; stuve3de&#4r6TTwoa, NU,. . ~NS~ s, v APPARATUS FOR CONNECTI NG A CORI QLI S
FLOWETER TO A CASE Field of the Invention 5 This invention relfates to a
Coriolis flowreter and in pﬂﬂ“ummlmmw"mmlﬂ“ a single tube Coriolis flowreter
nmet hod and wohyeisiy € for .co vi brating el enent $cwiustdms103ori ol i s
flowmeter to the fl oweter case*codhe i nvention further relates to a nethod
and apparatus that enables a Coriolis flowreter to be manufactured, 10
tested, bal anced, andPRREUSHORGANYECTING A CARIGRISFERWIMATER T4 C4REOCess connecti on
flanges. Problem It is a problemto provide a single flow tube Coriolis

fl owreter that operates satisfact Fialdpftiveimventibde range of operating
paranet egs. These paraneters include operating tenperature, density of the
mat er i a: L | ow as mi};} inweatlicfmtqwtéaio %Boabmwrﬁetaﬂﬁhdf 1nqyﬁrﬁtﬂlgﬁ-toé $hgage in
materi al density., thernma i nduc tress in the flow, tube) or pressure
Stress on tnEbPEAIE HEVmRleraBe ST of sk aera i toltreckie s AoRHce eBmens ch
ef fects the &apeCaeiplioflowmetdriteowEEivmetehaa@e STHeInVditioRa fpdiat TBlhfisSodegr ade
the static and dynanjc isal atﬂ%?g‘réao the vihratory el epents of the

f t
fl owret er. TREMFAASICLFRAALAL ablgg a7y fﬁ?‘ymsr%ﬁ%ﬁgm weflr om t he 20

ef fects10f cleargebalaRcehahdtstdrgd paoAIsRhe AftachNélof pAicess Bohrnttioh @8Mdds. f rom
the change in operating paraneters irrplgir fl owret er accuracy by adding to

or subtracting fromthe Coriolis accel &°¢®n of the material. The unwanted

accel erations cannigta prebkeieansvtied sitdle ROW AEC ORI floMnetdr thht sgteatgBUNt i Ng
conditions of the f]owreter. The nounting conditions_also often change with

tinme 25 and YRAEHREILINPET A WIGR EARAR-ChRRPEL PSR T RESERATATPIRSS of

materi al pariw@a@bFe@ﬁdg EHpérafige, Citmdity bPIRE matelid) DR RXPECAShatdrial | S
desired that the flo ter remain operational and produce accurate output
i nf or mat!Pon.PTPESYre a&%""d@%ﬁ' %apﬂﬁf” Reer gﬁﬁtﬁrtﬁgrmﬂlyé@ﬁ“i'qeﬂ Biese e

fl owret er elnapevIube, drprédsardSitbsaort theFBWRBEEBER BASEh MRUY in Ah uhBaland@al to
design 30 a Corjoli lédg@é{%g@ so that it erates W th suitable accuracy

and does notCoRgLiop qoquracy Shina fvresteneripangssdn dipseect to

varyi ng opergiramgtdre apgradb e static-hoviRietic qefAtBAST shalibatslg Bidhedtbat t he
fl owreter cali ﬂrgatl on rﬁ%m n_constant and flat over a reasonabl%éw de range
I

of material BBHSVMMEY: RSPRIEM 18 i sesh ey iRrRloneelgmentRinEpnaromdle 5

Cori ol i gof | sfRRissf cMdAGediAVPerding fdyanBices | Ackelbrltidns atht YédUdFdrithest ruct ure
t hat operat :c?@l n a cont{iol |l ed an manner over  a ran,ge of
A

d predi¢ctable ,
oper at | ng panande i SREIRING pyATea FRoalt fiaimeler siaiacy yaeing e
PCTI u_sgo/ 1615013trébt01y1fﬁc15_rﬁl‘th@Ceﬂill;ﬂ&tai:pebét'aifohaig tﬁ@mtgteeiavi 'hﬁe’iblimgﬁtéﬁz t g)n _shf)_ul d
not vibrate or co ni cate vibration tq the vibratory system riolis
f 1 ownet er ofatcgﬁ'e?g%?|°§B%ﬁé’esqoﬁ'bqeé’sg’tepgf’bmcaf’ﬁ% eé’dﬁ‘\é’ ‘é’ﬁ'? i*?ﬁj’ﬁ‘&léﬁ“’l?y a
bal ance bar cenditibhsiotthbdiosneaem| THeombhetingadondriondalsotdn changd &ith time t ube.
I n opergtion, vibration.nodes 5 &é)?%i ons of no vibration) occur in the

brace bars KRAETREEAIYEMN JRKAQYHE t he bal ance bar. The nodes define the
| ength of the fl @weh thraighhatariagors ubinatdrial Par@aietdrt iapd infsuiting TBARdMbAY i@t | on

nodes of th | ow t ybe .and, t he surroundi ng bal ance bar. should remain in the

Doace bar s door aectpa fE Yo it e der Gl SpRtip A Eice

desi gned. Siagcearateheutpal infvtaatiar. , It tsraﬂQCEdéﬁreﬁi,thatﬁdefsirOWutalhhﬁegmyrb_ f fthee 10 a
mass .times the vibr

dynam cal |y ;bal anced system the.vipratin tion
Valoci 1y of "BRESTaeEETEH opBfne L oSt peR TRy (Had opriesehen
vi brati8sh veal OCordlig flovmeher ol that it oferateAswvitrongtablis dcharey anddiobs apsdestdy et
and provided no other unbal anced, forces. or, torques are applied to the
non- vi br at o%e@f"%ﬁﬂ?nf[ogwﬁ‘%ef %8”\@5/\%&%’?’!60{ We"avrﬁﬁg 8??@ﬁ"9\8%@%er%'ﬁ%ﬁ'n in the
brace bars @sivrhbter dédigriert hivo dusire tha ltesTROW D ete? BRIbTatldn fohtdn tostamidagat i on.
However, prijor art atte }s .gave al | fatl l.en, short of neeting these
conditions. flat over a reasonably wide range of material densities.
In order to achieve these design objectives, 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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A prior art attenpt to mnimze node novenent and the communi cation of
vibration fromthe case to the vibratory systemis shown in U S. patent 5,
473,949 to Cage. This patent discloses a straight tube Coriolis flowreter
havi ng a f wonwioasld 20 and a surroundi ng bal ance bar coupl BeI/B§008f82e bars.
The design is unique in that each brace bar also conprises a portion of
each case entlowmetdieldmeniasriemal Thire \Jerstieg pystersehouldenaiuibsatefort he case to
keep the Vi DEGhHORICAREIGR BRI IRAIREREE sPaEm. OEHAR! RlifetePofliph dens! ty
material in t ow tube causes t Bfation nodes to nmove very slightly
into the actcomppeas & snglefstraight fipyiubaiprrayndedidyes balange barmngdirace barst t he
brace bars ae&#ﬁ §‘%h:§89|%néé‘8£'r GREGY tﬁ@ﬁ&:v'tﬁbeohﬂ%%e\’!ﬁop &uﬁr%tu@ﬁh@&& bar .
Moment um i s consefved since the mass tinmes velocit e case us the
mass timés thegrwes@tnoylbmthnhQCMIlmﬂ@ebrbae bemtweem@erfmtut)e@ed tlvel ocity
of the flow A C tIy
into the bal gﬁlggc ar Wt %ﬁ&ﬁée aféé'ﬂgltﬂ'?é!tﬂgh&Qﬁgﬁg@E@Dﬁ%{&gﬁs S?‘b%‘a 4 é“’

fl ow t ube antbre® ﬁbemstbfalwmr@deaoeﬂ‘@ghumtu@emermedurrmheﬂrpgmjarecm mrt h the
Cage design the |ight
menber. The \E/IF J@?é %R?E%%E%P% f}‘rf'edrégﬁﬁ gﬁsgﬁﬁ%%q%aa@gcﬂgeﬂasm ve,

but it is stflbwmetardgedesignagh Sioce H@tbalanaeabaretbrbeebatmendtﬂowrtumycwﬁpmiae

nmet er. 4

1 onret 0P« navaePERRY pirbed ofterd IS Vbl }REe CHARRLR BirafloRRBEWRSE | ()
pat ent 5, 365th‘B%Iaru:emamheuldmusl patvimating mesotmes thef Vibnation belosity ofdtaded by
a concentric 8 ce
bar ords to {;}9&@% {%@8%@ é’ét édn’& FonQa?é?ﬁePaa[)n% 6r9\%ecgﬂ§%krf‘erh§8a|§ﬁlé&i‘not
connect ed t ofarées erdomugs armap;tﬂ@d@a@@ my@mtowwememtﬁmf ¢he fidvemeéteadhéve
portion of t I r ' 1S
hot  connect edPoRioHey R iirclerRl Bl ard AU e rahehete] Boplehl lifan
connect d& t ofreqéofr \&h@@!om atiewevampaorsart atteropts P@pe@ﬂﬁ@@nmnﬁm@ngl y as
long the ratlgsgfc hgﬁﬁ' l){%brati on anplitude of the flow tube divided by the
vi bration a hI de"'0f" ¥ he bal ance bar 10 does not vary fromits design

poi nt. At the desA griopart attemphite rhipinujee nage icydmeot ammﬂermnlmracatldwoft he
flow tubes i ars hy
t he bal ance 'bpaq'gﬁfmﬂp&e(ﬁ%tgg% '{%h\;"?rakcﬁgs}'&é@ﬁ ?3@%& ron éths ‘(")%)v t ube
are indeed i teeGageveThingatephdisploses a lstraight wibefCarieds ﬂewmneterhaplnglalfmw tubeses
when t hg,mat I i e

vi brat i (?r? 152{'5{'Ji quﬂggﬁdnh%Pglgﬁ%Bér o mcp&}'o coﬁgtg)r/svwe cﬁés?én IE%HE@% '{’@r?aetltl on
anpl i tude of ea¢tebraeeb9r alsemmpbeeaj@pomgezf eabh case érd of the dloworetenlThis ude of
t he bal ance i i {ude t or ques
at the bracea%girpét% %ﬁﬁé%%%gﬁﬁﬁ%%gb%ﬁﬁé BIH%?'OQ?#EPQ? ude ﬁglbg%ﬁee bar
appl i es nor ebarorkpuénstancehs highadansitymatenial in the ftomaliube irgusestbe vibratiort ude f 1 ow
tube. The in Y/ (oY I bar s
make up the ﬁ%&réqst}gtp f\}g(raje?\@hﬂg%é6 ben%ét%l tog%(r?]e@ﬁ %hb‘@lt?ﬁeqfluna eg{egﬁl?t he
transl akbon beiog dwed de briage bapsl andeksecindstiantheass) mMowsvin phbee with theakes t he
paj ance, Wor Saiafld bafR hdrHentbfifls ChRUE LSS Y B4 el icboG: gLl v

mat eri al ) en up Vi br brati on nodes
move far fropfusltm mabatmﬁ&éte vamwmme eaian@mbam@staemaﬁdyﬂweﬂ@mt‘y 25
EPO pat ent 0,/ i

f | owret er ha?/fl tﬁgﬂg‘%ﬁ%ﬁ% p(éu’ P %‘EA\/‘V tu tgp‘%ﬁ%‘ragg%g‘%@é tgqﬁ%\%c&% {inf:\\cgtqeance
bar whose enbl@ameebardwm tba rw!tdaatethe@aaemoves mkeha&a witretherflourtualandof a

case. The fl féﬂ@"ﬁ: QR t Ty
provi de?gdu connec Ionp hrfs a%%gcﬁhgﬁ%c’ﬂl%ﬂmm qe%%sr'%gt&m%n t he
bal ance bar/ mbmemumuiseccmﬁdrvedeby?.l@e cassemevingatitrtbe iligict melinhgr. t Tiee wbmtrbhanges.

h h
Ihe o5 SR bl B IS IS iy WIE B B RS (e
in the anpl imadmcameifectcﬂwamwmehelntmérance at the brace bars (tike the

Krohne design) and bending in the inactive regions of the 3
2



WO 01102814 PCTI USO0/ 16103 fl ow tube. While the vibration is less than with
the other prior art, it is still sufficient to degrade neter pérfornance.
It can therefore be seen that it is a problemof prior art to provide a
Coriolis flwewetmis sStructure for which a shift of nateri aPcuesaiiswidoes not
degrade the static 5 and dynamc isolation of the floweter's vibratory

system and cause andiéreappibhg pri@circliovaneien tidiattaspty tacyinidlizé he neter. |t
is also a probl

. _f ancio ayinmiizs he et or
1 owmater L oURVRIER 26T REVRIBET OB b oA B e P BTG, (8 Rl

t hat nust bedisBlosésa fled tie survamded Yy aldoncestés dalahoe bahasd distindiatadeher e can

be nore 10 than .twent ifferent types of, end flanges,.that. coupl ed

to each size”®f t?%@\%é&egb?E#@F%bﬁggn%etpﬁﬁ%ﬂoﬁi%qﬁ' Biﬁlﬁ'ﬁg%’ﬁm‘é gégn?ﬁ

f I owret e r esal dridscare pofléhndtfebias e caset & is thd1@hgaeedigho Fbah@rhmé,letde ihn ;
several thousan

order to have rapid res se tq sales orders. At ost of
dol l ars eac h',”aFtl‘]‘% pﬁ?@%gﬂg? (ﬁﬂ’ﬁﬁg?/e'th@ay QHMWatd ifrﬁ%ﬁlegjr'?/‘:ec% "BEORTdRPPY cant .
Ltl is dgsi rgcbrtd'eategftg@wbt EfeSSLfE]?loﬂfshﬁUtQ?E waé@sbgﬂweghaé ﬁ_a;&s b@&wgmogﬁe ]
al ance an teste qQre the anges ar attac . 1 S, Wou en e the
roak o of patiy Sren: Uils Stridiie aPEER satsTaftafif 58 1ha O udtq SHbS vEuRss
\&oulﬂ be wel geglitaaé of thedlo®Wotbe ivided e tvibratiirnt dmpiiteds erwi ialavte ®ach or der .
t he pr.ior _ ar ter

t only the Cag esi gn woul d be functipn i t hout
11 angesana. F9esnd Vo Tare 85 gbalh at RhihecieRtn R pia o g AP it loghe
r ﬁquijr e that b;fafb@ bﬁtstl?/_ tﬁ_@dlﬁb(ejtuﬂ@s ts@c?edartd)opbmﬁité hcﬁﬂ@etoiqmeczrgdﬁéd foothprT gvi dg
t he dynam cs, o e fini ter_for testjn urpgses. .Sol utjo e above
probl ens ar eP@6¢ PG %’n‘gei’ﬁ%é’&g%ﬁﬁew%rﬁslq 'safhta% 'ﬁg‘ﬁl"s\PQH'oﬁ‘f/oﬁh?nf sent
invention i ntudeees hasee inakctive aid AdndinbAchs exiglohire meneatgrotleMairkes are 25
provi ded at eﬁch end wet er bet ween vi brating structure and

f. t fl th b

e 1 oot oWhemE Madrialdinsly RhAndes: A AR aensil Taldsl QUSRS LRNEIbe oot nt
is i ndt he enampiitangeatiohecratde Td e%hsteukmmb emén'wnim;'t ﬂ&@tibmamh}?muﬁe@f 'iHeiangteh A
secon connecti o Int IS I ovi .case conne | NKS | cou e e
ool ance” bar ey MoB W b FraBESY i B YR AR SBPNESS o B e e BB cocr | g
point in eﬁpihcﬂeﬁswm_ 3 T e ctwlit_i]_eiis ampfliw;[dd_edtidwa@egithé@hdr@gesaggmm(acé@aﬁ?t@ a cone

t. This thir connecti-Qn ol N | S. oVl . de (0] I N usua
brazing) t heDddomE TsHRtchet: e bianet amplistde B aks Ra-apPics 0Pt REiSREr e ¢ he
flow tube exmeruaﬁ%ﬂmrqm@ggﬂammeilmﬂmnwlhleda:mtwed Thelinactvesdrdorast al |y

t d 814 F TS00116103 t he fl. 4 t ub d. Thi
S e e oot MERHAES rrefiar ot Brach T3S ekt BhdRe letfied pitereioc8 anGbehay Dy °
:c Iengt {1 ibn ll:) has ai'rése:%tth iLmﬁmfnatélya thelba?:_aaiiim in&'ﬁess& the aampliuds dsfttbé hga\s,up{o(r)]r ted
ow tupe el ween an onnecti on a . e con connhe n ano er
omathoor oeliae fbe s i e BAROES Wolb- CPimdlen Raesanbe oriang "¢
connlecf]I lti nkisigh 8emeity ndtesa) endwumpeibtatidg o phasensitofhet dase fanduhé vibmtiane not
coupl ed to an

h , i d h i f the fl
counl e Lo SRheRLRl B HBHOE il o e LS R B L
a flangé@sto the &Repatedt 0/769642 by\@vah(lGSIGA@Nd3B)gBsvides & Beriblisow t ube.
L oo oA SRR e St BBhoR T Eabrh BRSNS 15,
portion of tvagosklendstandeowpasd bieasmtdnnecoiinkds ed tHeoinhblewalhtfi & easet st ur e
bet th d fl h d, The. i Si t i nt f
coupl 1 ng at (A KbRAREE AR ShubfbiL G EREss « R BlRHte PlhyRlee HalGrBoHen ne
|23 [P e St S et

t t e oWwnet er. a XLr. 1 Lt
oo aret S <iae SR Flo R bnd o dtR" G Hn RonBc R BREEN Bhos 1B cace
c?n{lﬁct i nkaass)ofehabdlme mirteﬂmteidruﬁemdniotégidemrcgghf)g?ahgﬂ?;,\gg i?mg; ngb?%de he use
e cone nn n eep ,un u

Vibratory stabhinreo el P hineeR M AReLER et A DR bR &
vi brati ons tthe bhaze\liabs fikethe IKtahnetdesign) and bending in the inactive regions of the
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of the flowreter increases the accuracy and reduces the effect that
different 20 nounting conditions have on the floweter. A further feature
of the present invention is that the Coriolis floweter is manufactured,
t est ed, anWwmloa#ided prior to the time that the end flangBCT/ESA6183 |y
attached. At this stage of conpletion, the internal elenents of the
fl owret er arflowftybey Viplertae virationas tpsartears with &t ethef Bitratred ip§tilk srdficiene
connect el eqgRb ra‘ggqn&ggpg,%rg.%rn{:bons of the flow tube extend axially
outward from eaCh of the case ends and their cone connect el enents. Because
the case is seal étcpa@rmer@&ra@geeeenéhatutdwatmg@gma@feﬂrtorgrtdq>9rqyfda xegnelis t he
case ends, t Ritfire TER/wAEn b QROSI3hhte)al Rl P Bod Ond terial
flow at thi Sﬂ'&?v rﬁnéngSt ovvn% erta Eal aﬁcgdé)nTh%% %\%ﬁ‘gt é%mnay be
i ndef i ni § el yanstdynemi¢ isolakips 0§thatf@wnmﬂtens ahrmmévsﬁem@m eaiseived from a
custonmer. T qU| red by the custoner are
made known gﬁgetégﬁaﬁiﬁ%bjﬁ%rpg tﬁ%%cﬂ?gcr:?%fiﬂgl?@et ': affixed to the fl ow tube
proj ections and tttieatsageprrehiés inythe marafdcturaebalangng ped tastiog of aoriolyD
01/ 02814 P 3&@ enpor ary
storage of tﬁwﬁ%ﬁ ]rﬁi%n:w?lt% Gﬁmgﬁgéﬁ%@ggrggﬂ?g@ﬁ é&\hgatés IS
advant ageousnist bterraalntatmaﬂ iniimientsy t hbe ireasontfor thist indhat drdrercande monel d have
to be nt L ol ifed to be
ctored 10 ¢ h el BreiPloR of bhd it e Mo e e Ble ML ol o have
to be enor ndlewmeter. alhese gz pw@ap&b@dt difarend sizes of 1I¢wreate|rmu|bmvndee a case
connect lin Igllgé%c Lol bal ance
bar and theiijllf?lér}ggr\t g ePthTaflh%e F(?Ia%}egtg nst Jé‘g’gdéar gtaggds @(r)nﬁtej}f@fb é%z&has a
bend in its adesr At amost dimevarad tHomsand doitans eactaribe amonstofgvoney ted umin
surface of t t [ t he.
connact [ nkﬁ\feg?@y%gﬁ iﬁ@@%}ﬁfncﬁh?n‘?& de1§}r8d Rﬂtzg%gue?éﬂg%% dg%ﬂkh a Jégngﬁgﬁsg‘ter
di anet et5 wi tthey ¢an beibalancéd anmhfestesiedorefthe iasges aremt@phe@n?éhtsa\rmﬁtt el ement
engaging th .+ f | S
SnaB&he Stk &% fﬁw?s%]gp m&tBes Mrfb %5, aﬁ%@é},ﬂ'e? lﬁgg@?}“ Ve

nmeans) the case connect s sufficlent r|g reven
not i on bet mmvld hew%de@rmﬁo mcms fl&wmettﬁrewmmﬂrerrempl ofcﬁachmderaﬁ thsAt t hat
the same ti {p?uor QH‘?nétBrst Bﬁ’ly:l#e Sgédbglgﬁ %3Foat§eefLﬁ9f?&%%wthbﬁ'tkﬂangQ§aﬁ
connect link'1s able ex and acc anges i n |ane er of the
bal ance bar r@gévalamcermbiﬁrmc Raa@der tWherier art dealn@mlrgmﬁtém tublecangirhe

functio a ] r portion
t hr ough%vvhl 3:%&(?%1 oquaﬁf[‘\r @ecg)c(j gﬁow{i? B%S?%Pﬁ&?ﬁh b @P haeﬁ'leg‘%gie)?out er

di amet er of testmgqumeosesnnect al I ows rel ative axial novenent 20 between its
outer and inner connection points. Th| t?lgq)l i ance can | ower the thermnal
stress in the flow tube. The cone connec enment of this enbodi ment, I|ike
t he previous enbdtembave pedbionhare soiveldi ayidean agvagicdiin thei art islashiexdd &y the
direction t j i

bal anci ng p r%sfén?} 0 V?f’f’?tonrF @%ﬁ%ﬁ@@ﬂ%&wﬁﬁ%@@h@%ﬁ%"a{ %b%ggééemﬁﬂt%%ﬁt%% }ef romthe
envi r on2&nt .proddad atce;ﬁﬁzht&li@rféﬂhﬂ ﬁomemmtwemtheN@r@mnmturwaﬁme)n is
advant ageoug, t. pr &l t hat

mai nt ai ns tﬁgh@eﬁt}%ﬂéagblngog cﬂ?(é on o rH%@ %\effr tor yn%ggﬁM'Oﬁ “ﬁw#nletgénet er.

It further p@drﬂangewlrerefIr@vﬂmtebeteodbsajmr@@ttedhe bod Hanged, A saconst ored in a
state in whi f only
ahen the spsanpediohBsAiEhiyPeaby'caBBEbmndcenis FRER BEe BECLR 7507
first aspectends ta the innerevali afrihe case. Corl olis fI owreter having a flow tube
and a bajance bag, &'i‘rﬂdﬂnﬂeéﬂ@cﬁﬂh?%%go\wm‘é?&)enms EF‘onde*artﬁiaegird (@ driven
pl ane i h phase opposition to I's res sal V|brat|ng
fl ow t ube 6 elementdemsed acone 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 extends through an opening in the case end and projects axially outward
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PCT/ US00/ 16103 representing information pertaining to material flow ng
through said vibrating flow tube, said Coriolis flowreter conprising: a
case enclosing said fl ow tube and said bal ance bar with said bal ance bar
bei ng substyapbii@blsy parallel to and surrounding said fl owecTroseo6on first
and a second end of said case; an opening in each of said case ends for

regei Vi ngdendwm&ttrh@nmmjbf@idj Trhigworﬁeyb@nrtehax_torlmeeji@ﬁts, m@yms@ttseait@}of:ase. f
endas; sal openit n I N al, ase ends |.S coaxX th.a ongl.tudi n XIS O
oA ot FBaecngy ofiiiegi8hda LR rBei oAt SuS; BUEEIS A Rraihel o
sai d flow t ubgupsdted fanueetbehiddn thieaaAagd aYnIEEtian kiht e edid edmebeshd o sai d
brace bar mean aiﬂn\é@ilf as to s%ég bal ance bar and havi ng a second end

Pl Gt

coupl ed to &t Uns-PRgHt %&’,berslﬁ“ﬁe?fég@ ©oRreRPeF A thesate i s

ef:‘]I ective g _Cbohﬁ&:bthlhks.tSi@cdl‘lg_ég@’laﬁéup@brtéd!pﬁrtf%?é?ﬁtkﬁ?\‘lovﬁ!ﬂﬂel%@é ot maetpga][l
ends In a directlon, perpendl cular to, sal dongl.rugl n axl s O Sal ow
tube in sai (?”éiﬂ”?ﬁéﬁtrﬁ?t&ﬁ%;a %F‘é’é?‘g}dlsjté%sq Wrg%{?sogfé%?ﬂ%"?‘ébef'l et er further
co _rrgr i ses: aﬁjwn@sﬁwmﬁnhmmofrayi‘la»gg@_rauaué tHe @éllﬂmg_ra‘f ﬁrfmg@ tt?lmwdd%dbt 0f
sal case end an avli n . Clrcul ar, openltn oaxlal Wt Sal ow tube for
Soal bty r oCOrHNIgUESINE AR o SHESSag e HashubBo A 1N AHAT AR RE i Al | y
posi tioned heguyieenoaffébt 4 Rel 4tusesef twdaochtibhoyatidabr epbylisIa Idsstan wurnect

l i nk nmeans. Anot her ?alpect, i s i t ube extends a@he | engt h of

) hat said flo
sai d cat® akg§ 'RaLrecf e '591}’)8} {h'%w'?%a{thﬁ\r%wéePeW&er’g’m ¥ PAURIRH 81 ar
openi ng i n 3 Enfir8 RGUSIRRNESIveEBR ANS e flarktRYAHthe Fade €A ends to said
term nus of said_fl ow tuybe. Another a?gect i s that S‘?%ﬁ@%%m nus of each

said end porti on B¢ PEYi%PH ?fotWe?_EPqufﬁé’ QURIBY &t 8t ey W_tt”P%t%W
st (r]I u]glt ure a&uabd)r}in@ﬂtrmmféd&fthé ﬂ@ﬁm@@?\iﬁiﬁﬁﬁes tﬁégbhﬁﬁurﬁé‘dﬁ@ﬁfef wafétwel_@ t'of fm
en ange coupled to said term nus ach said en ortion of sai ow
Cube T or Jendih PRGBS oS PhaaRn B fes SRrecSRn P eTa craeens,
sou ][ ce; 151][1 @xbgﬂan@dslswbﬁ aeen@éria@iﬁdsie,ndt al‘jcbﬁm&, byethe Ul oa_thwc%cdlsecu@nagcti nner
surface of sajd cir r eni ng that, segl a engages sai ow t ube.
Anot her as pzeffs gorﬂa%%e@praggn amﬂb@ﬁdé%ﬂﬁgw%%?ﬁxgl%%ﬁeadgw PR i cal neck
Cogpl ed Ej 0 %aﬁﬂ‘ﬂeh(ﬁ 2leinais ® lkaup Maﬁ?ﬂbﬂ@rgﬁ% alvay ;]rent mgrvﬁrmmgmbgwfcase
end; said nec as a center. opening coaxia th. sal ow tube and a
oyl f ndri cal tenfmeler.f 10e Fdnepd SarPeiRioR ob YPIAIGRS i MeaiRiatarysiriqive « hat
proj ects beyptid iometbr hatases thecdtdurity dndeeducesané effydtitmatrdifsabnti nner
surface_of said,neck (Igas 3, r eat Er di aﬁé er than the dianeter of said flow
tube: affl aMQYNEQP SPNUUINS; fq’ier?”st PHONTEE def i ned by space between said flaw
tube and said cyhifinthidrdedtuienstahe prasbaciaveitionds that eekCorldlis Aldairitrsr isspect
I ncl udes: manufactured, tested, and balanced prior to the time that the end flange is actually

attached. At this stage of completion, the internal elements of the flowmeter are

fully operational and are sealed or isolated by the cone connect element. The end

25 portions of the flow tube extend axially outward from each of the case ends and

their cone connect elements. Because the case is sealed and because the flow

tubes are rigidly affixed to the case ends, the tube ends may be temporarily

coupled to a source of material flow at this time. The flowmster may then be

balanced. The flowmeter may be indefinitely stored in this state until an order is

30 received from a customer. Then, the details of the end flanges required by the
customer are made known and the appropriate end flanges may be affixed to the
flow tube projections and the case ends by suitable welding operations.



an out of plane bend in a planar surface of said case connect (ink neans.
Anot her 'aspect is that said cone connect neans has a flat surface having an
out of plane bend to permt a change in the effective dianeter of said cone
connect neasolimswmesponse to changes in the dianeter of tRETHSMOHR of said
case end to 15 which said cone connect neans is coupl ed. Another aspect is
t hat sai d coupl i ritheddalancreramiitesting and selhskqoasetecporay Stdragkoitbans

conprises a i f. i f | | ns to
cai'd i ner vgE AR 81 oaEE 2o TantES R ARRANESoW MInEFENG of
sai d case conimguoize$ thekinmetny that @bemosgrivedidthave &b te wadihtaoked Syl dsuggedier. by an

[ di ' | d. id i || of id
case. " Anot hal "aSpEL e PReRERRL bk W BE R E b Ba R Roly HiBnierflace a
surface bf sfEngesothe imemimay wokbrs/ewhbsenoenouet er is connected to a

surface of said i said ¢ .25 _Anot her, aspect incl ydes:

driver D that vi t{!pr{;@éesrmgtyieae%?%ojvﬂn? ﬂtbogﬁﬁ%gwgglodw %@P’Qﬁ%@ Bar CPHE%C%P?\‘}E?M ane
i n phase oppssiot dicettly xosnedied thits endeahalweemtrat badarsce imarsmiddhed innee wall @he and
said materi flow .okt ef f iLve.for inducin riolis deflections
Th sard 11 ownpsaey. fiseadi (Rsren iR ik poRa LB e Se T AR e

t hat det ect isadudeB3éhdioonnectes tdef flat stifacesof thaicdneg coinaxt blement.s Ingibier at e
signal s

epresent.ing, i,nf ormat i on pert.ai ni to.said material flow.in
Feaponsdlt b EPRBRLLT St bef S FiIE 687 Beriadtpenl B4t o
011 01814 PCTiAatds0aibhtek&Bwithetherowrdrasitcumierencd bithisr dhicelay esnes adthest gleademt f r om
said pick of f nean nd rat es, out put i nformation r4 ajning to,said
mater| al 1 cRICANG e NN SUEVE: LhaRt 0P i PN patitonh B Heens” Mnst ant
di anet er f orcdsbeohpegitiink bis saifidiscasdgidianit gragers agldtienchetipobévers thdat
proj ect thrqugh sai I in saj ne_co ct .. neans at sai d, constant
G et er o WateR b P8 BhGthe Bngr RRLG FRREsE ARDFRY 1MEERe fne B RE &
t er mi nugsof temahinske dasencbnpect linknthefcasaicdnhdaink isablé o flevandl of attachnent
to any structure axj

o oot PR L BT AP 35 R M 0B
portion of senedcifdutarconeeohmact etemisrit igrctiansiadbefore desdribedrsiricerit as dre
P P o A 3 A BB B S o St a5 [ BAE, oo
said flow t uhelar§s obtentiieenetaspiethé cone borresct akoveerative@xial movembnhed by
Space, AR Hheb e P s 34 LR sphnctlnBRE PN LEeRn el Bt e
cylindrical themeal stess mctbe dibwauipar Theoord caraiedt eletheint ahhis; erabodimenat likel
Crerer "2 O Ao AL RSB PRI R a0
seal ed cavi ttgrrhiaaierthe aynamicgidrijon ofrtbe flewdulceanpd abow daksacidg panetodtamgect
welding. It also seals the case interior 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 flange required by the customer is known,
30 A first aspect of the invention is a Coriolis flowmeter having a flow tube and
a balance bar that are adapted, when in use, to be vibrated in a driven plane in
phase opposition to generate a Coriolis response in said vibrating flow tube



means. Anot her aspect includes: an end flange; 25 a neck of said end flange

having a first end integral with said end flange and havi ng second end

connected to an axially outer end of said neck of said case end; a

cylindricalygpfiRpding in said end flange and in said neck ofcigesesnensd flange

for receiving said term nus of said end portion of said flow tube; said

cylindri cal %be@sémngmrém\ﬂxoﬁ%hamﬂn@t@lrﬁa@nafok@@@r&rg% éarbﬁb%hélﬂeﬂ of 30
ntia e

said end flan has a dianeter that 1s substa |y greater than t
exterior suri&eesdt Coaiols HownetensemPEsSiABT i ne a voi d between said exterior

surface of said fjexsd ehfosiiflsfi@nowaybd BEY 5&ia! bdIANRY bat Wilhdsd Bhlas@ shmeck
of said end flange and,a cylindrical inner surface of said portion of said

end flange; BABIGULSIRRIAYY pasaliehtompehasspuLgingSaldfiomiubel y out wardly

proj ectimg el enens filshand adstaid ¥ndPof &id sasd:ace of said end flange having a
cylindrical opening whose walls have an |nner di ameter that seal ably

recei ve the ternm#HUSPYWIY i”cﬁ?CBF’f §aidFaeP GROE (RIdecatyiog red Pagises of sajd lﬂﬁ‘é(t sai d

case i ncl udegpaahkisorBREtbeyBhd kQidtdRelepagi t udi nal 5 axis of said flow tube;
said case further includes said case ends affixed to ends of said walls and

oriented substant$a PRETHRG Peiftf afePNdsyS sarraleyin mignpiedinaaissof saigeflow
exterior surfgees of said case ends include a neck coaxial with said

opening in sald case ends, said gpening in said case ends receives said
cone 10 'Qonnect rkfapRbaAeaRs GRuAing §nds PHSFd briapee Bar toAaif Hawtbeube t hat

projects axially éaéb%hﬁéctmﬁwmng@»'adzng%srﬁswﬂﬁaouﬁeéd%%%ra@ébélr means
cylindrical inner surface of reat er “di anet er he exterior surface

of said flowA$ WEkag & gaiflipalange Par aNe BAYRY 3isAgeRthend priteth i aiciBRe KwRlbof

exterior suringeasd, s%ﬁi chsblc@Whé Ak ARhngad Birddi0E to PHILIARE nveRRhboNQRK. 7 5
Anot her aspect includes: an end flange coupled to said term nus of said

f1ow tube foPragRRBr angsaidibglanse bar pRAT INAWHERCHPN PerRsBdicHiEtesRi 0 a pi pel i ne.

Anot her 135pel%hgi'tt&hﬁé’l%&ls?@'sﬂldqmuﬁéWééléQiﬁver?idlhh@dr' cal walls oriented
parallel to the gltu inal axis of said flow tube; 20 walls of said case

ends are curved aﬁﬁ'& apterize in s3jfhGasiolis Alawmatesfurier FOMPERRSt to sai d

cylindrical wall sicaHd dohngEt REadAaif] amobier ¥Rdinmerdric8ko0pled b Jaif2ase €Nd
includes neans that receives the oguter radial extremty of said circular

cone connect eMbandhayng 8 Cirtar QRANNGGaX with §aid f&\i\@tﬂﬁeoﬂor §aalably seceivingy

through a Ceﬁl@ﬂmﬂﬁ@tﬂé %E:d?c%n@fcoﬁﬁé&rﬁéﬁ’r% Y64y RBNDNEA Bebitieptph sai d
cavity aof said neck case end to a flow tube termnus axially

out war d 2Bey ofegmieys 9t ﬁ%'QIgOWAH%? Agd S%ﬂgr?@é? cpanqah ik @8ARSt er ni nus of said flow

tube is devoid OfArﬁitﬁ@Qdéﬁﬁcﬂtas trfat a&m f@WtUﬁé@R@naétrﬁe' |bb{gtﬁt6f\é@mcta§é<aﬁasal d
case ends. Another a an end f taom salto sai d

termnus of 3 $fi{ PB P?fﬂ%"‘? tga,at %’r?!ﬂﬂt f"ff@”%ﬁ%ﬂd cnrcular °p9”' id cone

connect means and beyond said case ends to said terminus of said flow tube.
Another aspect is that said terminus of each said end portion of said flow
25  tube is devoid of attachment to any structure axially outward of said case ends.
Another aspect includes:
an end flange coupled to said terminus of each said end portion of said flow
tube for enabling said Coriolis flowmeter to be coupled to a material source;
an axial end surface of said end flange, and
30 a wall on an inner surface of said circular opening that sealably engages
said flow tube.
Another aspect includes:



Coriolis flowreter to be coupled to a pipeline. Another aspect includes:
cylindrical walls oriented parallel to the longitudinal axis of said flow
tube; 10 WO 01/ 0281 4 PCTNS00/ 16103 wal I s of said case ends have a curved
portion thetoa®sidfset from perpendicular with respect toPCHVHOEEIPI ndri cal
wal I's; an inner surface of an axial inner portion of said case end has a
di aneter equal t a dyliedricanesckdicuipiidetd eath saidtcaca sedleatendagedidlp@utigrdout er
extremty of saié:1 5.dci rcul g,r cone connect neans; said flow tube extends the
| ength of s&CYCRAEROLRGKEY end portions that extend through a center

openi ng of sai d eaidemer@aect camartheaing dobkialgith sait dloeaubé yndh cyimdlicapck of
said case end to flqw . tube term nus axiall ut ward bevond sai d neck. 10
Aot hor - s pddter uftare A SHESUEA hordSn B sl budite BirtipBRc Bev it c £ 1 ow
tube i s sleveiade ehdantiaalmedk;t 0 any structure axially outward from said
case ends. Another as

t includes: d f led t id.t '
o sai d i ow t ubSFINEAA G S5 G R B e RO AP ER EBTBE B To &
pi pel i ne. lidnetehef saidfieattuheicnddes: an end flange; a cylindrical opening
I L R AR R B
axi al l'y I nneaidogjibttsal Hhep busadedofesadtl idgknge and has an axially inner end

connect g(ﬁ to an %Xi%”% outter end of said neck of said case end; said end
fl ange ahd said S5PSREF NAYRPSE | ange both have a cylindrical inner

_surfa_cg coa)éi a:c wh tofiit aa%&d?ié bewd tnmgtanla?élggamldf gt 28k cbﬁﬁﬁft lifkifea@s. openi ng
| N sal nec (0] al en ange as  we a N a axXl | nner . portion
o a4 ora s P hnABofhet SSpert A ar g fEne pamerLmeBns RS A Toh ST ARV Alr f ace
of said fl owut bbBlah® beafl tapemivotisarietineeefddtide QidntdteOdf sl Edreecdiinesali d

end portion of said flow &ube and,s%d .cr¥1l '{ﬂﬁndii cal .nnefr surtace of said
neck of sai dNEATE 1P reFRPESE CRANGES N MR Figmeisn oF thSRAITYhOIFAIL 5738 &HF | ange:
and an &i alwhictpsi€ cop@tbnristt Afeansigicpibd. | ange defines an axially
projecting 30 el enent havin ent er eni.ng whose inper. walls have a

i amet er appr oxi ABDDeF Aavecsrs Baf S0 FaYPPGS cheaneq Brd PhTaId SaFS EPYFLcel vi ng
t he term nusinkmesms tofipmises bltenndsiohite saideechd end bhedsesaindectdimR nesrHzeCt

| i nk nmeans rcﬁorrg.rdi.ses: ag{ll %01I 02814 PCTNS00/ 16~ 03 a fl at el ongated
menber havi g SAIINRRT WAl of SA%FASEr ti on that defines two | egs of said menber

that are angul ar ayoter agpers isthahsdi@ spestid éritl faai edseadonnactlimitingédny is nner
end of gOf | rcSoLplgg?o ggidsﬁeillldoflsg%sca%%ib@gancigpegl%%ggge éé)nn%gtignn%eg;ls that is
connected to said inner wall of said case.

Another aspect is that said intermediate connection means includes a
surface of said cone connect means whose perimeter is connected to a surface of
said inner wall of said case.

25 Another aspect includes:

a driver D that vibrates said flow tube and said balance bar in a drive plane
in phase opposition to each other, said vibrations in said drive plane and said
material flow are jointly effective for inducing Coriolis deflections in said flow tube;

pick off means LPO and RPO coupled to said flow tube that detect said

30 Coriolis deflections, said pick off means generate signals representing information
pertaining to said material flow in response to said detection of said Coriolis

deflections; and



sai d bal ance bar; 5 an axially outer end of a second one of said | egs being
connected to a surface of said cone connect neans to define a Series path
connecting said end of said balance bar with said inner wall of said case;
sai d seri esyp@loasigonpri ses said first and second | egs of sewnistoases connect
link and a portion of said cone connect neans. 10 Anot her aspect is that

said two | egs ar endéi Qedtashicsubat r@béived haad%nd&grcﬁﬁsmtdbkrasmahs hAg each
ot her; Anot her as ect i flow tube is devoid of

att achment tQ?”&FE} Pﬁ‘tﬂiﬁ'Uioémaﬂ?’gb??a'@ﬂw%Pﬁ'dfrﬁ?teg%f Wease ends. Anot her

asgec}g i ncl ug:a_s AbDtraR aembtfé magsalamuwlte@b biteAdd &k 4 ecsrmtm%nawﬁetsaﬁodtﬁé ow
tube tor en |

sai s flowreter, to be c pi pel i ne.
Aot her | aspaeRon bt palcase BN e SacHgR Poioca A A EGinual saic arBigg B |
i nner engl ofsagdbsheCatnviett Medis aEsaREcorzeim diastoent il femius @ndaigffiod0 said
bal ance bar; an axially outer end of said curvilinear nmenber being
connect ed t& Be-surface of said cone connect nmeans to define a series pat h

connecting sai d @angdtref asgedt isahbssie tdrainuk dffbagRisdid ghagoriéd bf f2fid few d case;
said series Eath COH‘@I‘I ses sai d case connect fjnk and a écwgortl on of said

cone 25 conrfek¢ isAeYRY of aHaeRmento foy sructurs axially g uiwarddeom Saidease ends:

corrpri ses: an el qmgﬂ{eedsm[udggw ng at | east one bend; a first end of
sai d el ongated nmenber i s connec §an$ an end  of sal d bal ance bar; 30 a

second &Ad of saPB eBAJAGS? ERURIR loTRMSR! 23ah £810:21gh RAUNOIFAIGHIW cone

connect neanghd for @RADING RAIGEHIHER fwrﬁbtéomrbtcédmdsta@mafedlapéo@@é d bal ance
bar with said inner vval | of sai WO 011 02814 PCT/ US00/ 16103 sai d

series path conpfM&x@lend ﬁ"&??eoqéémi%f}ﬁf}qqgﬁka%d a portion of said cone

connect neans. Aaaidiedn &5PA6E sufRbudesid crcBl bpshing tHapcoaally @n§agdsol i s
fl owmeter havi fg&a fl ow tube and a bal ance 5 bar that are adapted, when in

use, to be V3 Wben a driven pl ane i n phase opposition to generate a
Corioli 1;5responsgnbmesaspbcvlri@r@bgng fl ow tube representing information

pertaining to rraterlal Wi t ajd viprating flow tube, said

met hod conpri si ng SPAled §9¥' d?r}g‘edQW gg?ﬁﬁwﬁeﬁ"dﬁ? PHWrgHB%"ea?fcﬁaé‘g?'&ébal ance -
bar in a cagpridntdt sarf fbwoiiba g shit rhﬂér B@haitaP iddendfisald Medrat shid@lasko sai d
fl ow tube, said case having fi rs%q a second ends; i ncludi ng an opening

defining a ESAEMHRENGahNEgE RuriACed ﬂP%‘%’bOfé?dge'f“Na"ge

said sealed cavity having an axially outer end comprising said outwardly
20 projecting element of said end flange sealably engaged with said flow tube;
said sealed cavity having an axially inner end comprising said cone connect
means.
Another aspect includes:
an end flange;
25 a neck of said end flange having a first end integral with said end flange and
having second end connected to an axially 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 said terminus of said end portion of said flow tube;
said cylindrical opening in said neck of said end flange and in a portion of
30 said end flange has a diameter that is substantially greater than the exterior
surface of said flow tube to define a void between said exterior surface of said flow
tube 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



receiving end portions of said flow tube that project beyond said case
ends; seal ably coupling said opening in said cone connect to said flow
tube; 15 coupling ends of said balance bar to said flow tube with brace bar
means; couploi0Mg2834i d brace bar neans and said bal ance barP§EUS1ifher wal |
of said case with case connect Iink means; said case connect link nmeans is
effective to i nhabiaxiallneuiwsydieriedingsiemenriaas axialy auter sarfaceef seitte bar

ends in a dlernﬁqfargﬁerpﬁ;@@?éynﬂa il ofpan.fxl r\]r\gﬂﬁ ;*Hﬂb%l/e%ﬁ'urﬁwé? éina%?étgr fhhpw tube

in said drive or m ng neck on said case end having
a center co®ghi lyvve@wvgmajtefmwmﬁ@n of ghid flawciubeur r ounds sai d end port| on

of said flow tUbﬁnBﬂ%? aBb &t ?sctrhﬁt ?ag o eagh i Q%ﬁ%EQ%uéﬂg tﬁ@ﬁ:n?ﬁhdu

cylindrical surface o greater diameter t an t aneter o flow
tube; fo¥m wglswf@ard:fwvatub@avu ty in said neck defined by the space between

the outer 25 surfggea éflﬁ'ﬂ'le?r 3@ ﬁ%e@nﬁ%ﬂeﬁlte 85&'9?35@@1@%‘?
sal d nec or

cylindrical inner sur ace ext end |Q§$1 sai [ ow t ube
| engt h of sanflén@ésﬁélbﬁt@nﬂﬁb‘tP%’ﬁ%ﬂ@ﬂ@sﬁoGéldtqydm@” wals:id fl ow tube project

through said OpegHen%tér'br Fch 3%"%309%'[% '|ﬁicl @08 BBk cHLRATRIR sdif @

term nus beyond sal d case en od characterized 1n that:
sai d ter ni nepeoingémsaideage sods.iseid efendng i Sfaid)waelﬂj'éisl recelegaosaid obneat t achnent

to_any 16%@5 Anot sl ahdU4 WA £ %)% dggﬂutoﬁadf‘iaﬁiafi%% £8d. thaﬁ:rﬂe sal# 2814

PCT/ USO er aspect inc ste exten | ow t ube
at a const amutwhrdsibpgend ggid chse ends, saidineslthhas @fcyhmird:af inoer wba@e ofaot her

aspect 1ol yfegof Aemald g ueEIM 8823l of ity B hefHgl £one connect

elenent in sal d case en of
af fi xi ng an congrisingnipe:sparesegtwesersaitl guteriof SLsréa@ ¢fls@ig fdQYbblbe[a@Sicﬁallqat i on of

t he Draw ng %}? ger objects and advantages of the invention
may be bettzr}mg g?éatlgf Pgén a reading of the follow ng detailed

descri ptd on theréO@thﬁaRmeqT mchgiegonj unction with the drawings in which:
FIGS. 1, 2) 3, 4,,2pd flgn @Ié@foesa% {eglrn riilstor SAld @M ﬁ:b%lf&"\m%ltb‘ﬁﬁ ;slalg G 6

i.llustrates a cross sect VI EW 0 Pl Pst preferred exenpl a
enbodi nent &Ormhﬁeflwmgaﬁﬂo begevpledip a pip8ling. i |l ustrates a cross sectional

vi ew of anot her ﬁh&ﬁgpgﬁeé?is%lﬁtrgﬁégsel&n%&f grred enbodi nrent of the

present invention an n cross section FIG 9 illustrate yet
anot her preferr eqylmmww odamtedipataiel igfthe ﬂmgﬁu@gemls @fmﬂﬂ@mtuual; G 10 in

t } nbodi t
of “the Thyent i ontali sl tas ideTig caRRL ARl BHeg o o eVl o o
fl anges. Detesfestitomaiteyliptiies wadgcri ption of Fi G 1 FI G 1 discloses
Co | fl t
riolis flowretgg lrﬂ'lgpsﬁrffac;er@ aOéUr@éH% eél?%f 944 ch&e Qﬁ?%eld&gﬁeéﬁgéﬁéﬁhe -

strai ght tube type and case ncl osi ng a bal ance
bal ance bar receiveg|ihe @pies dialxiremiy 6§ aajid tirewart eane aapecicagansi03 has end

el enent s said flow tube extends the length of said case and through a center opening
25  of said cone connect means and through said cavity of said neck of said case end
to a flow tube terminus axially outward beyond said neck.
Another aspect is that said terminus of said flow tube is devoid of
attachment to any structure axially outward from said case ends.
Another aspect includes:
30 an end flange coupled to said terminus of said flow tube for enabling said
Coriolis flowmeter to be coupled to a pipeline.
Another aspect includes:

cylindrical walls oriented parallel to the longitudinal axis of said flow tube;

10



104 coupl ed by neck elenents 105 to input and output flanges 106. El enent
107 is the input to the flowmreter; elenent 108 is the output. Flow tube 101
has an input end 109 connected to an opening in case end 104 at elenent 112
which is tReobi/@ess bar portion of case end 104. Brace bar poDUSI0(G10312 | S
coupled to neck 30 elenment 105. On the right side, the output end 110 of

flow tube 101 is wMdRfedidicast kadsasee &rdnbldpontion BaHE bfitetkdotn Wher e case end
104 joi ns neck el r@nt %rgS. In operation flow tube 101 and bal ance bar 102
wiade’ WipBsPeRy

are vi brat edP§R® A RsBif yadisE Aot shown). With materi al

flow, the vibratizineér durave ofiae akid! inn¥¥pEHiGR 3BdAld PATH &/DR4sLS HRandtor
i nduces a Cori ol iﬁi‘j’g%rﬁ%n e in f{ ow,tube 101 that, is detect eﬂy%séal ocity

sensors (not°W& Q18" G 18)Y SRIORIEBHNGLIER QHIRE SFEPT nsors
repr esengs i dgifcraebh® Bomredct aieansg to the flowing material. The signal

out put of the vel ogj nsors is applijed to electronics cirguitry that
processes the si g°‘ﬁ<‘d @3/"’(@ ed‘é‘?’]dlx?éh? ghb%fisra&ﬁcqsﬁfWiW RREHENS Withg to t he
mat eri al | oyytedd thrSughes esar Ypdriniy oftsdPEdrd shnbbOweBALAnPheMighesag cur at e
material flow i nff)r mati on over a V\%?{g rapge of ogg.r ati n_% condi tions

i ncl udi ng mefAVRY af saigdnegs Pt 3aid raseyeRfiar 3 oW dRsdrarinHe axAly QutwartPeyend n
order to achifgygedilis, it is necessary that the vibration of the vibrating
structure of the flowreter he stable over this 10 range of conditions. In
order td%achi eve ANRIREr&8AATFIS that F?'dit%mﬂ’é‘ése%&aﬂcpsﬁ gNc prRetien 8&?&%@@?‘”

vi brations hgbhé godévoriof fitachmeht Ve iy sdacrun alialpoa®akbfiort|saiedtss. entide
reason for this is that vibrati on external to the vibratory system i nposes

addi tional accel &NRtHESRSPRT IMH8Sat eri al besi des the Coriolis accel eration

that is used to geteddriangeichbapitt dsaiaterniiiug bissaiPien hile. foFhaiAglsald brati on
al so noves t e,noges 1? 3e&i ni ng the active length of flow tube. The

resul ting acediolsipvaieterdopgcoypled taaPiRalBPect to unknowabl e paraneters
such as{gount i ng Anbtrch agpe&ct indigddsndesi red additional vibration of the

vi bratory structure of the flowreter therefore inpedes the ability of the
fl owmeter to pr o ®IA08Fat e out put information regarding the materi al

flow. 20 For the afdyindacoperindinGaidlend Hiangs for RiceMhgssesd ®iminueloidar bal ance
bar 102 and fl ow tubef 10q1j whi.ch are vibrated in phase opposition. These
two el ement STERRSTLES SAG{IMIReL| |y bal anced structure in which the ends
111 of bal ance barnezkdf saidonti@Rnge@ad alirstferidhetefad with ahex@ig irted pbidnby
brace b portion 1 of case end 104. This is undesirable since th

pr ocessgﬁg & Sﬁﬁt@%"?eﬁpgglaﬁfa@raéﬁl@'yﬁedgﬁgicf’f‘@%gﬁikp %’éﬁ’é’@'ﬁ‘t ?f@e(/?'?ff%ft i on
anpl i t ude ofsdidweedkadfaaikcdsarentp2 and the flow tube 101 to vary. Description
of FIG 2 FIG 2 disclases the Coriolis flowreter of US Patent 5 365,794 to
Krohne (FIG 2 oFa'9§nlng5'H? a§,8§§§, "ﬁ?ﬁ)oi S?ﬁieé‘ddfff’gﬁ?”m%%%eo%@g'"%ﬁ ofis

fl owret er 2G6neaiGuiaye ogpxdal edtbesarDfove aubieai Ni ng a fl ow tube 201 and a
surroundi ng bal anc as a ca i s couFIed by

e bar . 202. Case, 203 h e end, 204 t hat
S ok ol opent. 288Gy MEafnner R a68 oraRBah SA3 heth SLiAdAnd TangSat Aol e
entiretgsof dshie anaxilipinher portion jof said@ndiflange hds a@Rarhetepthat isagreatésthain end
flange 206. Jmmedi.ately to.the righ f flange .portion 15 WO 01/02814
PCTNGo01 201088 Sxigrio; girface of salg fﬂ‘,"’qb(h‘r’ 19,9 ol Belye s 8o sUsRoR oo
el ement 205 df saith enlepontidrest said fiaw eubefarfd sald tylinaricd) InnefBarfideovinicenes F1G
2 differs fromithat in.that it i.ncl L#desdt?chigsfinct brace bar 212

f FLG, 1.in.
whi ch coupl & S?'Heengr{%ggﬁﬂdgf“dlb jally lineg portioh ot sgi TE&r8%r f ace 5 of
flow tube 201. | antkiallj batenportion of s&iti @nd2lanyd eefiyotadn &adllyyprbjetimyeed
vi brati system.i. s bal a bar 202  brace bar 212 and the flow tube 201. A
node. ( paF nt EHTARS rovB A ST Shop RS A ardls Fala AR A ABL RSP (e
t hese condi tthatros shibdlowetlibe diatngiecioe sealalgly dedentitg theltefmious of said flewsibey f or
whi ch the neter gas desﬁi’P%an. Tthe.aoli bration 6}%&' itude of fthe bal ance bar
202 times its meSUOPEr FHEGTIENA SHECTSRLOMFERt K DE T COMANSERde of t he
material filled flow tube 201 tinmes its mass. Wen the fl owreter encounters
materials of a higher density, the vibration anplitude of the
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fl ow tube decreases and the vibration anplitude of the bal ance bar
increases. Simlarly, when materials of a | ower density are encountered,
the vibration anplitude of the flow tube increases and the vibration

anpl i t ude wbothmibal ance bar 15 decreases. As the vibratiRGT/EYI610de ratio
changes, the |longitudinal axis of flew tube sections 201 L exits brace bar
212 at an angl e tadidtke®onghtmd memeer hdditea behe rea cod dottioansattde¢inbatwance bar
applies a greater bendi or,que to the brac r reqjon than the flow
CCbe. The basdh SpRECulsy b AE ahGubir el o Bledeidl B %A Brtice wich « ne
heavy fl ow tube) awadially ifmer bndioka liest one gf said légscresh@tenneptealtd ol endpdfase 20
with the bal anch |ba£% rThese transl ati ons, as expl ai ned above can inpair

t he accuracysab TR F%W net er. The unbal anced torque can al so stress the
nmeter el®&nments amd axallgxuter madadastcond onanf sad ldds baingecainectedtea | i fe or

destruction of the flquneter, scrbptiqgn.of FlGS 4. and 5 25 F] GS. 3)
B and 5 Shcracr 8f ARSRRe Bt PrReReb RUTER SereRi sabadingRef onhot
(FIG 8b of darfbdlaha@nbarbMtidsald thried vahbf saidleasé;] ownreter of FIG 3 is simlar
to that of FIG 2.in t.hatéﬂ has. a casagf. 403, . a caaE e?fg 404, a case .neck
405 and end flan§BY SRHES PAILEPMRrSes A URtand SREONHIRESA) Falthyash gognect
surrounded hiykkadansstiaof i@ colls aomaeangaAd2 coupl e bal ance bar end 411 to
flow tu 401. 3Q The flow.tupe, end.407 is connected by fl t ube end

borti ont810 1o panpiHEn apbeigb et SIS feos 3R SORTEY SabRariBbadeiies "q0c
The fl ownret esithodespédbto datisotheri | ar to that of FIG 2 in that it has a void
414 between the exterior surface af flow tube.portion 401 L and the inner
wal | of neck 405 08HIEEEeReR) iLhelsa iemmis @ biqy iRgds FB09PE  wo

01/ D2814 PCHitdchdenttbQihy Bracfurewrahesutebrdiotsaid ddisélepts. from that of FIG 2
in that flow tube epd elerﬁnt 410 is larger in dianeter than flow tube 401.

The change in di [ 3p3RY Sow tube el ement 410 and fl ow tube 401
serves thie purpoaa edll flaahe eviplgd tdedidtdrnBiusesizasd flow tube b ematilingeaidAnot her
di stinction bet n the floweter of 5. FI.G 3 and that of FIG 2 is that
the fl ownet °r@¥}gﬁ?ﬁ"e§err§%§e§8§@eggﬁﬁ@&el'PFnk el enents 417 each of which
has a first end AhBtheoappe ifctudes: i nner wall 420 of case 403 and a second
end coupled to theg gn@ 4],[1 of blal ance har 402. Case connect |inks 417
overcome sone of aRECWNEFEDICYRTINEEhMEM Gescri bed for the flowmeter of FIG

2. The fl ownet er aghdidity mner eid 6f aid dupitinsart meinber BsiAg comneied focarbéncdgice bar
202 and Qrace. ar 212 to vibrate with respect to the inner wall of case
203. Thfe | SAFRAIGERAT 1 the flowneter of FIG 3 since case connect |inks

417 provi de a ri ghaxatyoeer eod obsiidearvilinear hahiee eeingrcoanesied idla sodadde
inner wall 4 Qai%f cas Struct.ures ocat | e.the case

03. h he | .
connect |i ni& fopgicﬁnﬁ%gfm%ar}\&;t%%ﬁgrée ngngﬁaatg&togﬁg%tmg ﬁﬁ"?cf)g?‘y%“g?r%‘i 508 for
t he vi br at i datenot biar aith 5aidtinber widlllofaad tesleance bar 402. Thus t he bal ance

bar end cannot translate w.th respect. t he i nner Ll of,.case 403 b
Virtue of the connBaenor PR RaliEER sielee Mlmesting HBY raBi (0 cattoRn® nec
| i nks 425. ldoneectmesams. shown in FIG 4, bal ance bar 402, flow tube 401 and
brace bar 417 cag b{ﬁcome a ggytﬂa{ri Cﬁ?l I$/ unbal anced structure when materials
havi ng a si gni fi CORTE]2FREGHE NS SAT 57%e fRISET RIS MRYIREP- density than nor mal
are processed. Thr eltngape membephavinglat leadtiomedfondhe el ements to the right

of pivot point 5Q an .apply an undesirable torque to portion 401 L of the
flow tube 401 regglf&ﬁieﬁa Qfg?%eezor'gfteacﬁ@e grﬁﬁnngcﬁeg tgﬁReer?g isg\?/OQﬁar{cﬁe

fl owmeter sthagcture of FIG 4 taken along line 5-5 of FIG 4. FIG 5 shows
flow tu 401 brace bar 412 ¢ connect links 417 25 hayi oyt er, ends
118" corfict ed 0B REM AT 8taq SpoBRaR Tidmbbtis Sotidrédia SkiuPberl i
connect ed t @ohéeomndot means tedefine @betesaeath Bannekling sabendofvaitbalandeks 417
are flat stri IS .a to&vi ew of a section of flowneter 400; FIG 4

L FlG. 3
is a side SQ'@F?vBHsgﬁéwer%agI&fisg ¥°of FIGS. 6 and 7
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30 FIG 6 discloses one possible exenplary enbodi nrent of the invention as
conprising a flowneter 700 having a case 703 that encloses the el enents
that conprise the vibrating systemof the floweter. These el enents include
a bal ance Rafo102814Whi ch surrounds a center portion of fl ometudeendod.

Bal ance bar 702 is 17 WO 01102814 PCT/ US00116103 connected at its ends by
a brace bars 709g4g dokig¥phitl@miBikes S8R dak8WohheR nm@amﬂ B PO RAIECESHON'S
701 L at the input end and 701 R at the output end of the flowreter. These
fl ow tube el%oRBAHENeB et her conprise a single flow tube that extends at a
constant di anet elnbiMe@HSbect MRiddegwet er 700. In so doing) flow tube 5 701
extends for the len th of case 7Q3, through case ends 704 and projects
beyond case ends?& P%OE(QTWW&C?W'SJWWGW Ravingya fov dvba anfsa Pelgned t he

right. HE emgpt tﬂaQar@Madi@d Gmaﬂ iARBE Kolrfe \ﬁ@raﬁehﬁn'a'm%n%e% hhge f | ow tube;

el ement 708 nmay be considered to be the output end he flow tube. The
case ends 7@@Pﬁ§0@’5’@%’m’%‘ﬁ afepriglisfesmnse &t paid vebretmgél%tﬁheé@prﬁawwg an
openi ng t hr ghgminGb #OmBRFibi M.R&&ubug%ae@%r&mgtﬂbw th§é lsadd_through

whi ch fl ow tube ortlon 701 R extends on the right. Cone connect 723
seal abl y en@%@@@dF%P@éB@Fﬂe&fe%P’f ace of flow tube elements 701 L and 701

R Case end 704 Bagoding Ba.eKuaaﬁtabegﬁ&@.Iaadabémné&saﬁﬁréecaeé vanhasta.d)rf;aﬁﬁéee 703.
The radially center gortlon of the case ends 704 includes a tip 722. Lip

722 ext Hhds bakbe'nwu Stankaily p@@g}@h@ il tube, §a'ﬂfoa§ehavmeasséaeﬂe 704 15 and
its cone coRpgstd dids; The inner surface of lip 722 has a dianmeter that is
essentially the same as the outer dianmeter of cone connect 723. The inner
di aneter of the Iclydig arpgpesing defining @ epneiFeiRectin eachohsaid|case endeidror ms a
voi d 721. Tfa@ce‘?mfeﬁé pb.%baeeﬁsmnow%@fhet E&Bg&ﬁéy&w &r@@&moe 709 to the
outer surface of 7low tube 701, Brace bars forma path that permts

bal ance bar 20 78galadly geuplingsaidrerening p Sﬁlwwn?@foﬁé'dﬁ@wawa?nam cally

bal ancegs syst em whidhng Qﬁd?@l emsaiaa5§ bd P s%WfléW'ﬁ:He' VAW m@ebzpaaegwam cal ly
communi cating with each other via brace bars 709. The ends of bal ance bars

702 are further APYNGgaig\pragabdr meansand saighaidnce Pﬂ'k‘é’ amipnerovalhef sajther

wal I 712 of «gas@itd edse é&%cpmﬂﬂééné 'sﬁﬂé%agé(&ohﬁéétlﬁﬁ?n@aﬁé)ksdefﬁalcﬁ{?@fg 711.
Case connect links 710 are coupl ed heir 25 outer end 706 to the inner

case wal | 7iPikihigespovemant of ?ﬁi@lb’%?t?oPaT GBdtSG'%%'@?R?eb%&P 2 dirp@iopase

connect ||nlﬁ%rp@%@ncgfarﬁﬁorgna@ﬁalsdﬂ bfddaid fov AR if @BIIRSveh gﬂiﬁ% 417 on FIG 3
in that they couPI e the ends 705 of balance bar 702 on to the inner

wal | 7199 of ~ case™7BE9 affydindriqa) Aecl omsaid cage FpE Mg @ CI?I"Eﬁr cemsalrithsaide bar

709 30 in afgiviesd, isaid ieekRanEusdY sHid bAd pbRiohWI8amtiow tube tHi pebjeats P! ane of
FIG 6. The case connect | i nks 710 serve to keep the unbal anced torques

fr om novi ng PEYRNIE E292:8NraRs (iR AP F\S‘§b%ﬂ'ﬂ“df“6a'tsHEa%%%fea oreRfes d@fﬁﬁ%‘?és t he
vi bration amgyn tht dRanidtbd 6F daf fdvange: W th density so as to keep the
vibrating structure bal anced. However, as 18 WD 01102814 PCT/ US00/ 16103
di sti ngui shed frﬁ?Fﬁ‘E‘Qsaec'@Hﬁ'i@E‘('tyl in seis neck defined by. imwnace Peivaentie oNiffe an

out of 29 angumgdetof BRI tCSorién of Skdd BN titeasds&id EQfhdriodl iShERafatdofli amet er

W th respect to egch other in response to tenperature differentials between
these two ef Bend 711 permits the effective |l ength of case connect

link 710 to 5 Cchaagrding sdid Bowasiss djrmlbﬁgthfm%ams@&&oaﬁ&tﬁsahﬁéndb anmet er
attenpt to ex and gﬂ*{ﬁ@&ﬂﬁ} W th respect to each other. Drlver D and a

| eft vel oci P9 0839 Rrojach ihyough sqid ppe@gglgbeaqu@sgie@ A& coupl ed
to flow t ubgorddddnt@ilarieter tofa teFM®e LRYENEBAGH SHig caseBR@t €d i n a manner
simlar _to that shown eater detail on FIG 7 to neter electronics 10
el enent30801. Mot F"éq"é‘ci]?'g?{?@@”m'"%&fpl ies a signal via path 803 to driver

Dto vibrate fl ogid mmnebfteecﬁ EAA BYMIBS O ¥axatflow1ﬂbé%Smmafaﬁl%%ﬁ@ﬁb’ of
flowtube 701 with material flowing therein. The conbined material flow and

vi brations IhHarHREHS KRB B mngfaﬂj(q:a;;@rerg i nduces a Coriolis
response in flow tube 701 in a manner well known in the art. The phase

di fference between the signals of left 15 velocity sensor LPO and ri ght

vel ocity sensor RPO represents information pertaining to the material flow.
The output signals of the velocity sensb¥s are applied as shown on FIG 7
via paths 802 and 804 to neter electronics 801 which processes the received
signals and generates output information on its path 815 pertaining the
material flow



20 It should be noted that the flow tube ends 707 and 708 are not connected
to flange elenents as is the case for flowreter of FIG 7. The flowreter of
FIG 6 is manufactured, tested, and bal anced w thout flanges being attached
to the fl owatabesiends. The prior art neters of Figs.2 thr®CkHS®161841 d not
be bal anced and tested prior to the flanges being attached because the tube
end connecti ons warothét@spedttindadest thetshap afyaxtaridirgy sdid flbw tuthdated corgptant
structure. The cpon nne el nts 7 the present invention renove
the tube enG‘Sa”i"ﬁgerz%rgxge6§8¢er‘8ﬂ§ﬁég§9ﬁ§%@Eg‘tructure of the meter and
create a fully functhermapecBbaudes the rstetpooftdxbe ridirangd el dulvethopeghed core
Suitable faciliti ESedh: iﬁre%\c/:i\%ep aatseteh§ | ocation at which the flowreter of
FIG 30 6 i SHIPEHTRY RN testggcto pé‘ mt the flow tube ends 707 and 708
to be cogpl ed to Anatimarraspectfinctad e thalstdépoofpediixing at kead flahge & said archinuast | ng
to be accorrplfi Sheeﬁj ce this testing and bal ancing is acconplished, the

f1 owreter of°'FRE "D "be stored until it is ready for delivery to a
custoner. The manufacture, tesDesgriptioh aftheDrawitngs® WO 011 02814
PCT/ USOO 1b103 t orary storage of the floweter .of FIG 6 wthout flanges
i s advant ageous glfpﬁcaebqvﬁ@]ng 05'?%%??@?# ?%‘fa@rtﬂgetsﬁige BveRio/gay ! ellg’f’“?rs
econoni cal | Yuridys66@ gemLs rdaaintstuh@dliowing duabiRicRschstin thardf &kehen a
flowreter in its Qondihi on as .shown in FIG 6 until such time as a custoner

for thelPl ovFRSYUEICUPR Wit 40G d2MiNgSHE W of 1 ange 5 desired by the customer
is also known. AtFIGBat, 2,i37@, ahdi8 ifuseagasiolasti Cablibyowhetergst oner are
attached and thed___fbo ; ter,‘ e%uigggd ﬁntq a fIFnﬂe 8063 i s, sho in FiG 7.
it is advant ageoldCt B NSRS & Croekocifirl ey ar @ St PreighRd eXemRiapped as
shown i n Fl Gmbodimeatof the present inesntidhe | nventory that a manufacture nust

is identical to

mai ntain. Descriptiopg.of FIG 7 10 The flowreter of FIG 7
that of FIG 6 e%&ép? ijugtiates RETPTHIRAIPR! ViRW ?'}%5‘0"79'i3r¥'€r’lﬂi'é!§ S PTR 806
af fi xed150 tprefepied epatiddimest ofQde preasat inGdntinaindgf | ow tube 701. Fl anges 806
i ncl ude an outer %d surface 807, gn i.FJner surfac% 809 arqaf}’flf el to outer
surface 807, a ndd®- 8HECREY PRGCRTIPnRAdILsLRieet apor ?Dprleé‘g’ée LPRYnt act s a
mat i ng out ererdodimeRnek the pfadeat plemtian. 722 of case end 704. 15 CQuter surface
807 of flange el nt. .806 has a rai t. 827 havi a.center opening
whose vl 19 seal TRy iR Eo TR a5 INEee Fote A abr3a SXamtnts R a
outl et 708. émbadicherdf the irdehtiored by t he space between the exterior surface
of flow_ tube 701 inQte di,gf.e raised el ng 827 of f| 806 and lip 722
coupl ed®Po case gﬁ‘gIS?E)gan/glg(‘foﬁip%d tﬁﬁést é&é‘éd& 4G}Y°’tcﬁ§1g%|”96%erm ts flange
806 to be 20 coupled to case end Detaikid Degeriptidbn Si nce this coupling
i nvol ves a giati.ng ogﬁggti on, such as brazing or welding, flow tube 701 L
and 701 R i ~ess thermal stress by virtue of the void 721. If
]Elhe VoI 30221 conmld;'ngadisamlbié@lgw@wn&@metgheeocbwaﬂgef;ra@énﬁtsrws&ﬁdgﬁor@ag& It hef
ange to Li e C ucted to_and overheat the partions o
1 ow tube t 168 IBiaiar MDhES 269 NS Seape 'Pa ABEOS NG AR BRC T2 08ul g
alter the gttrawcdértgraé cylingriddl and leribleseafiew itLaie,T1hm1uomas%s1c¥3 hﬁenémdnlelgmn%}lgh a
way as to decrease ifs corrosion resistance. e heat of, t we
al so partiall4t ‘f?é\pfe‘{t%“ aeg%r“ﬁ'ér\?éﬁﬁé? 'ﬂ%??ﬂ%°rwﬂﬁaftﬂ5‘ﬂ6é>§neﬁ'?f8ﬁmf9§§ 701
aRd cone cgrulamdi_nﬁaﬁo tg@ilg\{vmwrﬁblbmbP }(g&isbh@aetpandfbwuhde pow}abby a}‘fe_ct
the prior bal anci nd adjustnment of. ffowreter its sta conpl etion
as shown on Prdengol G CongtERiq AR aprige rese et reRleelt S WRERE | on
?ﬁi n}gjs bet wetpd bfddevbar yoetionlk oé!?ﬁeﬂ&ﬂ%?_@?ad@e@dd 4 r pORdh E‘{jﬂjifstmbublbdm%hghevm_70ﬁ.
e first connecti pQi nt is.that provide t en nges ic
have th@ocerﬁq%meﬂtpﬁ%' n@n g?e rr'i\@ , °“W\%WPI %ﬁi'oﬁ’dﬁ’?@é@ﬁﬁ%ﬂ‘{%deﬁoenent
827 whose Wahé gasdé endeodatiobatidn P12 Whdre 288 snddb4ljcinsAedkdieMent hes.second

connectin oint is cone ¢onnect 723 case end 704. The third
gp In operagon ow tL?be 101 anc? {)alance bar 102 are vibrated in pFwase

opposition by a driver (not shown). With material flow, the vibration of flow tube
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connecting point is provided by brace bars 709 together with case connect

| inks 710. These three connecting points affix flow tube 701 to the
structural elenents 5 of flowreter case 703. The function of the connecting
poi nt conprybingsishe case connection |inks 710 and the br BCEHUBMAGINEO isS to
mnimze translations to the flow tube end nodes where they are coupled to
blr ace bar8 2;09021 Tﬁtﬁlcfeg @crltdrra)n? edspohse jriied tubd 1091 that i@rd@técf&x}b)b%]eldio}tgs ?f' ]
el enent and t walls of_its center opening. is to seal the ow t ube
701 to the flsﬁﬂﬁfgsgmsbfiwﬁ)s T hase ?p'?‘??g"erfﬁlbgweﬁ” tﬂ?dﬁﬁ’f’%ﬁ?'@ﬁfseri ng case
703. The f un]?épbréﬁehrﬂé gﬂéldﬁqliob)peﬁamgclﬁpﬂ@ﬂbwif?’ula%étériilo Tm_ila_%}@'rdleo@tpui fitHe

term nation for the nam c portign of .the flow tube. i § connection

appl | 65 to. t MEICERKEPTISHE I+ REPHEY lof BRI UMY TAERPLRReEs eGP aRiE 18 1 he
brace bars r egiefive thEfesires hiGwthtioapRriaithgrtoahé nitelizefowgh to withstand this
force without sigpificant 15 bendi ng. .Mvi ng t he torque react.i op force

(Fig.4) to the cafés Rergsaay ihals s fiowmeiatrande aoewate Maletaidy st ruct ure

of the fl owmgteimatibAtveni Midedingb ®f pamaEaG condidrantleding Asatsidess on the
junction between the w ends 707 and 708 and raised. el.enment 827 and

_ flow tube 0
t her eby i ncr SHEEN Aenpily, §TREIAULE ARE NISERRHY N BIA8E IO gchigve thigy it fHnegespants g
and 9 di scl oggatamoViBRItioR 08 feblifrativie Staldlne ¢ iotbwmBler 0b stdlfe bvereniti on. The
enbodi nent of FIG is sinmla 7 in. that the

8 lar to tnat of. FI gﬁ, 6. and

f1 ownret et0 go@ange ¢fcendigons, Jnarder tg@shiens thiz SEEPHibeRL s asgpsak thab iie 902 and a
flowt ubed90149wﬁ1le@r vﬂalrdtiicﬁ@bbﬁilaawd t rt}lﬁ’e g@p &uﬁéoa[;td @%lam{]e 5ér@méri&§. B to
mnimze rawu n coO exlty.. so, the rrver, an the two ve _I_t
sensors LPO é‘?ﬂf%ﬂl-’@rgisés Fﬂ% VipEAtion RiterBAl tRithe vikrateyy systepiEroses) é&‘i{'@%ﬁ\' met er
gl ect ron: CS. a{:ée[;)é@tibfs ?ftﬂéﬂﬁ@ﬂeﬁ?%idé&&he%oﬁé éWMéﬁr?ﬁor:?haﬁlese?td ncl udes a

rrver elenen , a | e vel OClI sensor na a ri vel oclty sensor
BP0 o1 1 Sof TeRpemERIS B ERteds 1o P atih, EXEA BoERR AAT AP E TdBEr
el ectromgs abRHRG thevditiod Ishg biffowatudel TheTbgntg Acveldriwordis viedblé anyi br at e
t he bal ance bar. and f nd whi ch receives t ﬁls fromthe two

i ow t.ybe and ) h i
oot oS SaedS unkievan Ballidi elin S aitiRa bres PR ingd e
i nformati on &aditibme vibedtRini gilthd Vievdiong striitrivg bf the dlowineier tABki@s imnpedes the

vibrated by the driver D (not shown). In ,a nmanner simlar to tphat shown on
oo 6 any by HekewabE® i SEuCE Hce B odBa! Hlordelh Roatnd Mot ton 905
to the | ower neatstiapfiow. case connect |ink 910 21 WO 01102814 PCTNS00116103
havi ng fold 911_wi th_ the outer end 920, of. the case cqnnect |ink 910 being
connect;? to an i'ﬁ?{éﬁe\ﬂiaw'f"eg%é’?&f&-cﬁé%e §'5?t'”@é;¥§tegb'ﬁﬁ|€a?s g?lﬁRCQjﬁf f or ns
the isarr:s funag@j inpwa@béh im,_m{)mnh @’ésﬂ)ra?ﬂgﬁlphaéé qlkjpo‘éitgjgcz)rrhsgésﬂ@elemms o
simlarly stabilize the vi tions 0 ance I a ow tube wit
respect to vFB’F‘BE’?"O%eri‘?{“'{:ﬂ'i}’ai%a'%‘?ﬁe\?est%‘lcﬁﬁ%'Q‘ﬁ@'f’ﬁé’?‘ﬁj%‘lﬁ {;\'1 ?fcpa\l‘\lar%’e Phne of

t he paper onamtiientls FdTand 116 of heuiv tabedje codhped bybmce ®ar pattiends2fodr t he

| engt h of bal ance 2 and further.extends axi.ally thro disc |ike
cone connect Cmcf?%gﬂ’v% sc‘fpc{eg'rit% Cleﬂh%lgfogFF’S'B?\°¥'I"é]e”§.%%ldﬁ(ﬁr?rﬁbe 901
ext ends 2shr odgimsities naecause tBE Gibratiocncreplitudeeicthe atdnee ba2 0zand therfidaer
extends as ehfone1g)t_} t901 L toits input end 907 where it is connected 10 by
rai sed el emefit’® v idt ange 906. Fl ange 906 has an outer axial surface

904, an out eDesdriptionbbeFENtA al surface 908 and an inner axial surface 909.

Fl ange 906 has a C 25 that Ls.coupled b of, 9 to a neck
924 of the end ofﬂ@aéﬁ%ﬁ’?es&%Q%@ﬁ%@‘m&?tﬁ#{ﬁgﬁt?mS%F‘\g'?ggfm?ﬁ%h% owret er
of FIG 6. TRGIRf esdratenti 35365)294WiHispdtbat dis@ostRT afolis fiswmetst 2004 i s

relativ spal.l 15 co red to case d 4 eck 924 of case en 28

proj ect goéxi g‘%‘f'% ? GReT g@fg?{ﬁ?lgg@ %ﬁ@” gu.ﬂ)e f ?qc{;ﬁagrr@a’@'r@p alanged a"%ogt ance

t han does Ii0a§é205$)ﬁ??:h6as£endlabdﬂ%ﬁ)s clﬂfdfl}étébyﬁheclsp?mlnbewmhf dﬂnamfge y
exterior sur e.Q 0 ube 901 L and t i,nner radial surfaces of nec
555 and neck 85ar oyt 43 edEnde broyd e st Bl e rate Spe BEQBE ads on

FIG 7; nameéyd 209 taporiion 2ESof drel fleerje 208atimnsediftelyas thuciigrd of flamget peetiove| d
922 to the flow tube 901 L. This protects the flow tube 901 L and the braze
joint of opening 926 fromthe heat of the flange weld 922. Cone connect
menber 923 is shown in further detail on'FIG 9 as conprising a circular

el enrent having an outer circunference 932 which is coupled to a notch in
the inner surface 929 of case end 928. Cone connect nenber 923



25 has a flat surface 1002 adjacent its circunference 932. Near the radial
m d point the-surface 1002 becones groove 1003 which, in turn, becones a
flat surface 1005 conprising the inner radial portion of cone connect 923.
The cent erWoM1838% surface 1005 has an opening 926 t hr ougfEM¥E03 ow t ube
901 extends with the flow tube and surface 1005 bei ng coupled to one

anot her. G @3veis00Bd @lfaeies saparaies thpinner yahof paek e'sm#nga%é@m the3 to
accommdated,j,ltgrfs@,ﬁgegbaho\@mpn due to tenmperature differences between
the flow tube 901 and the case | so protects the conpl eted

fl owreter from eIB@é'@V‘W“?’P@rFﬁﬁI 255319&# ff@'ﬁ‘rtéé*s@sf'Gzi in thabitdngleresdistinct

PCTNS00/ 161%@&@1@%@:& @o@&@@fﬁesérﬂﬁ BASH b%%cewar 008 td lrWiRsr RBcOf
fl owreter 900 are cou flow tube at three points per end in the

same manher chA§owHdbe 28% trutlbé f’QFV"FﬂtQEOf'F'GTﬁe‘hFldNQ@mt&é bal@ﬂcecbwptaung i s that
bet ween rai %?ﬁreﬁi @'Fafﬁnc%%%réﬁé Brbé’é"bé% ﬁﬁﬂjth%%w {bsPHINd rﬁ)glegéo@ %f The

coupling is t between flow tube 90 cone connect nenb
third point nefvikrgtipn mgmiaﬁy fesidespn Q@?*Ub@cb)baéaé% todaeibese carditars thet ween
the inside %té@%?r@éesrsh@ &ﬁx%?er%pﬁovaefiaheﬁm@'ﬂr ancﬁ %g@%m&%g%neﬁhe end

of bal ance bar IS in‘turn connecte | ow tu ace bar
(not shown) .Thejuibration gmplituge @§ thenkalange kari202timasnis repsois tF@@qualelthedevm d

of flange 9QQaddh Spphtlube bP{P\e%atE} gﬁtlleé‘ﬁow]l&be Qﬁ'fjtnjn%s Ftls%ssl%ﬁﬂﬁl the!

dlsclose an alternative enbodi ment he i nvention I's simlar in many
respects toﬂpwmet%wmuawra:m@sanag %frﬁjhlgheﬂﬂ%lsttmh%N@@%ﬂqlﬂe&me“fw%ofsﬂ"m lar in

noSt f esbectBuAllde Hebabeoihd il VitkaliG? BRBfbE of [ (RAAd SarGhcrb@fee! ement s
923 and 910 on FIG are e cone connect elenment and case

connect | i ni@miarypabenveatgrialest adewrriieinaty alegnsauntessd, Fﬂn@@b@@ﬂand 11 are
desi gnat ed I t Ao with
el enent 111%@#%‘%%&%@%0502&%0'#%%%? Qf?ﬁ%tﬁehﬁbﬁg a {sm%nm?kéggggﬁ% and 11

t hat hal® r geereage® Ariingefyation amplitgde ralierchasges,. tbe lcmgt,udlge@ms offlawt c.) are
| denti cal t%&@e&‘ehg Qéwaﬁtwawﬁgﬁé@aﬂ@mé%&%fm E\b@-r %nwarfﬂa sfave

al ready been describ in detail 1n connectioh wt . The elenents of
FIG 10 t hatcoaditiprs therkalgnoedas appligs| agregtesbendingitoiasede tm price eperaginre
nunbers in Rp{}ﬂ el enent
1123 of FI Gq%oﬂ%?%“gﬁgbemémb?fdéngc%%ie S}H%lg%SGQtS t%'al)t:? ngQg@a g'ﬁéscone
connect 1123vﬂhatbe hepwy oy tubehwbile the brage BAE @aipnsTiradsialmBPWAIRHIN PRseur f ace
912 of wﬁﬂmhggﬁlah%'baﬂ THBES waALibidHR, b BxABRGAIEbEVS LA ifbail i Case end.
Because of t cone connect positioned sone e right on
FIG 10 and asgyraeent therlowmpter. pEEheuuah@lagczqd ©rqueneancaise syess theheetebne
connect 923 def@¥%ndin ERAMRRE LR, .t'cﬁnpégimt.ha%@nané&ufb%rtdé@trbafoh dhd! G 8
and has its circunference recessed within notches of the inner case end
wal | . Cone d&BWmeder-30 1123 is shown in greater detail on FIG 11 and has

its outer cigdsHifRneIecE13% eR@tfcting inner wall 912 on FIG 10.

| medi at el y "adj acen e outer circunference 1129 is a flat portion 1102 as
shown bR h on FI B§S.13 4aaad showrleftipedionefithe Sawpetar oA EPQ Palent ER Q2
engages a C%y%dzwmeeaﬂépépéqva‘&b&wfp @W5§%42A/’@ Gr%%%ﬁlrﬁetgﬁéﬁ rkiéO@/ 46103

FIGS. 10 and 11 with the curved surface 1103 havi'ng a
confi gur ati §milar F%tnaﬁﬁéf'%ﬁ'ﬂérﬁﬁtt'ﬂhﬁﬁa eRAf 403, I@é@ﬂﬁﬂﬁé‘@ﬂé@ﬁs%é@m t he

outer extreghf¥nailadgéd 206 SCREAE63 éﬂaés@sﬁno%hmmm mm.sfwwuﬁaeclg and 11.
Flat surface 1104 haS a center opening 1126 through which flow tub e 901

proj ects. Thalapgapar #4@2 Bracpdaes 41 gouple 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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5 perforns the dual function of accommopdating an axially novenent of flow
tube 901 due to thermal expansion/contraction as well as acconmrodati ng
changes in the inner dianmeter of case 903 due to thermal changes. Case
connect | i ko dilakBrdi s not identical to case connect |ink 9RCI/GSNOA6NT3 8. On
FIG 13) case connect link 910 is directly connected at its ends between
t he 10 i nner surf‘H@@flMet@f otFige 3Hfferanitnt heat pLIAKE. 20N tiedt flokaubebhg end 905

of bal ance bar d the se _conpect link 1110 is

ot rarons S nolma ¢ 11516%8: N R FeR hart iy fiRGdin o e oens M ARBRIEs | egs
1107 and 110Betwiekh flolvaubegletnB4beang flﬁwl’tﬂl@@heﬂseﬁvej; teChurpdseldiGBiidving he

| eft end of bal ance bar 9(%% ﬂnd thecg @E (?at %} nat i veIﬂ case connect
link 1110 ma{eHBalFresseHRINA{BK YRR AP IElINSHAR PG e&f‘l‘% "rﬂ@‘%ﬂﬁer
por]EI on ﬁg;mif 3 fred hasef manaestlhzdé tH’d«ldv@EGt@ﬂBEIElt?i@lﬁisda'sé contectife to }‘! aL
sur f ace of con onne t o or curye in case ct lin
1110 pernits® lfz{ne[ngs ﬁ eSPDH V%{E‘i!bmagfsgeeﬁgfﬁjaé‘euﬁ"ﬁd\[{%a” H]”&ﬁﬁ’?gig&o?bal ance
bar 902 due taset 403 arml a sbeomdeshd dcapeddtonneehd Uil nlsf BAlaAcd Bartdms connect ed
bet ween t he bal a e bar at {H‘H gﬁjron 1105 and t'h‘g Wer wal h 912, of case 20
903 by neans of & %ﬁ?r‘f‘)é‘é‘eﬁ‘d BE1 [ OGP TEROME, QNG VRN RIPRRMSALSSIIBRS ¢ i on
off]ghe fl?t ﬁ;uItﬁeaﬁmfaéﬁzomg:Qnerrmlm\&ﬁéte&ét%a;t%ﬁémfﬁlsfz p@ﬁnn&?n@eﬁas 6{1 has
sufficient str 0 i.nhi bi Si T vij brationa ransl ati ons ween
The. | unddi ontnaibaaeeiss 28 pat bratk et 1B o VS wiiRseech ff Ty BET UGt ¢ 0
the inner waddseddcB. ofhicRIReRMed hltho fIdABIETT FRES3 binse CaSd @énr@cflhfk\gnet er of
FI G 10 devoid of fl]a ssli quer od that the

b
cl ai med i nvehl? BRVidS %%Q"?PB”Q%’?P? h?l"ﬁ?"t‘aef’ﬁ B%E’@F? R eferred

enmbodi rregt bwaumemcmsms pi dieh sidiures alie RBStIENWhekttrs ahsctsnnect ke t he
scope an Spl

t t. F I ] t h.th
present i nve‘ﬁ tﬁéé E@f@ﬁ(\{% |€}/®S%§Q§§%&¥mor ﬁggzmﬁa? ?'b{ﬁqg’ﬁgé’fh 7
strai ghtist Ubl@b@@Dﬂ @i bafdnoemar 202. Thus metl!almemwegatceﬁﬁbttti‘aﬂlklal&ﬁltﬁo f
resent inventio not s mte used with ot her es o
o oli s 11 cmedie e iBheralle dess A3 Buitia dine Bemeton pebssn b B8 curved
coBf [ gu'rA i’it [ oaemsnw(ejﬂrb\lnaéd Epcasdzcn?cmnfegnmkegz?mvs Huwat r\]/ag ag spbwtham Ftcjy Nf t L | ;)\r/]v _
t ubes so,, raised e an er be integra eir
respective fP3RYS %ﬁ@sgﬁcﬁv E’(?g 49 aryl bra gaéll‘l% ?‘@W%@é%ﬁﬁ‘fé@ they may
]E)F separat e @L&mbd satétureatihéromiabeials masrligeablgnﬁlcﬁhtldmg@rser drl&llgﬁﬁrcanﬂly 3
ownet grs nade in teria as st ainl ess_ stee i se
el enent 827'05%8@'?%%’9%04"1”%@99@?@’%9%q&ﬁ&“ﬁﬂ??f&ﬁaﬁ’?""ﬂ eera§|8r9é ai nl ess
fslt eel ?s t heelémeﬂt]'csgeme Ngsh5tfof ﬁithBI_SOI?ﬂ 5(}8 carsappy aﬁﬁ??@&&b{eetdrthaab p|6ﬂroinol ihs
ownet ers usg,di erials. for eir different parts. In suc
fl owreters, 1(!.“ (?f t'&ﬁ/\ﬁ Eﬂ?ené@ ’88“'3?9 Q{F?ﬁr{:gﬁﬂdfge case ang fl anges nmay be
stainl ess steel . FAGsDistdreondiviewdf nmmme&%trwdre&ﬁ?l@ay tadeacaldmg finet ani um
it um | nasp FIBH - Sspoftadly thhe 201 8raeeuhr Pl frerse SEPBRAIRES 272 nt ess
st eel fEangdmvmgcbuAmﬁrtdisbidaaiohnamddtm)tl'tehanéﬂwadgm bdicaap @08 @ndandnindi ng 10
t echni 00/ 1610
conol 1 & 11 oty 61 (0rBB RS el B oMl Hrorslo ik e B PR "0 702)

t hat are adafit7eate flahstrips.nFliEs &, is adopeiew dn‘rasemionlmf tlowlmetee 40D] BlIGE diimaphase
opp05|t|ontl% Cﬂﬁr" aCOI’IO|IS response in said vibrating flow tube
representi ngs Yot mat| on pertaining to material flow ng through said

vi brating f|Degctiptien ofFAGE. 6 aGdI7 ol | s fl owneter conprising: a case (703)

encl osi said fl and sald | ance ar th sa al. ance bar being
substan?&ally pa 1‘%5’9585 YR %ai“ﬂap pgwepbgftgeépvppﬁgq 23nd a
second end (cotrprisinf ssfiownetas2Q0 aamng)eruaegwﬁﬁat)emlmseam diémentsdhgtase ends
for receiving end port. 0.of dflowtu t ha roj.ect beyond said
case ends; sal'®"gRen ‘HB""‘"ﬁg %%St%mc é?n‘ﬁ?efeé 358 'tﬁ"%"?%'"ﬁd”ﬁ%ﬁé%ﬁﬁnm

axi s of sai dar 702whidhesurioundea bentenpanion(of fiey taloeipd1.nBalancksbaf702asd bal ance
bar to said fl ow tube;
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15 case connect link nmeans (710) having a first end coupled to said brace
bar neans as well as to said bal ance bar and having a second end coupled to
an inner wall of said case, said case connect link neans is effective to

i nhi bit theowomment of said brace bar and sai d bal ance [ROT/ERM0IE61DN a
direction perpendicular to said |ongitudinal axis of said flow tube in said
driven pl anepnéctednat iscémds nea bravesmirsl 70D ta dw sutfd TONET ey fidwi tubBEerD 1

conprises: a_cone connect n 723). havin Quter circu rence coupl ed
to said casé”cg‘l’] & '}’f’é(?ﬂsnfgaqgaiitéecwpétre %%%ﬁ@%&gfﬂea‘?“(iw*ﬁﬁms"ziﬂbﬁ f1ow tube
for seal abl yoweegérn i Trpsediod thibewlemdnts togattdr comerisoanatie fieanbelrRaing
axi ally positioned, bet ween termnus of said flo ube and sajd case
connect i nlgxkﬁé‘gﬁét agongigat %Smeiﬁ'i*@°+‘9%&}}?e€°é'¥m8ﬁef?Pén‘ i° aﬂaﬁ'% té’g?d f1 ow
t;Jbehextsendgoutwtdr:ﬁegbﬂ;heﬂe@hdfcmevl (Rmdwrb@@we@éwler&mdmd dparict projests( 701 L, 701
R) that project r ou | L rcu eni ng.in said coge connect neans
ohd beyond SRt i HodariteS ot B e BridhedSimiots £ 8% s oo
011 02814 (chlamogmay Be ﬁEhﬁdgi@UitobbShé In@m‘rér?@bf vk f?llnﬂhma;%gé\h@meﬁd% saidd f
termnus (707, 7 of e sai n ortion, o ai ow tube is devoid o
att achment {6% C%Q%“{%?ﬁfoeb%&lea‘?qq@&c%%rtﬁe fow @7% dz%%as@rﬁﬂ‘,’.s 784 hewe
Cor i f)l ijs fl cavwagmarpo@tiorc?za' t}@naeeﬂ ﬁrdohercohm‘éaﬁtlmdbihgianadiﬁeﬁhn@ thk}m:gg@vr(icﬁgt@b?
coupl e o0 sai d term nus eac aid en ortion sai t ube for
cnabl § nlf sateries T S ancihe e bRt fithioh fwdung Bafpnr Bk axmdss
circul ar Open:cfnithgrignt. amnr?@cﬁineem$waiamee@@ahg@aitdeefatétr)ilbiant;ﬁe o&ﬂdw@ubé@“ on
an i nner surface.o ali Lrgular o | that. seal a e es sai ow
fube s, ThelnrrpIC ey thiferat SET 20hfas AdbickERsEangn il A sartd as
cyli nd(r]I i gal et QK cége?ios.cvhl@gmbImeeﬁmbﬁﬁﬁhcbfftr@és&a%t mcmdd:mge%iip: ly o
out war ey ai ase _end; said ne as.,a center_ openi ng coaxi Wi
said flow ts(%g szd-?%?C%’aﬁﬁﬁ %?'@c%qw?'ﬁﬁ@ryoeamea@étef ﬁ%a“%d’? rcﬁ%]agggogort i on
of sai d1§ | owntite@ohbabniescd7281 Thbemrendusaddlofdpsreengt adhnsaerthagsk; said
ace of  sai reat er ter than the

i amot er of SSAYAN i 82 P ulerrcela ! Baf 69t 248 o THELRSEer  ned by
space bet weeliametbdofftheip otipe2 4Ad thedowrter diameterdtheidw tubeerormsiavaieral sai d
ek B 5" TR ol WAL Bl P B Bt Sk bR i o
The Cori ol i suffaeeofefloay tubk 70h aiBrade bére7@Briosmapatiotiat permiacialaiertsar ( 923) has
LB BT 965 AA00RMaT Y. B B e T BLARE SRR PRl BRIAR by oo
in the di ametieebalaficd thars FORtEnaAnheflow aulsh e dyremically oumrainisating witeadhonnect
other via brace bars 709. The ends of balance bars 702 are further coupled by
means of case connect links 710 to the inner wall 712 of case 703. Case connect
links 710 include a fold element 711. Case connect links 710 are coupled at their
25 outer end 706 to the inner case wall 712 and at their inner end 705 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
30 in a direction perpendicular to the tube axis in the drive plane of FIG. 6. The case
connect links 710 serve to keep the unbalanced torques from moving the brace bar
709 with respect to the case. This enables the vibration amplitude ratio to change
with density so as to keep the vibrating structure balanced. However, as
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5 nmeans is coupled. 27 WO 011 02814 PCTJUS00116103 8. The Coriolis
flowreter of claim1l wherein said coupling of a second end of said case
connect |ink nmeans (710) conprises a connection of said second end (706) of
case conneowolimsigeans to said inner wall (712) of said eesasidiciobhe
Coriolis flowreter of claim1 wherein said second end of said case connect

l'i nk nmeans (ﬂiﬂsﬂ@@wéﬁed?@(b#ﬁ'cﬁge EOnrivtt fhkead 17, Qésé@érﬁwe@ﬁlﬁfkst?&lo%vb%hetfu%fj' ate
connecti on rreans 1106;I?t hat is connected to said inner wall (1129) of said

case. 10. Thelapghesri Balpper Pyt ©R id Be Sase 903isar ehanasingiarpeter withi at e

connecti on NMpapsct tdEadHher wSMisb@ﬁéé oltdRpbrAAfireShiféle ARAIE LENRA Ghed RS
(1123) whose er| metsr i S, connect ed a surface of said |nner wal | of said

case. 11. The& G&ﬁ”it%l eng Y LlLpeits the e%pcaiivmlgngtnlo{ FR¥e SoRePEldiEk: 719 ari ver D

t hat vi brsat eghgfjethd theWabs BRNRAGH S Mewa@f&@%abaraméﬂeraatwmm@o BkpgHMY drn Phase
opposition to each other, said vibrations in said drive plane and said

material fl oﬁP'ﬁFaé’t]‘”BFr'iﬁR?Cbﬁofeé&f‘ﬂﬂéerf or inducing Coriolis deflections in
said flow tube; SppictiD ahd aensodity 8BRS0 aﬁ@@mg@ﬁivé@c'ﬁﬁdéﬁs&} Apotarge that

detect said Corl olis defl t ns ick off nmeans generate signals

sai d
representing SHOWHFRRRIDIP | Pl?%@"t% Si Jhﬁﬁ? glemants peFanReriedidAse to

sai d detecti granfér Similgr @qnatcanbwd@br@@éﬂm&l o P&, ebehetel BeEOMESS (801 )
t hat recel ves said signals fromsaid pick off 10 neans and generates out put

i nf or mat'Con plEMmeat ﬁPtheberseéﬁcerom@ﬂ&vppmw sigpal vmatb@pﬁcswgwn%mt er of

clai m5 wher gbmts bW tidedyo 1 WYL RBYSt Me ?éseﬁmtf@a,heﬁém%%ﬂuf)@'?oﬁ he
| ength of said case and has said ends portions (701 L, '70i R) that project

through sai dWBpEHIeIER! fIRWEg;theretine’ hegrarekineramtariahflow ang Vt%@ﬂé-‘trﬁrwpaﬂ%ﬁmt er

to said terngnsw Rbesai by driog btm,ceé% CJﬁtﬁ’st@édoﬂBé%ﬁé@YM’B%tﬁf1 iffa ¢l ai m 12
wherein said term nus each said end portion of said flow tube

i s devoid of méf‘f’%\rc‘ﬁ%'fﬂo"‘frb'”é"r‘ﬁ/aét FhePhage ditterance Q?M%@efsﬁ%}ﬂss%ﬂ left case
ends. 285 Wai6diyGeRidr BT laH&(ﬁm Jsénst:@Q brebémis ilfenmaiopr of claim

12 further includin an en cou to sajd term nus of each

sai d end porP?’Eﬁﬁ"'ng%ﬁ\ed"?tFBWf angﬁfeo?”tB Lo OfStQPde@GFY B¢ASOrY fGwmet er to

be coupl ed t gpicHRs@&howh HOEIGE tzena éatas 802 GHH 804 &) Ridhe1B|SIroRts VO Abhignd
surface of said end fl an on an i nner surface of said circular

a

openi ng t hat PrOEaFses|the é??gé’&g§'g§‘éfsoaﬁq QROQrgE outpyt infermatign ppitsPath lket er of -

claim 14 furpaﬁ'n.h@q{mb@mmvﬁeal ed cavity (721 ) defined by space between
n of said flow tube and said inner

t he out surfac orti
cylindri Qal sur f jt: Ctﬁ‘?dag%f‘ﬂteaé tae g\a.*ePec%Ls “HoenchePBareyqt fareed tonner
surface of aflqgetd@mentt asad theasade foraeeneter 66FIG, FeThediobMmedtéNofiFaG] 8% an
axially out er%aﬁ&f%ct%?@ tes%ed gan%%alanced without flanges being attached to the fiow
tube ends. The prior art meters of Figs.2 through 5 couid not be balanced and
tested prior to the flanges being attached because the tube end connections were
25  critical to the dynamics of the vibrating structure. The cone connect elements 723
of the present invention remove the tube ends 707 and 708 from the dynamic
structure of the meter and create a fully functional meter prior to the flange welding
operation.
Suitable facilities are provided at the location at which the flowmeter of FIG.
30 Bis balanced and tested to permit the flow tube ends 707 and 708 to 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 FIG. 6 may be stored

until it is ready for delivery to a customer. The manufacture, testing, balancing and
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outwardly projecting elenent (827) of said end flange seal ably engaged with
said flow tube; said sealed cavity having an axially inner end conprising
said cone connect nmeans (723). 16. The Coriolis floweter of claim 12
further inwbedossie an end flange (806, 906); a neck (805)PaIFUSHHIAIENd
flange having a first end integral wth said end fl ange and havi ng second
end connect edmiporaay saxage biythe libemeterctbfdfiGsaiwtthoecharye$ 80ajvanfagealsl sinase

end; a cylindrical openij said,end fl ange and in,sai,d neck of said end
Flange for rEee GpaRaroeatvPRnS! Bl 88 ReoRureRli R RrBERE R o t ube.
sai d cyl i ndrinaalfactpes)ibatanca, ®at, dndatdte afflo&m\e:leemdtsfdoadgnenaﬁdhanan PGg.tion
of said end fl e has a di aneter stanti al | reate an the 10
exterior sur% H@Q%B?h g@iecf"sﬁ 8'\’/??’38 }°{§1 écrvy t%é odvn(aﬁéilt%f Eﬁ' €ai d
ext gri orisu;da@egoﬁz tga?ubtebdnevxﬁstamekrmvdwl Slgﬂtdat)flyhe,l’tdéiflaﬁd;eé md?yrtﬁ@ge of
said neck of s en i.ndrica nner .surf .of sai.,
portion of s&i° né‘?{cfr? Iagﬁg'é&eﬁrhéc]g’gﬁl ?&“%{?rl ?/qLBQH%‘P’@'I‘ flapag g@%i‘%ﬂ‘oé‘f"e‘ﬁent
(827} in \Azn g, al ||Ms auvmagwnfsaomam‘ncganedt mtdstbfeamgelohmwgemméd aglr i Ih cal
openi n 0s e. an.lnner 15 di aneter .that se te
tgrm ngs por%oﬁ’ﬁ' 'st: ‘ga%la'”F%W"{‘l%'éeS*i‘@'”V ih%%Tﬁn%]é#‘(é 'T? The
Coriolis fl oDeeetiptiorobt EliGai7m 5 wherein: said case includes wal I s par al | el
(712) tg_.the lon i nal, ax |df| id cas rther
i ncl udegosal d cag-lgI gﬁ&@”?@bﬁf] lﬁ(a:‘I‘ % '?@Gn{"@' %JBEF'@SZ%‘?X&G%‘%FL%QM ori ent ed
subfst ant i a:c Inomgétpe@fdnm Vamclm@sl:ﬂamr@e@wbs atfdedad ttr@érhdi oitibes BI{IEEhOT »
surfaces o i e cl ude coaxi a i d_openi ng in sai
case ends, iﬁq@ %ﬁ@m Wg d’§1s liaag%%g © A9 %"V&S%H"{?CE@%@ BHWEEt neans
(723) ?nd assumake 808 paaaudl matemn(azssot a r8dk 8)5 Raviegad ;rfde@wtza;lbm t hat
rojects axia eyond. sai d cas

Ty o oo Strate St oaRiay ¥ Sl Sl Bl nB0 S e e A o P PO S0t aco
of sai d16l ovvfbmubmr;amecwc’ln crfelaagyeledne(nfBmehagmrsealdmnéﬂﬂeazsmmg@tman sai d
exterior surface of, sai sai.d i r s
The Corl of | SRAPAAER s sealahiVio it 38 Shd, 2D T ARl R FaPand PR1E R ( S0g)
](c:loupl ed to saitiét ¥@8. mlmgm 1 is aletindd W\kﬂelﬁﬂﬁcéﬁétv&ﬁub&\emtémr surfiagel a}lf:cow |

ownet er to e i ne e of claim
12 wherein Y ?17&3158 r.'fﬂ?é%'ge&) {‘? 8?1’}28 f%ﬂqc@é(%dzﬁp %#é)ﬁ‘?ﬂpi%‘; Bar al I el
to the Ioggldagdle:nfal7otax:cmwvzswacuvfahta\gebllud)mmaﬂ] bérngifs f&?gtd soesagendls (328) |
are cur an se ro ul ar, \wi res 0,said cylindrica
wal | s; éﬁ i rfifY gd?Fﬁﬁ%e qr‘n7§4 @g ’ggggng?gﬁs GPURIngd @i‘éee‘" ae%ftmgd udes means
t hat recei V&ﬁ)e?itbnosﬁcﬁfas{jbi?:zmb cﬁx«tbelldirﬁ@ ivw(ttBa)7ook aaal7g1an§ gujedt t6 e g
connect nea sai ow,.t ube e th .o se, an
through a cgﬁ?é'? %é%spl@ﬁ\”%e(? thf {1 I?gben @Fgﬁégm”aﬂ%mﬁwg@ﬁﬁ'%a' d
cavi tydol‘3 sahg hembmfthesweunrrgaﬁﬁheﬂmga)?% fdl ip722.dld be ﬂfbMI.B:téc’ifgb?éncﬁXI al ly
out war eyond ,sai d nec e riqQlis of_ cl.aim ecrein
oni L or o mvepeRL helSfons ot ok i oy Siae gt T e mn s AigR Aot by o
axi al | y2sut weatl cbulo aitsrathd strastarecoftthe flow tube material, such as titanium, in such a

way as to decrease its corrosion resistance. The heat of the weld could also

partially melt the braze material in the joint between flow tube 701 and cone
connect 723. This could harm the braze and could possibly affect the prior
balancing and adjustment of flowmeter in its state of completion as shown on FIG.
30 6.
The flowmeter of FIG. 7 provides three connection points between flow tube
701 and case 703 near each end of flow tube 701. The first connecting point is
that provided by the end flanges 806 which have the center opening of raised
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30 WO 01/ 02814 PCT/ US00116103 21. The Coriolis flowreter of claim19
further including: an end flange (906) coupled to said term nus (907) of
said flow tube for enabling said Coriolis flowreter to be coupled to a
pi peline. HpoihbeasCoriolis flowreter of claim12 wherein BeI/S046103
conprises: cylindrical walls (912) oriented parallel to the |ongitudinal

axis of sai dgfbhfunt BER@howaWass afe t§&1dédqa$l§wﬂﬂl§'§eﬁ@§/ﬁoﬂ ww@m PPRd i on (928)
that is offset fromb5 perpendicular with r sgect to sa cyI i ndrical walls;

an inner sur PR daonaﬁctasa%a'm IH R PINECHAZD f"saéfac?”@a@é i thE a dianeter

equal to thecéﬁmfln@Famtsqrronae@ay Braeasrard po9 fdg@mevma chbg comiet m%trem ty
(1129) of said circu

ar cone connec n tube extends th
length of safltP: cgg%seaWée%‘é‘é’"@ﬁW%B?'Nsﬁ@x i‘(’.}”f %W‘I‘ﬁ"b’@ ﬁ'eﬁ’e@é%ter
openi ng gf saf flbvrABRr @SB3, NEANS (1123) and through sai d caV|ty (930) of

said neck (924) of said.case end to.a flow tube term nus
outward beyond salRf ﬁ:@euon Qféhe?ﬂ%”%?PQBPlrgc?mB(AﬂE@gfe?ﬁsecq ﬁ%?ﬁ'ﬁ\ﬂg%rel n

said term nU$1d89c7)hé)ﬂ3ra@élﬁbr$@9ﬂt@lﬁdmﬁﬂié tr@rﬁbl&fonﬁ% thef icwMubelddifogdgvoi d of
attachnment to any structure ama@q%/ outward fromsaid case ends. 24. The

Coriolis flowh@rteéhebfif%¢°a4pﬂﬁd2‘9hf tPl%rr7q9ncTnﬁfPH§f'°”a‘?T thg eneticmhpeint 906)
coupled to Séﬂo@nd’é@ﬂﬁ‘rﬁlééd@fen%t@zﬂaﬂh‘ytﬁé'%lliQﬁtseébﬁ%r'd%nﬁ@'lﬁlt@%aﬂmé s

flowreter to be co to a é)e i ne. . The Coriolis flowreter of claim

22 wher dPn s%nvut'@?rf% todhe fl QG 59 g% E%@ﬁvﬁmh%awef'aéﬂowﬁ@"? PAIFERI (906) ; a

cylindrical opmam THb @ﬂbﬁbrﬁﬁtﬁvﬁé@ﬁ&l%oﬁ@boﬁﬁé‘&vzs iégtofgﬁtb\ﬂdé gfvigidwus 5 (907}
of said end portlon of said fl ow tube; a npe Zﬁk sai d end fl ange has

a first end EAPEGHAD %tt’?ld)él??"é&lpartl"{? q ﬁ'?i%ﬂ%é#tﬁ IHFonNSCcHoR ARP ﬁséﬂéf@ and

has an axi al éaéelénaetheeade@@ cetde@wﬁbaaéhowtad ¥ a@meecsrae@dapefe fol. drHeeck
(924) of said case end; 31 814 PCT/éJSh /16103 said end fl ange and

sai d neck ofCasgapdsaserandaye “SB‘tedeQOéo withgfapd fis free Wthou sgnificgpt ace

coaxi al 19i t hoerifirch. f Meving U’itetorcfi.@ rda6dr foeted (wd 4)| tBNeS c54y drafglirMipaRNg i n said
neck of said end Ian S ortlon of said end

as in an i nner
fl ange has aCQﬂ"ﬁ.'HB'P@P e VDI PR AIRICIYTR Q th "‘é&?t@?'l @Eﬁrf"&@@ ®f said

flow tube tocgHpbbeich alsa%Mbegweﬁvorsmequﬁamrue@newmmm 1abe Al 7end
portion of said flow tube and said Cd!djh)?r“ cal inner 15 surface of said

neck of sai PhEO§ ARt FisedrleVaN P2 FaYReroRRRS PURPIBY- sai d end Tl ange;
and an axi al pyscigtien oPPIGS. Q;ngoincﬁﬂd end flange defines an axially

Slr gjng;: tel go el ener]:th(59§7a)nd ga(y scqgse ano I'rllérep{ossi%Fenéx% ;gll\/é]r(yjlse(la'nbod1 ment\M%ltrLes have a
invention. The embodiment of FIG. 8 is similar to that of FIGS. 6 and 7 in that the
flowmeter 900 of FIG. 8 has case 903 that encloses a balance bar 902 and a flow
tube 901. FIG. 8 discloses only a left portion of flowmeter 900 to minimize drawing
complexity. Also, the driver D and the two velocity sensors LPO and RPO are not

25 shown on FIG. 8 nor is the associated meter electronics. It is to be understood that
the flowmeter of FIG. 8 includes a driver element D, a left velocity sensor LPO and
a right velocity sensor RPO all of which are connected over appropriate conductors
to a meter electronics element which applies a drive signal for the driver to vibrate
the balance bar and flow tube and which receives the signals from the two velocity

30 sensors, and processes them to generate material flow information for the material
flowing through flow tube 901 as it is vibrated by the driver D (not shown).

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
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approximate that of said flow tube dianeter for sealably receiving the
termnus of 20 said flow tube. 26. The Coriolis floweter of claim22
wherein said case connect |ink neans (110) conprises: a flat el ongated
nenber (1IWOPVMRSHK ng a bend in a nmid portion that defi neFTRFWIE (1107,
1108) of said nenber that are angularly oriented with 5 respect to each
ot her; a radiasingya fofth@t1 witll thelaws) end 920 pf thetcasacoonried inkd9N@hsingei ng

e o i sReERd & Bl 9320 BELEHGE ERLe oBh [ 160 BlHtimetRE (1106)

of a second one of sald ei ng conne a surface of sald cone
connect nearsamefudetfamas thattearicase panrect inkcdtthee FIGuP. shihey smiafyldtebijizeof sai d

bal ance bar i t. 1.d Al | . | i npri ses
sai d it AgvBraRhg of BaGhed el sBElh iRt ReeB o el h BRI 3
por tion § 110ikive pfanedpdrpeodisules hvetplansofisthe papermprewehifdGi 8 i ilestradedr of
claim 26 wherein ' I ' | 90
degree with res pg@ gjgre\géaé h&%oé?f&ﬂ%gléﬁﬁ%&@él?g% ggﬁd?dﬁrﬁ@?%%?&g%é% 26
wher ei n sai éxiadly tiraugh @ QisE)likefcopaicdniéaymearther 928 vduetiscshofvndt datdiiment t o

t t [ ' , 4

ey r saon6161020. Tyt B3 erRTha b ah apenflice i one Shet HE R g: an
end fl ange (©28@nddodidrezkteralssai alemenh®ailsto(iBONYut @hd<d7dvHdret is adrenccted

bl i [ Lald I ipeline. .30 .
Cori ol | 21 G 1ERe Sspert 2B had oo rALESGE nb o Sl o
conpri ses: anfdul¢r aicomfereetitl surfacd DORand apmirer akibl 4@jgce®q%di al |y i nner end

1105) of id iLi ' 5) of

Sai d bal ance bar LR SDE M kR 0280hak RoBRA BT VS Y B RR 0 L e
bei ng connecteekl 926 ohttearidadfecagd 903) Neick ®a# ds sioviler dipnia ofrtbaflewtnetadef i ne a

series path npeegt | g asal d. ' Lal dn wal |
(1126) br oG 8aTht rerdicd M HB M o2 B Eaclind tddls MR 181 L
a portith ofcofrpagal td aasaenddAenecinInef.ca3s endl®28@uojectsi axidily cawastier of

| ai m 22 whey gi ' ' ' : . mb
(1110) havi ngrage 238 SRERERRCY ol SRRt BT oBR WP SR ST R Erper 1 <
connected to an ¥nul 3D1dEiNes thef spemiedbebhaeemtte dxdarior audacmoifienilbefo0dhi d

el ongat ed ”%Fﬂt]ﬁ‘ﬁe in%ep%%?gﬁﬁgcetsoof%e% @5§%ﬁd9\feck 924. Void 930 serves the same
' function as does void 721 on FIG. 7; namely, it minimizes the heat that is
20  conducted from the weld 922 to the flow tube 901L. This protects the flow tube
901L and the braze joint of opening 926 from the heat of the flange weld 922.
Cone connect member 923 is shown in further detail on FIG. 9 as
comprising a circular element having an outer circumference 932 which is coupled
to a notch in the inner surface 929 of case end 928. Cone connect member 923
25 has a flat surface 1002 adjacent its circumierence 932. Near the radial mid point
the surface 1002 becomes groove 1003 which, in turn, becomes a flat surface
1005 comprising the inner radial portion of cone connect 923. The center of flat
surface 1005 has an opening 926 through which flow tube 901 extends with the
flow tube and surface 1005 being coupled to one another. Groove 1003 enhances
30 the ability of the cone connect 923 to accommodate 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.
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sai d cone connect neans to define a series path connecting said end of said
bal ance bar with said inner wall of said case; said series path conprises
sai d case connect link and a portion of 10 said cone connect neans. 32. A
met hod of fwpi/mgie Coriolis flowreter (700) having a flowcrulse/6id1l ) and
a bal ance bar (702) that are adapted, when in use, to be vibrated in a

driven plane in phw&etrmﬂa@%dnhm.rtgcna@a@@e@tna ehdGRinges bes bESRARERr bbosai d
vibrating flow tube eé{ﬁ e?Ientl ormation Eertal ning to material flow ng

{hrough Sai da& SqUB} R N T B A WA D
WO 01/ 02814 RfGE 49398/ 16708 fient s bnNgouphing idf thavbétwben aasesabthehabznghy bar in

a case (703) with sai | ance b bei.ng substant. al l rallel to said
flow tube. sl b end i 8 et Panto EeuBih ety Sesbiow g8 S0 30 an

openi ng gef | Bbﬁ&c@mr@.@ﬂmeﬁﬂj’yﬂ@% (rﬁs4r)|rd psmma&fmoabnr@ae%al@r&m ef or
receiving end portions. of sai } 0j ect ond S |d case
ends; seal abF9nestnk AP Q%ﬂ‘”&eaﬂ%i”ﬁkﬁ’eﬁw@ﬁ?a "(E‘Srﬁ?segﬁﬁé@ “3979'2!‘;0‘( o said

flow tube (7Bdiahce BOUGIA. ﬁm@aﬁ@omalmecbdo@oari@m oA cdnthaé@ddo fbwwuaiber Wi th
brace bar 15 neans 7092 | in brace bar_neans (709) and said

bal ance bar PY8®brage B {'Wﬁé"r‘ Wt 7! 71%)"56'103%%1"1? Q%féoésﬂP‘ﬂ’ﬁ‘eﬁeé% FiGrfhect
link means (gdevorpdidiapge®osonnect |ink means is effective to inhibit the

novenent of said brace_b and sai d bal ance bar ends in a direction

per pendi €l QP—%‘—@—MM said flow tube 20 in said driven

pl ane; form ng a E@g. ndrdread1 dieailsd 472 3iterfativEddribediRnedné HIdhtidAHaNE 2
center coaxial with said flow t%ﬁahsal d neck surrounds said end port| on of

sai d flow t uBBiRRRMBANL[ESPEE!S i 4 gn Ei@e: 880d 8nd hedwo gniagiments

cylindrical gtrdimgiar |ﬁfm@st SRR arfd @ﬁ@tcﬁﬂy whi Fespet 1ditRsTBERIS eifméal d f | ow
tube; 25 formng a circul ar cagcé in said neck defined %%/‘Pthe S
A MEN 8 sai d

bet ween the BEMENSYAY arEIL oa gicadre thecaste coangeks!

cyl i ndriqgal bmcthfrag@emelﬁao@rra idirRélemBhi0ors RIGS. floqitdt tibgref or t he
| engt h of sald case

S ortions of said flow tub I oj ect
thr ugh sai avenamtee 1z aatAT 2heuR dide BEgIRG et camechriemank it uih (o o
term nus beyg@a,ee\wm@ag.d gRsCaservbnnb&ginket hod characterized in that: said
term nus of each ortl on P'@és,gﬁdﬂflow tube is devoid of attachnent to

any structure axi B'Gf‘ﬁa‘?’lj ndaf IgthabRaveTeiprenss nurpkersdn NP
clains 32 fugérl&r(lerBdeoslg lelie) sleagerticarvsttrg dongsgondmgiduavseredeieftents

const ant dl an;ell.lgr 8w rch Rave a Felardg bleSR%escr%ed in detafllllr?\clzvonnuetc):t(?on \?vﬂh FIG. 8.
The elements of FIG. 10 that differ from those on FIG. 8 are designated with
reference numbers in the 1100 series (i.e. 1102, 1103. . .etc.).

Cone connect element 1123 of FIG. 10 differs from its counterpart 923 on
FIG. 8 in that cone connect 1123 has a larger diameter that extends from one inner
25  surface 912 of case end 928 to the inner wall on the opposite 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 of the case 903. The cone connect 923, by
way of comparison, is positioned more to the left on FIG. 8 and has its
circumference recessed within notches of the inner case end wall. Cone connect
30 1123 is shown in greater detail on FIG. 11 and has its outer circumference 1129
contacting inner wall 912 on FIG. 10. Immediately adjacent the outer
circumference 1129 is a flat portion 1102 as shown both on FIGS. 10 and 11. The

inner portion of flat surface 1102 engages a curved surface 1103 as shown on
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WO 01/ 02814 PCT/ US00116103 34, The nethod of claim 33 further including the
step of "extending said flow tube through a cone connect elenent in each
said case end. 35. The nethod of claim32 in conbination with the step of:
af fi xi ng awaeidd28ieange (806) to said termi nus of said floRCTHBWA61H

A AACA3. AL Af . Ah. AF. A L Ay3. A A3. A AfF. AL Ah . A% A. A . AF. Ah . A3. A Ah3. A{. A
CACA{ 3. A Al FIGSA30ANR 1ARE WecaiYBid $kface 1103 having a bowl like configuration.
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balance bar being substantially parallel to and surrounding said flow tube;

a first and a second end (704) of said case;

an opening (721) in each of said case ends for receiving end portions

10  of said flow tube that project beyond said case ends;

said opening in said case ends is coaxial with a longitudinal axis of
said flow tube;

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

15 case connect link means (710) having a first end coupled to said
brace bar means as well as 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 said brace bar and said balance bar ends in a direction perpendicular
to said longitudinal axis of said flow tube in said driven plane;

20 characterized in said Coriolis flowmeter further comprises:

a cone connect means (723) having an outer circumference coupled
to said case end and having a circular opening coaxial with said flow tube for
sealably receiving said flow tube, said cone connect means being axially positioned
between a terminus of said flow tube and said case connect link means.

2. The Coriolis flowmeter of claim 1 wherein said flow tube extends the
length of said case and has said ends portions (701L, 701R) that project through
said circular opening in said cone connect means and beyond said case ends to
said terminus of said flow tube.
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an end flange (8086) coupled to said terminus of each said end portion
of said flow tube for enabling said Coriolis flowmeter to be coupled to a material
source;
5 a circular opening on an axial end surface of said end flange, and
a wall on an inner surface of said circular opening that sealably

engages said flow tube.

5. The Coriolis flowmeter of ciaim 1 further comprising:

a cylindrical neck (722) coupled to each said case end extending
axially outward beyond said case end;

said neck has a center opening coaxial with said flow tube and a

5  cylindrical inner surface that surrounds a portion of said flow tube that projects

beyond said case end and said neck;

said cylindrical inner surface of said neck has a greater diameter than
the diameter of said flow tube; and

a circular cavity in said neck defined by space between said flow tube

10  and said cylindrical inner surface of said neck.

6. The Coriolis flowmeter of claim 1 further including an out of plane
bend (711) in a planar surface of said case connect link means.

7. The Coriolis flowmeter of claim 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.
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of said case.

10.  The Coriolis flowmeter of claim 9 wherein said intermediate
connection means includes a surface (1102) of said cone connect means (1123)
whose perimeter is connected to a surface of said inner wail of said case.

11.  The Coriolis flowmeter of claim 1 further includes:

a driver D that vibrates said flow tube and said balance bar in a drive
plane in phase opposition to each other, said vibrations in said drive plane and said
material flow are jointly effective for inducing Coriolis deflections in said flow tube;

5 pick off means (LPO, RPO) coupled to said flow tube that detect said
Coriolis deflections, said pick off means generate signals representing information
pertaining to said material flow in response to said detection of said Coriolis
deflections; and

meter slectronics (801) that receives said signals from said pick off

10  means and generates output information pertaining to said material flow.

12.  The Coriolis flowmeter of claim 5 wherein said flow tube extends at a
constant diameter for the length of said case and has said ends portions (701L,
701R) that project through said opening in said cone connect means at said
constant diameter to said terminus of said flow tube.

13.  The Coriolis flowmeter of claim 12 wherein said terminus (707, 708)

of each said end portion of said flow tube is devoid of attachment to any structure
axially outward from said case ends.

28



109& ()- L109%& ()-,:10%& ()- L10%& ()- pp7qDqqq#r dBbC!

11 109U&" () - S&S109& ()- @O% ()-9-10%&' ()-, 109%& ()- '

910%&' () - #rprrs\ssta?bCl !sy! "10%+& ()-Sly! "10% : & ()- S109& ()- 109%& ()-
1098 () - ! 18960102819t t ouuvBvgvaBbCl | f F1109& () -/ 10%&' () - F. 18€®U§in/6103

, 109 () -!; FY(#10%' ()-& 10%& ()-gvvvvvvvvwbCl ITy10% o& ()-13nl0% o& ()- 10
10 10S810%&' () - FAg4.0Y& I']Se) CoAi Hwmeta\oiwidicn xiaReGhelldingys’ () - f

10% o0& ()- '10% o0& ()-!fz . . . ,

T006 o o () - -{ M0 ok ) SNELURNGE (B98)CAPRIR 9 S2IHSEIHS PHERLLSYY oPd BOFTBR: () -
10% o&' () - ! @f d4l8@g& tide Tok @AHaBling) sdid CORBIBS dWmézontrd du{pjatd@ Malddi o&' () - f
f10% 0& ()-Y10% 0& ()-f10% 0& ()-110% 0& ()-10% 0& ()-{{{||}~~\:bCl!|,"10%&
"()-1," 109 ETY€SHy 109 & ()-! 1Y% 10% o' 0& ()-S YU 109%& () - Sy#10% o0& () - ~
P {{Y: 1&1510% & () - ]'c gc! wg@%&p@?ggm\w | (fgd(sht&fh{cémlsoaifd@hﬂ(ﬂange, a;d g ()

10' 09, 810% o0& ()-!'1f34 10% ' & ()- ;| %.0& ()-10% Q& .()- % o0& ()-vy
10%00&' () - ssmc(Vz 0& ()-aswgflﬁ‘ﬂ/ééé{“’te)’-sy‘gﬁev‘?ﬁ %f&(ﬁ‘%%é{')%??@ﬁ&gi‘cﬁagég’()- I ny"
"10%008& () - SeA§i6eadald Ho@MA 0& ()-12z 10% & ()- Ty=dE{Y: !

17"10% 0& ()-y/ 109% 0& () -

.10% 0& ()-y, 10% 0& () -y3+10% 0& ()-)!10% o0& ()-EbCl @10% & ()-!y10% & ()-F
mL0% &: () - 1/(3' 0 1ﬂ'5'.0 (@ie@orﬂi@%?&e&ér:df%faim 14f(L)lrtherl including: o o

]} 800/?,/002. 8 : E‘?lg&cyz ( )1 ?‘%Qe%g) .c_‘@ivftg (;ﬁ{%egi)\éé &I/ :nga@epbgét\gvgén@fwesouj[gr/gu%a%_of

102 & (/) A gﬁgﬂﬁﬁ)ﬁdﬁiﬁﬂfﬂwg&;@gﬁ@?fn?br ﬁﬁ&ﬂéa{%’sﬁb{ac@&f"é\a&i rﬁélckﬁBaBbC!
, F@10% & - "10% & -, % & - % & -T "10% ' -le

"109%& ()-* g?s?%d f@s‘?fB%a&& @)Cyﬁ?%f@%ﬁ&g(3“—"’,%%8%99"8”— ?ffsﬁp end ‘%"9 '

T0% & ()7 109 & (10 10T & Lr LY LT A Cr SO () 2 1o WPAIEmN 1 1096 1
10% & ()-f10% & ()-10% & ()-! %.&.()-3Y10% & () - N ) %

10% & 8 -@ 16%”&“%'¥ Pqu%( &'ﬁ%fﬁi%fz@f BRI ofé"%?%“-s?i‘@&}éy@lg)agg. g’%ﬁﬂﬂdf
10@10% & () A& YibkD% F& () -! Y! 109%&' ()-S10% & ()-fYF10% & ()-!1110% & ()- @

=Pma?nN/ f 10! s1! 109 ()- 0, /- 10% & ()-@ 109% & () - S
+410% & ()-S)!10% & ()-!‘%ﬂ%g‘* ﬁk’i’%“é nféla&ﬁwan?f%"p"smg said cone

210% & () - Y3ZdridcBimehns 1X23).10° 10" 810% & () -, 4T 10% & () - g<5} [ <bCf

@0% & ()-!"109& ()-!"10%t& ()-S@10% & ()-!9 "10%&Z& ()-S

10% & () - $[ KWX9bC, Y% 10% & ()--, # 10% & ()-! 1"10%t& ()-g'd@

10%& ()-T!!109& (96.S! The%oritli§ jlovwtetts 68 fakn a® durther,including:

10% & ()-,3.t10% & () - ,

10% &'(%)- 3+10% & () A998 896 298k oy L 109 () -1 FZ109%v& () - YZ109%v&: () -
a neck (805) of said end flange having a first end integral with said

end flange and having second end connected to an axially outer end of said neck
5  (805) of said case end,;
a cylindrical opening in said end flange and in said neck of said end
flange for receiving said terminus of said end portion of said flow tube;
said cylindrical opening in said neck of said end flange and in a
portion of said end flange has a diameter that is substantially greater than the
10  exterior surface of said flow tube to define a void (721) between said exterior
surface of said flow tube 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
surface of said end flange having a cylindrical opening whose walls have an inner
15  diameter that sealably receive the terminus portion of said flow tube.
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19. The Coriolis flowmeter of claim 12 wherein said case comprises:

cylindrical walls (912) oriented parallel to the longitudinal axis of said
flow tube;

walls of said case ends (928) are curved and offset from

5 perpendicular with respect to said cylindrical walls;

an inner surface of a curved portion of said case end includes means
that receives the outer radial extremity (932) of said circular cone connect means
(923),

said flow tube extends the length of said case and through a center

10  opening of said cone connect means and through said cavity of said neck of said

case end to a flow tube terminus (907) axially outward beyond said neck.

20. The Coriolis flowmeter of claim 19 wherein said terminus of said flow
tube is devoid of attachment to any structure axially outward from said case ends.
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walls of said case ends have a curved portion (928) that is offset from
5  perpendicular with respect to said cylindrical walls;
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;
said flow tube extends the length of said case and has end portions
10  that extend through a center opening of said cone connect means (1123) and
through said cavity (930) of said neck (924) of said case end to a flow tube
terminus (907} axially outward beyond said neck.

23. The Coriolis flowmeter of claim 22 wherein said terminus (907) of
each said end portion of said flow tube is devoid of attachment to any structure

axially outward from said case ends.

24, The Coriolis flowmeter of claim 22 further including:
an end flange (906) coupled to said terminus of said flow tube for
enabling said Coriolis flowmeter to be coupled to a pipaline.

25. The Coriolis flowmeter of claim 22 wherein said Coriolis flowmeter

further includes:

an end flange (906);

a cylindrical opening in said end flange for receiving said terminus

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

a neck (925) of said end 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 (924) of said case end;
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surface of said neck of said end flange and said axially inner portion of said end
flange; and

an axially outer portion of said end flange defines an axially projecting
element (927) having a center opening whose inner walls have a diameter

approximate that of said flow tube diameter for sealably receiving the terminus of
20  said flow tube.

26. The Coriolis flowmeter of claim 22 wherein said case connect link
means (110) comprises:
a flat elongated member (1110) having a bend in a mid portion that
defines two legs (1107, 1108) of said member that are angularly oriented with
5 respect to each other;
a radially inner end (1105) of a first one of said legs being connected
to an end (1105) of said balance bar;
an axially outer end (1108) of a second one of said legs being
connected to a surface of said cone connect means to define a series path
10 connecting said end (1105) of said balance bar with said inner wall of said case;
said series path comprises said first and second legs (1107, 1108) of

said case connect link and a portion (1102) of said cone connect means.

27. The Coriolis flowmeter of claim 26 wherein said two legs (1107, 1108)
are oriented substantially 90 degree with respect to each other;

28. The Coriolis flowmeter of claim 26 wherein said terminus (907) of

said flow tube is devoid of attachment to any structure axially outward from said

case ends.
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30. The Coriolis flowmeter of claim 22 wherein said case connect link

910% & ()-

means comprises:
a flat elongated 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 (11086) of said curvilinear member being
connected 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.

31.  The Coriolis flowmeter of claim 22 wherein said case connect link
comprises:

an elongated member (1110) having at least one bend;

a first end of said elongated member is connected to an end (1105)

5  of said balance bar;

a second end of said elongated member is 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 said case connect link and a portion of

10 said cone connect means.

32. A method of forming a Coriolis flowmeter (700) having a fiow tube
(701) and a balance bar (702) that are adapted, when in use, to be vibrated in a
driven plane in phase opposition to generate a Coriolis response in said vibrating
flow tube representing information pertaining to material fiowing through said
5  vibrating flow tube, said method comprising the steps of:
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sealably coupling said opening in said cone connect (704) to said
flow tube (701);

coupling ends of said balance bar to said flow tube with brace bar

15 means (709),

coupling said brace bar means (709) and said balance bar (702) to
an inner wall (712) of said case with case connect link means (710), said case
connect link means is effective 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

20 in said driven plane;

forming a cylindrical neck (722) on said case end (704) having a
center coaxial with said flow tube, said neck surrounds said end portion of said flow
tube that projects beyond said case end and has an inner ¢ylindrical surface of a
greater diameter than the diameter of said flow tube;

25 forming a circular cavity in said neck defined by the space between
the outer surface of said end portion of said flow tube and said cylindrical inner
surface of said neck;

extending said flow tube for the length of said case so that said ends
portions of said flow tube project through said opening in each case end at said

30 constant diameter to a terminus beyond each said case end;

the method characterized in that:

said terminus of each end portion of said flow tube is devoid of
attachment to any structure axially outward beyond said case end.

33. The method of claims 32 further including the step of extending said
flow tube at a constant diameter for the entire length of said flow tube.
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