddtigho Mis FRvSsone
strength tQqRr £ Whigh td osielieqat & (waks iéJPBQ@né’é’rra Hslag)g t¥hidtafERRBTh, t O

said case: 15 said case connect I|n,k( means further i1nc es a gusset nenber
(2901) defwitht ayilratibaremplitudé seeh dbahthet sumbadtthe enom@ntlirnalameacty aideaot!

sai d case connegt | i nk neans; said gusset nenper havi a first side

ST xon G ARIBNGE 2as AacofeoAts Raganriatoamyr Fash mass fnan eltaer
bei ng al i gpe b hal ' j i - A f id
bal ance bg‘?’; g%iﬁé %%Hgg%sdt%sﬁﬁ%@@%\gée%é 91%’2%' %ﬁ?%%g\'ig%w gﬁsti etré)r(rae er
havi ng0a sibratel casel 804 uiith suffickint wrmaitpde th cahserveonemietitdiing 9f nedsdewvared

ffixed t id substantially fl f, ' t |Link ;
Sal 0 guss PRI B Bitben ApeEorisar ind Bodk HOUH BRI cRaN 2 fuency
25 of sai (Filghglaﬁﬂcc%sgaéoﬂ%bhﬁi ¢i§@féwtrgﬁg3%@?§h%hy unaffected a drive

vi brati ona requency I nparted to sai ance barf in a direction

per pendi cul ar tlo ssaimMatyatrepridr ari $ingleitobe flovnmeefeen aychah§e ilmastshafdhefflow
dynam cal |y bal gncing a Coriolis flpowreter conprisjng.a 30 balance bar
(1101 5 “aitba ook d ediebushoan ARERCS ThUrS ABral Iopdidn 19 catspdheame

ot her ;q4gor i witH 8i i : and
Fo ond Soor e T B N B R W o G T RoR ol el
conpr i si ngonkervet mpmeantum35Sinceriheicage soass isdhrges thebahargalingzodil flositionube
transversely oyt of phase with r ct to,each., other to place a vibrational
node o oftSgRTtlEgaBs Vitetion ampTiides sl Afd e mter Ssuit chaBus Witk
sai d vi br hiteRal doRsls iseMAID MeweeeRkRé SehSitvinpenatad URAthAatrial daﬁsﬁsgsl ow
tube fromthe spring function of said bal ance bar; 40 CHARACTERI ZED BY:
provi di ng suffiaienthoargete degrads the acauracy sequwiced oba Guiplia flowneteairesome

flexiRdit .h he +.emgj_nde f,.sal n r caoncentrati.ng said
spri n%of uﬁépf'gﬂ?%#s'safﬁﬁggné‘ggbgé %éj%sj? td(e:%s_%%d an[’)egg,?ergcg H‘?sstseg\%fg
concent r alchRfeslaaneane Hagarfdy bay) the!fléwi tOPbe AindSthethrasé dage bar in 45
response to the presence of materials of different densities in said flow

tube at differdite piasest inygntios signiicantlydmprayes Hpos phe bgditioned flow fubevi des
Pt esence SPAMIE ) BaRfe Biaf¥ bt Bl anid EARBIFIAT L BERRING otel cne
time. mass in balancing. [n the traditional approach the spring of the flowmeter
25 structure is distributed fhroughout the flow tube, balance tube, and the connecting
structure such as brace bars 301. The movement of the end nodes’ 102 and 103
location with a material density change in flow tube 104 is very small compared to
the effective “spring” length; thus the nodal movements have vety little impact on
altering the effective spring rates k; and k, and are unable to achieve a dynamic

30 balance in the structure without involving case mass. Recall that:
Equ. 3
a kK

—— T

my m
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16. The method of claim 15 wherein said step of concentrating includes the
step of including a cut away function (2402) in said md portion of said
bal ance bar. Substitute Sheet -10 July 2002 17. The nmethod of claim 15
further conprising the steps of: providing a | ongitudinafmd portion of
said flow tube having greater fJ|egxibi|ttystdran tne, repgai ndey* of*said flow
tube; concentrating the spring feugcti pn ofe-said:fl pw gubge praxingte said
vi brational 5 rindee psiar drtstherprhayomeensopeomeerring rmopienut)jseat fransfef ofsai d
fl ow tube changes the ring function of said fla ube in response a
presence &1 rP@%@r'PéF% 321% @ %‘P@Péﬁ‘ﬂh g*é%ﬁghi 6@’@?’32&5”% |ILRITYES ag?neved

di fferent vméﬁas; said step of changing the spring function of said flow
tube further provides 10 an inproved dynam c bal ance of said Coriolis

f | owret er Hqu.rMesponse to the presence of ”%:eeri al ,of different densities in
said flow tube at different tinme. 18. The_rret hod §f claim 17 wherein said
step of concentrating includes the step qflm;nov,hgu,ﬁ a bellows in said md
portion of said flow tube. 19. The nmethod of claim wherein said net hod
further conprises the steps of: . ~ surrounding said bal ance bar and said
f1 ow t ube Dautriptiod df Fiqueebarame8ns with said case so that a | ongitudinal

axis of said case Is sybstantially parallel to said 5 balance bar and said
f1 ow tube; and ASARRWRIMmEIGEeS /8, e Presankinventien erdeysan exwelyn of
sai d case i i i : i

Cespect t SNt FrRLCT1 RnElodd 8R4 by By RVERRRRTnBaal PEAASe ity

bal ange balgnanrﬂc anbdlahte watisixea relativelp sargetchange as theoindividu@iGsprifigerates, hod

of claim 19 further conprising providing case connect |ink nmeans wherein
sai d caseKcandKet By altering sRENG s dwamic palancednmaintainasand thnregyivadct

l i nk each j I l : L: | r.wWth
eapect ¢ sy fufdtel Snftig Rhdf FRIChbpplfIM PRI Reddeed; T focips!
means 5 wthidicass pittatidroanditoe charge frambtersdraitivitynittematedaludbnedtyt he step
of 'rotating said brace bar nmeans with respect {o each said case connect
link about an &@WegdssaRNIR@ementof the spigid wiHLe! figure 7ot shows bawdhee bar
and sakd : ; Logo 1= 3 : f
21 5369 b sriffiftne Short istance ffom Jgpelioh 80110802 to realn dytarhic balghe?,
i s hour ghétes nshspAdn dad berer added 8 th,stleplsof shawshbngthisishoredistameessep of
rotating each, said case conpect fink so that a first portion of each said
case connét&nlflqaﬁutcwﬁpaf%it%ﬂ?ﬁhpaﬁaee?qr&ta- SRiHe Ipshertened and stifesad

case conngffiialdmmk il Rt ' [ S
wher ei n a%?rég&vhﬁgéll(g %@gtl ondoéhoteac é‘ég)éﬁﬁggg r@%tr??lgch:% 'f&lbﬁﬁﬂl]s C(gﬂi‘ré §§| ass
shaped t onbdal khiftaded <aisd shakirtg tman X2theTaprimg Were | exdéndediitihrclHourt tther

oo Sl 2ol o BB HE i e gt 86, SSbebloph feaging . «
ca; ~e. 23ap§F@acm§ﬁa'watcsf tAbQir8y et ihvert isimedtkded byihe ﬁ&%@k&dﬁ@y I ng

bel lows in Said flow tube stubs proximate said brace bar to reduce
spring f ufrequency equalinbetwaenthe lowmelerelementsisimaistaipeddespiteabhangeans

dynam cally from,a e ends. 37
A CALA, A@Y%’@R@h%&%@%gi@.&l CAf.A@F.A S A .AYy. A@A. A hf.A3h.A . A A @A
|h. A Ay. A . A@ Reball Aol sfuadie.thel. A A . A9Y. AU@, | #q9*# f

25
ml 7112
30 When mass Am is added to the flow tube mass m,, such as by a change in

material density, the prior art balancing method maintains the equality by adding

case mass to the balance bar mass. The case vibrates under this condition.
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$10% & ()-s! yﬁﬁ% donéb Qhe( 436 6f4 !@sﬁ&ﬂ%@té@#ﬁﬁh@%r&ém'\ﬂf%@#ﬁﬁ%@ ()-
11098 ()-f $10% & ()- ! #f %&()-fs$10°e&ﬂ Vrg\: @ s$ll
@10% , & (a)nd batemcedar 1004 such as rubber, or a less stn‘f geometry This mid portion

10071000 L R LTI TR o BRI il SR EER O
| y@;lO%& t(a)lancé BBL9604.8These “soft” center areas concentrate the bending of elements
"8 (*V¥{+ 7X60\: @1 @ 0SS109%: () - LI | @05$10%&: ()-L @(s$ 3100 () -1 NGB( S$10%&.

() -! @b 1 0nat @pd 10%@1&%@@0&& region. Because the spring rate is so low in these
””” M kc-e-n{tral leons the spn%)g erp]grayllg %ﬁg‘négnt tfeg in /& éﬁlons w ergo{f&vé gubncg 10

104 is connected to balance bar 1004. This area is the brace bar 1001 in Figure

10 10. The straight portions of flow tube 104 and balance bar 1004 are stiff and free

to move, however, they do not form effective springs since their soft center portions

remove the bending moments from these stiff elements. If the balance bar and flow

tube central regions 1002 and 1003 are sufficiently flexible, then their stiffness is

so low that it becomes insignificant in the dynamics of the spring mass system.

15 The total spring, k, is then concentrated and becomes equal to that of brace bar
1001.

Figure 11 shows a section view of the brace bar 1001 on one end of a

flowmeter having flow tube 104 and balance bar 1101 (comparable to 1004).

Figure 12 shows (greatly exaggerated) the deformation in brace bar 1001 that

20 results when flow tube 104 and balance bar 1101 have approximately equal

vibrational amplitudes. The node (area experiencing no motion) is in this case a

cylindrical surface 1104 (dashed lines) approximately half way between flow tube

104 wall and balance bar 1101 wall. Figure 13 shows the deformation that results

when balance bar 1101 has a much larger vibration amplitude than flow tube 104.

25  This situation results from a very high density material in flow tube 104. The dense

material tends to lower the frequency and vibration amplitude of flow tube 104

(remember conservation of momentum). It can be seen that the nodal cylinder

1104 has moved very close to flow tube 104 due to the flow tube's decreased

amplitude. This causes the flow tube’s effective spring to become short and stiff

30 and decreases the drop in the flow tube’s resonant frequency. Simuitaneousty the

balance bar effective spring has lengthened and softened. This causes the

balance bar's resonant frequency to also drop. When properly designed, the shift

in spring rate Ak within brace bar 1001 is just sufficient to balance the extra mass

of the high density material in the flow tube. The resonant frequencies then drop
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h& () -1 sih gangierip T@IEQ% g@p@qsa\(m@m mgtyyaa& Wlth the balance bar and

1o & () Sppolainite hUnB R o e S the e e et o o

HaBVK@D ! &siivinglidn i4astified & If hd BZlahebigar(is-visualiz8d18%%e dyamic balancer
G'10% & () 5$10%

HHI 11337} Nasieagd f@s‘ize flos khe atdhe desred(gnd nedes, dbig repdipappamntihal gnwc' 10
% & ()-F( ‘FP% %&% rg}'é%evéméh%ﬁ bbstionQuithth (Pacd ¥4r®04)5untdl ehllgy into

10t 210% &'

; G'10%U®& (the'dyh aarﬂ&a&a(amétmmwwwam@bammmdmcréé&%smmwuaemﬁﬁi& ()
- rﬁlocyz&g1 %ow& ) -1 1096} F} & () OOPGQQIE] =@ !

G 109%zZ& ()thesaac fpycetirqr@mdwamm@m@r(wpzem&eopd‘ almotion. If mass

210928 () EQHRADTIARER |00 A MG Pl bR e DARAOREH fdtE e (
3 109&Z& ()reBoﬁaﬂm&ﬁle(n)cy%nm%& frequdricl0qality) arhdiisé¥itarmplitude until the
position of nodal cylinder 1104 is stationary. If mass is removed from flow tube

15 104, the dynamic balancer (balance bar) raises its resonant frequency and lowers
its amplitude just the right amount.
Description of Figures 14-21, 29 and 30
The present invention maintains dynamic balance by altering the relative

spring stiffness rather than by transferring masses between the vibrating flow tube,

20 balance bar and case members. lt is able to accomplish this by concentrating the

spring function locally around the fixed nodal area 1104 within brace bar 1001.

Figures 11, 12 and 13 show how this is accomplished so that flowmeter sensitivity

is not affected. However, they ignore, for purposes of simplicity, a complicating

factor illustrated by Figures 14 and i5. Figures 14 and 15 disclose a flowmeter

25 case 1401 having an end portion 1405 of case 1401 which contains balance bar

1101, flow tube 104 and brace bar 1001. Flow tube 104 and the balance bar 1101

are interconnected at the end of balance bar 1101 by brace bar 1001. In Figure 14,

the flow tube 104 vibrational amplitude is much larger than the balance bar 1101

amplitude. In Figure 15, the balance bar 1101 amplitude is much larger than the

30 flow tube 104 amplitude. These situations would balance a meter having a light
material (Figure 14) and dense material (Figure 15) respectively.

Figures 14 and 15 differ from Figures 11, 12 and 13 in that flow tube 104 is

bending in the flow tube segment 1404 between brace bar 1001 and case end

1405 in response to the torque applied to flow tube 104 in brace bar 1001 region.
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opposite to the torque applied by flow tube 104 (Figure 16). However, as material

u&!
u&'
u&’
u&'

5 density changes, the amplitude ratio between the flow tube 104 and balance bar
1101 changes and the torque becomes unbalanced. This torque is resisted by the
case connect links 1701 (Figure 17) and case end 1405, where flow tube segment
1404 penetrates it, resulting in equal and opposite forces F, and F,. It can now be
appreciated why case connect links 1701 must be rigid in translation in the direction

10 of vibration. Case connect links 1701 must resist force F, lest the desired nodal
locations be forced to translate by F, and the entire structure becomes unbalanced.
Case end 1405 and case connect links 1701 transfer the forces to case 1401 which
is extremely rigid and where the forces cancel each other resulting in no shaking
forces on the case. When both ends of case 1401 are taken into consideration

15 (Figure 19) the moments on case 1401 also cancel.

Case connect links 1701 have specific design criteria imposed upon them.
They must be rigid enough that they prevent significant relative motion between the
nodal region of brace bar 1001 and case 1401. Simultaneously they must be
sufficiently flexible in torsion so that the balance bar 1101 ends are free to rotate

20 without storing significant spring energy in the connecting links 1701. If spring
energy were stored in case connect links 1701, it would be external to the nodal
area and degrade the self balancing performance of the meter. One possible
preferred design of the connecting links is butterfly or hour glass shaped as in
Figures 17 and 20. The narrow central section 1702 allows for a flexibility in torsion

25 but not translation. The wide ends 1703 anci 1704 provide sufficient stiffness to
resist translational forces. The central section 1702 does not have to be wide to
resist the translational forces because the bending moments that accompany the
translation forces on the link go to zero in the center of the link as is shown in the
bending moment diagram of Figure 21.

30 Case connect links 1701 can also be used to solve another design problem.
Flow tube 104 and balance bar 1101 are driven to vibrate in a resonant frequency
opposed to each other. They are driven to vibrate in a direction that, along with the
tube axis defines a plane called the drive plane. The flow tube and the balance bar

also have a vibration mode in which they vibrate in a direction perpendicular to the

25
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10%: () - %Oa?'?l id ﬁ@&g?ﬁgﬁz@frelqoue%cy of the perpendicular vibra.ttion mode is very near
to the drive frequency. This narrow frequency separation can cause measurement
problems and should be avoided. A way to increase the frequency separation

5 between the drive mode and the perpendicular mode is to put thin metal gussets
between the case connect links and balance bar as is shown in Figure 29 and
Figure 30. Gussets 2901 are fastened to case connect links 1701 and balance bar
1101. This orientation stiffens case connect links to the bending deflection required
in the perpendicular mode. It thereby stiffens the balance bar mounting and raises

10 the frequency in the perpendicular mode. Because the gussets are thin, they do

not significantly increase the torsional rigidity of the case connect links or raise the

frequency of the drive mode. Furthermore, they do not impact the stiffness of the
case connect links in translation in the drive direction.

The torque applied to tube stub 1404 by forces F, and F, causes one other

15 problem in that each tube stub bends in response to the torque. This flexing of flow

tube stub 1404 external to brace bar 1103 is a significant extension of the spring

function of the flow tube away from the nodal area. As has been previously

discussed, it is desirable to concentrate the spring function of the meter in the

vicinity of the node. This extension of the spring structure degrades the spring

20 balancing of the meter.

Description of Figures 22 - 28
The spring energy stored in tube stub 1404 is reduced by reducing the spring

rate of flow tube stub 1404 by the provision of a softer material or a softer geometry
such as bellows 2201 on Figure 22. Bellows 2201 reduce the spring energy in tube

25 stub 1404 so as to further concentrate it in brace bar 1001 regions. Bellows 2201
also greatly reduces the torque forces applied to case 1401 by the tube stubs 1404.
They reduce these forces by allowing the brace bar region 1001 to pivot freely.
From a self balancing perspective, the design of Figure 22 and, with the case
removed, Figure 23 is a preferred embodiment of the present invention.

30 Figure 23 shows a flowmeter similar to that of Figure 22 but without case
1401 being shown. [n particular, the flowmeter structure shown on Figure 23
comprises flow tube 104 having a bellows 1003 in its mid section and bellows 2201
in its tube stub 1404 sections. Flow tube 104 is surrounded by balance bar 1101
having a flexible center cutaway-portion 2402 defined by the reduced section 1002
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Dynamic balance is achieved by the structure of Figure 23 since it concentrates the

5 spring structure of the flow tube 104 and balance bar 1101 in brace bars 1001
proximate the end nodes.

In some applications bellows may negate some of the features that make a
single straight flow tube flowmeter desirable. Bellows are difficult to clean
internally. This makes bellows unacceptable in food applications, for instance,

10 where it is hecessary that the entire internal surface of the flow tube be cleanable
and subject to inspection.

In cases where it is desirable to have flow tube 104 of a continuous uniform
diameter and material, the flow tube’s 104 central region and tube stub 1404
regions are not made soft in bending. It is still advantageous to make the central

15 region 1002 of balance bar 1101 soft in bending and to use case connect links
1701 at the brace bars 1001. Figure 24 is similar to Figure 23 except that flow tube
104 is devoid of the bellows 2201 and 1003 of Figure 23. The embodiment of
Figure 24 would be best preferred in applications where interior of flow tube 104
must be smooth and continuous. Thus, flow tube 104 of Figure 24 does not have
20 the flexibility afforded by the bellows 2201 and 1003 of Figure 23.

The flowmeter of Figure 24 is balanced so that the node is still in the brace
bar 1001 region. Furthermore, the balance bar 1101 spring is still concentrated in
brace bar 1001 proximate the node as in Figure 23. On the flow tube 104 side of
the node, the brace bar 104 portion of the flow tube spring is now in series with a

25 relatively soft and distributed spring (the bending flow tube). When additional mass
is placed on the flow tube, the nodal location moves toward the flow tube and
significantly softens the balance bar 1101 spring as before described for Figure 13.

The net flow tube spring, however, consists of the soft flow tube spring and

a portion of the stiff brace bar 1001 spring in series. Springs in series add rates like

30 resisters in parallel; the soft one (or small resistor) dominates.

K o=k K/ (R +K))
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springs. The net flow tube 104 spring rate is thus dominated by the soft flow tube

spring and the nodal position change in the brace bar 1001 spring has little effect
on the rate of the net flow tube 104 spring function.
The spring function of flow tube 104 of Figure 24 is illustrated conceptually
10 on Figures 25 and 26. In Figure 25, the flow tube 104 mass is represented by m1.
The net flow tube spring is represented by k1 which is the series addition of the soft
distributed flow tube 104 spring and the stiff portion of the brace bar 1001 to the left
of node N. The larger balance bar 1101 mass is represented by the mass m, whose
spring k, is concentrated in brace bar 1001. The node of this structure in the
15 balanced condition is represented by node N at location 2501. In Figure 26 mass
Am is added to the flow tube 104, such as when a heavy material is introduced into
the flow tube, which causes the node N shift to the left to position 2601. This nodal
shift causes a significant shift in the spring length and spring rate of spring segment
k2, the balance bar 1101 spring. The flow tube 104 spring, however is made up of
20 the soft distributed spring in the flow tube which does not change length in series
with the short stiff spring of the brace bar on the flow tube side of the new nodal
position. Even though the brace bar 1001 component is shortened significantly by
the nodal movement, the distributed tube spring dominates the spring rate and the
nodal shift makes little difference to the flow tube 104 overall spring stiffness. This
25 geometry of Figure 24 is thus a compromise with regard to maintaining balance with
change in material density. The balance bar 1101 can change its spring rate but
the flow tube 104 must change its mass by moving case 1401. The result is that
the case does vibrate. However, the case movement is much less than prior art
meters because the stiffness change in balance bar 1101 reduces the necessaty
30 mass transfer. This reduction in case vibration results in a smaller change in the
nodal position and accuracy improvement in the flowmeter compared to the prior
art.
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This equation differs from the traditional approach (Equation 4) in the Ak term. The

10 presence of this term means that the case mass needs less involvement (vibration
amplitude) in order to balance the equation and the meter.

Figures 27 and 28 disclose the structure of an entire Coriolis flowmeter
embodying the present invention. Figure 27 comprises the embodiment wherein
the flow tube 104 does not include a bellows. The embodiment of Figure 28 is

15 similar to that of Figure 27 except that the center portion of flow tube 104 and tube
stubs 1404 areas include the bellows 2201 and 1003. Both embodiments show
case end 1405 being connected by element 2702 to a flange 2701 by means of
which the flowmeters of Figures 27 and 28 may be connected to a source of
material such as a pipeline on its input and to a receiver of material on its output

20 end.

Both embodiments of Figures 27 and 28 include a driver D in the mid portion
of flow tube 104 and a left sensor SL and SR for detecting movements
representative of Coriolis vibrations of the flow tube/balance bar structure which,
in tumn, is indicative of the material flow rate through the flowmeter.

25 [t is to be expressly understood that the claimed invention is not to be limited
to the description of the preferred embodiment but encompasses other
modifications and alterations within the scope and spirit of the inventive concept.
Thus, the term “material” as used herein is applicable to any substance that flows
such as slutries, liquids and gasses including any combination thereof.
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G 1096 () - y)CrgLs%%%%er ?nk mea% (1701) fo!r cor?nec(‘)t%g said case to said brace bar
10 means,
driver means (D) for vibrating said balance bar and said flow tube
transversely out of phase with respect to each other;
said driver means being effective to establish a vibrational node in one of
said brace bar means (1001), said balance bar (1101) or said flow tube (104);
15 said vibrational node separates the spring function of said flow tube from
the spring function of said balance bar;
CHARACTERIZED BY:
a longitudinal flexible mid portion (1002) of said balance bar has increased
flexibility compared to the rest of said balance bar, such that said flexible mid
20 portion of said balance bar concentrates said spring function of said balance bar
proximate said vibrational node;
said concentration of said spring function of said balance bar proximate said
vibrational node changes the spring function of said balance bar in response to the
presence of materials of different densities in said flow tube at different times;
25 said changes in said spring function of said balance bar maintain an
improved dynamic balaﬁce of said Coriolis flowmeter when materials of different

densities pass through said flow tube at different times.

2. The Coriolis flowmeter of claim 1 wherein said flexible mid portion of
said balance bar comprises a cut-away portion (2402) of said balance bar.
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spring function of said flow tube in response the presence of materials of different
densities in said flow tube at different times;
said changes in said spring function of said flow tube further maintains an
10 improved dynamic balance of said Coriolis flowmeter when materials of different

densities pass through said flow tube at different times.

4. The Coriolis flowmeter of claim:3 wherein said flexible mid portion of
said flow tube includes a bellows (1003). '

5. The Coriolis flowmeter of claim 1wherein said case (1401) surrounds
said balance bar (1101) and said flow tube (104) and said brace bar means (100);
said case has a longitudinal axis substantially parallel to said balance bar
and said flow tube; and
5 said case connect link means connects said brace bar means to said case

for preventing translation of said brace bar means with respect to said case.

6. The Coriolis flowmeter of claim 5 wherein said case connect links

means (1701) comprises a first and a second case connect link each of which has

a substantially flat surface oriented substantially pemendicularto a longitudinal axis

of said balance bar and shaped to permit a rotation of said brace bar means with

5 respect to said case while preventing a translation of said brace bar means with
respect to said case;

said rotation of said brace bar means being about an axis perpendicular to

said longitudinal axis of said balance bar and said flow tube and extending from

said brace bar means to said case.

7. The Coriolis flowmeter of claim 6 wherein said substantially flat

surface of each of said first and second case connect links is substantially hour
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said mid portion being of sufficient strength to prevent a translation of said
brace bar means with respect to said case.

9. The Coriolis flowmeter of claim 8 wherein each of said first and

second case connect links further includes a gusset member (2901) defining a

plana.r surface connected between said balance bar and said case connect links;

. said gusset member having a first side affixed to a an outer surface of said

5 balance bar with said first side being aligned substantially 'vplarallel to said
longitudinal axis of said balance bar;

said gusset member having a second side substantially perpendicularto said

first side and affixed to said substantially flat surface of each said case connect link;

said gusset member being effective to raise a lateral vibrational frequency

10 of said balance bar while leaving substantially unaffected a drive vibrational

frequency imparted to said balance bar in a direction perpendicular to said lateral

vibrational frequency.

10.  The Coriolis flowmeter of claim 6 further including flow tube stubs
(1404) for connecting an end portion of said flow tube proximate said brace bar

means to ends of said case.

11. The Coriolis flowmeter of claim 10 wherein said flow tube stubs
include bellows (2201) proximate said brace bar;

said bellows being effective to lower said spring function of said flow tube
stubs to isolate said brace bar means dynamically from said case ends.
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13.  The Coriolis flowmeter of claim 1 comprising:

said case surrounds said balance bar and said flow tube and said brace bar
means,

said case has a longitudinal axis substantially parallel to said balance bar

5 and said flow tube;

said case connect link means (1701) connects said brace bar means to an
inner wall portion of said case for preventing the translation of said brace bar
means with respect to said case during an out of phase vibration of said balance
bar and said flow tube with respect to each other;

10 said case connect means is hour glass shaped to permit a rotation of said
brace bar means with respect to said case while preventing said translation of said
brace bar means with respect to said case;

said rotation of said brace bar means being about an axis perpendicular to
a longitudinal axis of said balance bar and said case;

15 a flexible mid portion of said balance bar includes a cut out (2402) for
concentrating the spring function of said balance bar proximate said vibrational
node;

a flexible mid portion of said flow tube includes bellows (1003) for
concentrating the spring function from said flow tube proximate said vibrational

20 nodes;

said concentration of said spring function changes the spring rate of said
balance bar and said flow tube in response to a presence of materials of different
densities in said flow tube at different times;

flow tube stubs (1404) connecting end portions of said flow tube proximate

25 said brace bar means to ends of said case;
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materials of different densities are extant in said flow tube; and
sensor means (SL, SR) positioned proximate said flow tube for detecting
Coriolis oscillations of said flow tube generated by a flow of material through said

35 flow tube while said flow tube is vibrated by said driver means;
said sensor means being effective in response to said detecting for
generating output signals representing at least one characteristic of said flowing

material.

14.  The Coriolis flowmeter of claim 1 comprising:

said connect link means have a substantially flat surface oriented
substantially perpendicular to a longitudinal axis of said balance bar and shaped
to permit a rotation of said brace bar means with respect to said case while

5 preventing a translation of said brace bar means with respect to said case;

said rotation of said brace bar means being about an axis perpendicular to
said longitudinal axis of said flow tube and extending from said brace bar means
to said case:

a first end of said case connect link means is connected to said brace bar

10 means and said second end is connected to an inner wall portion of said case;

a mid portion of said case connect links means having a low torsional spring
rate to enable a rotation of said brace bar means with respect to said case;

said mid portion being of sufficient strength to prevent a translation of said
brace bar means with respect to said case:

15 said case connect link means further includes a gusset member (2901)
defining a planar surface connected between said balance bar and said case
connect link means;

said gusset member having a first side affixed to a an outer surface of said
balance bar with said first side being aligned substantially parallel to said

20 longitudinal axis of said balance bar;
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frequency imparted to said balance bar in a direction perpendicular to said lateral

vibrational frequency.

15. A method of dynamically balancing a Coriolis flowmeter comprising a

30 balance bar (1101) and a flow tube (104) oriented substantially paralle\l to each
other;

brace bar means (1001) are connected to a flowmeter case (1401) and to
end portions of said balance bar and to said flow tube; said method comprising the
steps of: '

35 vibrating said balance bar and said flow tube transversely out of phase with
respect to each other to place a vibrational node on one of said balance bar, said
brace bar means or said flow tube;

said vibrational node acting to separate the spring function of said flow tube
from the spring function of said balance bar; |

40 CHARACTERIZED BY:

providing a mid portion (2402) of said balance bar having a greater flexibility
than the remainder of said balance bar, thus concentrating said spring function of
said balance bar proximate said node;

said step of concentrating changes the spring function of said balance bar in

45 response to the presence of materials of different densities in said flow tube e‘tt
different times; ‘

said step of char{ging the spring function provides an improved dynamic
balance of said Coriolis flowmeter in response to the presence of material of

different densities in said flow tube at different time.

16. The method of claim 15 wherein said step of concentrating includes
the step of including a cut away function (2402) in said mid portion of said balance
bar.
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18.  The method of claim 17 wherein said step of concentrating includes
the step of providing a bellows in said mid portion of said flow tube.

19. The metHod of claim 15 wherein said method further
comptrises the steps of:
surrounding said balance bar and said flow tube and said brace bar means
with said case so that a longitudinal axis of said case is substantially paraliel to said
5 balance bar and said flow tube; and
' connecting said brace bar means to an inner wall portion of said case for
preventing the translation of said brace bar means with respect to said case in
respdnse to the out of phase vibration of said balance bar and said flow tube with
respect to each other.

20. The method of claim 19 further comprising providing case connect
link means wherein said case connect link means comprises a first and a second
case connect link each of which is shaped to permit the rotation of said brace bar
with respect to said case while preventing the translation of said brace bar means

5 with respect to said case;

said method further including the step of rotating said brace bar means with

respect to each said case connect link about an axis perpendicular to a longitudinal

axis of said balance bar and said flow tube. -
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to ends (1405) of said case.

23. The method of claim 22 further including the step of employing
bellows in said flow tube stubs proximate said brace bar to reduce the spring
function from said flow tube stub to isolate said brace bar means dynamically from

said case ends.
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