16 Decenber 2003 APPARATUS FOR CONNECTI NG A CORI OLI S FLOMWETER TO A CASE 5
Field of the Invention This invention relates to a Coriolis floDeRhtber 2008
in particular to a single tube Coriolis flowreter nethod and structure for
connecting the vibrating elements of the Coriolis floweter to the

fl ommeter case. The invention further relates to a nethod and appar at us
that enables a Coriolis floweter to be manufactured, 10 tested, bal anced,
and stored prior to the attachnent of process connection flanges. Problem
It is a problemto provide a single flow tube Coriolis flowreter that

operates satisfactorily,gaehdrolcSaet-ARoedrio S ReWEtRGoRa ™t ers. These

paraneters include operating tenperature, density of the naterial flow as

well. as material 15 pressure and f\lﬁovy itthel 6\ change in material density,
thermal |y inﬂuced stress in the flo rasLheln f)'?éc’g%ure stress on the flow

tube can each result unb ch t he accuracy
of the fl owreter. ChTzfr']s I('a-'s "ﬁm r%é 316 %&r"gﬁ"eq@#’ﬁe erg"irnz(ij e p?dlc&‘%%@ an gé%d

dynami c isol ati mbe@fforrbh&ﬂmvrbetat meyﬁodlaﬂmhtl@umffor doneedtinguine vibrating blempnisbl em

is to keep the V{[lﬂe%tg?g\cscequﬁﬁr&@lt% ih eterr (93 ki’ﬁ 2nQ:e Lgneﬁhﬁer%lapegq ges in

operating par anBt ers erations
oper ati ng par anstethod alnmmparatLlsdmmeetreb!ea(aoimahg/ﬂmnaddﬁortg! mentdactursdbt racting

from the Corq ol e ACEakALaa! bl Bled e, PAEL Ao BB SlhodiEh RhRLEL | ons

cannot be conpensate becatse t con
of the flowreter. The nounting condltloneroallm of ten change W|th time 25

and tenperature in %ﬂgg%%l%ﬁ%{c?%og}ﬁfés% §i|§b§éjg& R:b\é‘%fdn%@é R%rﬂ%tgp@%%d les

paraneters and nDuntlng con L ! expect esire
the flowreter rmmmoolyeqvatam rapgel ohepsmlicg pamﬂat dhese paremieterdr mat i on.

It is also desigafgd Bodraliftft eﬁip(el‘&i&ﬂér&énslt{%ﬁﬂé HaYer%i fl&JJ'Ss wfellﬁmi&fal el ements

be mai nt ai ned as t ese araneters var IS a gh eS|gn
Coriolis f|1@memréﬁ5l§e>a@%&@w rqteo‘bé'ﬁqm@sn matadiakggns I“@fﬁ@ﬂnmééﬁtedaﬂﬁsﬁtﬁ'es not

destroy itsel fihasiolhd, bPpeBige sﬁb@s”@rﬂtth@ fiBw vt Rinesdchlresuiah ¥h DEbARRkEat | Ng
tenperatures. Fl owneter de5|l%ners al so desire that the flowreter

calibration renenFitieswhichaifegtsdhe agcyracy b fhefiowmelesn La396F Wehesenge of
mat eri al densi t pSmelbfs ddgi@ie the sahibiany ayhdifis ofldich gnhehjtratoryweémennts Gori ol i s

f ownet er nust ha\ﬁowmeter The problem is to keep the vibratory elements immune from the
20  effects of changes in operating parameters. Accelerations that result from the
change in operaling parameters impair lowmeter accuracy by adding to or
subtracting from the Coriolis acceleration of the materal. The unwanted
accelerations cannot be compensated for because they vary with the mounting
conditions of the flowmeter. The mounting conditions also often change with time
25 and temperature in unknown ways.

Even though a variation of material parameters and mounting conditions is
to be expected, it is desired that the flowmeter remain operational and produce
accurate output information. [t is also desired that the structural integrity of the
flowmeter elements be maintained as these parameteré vary. Itis a goal to design

30 a Coralis flowmeter so that it operates with suitable accuracy and does not destroy
itself as the flowmeter elements are subject to varying operating temperatures. '
Flowmeler designers also desire that the flowmeter calibration remain constant and
flat over a reasonably wide range of material densities.

In order to achieve these design objectiveé, a Coriolis flowmeter must have

35  adynamically balanced vibrating structure that operates in a controlled and

predictable manner over a range of operating parameter variations. Also, the
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35 a dyn‘am cally bal anced vibrating structure that operates in a controlled

and. predictable manner over a range of operating paraneter w@rné%%lgé}szom
Al so, the 1 16 Decenber 2003 flowreter elenents external to the vibrating

system shoul d not vibrate or conmunicate vibration to the vibratory
system A Coriolis floweter often conprises a single straight flow tube
surrounded by a bal ance bar and brace bars coupling the bal ance bar ends to
the flow tube. In operation, vibration nodes 5 (regions of no vibration)
occur in the brace bars between the flow tube and the bal ance bar. The

nodes define theﬂbs@ﬁgrtehea@ifnehtb%xi‘elrrmfvtcl B Sidr&tg sySte N %t og%%’é LPlis force.
The vi brati on nodes of t ube and the surroun 'Iance bar

shoul d remain in ?’H‘EU’HF%{SQO*’H‘A‘PQ t‘b\?‘@ viralent y§tsen- o‘FCﬁ&P[ gfefaftenwhi ch t he
flowreter is descwd;es Slsmg% élﬂa@hbﬂkbvafi}b@ PAroundicAen BAESoe B 9nd bPA@etbléEse
conprise 10 a dynqm am %P a]gced S§ the vibrating mass tines
vi bration vel oci t3'P819 MEREIEPST B ERAp ke therioi tHbe gl APeratieny yipratian rredesass
times the vibrat dreaglonsejmowm;latbﬁ) ddear mfthQWatc@bﬂrs Rwb &N BedRwiES SnspRdI ti ons
are net, and pr Oydlﬁ-ﬁg her Bbﬁl \?\EZ forces or torques are applied to
t he non-vi bratory € ts o'?Odleﬁ gngth ok ihe floyityhethalys sukietdo Cerelisn i n
t he brace bars dnaet H’Be@rlbm:bnhb@w srete fowe hayedidné QLEWéd?udﬂf% Hal8@e baPm

all en short of neeting

vi bration. Howevgr dQéIJJ‘IQIFI "ﬁrh% batt ts have all
these conditions, CATPFTar A E PEIEAAR OYS U nge hraameters {Rsvbieh thad t he
communi cat i on offlowwieltaras de;algnbdoﬁrrtcbmecbaendwbérma&é bargt Qfd’flo%’ﬁ:bé@bhr?n@o"m
in U S patest Thi ar ent dlscoesastralg t ube
Coriolis fl g@\nefa ecriy%égx\:/c%&bal&ﬁeg%gﬁargep tﬁﬁwgamgfﬁt%%@' Yrafionyglagity ai
coupl ed by br acéhmalencemesmm equal thewibreting nasd frags theaﬂﬂiattlfn%ﬁ)chﬁbf #ksSO
conpri ses a por Thi s eone uses
nmp POT T, A’fﬁﬁﬁbp&?ﬁ@s@@ u‘ﬂonts e Ingg\sg”ﬁ ggc}wqeﬁenooqtg bB%’Pxeq:or

the nass of the case to I 0N no
i nstance, a hi gfifEesnaiterguessdre@palied tn tlneheo:i Vlbmtdnulatenmussdsthé Inawmel@rrahe on

nodes to NDVe Vgibyatidh ndédd r)ém'al?lt:f? tth a@&B&Pé?nB%é R8s ﬁ)ci ger &OW habe w t h

the result 25 beln? that the brace bars and case ends
phase with the frBafram d@’%‘!ﬂ" Homieren arier ast attaments havk 3l iladm $Hmtofmthgrres

vel ocity of theyeaseondiions. the mass tinmes the velocity of the bal ance bar
equals the mass tinmes velocity of the flow tube. A low density materi al
causes the node to HHRAPTEMAYRTPYI0IRiFIZHBOdIDEP TNt I8aH the commbricatlisudft t hat

the case noves vibraptrafsemithe daskhe tHel Wb¥alopPSystdid is shown in U.S. patent 5, 473,949
to Cage. This patent discloses a straight tube Coriolis flowmeter having a flow tube
20  and a surrounding balance bar coupled by brace bars. The design is unique in that
each brace bar aiso comprises a portion of each case end of the flowmeter. This
geometry uses the mass of the case to keep the vibration nodes near the brace
bar. Forinstance, a high density material in the flow tube causes the vibration
nodes to move very slightly into the active portion of the flow tube with the result
25  being that the brace bars and case ends {and case) move in phase with the
balance bar. Momentum is conserved since the mass times velocity of the case
plus the mass times the velocity of the balance bar equals the mass times velocity
of the flow tube. A low density material causes the node to move slightly into the
balance bar with the result that the case moves in phase with the flow tube and
30  momentum is once again conserved. The problemn with the Cage design is that
momentum is conserved by the case moving with the light member. The vibration
is of small ampiitude because the case is massive, but it is still large enough so
that it can effect the accuracy of the meter.



30 homentum i s once again conserved. The problemw th the Cage design is
that nmonentumis conserved by the case noving with the |ight)gm®édeeaiber I8
vibration is of small anplitude because the case is nmassive, but it is
still large enough so that it can effect the accuracy of the nmeter. 2 16
Decenber 2003 Anot her exanple of a prior art flowreter that attenpts to
mnimze unwanted accelerations is shown in U S patent 5,365,794 to
Krohne. This patent discloses a flow tube surrounded by a concentric

bal ance bar and distinct brace bars that couple the bal ance bar ends to
the flow tube. In tmmtréeak;gﬁplélaealpacbraantfem&né!alrthemifenwetmmnrmmnect ed to

th inth ' ' f . th

low tube. axi al POt tesr B PO IS8y n0s BAIS™ BPBra™ ¢ KRHBE TEBAREA ed 1o
any of the suppdistiossaltmuube sutapided py hlventearivc Balatscedsmaed tistind bracke

fl f . Thi t I f
the vibration st Bl RRFEPEE y TR BiTRClbR) e SRR aHE ©
anplitude of5 thbarbahaa@mdbaonrmt&ﬂn%hamse\aamylrferféagel desilgmesﬁugheqﬂmrmtthe At the

desi on point. t Beak@bolen 3P L6 LSy BIAGR P Tnblab0Ba kad W88 12

equal and oppos e torque applie race ars
bar. The resul tcdngettedito anyofithmsurdpes Spmttiliemewfbytlh@ iitle@nds cotrectaddo thedeed

i nactive and r ?gﬂgﬁ (st Ii&ﬁlz\gm,glﬁ@c ef}n % ?Q‘saétﬁ act Qfésqghgmearﬁt]égﬁh af'él?xoﬁhe

mat eri al densi hanges. erl causes the VI n 15
anplitude rati oamm'tmﬂﬂglefl%tt:@erﬁ!meol@ymmaynnan@htwi:lbuo&thecmla@mbmt ude of

the heavy 1bl Ve AP r8ATR e ‘#@rlp%mli &t te Rbaibh BOinf TR, tofdiailied Bngal ance

bar i ncreases. I n a ude ratio Ses ues at

brace bars to Q!é%‘?ﬁés hY {‘?(!‘h*e'ﬁes Fieaualiagd oppasiel tptheritorgus anpbed t9dhe appl i es

more torque to prhdepds eﬁmewadcewlm feB@nisttha :h@ma@rﬂam&dg%ﬂﬁelfﬁw t ube.
The inactive portion of 20 the flow tube exterior brace bars make up

the torque dif flubededndesd "E?é?ﬁtﬂ%a"%lée"?i’”? e [hetax'sUi’ff‘B? f‘l?l‘FHt & Rroblpmarises

translation i NnGHRAIRS mhfkela%ﬁﬂsiﬂf bekhges. Amayn iy r m‘atéwm éaw%@s fadibradeps t he

bal ance worse. U timate| he flow tube g_?ontal nl.r_? %g density
material) dhds AMPItHIE qytﬂgf RROSH IR EPTRPVR MRgTReNIYEd 'gﬁ'afat“ﬁaam wde obiRe” nodes

move far from trhewﬂdvaﬂuae@edehmmnﬁeamdmbhamwmé ohfeiadtite dlf f ers. 25
EPO patent 0, 759,542 b 8A a

1 ownret or - havi A eS8t TP ARondednATaBER TP saeaine P aCes Aubmbiere bimtance
bar whose enddeeasme odamptelibddyThedsghet ampiitttie balzkee bar ddpies moex tommikelto of a
Case: The the brace bar junction than the lower ampiitude flow tube. The inactive portion of
20 the flow tube exterior to the brace bars make up the torque difference and bends
as aresull. Unfortunately, the translation increases the amplitude of the heavy
flow tube and makes the balance worse. Ultimately, the flow tube {containing the
high density materiai) ends up vibrating in phase with the case and the vibration
nodes move far from their balanced locations and the meter accuracy sulfers.
25 EPO patent 0,759,542 by Oval {FIGS. BA and 8B) provides a Coriolis
flowmeter having a straight flow tube surrounded by a concentric balance bar
whose ends are coupled by case connect links to the inner wall of a case. The
flow tube ends are coupled to end flanges. This structure provides dual connection
points at each end of the {lowmeter between the balance bar/ flow tube and the
30 case structure including the end flanges. The case connect link design uses the
mass of the case 1o help reduce the movement of the end nodes (as in the Cage
design). However, large changes in the amplitude ratic cause torque unbalance at
the brace bars (like the Krohne design) and bending in the inactive regions of the



fl ow tube ends are coupled to end flanges. This structure provi des dual
connection points at each end of the flowreter between the balgpesmder 2003
fl ow tube and the: 30 case structure including the end flanges. The case
connect |ink design uses the mass of the case to help reduce the novenent

of the end ndMQIStUb&sWhﬂeﬁthBewmmgen isdess than. withoitve\ethier privr Gft, § Pstlasricent he

anpl i't ude rag ﬁ§ se ttor unbal ance at the brace bars (like the Krohne
desi gn) and B2 S'ﬁ'é "ﬁe HHE?‘?‘Ve regions of the 3 16 December 2003 fl ow
tube. While the vitkaAtieddiorsbd S5 hAER % bRobidi of pHET

still sufficient to degrade neter perforrbrance OP caanrP dlﬁr[wi?é%ec%im'?een

that it is afpvesia r’#"HFtUEﬂfPDWhtfhta shift pf matetial dexdstyi deesnot ﬂegnmeum static

3 B dy s e Siiatn® ko ol ind BTheRics SERSb Y it aga Sfand cavce o
cor r espondi ngomespootingnreduttioh tn thecictacy of tHahetdp! er . is also a problem

in the manufacturg ag?lanm ng and testing of a Corioli s flowmeter to
m ni m ze t he nurtElS @530 BBFPbEM B the MR Fastyres balanging anddesting of mCoriatisst be

mai nt ai-ned i MowmBRPLOMIMEEhE RAREE: :fﬁﬁoﬁd]h?lﬁw@été}@tobta*b@r& F8feitfat T © =10

than.twenty .different types of end flanges oupl each si zé
of fl owret emustremaingieadisrinvamtonsi ghe reasondoetits slmetsthe:re dalrmmmas -

resul ti [ be st i.n order to have
rapid r ggpoﬁéﬂ%&@gpﬁww&wgi‘g TﬂQﬁé J‘@Sgﬁ;@ qoglpe[cﬁ 5&&“&& | ars
each, the arfiawmetst. Fharepra peyﬁapfpe'ght differcaib biaey of Aowihetdyiresiiffigianbo 1t is
desi red that ch a . design,t 15 they can be bal anced
and tested be %ﬁ@%ﬁ%‘%?‘éﬁ @ﬂ? %{??k;édeg’m¥ﬂ9§1%mm d respapse tq srlest ocki ng
of fewer firdésd ArateesbofdevBRbtholis bo
wel ded onto .the Corioli soweomneg]gp a\'ﬁt?&éllarﬂ_aﬁgggﬁ%t%ﬁ% H @ﬂﬁﬁﬁeydfg@ﬂh;&u t he
priar art ndf¥gniery Gﬂl‘?etsmr@% 'H’ééiegﬁeﬂ\ﬁiﬂt(ﬂﬂwqf@ﬁm ersalbhwddscgmtthﬁﬂ anges
and it qdas jhay &4 égmd%g@? RSh thdRaidLdre¥itac &?I gﬂs W re that

| ange 14it'3

the tube end be 20 welded to t I'n order to provid nam cs of

the fini she@nibledhe plgeking of feweg ﬁplﬁhqmbmerssnmut ﬂangeﬁhérmhtasﬁedlﬂabd;m are
accor dance uLRPUSERIEBold e o) 18 IeE Ml el iBl 35 seds o Lrele o "
provi ded at pE@aeat meéprg,foqlhﬁiefq:agmt;csagn Wwetkidenfuhttivnal Mthibtldrf@ngés Had ire
has balance problems. The other two prior art designs require that the tube end be
20  welded to the flange in order to provide the dynamics of the finished meter for
tesling purposes.
Solution ,
The abave problems are solved and an advance in the art is achieved by the
present invention, fn accordance with one embediment, three separate connection
25  points are provided at each end of the flowmeter between the vibrating structure
and the flowmeter case including end flanges. A first such connection point is at
each end in lhe end flange where the flow tube extension is joined to the end
flange. A second connection point is provided by case connect links which couple
the balance bar ends {fo the inner wall of the case.
30 The third connecting point in each flowmeter end is provided by a circular
element termed a cone connect. This third connection point is provided by bonding
(usually brazing) the flow tube to the cone connect element at a location where the
flow tube extension extends through an opening in the case end and projects

axially outward towards the end of the flow tube extension. This cone connect
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and“the flowneter case including and flanges. A first such connection point
Is at each end in the end flange where the fl ow tube extensi@Dé®nibet 26D
to the end flange. A second connection point is provided by case connect
| i nks which couple the balance bar ends to the inner wall of the case. 30
Tho third coﬁﬁ@&[qhﬁﬁ i dkeha oiheriwe conpastisnsy Dfefmdte;iéerpgibm thedditegtion of theul ar

bondi ng  (us a3 TR € g b Bbe RPN BEE R R hateRel incs, 2

| ocati on whebmrtdttﬁon bhoWe coe mh@ﬂ%r@hmﬁemﬁ@tﬁ Bf @s@ippaRe@PERGEE | N* t he
case end and pr éects tidally outward towards the end o? the fl ow tube
ext ensi on. BmBewseRdbe tang gonneskAnd fhexenss copmrid inks Bines theske t he

ot her t wg t ube
axis. There *.m%s ppAEd pptiont bieSiow €88 dndiohafe At ikledeUnyidifier, e

fl ange conngtatdlwa, amdldtdwnuod&ﬂueeapenbnamﬂﬂmrﬂmbd'iebe legtepkion0The Blapypor t ed
fl ow tube extens] t n _the con dt e _connect |inks.
Si nce these 6@ %Epsg@ (V\Elﬁeﬁgffpgﬁf%ép ﬂ%ﬁ’ﬁﬁgaﬁ E’Eﬂb&s flangsiiodhe e
coupl ed to aany willoait ovetﬂﬁuﬁﬁgmlestra%smgltﬁeWR@M&M’@?EABQV&ECH?&IRE ofhe
flow tube e ten5| on. The axially outernost: voi d&gl h the neck of t

flange) all t reruingd teeffect s waldrat Hiege twe laqations (e eaeend) is fanlessthenheat i ng
or.. st reggi Noybie bk retiitedifthe etk Q%,ﬂ&ﬁun#}gngmﬁg? E"P?Q@R"{ Jequired to

effect a weld at these two [ocations (at eac an 10
woul d be r edbemmallyicbupiad tetite endirs simiictutsl hetween therendffiange aiad\menbw end.ensi on

was thermally c t.o t entlr truct ur be vvee the end fl nge and
the case end. WB?‘%{}?‘E‘PBE‘ i PWP ’?l' ’B‘F"sc'%"f Bw t ube

extension t csupbmﬂﬂg Bpndfmmg' thé fowinetes: rﬁ‘hlrﬁlb& &b%ﬁﬁ@fcﬂbﬂ' divibPatidri3§to
conmmuni catlglg? Vi tions- 'S‘S the vibratory structure of the flowrreter)
that are ge X‘I’@cﬁo ﬁé’?ﬁ%% dieMrraten hat ase generaied hyraxtema canditionsat er i al
densitys |t o‘FPS@rﬁé‘él& sbmnfahenatéﬁal%ngﬂfse n:aéés m@@%& usb¥f thd Cad @AlnBet

vi bration arrp itude ratio balancing a y the of the cone  connect
el enent s t oliRkscle angbla vbetian ﬁmwembﬁlﬁmw aed by !immgftsemneure of

L flomt%t%e Elcovvmater F‘%ﬁ’c II%EH?&E'% a%g'?rGHtﬂ '%t%@ég W o)

structure o reases the ‘accuracy an &t ect
t hat di f f er tia flowagelgpulbe m}iwedﬁpmmdhan@fuhratbhes fd tbrm:atury structamor dance -

ety SO e AR £S5k LSO o WG B R
20 mounlmg condltions have on the ﬂowmeter
In accordance with another embodiment of the present Invention, the
Coriolis flowmeter is manufactured, tested, and balanced prior to the time that the
‘ond flange is aclually attached. At this stage of completion, the intemnal elements
of the flowmeter are fully aperational and are sealed or isolated by the cone
25 connect element. The end portions of the flow tube extension extend axially
outward from each of the case ends and their cone connect elements. Because the
case is sealed and because the flow tube extensions are rigidly affixed to the case -
© ends, the ehds of lhe extension may be temporarily coupled to a source of rﬁaten’al
flow at this time. The flowmeter may then be balanced. The flowmeter may be
30 indefinitely stored in this state until an order is received from a customer. Then,
the structural details of tho end flanges required by the customer are made known
and the appropriate end flanges may be affixed to the flow tube'extensipns and the
case ends for suilable welding operations,



and flange is actually attached. At this stage of conpletion, the internal
elements of the flowreter are fully operational and are seal psipgéenitapbaded
by the cone 25 connect elenment. The end portions of the flow tuBe extensi on
extend axially outward fromeach of the case ends and their cone connect

el ement s. BecauseTth;mmﬁ@gj dasﬁﬁn Q,gl%tll wtu ext ensi ons
are rigidly affixed to the cgééﬁyggﬁ t g nds%ﬁﬁgé%agﬁso? may be
tenmporarily JWedRr Arier ip & bainesconested br érd flarfgess ativariagects Fethal e

fl owret er ma ihiesk f 1 owet er be 30 indefinitely stored
in this stat )e‘mﬁlnt | Iﬁgﬁ%@gﬁﬁ ﬂjsatrgg'%é‘?' K?ga”%m?ﬁ%e‘%&ﬁraﬂ@ﬁm%%a SUPHKEE

structural d#tfmished fowmdiersevade Fequireddo b@@tdré@d(ﬂﬁbvbhﬁvéﬁwsw m&% ogade
e ube

known and t appropriate end f|langes may be affixed to't

ext ensi o%g aﬁ%"q%e{h dﬁ%@tgﬁd@ql%l"a%ﬁot%?@wuﬁi ng operations. 5 16
Decermber 2003 TheAhal@naiivSempsdirRat & t, lenporary s ge of
the flowreter prior to it bei ndﬁﬁﬁgnﬁ??ﬁ?wﬁﬁqﬁgﬁg& eicgnﬁﬁédﬁ‘ﬁ( us

inthat it Nt Hiredly conseriad ehitveyds betveen Her balsscenbar 2hdth fde? wed! of
Stored with oSt ind casel RO ik hal SRRl in R cSnt dRtiomAb IR have
to be enor noissoutprend canneatedve actdh sdifaendf tié comecoriReRPEleRRND! M4hfles a case
el ‘ance 'Dar ThHmeh iEtor foibirinkieolzadss 24 indbhe et embedesers, bitimsca | | ni
has a bend ilarger dianmtdérvaith erdiitartipnsidratee ofithis &Eﬁ%‘:%@f%ﬁ%t&%ﬁ“ 0 a

flat surface of .thﬁjacpne connect elenment. In this e cone
connect | i ni€N089ALe Inger cigzulansuriaee pf ihetflowmsdel casetendbBy thiamemns| tHeger

Chong ng. § heors Dokl fifk fas SUTCIBAGTRY %0 ploleh G LR IR Tusen T (i
nmeans, the &3keceaneeds amd]mqiasermufdfcmemser.igitﬂattmetsamrm@,iﬁuer@ttﬁéi ve
noti on t ' nd the | nner Il of the case. At

t hat th?sgﬁgﬂﬁrﬁg‘? %g%%tegﬁ?‘ﬁzihlﬁﬁ‘ggﬂ% Tﬁg'r&‘ﬁéb%ﬂﬁéﬁ?"ﬁ nk, the case
connect | i nResammpdatetchanyexindhe diamtenofatabelanbaBgEsud :h&%é!icﬁaﬁgssf of
the bal anceqq ct “el'enent

. t herqal _,cha s... The cifcul ar _cone conne
functions as ge‘_:?lgﬂgrér %)(e?'sscr | ngg %?'Hﬁ'glgfﬁ?dwgg aarpeforggfgﬁmdi snaetithaganer
porti on t hr eReringini itshcerter fdrtion thedierh vehitiepESlow fub8iddeics. Irbikdiatn n&%e large
outer dia I ne, coppect allows rel ative axial novenen

wen | 1o AR R RGP Aot g St

bet ween its GUTAr %N fere RECPE SANDRAH APews miaty imayeentan | ower
t he 20  between its outer and inner connection points. This compiiance can lower the
thenmal slress In the flow tube. The cone connect eleinént of this embodiment, jike
lhe provious embodiment, aiso has sufficient rigidity in the radial direction to
terminate the dynamic portion of the flow tube and allow balancing prior to flange
welding. It also seals the case interor from the environment. '

25 It can therefore be seen that the present invention is advantageous in that it
provides a flowmeter method and structure that maintains the dynamic Isolation of
the vibratory system of the flowmeter. It further permits the flowmeter to be tested,
balanced, and stored in a state in which it is devoid of a flange; the flange being
installed only when the specific model of Range required by the customer is known,

+ 30 An aspect of the invention comprises a Coriolis flowmeter having a flow tube -
and a balance bar that are adapted, when in use, to be vibrated in phase
opposition in a driven plane to generate a Coriolis response in said iribrating flow
lube representing information pertaining to material lowing through said vibrating

flow lube, said fow tube comprises a cenler portion and an extension at each end;
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thennal stress In the flow tube The cone connect eI errent of th| S

enbodi nent, like the previous enbodi nent also has suffici entlngéé;ﬁHeyzogg
the radial direction to terminate the dynanic portion of the flow tube and
al | ow bal ancing prior to flange welding. It also seals the case interior
from t he3@nvi r onneaid Ctiolis flowmetdrivenpiieing: be seen that the present

i nvenhtion is advantageous In that it rovides a fl owreter nethod and
structure that maint a|%?§Wmel£m@tumwter pottionartst sdid bglagys bem of

(e 11 ouret eniniaed KA b0 1t NTEITTa L8 e S e

and stored in a state in which™t Is
i nstal | ed onP§N&RBPMIEMO speci fic nodel of flange Tequi red by the customer

is known. 30 An aspect inven rises a Coriolis flowreter
having a flow tube - an@égé'gﬁ?gﬁﬁ@%%gﬁqgwéﬁ'g C88@&pt ed, when in use, to be
vi br at edtd n phase opp@sidpenthg iR eacA bf ¥48 cgg@ggdgﬁr%aﬁ;%%&gﬁﬁdggl IS

response in s i d . vi lbqaatl ng flow tube representing 1 n % ai ni ng
to material SW'% hPEIRM bexpry 53idicase aads;now t ube, said now t ube

conprises a center po | a 6. 16 Decenber 2003
35ms)a| d Cariolis flgw:sr%hcalﬁeﬂ iﬁﬁg%‘;@%ﬁg% ﬁwﬁ@qﬂﬁg'wﬂrﬁlﬁﬁﬁ(qube :

center portitHd BeM luhg exterdienice bar  with said bal ance bar being
substantially paralle surroundi ng said flow tube center portion; a
first and a second ax#'gbgé)%g N§ &PHP E’é‘s&‘dszﬂﬁsﬁ'ﬁ barnge dgr toysaid flowdtibesai d
case endS for receivicapescuintiett K hedits hA A fifsPe Rg ond said
'LSP na@\ﬂ'ﬁ]wgﬁ% @['&%il nal .

case ends; al d g\%gm ng in said case ends I's coaxl a
axis of sai é"?f' Y'09 ﬁ?@%§ﬂ6ﬁ°”ﬂ?ﬁ&a%mﬂemhgf&mdphsetg ends of said

bal ance bar to said- fb@W@gE%nné&Jﬁﬁﬁ%aﬁQ@&fé E’ ﬁ@ﬁgﬁ%haw Q%Ba first

end coupl ed to said bal ance bar and having “a BIOXEMEBL 8 i nner
wai | of sai §eEfuace %Ee’aeeﬁh@r:@nqammdieatmpe:pehcﬁaeolarttesat;@ i nhi bi t

t he mvemnbr@im@glgu%%m% I&jdrglghance bar ends in a direction

per pendi cul ar to said |ongitud ?&?rﬁ flow tube in said driven
pl ane; 0 a cylindri W'W|GQMMnawmnhmwngaﬂlmu(éﬁc%uﬁlféréHég erence

coupled to &ﬁidb@fﬁsﬁaﬁ@s@&gd Qﬁ]é( hQﬂnS acclmr:&gll_ gygen?ﬁgeg:l»ar;?al (\:Nort?'ixsla?c; ﬂm E::.lhbesal d

fl.ow tube
extension for sealably receiving said flow tube exteénsion:

said cylindrical cone connect means being axially positioned between
a terminus of said flow tube extension and said case connect link means;
Preferably said flow tube extends the length of said case and has said flow
tube extensions that project through sajd circular opening in said cone connect
means and beyond said case ends to said ferminus of said flow tibe extension,
Preferably said terminus of each said flow tube extension is devoid of
altachment to any struciure axjally outward of said case ends,
Preferably the Coriolis flowmeter incudes:
an end flange coupled to sald terminus of each said flow tube
extension for enabling said Coriolis flowmeter to be coupled to a material source;
a circular opening on an axial end surfacs of said end ﬂange; and

awall on-an inner surface of said circular opening that sealably .
engages said flow tube extension.

Proferably the Coriolis flowmeter comprises:



extensi on for seal abty receiving said flow tube extension: said cylindrical
cone connect neans being axially positioned between a term nuspedental 8003
fl ow tube extension and said case connect |ink neans; Preferabe said flow
tube extends the length of said case and has said fl ow tube extensions that

proj ect through said carcyﬁnmicabmkicngplbﬂtéé\éﬁfcﬂﬂ@a%@ﬁ@%&tengﬁg%iﬂgd

beyond said case.ends to said term nus of said flow tube ext i-on.
Pref erabl y saoﬁ'gw?'g{rl?ﬁyﬁﬂ‘gs ﬁcéa‘?:ﬁ” aid flow tube extension is devoid of

The- Cori o015 fLowrst e pel cane,® s ehopFidy Bladd vl SERTISRe SFHRLs U

the Coriolis floweter includes; an en ge cou
each said f| GRAEBENORSA ewer surfacerthalrminbiinds a poriobiasfisald fiow howEBiaisid be

coupl ed to a;mterd +.a Cireular .openj ng on an axial end surface
of said end @@%Rﬁfghfﬁ%ﬁwﬁn ﬂ"‘ﬁ‘ﬁ{‘gf’egtrface of said circular
opening that seal ably sM@gémmﬁrgmmeta%iﬁﬁ%ﬁs% regfegfd?z[n?t%}le}(tﬁage

' 0 ?/ I ndrica

Coriolis flo er conpri.ses: .7, 16 Decenber 2003 a cyli nec :
coupl ed to e%&ggﬁeﬁerg&@aﬁﬂw@% BNEMHgR0dal Iy, outward beyond said case
end; sai1d neck has-a cegictlar@BEH iASaRHIR ' A X gRsi on
and a cylindrical_inner ,_surf_ac_ewt_ha?' su'r-‘r‘gtlﬁﬂ%& gy%@é% %%@g?hggﬁﬁﬁ t ube
extensi on t RXENFPR PR saidylnsiicakianer wufece ahsaidmeckai d neck: sai d

cylindrical innerpgagd ] Rﬁﬁ!f as, a.greater diameter than the
di aneter of said flf(ﬁv%@eeo(te‘%i@%g]?on, %{mes’"gdﬁg?%%ﬂ 4 CURSHi RAFtioMinghi 4 neck
defined by splas¥ e ohsaidicdsd tawectirk mexisensi on and sai d cylindrical

I nner surface Otﬁaiid neck. Preferably the Coriolis flowreter further
i ncl udes an a curveg 9ob¥ $4id Fope conpect Rreahs has arfiahsurfase having amewt afonnect

link neans. plaky bésd BIPermial changeth te i surfgce having
an out of plane bend to erma?ga,chan@?geﬁvn tﬁﬁ'%g%]?’zg?*,d\,ég%cgng?ér of said
cone connectMefISIRdesponse i ehangesin the eter of thecpaiticmeft said oisd dref feor t i on
of said casevsittilsdid codbshetbhidah®RcqzpibRect Means is coupl ed.

Prelerably sdid second end of said case connect link means is coupled to
said wall of sald case by an intermediate connection means that is connected to
said inner wall of sald case. :

Preferably said intermediate connection means includes a sﬁ:face of said
cone connect means whose perimeter is connected to a surface of sald inner wall
of said case. _ "

Preferably the Coriolis flowmeter includes:

a driver D that vibrates said flow tuba center portion and said balance
bar In a drive piane in phasebpposition to each other, said vibrations in said drive
Plane and said matenal flow are jointly effective for inducing Coridlis deflections in

5  said flow tube; |

pick off means coupled to-said-flow tube center portion for detecting

said Corniolis deflections, said pick off means 'genemte signals representing

information pertaining to said malerial flow in response to said detection of said
Coriolis dcflections; and’ '

10 meter electronics for receiving said signals from said pick off means

and generates output information pertaining to said material flow.
Preferably said flow tube and said flow tube extension extends at a constant
diarnetor for the Jength of said case and project through said opening in said cone

B



Pref'erably said second end of said case connect link neans is coupled to
said wal|l of said case by an internedi ate connecti on neans thgdpk&mber 2003
connected to said inner wall of said case. Preferably said internediate
connection neans includes a surface of said cone connect neans whose

peri neter i s COARREMRansa) saidLanstanidiametsritol shid ermimi of saf Asabhecase.
Preferably tRg [0l is flowreter includes: a driver D that vibrates said
flow tube center portion and said balance - bar In a drive piano in phase
opposi tion to eacRrafelably.saRefniniPHESA P Sid ' ' I ..and said
material flow,.are |aQqint I}/ effective for i F\dﬁ%‘?gjgbgc%ﬁdéﬁnsgacgef@ﬁggqqi ons in 5
said flow tuﬂg?d'ﬂpé'ﬁt%ﬁ'ﬂ ABte axially eutwasd famosdid caset erads, cent er portion for

detecting said Copdrhbis ieEhGHL] | j.C ff means generate signals
representing informati gn perﬁ%ﬁ?ﬁ?ﬁ%‘aﬁggﬁ 'ng"gesr al flow In response to
sai d detection of sai @n cddiflaohe soutséd wCsaio RemirikGf L8chBARACR GELT oni cs for

recei ving saj L. fr,om saj Ick off means and generates output
i nformati ona%%?%'lgﬂﬁﬁén?@'”gaﬁaﬂi ﬂ‘é"ﬂp‘%‘? il%'gl‘qut@ﬁ/@? bPr‘@ﬂElﬁng? rsaledak sownce; ube and
sai d flow tube extensaefcait siEngin §nﬁgﬂﬁéﬁqéuﬂa@%%gg%@f%{d%ntgggﬁngth of

sai d caSﬁEand proj ect through said opening in -sal ] er 2003
connect ans at sai d@¥Honaninagrsysace of said girckl4raapminingsthaf seatsly f | ow t ube.

extensi on. RirRhaeabhid ne@iithd SRS -of each said flow tube extension Is
devoid, of attachnent to any structure axially outward from sai d case

ends. Pref erabl y Areferablyrthe Gosiolis fiowreeter firther ejudgesic! udes: an end fl ange
coupled to said term C aid flow tuhe extension for enabling
said Coriolis fl ovmeté;#éqlgé S%"'a'?!g’&ﬁf‘*‘e by space hetween thegyitereurface of seigul ar
openi ng on &ndporidn afrsdlda‘hwlabeeﬁlﬁenS@hChn@rﬁid‘ihﬁé&%finﬁEI sufadPdrsafl. an
that seal ably engages saird flow

I nner face .of,sald circul ar opening .
t ube eiﬁansﬁgﬁl&fﬁ"éﬁsfea‘fﬂ#%cﬂﬂpﬂﬁgi'@qﬂsém@fra partiohef saidenddes: a

seal ed cavi figngkef i ned by space between the outer surface of said

said sealed cavily having an axially outer end comprising ari
outwardly projecting element of said end flange sealably engaged with said flow
. wube exlension; : )
15 said sealed cavity having an axially inner end comprising said cone
connect means. |
Preferably the Coriolis flowmeter further includes:
an end flangse;
a neck of said end flange having a first end integral with said end
20 flange and having second end connected to an~axial!y outer end of said neck of
said case end;
a cylindrical opening in said end flange and in said neck of said end
flange for receiving sald terminus of said flow tube extension:
said cylindrical opening in said neck of said end flange and in a
25 portion of said end flange has a diameler that is substantialiy greater than the
exterior surface of said flow tube extension to define a void between said exterior
surface of said flow tube extension and said cylindrical inner surface of said neck

of said end flange and a cylindrical inner surface of said portion of said end flange;
and



end portion of said flow tube extensiion and said inner c'yl i ndrical surface
of 'sajd 10 neck of-said case end and a cylindrical inner surfepeceatbhen2003
portion of said end flange; said seated cavity having an axially outer end

conpri si 3? an outwar dlxﬂgir oj ecti P;ﬂyel ement of said end flange seal ably
engaged Wth said fl owP" 258y exwardly prjecting element reah adalhemiteysuriadeng an
axially inner d;ﬂ)‘mai ' Iy nect neans. Preferably the
Coriolis fl omsﬁgt%r fur th h@rvn%n%%'gggﬁggﬁﬁgﬁH’%P%H@g? ﬁﬁ"‘?‘@%lﬂ"ﬁf B@éieﬂ‘?fend
fl.ange havi nghal sealably receive titedgrmainuspbition af Sai@Méw t4Be bkdARgIEHaNd havi ng
second end connec eg tﬁ ankflxi aI,Ié uter end of said neck of said case
end: a cylindrical BPERY A& lshegaliel tpitherlorgitudinabais of s=idi d end
flange for rfowitvadg said termnus of said flow tube extension, said
cylindrigal opening in said neck of said end flange and in a 25 portion of
sai d en®X | ange has a Sdicwasedurtierancludesssmid cass érds affbgrdctatepts bh Saidivitdls

exterior surf ; ' nsion.to.define a void. between said

exterior surfaggg&g?égglgs(}%‘%mtp#ﬁ%gﬁ?e%ﬁéﬁos?%ﬂ cgﬁﬁf’ﬁli"da"gyl i ndrical inner

surface of said neck e exefiar semidcéd afgid e endsyihélogs b etk Eangs wil f ace of
- Decenber 2003 30 an axially

sai d. portion L. nd.ftlange; and 9 1 6-

out var d| y pr %?‘28??#{89 i %"‘H% £95¢ R, Séﬁgi"&’FP‘y"gd'&Pé'ﬂ A5 eAEE rasEives sal eane

fl ange havi noonmechrnemty abhs ARRRI PRSP i , e -di am L.
t hat, se l{]abl .receive the ter rrilﬁusgmportio?l o#& g%?%%\?f%@&b}@%g{]

Pi of er ol y Srially oxvares Sevendssapass prsakidineck haka dydndricalidheesurfages of

said flowt . ' [ des said se ends affixed to
ends of sai ddf\%;-c_frlaé’ér g‘%g% (S%ﬁgﬁ? ‘ei?%ﬂd%ﬁﬁrgﬂ%é;ﬁ ?@%‘ib‘b‘@ﬁ@%ﬁ'%%ﬁvﬁme

cyl i ndri cal amndid somptising Heespase betwdmresd oftefo SUEREDF %Q%ehﬂﬁbagﬁda neck
coaxi al V\Atggﬁﬁhge%%wg’f%&@?ﬁg case ends, said opening in-sald case ends

recei ves said cone connec and as well a sai.d portion of said flow
t ube ext ensi on wRrefbrablyj the tCoriolis flowmeter further includes: '

an end flange coupled 1o said terminus of said flow tube extension for
enabling said Coriolis flowmeter to be coupled to a pipeline,
Preferably said case comprises: '

cylindrical walls oriented parallel fo the longitudinal axis of said flow
tube; ’ '

walls of said case ends are curved and offset from perpendicular with
5 respectlo said cylindrical walls; ' '
an-inner surface of a curved pdrtion of said case end includes means
that receives the outer radial extremity of said circular cone connect means;
said flow tube and said flow tube extension extends the length of said
case and through a cenler opening of said cone connect means and through said
10 cavily of said neck of said case end to a flow tube extension terminus axially -
outward beyond saijd neck.
Preferably said terminus of said flow tube extension is devoid of attachment
to any structure axiaily outward from said case ends,
Preferably the Coriolis flowmeter further includes:

an end flange coupled to said terminus of sald flow tube extension for
enabling said Coriolis flowrmneter to be coupled to a pipeline,

10
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40 axi ally outwards beyond said case ends, said neck has a cylindrical
inner .surface of a greater diameter than the exterior surfacg Bicesdled2dd0W
tube extension to define a void conprising the space between said exterior
surface of said f v¥t e and said lLnner surface of said neck. Preferably

the Coriolis flo B S 6258 HUTDIRES:  an end flange coupled to said

term nus of said flow émken&x | r nahl, n Sﬁiﬁg riolis flowreter
to be coupled to a pi péeylfi ne. %@'ggﬁ%ﬁ% pgéa:ﬁgﬂ85'§ee'gﬂ%' 'i‘éo@é‘.’s ofspid faw i cal
wal |'s ori ent &pepeamnderrartiany t he | ongitudinal axis of said flow tube; walls

of said case ends are ved and of fset from perpendicular with respell to
said cylindrical wall sv?é.ﬁsafﬁs?ﬁr{‘@rses%fjﬁg‘@ée 8fcueyed pedisa that isiadfsebfromai d case

end i ncl ddespempandiculbawith eepiovES §zﬁ’@cﬂ}ﬁhﬁ5ﬂﬁqgal extremty of said
circul ar cone connect. neans; said flow tube arld said fl ow tube extension

extends the |ength of 384NGer séfgee ghan akiabingér poricandfanideeni a6d Ris §ai d cone

connect nmeangiametbridauaug i : igy.of said neck of said case end to
a flow tube ext ensf}égﬁgt{e?'r}r?ﬁggrgé?na %&tséh %3?2"’68%}?8%'&? QuigE etremity

Pr ef er abl y_s@Hiséi'Cl@Waﬁ@Qn@tomchMémtube ext ensi-on i s devaoid of

attachment to any st -axially outward from sai'd case ends.
Preferably the Cori ol %@W@M‘? gpdﬁé*d[ tubp gxignsien extendrtbiefiérgilyef saidpl ed

to sai d10er riaseandisakblioi fub8wxteHaf ' ling said Coriolis
fl owmmeter to be coual ed to a pipel irﬁ%%@%{ 16 Oi%er@'ra%f@wg??f F%ﬂﬁy said
case conpri SE8Neyeaagandthranghl saideavitytod saig aeek lotbaiixakBerdan @ fgwdi nal
axi s of sai i L DOrL i o walls gf said case ends have a

utd Endibl Rriri iR o bl HSonde

curved portion that is o Adpgek. i t h respect to said

cylindrical wal|Brefemblyrsald tesmiriuacd cath amidMsivalbd €ggﬁs;§9g ggvrh,%;f sai d case
ner di aneter of sal case receil ving

end has a dj al.tq the i
the outer eg{%(ﬁ; tggﬁy §E‘i“8”"& ?%?fﬂaﬁ”%éﬁé%ﬁﬂfé@ﬂsmad&;
Preferably the Coriolis flowmeter further includes: '
an -end flange coupled to said terminus of said flow tube extension for
enabling said Coriolis lowmeter to be coupled to a plpeline.
Preferably said Corialis flowmeter further includes: -
an end flange;
a cylindrical opening in said end flange for receiving said terminus of
sald end porlion of said flow tube extension; |
5 a neck of said endr flange has a first end integral with an axially inner.
portion of said end flange and has an axially inner end connected to an axially
outer end of said neck of said case end;

said end flange and said neck of said end flange both have a
cylindrical inner surface coaxial with said flow tube extension;

.10 said eylindrical inner suface opening in said neck of said end flange

as well as in an axially inner portion of said end flange has a diameter that is
grealer than the diameter of the exterior of said flaw tube extension to define a void
between said exterior surface of sajd flow tube extension and said cylindrical inner

surface of sald neck of said end flange and said axially inner portion of said end
15 flange; and |
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said flow tube and said flow tube extension extend the |length of said AD
-case and said flow tube extension extend through a center opghBGnier 561
cone connect neans and through-said cavity of said neck of sald case end to
a flow tube extension term nus axially outward beyond said neck.

Preferably said terni n@8 asillieadter pertion bfmidbubdaﬁgé@éﬁie@%nia&iﬂg%gcﬁ’@r
at t achnent toe?ﬁ,gmsﬁngﬁtéq;’% 1axi al lﬁ/ outward from said case endS.” Preferably
the Coriolis Flowreter further AGoIHEse oper, a4 @oizoeler approainsatad

term nus of dhbtofsamiMiowtube exteasdh ARifaE ' f rebolis | L owneter
to be coupl eﬂaoévolag?%lﬁel_irne. Pref erably fsfgfg@é]céﬂﬁlpgl?@h% %V%I‘%ﬁ‘ypu? B%F?f r
nd "¢

includes: a B&¥9Na cylindrical opening in said end flange for

recei vinggsai d t eprdfsrds| $84 | of said flow tube extension; 5
a neck of said end flanygiaﬁgs 21 i?@qﬁgéﬁéﬁﬂ?%ﬂ&, with an axially inner,

portion of said end flabajelengdtddenembeahdvid ¥ beRd Ry a Wpﬂﬁﬁﬁﬁtﬁ‘éﬁhé’s an
axially OUt%%go?gala?lhethﬂeﬁé of sai I%{s:se end; said en ange and said
neck of said end Tlange borreliadiéreangyianyeranted with respestiofeach otherxi al wit h

sai d flow tube extensiaoadialPirmer enty 4 MY bRbf lgs P Lng in said
neck of sai dergrlrl]dl;f LZFg'e ag wel | as in-an-axi aﬁwy%igﬁ%gwgg%ﬁp%ggé?%gai d end
fl ange has a 8 BHACR P3's greater than the dianeter of the exterior of
sai d fl @8 tube extensafpxialy 86f B L . sai d exterior surface of
said flow tube ﬁXt ensi on and Sal dﬁ%?ﬂ{%‘%r‘ca e:l%%g?dslegﬁp'f’ﬁ@&"f}?e@%ﬁ‘&’ neck

of said end P ol faidsaing cernedtinyeans e define & iseresopath abAnedliflg Said Rf0€;
and 11 16 mma&%rﬁh%%ﬁlﬁh&rﬂ#ﬁﬁr ﬁ:ﬁrtion- of said end flange
g elenen ag

defines an axially projectin @asg;cent er openi ng whose inner
wal I's have a di amet ersaigppetes path eomplisds $id fifst dnd s ridybss @P@aché'
|'ow cube ext ensi on.

diraneter for - lving the term nus of said f
20 Pr eferabl@@?ggn‘ééﬂiga%r%nnﬁs IS EORPPFIBRANS, f| at el ongat ed menber

having a bend i nPeefembiyzald twnlegdate shentdiSubstantially 90 degree with respect to
each other; '

Preferably said terminus. of said flow tube extension is devoid of attachment
to any slructure axially outward from said case ends. -
Preferably the Coriolis fiowmeter further includes:

an end flange coupled to said terminus of said flow tube exiension for
enabling said Corialis flowmeter to be coupled to a pipeline.-

_Prefembly said case connect link means comprises:
a flat elongated curvilinear member;

a radially inner end of sald curvilinear member being connected to an
end of said balance bar;

an axially outer end of said curvilinear member being connected to a
surface of said cone connect means to define a series path connecting said end of
said balance bar with said inner wall of said case;

said series path comprises sald case connect fink and a portion of
said cone connect means.

10 Preferably said case connect link comprises:
-an elongated member having at least one bend;
a first ond of said elongated member is connected to an end of said

balance har;

12



two"| égs of said menber that are angularly oriented with respell to each
other. a radially inner end of a first one of said |egs belngsq@aggﬁgpgxgo
an end of said balance bar, 25 an axially outer end of a second one of
sai d | egs being connected to a surface of said cone connect means to

define a series path coseeetiong of gkid E%T%a[éﬁmﬁﬁib@r E%'ﬂ@@teg% a‘@u}fgcégl’ d
n

Inner wall of said case; said series path conprises said first a Second
| egs of Wi d Sgidgone copnRAtMaang todefine ﬁ‘)é?ﬂﬁsd?ﬂfbﬁowwngéﬁ@ QIWaaid means.

Preferably SgifinbWBol #9s6 uk ERLPLSRSLaNt al ly 90 degree with respect

to each other; Preferably said termnus said flow tube extension is

devoi d of attachment saal sanips pathuximprisea s aidl dage eohwedt dink Badasforbrrese ends.
Preferably the,Coriali %:fll owreter further includes: an end flange coupled
to said ternfHfso8e cg'é” %80t ube extension for enabling said Coriolis

flowmeter to be Cﬁu[&:ﬁﬂytsgd&ymlﬁebpd&ﬁe dBhRé@ M ns BRI #r48s ci1;_|g_._f].nect l'ink
a radia

means conpri ses: | at el ongat ed curvilinear nenber, ly inner end
of said cuer’P%Qﬂ'd Béﬁﬂg'—‘aééﬁﬁééﬂédatf@dlaﬁy ineRdpertiop aigithbaffisertts bar

5 an axi al | ysmidhewgsed of said curvilinear nenber being connected to a
surface of- said cone connect neans.to define a series-path connecting said
end of said bal Hothasaspetiha swithbd mfrfemmmlaICmfohsaoﬁnMQe said series

path conprises-said ¢ fink and rtion of said cone connect

means. 10 Preferably g%ﬁﬁegﬁﬁm% nprises: .an el ongated nenber

having at |east one bedncbnngeﬁﬂf5tsaﬁﬂlﬂalaﬁcéﬂaﬂo%bm%e @?S;%géBFFO”F‘eCt ed
en

to an end of said bal ance bar, 12 16 Decenber 2003 a secon sai d
el ongat ed neME¥I i s connected to a surface of 15 said cone connect neans

to defing a series ggésdh&mamg%mv&éﬂb@ bR baRinde Bl ﬁf‘&‘éa?ea\wu%érﬁ sai d
balance bar being substantially parallel lo said flow tube center portian;
coupling said balance bar to an inner wall of said case with case -
conncct link means, said case connect link means o inhibit the movement of said
brace bar and said balance bar ends in a direction perpendicular to a longitudinal
10 axis of said flow tube in said driven plane:
farming a cylindrical neck on said case end having a cénter coaxia!
with said flow tube extension, said neck surrounds a flow tube of said flow tube
extension that projects beyond said case end and has an inner cylindrical surface
of a greater diameter than the diamoter of said flow tube extension;

15 ' forming a circular cavity in said neck defined by the space between
the outer surface of said end portion of said flow tube extension and said cylindrica'l
inner surface of said neck:

forming a cylindrical cone connect having an outer cylindrical surface
~and an inner cylindrical surface; in each of said case ends: '
20 sealably coupling to said flow tube extension using cone 6onnect;
extending said flow tube and said flow tube extension for the length of
said case so that said flow tube extension project through said opening in each
case end at said constant diameter to a terminus of said flow tube extension
beyond each said case end; ‘

25 the method characterized in that said method further includes:
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said series path conprises said case connect link and a portion of said
cone connect neans. Preferably said cylindrical cone connect {FEpBSniias2603
radial ly outer portion rlgldly afflxed to said case ends and a radially

i nner portion rigidly %%11 §§ ' flow tube: - Another aspect is a
met hod of forming a Cor'tol'd e % owgier Sedbalornid teminusi of gatchdowt eps of

coupl i ng endstufe mértbldﬁﬂk@@@@id%éttﬁé}gﬁ«r?ﬂtqofal-lg%uéiﬁe Y. tB, ec%gg% @Ea%g{l}s 5

surroundi ng said fl ow tube and said ance
bal’'ance bar bE?W%bst antially parallel to said flow tube center portion;

coupling said bal f said case with case connect
link neans, said ?2%? %‘ggnec @ffﬂuﬁ ﬁﬁqﬁm‘?s%& enHiexending:said fewdube af asai d
brace bar anmmtﬂmnmeﬂobﬁfe &iliftsleh lrﬁoﬁaoeﬂég#gjb gberpendi cular to a

' ' al riven plane; farmng a

| ongi t udi nal |dflowtue|ns
cylindrical neck g:;(ﬂeééﬁchiy @‘ES'EE@HGI 'W%dhaslﬁ@mfmendmg sHid flomt fubgai d 1 ow

t ube extensi Cé)ctcﬁ‘g‘ﬁj,ﬂ;hﬂﬁ@ﬁas tube, of.  said flow tube
ext ensi on t hat prﬁ;ﬁ{cts beyoné saﬂgcﬁee{é'lggﬁwa E&ﬁ'a SAYLASR Sner cylindrical

suiface of agre Efaﬂli)aﬂnetrmthmmmnlddbe affo@iEdcendflasgd @ ! ow tube

ext ensi on; 13af FH,“ ﬁ%édﬁ 3r cawég/ in sai d neck defined by the spac_e

betveen the out ereas Ph wiuheedRRS'BB: t i on of said. flow tube extension

and sai d cylindri Pedferablyrihe nﬁalllllicfda@ﬁ Rhefs ) ?J’,!!Jm.' é'}}f“ cal .
i '%lepg%ﬁgﬁ ’ﬁ%%’f Al i cAl

cone connect haV| egg uter cylindrical sur
surface; in C‘Hﬁ‘ édadiabrewer pertign sigigiy gfficmlipl saigcase smishs wey t ube

ext ensi on usagm@}gdmﬂnﬁgpomgéh@@gﬁxéqai?gﬁafulgg?‘ﬂtt%be and said flow tube

extension for the |engt sal ase SO %w tube extension .
proj ect through said opening ilﬁlesadpuonaﬂ’ehendaﬁtn id constant dianeter to-

a term nus of sal nsi, on ond each said case end; 25 the
met hod characterize tﬁ?etaz’gebt@ FopIaets ﬁBQiag ¢fihe inyestion gaydeleatienber

2003 for ni ngnmrsm@frouiaeaﬂirgvm@fouamrfd\?étm&%'dbsEﬁﬁt'iBr{‘Méré?:ff:aeic%%'}nf low

conjunction with the drawings in which:
- FIGS.1, 2, 3, 4, and 5 illustrate prior art Coriolis flowmeters;

FIG. 6 illustrates a cross seclional view of a f rst preferred exemplary
embodiment of the present invention:

FIG. 7 illustrates a cross sectional view of another altemative exsmplary
- preferred embodiment of the present invention and;

FIG. 8 in cross section FiG. 9 illustrate vet another preferred exemplary
embodiment of tha present invention.

FIG.10 in cross section and FIG.11 illustrate another preferred exemplary
embodiment of the invention.

FIGS. 12 and 13 comrespond to FIGS. B and 10 devoid of flanges.

Detailed Derscription
Descriplion of FIG, 1

FIG. 1 discloses Coriolis flowmater 100 of the patent 5,473,949 to Cage. i
is of the straight tube type and has a case 103 enclosing a balance bar 102. The
balance bar is cylindrical and encloses flow tube 101. Case 103 has end elements
104 coupled by neck elements 105 to input and output flangss 106. Element 107

14



t ube extension is devoid of attachnment to any structure axially outward
beyond said case end. Preferably the nethod includes the step Décemibberabizng
said flow tube at a constant dianeter for the entire length of said flow

tube. Prefer . thod includes the step of extending said flow tube
ext ensi on t h?%it%ﬁﬁ'gﬁé%ﬁg Qlef SleERRin08; s thepuipda Fipve tube Wiichas ah ef er abl y
the met hod i mputides 109 Eomdled b SNEpdd; i M1y ai d. f1ow

t ube extension= Preferably the net h%% "gé]ﬂ%g%?ﬁgg 1?%%?%%€?t1ﬁéwa’%'sof
forming a cyMetiprebar Partipr ot easrerid 104 HBrace bk mortign 012 Brcoupldd teheickgi d! Y

affixed to sg e . jth a ially inner portion rigidly
affixed to sglleﬂ’le?'ﬁ%'t nghggg)éﬁér'b%ttﬁ%ﬂ%f’p ?%Eﬁ%@%@b?ﬂwd%wlﬁﬂ@ ot her
obj ects and Hecase agdd0dfatiduatibnvenuiere eay & 10ALbRE neHE@@n?érﬁqesf roma
readi ng of the fgl | owi ng ﬂetai Ege)d description thereof taken in 'cohjunction
with the draw ngs" PREAHPRNOWHLRE 101 and balance bar, i are;viliratedrinpbage i or art
Coriolis fl cyppakitibs byl drivel (ndtls i ] S Je | view of a first
preferred exenpl ary yenbodi Fr%dgtShg?,h{ WEP&&%@#V@%M%&DWE%W%M .
illustrates a cross sectional vi-ew-of another alternative.exenplary i
preferred enbodi nent of the present -invention and;- FI'G t in cross-section
FIG 9 illustrate yet another preferred exenplary enbodi nent of the
present invention.” FIG 10 in cross section and FI.G 11 illustrate another ..
preferred exenplary enbodi nent of the invention. FIGS. 12 and 13
correspond to FIGS. 8 and 10 devoid of flanges. Detail ed Description
Description of FIG 1 FIG 1 discloses Coriolis flowreter 1-00 of the
patent 5,473,949 to Cage. It is of the straight tube type and has a case
103 encl osing a bal ance bar 102. The balance bar is cylindrical and

encl oses flow tube 101. Case 103 has end elements 104 Coupl ed by neck

el enments 105 to input and output flanges 106. Elenment 107 14 1 6 Decenber
2003 : .
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is the input to the flowreter; elenent 108 is the output. Flow tube 701 has

an input end 109 connected to an opening in case end 104 at g BsRRMbedddh3
which is the brace bar portion of case end 104. Brace bar portion 112 is

coupled to n in§h&LENE .on the right sjde, the output end 110 of flow
tube 101 is ggdl}ap:gudp% £0 ?%Ugéé%sfgnﬁ?lﬂ‘ ‘io"%ﬂ"bgt1qqc§5§'t‘§6‘ﬁtefleﬂ bneplaciase end
104 joi ns nesénserementhdal). The pppes alspRitefeAlbdtwlen Iblvabdnhalapre bar 102
are vibrated insoH%s.ef gpposition b driver (not shown). "Wth material .
now. the vi bIERIFERERonRglen prsiamiag Yo Toseagmaterab 0Bhe sgnatridpdofane
Coriolis respsitss deisdrk abiib i ﬁaﬁ!ﬁ Lt ensors
(not shown). T_heg hase di séq'agé‘;ng%ﬁl%@h\gen t @%gﬁ&gﬂyﬁe&%gﬁwgé
represents i‘i’ﬁrlYPHﬂEQ p%ﬁ@éﬁﬁ’&n@ﬂw&@imih@tﬁh@mgﬁmi al . The signal

out put of the veglQgi ' Q electronics circuitry that
processes the si gﬂﬂgﬁgé%lsg%%rg{?/gbﬁﬂlgso@é"bsﬁﬁ%atjpf%@%rm%‘?\"l?g?‘?ajHHan to the
mat-erial f| daformatiansoves eewdarangetdioperaBiogicohditiodd PvEingrmieadis@F accurate
material fl ' [ i de range o erating _conditions
ncl udi ng e eret densly, teipgils Andviseotih -q.”tpé‘ﬁﬁ!ggaﬁﬂfﬁée Ve hisesessay I n -
order to. achhaithe vibiadionidf thesvibrating stigture dfahe Hidwmeid batstame SleMpis/i brati ng
structure .ofmlg&eoff%ﬂmr@%er be st abl F‘ ovz,% this range of conditions. An
order to achiete thrs %b%"lqrfjflrtf’tac CVRLUR stabily | isRecepsarythattheter . ... - .
vi brat i ons. fewimtdradtRalidiscib ibitatel Rth bR ibebcAancaHar SIGHERE STrd e

e vi brator

reason for this is that vibration external to rylsystem I poses

addi ti onal 'SASRB IS g hat vibrates sxigraai ta the)vbralery systerdompiosks additiodler at i on

that is usedctederdtivres on e rhixeriillHedidealtse @Bﬁantbeaemle?g ﬁ'maﬁétﬁw% vi bration
al so noves the nodes _defi ni ng@y’]‘g active length o I'ow t ube. e

resul ting adE@rENghe flow mte of tesnly Exdenmabybration alsomoords thepmdaset er s
such as noudéfirigg theidclive khgthldraicWndss) r%qm} i i br.at of the

vi bratory structure ofl thegflovmsr‘eter tmge orentgiézn%g’g'easﬁo?'ﬁghaﬁ%?lf’iapg of the

flowreter tPHFDIR Heknowablepaamatess sushas meantingstifineas diwgundusiredt er i al

flow. For thwfiidraibisibn of thal ik 6ot L A% Lpcl udes . bal ance
bar 10,7? an | 0 tL@e 10 t{ﬁ vm?itj:aﬁygre v}iegd;fg{'%g I'n bﬁﬁi@e’é@ﬁﬁg’%‘%‘f% ®These
two el ement EB%Pi WMEeR IR 9\ide Rocusalemiad inforoationmregamiingriheh t he ends
111 ' of balasedald®miv. and ends 109 and 110 of .the Dow tube are coupl ed by
brace bar portign 112 of case end 104. This is undesirable since the
processi ng O nmaPbinedlowmpgtegefiiey dnthe vibrating system includes batance bar 102

and flow lube 101, which are vibraled in phase opposition. These two eleménts
comprise a dynamically balanced structure in which the ends 111 of balance bar
and ends 105 and 110 of the flow tube are coupled by brace bar portion 112 of
case end 104. This is undesirable since the pmceééing of materials of different
densities may cause the vibration amplitude of the balance bar 102 and the flow
tube 101 to vary,

Descriplion of FIG. 2

- FIG. 2 discloses the Coriolis flowmeter of US Patent 5,365,794 to Krohne
(FIG. 2 of US Palent 5,365,794). This patent discioses Coriolis flowmeter 200
having a case 203 containing a flow tube 201 and a surrounding balance bar 202,
Case 203 has a case end 204 that is coupled by a neck element 205 to end flange
206. Flow tube 201 extends through the entirety of the case and is coupled at its
end 209 fo portion 213 of end flange 206. Immediately to the right of flange portion
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densities may cause the vibration anplitude of the bal ance bar 102 and the
flow tube 10 1 to vary. Description of FIG 2 | FIG 2 discligI®seimber 2003
Coriolis flowreter of US Patent 5,365,794 to Krohne (FIG 2 of US Patent
5,365,794). This patent discloses Coriolis floweter200 having a case 203
containing a flow tube 201 and a surroundi ng bal ance bar 202. Case 203 has
a case end 204 that is coupled by a neck elenent 205 to end flange 206.
Fl ow tube 201 extends through the entirety of the case and is coupl ed at
its end 209 to portion 213 of end flange 206- Inmediately to the right of
flange portion £43.1%2peidéitfenrnionemapates thegnmerwaill df Adek eludnealeosapas mees t he
i nner wal | of nggikr &l i Rtkr-en the outer surface of flow tube 201.
The flowreter of FIG 2 differs fromthat of FIG 1 in that it includes
di stinct brace bar Ti‘fé'%‘ﬁ‘ﬁ‘ﬁ & 5ifpl 2differm&oantist FFIGoT inbthhbin pelubes digt t o
t he outer surfag.acega,o;_imf.bggh t

Ealpfesdd en&é“m ﬂﬂ bfalaﬂggsg%of{o the %teb%lﬁaﬁiz and

dynam cal | y bal %r}ced vi brat i ng@s ystem i s bal anc
the flow tube 28fflow ubegal Injae fpwmpeter plFIGi Qrtae|dmm6minaltyrmﬂ!$r}ceda$ra1|eg in

each brace bar @&Rm Hﬂﬁﬁncblﬁﬁﬁﬁozcgﬂﬁbtb Pof Eﬁtf"therﬂé gﬂbé S0P dpﬁ&ffﬁfl At 2t i on

material flow of a density_for which t nmet er was
anpl i tude of th‘é"ﬂ%%?{@é‘%aﬁ"vzead@ﬁ 'ﬁ@@Ch bacaes2i2 Winday tleeqamaiontimortsl”tae 10

vi brati on anpl Imeldels(pfrodé%@ngﬁtrﬁ*été@él ﬂB\k"o'f Sgeﬁélﬁ%rtma\ %%%Eftepﬁrg% héssfgp

When the flo ter, encounters nmateri als of gher dens ratlon

anpl i tude of t h&™ Vigralion afpeilvde.ofdba; balangepar R@&Mrﬂ?satmnmsammemeqdm twthet he

bal ance banoi naﬁteaiﬁ:eﬁamplfﬁhdé dratid b‘late\hﬁﬁmemﬁﬁuﬁﬂ S01%0més tLWEEs, AFRSA § ar e
encount er ed, Vi ratlon r@_ﬁl t ude of e flow tube 1 ncreases an
vi bration arrpl i Eﬂﬂ? FEERUMBS ARt ha 'TS“QI@@F@%H@ V“KQ"‘?fhémPiltmtmfltm

anpl i tude rati diowtabreg@acredses ahdlt‘rg; divrdticrhmphtude 6 thé beldncd HRENGESLONS 201 L
exits brace bar, “g!qazr al, éanmapegl Eé’:’o the flow neter. Under these conditions
the bal ance bar Al when mateias of ajriidegeAE 8aCu arad: the abeatisar regi on
bhase wi bt Nubeas hLow SHRET o het ho by e ch e e R e (1 1
upward (in pha?e %g@é {Q%% 'wéﬁ%%%@@mﬂ%’ Sa?o?hﬂéggst‘?'ﬁ ggt‘ij'ﬁﬁ'sa’“séﬁ figw p| ai ned
above can i npakybetsections@01t &sis rkce bar FRawarnaingle. toTﬂwﬂdwbﬁlte’inGJﬂderttﬁéébue can
al so stress tNgodHRidAE thEbTRd tb%frgpﬁres% GEALPEE R B et 15 hrate ggrlrggléjr? 2

shortened life or destruction
than the flow tube. The bending causes the case to translate downward {in phase

with the heavy flow tube) while the brace bar regions translate upward (in phase
20  with the balance bar). These transiations, as explained above can impair the

accuracy of the flow meter. The unbalanced torque can also stress the meter

elements and in extreme cases, it can result in a shortened life or destruction of the

flowmeter.

Description of FIGS. 3, 4 and 5

25 FIGS. 3, 4, and 5 show a left portion of the flowmeter of EPO Patent EPO
759 542 A1 (FIG. 8b of EPO Patent EP 0 759 542 A1). The flowmeter of FIG. 3 is
similar to that of FIG. 2 in that it has a case 403, a case end 404, a case neck 405
and end flanges 406. Case 403 encloses flow tube 401 which is surrounded by
balance bar 402. Brace bars 412 couple balance bar end 411 to flow tube 401.

30  The flow tube end 407 is connected by flow tube end portion 410 to portion flange
element 413 which is a part of flange 406. The flowmeter of FIG. 3 is similar to that
of FIG. 2 in that it has a void 414 between the exterior surface of flow tube portion

401L and the inner wall of neck 405 connecting case end 404 to end flange 406.
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flowneter. Description of FIGS. 3. 4. and 5 25 FIGS. 3, 4, and 5 show a
left portion of the flowreter of EPO Patent EP O 759 542 Al {(¢dh&entder 8803
EPO Patent EP O 759 542 Al). The flowreter of FIG 3 is simlar to that of
FIG 2 in that it has a case 403, a case end 404, a case neck 405 and end
fl anges 406. Case 403 encl oses flow tube 401 which is surrounded by

bal ance bar 402. Brace bars 412 coupl e bal ance bar end 411 to fl ow tube
401. 30 The flow tube end 407 is connected by flow tube end portion 410 to
portion flange elenment 413 which is a part of flange 406. The fl owneter of
FIG 3 is simlar tdhelawvmeef offiG. 32iiffens trbatthattof Fas Binvedtdiodidbd&@iareen t he

teri f fd t i || of k 405
connect ng. cacc e 40q s SHBRpRRihe@Rngt by a8, e tRhon Be0amEer [ owrel or
of FIG 3 diff é?ejw$¢fﬂiﬁ“t lhm e'@fﬂeﬁl G,O and ftov hare 4Dl serveslre @migosesdi@amtihg410 i s
l'arger in di angfgind séén Mhd H&giu%gl Anbilfer GRARYS, bgténgeg?ﬂg%ﬁ?w?ﬁb SEen flow

tube el enent 410 and t t ube Serves ine purp t her mal
stresses it hdlGl dand H@éOf FAGo? fsethatdhe flowaetenof Bit. \Beters cabe codr@enmiker of 5
FIG 3 and thatgighedi 47 gac'h%f%ﬁh Hal& r %toé’u‘ﬁ%% 89@% Gn%Ing fwalfiro jconnect

link elenents 417 each has a rst en i nner
wal | 420 of c&é‘éeﬂ%ams%{mﬁé@ﬁﬂdouﬂddts:otllpleedfiﬂd)othaiamecbaﬂmz.of bal ance

bar 402, Case connegksd dodhscritifs 2112500 iF B nk DB KR RLIORS BLOALEN®

described for the flownreter of mneter S
pernits the end? e flowmeteref FiG| nthe towmeE? stumur oA £15 [peraiitd tecends ot at e

Wi th respegi tehd tbkﬂadc@'bﬁl‘ 20BhAd Bhes %@% v:b-l'_glﬁ?u}lhﬁe%e%}’%rmg ﬁlmlsrn \aglr' 5

fl owreter of FIG since case connect |ink de ari
connection betﬁ%z%ewafﬁi’émﬁﬂﬂ” Bedlowmeterof 1G h%sm«r:mease opahéct @3 of case

403_ In such Shllillﬁid\}fd@%,ngid”&nh@él%'ﬁé’&vé‘mﬁﬂh@ b%l&%&ﬂ&:eer&grhﬂﬁt%hdmé* Rer, 417

join to the bal apc acts as a pivot point e vibrations of

h
flow 15 tube 4Uipﬁﬁ%0fg°éﬁﬁﬁ% IB spchiginictirasdhe leatipmwhere thszaase sanesshis
transl ate wth417 RATO e bearida®ak aﬁwacmlsla dibot pBRE SIS Rr e Wbdhli d?fﬂo&he
connectlog ba@@vﬁ% he EXP eb mﬁ i. Brow ded by case connect 417.
However, as apq palance bara0q, ThUs e bafanceibapang %@OHUQH%QWHhace bar
417 can beconeseapebt haime draer wall ur&mbmeﬂﬁum&m&dﬂ@%ﬁ%ﬁééﬂhé tAGVving a
significantly ni ficantl r . density than nornal are
processed. Theggﬁgﬁté gvhdsegnﬁlcf"fgﬁa%n ?"8‘ %1\95 wever, as shown in FIG. 4,

balance bar 402, fiow tube 401 and brace bar 417 can become a dynamically

unbalanced structure when materials having a significantly higher or significantly
20 lower density than normal are processed. The change in ampiitude ratio of the
elements to the right of pivot point 508 can apply an undesirable torque to portion
401L of the flow tube 401 resulting forces F1 and F2.
F1G. 5 is an end view of the fiowmeter structure of FIG. 4 taken along tine
5-5 of FIG. 4. FIG. 5 shows flow lube 401 brace bar 412, case connect links 417
25 having outer ends 418 connected to the inner wall 420 of case 403 and an inner
end 419 connected to the outer extremity of brace bar 412, Case connect links
417 are fiat strips. FiG. 3 is a top view of a section of flowmeter 400: FIG. 4 is a
side section view.
Description of FIGS. 6 and 7
30 FIG. 6 discloses one possible exemplary embodiment of the invention as

comprising a Howmeter 700 having a case 703 that encloses the elements that
comprise the vibrating system of the flowmneter. These elements inciude a balance
bar 702 which surrounds a center portion of flow tube 701. Balance bar 702 js
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el enents to the ri ght of pivot point 508 can apply an undesirable torque to
portien 401 L of the flow tube 401 resulting forces F1 and R3.Ddckfgber2003
an end view of the flowneter structure of FIG 4 taken along line 5-5 of

FIG 4. FIG | 01 412 t links 417
25 havi ng. outBP EAd HSERE e bltretis fed R fha!70 s sbacfoncibe 7003 and an
i nner end 41m@aum.tnw+mi&r@a@m@ﬁsmﬁﬂgm}atstma@@g@(@r%ev&g?oﬂé%tthSase

connect . links 417 are flat strips. FIG p vie a section of
f 'owmet er 40@VtAttend of the flpwmsetge Ehaseifiow tube wienbeds tigetlienicomprisd 6Sindle and 7

30 FIG 6 digg| ] ' .ar dinent, of the jnvention as

conpri si ng aﬁ?ﬁéﬁ%%l‘%} g%aaige%' ﬁ%@@é@%%%ﬁ%ﬁbpm% -dP&Rent s

that -conpri deinghthovide wbe mgd sty sixemsiohs eiktentfevie Ieigth ShesR RIZCHRBLSh |
surrounds a center portion of flow tube

i nclude a bal ance bm?Od? V\/aicgg (
701 Bal ance®BHF SAgR/ 1 andprojecis-heyopd case 6ads Aithiadermings 707 ondheldefbgnd:
brace bars 7Rfmidusi7omvsr #e9igh? ElemBAE7HT ﬁié(gtug%nZiQ%reJ (E%‘iﬂ@?néﬁﬁ%ﬁrof

n Ol Rat th output end

portion and extensions 701 L at the Input and /0
of the fl ownxiepsion@ileof thefowtybectlement 28 maebe eonsidesedits dedhsbotgue  f | ow

tube that ex ‘ Vb ARk 0 r - br ] whet er, -700.. I n so
doing, the 11t eRendof POR BTl TBbe" The el ol hRUE bifef Peion”' 703,
':Erolugpt casmm?ﬁmogﬁctopnajtiﬁmeWt lirrgabtugi;g?iéfﬂﬂlbgcexteﬁsmmd LZOZ on

e left an r me 07 _may be considered to
be the Inpu?e%%@wméﬁgﬁgﬁgﬁoﬁlwhggfm@g?Pgﬁf'?'%gmélmmermy be
consi der ed_trighte Ciohe conh@u17283dapblyerganes ta eidkoRsafadd 6r fdwipube. The
case ends 704 haye saiﬁlc1 nter@zortlon 723 ternmed a cone connect having an

C

openi ng t hr SN e {358 #nd0" 4 has)a thickmessessentialyithe sametaw ough
whi ch flow tyileorsse 788 0hé MdiBeeentdldoriRth ¢ife ﬁﬁaeg&]ids FODREAROGTH 723

seal ably en%aées .the exterior surface of flow't ext ensi ons
701 R Case - Hm 7BA exigns peirteaywa sk beand the outer sudane ofcaselead 708 case

703. The r adinglilsycon8tbRhedF2b! 2"?189%%%%{%@531’ I@nﬁﬁ Jé&?‘a i l#&’tﬁtﬁg@isl pt_ 722,

Lip 722 extends axially outward beyon e outer _surface of end 704
and |ts coné&sseMidy thersene ap the auler distetered code tonmet22haghaimbeanet er t hat

e ety 21752 SRyl ARFERE of b ERELBR R SR .| Coe
forns avoi d 721. The ends of balance bar 702 are coupled by brace bars 709 to the outer
surface of flow tube 701. Brace bars 709 form a path that pennits balance bar
702, brace bars 709, and flow tube 701 to be a dynamically balanced system with -
the balance bars 702 and the flow tube 701 dynamically communicating with each
other via brace bars 709. The ends of balance bars 702 are further coupied by
means of case connect links 710 to the inner wall 712 of case 703. Case connect
links 710 include a fold element 719. Case connectlinks 710 are coupled af their
- outer end 706 to the inner case wall 712 and at their inner end 7056 to balance bar
702,
The case connect links 710 of FIG. 6 are similar to case connect links 417
on FIG. 3 in that they couple the ends 705 of balance bar 702 on FIG. 6 to the
inner wall 712 of case 703. Their function is to prevent vibrations of brace bar 709
in a direction perpendicular to the tubé axis in the drive plane of FIG. 6. The case
connect links 710 serve to keep the unbalanced torques from moving the brace bar
703 with respect to the case. This enables the vibration amplitude ratio to change

with density so as o keep the vibrating structure balanced. However, as
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The ends of bal ance bar 702 are coupl ed by brace bars 709 to the outer
surface of flow tube 701. Brace bars 709 forma path that perygbsceRtePIHS
bar 702, brace bars 709, and flow tube 701 to be a dynam cal |y bal anced
systemvmth t he bal ance bars 702 and the flow tube .701 dynam cal ly

conmuni cat i ngdmmgu&@dffromtdiwwﬂn@cthfrﬁ§ﬁ1?%a%eégﬁp &%kg?galh%@? %alqaﬁﬁ rbars

702 are further ¢ means of case conne nks

wal | 712 of cé'ea %5" %{@ﬁe&ﬁﬁﬁe&andnhm@emcamthadgeanﬂ@mlatemment 711.
Case connect Jekpé® td ScPEReF ut end 706 to the inner
rase wall 712 agd at th eltﬁelﬂlrfgér engﬁc}%ﬁqe&a'ﬂ gﬁ%@%@p bﬂ?‘Z'—”%Q’%&sﬂé’D
connect | i nkselgmentsf Bend:714 permits bl direcitolengsioreasaesinddiikf 7dd o on Fl G
3 1Inthat th ends. 705 bal ance bay 702 on to the

i nner wal | %ﬂﬁgagg?eé%ﬁdqa%ﬂ%ﬁeFa?tghﬁl?qusb%r &'W%tﬁéﬁﬂempbbaﬂpﬁnd oof
brace bar 70%onimctawith reepsct ehesdy ipadi cul ar to the tube axis in the drive
pl ane of FIG 6. nect. links 710 serve to keep the unbal anced

he se n
torques from novi K§¥E aﬂgéj‘%ﬂB%FC'WSNEWDMQMMNGIWSEMR%E% g
enabl es the ‘shbmﬁ:b @Wﬂd'bmjﬂatdrpﬂ’é)sc%@g%gl r&densl t,}’ SO as to keep

the-vi brating sfructure bal ance However
di sti ngui she&‘ﬂ‘ﬂ”@h’ﬁ’ﬂ‘d@@odbﬁﬁvwnl in gresaterdelaibers BIG.onipanbter blﬁt&oﬁﬂ:@ have an

out of plang ﬁ E:&%'&ﬂ[) End t he case 703 can change I n dlaneter _

with respect to eac &R ég SUPPlssy I¥ia pathdfi05itadeiver Ritg™  ~

bet ween thesﬂbhkmﬂmelmmsto tReadersdd dh B WebsnidiGred &Eﬁ%bﬂﬁ gRgtfpof case

connect Iink,gy M&a an S, t case di aneter an e bal ance bal

di aneter att r%% éﬁ%‘ﬁ'ﬁa?‘bﬁ rCO6R 'that%lgbﬂw ang Vé?aaﬂmrtstlhmarteﬂ)rl ver

D and a | eft!o\mlmmbtyoses ) 6 rLIBQ g ,—égﬁ, PO ar e

show'. coupl ed to I w tpﬁe E7£01 ocﬁﬁF?gGGd se Hgéw dr?n'@@t ed in a

m anner si miPAPRgryvG Biie 3th Jheabage dfﬁerant:e beivwdeq thé’ stgmatﬁaiﬁéft

el ect roni cs vei 9&50‘3@.3? nal via path

505 0 ar ver oy g oRstEho MRl BentileRich] BBhR A rest BRI FRafbAen (e

resonant fr ARTEHEAS fgith ‘Pﬂtﬂkﬂ"ﬁ!ﬁ@wmheQMgdhs:gaEBrufahefzébmﬂsbﬁjﬁﬂen The

conbi ned ma tube 70% by driver
BRI o SROMAPOR PG o PR A0TR B (ol Reter Rlkchropios 801 wiign | 1

D I nduces a riolis response in

the art. ThEFARESEs @i‘ﬁffeeel'éed:sQMsméugenmwslcgnpd:lsnrahnhﬁﬁrt on #tehatH &3 sensor
LPO and ri gpbmd@lidahé Ynat&fls fhwRPO represents information -

It should be noted that tha flow tube extensions 707 and 708 are not
connected to flange elements as is the case for lowmeter of FIG. 7. The .
Rowmeter of FiG. 6 is manufactured, tested, and balanced without flanges being
atlached lo the flow tube extensions 701L and 701R. The prior art meters of Figs.2
through 5 couiid not be balanced and tested prior to the flanges being attached
because the tube end connections were critical to the dynamics of the vibrating
structure. The cone connect elements 723 of the present invention remove the

tube extensions 701L and 701R from the dynamic structure of the meterand -
create a fully functional meter prior to the flange welding operation.

Suitabie facilities are provided at the location at which the flowmeter of FIG,

6 is batanced and tested o permit the flow tube extensions 701L and 701R {o be
coupled to a source of material to permit the balancing and testing to be
accomplished. Once this testing and balancing is accomplished, the flowmeter of
FFIG. 6 may be slared untii it is ready for delivery to a customer.” The manufacture,
testing, balancing and temporary storage of the flawmeter of FIG. 6 without flanges

19



pertaining to the material flow "The out put signals of the velocity sensors
are applied as shown on FIG 7 via paths 802 and 804 to net qp r®dcembéraI00sS
801 which processes the received signals and generates output information
on its path = rtaining.the material flow. It should be noted that the
f1 ow tube extgé?ﬁis‘!ﬁgﬁl?e@@%sgﬁ !h%gream@”%atﬂe'%rﬁlﬂ@@tcﬁ(ﬂaﬂﬁeil Hiecosiomieiys as

is the case advandgnureis malfdthie, Daladee test %Be%r%%wﬂe%rti Eﬁ%%@bd'?%’ e

manuf act ured, tested, _and bal anced w thout T erng a
flow t ube ex?ERGERY FHifp1 b unilspchiivs: assuploimar far the fiowvenetens khbwh aAd

11 oush 5 £HbyBeb BhoRTRREetl LR 8s Udlids, Wnld 8306 fonah o o

attached becal_Jse t he tube end ‘conn€ec
the vi brat i ritgsired ibydhe cestomerarecrachen aad theeOWMBL? eaPpal withs dm; ent
e dynam c

i nvention r V; e .t ensjons 701L and 701 Rfromt

structure oﬁat& h'g sh@*”@ fn E% @ﬁé‘ﬁt%’"ﬁ”@@??‘;’s ohlancentast and store thefiowmetdne

fl ange wel dieqgippedrastdtonwn iPFIG.absiBed AGhihiqti r: l.ded at the | ocation
at which the flowieter of FIG ,6Ci éﬂ?l'tggﬂﬁa%ﬁlgﬁéﬁv t@%t@%aﬂ@aﬂ%’%m“{et he

flow tube eXTERZIAMEIN701L and 701R to be coupl &d to a source of materi al
to permt tipRsbadtRmcdfcapd testing to be acconplished. Once this testing

and bal anci ng 1s_acconpl ished, the flowreter of FIG 6 nmay be stared until

it is ready for Hee pinbgiment of favsmeteent FIGRisigenibabiounst of FIGSS ieRgent
hout T

bal anci ng a Ly S e of the flowreter of FIG 6 wthout Ianges
19 16 Deceng'g'rt WS@&&Q@%@B@%@% ngesobraffixaddortha pxisinsioes 7AdLt ypes of
fl anges- .|t and70tR 0P (Hechdw ubeaFiuAf: 2968 dFPSU ' ce, test,
and store a_ flowreter in itseconglg%i on H?sddghom Fﬁgﬁjwm?"ﬁm time
as a cust ont g S0 Rarmiiel ipvyter syriack BT aneck 806 davingaminnét adgendesi red by
t he cust omesyrias: ' fl an sired by the '
Y et natts ot uter P8l S aBE R e 228t e et

custoner are attached and the ter equip

shown in FIleutegsuifacy @Tamagmtwﬁmsmwﬁmemﬁhm& hleenter
f I owmret er | RO s .nce i1 mnijj.zes the 1 nventory
that a manu ac{%ﬁo%us‘g?l el ;ldtbgf ér:c%n%d%gg’ctf"ﬁﬁﬂ‘{?ﬁ'sﬂf‘ 'ﬁ’éaf tyirlettlyoRndhent of

f1 ownet er di0 1R @outict 208.08wpidZ21 is defiinad bptherdface betwsathe dildilort Ne
and 701 R SPPRe o e i ATy BERBGRIS e ementazest Bsnpade et 07
an inner lip 722 coupied to case end 704. Void 721 is advantageous in that it permits flange
806 1o be coupled to case end 704 at lip 722. Since this coupling involves a
7 heating operation, such as brazing or welding, flow tube 701t and 701R is subject
1o less thermal stress by virtue of the void 721. If the void 721 comprised solid
material, the heat from the welding of the flange 806 to lip 722 could be conducted
to and overheat the portions of flow tube extension 701L and 701R. This large
amount of heat could alter the structure of the flow tube méterial, such as titanjum,
in such a way as to decreasa its corrosion resistance. The heat of the weld could
. also partially melt the braze material in the joint between flow tube extension and -
cone connect 723. This could harm the braze and cauld possibly affect the prior
balancing and adjustment of flowmeler.in its state of completion as shown on FIG.
6 .

The embodiment of flowmeter of FIG. 7 provides three connection points
between flow tube and case 703 noar each end of the flow tube extension, T:he
first connecling point is that provided by the end flanges 806 which have the center
opef}ing of raised element 827 whose walis are bonded to flow tube extensions
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surface 809 parallel to outer surface 807, a neck 805 having an inner axi al

end surface which contacts a mating outer axial end surface 1@fDdceRbdr2id00f

case end 704. CQuter surface 807 of flange el enent 806 has a raised el enent

827 having a el whose wal |.s seaJ.ably contact flow tube

ext ension .70 ﬁﬂtgﬁai?togﬁ'l nWh(%%P? l}qg ec{f’ﬂﬁl??'ﬁ{'SGB%EP“mnﬁﬂi@a%E god is

def ined by t#64sfae thiletonmectindsoils priviied BWrhas 8221 7dd 8 i Qsion
e ot 0o Yo R R

i nternmedi ate _raised el t 827 of flange 80¢ coup 0 case

end 704. Voi GOW?F’E‘SJ%EEE"&&SM%CHW gippinteaifix flowftlubedal aggatst o be

coupl ed to cagensisrk tbqe dtrubiuPal Etnents HF@ﬁrnéf-tE E&L‘}'S}df’ng i nvol ves a heating
fTOW T Ube 701"

operation, such as brazing or welding, and 7018 is subject
to less thermal sthedusctiop ofithe senmctitg poimbeempiing iHe d438 coRhEctdALINkeNP! | sed

solid materi fr it he wel di of the flange 806 to lip 722
coul d be congﬁi?ﬁ%&%t%%ﬁaro%'ﬁé%fm'i"ﬁ'ézeg%’r’{skﬁﬂgsEﬂ‘mﬁlfgwftuﬁﬁé‘"d @Si on
701L and 701erdithey drercoapleato biicaarveal The'wiLih ofind Rch Mght! e of the
flaw tube materi.al, such as titanium in such a way as ‘to decrease its -

corrosi on r__e%’P%'_F%Bé.’a'ﬁ?%e'ﬁE&m 8#7 afd theovalisadits ¢enter opepiag S i soal ted t t he
braze W&terlfﬂwfuﬁeté’;@emsgjrgfd lhgtﬂyﬁgggbé%va%xé)&e%ébﬁﬁg:‘_@%?ﬁ%}% C n'grconnect

723. This could harmt raze and cou

bal anci ng arfilleijamse@hs. dhefflosivetprovididby tanestarine cof 2 RITB pRbvidd adighown. . - - -

on FIG 6. laent of .flowreler of FIG 7 provides three connection
poi nt's bet mé%%%qgt@g JJHG’“&%E‘E)&%SFWE wdiles, Ehig copnetionrarplies tathe

ext ensi on. TEhase ehd thet for@ guwRirhted by QUnBhlahse ' { ne. ] anges
806 which have the center openi r?g gﬁ?g?%%%%%@%%%%&g@bﬁaﬁﬂg are
bonded to f FB07 AU EEBEEH eI s0oug Boriiwired thisdarce wiliosheigniieat The

second conneehdifg. Movink thé potolne! 7Q4. The third
connecti ng poi nltg' S (g_rbgvi déﬁagg bracﬁ%brg%gﬁ%ggt%ggfﬁégn%ﬁgw*%%%% connect
li nks 710. guinichfento-the vilralony stserturef die flowmnelew Theintdtdediae it s

ext ensi ons E&nddes ter.case 703. The function
of the connectin °'§%{Sﬁt%‘?:{%%p?r5?}§lgggﬂﬁeﬁ@%@€%%ﬁ§%{’leg*i“”ﬁ'Zlﬁ*fseﬂ#l@fand t he
brace bar 78Rd 7&d agd misachelement 822 bad temsbytincrehsed felibiitype end nodes where

brovi ded byP PEEibRoEREE A 00032 1S el s of its ceritér openi g 15 to

seal the flow thiG8. 8endSsdisclosoandthed posipr: SAPnHSyMBSHiIREAYSIthet e

material TigfedioRM e embodiment of FIG. 8 is similar to that of FIGS. 6 and 7 in that the
Tlowmeter 900 of FIG. 8 has case 903 that encloses a balance bar 502 and a flow
tube 901. FIG. B_discloses only a Jeft portion of flowmeter 800 to minimize drawing
complexity, Also, the driver D and the two velocity sensors LPO and RPO are. not
shown on FIG. 8 nor is the associated meter eleclronics. It is to be understood that
the flowmeter of FIG. 8 includes a driver element D, a left velocity senser LPO and
a right velocily sensor RPO all of which are connected over appropriate conductors
-to.a.meter electronics element which applies a drive signal to the driver-te-vibrate -
the balance bar and flow tube and which receives the signals from the two velocity
sensors, and processes them to generale material flow information for the material
Tlowing through flow lube 901 as it is vibrated by the driver D (not shawn).

In a manner similar to that shown on FIGS, 6 and 7, the left end of balance

bar 902 is connected at junction 905 to the lower end of a case connect link 910
having a foid 911 with the outer end 920 of the case connect link 910 being
conpected to an inner wall 812 of case 903. Case connect link 910 performs the
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entering case 703. The function provided by cone connect 723 is to provide
arigi.d termnation for the dynam c portion of the flow tube.s Dédetber 2003
connection applies to the case end the force generated by unbal anced
torque at the brace bar region. The case and case end are rigid enough to
wi t hstand t hi SM@setion athat fasicgne tormett linkbBIBIbMBIG. VTR, éiﬁﬂaW&tﬁHﬁFﬁ

e

reaction for | Oh: he cas nd elimnates comunicaticn to

vi bratory st ﬁﬁ%%@mﬁ)}% °§'ﬁéfaPF%§ﬂ%§%f?"drﬁ%Witwwe@isa@@ to yihnatinnsiiothal so

reduces str esivepldriesphipeaticanr Retheasand Bank Fgfg‘éﬁdhﬁﬁhiéﬂgg@?; ng ﬁz%% and
Ilrty. .

rai sed el enent 827 and thereby increases rel crip FI GS.
8 9, and 12 FI GS. FipwileP0diang lewtuba extensiop estand tee l2ngthpbbbalasstosgt grent  of

the inventi ghg fJiserYRN 8. 4 imlar to that of FIGS. 6 and
7 in that the - rFige\th er %&ﬁég@é@@wﬁ‘%&gg%ﬁ&m RS adaish js

bal ance bar §bewainidela¥ boWwIGt YbEIOROtLbe BixENsBNWOIL eLEATS Q%Mgﬁ‘ah%kbn%%” i on
of fl owreter Lhimze draw | exity, Also, the driver and
the two vel O(gllg?&. {\éée}hers%dq eEéBe@hﬁ}A%%‘ggjmﬁ%Fmﬁ%ﬁequﬂl@118101%6 iripgt t he
associ at ed nendBO0Ewhety id amnetiediby raeley) 159Y §p the. | ter of
FIG 8 incl ug%s a ?Ji ver . el ement Et)@ a left veloci ty#asﬂ n'soqe'L%é‘lﬁgwgg right
vel ocity senS®} ARPHCL Kl FuRAce 89470 Outsi siseuraleranlist suafape Q08I axidarcipndrct or s
t"-meter el eglia@ifase 6hgent- whi ch-applies- a drive signal to the driver
to-vibrate the bal ance bar and fl ow tube and which receives the signals
fromthe two vel ddaige 9%Ehaoa peckadeb thad osapledibyaned s sfeNREREI@BLELT i al

fl i nf ' i fl owi ng .t hr. fl t ube 901 it i
Ui brat ad by ocRB2as hdEnd'B Elocos ' O 1 SRR o 228 HES fowmeteriun on
FIGS, 6 ﬁnle'lG. 6hd heafifferenck isfthatavidlathe IipaEzaﬂaaéeﬁemmﬁﬁtrggpgé%Ji)iﬁﬁt i ﬁn h'
905 to t o n nk 910 in ith t
outer Cend oS MHareRt Bleebrd . BRONGEY obathermnigoinmEs raialy dowardenner val |

912 of case s@fface 883 of emhiigmje 906K gPtlenBsthAcd Ta RAQer 2003
same function asvt t@qd‘%{ case conﬁect l'ink 710 gﬁsﬁlg@ %'21 B$Eey' Simlarly

stabilize the vi'B IngF tisRateLbwrentie exterior sudacaidion tuber espect to
vi brations ieRtehbien SAL - en ok | an e er on
which FIG 8 ies iInI ust\ré%'f’gg?.nﬁlgl(-(ﬁﬁ@&ggbg%glgf;nﬁggls%%%n?ﬂsgggg%’e&@fdoﬁ&gxtend
the | ength 8?"63%%%“‘539"099'2359995mndtmrore&l&.ﬁdnmemntmmihf.zughea di sc

li ke cone chasmanbtiseBRdGctEd fothe el d 928 RPNE Aol s 8liendin's 1 ow tube
ext ensi on 901L extends through an open?%g ol e gidenslon 90%" %"5
, protects the flow fube exdension 8011 and the braze joint of opening 926 from the

heat of the flange weld 922.

Cone connect member 923 is shawn in further detail on FIG. 9 as
comprising a circular element having an auter circumference 932 which is coupled
to a notch in the inner surface 929 of case end 928. Cone connect member 923
has a flat surface 1002 adjacent its circumierence 932. Near the radial mid point
the surface 1002 becomes groove 1003 which, In tum, becomes 3 flat surface
1005 comprising the inner radial portion of cone connect 923, The center-of flat
surface 1005 has an opening 926 through which ﬂouf tube 901 extends with the
flow tube and surface 1005 being coupled to one another, Groﬁve 1003 enhances
the ability of the cone connect 923 to accommadate differential expansion due to
temperature differences between the flow tube 901 and the case 903. It also

protects the completed flowmeter from excessive thermal axial stresses, .

The structure comprising case 903 and end flanges 806 of flowmeter 900
are coupled to the flow tube at three points at each end in the same manner as the
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926"'i n cone connect nmenber 923 and further extends as elenent 901L to its

i nput end. 907 Wiere it is connected by raised el enent 927 t1g dcamps 206.
FIl ange 906. has an outer axial surface 904, an outer circunferenti al
surface 908 and an inner axial surface 909. Flange 906 has a neck 925 t hat

i s coupl ed bfowdebesofdiGa7 wihe i Poind ohcoupding isRAt Béwﬁld@g rﬁfgéd elenfe ?5903-
. e

Neck 924 is gjmlar.to Lip.72 f the flowreter of > The di rence
is that whi éW ryBs %?Psdﬂ” é%geAéﬁaO%aﬂin%OfrrﬂuaHm%ltpatsbmween fowmpatreed t 0
case end 704eaxtonsitn 921 Sid 6ar5e gegt |- . f.ace
909 of end flan%ggz% a great e?ﬁgﬁgggﬁgg{efﬁg% Zg%;fﬁﬂ g&%@’\'@wlﬁg&?ﬁat Voi d

930 defi nes R/R¥ ¥ EasEqnact linked t betwieen thaiinsigees wiack lob et edse 908xdrRNSi on
901 L and t [ ' ' k 925 neck 924. Void 930
serves the SazgHBRt baBtEbats SFES ol ol fiifnceiad 2 ik en poimaciad o i zes
the heat tHuow iubo@0nhtythetrdontariig showil). 5%, 12 difdoddsahe iCoRsL Xt ensi on

901 L. This rot.ect he . flqw tube_extension 901 L and the braze joint of
openi ng 926 l?rh‘@:lﬁeglb"’{)ae‘f%‘éofﬁ'%eg%l d 922 Cone conned nenber 923

I S shown i n Pesctipn afei@sl 10N Fldad 13 as .conprising a .circul ar el enent

havi ng an outer. ¢jrcunference 932 -Which-is coupled..to-a notch in the inner-

surface 929 of ¢ -efpub gl disslese @pmitemative etbodiasnt di fe avéntion tharisace

1002 beconeear A6 ERSPERETE ol ShouNTH IS A S 7IR Mt Prlthaimeting

1002 becones groove 1 Inturn, afl
conpri si ng Bresimiasn meslirespasts anddiffof omlp withcespiet to fxHeidiRofgnt er - of fl at

surface 100 ' 9 t hr qugh ich flow tube 901 extends with
t he flowtgiéé@rﬁ%%$ﬁgi€faﬁabgi%% 1R HORG CORec Rlomast andeasr e 1003
enhances t banmet linksyrespediivelyc Qurreepomsig eRdbntLoR 4G gﬁ@agé{.gggien;ingl

expansi on dye.to eratyre differences between the flow t

t he case 90§?5i9?atﬁﬁs Sg& ﬁ?‘&ﬁéi?é”#’h@zé&?ﬁlgéhéﬁoﬂﬁ@ﬂhﬁe@relqm@haaﬂl@éﬁsi ve
thermal axi alenint ¢FRESeing tHd'€add ddimbEf IBKCONPrisi ng case 903 and end fl anges
906 of flowreter_ 90 are cou|p| ed to the flow tube at three points at each

end in the sane Freals ahelG 10endetitigbhaveedermnae nuipbersiin e80T .  The
ext ons| on S0 g A seeana ol b e o Ahe Coe TR Mo agts '
ext ensi on g?fﬁ{saﬁﬁ’r@gﬂ'@“@oﬂm beerigepcriizd in datailiihicodnemion withfFIGe8pl i ng i s
t hat The clements of FIG. 10 that differ from those on FIG. 8 are designated with
reference numbers in the 1100 series (i.e. 1102, 1103. . etc.).
Cane connect element 1123 of FIG, 10 differs from its counterpart 923 on
FIG. 8 in that cone connect 1123 has a Jarger diameter that extends from one inner
surface 912 of case end 928 {o the innerwall on the opposﬁe side of the case end,
Because of this, cone connect 1123 is positioned somewhat to the right on FIG. 10
and adjacent the weld portions 921 which joins case 903 to case end 924. The
cone coanect 923, by way of comparison, is positioned more to the left on FIG. 8
and has.its circumference recessed within notches of the inner wall of the case. T
Cone connect 1123 is shown in greater detail on FIG. 11 and has its outer
circumference 1129 contacting innerwall 912 on FIG. 10. Immediately adjacent
the ouler circumference 1129 is a flat porfion 1102 as shown both on FIGS. 10 and
11. The inner portion of flat surface 1102 engages a cusved surface 1103 as
shown on FIGS. 10 and 11 with the curved surface 1103 having a bowl like
configuration. The inner extremity of bowl like surface 1103 becomes the outer
cxlr_emily of d@ flat surface 1104 as shown on both figures 10 and 11. Fiat surface
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provi ded by case connect |ink 910 between the inside surface of the case
903 and the end of bal ance bar 902. The end of bal ance bar 992D&§nb@rﬁﬂﬁn
connetted to flow tutor 901 by the brace bar (not shown). FIG

di scloses the Coriolis floweter-of FiG 8 but devoid of flange 906

Descri ption ofl 104 A atnter epehing™t 138 thidh L5 e.H%a | ve
enbodi nent of _t he h veqt | onpt hadt: IS Si %ﬁ%l&l?ﬂ&bﬂaﬁﬁﬂy resgl%&ts t ﬁ?ﬁ’" Shawn

on FIGS. 8 anfkegsu 11133 periesansi the dvsl fuastiersafraccommiodating &n mefafhect s and
di ff | 923 d 910
iffer only wnbhem8asiFow!tihd 561 Eé tkﬁnﬁél ggg%{ngng&"qg%ﬁg&a I"? 10 on

FIG 8 which are the cone connec
respecti vel y,a@ﬁmmﬁﬁlchmlsamﬁﬂlenmmﬁh%: oleawgﬂﬂduéifcﬁtheﬂﬁzﬂ' gnat ed

1123 and 1110chﬁ 1123 being the cone connect elenent and with el enent
1110 being the cds€ connect |ink. The elenents on FIGS. 10 and 11 that have
ref erence nunber s Qasetcbané@fnk $E10 ©Fof ldeﬁuce‘i@@cas%oé’bnneﬁﬂL ka'f‘p”t i cal

T ave eady been

to the corre &Iﬁnﬂg nunbered el enents o

descri bed i nS@éF +iCASR eenneet link P 16 is Hlmmcwnedﬁﬂalﬁemmmﬁnﬁh@ 10

that differ fisfpsy r e nunbers In
AT SUTBEe PP of et B3 A8 thERUneR) Yo end b8 hERGSA

the 1100 series (i.e. 110 fof FIG
10 differs fﬁaﬁﬂndslh%bmw@apamemmneaiﬁx B 101s tifafert eNMat pORSSH 1123

has a | argeryp from o 912 of case end

928 to the |ngg€w\;\a %Wgﬁé&g F@”g?ﬁ qﬁﬁé‘”éégggéﬁ‘lg’t hejea 1% or

this, cone cbeingconid@sd asjupamlntﬁ@mdti@l@ﬂ\/&?ﬂtoﬂbmahbg bat 665 aRd ﬁg@i“:&?h and
: e

adj acent theb%ﬁ:ﬁl ortions 921 which joins case 903 to case en
cone connect %93 3'5? &?ﬁﬁﬁ?ﬁ'%ﬂ“%ﬂ%&ﬁ?ﬁ%mw@ugywmﬂe left on

FIG 8 and-bonfigutiion] ThaBhier pRABN ALY Bk WdUdhnBOFRYS COfnd i LRcr Vel

of the case. connect 1123 is shown in greater deta 1 and
has its out e‘?ﬂ?&%iﬂﬁ?ﬁﬁﬁm WP2f cone sennewy 11 dheThehehd Bt 2uwa iftd3e 10.

| mredi at el y QiHineeettik 1110 R it f GHFPAERNIddRS chindbeljh The BRI S, L 102 @S

shown both on FIGS. 10 The 1 nner por
engages a c&%&%‘%ﬁ’f@@é’”ﬂ@@e&@al @mmﬁsoﬁ?aﬁe@&lnéwhﬂmHMmeh&l t he curved

ke shr T ac L RRbeg Rl g biRneS BF SOUSAI Yo Thg halivies el i e et "
shown on bot393ihvfmears aln series tennitian o thd case @dnect link and a portion of the

flat surface 1102 of cone connect 1123. This series connection has sufficient

strength 1o inhibit undesired vibrational translations between the junction of the

braco bar, flow tube, and balance bar with respect to the inner walt 912 of case

903. FIG. 13 discloses the Coriolis flowmeter of FIG.10 devoid of flange 906.

Itis to be expressly understood that the claimed invention is not to be lirnited
to the description of the disciosed embodiments but encompasses other
modificalions and alterations. For example, although the present inver;tion has
been disclosed as comprising a single straight tube Coriclis flowmeter, it is to be
understood that the present invention is not so fimited and may be used wnh other
types of Coriolis flowmeters including single tube flowmeters of Irregular or curved
configuration as well as Coriofis flowmeters having a plurality of flow tubes. Also,

raised elements 827 and 927 may either be integral with their respective flanges
806 and 906 or
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16 Decenber 2003 1104 has a center opening 1125 through which flow tube 901

proj ects. The bowl like surface 1103 perforns the dual functjigqieceinber 2003
accommodating an axially novenent of flow tube 901 due to thernal

expansi on/ contheyandyobe ssparald cldgenfCaeramdat ing changes in the inner

di aneter of case 903 due to thefﬁ]r?gft’d'g 2angeselr Chve flargesl iIniCotinfi® i s not

identical to ©shmade Glfiarﬂingaé&m@ﬁdﬂ ._case,connect |ink
910 is directip ggnﬂﬁ?yb%ﬂn%tp iits, ends be}ﬁv‘fg%ﬁ stt%?g!e'élk%]%e& @Eﬁaﬂ%“mtz &7
10

case 903 and the jung W'H@thl%ﬂtfoewgomeﬁanlmbmmesﬁﬁéel f2Qpepnd the

brace bar Thdespeoive Janges. I isdordditQad i_f.f t.inthat its has a bend

inits mddl Qﬁql}# cﬁﬁﬁ?ﬁ}’ e i@%ﬁée%%@fgdsétgﬁ%"%fd@“(mtﬁr&Lna@diﬁgremos

bei ng .connect i efagparts. Ihfmnchﬁbﬁm@lé‘rs?{hg)ﬁ%@nfb% .ﬁar 902 and the
y. be 0 Bﬁ%ﬁ‘ﬂ!

brace bar. Andeidaide nect link 1110 may % ditts| y
curved configurati on.ﬂfyhgarﬁgpggg?Ffﬂeﬁﬁ?ebfmﬁh&%ﬁﬁmcﬁnWSZTiaﬂH is

connect ed at 9 §ayarep ha Otaniunfd piovidy 4 1e_connect 1123. The
bend or Curvﬁovb@efe?? etﬁgﬁmeﬁ | I nk 1118&3 %#P???fstg‘%iamu& Brclccommodat e
changes in the dianeter o "HRSHEE2hand 992 wowid be separat@bietitfiidfom fase - -
connect | i nkstéible@sisted] hasgé@éﬁ@%hh%%%xm '%hﬁébm ance bar -at | UACtT.on
1105 and_the inner wall 912 of case %:5 §1ENGES By fpprapsiatemboreting on of
the case conRSM¥I¥8Sk and a portion of thhe flat surface 1102 of cone
connect 1123, This series connection has sufficient .strength to inhibit
undesi red vibrational translations between the junction of the braco bar,
fl ow tube, and bal ance bar with respect to.the inner wall 912 of case 903.
FIG_ 13 discloses the Coriolis flowneter of FIG 10 devoid of flange 906.
It is to be expressly understood that the clainmed invention is not to be
limted to the description of the disclosed enbodi nents but enconpasses
other nodifications and alterations. For exanple, although the present

i nventi-on has been disclosed as conprising a single straight tube Coriolis
flowmeter, it is to be wunderstood that the present inventi.on is not so
limted and may be used with other  types of Coriolis flowreters including
single tube floweters of Irregular or curved configuration as well as
Coriolis |lowreters having a plurality of flow tubes. Also, raised

el enents 827 and 927 may ‘either be integral with their respective flanges
806 and 906 or 24 ) ' :
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16 Decenber 2003 they may be separate el enents affixed to their respective

Ranges. In o'l wrel ors nmade of a single material, sugp@smber 2003
st ai nl ess s'toe%g’lu,?“%gljas"];ejgéﬁ‘enents 827 .and 927 nmay be integral V\Il&t%h and

f d or the same staigb Ly ' | - it
Soreti mes des| f%d hat Cor o aApento) Bisting BRRAEL: L) Rarcraiance bar
Cheir differ bR Wratase adaptedomhen iowseetodbesyibtae ihippiaisé B Bo&BN fea Bib@ni um
dth . | nl teel t i sed | t
827 and 0277 e (S PEAIEE TRUO A BH SR S e btte reprmsenting |
titani um | ninfugiation pedainingrte Meﬁaliﬂbwmgqmdugﬁ%ﬁswﬁgﬁn%ﬁgw? fe ggw ﬁi%t}e
WO ' a

separate. el glgg s fromthe stainless steel flanges an u xed
to the fPang %”@Bﬁ%@ﬁ’%‘?&pﬂ RAiang anexdensianateacR®ndhat is dained is:

16 Decenber 2003 1. eg;@ndrglgiggo,j,}n%m% (700) having a flow tube (701)
and a bal ance bar (702) that are adapt eﬁ'l:pnfsl n-in use, to be vibrated in

phase opposition in a3&rbe&H3)slanending gaid fiowitebacsmes sbiisn bRGRGRSE | N sai d

vibrating fl 8 ' i nf ormati on pertaining to nmateri al

{1 owt g e coricd e WOR S SRAMIAAS oy e SUbsfanubl ke a0 sumpuncing 2
center port isaid flovdlube centeepoition: at each end; said Coriolis tlowreter _
conpri slid1g: a case (70 said flow tube center portion and said

ﬁ% surroundi ng .
bal ance bar with sai o BE! fAheSerand Benlrpd(dB4) efrmeidxtdse; paral l el to and

surrounding said fl o épdingEel mltdf%béage%nmf slgﬁgél%'dggég@c nd axi al

: n
end (704) of said case;, an opening (721) In eaCh o “for
recei ving sibg extension thatprejact heyand sdichtaseredsct beyond said case ends:

said opening in said . 1S ial., with a |longitudinal axis of said
f1 ow tEbe egt_ensi on; 5%?6@ a(':gd 'Basrs""acné% sertdfﬁﬁmmgﬂgbéﬁmimlaﬂﬂd bal ance
bar to sai ds#i¢ Sowttulizeexteasienconnect |ink nmeans (710) having a first end
coupl egdsto said bal e Jar_and I n second end coupled to an inner
wal | O?Jsai d case; sg%e%@%r{ga% 59 fisaickbalance bar tosaidféwi t t he
novenent oflub@0 said brace bar and said bal ance bar ends in a direction

per pendi cular to said ' .
Case connect link means (710) having a first end coupled to said

balance bar and having a second end coupled to an inner wall of said case;
said case connect link means is effective to inhibit the movement of
20 said brace bar and said balance bar ends in a direction pérpendicular to said
longitudinal axis of said fliow tube in said driven plane;
a cylindrical cone connect means {723) having an outer

circumlerence coupled to said case ends and having a circular opening coaxial
| with said flow tube extension for sealably receiving sald flow tube extension:
25 said cylindrical cone connect means being axjally positioned between
a terminus of said flow tube extension_and said case connect link means; |

2. The Coriclis flowmeter of claim 1 wherein said flow lube extends the
length of said case and has said flow tube extensions (701L, 701R) that project

through said drcular opening In said cone connect means and beyond said case
ends lo said terminus of said flow tube extension.

3. The Coriolis flowmeter of claim 2 wherein sajd terminus (707, 708) of
eacl_1 said flow tube extension is devoid of attachment to any structure axially
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IonQitudi nal axis of said flow tube in said driven pl ane; a cylindrical

cone -connect 2 having an outer circunference couplighéembal 2003
case ends arﬂiﬁﬂ@sq{( ﬁé“?%‘%ﬂd&r opening coaxial wth said flow tube

extension for sealably receiving said fl ow tube extension; 25 said
cylindrical cone connect neans being axially positioned bet ween a term nus
of said flow tubd. extEhsmuomﬁbmaetﬂroiaslemtﬁmrﬂﬁru’ud!ufdingmans 2. The

Coriolis fl ter of tube extends the |ength of
oo A chee and has. s A1 PREIPbad BUES RIS s Brminse s ach seitdowtaimct |
through sai @xwnsionlfer emstting Rgid @oﬁ&fﬁb%@ﬁfb@eﬁ%@%h pEEA0% @H&Fﬁ%@g}?‘?sa' d

case ends to said term nus of said fl ow tube exte Sl 'olis
flowreter of claim 2 WdFHaA0BAAAY OB axial ed GUrfactos) said end Aahgs,ardl | ow

tube extgnsion is dev, {: tructur al | 6 outward
of said case ends. 165)553*!%&1)32' 'BWEE ﬁseﬁ@éﬁ: 'lﬂ/\ﬁ’@k lé‘i’ﬁcl_ai m 2
furt her i nceogdges saichflewdubd extgrsigi806) coupl ed to sal d ternm nus of each

said flow tube extension for enabling said Coriolis flowreter to be
caupled to a material source;, a circular opening-on an axi-al end surface

of -sai.d end flarge; amwoﬁo:mbhnmewcumqrfuﬁHéiaﬁﬁ Aingai d_ci reul ar

openi ng that seal ably aa ges said flow tube ext enS| on.>'5. The Coriolis
fl ometer of claimil af‘i)ﬂ'f‘ dgal aéﬁ"bm?gﬂ pepipled toyeachdiaicdt edsenek extéadingcoupl ed.

to each saig; LIy outward beyond said case end; said
SuaB S SRR ) -

neck has a c g coaxil h said flow tube extension 5 and a
cylindrical inner suﬁﬁ!ﬁb@ﬁtﬂtﬂw sstantenapening gpaxial with §hidFRivihibeQidnidicn

ext ensi gn t ai.d case, en nd neck: .sai d
cyli ndrlgcalé'faﬁﬁn ”ﬁ%&"e%'?@ge ﬁ‘%’ige pﬂ%@%PZFa'g fgweiube extpgsion he
di amet er ofrhslaprd;eusdnmnuesmuesanamndaumu fecl;r cul ar cavity in said neck

defi ned by space betwe Jow tu 0 extension and said cylindrical
i nner surface of sai ?ﬁ&’ﬁm& I'f‘ﬂ%’ '%Ié?'ﬂl%%ﬂﬁéla gspaler diamater thapher

i ncl udi ng &@dhﬂ%ieMdda@Mw(%bléxtéﬁk;&‘ Rhgnar surface of said case connect
l ink nmeans.
a circular cavily in said neck defined by space betw:—zen said flow tube

10 extonsion and said cylindrical inner surface of said neck. T

6. The Corolis flowmeter of claim 1 further including a curved portion
{711) In a planar surface of said case connect link means.

7. The Coriolis flowmeter ofclalm 1 wherein said cone connect means
(923} has a flat surface (1002} having an out of plane bend (1003) to permit a
change in the effective diameter of said cone connect means in response to
changes in the diameter of the portion of said case end to which said cone connect
5  means is coupled.

8. The Corialis flowmeter of claim 1 wherein said second end of said
case connect fink means (1110) is coupled to said wall of sald case by an

intenmediate connection means (1106) that is connected to said inner wall (1129)
of said case.

g, The Coriolis flowmeter of claim 8 wherein said intermediate
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7. The Coriolis flowreter of claim1 wherein said cone connect means (923)
has a flat surface (1002) having an out of plane bend (4003) 16Dqeenbit2003

change in_t heomfetsn ineanslinabe ftaBa| 02PBEsAPBRRF otk N [ FERANSE T

changes in the dianeter of the portion of case en d cone
connect 5 n¥BORe GEUBHRIBNERIIS cONNgried toaisoiface of saicisner wal ofsaid erse wher ei n
sai d second end of said case connect |ink nmeans (1110) is coupled to said
wal | of said case by an intermedi ate connection nmeans (1106) that is

cannected to sai d0i nnEhe Gatiblis(floldfgter of cisiai HiurmepincRideshe Coriol is
flowneter of claim8 ere sai.d internediate 27 |F 16 Decenber 2003
connection means incl&d8 wﬁbé‘%@g(a%ﬂ?wwb%%ﬁn&prmﬁ@mme@d balance

(1123) whosgygs g |1 of
Sai d case. 10, "#%”%%‘?‘?‘3@?’3"%%3‘;@?5@3‘3#5 Spch S PER B ARG Ve
D for vi br athNang and said meterial iew esnioétly miiettiverforindusing Cobialindefectibas i n a
drive plgne ¢Ljy opposition to each other, said vibrations in said
drive plane and said material flow are jointly effective for inducing

Coriolis deflections pickofbmeans! (fFOVWRPOYeoupéd-to iid fiive anse ¢4rits pdilis) .
coupled to | nt.e ortion, for, detecting said Coriolis --
def Fect i ons?Oarsf}agl'%ﬂﬁggﬂfd%ﬁﬁgﬁ@ag@%'rsﬂ%p'gk Bﬁgl‘e@"srg@ﬁg@’éﬁﬁ"ﬁ i nf or mati on
pertai ni ng paprastintingwiieimaalon pesininy th%ﬁtpm%%nhpﬂowu;iré%%ﬁsé PEygf said

Coriolis deflecti nd 10 neter el ectronics recei ving sai d
si gnal s- froﬁ?mﬁf Genolisdefipetionsian@ner at es out put i nf or mati on

pertai Rpng to said MiheRés r. of aimb5
wher ei Ebsal d fl ow tube %nﬂbgt&%r@d% Bavafo{%%@éax %Hg%ﬁgﬂaé@ '%\ 'tonst ant
di amet er f omeeneand ggnarates asdghut mfamtmmpeﬂ]amgemtsaﬁmmmm fewd opening in

sai d cone connect neans at said constant' dianmeter to said term nus of
said flow tube extension. 12. The Coriolis floweter of claim 11l wherein

said termnus (707 ToeLoriofis mmgmbddblrmﬂ/wnelﬁﬁnedﬁmﬂheiﬁd%ﬂ)ﬂ&ho‘c
attachment 45 8RnSioh oGS of4'cBhkidnt SR b thS Tt o o Sae o

project through said opening in said cone connect means at said constant clnameter

to said terminus of said flow tube extension. =~ - - TR -

12.  The Coriolis lowmeter of claim 11 wherein said terminus (707, 708)
of each said flow tube extension is devoid of attachment to any structure axiarly
. outward from said case ends.

13.  The Coriolis flowmeter of claim 11 further-including:
an end flange (806) coupled to said terminus of each said flow tube
extension for enabling said Coriolis ﬂo_wrnetér to be coupled to a material source:
a circular opening on an axial end surface of said end flange, and
5 a wall on an inner sudace of said circular opening that sealably
engages said flow tube extension.

14.  The Coriolis flowmetler of claim 13 furthér inciuding:

a sealed cavity (721) defined by space between the outer surface of
said end portion of said flow tube extension and said inner cylindrical surface of

said neck of said case end and a cylindrical inner surface of a portion of said end
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13. “'The Coriolis flowreter of claim11l further includi ng:‘ an end fl ange

(806) coupled to said term nus of each said flow tube extensigqedefiber 2003

enabl i ng Bai dlanget ol is flowreter to be coupled to a materi al
circul ar opening on an aéi al gnd suyrface of said end flange,
on an inner surface of SUGsEAIR

source; a
and 5 a wal |

Fa\ilvdiavissean agairutesead apinprisisggages sai d

fl ow t ube extopingarR: praidcli ek @b .13 further .

i ncl udi ng: a seal eg%al\%i _tuigq?$21§t (gg¥f%ffe§§ gy sgé@%%%l%g]ﬁngﬁ%e‘{)wmé?a@urface

of - sai d endflg¥rttbesxlensiemi d f| ow t ube extension and said inner cylindrical

surface of said neck of ,d,case, end and a cylindrical inner surface of a
U PR Y %

@Vity HapiDg anqea

portion of said end 2

pRer_endcomprisingspid sone y

havi ng a® axicehhsct mdads (228). conprising an outwardly projecting el ement
(827) of said end flange seal ably engaged with said flow tuba extension;
said sealed cavity having an axially inner end conprising said cone 10

connect neans (728,. Hpe "gﬁ(g\j,@%ge?oﬂjgmﬁt]?@a%”ﬁ#lai m 11 further
, a nec

i ncluding: an and flange (806, 9

“g’QPij end fl ange -

havi'ng 'a first end i @negddlangs (806580@);and f1ange and havi ng second end

connected to an axial Ly end_.qf id-neck, 5 -(805):0of said case end; a

cylindrical opening i r?%egkﬁﬁgpf?@ﬁﬁaqféﬁﬁe?‘ﬁv’gﬁiadﬁrﬁb%’kd ptegraliwithesrid 1 ange

for .recei vi nendsfiargetandhiaving secosdibid thavsdatdR, Ak Sasy taﬁ'eréﬁ# df ggﬂé i,',gg%I i cal
of saird en

opening Ln saj ck, of said end flange and in a portion
fl ange has ﬁhg’aﬁgﬁgcqsﬁaﬁ"dis substantially greater than the

10 exterior

surface of said flow highghdmshIRpehMg if gagegdmrﬁgvaqidqa(séﬁ%%%%}f\é\gg?ﬁle?

exterior surface of said flow tube extension a sal

surface of 'agpa fordereling saiddemraus ofaaikfiew dube extensidnj cal i nner surface of -
I d ti f I d | : . I all Jut |
S portLon o 5910 RaglaSpu] gk <B4 4R At

el ement (827) in an axially oute

roj.ecting
d83having a

cylindri cal pagieniolgamtriciangk hes balismater ithites substantially greater than the
10 exterior surface of said flow tube extension to define a void (721) between said

exterior surface of said flow tube extension and said cylindrical inner surface of

said neck of said end flange and a cylindrical inner surface of said portion of said

end flange; and

an axially outwardly projecting element (827) in an axially outer
15, surface of said end flange having a cylindrical opening whose walls hava an inner
diameler that sealably receive the terminus portion of said flow tube extension.

16.  The Coriolis flowmeter of claim 5 wherein;

said case includes walls parallel (712) to the longitudinal axis of said

flow tube;

said case further includes said case ends (704) affixed to ends of
5  saidwalls and oriented substantially perpendicular to said. cylindrical walls;

the exterior surfaces of said case ends include a neck coaxial with

sald opening in said case ends, said opening in sajd case ends receives said cone
connect means (723) and as well a said portion (701L, 701R) of said flow tube
extension which project axially outwards beyond said case ends, said neck (722)

10 has a ylindrical inner surface of a greater diameter than the exterior surface of

saiq flow lube extension to define a void (721) comprising the space between said
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di aneter that seal ably receive the t er mi nus portion of said flow tube
extension 16. The Coriolis floweter of claim5 wherein: salds@@s&embecioades

wal |'s paral | @xtefiplgyiiace afiseid fomgiube dindalaidasher Sifaeeioflshidquckube; said case
further includes said case ends (704) affixed to ends of 5 said walls and

oriented substantially perpendicular to said. cylindrical walls; the

exterior surfacesypf Smét@ﬁ@gsﬂﬁ%témldé‘ﬂ'ﬁ ﬁilfgﬁﬁéﬁ.iﬁagﬁh@ with said

opening in said case ends, said opening In said case recei ves said
cone connect means ( ArEndfanaad80@doualeddo dajddetmions 6FEHid flowddbd) of said

ai d nock (787 rEaBG S PbafS uttells SR g i et o1

than the exterior surface of said flow | ube extension to define a void
(721) conprising the space between said 29 exterior surface of said flow
tube and said in@ suthekencls lowmetereliiclaimg! Inubergisesaicd ogse edmpriges: Cori ol i s
fl owreter of clai m 16c{iHdhbSwdiR 4l g, SOk gé cauplked to
said term nus of sai dc%ll ow tlnr)e ?e%ed?n%%e?h or elglda quﬁn @gﬁ?l%’?l 6F?'g

f1 owret er tdMeltBgupl ed to a pipeline. -18. The .Coriolis. flowneter of .claim

11 wher-ein said case LONPL{ SEP ... ' Lcal wal | -oriented parallel
to the | ongitudinal a%gg?é#ssaicgf%lse%(@ﬁqgg%&m\ﬁgﬁefﬁg%e&%%e ends (928)
are curved @edparidiclir withonespéct pe said ngtlimifcalwilist h respect to said - .
cylindrical-walls;.:. i nner sur,face of a _curved portion of said case and

i ncl udes means t hat ?@E‘@F(/ﬁ‘é’f"ﬁ?@f&ﬁ% BR{HiaN obsdid sase ond ddudes mearisd

circul ar cotieatcathas thoRues radidPsdtrensiiy (93 36risdRFciRD r%ﬁhgcﬁﬁﬁé/&‘rkégﬂs .
ext ensi on eﬁﬁﬂ_ds the length of said "1.d case and through a center opening

of said can nnect neans and through said cavity of said neck of said

case end to a flow t Ukfd fil Rt § ' AX| U d beyond
said neck. 19. The Coriolis fl o%t%? ﬁggq%%%zﬁ%?reégjﬁt@ea% eorfﬁsms of
sai d fI'8w ¢asRandtheughon ceatedenening of said condicentiect meany astthrolgh eajdxi al | y
outviar d 1 0g3wifyiof sakidRiek D did case end to a flow tube extension terminus (307) axially

outward beyond said neck,

19.  The Coriolis flowmeter of claim 18 wherein said iéhhiﬁué of said flow

tube extension is devoid of attachment to any structure axially outward from said
case ends.

20. The Coriofis flowmeter of claim 18 further including:;
an end flange (906) coupled to said terminus {S07) of said flow tube
extension for enabling said Coriolis flowmeter to be coupled to a pipeline, .

21.  The Coriolis flowmeter of claim 11 wherein said case comprises:
cylindrical walls (912) oriented paraliel to the longitudinal axis of said
flow tube center portion:

walls of said case ends have a curved portion (928) that is offset from
perpendicular with respect to said cylindrical walls;

o

an inner surface of an axial inner portion of said case end has a
diameter equal to the inner diameter of said case for receiving the outer extremity
(1129) of said circular cone connect means;
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20. The Coriolis flowreter of claim18 further including: an end flange
(906) .coupled to said termnus (907) of said flow tube extengimkenBér 2003
enabl i ng sai d Cori ol i ssdid §wdvies andsiid flomipbedxttnsion pitead itelengdih ofl B5d

Corioli | . i 11 I ej i i : lindri |

wal 1 o (1% 8% Bha Bid Hol) Wbd SR G e Fisiibh 2 R oPBTe A Gt #m8 ¢ uba

cent er IDOFtieﬁmnawhie@nﬁfnﬁ@)@nﬁdﬁu@u@ﬁ@éidhﬁa\myﬂaaﬁgbi‘/ﬂfd ag&ggga)@ggm that is
a wa S,

offset from 5 perpendicular with respect to said cylindri an

i nner sur f ac 3%t enfhioAdlow tubmextension tesminss (88T )dialy outwrid heyond sdidametker
equal to the inner dianmeter of said case for receiving the outer extremty
(1129) of said circular cone connect neans; 30 16 Decenber 2003 said flow

tube and said fl d8.t ufbeddrigiisflownmtaresidldin @ 1vingéh safd eahfusQooersss and

said flow tube extepsi extend through a center opening of said cone
connect nmean®aqy ﬁo"o’\g@’eﬁﬁtﬁﬂﬂ?ﬂ ésaé)%'%@a%iqt@c’('@gb‘)méﬂy tue axiallp24) of

said case emgwhR ForhlsBl dddecerist ension term nus (907) axially outward
beyond sai d neck.. 22. The Corioli's fl owreter of claim21 wherein said

term nus (907) of. each said flow tube extension i's devoid of attachnent to

any structure axisgl | ymg%%hgp‘%%'ﬁém&?%g'agﬁiiﬁ‘?d'g}o‘!ﬁ%éﬂ? 3. The Coriolis

flowreter of claim2l1l further "19906) coupled to
sai-d term nus of sai damend/flange (308)cenpled to. faid tearnidls oTgarPfisly Bd ol i S

flowreter to be coupled to a pjpeline 24. The Coriolis flowreter of claim
21 wherein s%?sﬂ"se& B??ib"f‘poﬁﬁl’da{iﬁ'ﬂc’hsﬁﬁ’f"[‘ e 10 cveled ta@ pipdine. ange (906) ;
a cylindrical opening in said end flange for receiving said termnus 5
(907) of said eng portion of said flow tube extension; a neck (925) of said
end flange has a2#i r sthekarieks tyyaetenp elaign2 hwharalrysaid Gociolip fowmeteof sai d
and fl ange iMlidrdonfesaxi ally inner end connected to an axially outer end
of said ncck (924) of said case end; said end flange and said neck of said
end flange both have & endfiange (9@6);cal i nner surface coaxial with said flow
tube extension; a cylindrical opening in said end flange for receiving said terminus

5  (907)of said end portion of said flow tube extension; '

a heck (925) of said end flange has a first end integral with an axiaily
inner poriion of said end flange and has an axially inner end connected to an
axially outer end of said ncck (924) of said case end;

said end flange and said neck of said end flange both have a

10  cylindrical inner surface coaxial with said fiow tube extension;
said cylindrical inner surface opening in said neck of said end flange
as well as in an axially inner portion of said end flange has a diameter that is
- greater than the diameter of the exterior of said flow tube extensjon to define a void
between said exterior surface of said fiow tube extension and said cylindrical inner
16 surface of said neck of said end flange and. said axial}y inner portion of said end
flange; and
an axially outer portion of said end Range defines an axially projecting
clement {927) having a center opening whase inner walls have a diameter
approximate that of said flow fube extension diameter for sealably receiving the |

20 terminus of said flow tube extension.

25.  The Coriolis flowmeter of claim 21 wherein said case connect link
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said cylindrical inner surface opening In said neck of said end flange as
well as in an axially Inner portion of said end flange has a @is¢enBEr idoat
I's greater hhainsiinen)dopipptes: of the exterior of said flow tube extension
to define a void between said exterior surface of said flow tube extension
and said cylindrical inkselongatadmhamben{!148) kavieek behd §0a éhi@Bertbhange and

said-axial l y,i r ortj o) g end flange; and an axially outer
portion of sg%@{bg'r{&nﬁ?%s gaée{1i0§zgfj%g%'%ﬁqr@9%ﬁé? apgyiagy °E?'3ﬂ‘¥mﬂ'\(927)
havi ng ascentsgpecitomiang oapse i nner wal s have a dianmeter approximte that
of said flow tube extension dianeter for sealably receiving the 20 term nus
of said flow tube ext&fadlly inpsr enthel 168) pta fist eneehsaid fegstbeiigtonn2ttagher ei n

sai d case C%@ﬁpérzdéfﬁgsﬁﬁf%aﬁ#g%'conpri ses: 16 Decenber 2003 a fl at
1110) e

el ongat ed nenber aving a nd'in a md portion that defines two
legs (1107, 1108) of saiatiateobier enthft108) of asgedrat drie Nsa@hfegd beidgh 5 respect

to each ot he radiall v, inner .end (1105).0of a first one of said |egs

bei ng connec é'agdfagq?aﬁs ﬁ%ﬁi%ﬁ‘i%‘?é 5%#%’5‘?3%@ Ine a3enips; Rath ou?er end

(1106) 00 a comnectihgoswid efid FRIDS) bPgsid BalaRse bﬁ%ﬂﬁﬁi&%r{e?mﬁamgaﬁ gl said
en

cone -connect-'nmeans to_define-a series path' 10 connecting.sal 1105) of
sai d bal ance bar wit h53@Sangspath cRaIprises sajdificst end secend legs €11075 1988 )of
conpri ses saafl ddsedonABE IRREABS Ad?GSn 0 | e connect
link and a portion (flOZ)ﬁof sai'%l COI’IQ%(?%ZOH%C '%"aehésan%gglféﬁimri olis -

fl ommeter of claim25 wherein said two | egs (1107, 1108) are oriented

substantially 90,degr L 40T ea her; 2 The (.ol
t1 owret er of cl a‘l?gﬁ 25%??@?’3 f@% reéﬁ%’?{ﬁ' (‘8%%'“0?3'5%? G—‘%%@ﬁ&ﬂ@a)
ext ensi on | srelenaildd stbsiantiadiy 86 megtee witly respectdt each attieg! | y outward from

said case ends. 28. The Coriolis flowreter of claim25 further including:
an end flange (906) coupled to said term nus (907) of said flow tube

extension for enzhli riQ;eStad’rdJliﬁlﬂbivﬁ{dt&6f|d§fﬁ‘ﬂ5&§hér@nb.ﬁid3@%frﬁﬂé§@7)%fpi pel i ne.
29. The Corial,i_s flgewrret er, of claim 21 wherein said case connect’ |ink
said flow tube exlension is devoid of attachment o any structure axially outward

from said case ends.

28.  The Coriolis flowmeter of claim 25 further including:
an end flange (806) coupled to said terminus (907) of said flow tube
extension for enabling said Coriolis flowmeter to be coupled to a pipeline.

29,  The Coriolis flowmeter of claim 21 wherein said case connect link
means comprises: '
a flat elengated curvilinear member (1110);

a radially inner end (1105) of said curvilinear member being
5 connected to an end (1105) of said balance bar;

an axially outer end (1106) of said curvilinear member being |
connecled to a surface (1102) of said cone connect means to define a series path
connecting said end of said balance bar with said inner wall (1129) of said case;

said series path comprises said case connect link and a portion of
10  said cone connect means.

30.  The Corolis flowmeter of claim 21 wherein said case connect Iihk
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means conprises: a flat elongated curvilinear nenber (1110); a radially
inner end (1105) of said curvilinear nmenber being 5 connect q@ h&te@Becrob3
(1105) of said balance bar, an axially outer end (1106) of said curvilinear
menber being connected to a surface (1102) of said cone connect nmeans to
define a serdrggipath connecting said end of said bal ance bar with said
inner wall (1129) of said case; said series path conprises said case
connect |link and a part iednngdted Gesaed Canid)cbamend aredersst3gne HeadCoriol i s
fl owreter of claim 21 wherein said case connect |ink 32 16 Decenber 2003
conprises: an el ongatedimetrbend (clfl 38)dhaMimygtatl haasir dsecbemel;tedatpi r st
end of said elongated nenber is connected to an end (1105) of said bal ance
bar; a secosd emdd (Df0Saiod ebidthgatlachcrebdrer is connected to a surface of
sai d cone connect neans to define a series path connecting said end of
sai d bal ance bar w tha s@icdnidnevet ofakhidfelsgiatiedasenbesaiid sennaggdath
conpri ses said case connect link and a portion of said cone connect neans.
31. the Cora clurfatéonfretagd ofnelainmett cherractier Hdefihe ra sehaes spath
cylindrical cone connect neans has a radially outer portion rigidly
affixed to sangctase wnds eaddof gaadi aklyninmer wpohtsaom dngedl waldf foifxed to
said flow tube. 32. A nethod of formng a Coriolis flowreter (700) having
a bal ance bmxid 782%:; and a flow tube (701); said nethod conprising the steps
of : coupling ends of said balance bar to said flow tube wth brace bar
means (709); surroundiaig safied Irewht abepmimessardld bad sncenbarti hingk asdse
(703) with said bal ance bar being substantially parallel to

a portion of said cone connect means.

31. the Coriolis flowmeter of claim 1 characterized in
that said c¢ylindrical cone connect means has a radially outer
portion rigidly affixed to said case ends and a radially inner
portion rigidly affixed to said flow tube.

32. A method of forming a Coriolis flowmeter (700) having
a balance bar (702) and a flow tube (701):

said method comprising the steps of:

coupling ends of said balance bar to said flow tube
with brace bar means (709);

surrounding said flow tube and said balance bar in a
case (703) with said balance bar being substantially parallel to
a center portion of said flow tube;

coupling said balance bar (702) to an inner wall
{712) of said case with case connect link means (710), said case
connect link means to inhibit the movement of said brace bar and
said balance bar ends in a direction perpendicular to a

longitudinal axis of said flow tube in said driven plane;
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a center portion of said flow tube; coupling said balance bar (702) to an
inner wall (712) of said case with case connect |ink neans (169cembdai Zh03
case connect link neans to inhibit the novement of said brace bar and
sai d bal ance bar ends in a direction perpendicular to a |ongitudinal axis
of said flow tube infsaringrd vedipiaimel 38ck6(Ttembern2008 i@k af a
cylindrical ngck é?i&%.on an end (70%2/3%I .sai d case having a center

coaxi al wi tHan°83G &S8R BELEFE FIBWALt UBED AnisFtRBEKCR Hr SaREsIEPY | ow

t ube extensci gn thatdproi ects beyond id case end, said neck has an inner
cylindri cal™ 8 828 BF-K YHERLEHS dPafePlr SERAN¥ HNSdPRmaE BFOSFF £ 1 ow
t ube exterkljsi on; foﬁrﬁjrﬁ ng a chrcuI, r ce}(vit g’7r21’(1f2 in sajid neck defined by
the space BSYRBRr*3e “BUE F YurPARenTH: AP ISR NS C¥ ORPMF A aFiEFA%S t ube
ext ensi-on %r%d a;said é:é'l i ngric I ing}er surface of said neck; formng a

cyl i ndri cal® cohetohnect H‘%er Ay Han JAPBETETYI Phdrifedl S at®sand an
i nner cyli %g{rggsz‘aions_urface in each of said case ends (704); seal ably

coupl i ng s&rd cona ‘connect (723) to said flow tube extension and to said
inner surface of said neck (722) extending said flow tube and said flow
tube extension for tfhemieqdgt tigtusal davdse $62han said redwdeipaed
extension project through said opening in each case end at said constant
di amet er t &yathersrangs betvween d-hel ewretbairdrcensf ot ise pBAJPREEIPT §4i d case
end; the nmethod characterized in that said nethod further includes: formng

sai d Cori olsi2gddf fbapnstube sstendonsand tadhicydsndpicadadRPeF ot iase €kt ensi on

is devoid of attachnent to any
said neck;

forming a «cylindrical cone connect (723} having
an outer cylindrical surface and an inner cylindrical surface in
each of said case ends (704);

sealably coupling said cone connect (723) to
said flow tube extension and to said inner surface of said neck
(722)

extending said flow tube and said flow tube extension
for the length of said case so that said flow tube extension
project through said opening in each case end at said constant
diameter to a terminus of said flow tube extension beyond each
said case end;

the method characterized in that said method further
includes:

forming said Coriolis flowmeter so that said terminus
of each flow tube extension is devoid of attachment to any

structure axially outward bevond said case end.
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structure axially outward beyond said case end. 34 16 Decenber 2003 33. The
met hod of clainms 32 further including the step of extendi ng|8®dededib&aonsibe
at a constant dianmeter for the entire length of said flow tube. 34. The
met hod of claim 33 further including the step of extending said flow tube
ext ensi on throudhB.a € imethiodapf corrimscdAnbettheireppaiudindeddn 8%R Case
end. 35. The nethod of claim 34 in conbination with the step of: affixing
an end f| argeefd0R) seddshiay ttabai ause sonsapnt JdilagRtenbecexi@nsnbhte 36. The
met hod of claim 32 further including the step of formng said cylindrical
cone connedengkh lpfaspadi Bldw toheer portion rigidly affixed to said case

ends as well as with a radially inner portion rigidly affixed to said flow
t ube. 35 34, The method of claim 33 further including the step of

extending said flow tube extension through a cylindrical cone
connect element in each said case end.

35. The method of claim 34 in combination with the step
of:

affixing an end flange (B06) to said terminus of said

flow tube extension.

36. The method of claim 32 further including the step of
forming said cylindrical cone connect with a radially outer
portion rigidly affixed to said case ends as well as with a

radially inner portion rigidly affixed to said flow tube.
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