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_invention rel ate H%Wa+%$b%l3g?%rf§g# %EE@H%% and in parttcul ar
to a case connecttGf ASTR4 AN g LGB 4Q LFRst re a
straight tube Coriolis flowreter. PROBLEM 10 !t is known Ch%@m,@m&iﬁwumﬁ ts
internal to a straight tubBELRQRTHE INVEINEIQN are subject t n
- the flowreter is subject to conditions in which tenperature diff®&rentials
are devel opkid imwaritvon relajesrto astriightvebe GardlsutoOvwaeter afd nherficganet er .
. These_tenperature differentials can us rt, to expand/ contract and

el t neP CaRmana g Do Pabrrog gt R SRR ob 8 STARTREEORPPAR 1 ng - par
i s cofiple@ierFor exanpl e, the expansion/contraction of the flow tube by an
anount different than the expansion/contraction of the flowreter el enents
to which the flow tube is conneBB&BEBM stress the flow tube beyond the
rmts of jts r m.ssi.hl f L.on. A : nds an
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Xcessive anount w respe e case a Its en anges, the fl owtube
may bsubéa.to Gregemsehyheiffovirhetel lsubjebetoc cotdiion s imwhiotc essspetiaeount 20

with respect to the case end flanges, it may devel op cr.acks, or tears or it
ey IRl Se G RRa WY dur T rE ke TR AEU RaRs i 2R e B i i v
pr obl PRBs A ssREeatAE dMidlentiBR BB BBk rAHONS eR¥BABAIPIYaLN ahbodHeibes of
Coriolis flowreters. One solution utilizes materials having simlar

coef f damaae gsalf oratpanrartntoswhichdbe exeardipafonyactoarasds ceHp'28. &msng al |

el ene i i f . S0 I - so it
can et 18 e A euio o ha Rl RES b 2 ST HEES  Soes.
Anot hexpasisiontdonrratieesofhiee flowsneleaeietitent$ towhichiieedinastube 1t benfiéardt ube can

change in length w thout und tress. Anot her, so] uytion, pravi des bends in
b s 07 Do ke e T 8 s Pe il Bl ey bl 1 ke TP s ogmont
cont &jgn Meteaﬁah@é% e ALY arRBusalit iedpest iodabloase i éMerigsngks, of the

flow tube to the case ends. These sol utions reduce the probl ens associ at ed
wi t h thefewdubgmasguelde. Fonyerebhitrbowtubecontratyp anaeessive arespéct to the

e ] I I ' IVLeT-I . ver,
Bhesc o BB B e Ry el et R e ey S A et e
chandespérmanieet!ly deformable. These di amet er changes cause stresses in other
Coriolis ' uly 2003 fl ter. el enen i ncl udi n hose,,t hat , coupl e
the 11 oanddEMRSTEYE PR AT T 610" aFSHERPEST AHECPTSIABT oP el udi g t he
f1 ow corbrachdid/dxpansioh riaumsii ngbdalbrmwidiarilowmeters KB sbiatids autfigese connect
|l inks to couple the vibratory end nodes of a flow tube to the f|low tube

case Matarialsihavipgrmiler gredij@iRbts Hexpaasivbaes at Yae SXPRBFIAN{CRGIaRELsi vel v
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undesi rabl e because it causes changes in the flow sensitivity of the neter.
Undesanabhege indeagthraymddé s temmpontswittiout lexcessive irdarngl wiresgdsn Anmathend nodes
reside) .is prevepnted b ouypl i t he, brage bar . t,0o a connecting |jnk

or s enplo BREHERRE ners PR R (e dhiisra iR A8 ruds Baf 2BRRSR 4 Bral s ube and
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is connected to the case inner o
changes are absorbed by the flow tube segment containing the bend. Another

30  solution slidably mounts the ends of the flow tube to the case ends. These solutions
reduce the problems associated with thermally induced length changes of the flow
tube with respect to the elements of the flowmeter to which the flow tube is connected.
However, these solutions have not solved the problems of thermally induced diameter

changes in the flow tube. These diameter changes cause stresses in other Coriolis
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wal | ; the other end of the case connect link is connected to tqg,ppegs bar
or the end of the balance bar. The prior art case connect link is a
‘relatively thin planar |eaf spring nenber which is flexible in a tw st node
and does not inhibit the rotation of the flow tube and bal ance bar at the
desired vjbration nodes. However, 15 the case connect |link prevents the end

nodes fr dIAYP&IRSIAeMegts inclufingthase that cerPlntheniRwmessidFaseotesthes vibratory
ety eRhlk of B AEHERAnL RIS RRERAL o SRR oAb AR BE-OY,
case connect |t mkkridver ednwseruase\mmﬂehehmwamyplefthéIwéara&irgrenmn@mwlang
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response end riduasslurtissigbte bécéth'@e ftlcestsﬂaEaans (rattee flowrsansitivity afxhal
stress on the flow tube. In is floweters of the straight tube type
t hat errpl”i‘)%/te&ayé‘d@éﬂﬁﬁ@ V'Q@tpfyn@%ﬂecft!@élsfatdhﬁtbﬂ%@e BRf éMaereinthe padendaset y
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and may enahbeérsbe/t@ sethahatvebizsd diedctivrrdiahe dlowatutyd amd the akialgireetion of
surroundi ng the flow tube. The bal ance bar is shorter in |ength than the

f1 o0t ub@%ﬁOWHHPeeMﬁ end dthe gasgLHoanest i is eonnaeted tethegase Bingfe bar
30 to a hrgep&h%?rehd%’f b da8 quﬁm‘@c% B s g&ﬁqé’été‘&?%% p?é{cfér %} {;Kgleoal Ance

rel ati ve Circul ar menber at exten fansverse

bar end éndtdﬁeh@batarwmbéroﬂam priophritdmsel damdatiligk iLa re&ta}ulyythiﬂ)@&n'éhe
vi br at oré node of the flow tube/hrace bar conbination nornmally resides in

the brac@abgpPriagmegbes et &&eﬁblwntﬁMlémoslaméoemﬁmmblém connect
i nks, WQﬁQt.S'RB? qé‘héw%Pg @énbﬁ@%%ab'a%% d%gtr &fbﬂ}ré%{ d}. YhoHBYe L AWE:
e € he Vi

nom nal nsi t ow i n | OwW t may nove rom t he

brads barheaaasd tonneotding pgretvenm@rttie etduenédj@yvfrbbrb&anelatnﬂg i ¢Hie baamdmmtn@hl al
or axially outward towards the end flanges for 21 9 July 2003 relatively

| i ght natddergenditiprs ef phairnNrendanh NH%PE?(V@PQS %%ﬁ%’ée@é@s@(ﬂﬁgoﬁr’ ace
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Thi s chafige cgaelommguebt ik tHc}aeebpumpeomrthecxaLcouractmef fHeoweterin me?ﬂmﬂmg;:c Irabl e
since it _pro esired c es in e nsitivity of the flow
Teter byTBITES ) NONET BT IOUREACBIDMAD TS TONEL. AnPWRIC(ST (AGRE S e oe
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direction of the flow't and the fube axis forces the vi ratlon no
the fl ow QSWerb$aﬁ@%a%%dlsalusestmﬂomhbrﬂoaﬂm@er wihereimedfiexibetrhembranes bar .

Th f 1 t |Link hi th f ired
i brat GRIRE fn@ MR B AP0 ALgassn o F9ROPRE 1 STk dseI AgnEgiath 1 ons
of vi br%leﬁq&sﬁﬁé@f&ﬁlnﬁiﬁﬁﬁé'a%ﬁ@tﬁéfsé*Emtt'ﬂé RWagRSi ng of heavier or

exceedi ng| materi al s hough the use of case connect |inks
m nim zes undleusCoedI|3/fldmateterrssofrthetmaalgrmttubahgp@dmatcﬁmpldyl meemcmrﬁctt he

of Tho riaker 1n8 o (TR Xl apeei Rty & Monlndlf S8 MoRmp b Tohaer

such conghvi LS end § BeliPesn Ratte 81 cakeldiR) ﬂé}’ﬁéscoﬁﬁ‘@%ldddék%mXYﬁ%@y In

the radial direction adifferent distance than the case end d
di f f er erparaieldottbe diow hibenand exqyaethembe arsapacatieoraraflek menfhesvortaibe

di anet er i.s resul,ts in case ect bei n sub

oy ceamindtitalrBRNe: sBoubGiRaie o8 26t d M3 el Bat s iditen Slengt

el ement $h4Q thb el fUBRYsR it @RBAHES! tHd b&AaAcs Bar &f %ﬁné&eé%‘i‘/r‘a bpae baris a
problemto mnimze structural damages to these case connect | i nks

resil ti g af mean end peortiomohiheuiaw tutie .t Rberhrbce dar tymicalonis/a eelativedy shertof t he
case and.the brace bar reqgion. It can be._seen fromthe abov at an aspect
o the. CifGHRY TBATRS” St BT (nSamess Tooh e SAABCE 2a1 PO P UBENER bal ance

bar ori epledcshdsbatd pbimuparal lel to the I ongi tudi nal axis of said flow
t ube;



first and second ends of said bal ance bar coupled to opposinggnggroesd 30
-portions of said flow tube; a case containing said balance bar and said

" flow tube; case connect |ink neans coupling said first and second ends of

~said balance bar to an inner wall of said case; 3 9 Jufy 2003 at [ east

f pl d i i i : ing_ch
Phthe ef f oot e VAR ReRE S BETRVELEERE bR R PR akdh oBnAB L IdREE 0o °
ther mal idithé eF£4ECBSr BEHMG B 8itibe s fdf WBrhtdrp bashal Wigrse cad8tohPlecfipRst 1S

that said flow tube is substantially straight. 5 Another aspect is that
sai d balvéremsdenals of goreativaliahighee gr irelativelxllowerd thair nommins dedisdtyffloowirt ube.

Anot her ct, s that. said LS. cyli ical .and oriented.substantially
par al | el S OR 5k, T b RoRa 338 59 By bl PryReaRiar RRITIRNAT s ¢ hat
sai 5 casewaRIY Rl fldv AbeTBanErifsT 6bSORTasti At awa@mﬁ%ma teWhdd it edddd has
a longitudinal axis oriented substantially perpendicular to the

| ongi t udiangesdsi s of said flow tube and said bal ance bar; said el ongated
case connect link means couple said first and second ends of said bal ance
bar to an inner wall of said case; and at |east one out of plane bend in
sai d el ongated case connect |ink neans 15 that enables changes in the
effective length of said el ongated case connect |ink neans in response to
thermal differences between said flow tube and said case. Another aspect is
that said case connect nmeans conprises: a first and a second case connect

|l i nk positioned at each end of said bal ance bar on opposite sides of said
bal ance bar; 20 first and second ends on each of said case connect |inks
that couple said first and second ends of said bal ance bar to said inner
wal | of said case. Another aspect is that said case connect |ink nmeans
conprises a first and a second substantially circular di aphragm positioned
at opposite ends of said bal ance bar; 25 each di aphragm having a surface
whose outer extrenmity couples said first
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and second ends of said balance bar to an inner wall of said gdslg208hd at
.l east one out of plane bend in said surface of sai d di aphragm t hat enabl es

changes,_j.n_t [ th I
G 11 oreiahiled ARl o eBYBh e Al bt Sh AR A R b 'S e
's?i d G@Sﬁaﬂe_m’saﬁﬁrt bi mie \;r‘eamsry:csg/smlngagfit mdscadging,ats sa]onleuroallérigthéiﬁ thut  of )
ane nds ali rfac i d el ongat e se connect t t
P! wbens EBateng Torriabe foat iR RBne e i tharee el o™
July 3@% SORBAG thé NKwTBBESs LRIERSBRNSIBCE @ Brbgide urmésfréﬁ%'ﬁéﬂ?e@ﬁ vveen
said flow tube and said case. Another aspect is that the flow tube has

. cbnst dma flow aresiEvitg of therovemeteredyl @iirjtie G dini@nee bainasst themosiestansr aspect
S thﬁ,;e %? 5#scase connect link neans is elongated and has a bowed surface
t hat enables Sai d case connect neans to change its effective length in
response t Théheemhtase Eiblemand:lass besitieesd sansvdrt@wwathbespaud te thieddre@se; ends
of sal d bowed surface of sal% ng ateg%{ ase, connect 11 nk ans coupl e said
eb%z € mg

first dggrlicehthe Eavwdube ang egdha Y qrakt nRaes obihe 8Py case. 10
A”Ot hﬁfbe?’o?@@étbalr/éafafﬁ% b3 8 rEASRI0nAB eI iInthe HREASHEOMNY §&Sofcdsk! St

,~ase connect |1 nk and a second case connect |link; said first case connect
thk cousict §nkhackiedes die gaaldofi mmimizing Lndésie dbradions b the bracetbagi de of

id bal b | d f
Sai o PRI tg Pk haEEaMhEAT BRI YoraldN B BAET s s BT RHAS, ' oo’
cent etheprbtésyn®@bt Heavler asexceriiresy hgrﬂaﬁateiaﬂs nes a brace bar that coupl es
saldflowtubeto sai d bal ance bar. t her ect is.a Coriolis flowreter

conpr i si ngitepughy ﬁ]egﬁﬁefq’fowst%ﬁénn% ' ym"?ifﬂ’ €Sa¥nNIRYRACUPRIONS UPr oundi ng
sai d édaqghtt%@ @BHoY HieRhfdeSURSE 2B5E AldrneRBliAkd 8le E0peberd 8Rgiiupgi nal axis

of said Tl ow tube;
15 damage when the temperature of the material in the flow tube differs from the case

temperature. Under such conditions, the brace bar end of the case connect links may

move in the radial direction a different distance than the case end due to different

amounts of thermal expansion/contraction of the flow tube diameter. This results in

the case connect links being subject to compressive or tensile loads that may stress
20  and damage them or the elements to which they are connected.

It can therefore be seen that it is a problem to minimize structural damages to
these case connect links resulting from differing amounts of thermal contractions/
expansions of the case and the brace bar region.

It can be seen from the above that an aspect of the invention is a Coriolis

zo  flowmeter comprising:

a flow tube;

a balance bar oriented substantially parallel to the longitudinal axis of said flow
tube,

first and second ends of said balance bar coupled to opposing near end

30 portions of said flow tube;
a case containing said balance bar and said flow tube;

case connect link means coupling said first and second ends of said balance

bar to an inner wall of said case;



first and second ends of said balance bar coupled to opposi ngg pggroesnd

_-portions of said flow tube; a cylindrical case containing said balance bar

and ‘said flow tube and oriented 25 substantially parallel to the
_longitudinal axis of said balance bar; a first and a second circular _
di aphragm def i )| 88st$H o GASEHIEREBRAY ihisBld BEHIERASR! IPH heakasdr &bl sai d
bal ance bar and having a surface oriented substantially perpendicular "to

t he | ongiahadigealin the sffeftiwaiidndrisoan dfibaidareseairment libamearseincesponse to

tremity, of i d_di aph | id first and d ends 30 of
Al o bal AREE B e AsRS HAEPeIaPIC BPvddon SAaai GAtear | sast one out of

plane bend i n el a55dlis BM3aTAN0wALBEIN 305 ERABNPSSBANDES 10 the
ef fective dianeter of ‘each said diaphragmin response to"t hermal

di ff & ences bdinmeer sspattfiis tvattsabbaledcedial i askstabtiall@cylirdyicadasd Anot her
aspect is that said ﬁacq sai d di aphragm has an i nner portion that defines a
brace baSUEGHALE SRKLTRQY MO8 ow t ube and said bal ance bar. Another aspect of
the inventionyj ; L QR Ok i a flow
t ube adapted tAon%rt@%rre?é e a’%ﬁgggﬂa&%%ﬁ%ﬁﬁﬁaggﬁgﬁ éﬂ%ﬁf?eg‘j{u I'n rl(’)t?‘gl tion
pert ai ni pgralie! saadomgitietinall axis of\saiddlodv tdbmanet er further having a bal ance
bar oriented substantially parallel to the I%ggitudi nal axis of said flow

tube) first aldORRTARPESHHING S84 CAIAFAMRC HAK eeaps Buel)oatesy bar to
oppRsi ng rid f i ol £ uby | i | ow
{ Uba0ange Ao gnfaf A AN has 31gAghcuhaliich PRl Sa68anRal ARl Mgt o "ot
sai d bal thelengidudicakeaxit ofisaiteflowdlbe ot saidbatdnceabar; case; 10 tube; said
met hod conprising the steps vibrating said q%ll an%f bar and said fl ow

f:
tube ~n phaseSBERISREREH CAG FRINECHIDKTEANS FHPIESRA (TROANGIS26RPE SSuret or
ene gf &8l i Bk 1d 8 BRI AIoPEsAaRbNGng0 Sai d 11 owi ng mater al;

to g

and conpensating saild flowneter tor conditions of varying tenperature

di f f erenti al saflleabetme ont sdpthneasendhitdssidi edofgatedtaase donnelceknkgnemmsout of
pl ane bend. in surface of said case connect ns for facilitating changes
P e et enebieiiihanaesondieTsanes (sraah o sakke oreriecismcomeadilnce Lo
sai d varpy ; r [ [ Gl t - id
case. " st SR Bp RSB e AL Breh o SRR S IO QiR 1
achi eved i n aBoothearspeni ishthehesaigrassentorinecé mears edmptisgs:ovi des a case

comneC o A 3888 (S REFRB LBl SHRR AR bl LPes

expansi o3y|§Q8s baF bh YppHsitBlide P8 SHAVYUIafEBEL to the case connect link or
the flowreter elenents to which it is connected. 25 I n accordance with a

fir2d exenpl dirgt antsecopdtendsarrheach of saithease ¢onrkeat dinfss taicoupichbaidmenber
that is el pngated and i ¢ch_extends hetween.the interior .wall of the

f1 ownet Jlrsg%l'g Sﬁﬁ@%eﬂﬁg@g Sﬁéd( Eaft%_ngﬁg)adﬁgtsﬁé& BAEA I‘yoasra.' FAB®case connect
link is positAsneer hEpastvisthsl ¥aiidaBer@mprRet lihi0 mMdhdEaherisey aiesttdirt at he
el ongated axis of the case connect link is transverse to the |ongitudinal

axi s of segentlsysgtialigeirgntbriciaphragm pasitoaed @t opposite endsef gricect i on of

t he fIO\rg tlube. The case connect |ink of the present invention contains at
| east ort® Yif® B?r'pl ane bend in the portion of the link extending fromthe

brage bar encdch dibph eV a Watflace BAsdsOvliteplexbretily ézﬁm!ewéiﬁg'mse; a

fold that permts each half of the case connect |ink to expand or
Jul y 20@®dcggnondoendsot seidrialaace bar tecandamen walk pbasid aase; Bednal

bend may. ai sot R SoOH T D rsrn e o B8 ST o e B e Ca & 11 ke
an accogfbdsthaHded iRahbeactive\isPersd sfesaid Brmtagn iaressonde @ir ati on.
thermal differences between said flow tube and said case.
30 Another aspect is that said case connect link means is elongated and has a
plurality of out of plane bends in said surface of said elongated case connect link

means that enable changes in the effective dimensions of said elongated case



5 I'n accordance with another possible enbodiment of the invengigp.2obe case
~connect link may conprise a diaphragm having at | east one pleas oOr the like
with the circunference of the d{' a?hrach;g] cou l?tgcﬁto t he .i glner wal | s of the
_case. CHARSLARKEPERSY PiTERPYISG RGBT UG R SIHNERP R iIE domhiibe Y i on of

t he beagedar, the flow tube and the bal ance bar. The end portion of the

fl ow tube extends through a hole in the 10 center of the diaphragmand is
connect ed fHothes aspe% 'Se'%ééf.he'ﬂ%“" whedags srRe@N! diametsr trithe@ntire Beedt dance
with Bhﬁ‘zepf[o‘?%g{eri nvention can accommpdate thermal differentials and deform
or contrac ubstantially in response to radial expansion/contraction of

t Be flow tAbethandsheadt asteatisardvcade nonrdzotdigk nearishs etabgaiead amdimasiasi ng t he
case connect link. This enables a flowreter equipped .vvit{? 5 the case
ConnelOWFH AKTBFE {117 RRBIESIE FRenETBIT: ' SO BRgEdlS Siecive IZRot

envi r gnaepbnd ok fha it eh88P BEATdENEs A oo/ 8Bk iAlSs fidlka8%l st bet ween
different parts of the flowreter wthout causing structural damage to the
case conne@tdd ¢fpeichowerbsyanasgfsaicelangatediassy capaeediite®esans COESERI PTI ON
OF THE.. - es of the

i nve:%’%);%Vn%ym%ee%ggatggggﬁﬁéglps o%déep?%rrﬁ%gé/r?@g%?ﬁé”golf?%taghcgg%%%'l ow ng detail ed
descri pti okndther esect @k that isnid oaselootnam lnwktrhedhe cdmpnisegsa tirstwdaseh: FIG 1
di scl oses aw&ri or art straight tuti)%Cori olis flowreter having a case

conne@MEChIIK 38 iSECORd BRYTFRRME ther details of the flowmeter of FIG
1. FIG 3 diigtt0e8se edhritdiivk 8¥0MEs tdhe dilewhBAiRNinSér WhFof daldadeai 18l ong
section 3-3 on FIG 1. FIG 4 discloses a straight tube Coriolis flowreter
havi rgfitshsiglecraaétbalgnekBarnbodyi ng the present invention. 30 FIG 5, 6,

and 7 dis t pﬁgg' f i ising the
pr esent i%\?ﬁ?legdn&ded’f% dé)%ﬁﬁﬁy %%Sf%ﬁloggaﬁf@ggsﬁ%t%f%ﬁ,dd@bgf?%t'lqmcf)n of FIG
15 Cordaid tasd tooawsetardsside of shiartzadémra zagilaby a f1 ow t ube t hrough which
material flows while t?e .fdl ow tube is causgd.to Vi bratg a‘thta}]ts riesonant
frequency. 2 WRBIF" BOREP&F FalC GasereNneFidRpAYS dalies 2 b(ﬁ‘%ﬁ BNPHEOYRIEW t ube

Vi br afagsiibn 1A ELs M bhiageemarot her point on the flow tube. Two pick off

devi ces positioned at different points on the flow tube generate sinusoidal

si gnal s t HYIOtRRRASPERKS SaRRMIYIFHAVMAISH CRBAFRING i al fl ows and have a phase

di fferenc : when material flows. This phase difference is due
to Cori ol %SQF%%ZSB\QEEE ated by material flow through 10 the vibrating fl ow
2wbe. The amjndticadbalahce ber phwisending aidd lneetubetamskorientedtsnbstasitiatls al ong

the |l ength,of the flow,tube . is.sybstantially proportional to the nmass flow
rate pﬁgteﬁéo %'8?9'&10?%‘8\’/\‘15 %'%ﬁ?‘gttﬂé%’s f1 ownreters enpl oy si gnal
processi ngirdthadd dedcdnenes of asd parseethd ! es@s1e€ tandppésidycRsaragnd®ut put
signal indicating the mass flow rate along with other information
pert@pﬁl(}_ﬁtﬁ afhai Véﬂib_&li flow 15 FIG 1 discloses sectional view of a prior
art strai gilyihihe) ONd Aok Sinld PR bt BBRAKKA P16 TG0d AhaldiRiyanc oses

ng ow ing ba

the flowreter elenents 1 nclu tube and surroun ance bar
2602. stbstantiallyepdraBel éx thenids gdudiabl gxiswt baid bedarecellddr; and i s connected at its

ends 108 and 109 to end flangesl07. End.fl anges 107 are cqnnected by a neck
106 t o enddTSIGRIct SRe30d T3S AN ALY SO PP YRUARI T ance bar
102 abghibd t6 @abeehedr sQidatiendd b ranss/ibaa sLPAcBorients® shBstantidlly,  The
active portion 115 of flow tuhe 103 is internedi ate brace bars 111. Fl ow

t ubePBsREBRIGUTIO thesloggtiudingl axie of paid flerdiubesatd balgese P&T and brace bars
111. Ee i i : jove portion
115 of f%@d%é&i%gq ; t]JOr]’ iér?gﬁEgidqn@?a%%gﬁa%&%ggg%@??lﬁcs;an@ %%%dﬁc?somngt er.
30he gbsaiddelarmerecto b ikerovatbofl sxd edserentds 112a and 112b on the left and

el ements 112c and 112 n the ri.ght. The case connect |inks stabilize the
Vi brat i noRERBRbATS O8F oL Hant BRRud syt e STRES o BIHT shafbite | n

| ocathayeklip e difetivetiaragi@r ot daehaldi@ntiddhragm inh@spoglse t1@uhenganor nal
operating conditions as subsequently descri bed. Each case connect link 112
i s cofREticeg batwaen pRidifloshiybeRNherIdGBES- wal | 30 124 of bal ance bar 102 and
at a second end to inner wall 105 of case 101. Flowreter 100 further

i ncludes driver D for vibrating fIQM/tube 103 and bal ance bar 102 out of
phase at the resonant frequency of” these elenments with material flow ng
within flow tube 103. Flowneter 100 further includes left pick off LPO and
right pick 8



9 July 2003 off RPO which are coupled to flow tube 103 and trgeJLhrptme bar
- 102 for detecting the Coriolis response of the vibrating material filled
flow tube. Left pick oft LPO  driver %@g r%gg;t pick off RPO are
connect ed fBogt éﬁ%@e’ét‘héhﬁé@ €3eh ﬁ?'d:g €3 af 38 InngoPaRigN1tLaEt Met er

- el ect hefi &Sy %?a%e%‘?'doﬁﬁeé‘mﬁ’gj EX@ i Re A%y géadv[saanaf%@zésr path 1 i 9 to 5

energize drive D so that 1t vibrates the materi al l ed fl ow tube 103 and
bal ance bafAnaiher aspeadfof Mmmeatlom e a mestbad mf opeeaju@wegaoolrohs Iﬂewm@etement S.

The out put | s_gener ted b off .LPO and rjght of f RPO
e heihGadlRlie alenetih ettt gihe Rre Al e B BRI et o
et ect b@rﬁmﬁﬁwglaganﬁ%ﬁie\fﬁl {109SSaigifpwahsted AEHHETOREERES bhReettr geiBsfct €

information) including the nass flowrate, of the 10 material flowing in

fl 0\|/v fuhséantizdy pavedlel m@eﬁavgwl@éh@%péaawl%t@@ drd@ancorreesdients s .
ap Bt oisaft FA1aREd parcopplt By dblacd By Bbifildeitt hafind ieiEne SHEHBA™ (N9

bar 10Re, é’laese'cdmtatmrmg]samidd}m tibe brd sad palents bresindk case tmenhetttthnand ri ght

brace bars 111 duri operation of the

e L R e R I e P

Vo br afub80s£Y pitMBdEEMpAkIMBeBEPS 8f:n I ts dynam ¢ bal ance and under these
conditions, dynam c balance is nmmintained in vibration nodes 116 and 117

repr esent |W\@’at*mﬂsSﬁ@cb@'iaﬁﬁedTafrﬁﬁdTﬁﬁldoﬂp\&ﬁHb%én PHasA AAPRSdidnadyingia. Under

t hes l'ize the
Vi br ZP?%ﬁg“odf“P@d“ Jﬁeofr na %e?é\]r?% b(é)'?&? %‘gﬁ}ggg{rp%g‘gyasﬁ?ooﬁrfge %ﬁgé t he

f | owtetseid ﬂdeng)pmtanmlsanbese under ideal conditions. However, ideal
condi ti ons_do not exi terial may

ei t her i n&PERERS gn%%%&@g\g@e?erfa&reﬂ%é ﬂ%rllﬁ?'l SR té‘? gé“‘%’r?ﬁ%ﬁ‘f‘%%?{g”{kﬂﬁr ation

npdesetwb i s&itl ches andwasd idw tapd by iexing@n obh@f prahebeal ifensifageioncr eases,
dynam c bal ance of the vibrating systemis nai nt ai_ ned. when the vibration

nodeS$athsase ¢anaeal fneans daf ﬁa&&&@mrzﬁwgha@efﬂe the gftestiver pimRnsionswk saie 103.
Conve: §5E¥“”J°P'J]“ﬁ%§ﬁ%ﬁleféfg§t fo's%rﬁ%ryﬂﬁ@%Tg)ératgréediﬁé@rﬁ%!s t\QQ S attenpt

to nove outwar [ ocat to the ri | ocati on

117 tsaidfivowtudierarichsaididaisat i ng structure in dynam c bal ance. If case connect
links 112 were not present, L&ﬁ@h‘gn nodes woul d nove out of the brace
dens@é

bar 111 when the materi al

s heavier or lighter. Under such

;gpndl ti onghanghaVet Brotflern®s eaRedCcandast ddvBkse 1A 2hBOhrtpicesetléved te brace
a

r 111 woul d vibrate transversely

f | owacergdanoawitlriespresentinyaatie whieh medeﬁuarfgméa@@mcwnm

with respect to the |Oﬂgl{[t;,ldl nal axis of
8l 19580 t ube 103

and BUé‘&ggﬂaﬁé‘B b ANGERSIHh e Mé@%aﬁ&ﬁﬁ"ﬁ?{cﬁg g%ﬁ%%rtb g'ge bﬂe‘%\e%é%fmce

tween

rati ng nodes and pi cko y 2003 Case

connmarrriaﬂ ak;mn:kibﬁ/mmautme vithout parmaaeerstealamageto tbasasé chnaes libkor 111. They
forces associ,ated with these attenpted vibrations

do thi b tt
019 b |séo%ageeif ”E"Iémgé igh ddd CPAPBEIGH: case connect Iinks 112 to inner

oial | 105 pf ag@v8anéd withPairdOéxem
these vibrations wi thout any neani

ThusSomprisesadhin coameer thatrig langa
‘é:a:?r %g’&ﬁ 154 !h&%%t?r 85’&’&;%8' D9rhio

race bar 1

remalns w

ferﬁbe@itﬂem nagsh \Lask innkett k@ absorb
vi brations of the case itself.

(B eeWhich R mtmenﬁaa@teﬂort he
‘?{TF pP%na ﬁ?’f m%ré‘&u@ng? eaE'éjs Jal ance

or al reasona eve s of materi al

denscdr;netdnamk rra;pdseloeaedotnamwearelebywﬁm oaspemaolm bielve bai eo that thel ownet er

of FIG 1 di sadvant a erat fere i_al s between
{1 ovpiohpEeRgRal ihe sess ageca ik Kl TR Bubt Prinufiafel 2% Bhbetefer o

P enebBbarkfis hlsoWrdnlerdd iMeedriiaare PR he kbAkaba 1T hatdRBRIonhectexpand or
contract in length in response to the tenperature differentials to whi ch

t heylingref taawrmwvenm@n@@wﬁsﬁéﬂeatsrﬁpge.oyt pﬁatan@r@r%@ toe poatiah Pl nk i s
t f ture,
ohi 1R exfortlt HERSheBiace it o (PR cath HARLERaNS Eobndd Bk plFEPEUA LEG

103 =nchcalnpfisrsea folderpepatmite eabb $aifi gftthercase délnGecthrFN 8 edpand arst r at es
t he probl em encountered by flowreter 100 when the tenperature of flow tube

103 is higher than the terrperaturesof case 101. Under this



condition, brace bar 111, flow tube 103, and bal ance bar 102 gngreass in

‘di anmeter due 20 to thernmal expansion. Case connect |links 112a and 112b al so
attenpt .to increase their lengths since their . end portjons are connected to
11 ow TECLBANR &R RLOERC T REPOSeHBP T TR S T EERUG M IN PR PERBARRRL | ons
connegtRelrhPdéBEMbiidIEr THElUt 0BlaBk beagendPaiseatRbristdH: OUhBRY shdrpcause
case 101 is at a |lower tenperature and is extrenely rigid. Under such

condi ¥eRIRS, AT @S IMRRIE Ikprals2qadioard alteptathiebkMeY LRSS AmBoRSEda howed
out L ented by the dotted lines 212a and 212b. O they may
assu%g%lééggﬁ%%ﬁ?g%rd position (not shown) or one link could be bowed out
ahd t he otihaccbidakcboviddanotkerposebte smoajmeithef fher mesntaord tisé rcasees t o

whi ch the case connect. Iin(l§.s élZ are sutq c]ect e{d unqer ths congi Ei ons may
bend RBEE! IEVeRER SRS BRI PRETATRBRAAS 4t A O6rP eek s RIS MBS sub) ect
t hemdi ey ReseRBe Bk tlﬁ@@ﬁ%ﬂk@h HpiRIMBAReifnathivalls bh@ef dLaameties cageiracy is
degraded. Description of G 3 FIG 3 is an end view taken along section

| i ne pRIt®rOdf thediaphragm isgaervectastiy thanaigacofdbamsate pankwe flaw tape flat and

j [ 05 of
Case A heRanFE RS TreqtiPabhien il haRTpEReriS wyshold ol dfing 0°,°
1 r cokater whtHedrmbhkeagrmamdes coonagtetitothdahsmeadbar 102 with fl ow tube 103

and having, a center opening for receiyvi flow tube 103.. Description of
FlGs. 4. §negag#oanBraNK PtV rd P ACEEIames Id) {1 PiesRRUPUS IR D 0dy | ng
the BEeSARodaly fitlirmANdiffePentmlis anbldevsri 6F c4fPaA@BEIaRAAIY NQWshoRes 103, a
surroundi ng bal ance bar 102, brace bar 111, case connect |inks 412a and

412blo rafi! gxeansioeantiecticse thedpysrbesand baeace bangith ng demeigede the Coriol i s

flo - ; i.0:all Q%gg (=P [N A nce in
cas%gﬁlaéict%qu?%k@ ﬁ?h%as&gg%rv%\}éncg“@keum%san léﬁg)ﬁbw%t\f?\npﬁaa'fgbéﬁggr aphs are
i r ettteszh secamndetioTk gfitthe prederttivaseatidn td promese snaterialgiden ehvironment ze

drawi ng, ¢ | exit FIGS. 4, 5.,..6 and 7 do.not show,flanges 107, neck 106,
CaooroRBEPIBIET irtopraE Efterer e N e PERRKES A PREPE TS 1 e s o be
undengi@ete tviitout Beusgng ettubRASIIPhadd tB3he 8asdcofnddtdni ol the Imslpbetdese

el ements. On Fig.4, case connect (inks 412a, 412b, 412c and 412d (Ilinks

412) todvhickthey 8 aonnested.connect |inks 112a and 112b of FIGS. 1 and 2 in
that each case connechekicHiPAIEN'GE THE DA dIldd its md-portion. Fold 401
|

permts case each co ontract mlength w thout
28dver sel yTed Bbote agd other adlamagdssaraf fefat resetf ¢he Fd@ntibremaytbebeetdsrsumed t hat

the tepperature of the flow tuhe 103 decreases signifjcant do to cold
ATl 7 £ HEat Ehahe ToNE e A SRefid i EaYaED b ance bar
102, cdMj@cqiopalitil ik dndihdoOw WHIRA: 103 contract and decrease in di aneter.

Al so, the_inner leg 403 of each case connect |link 412 becones nuch col der

t han t he ftlEpeaiciAsesd RFr &at IsHgiIghd tehe & ADlis\Hiavenetes hayimger &8¢t o t he

i nnefpakt ii05 of case 101. Under these conditions, |eg 404 remains
constant i1n I'ength while | eg 403 becones colder and contracts. In
2B6ont r act iFIG. 2 disclassehurtter dedaitshofdbe fioameter 4DE1@F1.25 fol d 401 to open to

i anet or TP BATSRR T e Yol 7 MR eiE A 16" Lok RR o8 SR T ow ¢ ube
on FIG. 1.
FIG. 4 discloses a straight tube Coriolis flowmeter having case connect links
embodying the present invention.
30 FIG. 5, 6, and 7 disclose alternative embodiments of case connect links

comprising the present invention.



tenperature increases, this increase in tenperature expands tg ﬁ ter of
‘bal ance bar 102 and fl ow tube 103 and expands |eg 403. In so doi

causes the nouth 402 of fold 401 to close to accommpdate the |ncrease in

_di anmeter of balance bar 102 30 and flow tube 103 and increase in the |ength
of leg 4p3. It can be seen that pehsincEpdseriptwd enperature of flow tube 103
are inparted to brace bar 111, bal ance bar 102, and | eg 403 of case connect
| i nk 412Desenimioeyof H&cduse of the presence of fold 401 and its mouth 402,

" case connect blnk on, or

e e oney T, ContiniGyteriare chatbbrzat by FONTR0E el bAf Bl

connect ﬁdv%w%% t9& fibW, tUB% |§|cgﬁ§é&$obibr%'é%hts' r“esbﬁaﬁpﬁégﬁér%if Whepnd Vi ew
of FIG 4 would be simlar to FIG 3 except that links 112a“and 112b do not

cont@in matertad)iajnamovahgt EVery mztomt@rﬁwguh@mmmsmomrmse wuti"eeyemt i on of
| 404 d | 1 f 10 tu 103 .a t 113
& 4 NBhRoRN o P8 o Riben THE pieK o Hevic8S s fipoedaiiedal nodts e "
i nput aﬂﬁe%Wbee'%br?é‘eré éﬁ\%@@ﬁaw@ngrs fRafh Jetﬁ@sén@%%@rwh «waseter s

advant ageous 1 n th I't enhances the cl eana |I|t of the flowrret er for
appl i catmatesiahfiewe asaniha\e & @hass difgiened blalwvéemthandwlsem osderialiflad.er nat i ve
ase connect

nmbodi t, th t fl t
T oes 5iitis Shasl UtBRCs 19 dud 18 Laritis Yorsef e iated Pyt A FBpaT ao oo
i ns{pad thé‘(/ﬂ)rétnﬁ%h bR tub¥. Ofhes hidgpRUuba lof khé?hywalf@réﬁé@ befieenBRY 8w

undul ati ons per case connect 11 nks 512 to expand or contract V\ntﬂout
st r uct urslintd sieng theoleingtio of theeflow tube is aﬂastanwmﬁymroportmat tnthecinads

T S S S BRSSP0 G B B S
| inks 6ithgt cﬁ&é?rﬁme@]t% piodeLdiffdréhdeland phatifted P60 RIgn4I PeMEding iRRe-

Thi s bowed shape permts case connect Ilnks 612 to either expand Or
cont r actmass flawgate alongovith ptherimformation pettaindng thenepdetial fiome 20 f 1 ownet er
el enents to l.ch t.h are nnect ed. .Brace bars .6 ted {o case
controct 11 nkd 1813 difibedt SpER it aaneT Al Ui ERCLREe SH0B Taielsts 15
are nar 1o 1o Blcasast G eploslesiike fllaa»%aet@neuelﬁ@msnﬁclﬁa}ﬁg fow ElRiTent s
601 and 602 are the junction of the outer end of each case Connect |ink and
t he i nnéB3vand summingdméarlmbarzﬁobeﬂnw piieof0DextEnds axi#lyavitiindiasel oses

| i h 700
5w oD Boerosr et it RRes dBATELd8 S Bhe BarGRe R Lo FRR RS T ng
center @peBbAMected Hyod neBRAI06 to%kridso¥04 BhEaskd)301 Criewnthies ¢os¢s 703 of
di aphragm 712 is affixed to the inner wall 105 of case 101 @ghr agm 712

i s 28f f i guErogoded bydiatameeaat 162 angdds groneetedia s b;ﬂancmlbaﬂ byal ance
bar 102b?é1<% Bgrrsf PI{™The active portion 115 of flow tube 103 is intermediate brace bars

111. Flow tube extensions 113 and 114 are intermediate flanges 107 and brace
bars 111. Elements 116 and 117 are the vibration end nodes of the active portion
115 of flow tube 103 during normal operating conditions of the flowmeter. The

25  case connect links comprise elements 112a and 112b on the left and elements
112c and 112d on the right. The case connect links stabilize the vibrating elements
of the flowmeter to maintain the vibration node in location 116 on the left and in
location 117 on the right during normal operating conditions as subsequently
described. Each case connect link 112 is connected at a first end to the outer wall

30 124 of balance bar 102 and at a second end to inner wall 105 of case 101.

Flowmeter 100 further includes driver D for vibrating flow tube 103 and

balance bar 102 out of phase at the resonant frequency of these elements with
material flowing within flow tube 103. Flowmeter 100 further includes left pick off
LPO and right pick



the mul ti ple functions of a brace bar and a case connect |inkg jfiy20es
"surfaces 704 and 705 of diaphragm 712 have a fold 701 which is simlar to

fold 4 4. This, f m t hr agm contr t/expand
oG SR dich aidisahble 5 ol RE ARG Be SR 10h3nt B SERnEREE { T

t ube diocisRE R¥spentdotihepesaBAG Ntatded giisatibenube. Ebt ek dff SRUY, deivet be
structural elenents to which it is connected. The portion of surface

bet weeht BANERIEEOBEPA e Garaeriesioruaier Alssir e PRy CASTHCIBraE 88 bkt
Alth ¢ of
OHFE‘ fiz4e Méﬁt’?"e{‘% llédn & ??gb?&f‘so?%‘?r@e%'g?f‘élQé%‘#nvéﬁgg%ggddaﬁgi‘%o%‘lo?ﬁ;t ?hea

5 single straig wnet er e
pres enbeligimeediiveod smsthabm vebmatle's nhé ecktana fittey floev Ldbed1Q8 ahd dtahencd wnes of
curved

Cori ol flao ters udi n i ngl e tube ownet ers i r.regul ar

cont | 07 gtk GhPBESE 3t e sehi P A yatdena SR 20 A BEPERBT 1 ow

t ubes eneratedby 1¢htypigP 0B LERRAE righCpick o BPO MenBliend6@BDEl Sbiductdrs’ | ow to
? a bal ance bar (102) oriented substantially parallel to the

| ongl ﬂb@jaﬁa|12d>apsﬂ@qer glactropicevi 22u bdetes elgqtioniosn il RGHIE BIRSS wme& 410b)

of sa g of | oW

t ube; At ?ase %%Tﬁ%m é‘%ﬁ?ttﬁgn@ge‘%ﬁggl gg@@ﬁr FHdlprsa f? ; case

dﬁnnemate‘nahkowagmsﬂcqwlm 103, 2the inddojatiangedeadyd bpmﬂter@esaomcsnl%t and
(105) of said case; 10

second en s,of s | . ance.ba wal

char abcopisdguegsad, RUBL SyRdht 8rdh pfHowEng (201 )% n oai d case
connect |lTHr’em@ﬁﬁg%?éteﬁﬂﬂbﬂowt?@et@hmeémﬁﬂséé'lﬁb\ﬁftﬁsét1DBGDrdb@WHQm of said
case connect link means in response to thermal differences between said

f1 ow anfblalanee dar d08adde \Qbrame nogies &if itkesq elpmards resideaithe ieft andni ch:
sai d {dRWhiPEalsS1 BUBSER MR dhat LhaEARh of the flowmeter in which material

15 having a nominal density flows through flow tube 103. A vibrating system must always
maintain its dynamic balance and under these conditions, dynamic balance 1s
maintained in vibration nodes 116 and 117 representing the location of no motion and
being in brace bars 111. Under these conditions, the case connect links are not
required to stabilize the vibrations of the internal elements of flowmeter 100 as long

20 as the flowmeter 100 operates these under ideal conditions. However, ideal
conditions do not always exist and, the density of the flowing material may either
increase or decrease from the nominal value in which the vibration nodes exist at
locations 116 and 117. When the material density increases, dynamic balance of the
vibrating system is maintained when the vibration nodes move inwardly from locations

<5 116 and 117 along flow tube 103. Conversely, for materials of a lighter density, the
vibration nodes attempt to move outwardly to the left of location 116 and to the right
of location 117 to maintain the vibrating structure in dynamic balance. If case connect
links 112 were not present, the vibration nodes would move out of the brace bar 111
when the material density becomes heavier orlighter. Under such conditions and with

30 the case connect links 112 not present, the brace bar 111 would vibrate transversely
with respect to the longitudinal axis of flow tube 103. This would change the vibrating
length of the flow tube 103 and change the flow sensitivity of the meter by altering the

distance between the vibrating nodes and pickoffs LPO and RPO.



3. The Coriolis flowmeter of claim1 in which: said balance kgjuly 2003
substantially cylindrical and surrounds said flow tube. 4. The Coriolis
flowreter of claim1l in h: said case is cylindrical and oriented

_substanti al |%ﬁssacroane@|hnﬂ<§ 1a121 f@ﬁ@wwwﬁalraweésw%ﬂwsr plokvacerrar B.1. The
Cori ol ihef | QR Qrfmrﬁlrﬁ tWe]fo!'crés ﬁﬂraté@'vﬂtﬁﬁ%‘%e%‘?«%&dld:@#ﬁtl@ﬁ@%? s

el ongat ed” and subs antl flat has a | ongitudinal axis oriented
subst arbraca bar 1ﬁéﬁ<péadxt@uﬂdad tmr@ugh@aswgmm@@uhnas 1aftsinoer waild Obladwasaibe and

d bal . Y I I id
Prrer aRa CasBnp b sl R en R R AHR s SudfRnPgs BRMBLEaR Ll
(165) ofeaspiiglulossationndf e daasitsedineT s, with @éﬁleor’ﬂ&ml i6KO1 12 presemi d
el ongat ed case connect |ink nmeans that enabl es changes in the effective

| engt hﬂlﬂv'g@ﬂ'an@PSﬁ@é&*@d"’@@é'@gééwﬁ%? C?ﬂ""”%’@ﬂ?‘ﬂ}"@%é@w brecadand 11n )
responggy FQlaﬁ«??BHP oé#efni@ﬁEW&ﬁﬁw 61%&&"8 gp1 9 skt il g%é&&?ﬁe A Se HatkParase. 6.
The Corioltls owret er

claim1 sai d case connect neans
conpr i gessitydhéi msybaredlcausareﬂ@yd@s\etwen‘r%t link (412a, 412b, 412c, 412d)

posi ti oned teachen of said anc [._ORn. Opposite .si

bal ance bar, %P&g{g]ﬂ ﬂ?l‘@fg’ 08! ﬁé69 ﬁﬁgalge Q'@ﬁgg %8 é@?{j fHEEfﬁﬁHEft coupl e
sapd f ietermals tseﬂ%mﬂ@wdst;@ﬁ 08and casé andededadse ss@ctirbng@hayehs tHef said
case. 7. The Coriolis flowreter of claim1l in which: said case connect |ink

means ERFRRIlementsf flay tiRg 193 vhasmepseutIngn 1iaks §12 aitempato axﬁaqm gm (712)
posi ti ongdcRlin QRAS i ‘??E&Sjt%e( 1o & 1erhp 8P u RS dﬁpérem%é%ac@hgeﬂ frey® ,%ach

di aphragm havi ng a surtace (705) whose outer extremty coup es said
first an’upb@edoh’deeenh;ardbd@sds mwneeerbhmf ¢achaink lrsm@nnwaﬂeld t@]ibé)mmﬁr sai d

g?sgal \HQIP@% o& 8§s.set1(91n Lﬁth aqlrﬁq mp%rgtlfrgovlvh?le He 8{%9 e%%rfaecaech(l n94 705)

15 1s effectively connected to flow tube 103 at a ditferent temperature.
Description of FIG. 2
FIG. 2 illustrates the problem encountered by flowmeter 100 when the
temperature of flow tube 103 is higher than the temperature of case 101. Under this
condition, brace bar 111, flowtube 103, and balance bar 102 increase in diameter due
20 to thermal expansion. Case connect links 112a and 112b also attempt to increase

theirfengths since their end portions are connected to flow tube 103 having at a higher

temperature. However, the end portions connected to the inner wall 105 of case 101
cannot move outward because case 101 is at a lower temperature and is extremely
rigid. Under such conditions, case connect links 112a and 112b buckle and assume
25  a bowed out position represented by the dotted lines 212a and 212b. Or they may
assume a bowed inward position (not shown) or one link could be bowed out and the
other link bowed inward (not shown). The forces and stresses to which the case
connect links 112 are subjected under these conditions may bend these elements
beyond their normal limits of deformation and subject them to permanent mechanical
30 damage in which the flowmeter accuracy is degraded.
Description of FIG. 3
FIG. 3is an end view taken along section iine 3-3 of FIG. 1. It can be seen that

case connect links 112 are flat and narrow planar members correcting the inner wall

10



di aphragm that enabl es changes in the effective dianeter of sa gLgp@gshragm
in 10 response to thernal di fferences betvveen sai d flow tube and sai d case.
8. The Coriolis flowreter laim 1l in wh i d case connect |ink neans

is el oPpyateagedid anskthg %‘I‘%fr%{ ijbaﬁﬁcedqarmogneerg@ﬁggr (Bl cipay, 512c,
and 5]2ehetiRatmenail %oﬁﬁ@&g‘@sbé!’&n%@%zlre‘r@ Wlﬁfflo%@{tfbeehgﬁ%ﬁ%mg connect

link means in response to thernmal differences between 5 said fl t ube and
sai d esnder of®nithier ceeeivngdlom buaeel@3. of claim 1 in which said flow tube

(103) c t di anmeter for the entirety of the length of said
flo Dg(é”.ﬂ of Fi g oS 610. The Coriolis flowmeter of claim1 in which:
" sBi d case RiIGnrddstidtek an@anshs Sowhmiged 60l eaibdbdyasy teboeednsinvémm. (612a.

612 .. and 612d) that enabl es said case connect nmeans to change its
effec‘?‘i"#ﬁ’slf'QW&er‘ne”}P UPRHRES | ‘H"i‘ﬁ?@r a&PffPéPé'HSé’@'%‘é?tev%’éﬁO%at?racﬁ ow t ube

and spirdi P CRSE; coHHETt (PR 4ﬁé¥2an@0312@ngn@%4kuﬁguﬁ@:h§ opued cgiifigce of

said el ongated case connect |ink neans 'couple said fi (605) and second
ends floemegtepd0Gigisimaiita fesiobaflowonetar 1 Oﬁl@frF malllangf2 lg@nlldem extclept The

Co 0

comprv B IHEATRETh Sisd LBhHRAT ik kil B 5518, 8 e Ind IS S onnect

10 nk ;ia@ég?}lbph?g@bh,r?aad.dc()jfaniéécrtmmlhoﬁmhétg@Ulffdfréhcegsﬁ12‘3@r0@%§%§ml¢l?ﬂﬁ 93 sai d
.0 case 0O a 1 rs S| de (6] sal

o oG MBI EIGRd D ded A S8R enoniangescin neak NP €%l os an

?DDO%nHQ1§hd&o‘?vae§@'aq"xd;518@c5ffé’\@fbb Aﬂ@ﬁapefof%q ¢ﬁ§€o§é%dérswbqqhéﬁcond si de

04) of said balance bar; and a center of said case connect |1 nk neans
def i Maembpdimantdaf F{gs14, p. 6ead 1 0hadurdgsl thbese giamémtsw t ube to sai d bal ance

o i 5 PR Syt 5 8L B8 1130 SRERERRI s e b B 2 secone
15  case connect links 112a and 112b of FIGS. 1 and 2 in that each case connect link 412
has a fold 401 in its mid-portion. Fold 401 permits case each connect link 412 to
expand or contract in length without adversely effecting other elements of flowmeter
100. Let it be assumed that the temperature of the flow tube 103 decreases
significantly do to cold material flowing through the flow tube. This being the case,
20  balance bar 102, brace bar 111 and flow tube 103 contract and decrease in diameter.
Also, the inner leg 403 of each case connect link 412 becomes much colder than the
temperature of outer leg portion 404 which is connected to the inner wall 105 of case
101. Under these conditions, leg 404 remains constant in length while leg 403
becomes colder and contracts. In contracting, it causes the mouth portion of 402 of
25  fold 401 to opento accommodate the contraction of leg 403 resulting from a decrease
in diameter of balance bar 102 and flow tube 103. Similarly, if the flow tube
temperature increases, this increase in temperature expands the diameter of balance
bar 102 and flow tube 103 and expands leg 403. In so doing, it causes the mouth
402 of fold 401 to close to accommodate the increase in diameter of balance bar 102

30 andflowtube 103 and increase in the length of leg 403.

It can be seen that changes in the temperature of flow tube 103 are imparted
to brace bar 111, balance bar 102, and leg 403 of case connect link 412. However,

because of the presence of fold 401 and its mouth 402, case connect link 412 can

11
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having a center opening 702 for receiving flow tube 103. Circumference 703 of

diaphragm 712 is affixed to the inner wall 105 of case 101. Diaphragm 712 is affixed
30 to both flow tube 103 and to ends 710a and 710b of balance bar 102 and performs
the muitiple functions of a brace bar and a case connect link. Pianar surfaces 704
and 705 of diaphragm 712 have a fold 701 which is similar to fold 401 on FIG. 4. This

fold 701 permits diaphragm 712 to contract/expand in diameterin response to thermal
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5  single straight tube Coriolis flowmeter, it is to be understood that the present
invention is not so limited and may be used with other types of Coriolis flowmeters
including single tube flowmeters of irregular or curved configuration as well as

Coriolis flowmeters having a plurality of flow tubes.
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enabling changes in the effective dimension of said case connect link means in

response to thermal differences between said flow tube and said case.

2. The Coriolis flowmeter of claim 1 in which:

said flow tube is substantially straight.

3. The Coriolis flowmeter of claim 1 in which:

said balance bar is substantially cylindrical and surrounds said flow tube.

4, The Coriolis flowmeter of claim 1 in which:
said case is cylindrical and oriented substantially paralle! to a longitudinal

axis of said flow tube.

5. The Coriolis flowmeter of claim 1 in which:
said case connect link means is elongated and substantially flat and has a
longitudinal axis oriented substantially perpendicular to the longitudinal axis of said
flow tube and said balance bar,;
5 said elongated case connect link means couple said first and second ends
(41043, 410b) of said balance bar to an inner wall (105) of said case; and
at least one out of plane bend (401) in said elongated case connect link

means that enables changes in the effective length of said elongated case connect
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each diaphragm having a surface (705) whose outer extremity (703) couples

said first and second ends of said balance bar to an inner wall (105) of said case;
and

at least one out of plane bend (701) in said surface (704, 705) of said
diaphragm that enables changes in the effective diameter of said diaphragm in

10  response to thermal differences between said flow tube and said case.

8. The Coriolis flowmeter of claim 1 in which:

said case connect link means is elongated and has a plurality of out of plane
bends (512a, 512b, 512¢, and 512d) that enable changes in the length of said
elongated case connect link means in response to thermal differences between

5 said flow tube and said case.

9. The Coriolis flowmeter of claim 1 in which said flow tube (103) extends at a

constant diameter for the entirety of the length of said flowmeter.
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11.  The Coriolis flowmeter of claim 10 in which said case connect link means
comprises a first case connect link (612a, 612¢) and a second case connect link
(612b, 612d),

said first case connect link (612a, 612c) couples said inner wall (105) of said

5 case (101) to afirst side (603) of said balance bar;

said second case link connect means (612b, 612d) couples an opposing
side of said inner wall (105) of said case (101) to a second side (604) of said
balance bar; and

a center of said case connect link means defines a brace bar (611) that

10 couples said flow tube to said balance bar.

12.  The Coriolis flowmeter of claim 1 comprising:

a first and a second circular diaphragm (712) defining said case connect link
means coupled to ends (710a, 710b) of said balance bar and having a surface
(704,705) oriented substantially perpendicular to the longitudinal axis of said flow

5 tube and balance bar;

said diaphragm couples said ends of said balance bar to an inner wall (105}
of said case; and

at least one out of plane bend (701) in said surface of each said diaphragm
enables changes in the effective diameter of each said diaphragm in response to

10 thermal differences between said flow tube and said case.

13.  The Coriolis flowmeter of claim 12 in which said each said diaphragm has
an inner surface(704) that defines a brace bar connecting said flow tube and said

balance bar.
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in a surface of said case connect link means for facilitating changes in the effective
10 dimensions of said case connect link means in response to said varying

temperatures of said flow tube and said case.
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