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CORI OLI S FLOWETER FORVED PRI MARI LY OF PLASTIC Field of the Invention 5 T

his invention relates to apparatus for and a nmethod of fabricating
Coriolis flowreter and nore particularly a Coriolis flowreter forrréﬁl"ulﬂz()04
primarily of plastic. Problem Ceriolis flowreters are in w despread use in
applications that require the generation of accurate information regarding.
material flow This inforrr.ation 10 includes nmass flow rate and materi al
density. Coriolis flowreiers range in size fromneters having a fl ow tube

L 0 centl el elpdk AH AR akd AMREPHED BENABRICAANG Al ORROEIS  These

flowmeters serve vice range of nmaterial flows ranging from approxinately
several drops per mrﬁltt'eW%W@RME%EB’M&R&H‘@%@M*%T@y systems. to
several tons a mnute, such as for use in oil pipelines or the |oading 15
and unl oading of oil tankers. Regardless of its size, nobst of the
applications in which Cori ol i s Fiedoduwrbtter Bvantionsed require the highest
degree of accurac u rexa e, i g Q. rcent.
Al'so, feny of t esy'glp”ﬁqujga P gt i ﬁpmrq%c% rq%g%(l s”“g |Og& fgg’gt(r?%m r%éﬁg&‘é

i nvol ve t Weovgesier atd mnrofafitowry nf@rrmés flownfader fvaned patarhat! dlasibazar dous
and for which great care nust be tage Lo prevent 20 material |eaks into
the environment. It is a problemth Q[t'n%'?e stringent requirenments have
her et of or e r esddrietk ﬁ!d@vrﬁeﬁ@isgﬁreuﬁsﬁzd@sfprmufsam umpencafxor@mmeqswéltmvrret ers.
This high cost_of man uf cture results from the ]eﬁ “ﬁb mf ;Olnals t hat
must be usERSAGERT FE LT é’Eé "4 B ARE PF TR i

cost of
manuf agt urieclad omaestiv f:‘eté eamnﬁéten@lmmisew UOGS[lmOWFheL825 ra*r@leur' a(zeur ing
processes currentl used rod yee hi gh, iis

et ng ¢ HETapEves drdtacdit BEELTS Ereierietaels Hiard @ IREHS v
machi ni ng,in vehehteag,T rﬁe&ambwgweua@dsea%\eml N opm'atenal Aowt hargimefamr enent i s
that flow tubes of curv onstant curvature

and be fré”é’pfwtﬂyﬁl@geragrﬂré’?é Wé&?]??tgnéﬁ‘f%a?ﬁoéﬁésérea?%ﬁ CORpEExity ef the
machi ni ng sgsem30thendiangrepemaiitons chegufior ede trooif pipelireat@ thbezimw t ube.

Anot h pr obl IS Wt e br Z|n tions use Q n.the various

fl owng er é‘Fjé‘ngr?fjg‘g %Pﬂﬁ%%%? n §=’5’%‘%§pt%§ P V’O& ch Apﬂ TP HE 1 ow t ube
to the bragechb@sriol Bﬁla@ﬁwejt@sl’éatréuaé@r@dmr@ tuee@bﬁeetgj@grae@ﬁhemurpaym:rsamh as
driver an | ck oft brackets andfég N n| foI df%heé gnq% |9f U
shaped f| %%’ﬁ‘ﬂ@ - ACBAETYE S i’)p\‘l[ﬁ%’ 26 nust aken ir the
brazi ng opeiat Cofsis Fowpletes aee hsad evwvpbienhs gehanetaseoﬂﬂceh mfoa‘ﬁimesr el ement s

to one anot dthat refre fromm.c ck t he

br azi ng oﬁ%ﬁ' &e’ﬁ%aécﬁéf Arige ﬁﬁ’hicgt?rggé%"r lpsrtr%eq%?e %r%%‘é "Bar can cool
f ast e20 t hatetéde ifdkowitd thieeonrochheret her eI ements to which the brace born is
connected. 5 T, his rapid.a"~ uneven o ress in
the el enents t o SHP %’M@%F KeE %re'l?g% nne F’%}e ?%5?0%%2}% e¥m i é t hat
Coriolis hlrﬁgmmsebSmahefanmm-e deCoaeis ﬂdvahemre “plmedhghembsrt of m«ahummr@n an
assenbly lin The are ductjon _qu t|t dey are.
handcr af t é%F”EﬁHO %%Ffﬁ)?@; \fen'gjﬁgcﬂa dthggnws(?{j] fsu %%%t%ﬂiﬁ%%u‘f”agf ur i ng

process t ata@hsur ehis hagh @scbf pantiaceet elsuotrsesmitssfrcgn tepewinplesties ohéﬁand is of

t he regquired uracy before it Qi ned th Thi h degree
of cdre i?aﬁ%%\fﬁﬂga p%[%ceéﬁ%%?é"?%gt SJ‘t OéLi te}je%l fgll\/\%@faho“s fﬂwf %s desi gn
speci f i catrisetisg amcbdosefdmesédcmmdeéreeh& v(fhasla st i0ctdp akenbive out put
accuracy or. _cause its failure, 5 Ang r.obl f I wneters is
t hat theymﬁfg'”@gt\é“ﬁ'dwgqgﬁzgg’{"o BT o mép apg'sf\%gﬂh%a ‘%' wsﬁaﬁ?llS hlgs degr ades
the life Empeﬂ:t.,amyuraadﬂbelmtaé)mgmry I’Dlﬁs'[t}'mefdWECMEMTQSSdbhé'}E“aF a

fabricate otlc mat erial s such . as sta nl e t anium .
These nat &?l zﬂrg(gar CeXFEHEFUE" ?Somﬁi?raéﬁég%c%’ﬁ'ae e g‘éhfgfr?%uhl T8 5}"% abri cate.
The ase obertdm;ﬁ@permﬁcﬁfslrahlsrramftbeebﬁ@uhfm%xntu?befIowrret er having el enents 20
formed of dissjm|lar teria 3105 wmg]t an‘atv 1as _sone

stainl ess st edt"HIERE mt?‘lé’fhriru%{:’ra&e"% %ri’er{@ & &P {UR T F 196 t ube to
provi de aflovahétet bleaRintyN Bratefdiads a‘—éemlmgxmxsédnai &fifis thd fjdiwyutreetsmse ant to

corrosive Prog ﬁ%naterlals nothg ER o Cbrlo raﬂ te§§ i s that
mesal f1 oWd FZRPINE CEpE ABIUSC fP EURELET BPES Pt ?%eféﬁ, 4hd

resi st antbaekdeneld tgaffil Aendhictk &) thkhed2f U svpbdlewwabés. Ebesﬂérebker t he
flo~, ~ tube. T his stiffness opposes the Corolis forces generated by the
material flow and reduces the Coriolis deflections of the vibrating flow
tube with material flow. This. in turn. reduces the flowneter sensitivity
by reducing the phase difference o the output signals generated by the
flow tube pick offs. This is a particular problemin Coriola flowreters
mhlch must use fIOM/tubes 30 haV|ng thlck malls for the contalnnent of high

o e . e



2 30 June 2004 fow tube. However, it is brittle and does not solve the

above ne;~' .ion-d problens cf Corioiis fiowreters having neta; flo~N tubes.
Solution In accordance with the present invention a Coriolis ficwreter i.; -
provided 5 that achieves an advance in the a.", and sol ves the abov& /unc2004
probl ens including the problemof high material costs and dif-,"icuity of

manuf acturing. The flowr:cter of the present invention solves these
probl ens by the use of plastic for nost of the el enents enbodying the
flowneter. The flowneter of the invention solves the above problens using

manuf act urd g1 e HRkAULSH W 6hizRer Midraieiytognbedidmats dlhls afatseeuienvent i on
to be fornmed by injection nolding. Ai enbodinments of the |n\4ent|on make

ext ensi ve ﬁs@%ﬁ“‘ﬁ%@tP@’&r?d‘aitﬁrét“ldﬁaﬁ‘ WIS IR part e aiary ar’

enbodi ments. haye, A dyraam gakd MiA0hE VeI Stieedine. i:bat trscd ofmed centirel y of
plastic by inj ection nol dr ng. In accordance with a first possible exenplary
enmbodi mentfastar teniteE flaw1s0¢ Polifet e’ $'8MSPEVPIEdChaA W@C%bgl RJPETSL'F gl ght
flow tgbe, 112 surd oxndh BoPLashi ¢ cbalance pbaraconcents irchwictdmehe 1 | ow t ube
and a plastic brace bar that connects the ends of the balance bar with the
fl ow t ube. wgletre'#¢e BRYISPPIRESHynami cal |y active structure (the flow
tube, the bal an¢giRan GNEthe RACRIDASNmeterE QFdTRE: @fviRkasid by injection
nol di ng. The flow tube ends may be subsequently coupl.ed to end flanges 20
by appr opriregicesondPiRg aseR Al GEEETOI M acc BFYaHT B PAYE 8L Gl Ypossi bl e
enmbodi ”entdeofc:ets% dhr‘é’rémén‘a@ﬁaﬁ%ﬁ%r%l c?a"r@’ﬂtl@m@fzeét@@ Aypantgat bytacti ve
structure as well as the end flanges are forned of plastic by injection

mol di Hg. Théi’?;Jf@@emﬂjD@ﬁ?Béﬁi%@?ﬁurpr’Wleéé@ PET AT REE e d\ﬁé‘Ef‘éﬂe‘f‘ Eﬁlygﬁét‘aﬁdt hat
extends t hf, gHgl (L e entdd &1y, tf%ffc)rteheis i§R8d b Sdothbepdd cvmethesh addre bhe 25
material flow ext ing serifally froman inlet flange, through the flow
tube to arcamusw@@u:fadat@g@suwh@tm%wp flow My RRER eSS t hat t he

pl asti ¢ ?"PstpEE‘@lcitIoﬂWaRétQf%&'fmrnéi%stsmmh 5B FhpsPeNE @5ienas/sEhidmg from an
interaction between the process material and nesa! fiewreter elenents such
as titani wapssitafailess steel and other metals. Wth the possible exception

of a kiver an%efh%kppjﬂaémo@@@nB@SSﬁ@w&wB?ergl},tthée&u}év%@e@éert&@ufla@weter is
formed of plastic by Injection_nol The above enbodi nent is formed by

an i nj ect iP6PEasEICEITRY YD FotesEs t AL C%?@ﬁﬁﬂﬁisstég 38 PrRRIARYYASCIE #YMHPhG a fl ow

~ pat h core tﬂ?h%rﬁ\@fﬂﬁgn@ﬁw&lé’etfﬁﬁiica@gf LHBS ke @Bﬁ;b@%lucﬁ ﬁ@rs@é}rﬁ@ﬁi stics of
the flow path vrithin the fll'owreter. The cavity within 0 June 204 t he

fow path G@reonbipdiurs TSP atp iR 258 ﬁﬁ%ﬂs'védﬁﬁbmséfa”‘ﬁ @é? H’f’éCUaF‘Po rs

cont ai ni ng; i smitthe | ads tnteb@ma@@déﬂ: g @ndito #%wﬂé@%a&inb%f&n@ﬁge a |l ow
mel t: na poi nt of apprcximat el ‘y 47- Centigrade. T;~e |2*Fﬂecte neta; is then
St

al | ol t 6OERS. Oftdis iy BRIeHaSt Bt @ %?tav\HWE‘W%r e 13508 FETHEFVREYof t he
mol d are $epasat et and:bhenhod wed (et abwitshd anpvere ahhiissmtal  def nes,

with precision, the material flow path of the flowreter. The second step of
the proces@teiadpvesth Siatingoa \Wirspiget nBI@SHEAAGESE CAGTEY that defi nes
the exterior Ofxnétlﬂg B)o%YH%@Co%@Wrﬁet@% i Ok Aedetallitgy fLoERRE ahow

tenperature netal flow path core is inserted into the~vvrﬁ pe mol d which is

10 then i BFewtaele WIFWqSﬁ@r%r%awW%v BHHLENd es(FEEy 1@ BePYRn { Re B %r ef the

f1 owned er sgl.aneni,sn-the spliashiGiolknubber Ws@ﬂﬁﬁ*ssﬂ@&;ﬁbsbﬁl@l ctwe@ ib@=co0l and
solidify followng which the split halves of th gf%‘?éogﬁ} Yare separ at ed
e

and the f8ene@iss BshrcnaiesanEer erensnt thet ?@H‘ﬁ\ﬁéﬁe PEHSE  t he

formed pl %wt&béi@fm ﬂ%se,nmo@ew@c#n Qb eﬁeﬂ@iﬂscthaﬁiaﬁuh&rtér%telnﬁﬁwqf byt he
flowreter elenment. The netal Iow path core 15 defining the flow

remai ns cepduaingede whese EReryIcasY ilee QlPUESETRS BBRFEE DY tf‘ﬁé'ovdrtéf)‘:bgf&nol di ng
process. EPLSTHSQSQEIQ%H re!'r'(btrérHJ@qufCoribné Pyt be-d Lawnpatd uks fibhemdeat ed to
the tenperature required to nmelt the lew tenperature netal flew path core.
The 13w téﬁ’]ﬂé@ ﬁv@ifr\ea!iaeioan%wrt@ma“ﬁat o1 00k PEEEV I MERESISI dSEF CDEIFEWMTEL er

el enent s H%mtf% tLS§'rLJ5h%p%rﬁe@gtb@a«%éﬂsh@wdm@Wegg r@heamnt, having
exterior physi cal characteristics denied by the void within the w apper
mol d and ha-:vslsnr@ cntdinment Te0ovepath aefnadavise s he VoA PRt H (Rt al core
forr:ed by.the.J! %Hﬁéz@npﬂﬁe mokd, cﬂlesgl@értdugﬂBvawt&Ih%wetaSmé@ med by the
above process are advantageous in tsha their external physical
characteristics are forned with precision by the void 25 within the w apper
nol d. The flow el enent has an interiorZ2flo~.v path formed with precision by
the |l ow tenperature netal flow path core fornmed by the core nold. This
process provides an idealized flow path having walls that are free fromthe
detects and irregularities typical of the current casting processes
asscciated with the fabrication of nmetal flow nmanifolds. 30 Another

enbodl ‘ment of the i nventl on pr ovi des a Cor| oI is met er haV| ng a si ngl e

o I rc .= e T 1 - o



Anot her enbcdLnent of the invention provides a Coriolis flowreter having a
pair of siraig~;t tubes connected between. an inlet flange and an cutl et
fl ange. The pair of flow tubes conprises a dyna, mically bal anced
structure forned of pias;ic which may be fabricated by injection rrép&?rﬁ'gzqoﬁ
a manner simlar to that above S de$Cr:bed. Another enbodi ment of the
i nvention pr ovides a Coriolis flowreter having a pair of curved flo~.v )
tubes conprising a dynam cally bal anced strUC. ufe and co; netted between an
inlet flange and an outlet flange. T his flowreter nay be fornmed of plastic
and fabricabeduba Hnwmesners ithe bag dres rhasOlad 81Pe2 ke’ CT ¢ BER=d FOOPIRMS
accor dance anot {9k, t:he=i nvention, all of the above
descri bed f&%ﬂ%tersﬁ%&%@ac&gﬁ%ﬁs Formad of plastic and fabricated by
pl astic injection rml ding so as to c&w¥iige an integral unit with
associ ated flow | anl g uﬁtfﬁﬁé gﬁé%f%% theptnﬂ'pgtdb‘%l LedL RN - olidkhe
i nvention. a S|ng ra|g ['ownet sr i ncl udes an associ ated bal ance
bar fors dyma@wma’bsaa@euvm i1 5ebatt ancschars thmgbeistiieplers iseHEEAttPEc with
and surround | fl. ly o2kLelnat i-ve! Yor MW RecAo5€eparate
menber pargqu‘%[%tog%%ﬁg%%%)ggec %V\éaé#gflcg |Ots assomna?ed flow tugeobut
coupl ed t otHeherskEmvintanben lsy! Vﬁemedeﬁ"&S@O@ﬁaﬁé(@f pleacefBarost Af theof t he
Ao oS CLBah L LR Yol BYl-eTR: FRLIALL ol OMIBRRI, diads 2R Takes
ext ensi ve GS€ 0 1 S part s one of the enbodi nents use plastic
only for thaod?é pwbtemse.:smg mbesctwmlgeeshms!eeqowa@m perpiemarienEGTenyE of the
dynam g, str ure §| n ar) and brats
bar . %n P Bvef’re’ﬁ‘m% ; rgnff dr}fy :nJl[eBWo% or %% ﬁ% EF@ Fgﬁ%e@gggth?hat t he
Coriolis f Immn'e@remapae exrcledese asavef pleelt:crratx@rmmtlommmpat Ih’l paticyler.yallof
plastic. The plastic part or r e forded; by
i nj ection 2L gldhrréenés h Fi]d{l rR%aFl e%gm:cgﬁe }Aa@#’;@% %)(\?vr%ﬂ{"glj 7 hdg.fgggr‘rpl oy
pl astic cobprriseioca rmlcmgbe i nt egral pI astic elenment. The fI owreters of the
present inventi on m.nini se r Wi gﬁp Rljastic
material s- Thes® FT3WARLS Wltﬁgf'r% fggé)rpé ?Qérﬁgg[fag%%f@ and cI')1erlef ore have
| ower 1Gost So»mesmproﬁndbh@awsng acﬁ:ngjbasalgt\‘ fiony dote. ersufpkading PBBUEechni ques.
These flo ers,avoid the pri fiREmPWakL LstiRk ckness.
These Cori sc? Parconﬁ%rt'tg‘rsé\ptértgé urt @{F 8@%\%??%{332%&%5%% “he er?p | oynment
cf the pl astd<oi mpeaetamombHDde tge fovotiteesT e ttosyy e Wﬁh‘gﬂ i asdmer ol | ed
vvall thi ckpes f |l L.aw:d uhe baf iy, have an

30 Junen?(glf)rf ahxqu {uﬁg thgbfarl]aﬂ ?bc\p%egéﬁ'lg HF%rg(?ar) to raccom%){al] sh n)AI;daI
t uni ng. , ~injesopn antdihg. a?h@ﬂemmgemwaasbegﬁ@éewaﬁy rayripe tpaeedanges he
fl ow tube ntrol lateral vibration. The flow tube
and ttﬁg ba?’éné&%gg%eg)ﬁggmﬁ%%ﬁn? dée%har conprise an integral str actor e.
This integr al istacooctane withy seised pogtibidernsireeniar e AVeRiaNati®el y t he
ranges myeig%e%sf&fxﬁg gvS rqj %Iﬁ}g&lvg's[ruf:t%ré 4s Q%ﬁ%g IIQJ e@cﬂﬁ@%e‘é%r@@ﬂr‘#ﬁ&g cr
pl astic soiveni pr ovi he "either metal or
pl asti c-and @#éstl ta'smecuqmrynotdmgoe‘fhmnemﬂdyerabwrmdt mr@wﬁﬁé arpigRiCYaRtfeof t he
plastic el hefeResbMat Golhletanaly wai t formed
primarily ﬁ g% %céxg&gfﬂﬁroygﬁt[ﬁégge@gg&w g r‘I% (lferren?\g such as the
el ect Qﬁcal metamumvoesteamngeed@df ftcun@pewat@artg@etffrmlm)vﬁé?ébw P8 e 28 pl astic
junction bg a L Lehedfi48l JaIRerIdungai T es
through it. lﬁ%ﬂﬁgrﬁ% ﬂjygg’b%g(ﬁ#ﬁm%%%h&peﬁogg%on tegj o]rmftow a??ls havi ng
i deal bendsimvinsteswedtlieronnt catdseeh issnkingdicamer e’ﬁe*'aﬁ@rbmt‘e’ﬁewmftoéﬁss
measur eme ro S50 PY | UbsELowcRpL hy arie avol ded.
Al so avoi ﬁgteélggéqqqe noﬁgﬂ”%hql%l S Sumﬁ s i |yvrregunar I nner wal g of the
fl ow t ube. mEaiy. o\sﬂtbmq)mmhteersxw@lomomerweda’byplt?héﬁus?é\ddﬁqal 'é’@tﬁ’é'few so,
avoi d ar fai|ure of ts typical of netal =
ro4vr§rgt er@t?‘%gg\fvﬁgr " PR ?ﬁtﬁé@gfggg mi@ t%ﬁ??fie[gb er mal probl ens associ at ed
wi th wel di ng andthetazé aqb@pemattus)fmmembs@,n itisetigreeldingawosedsoneivei ght and
is easily disposed .of at 0 i SE&M p}ag nrehe 20
pl astic. THEPIFEREA" Stfsl‘?ﬂ/\?t u Iggarﬁeovnggml{%? ﬂ%# 'lég t f#;%cér f Fow t ubes
of the saneetphigkressraciEhicscd ofdhedseHth evhpties izensieri Wey:ablyy @ﬁfabl ing the
plastic flow tube to have a greater Coriolis response for a given flow
rate.

3



An aspect of the invention is a Coriolis flowreter conprising: flow tube
means adapted to receive a material flow froma flowreter inlet 25 . and to
extend said material flow through said flow tube neans to a fl ovvmag& 0
outlet; a driver for vibrating said flow tube neans; pick oft mean JW%
to sai d fl ow tube neans for generating output si gnal s representing Coriolis
defl ections of said vibrating flow tube nmeans with 30 material flow, neans.
responsi ve to said output signals generated by said pi ck offs for
generating output informaticn pertainin 0_sai
char act er i pedo=ifrip Rate $aidds B5A 61 8 T T‘?%W’PB?”?%E?#‘? ‘?Sl Csdgéam'gg sai d
flov~~ tubg pBaNS:-:Stih QuBsh efhopha@sti. CTr’é:QseCkﬁ‘fd;He‘aaﬂpi la@tme!t wabbieaof
rz~~t~19g12004 flow path that extends thr lgg%ﬁ %ei entirety, of t Aength of
0

sai d fl ow FRSe<mEMNAS?/ s 5EQ'WRET ed” ?réﬁ%?‘?g et RIPURT er©d feltdes

plastic flowytsuhe 25siwks ipacthchau ngves @ﬂmstmmndyemmecmecdanmmmsnecﬂ sai d
flow tube neans; 5 a first one Ofr sai d. rg astic ftl QW tuble1 OW Si Q}@s,ha second
end adépt eBetebisrereree dhisdnHateFngr: Fito R o SRBRd BINE o ’“ pl'astic
flow tube giuhsehas a second end adapted to discharge sai d rrat erial flow

Preferably said Coriolis flowreter incl udesfa'ggml astic inlet %an e,and a
plastic 10 out ITé€ SECANEGEEES PIearFEsTiYEVEF 'L ngﬁ‘gﬁp‘: TG PUBE 2t ubs

means to Cl%h%é%bﬁnéé t@a@”&fe%brbﬂﬂh@tﬂoa.faﬁle*éabxérrﬁémmtfemmtT]eé forfrdf er abl y
said plastic wetted material flow path further includes %Wgéastl c inlet

f1 ange andO\yaﬁé!@Dpﬂa&@’?lfﬁe%hfqué?atﬁlcgﬁ%@ WS RY at el ”}GI t®ndi ng

through sahdy, l% éc'i Gmh '91'1@E:laétﬁc?d&g?|s%6d3§lf&rrp{r%$ér@nbd oMhé lﬂbﬁm&tmbs and said
plastic flowt means and sai d pl ast Iari out | et fL Ef#) sai d
| gr‘Cg éo

Coriolis f¢I©Wﬁ‘éftSerTh|eri&ﬁjt§é%tr@ ‘E%@%W@I’%@l gw&4i'g €1 t ube

means and sl dy J@ ast h&lvéé Hhﬁe%Qp&&'rﬁotd@r&%ép@fﬁﬂe@&hd tipd Hmetifplaseans.
Preferably said case is forned of plastic | ow t ube

bl df
neans conpfovsegenc'smegt & eMaved-ubae eﬁeé‘PéP%tB’f’)fogaFg 6%7(\/dfaﬁ'!t])‘°é S Wans

conpri ses @es%b@%k@rrpéa%%%a%te%% 41uhe fiodnmhasd ik mdal a'ﬁéend)alrf'cﬁ)f pantcod
parallel to sal | ow tube; and plastic brace bar neans 3%”%40&%5& d flow

tube 10 erﬂﬁfpmgtm@ﬁgwdifal%Eﬁ”&P”EJ%F%'Hé@eBa‘(Y“h 155 AR BT R © & bar

means Conmpy Eér %b(dﬁ% &Bges%eclf?@plﬂkwéthﬁct@ﬂémxrhag Bwecfmmpbmtngs erds of said
bal ance bar o sal d ow tube; and a wall surface of a§ hcwpahlibe

cont ai ns dmﬁa;b@tth@h@npwayr@fﬁqq:r@ﬁ t@gn%tatlha low temperature met

core. The low temperature metal melts and flows out of the plastic flewmeter
element so that the resulting structure is a flowmeter element having exterior

20 physical characteristics defined by the void within the wrapper mold and having an
inner flow path defined by the flow path métal core formed by the flow path core
mold.

The plastic flow elements formed by the above process are advantageous in

that their external physical characteristics are formed with precision by the void

25 within the wrapper moid. The flow element has an interior flow path formed with
precision by the low temperature metal flow path core formed by the core mold.
This process provides an idealized flow path having walls that are free from the
defects and irregularities typ-ica! of the current casting processes associated with
the fabrication of metal flow manifolds.

30 Another embodiment of the invention provices a Coriolis meter having a
single curved flow tube formed of plastic. This flowmeter can be fabricated by an
injection melding process similar to that above described for single straight tube

flowmeters.



fl ow tube behveen said plastic brace bars. Preferably said plastic wetted
flow path further includes a plastic inlet flange 30 and a plastic outl et

fl ange coupled to ends of said flow tube. Preferably said bal ance Qﬁr aqﬂm4
said brace bar nmeans and said flow tube are enclased Wthin a case to'®
define an integral Coriolis flowreter structure formed of plastic. 7 3 30
Tune 2004 Preferably said bal ance bar and said brace bar neans and said
flowto a are enclosed within a case to define an integral Coriolis

flowreter strughyrg, %%g&%ﬂt oPlasti&np pPhasti & CRses pannast: AdJnkg sreans
couples an inner wall of said case to erids 5 of said bal ance bar_and to

sai d fl owrelilpésapanttebsatenrerisebBapeieans et Predes bl puttrienesri'éris
flowreter Jnck H&em@éac%wpqlseg%edﬁgm@ry ) S dROSELFOROEhd W gymRdi at e sai d

fl ange rregns and sai d case connect K nk means and coupling said inner wail
of said cadéhtrpasbe ricawdttbizchpefE¥ApE Yy 8 A1l Bafanee \BEF é6RtaiI ns
surfacg el.epppts formed of plastic for 10 facilitating the mounting of said
driver ang sard pick off neans to said balance bar. Preferably said driver
has a pl astic Dobberempedmeal ollieinsaitigniapdaees barcahBoVIEIHeEYREs® an

el ectri cal Eﬁlgf:?fr}qé'@h&\f%u&%i do isﬁfbi A hebbidyy Bé!@ﬁ%éécf—pt!r%'ct&%i shdal ance bar

encl oses sal ow tube. Preferabl’y said balance bal parallel to said
f 1 ow t ubecambctrisbeiwesn pomgetilafioradaxm sudatiisage f F B INETPBAGIY HF nal axi s

of said flow hg@gfas!?égﬂicg[aaabi'c;xte%ak%nfrkgwﬁ&%n@%%ﬁ%w%%_gc Jd rst plastic

f1ow t ube and econ astic flowtube and that said Coriolis flowneter
furt hér conprilsescodbase wih brater babodianst Have nyertidn. el tehdP@Ennected to

riher compri! | ) ihegecond f
ends Of SBbSrbb Sbu Lo hbeoARd duroesand: Gk enRRGLEd:d0, Babikorecond 1| ow

t ube. Preferably said wetted _ cludes a plastic inlet flange
and a pl astfgcioomdidng £ andrecemphsean pitedra onibwdl assodalied fomrigbes| ow t ube

and of sai d sepondytlou §ibeoRLPLRRARI e A3t DF3RHAL il 3BbnT TSt 11 ow

;
tube and said seconggﬁéf%ow t dbe are enc}ose in a_plaastl c case.
Pr ef er abl {rbsdiodmvttiedudesosn patdtidiae baliesedar o Sy phishslanat ub™®efi ning a

pl astyisc spLiLttep. o fold.equplhnd. b flouh R38R sbOaldy Riw RBEtdrons of
f: d‘ae ond %@%h er

said first and sec ow tubes and furt i ncludes a second plastic stub
defi ni ng altgrhatdelve meordsi meeparate memdet oaperg asdispased Peertfoahife to outl et

portions ofc.sakdh 44, %0%‘{1 cétﬁ%@@% fleoms b g%%y B2 6f &5 ablokisad drdcr st f1ow

o
t ube and salg second flow tu are curved. Preferably said wetted flow path
i ncl udes:bar plastic inlet flange coupled to inlet ends of said first and

second 10w t UhsindBth R ARALLE aftihufled hRUES LOMRIRGNAYH et ends of
said first and secon _
. 20 makes extensive use of plastic for its parts. Some of the embodiments use plastic
only for the flow tube or tubes; cthers use plastic for the entirety of the dynamic
structure comprising the flow tube cr tubes, balance bar, and brace bar. Other
. embodiments emgloy plastic for the end flanges so that the Coeriolis flowmeter
provides a wetted material flow path entirely of plastic. The plastic pant or parts of
25 the flowmeters are formed by injection molding so that the part or parts of the
flowmeter that employ plastic comprise a single integral plastic element.

The flowmeters of the present invention minimize corrosion problems by the
use of plastic matenials. Theée flowmeters are easier to manufacture and
therefore have lower costs because of the use of plastic injection moiding

30 techniques. These flowmneters avoid the prior ant problems of nonuniform wall
thickness. These Coriglis flowmeters are further advantageous since tne
employment of the plastic injection molding provides a fiow tube having a

controlled wail thickness. If desired, the side wall of the flow tube bar may have an



8 4 flow tubes. Preferabl y said wetted flow oath further conprises: 30
June 2004 said plastic innlet manifold connecting said inlet flange to said
inlet ends of said first and second flow tubes; 5 said plastic out b&ﬁ‘&e ?aor%

meni { ol d aeeneRekL AT, Ealith UL ehalARARdoysBhdnouL] Shienda of J52id

second flow tubes. f?referably sai r and sai & first and Second
fl ow t ubesrddssach af sidairtbsmny el mscad enghelflosetlbai dtihe Eaiphasbiac tcase.

Preferably ,sai.d, Cori.olis fl et er. conprises: 10 | asti,c case, plastic
coupl i ng!:%/r%‘g@siaﬁ%’:wg%ﬁ'ﬁlﬂesﬂg\gﬁ Wé‘éﬁ%%& tggﬁj@;w%a}ﬁrca@cﬁ i glﬁi@ ?rg‘éns; sai d
flow t ubeompans ansinplast steuane Posistihened wichir sal dicaseardnadapt gd to

receive a material flow 15 said driver vibrates said plastic flow tube
nmeans; safYNGileklydhe TApaas ey bo@ied 2l dpdipedst incahko adiseiveeans f or

enerati; Jgnals, reprnesenting Coriolis. defections of said
\g/ibrati ng&pcﬁgglt%r?f%t%ﬁ%}‘h’b@ "ﬁ%g@nvﬂ et YP@Iv’c?q%ﬁaggrf'%ﬂ@ﬁta%Pgnal s
are appl plesti¢ angiiff Slabtid shdyhed peenenatiesaiinbotieté ainathReId ahdbpgiio said

material flow. Preferably said driver has a plastic bobbin coupled to said
f1ow t ubdemeansof dirrleumeiei orervdemeaingchimiearg! unipfearsted phatiinotoupl ed to

Fabr i caty B ST U7 MG Ob T QEPBmat el oP it e 1 P rpans:

sai tb metrized ecoowparbtgthehiowinepsr. Aiso [ 9 prEshig jen@RIrebsefidy Bg gRudmiceriaal
flow path of said flow tube nmeans by injecting a |low nmelting point nmetal or
sol ubl e AR W mEfRrGTErdaseiPo ofires epechidl d with said cavity defining

o e ey AL Rl NGRS RaRTEM LS MRS paly core
cavity hendseritt Welleohaolisdiriracei ghetdi shd oneedidméeringdaddremdrath mare and
the interior surface of said cavity of said w apper nold; :
of round problems of the flow tube f?f)w path are avoided. Also avoided are the non
15 smooth, rough or irregular inner walls of the flow tube. Corrosion.probiems are
minifnized by the use of plastic. Also avoided are the failure of brazed and welded
joints typical of metal flowmeters together with the avoidance of the thermal
problems associated with welding and brazing operations. Also, the meter has a
low weight and is easily dispased of at the end of its useful life by recycling the
20 plastic. The plastic flow tubes are more fiexible than are metal fiow tubes 61‘ the
same thickness. This increases ﬂowmeter'sensitiv;ty by enabling the plastic flow -
tube to have a greater Coriolis response for a given flow rate. '
 An aspect of the invention is a Coriclis flowmeter comprising: '
| ~ flow tube means adapted to receive a material flow from a flowmeter inlet
25  and to extend said material flow through said flow tube means to a flowmeter
outlet:
a driver for vibrat?ng said flow tube means;
pick off means coupled to said flow tube means fbr generating output
signals representing Coriolis deflections of said vibrating flow tube means with
30 material fiow;
means responsive to said output signals generated by said pick offs for
generating output information pertaining to said material flow; and

characterized in that said Coriclis flowmeter further comprises:



95 said cavil of said wa 30 June 2004 y pper nold defines the outer
surface of said flow tube neans; filling said cavity of said w apper nold

with plasfic to g,nol ded plastic flo .ube Aa:r‘lstha. cgn%i sai
formed materi al S%ﬁ){\j\r(}'vp&f% E’E)eraer!,% B T %/Ph\é\%é{?go ﬁﬁnﬁae@ "/H] ?Wcﬁsad%éﬁ%% 04
means cont Bowi mhsm&tdeft@ﬁcﬂ@ﬂnrﬁa@iertm@bnwéarof hePRNBHEEF 6218 HdWPILERMkMAPPer
nol d; and renoving said forned material flow path core fromsaid nol ded

plastic flow tuBgthealiad Flatedridiary petielurdwpdrcitde epestis fiow mbedddbpleashi ¢
flow tube ; | A f. sal d et formng said materi al
flow path E%\?gaocﬁgﬁyg%Egpgggﬁt“\gﬂ%geq‘?a?éor S%t'ﬁj ﬁ@}ﬁa% ﬁﬁ%a%t erial flow path

core with a sol ednst.orfy ef esidlpiystieaialy aab stuck WasheEebas BRARSIabhat th ocat es
said forned na:teri;gl flow ﬁath core in said cavity of said wapper nold.
Pref er abl Y§51'F ¥ & #%6ra! heWi ng said cavity that defines said material

flow path of saj @egézﬁﬂvokg% W@%ﬁiéaow&%@gﬁg Ié/hEQ% §§c§;%l?1doénc]( gé%gegjetaoof

wr apper nol d includes having a tha nes” sald outér s
sai d fl owdisdieangearssd anedafiarfidwer havi ng sai d neans that |ocates said forned

material flow path core in said cavity of said wapper nold. Preferably
said flow tube ﬁ*éeg%@%éveﬁlaé%ohéaffwmﬁf&f|=W@%ésquaitr¢em@éi@n@ﬁ gret gimgstéai d
core 1l d g : @G 531 §160 0, 1 Ld
cavity of Osa:écltj%gg?% Cégf)rg@gtg?% rﬁogs&fi%%@ﬁgsg@i@?} ﬁbf)évé’ tgggﬁég%"?s tsoa(?%ﬁ%%%?’dcf

fl ow tubeﬁpwrhetes'ﬁr_épt afd Baidhflovgmesarduteteri al fl ow path core includes the

step of form ngps?l d B;ateripjll ,flow%é)(ﬁth core of said pair of flow tubes;
the step of flimMG ¥aPy FBdiN3stigwalsmataiddiovneeh Wiher ckedecsaidaplaade
the 25 st ' Bk ' i N [ '

low tubearSath oarataf BRsAECuRaiings S el F SR SR BrboBh o
sai d fabr sait pldstoinlel landd enaretiel plasticifibwrtebs wtubreand eafr plasic figwf fubst

brace,'sbar cou Iin@ a first. en& loﬂﬂeach of said pair of flow tubes to each
ot her >and " A &L 8RY SBicRas¥aPulRldlAnGsy a second end of each of said flow

tubes to 30 e?@efﬁr@@i&;sa%‘@To%%ﬁ@flb?vﬁ%tiepiﬁcﬂ%essﬂ:gséEﬂeio%g\%%ggg%eﬁo '

wr apper nmold includes the step o ormng a cavity 1n sal
t hat def nelgstirdlogutidre mephacadafaid plastit atub < ane daBodivdri and $aidmitie off
structur emier}jcg_lsgdi ng said first and second brace bars 10 6
Preferably said case is formed of plastic.
20 Preferably said flow tube means comprises a single flow tube.
Preferably said flow tube means comprises a single plastic flow tube;
a plastic balancg bar oriéntéd parallel to said flow tube; and
plastic brace bar means coupling said flow tube to end portions of said
balance bar. .
25 Preferably said brace bar means comprises first and second plastic brace
‘bars coupling ends of said balance bar to said flow tube; and
a wall surface of said flow tube contains corrugations in a porﬁ.on of said
flow tube between said plastic brace bars. o
Preferably said plastic wetted flow path further includes a plastic inlet fiange
30 and a plastic outlet flange coupled to ends of said flow tube.
referably said balance bar and said brace bar means and said flow tube
are enclosed within a case to define an integral Coriolis flowmeter structu-re formed

of ptastic.



30 June 2004 and said pair of flow tubes; the step of fling said cavity of
said wapper nold wish plastic includes the' step of formng a plastic
Coriolis fiowreter structure defining said pair cf flow tubes and

id
brace bars and b agl datasidLa5) hhSald el @neshi upbucR ﬂ@a?%{}ﬁ%"%

said formed materi al ow path core. Preferably said fabricated Coriolis
f 1 owret er ¥erarciaesss Wilhnheczsetprdetes andniages! Gotwits heyveictsrerituctamdiqmkd
ofi nmountin ieI enents afr'ixed to said first and second fl ow tubes; said
step of foc?'%?ﬁj'csai d wrapper nold includes the step of forning a cavity 10

in said wappera prlsfcthat @eii-Besnk e Uiy Haethafwsabtsdidaiseateshds
Coriolis floweter structure including said driver nounting el enents and

sai d pi ck DEEihbarncadasianeein wid dawr dbeaTdiedsald rage baarntEamsapper nol d

has provisions far_|I [ i d . N jd. cavi .sal d wrapper
nmol d; 15 char acgt"ggei'?gg’aﬁﬁn@ﬂgﬁ'sﬁﬁéﬁ@g& Iﬁ&@ T‘F i%r{u%&!é:a?éés%c%éﬁqegt 31‘ Qésai d
wrapper noditdirell iplergiddatenedidi et ReeSiean@kaldeaingomndnlidrdnphasbing
Corioiis flowreter structure that contains said pair of fiow tubes, said-

driver no@RHPHRO REnaner wiad Fsrl prektosdicivuntuliey el ements with said pair

of flow tubes aLping..said far er J £l ;
Preferably sai EQE g‘%%E%%ég%ﬁ%gﬁ%e%?cdﬁ%ﬁ%tsﬁﬁea °F uﬁ%ﬂ%ﬁ%ﬁ%{{gﬁ ggﬂcifcrﬁ et
fl ange codpdikdting tee mdlraingenika0d dgasdahd ewid pibksfamdaas toghiccbaltinaadear.
coupled to an outlet end of said flow tubes; characterized in that said

step of forni ngrafaipblygaid gsiver hag pudestia bebpdptesralivaihfalg Brianer) bar éad ty
t hat defi i Q)L s t 25 st t
ol udi ng i asoHD Elmsdiée Bibatiuchde ST BRHA POtk TR G second brace bar

said inlet flamgeferaslyssaiidbeldncetbdrlertissestdmd sloeptubk. filing said cavity of
said wapper nold with plastic includes the step of form ng a nol ded
pl astic Cori cf Fécfrabivetad balangethards paea!lel Fusaigdiawbda BBd 266t i or surface

of sai-d f - saj i : C aid 30 inlet
flange5 an@‘ggpg%ﬁ?ﬁ%ﬁ%%%@ﬁ?ﬂ) @al gn%;ggﬁc? ri?]gﬁiqg’b i ownet er
structure cont @rafengblyaiaid flowtede Mg anid abmbboss pairbt pslastc flewdiberamd asai d
fabricated fl oweter structure further cqn‘Pri ses: an_ inlet manifol d.

ah

coupl i ng §&FNT Rlastic flognpda endhat spit Cenalisfowadet WS FREP™ES:  and an
outlet manifol d,cauplbpg b%?'rr?e ﬂﬁinéé%gﬁeﬁ@caﬂn%’%%ﬁ%)leﬁ@% Hed@idsf | 0~ Q

June 2004 tubeS; said step o orm ng W apper no I.nc s the step of
form ng h#swngba and a second end connacted to said second flow tube.

20 Preferably said wetted flow path includes a plastic inlet flange and a plastic
outiet flange each coupled to ends of said first flow tube andlof said seccnd flow
tube. .
Preferably said brace bar and said first flow tube and said second flow tube
are enclosed within a plastic case. ,

25 Preferably said wetted flow path includes a ﬁrét-plastic stub defining a plastic
splitter manifold cdupiing said inlet flange to inlet portions of said first and second
flow tubes and further includes a second plastic stub defining a plastic combiner
manifold coupling said outlet flange to outlet porticns of said first and second flow
tubes. ' | -

30 Preferably said first flow tube and said second flow tube are curved.
Preferably said wetted flow path‘ includes:
a plastic inlet flange coupled to inlet ends of said first and second fiow

tubes; and a plastic outlet flange coupled to outlet ends of said first and second



cavity t.at defines the outer surface of said Coriolis fovrnmeter structure
including 5 said fio~.v tubes, said first brace bar and sai d second brace
bar, said inlet ma. ~ifold and said outlet manifold, said inlet fl%ﬁge a%b
sai d out| dovfiLdege; the step of filing said cavity of said w apper -igbe 2004

with plastic incgcludes, the, st . form a ol ded plastic Ccriolis

fl owmeter str ug%rﬁfe agh/a%a"’? Na%ef{)%‘g‘;%&?m ﬂ"gt%{t%%rﬂsegsurface of said flow
tubes, said firssid grdiisegenthdrifake chmtinpdHait=1idd f samnhbokddand said
outlet manifold, said inlet flange and said outlet flange with said plastic
Coriolis frEWEtandsecaet dioev 8H%Eai ni ng said forned flow path core.
Preferably sai Lol s 4l StLHEt Uk ) § be
and abconcentrggrcﬁélggﬂ(ég%ggtr Hs“:a]riéjtl)éan |n‘3§°r“§‘§i#fﬁ?%’b’\b’v&r@%§)‘y& ga?gfoex%feggnﬁg
form ng actesie firel dniRetudesiothebstseps of forming' a first core 15 nold
having a cavity that defines the material flow path of said flow tube; said
step of forni néraf%@blé s@l Brace barend peidiiesardecspep flaw WopRiatd @adeebnd
core nol d_ havi.ng: Vit ' ce between the exterior
surface ofsgfgaqjgg?@g\%v rél?\écggr%tdt\ﬂgmn%@rai%grgC%Ergf ace of said bal ance bar; the
step of form nGrefecable szt Cadels flbensdtepsombrisagecti ng | ow tenperature 20
nmetal or soluble material into said first core nold to formsaid materi al

fl owlBath cor e@d@FUea3fer includes the step of injecting | ow tenperature
metal or solub ri ' ' - £10.¢f O ow

bal ance bar cob%spﬁgﬁugc@#? hgés%sszt?! gggrg%e%gt?%gﬁgﬁga@%éﬁ%@&gﬁ%gce of
sai d fl owrteahe; and said interior surface of said bal ance bar, 25 the step
of form ng said wapper nold includes the steps of form.ng a cavijty ad%pt ed
to receive sai sfdlaveiimeangis Rlaticpdthrestienas witsh) spif seseRKopfaned
bal ance blfbrre%@[v%; Hﬁeﬁ%leffb\k?‘f pl aci ng includes the steps of placing said
formed material flow path core into 'said wapper nold cavity and pl aci ng
sai d1bor med hosiidwirhalr aitcetdsasaid plasiicdlawtubes miedinsy apper nol d cavity so
that said fornmed hol | ow bal ance baregor‘e IS concgntri C Wth s%d mat er. i al

f1 6w path cor eS2il RICK PHIN®RNS |3 37 WREY (R Faldr/2p ooy dpdeMmeans iy aslcliadi ty
of said ; j Bk r ; i h Qb '

Pl ownet eroap g euns e aerEngeRokay el SRAENIRARY s ki gke o
sad tow tmeenamaths@iadercdiioent ri ¢ bal ance bar with said plastic Coriolis
fiowmreter structyre containing sai ter ial flow path core and said

ol | ow bal ance O ORI pA Sae a0 Sactoh Bp hebdel el Gros it no

net ~of. StatGhERofdHid Restef8MSwi ses: .. a first brace bar coupling a f;r
st end of .said bal ance bar to said fow tube and a second brace bar coupling

second end of Rewiferaiy aaidedb@r has 3 alaglit belbirubeypledie ssidefowitulbe Mmeans. a
wr apper nold includes the step ef formng having a cavity in said wapper
nol d t hat®defines the outer surface of said Coriolis flowreter structure

i ncludi ng sai dsidt ekt sfperdeh Balifighaplassebepbinasoudidd tsaigdicly tigest brace
10 bar and said second brace bar; the step of filing said cavity of said

wrapper noEdNSvM th plastic includes the step of formng a nolded plastic

Coriglis flowngt structure that defi.nes id,f tupe d '
concehtri ¢ bargnapeharogd Yk e dEriCRmEMdng! Bt et g 1 na
cont ai ns GeddlisRivehiedr ihtioWinAidwadberritthss abid elHoavedabasieg tharsteps ef: 15
Preferably said fabricated flowreter: structure further conprises:
forming a core defining a material fliow path of said flow tube means by
injecting a low melting point metal or soluble material into a cavity of a core mold
with said cavity defining said matenal flow path;
30 _ placing said formed material flow path core into a cavity of a wrapper mold
and closing said wrapper mold to form a cavity between the outer surface of said
formed material flow path core and the interior surface of said cavity of said

Wrapper mold;



an inlet fi'ange coupled to an inlet end-of said tow tube and an outl et
flange coupled to an outlet end of said flow tube; characterized in that
said step of formng a wapper nold includes the step of form ng hg\()iJrﬁge?OM

cavity that defigaescihg SUiHE v@ggéépﬁm@a dephak ﬁg&mejr%uﬁ!agwtsgrd

: : ) ) iub
structure including sai'd flow tu sal d bal ance bar, said first br Ace bar
and sai d s&®FitE;brace bar, said inlet flange and said outlet flange; the

step of filing said cayity, of said w apper | it | astic inclydes the
Step of form ng AP GeERat SDUCHAPRR B Sk el o Bt et Washe
defines th@oaxuesinasiitiacentfinsabtd frewdtHbgi=sabd hahanee bar, said
first and second brace 25 , bars and said inlet flange and said outl et

fange Wi th sai drpnasingcatbridied plasiamBvetuls meengraentontral saiadomaed f or med

flow path ¢ : .sai ol l.ow bal.ance bar core. Preferably said fabricated
Coriolis fﬁ?&?@%@%@??ﬁc?dFefg‘frﬂrstaﬁ@wr%%%rrwgﬁ:anéjjroi ver nounting el ements
and pick of f norhbviegelaRIRE dfftxes Too saindcdral fantedhdfrioldH bhe tstey of

form ng sajd wapper nold includes the step of formng a cavity in said
wr apper nolU@erRaeENyBYirasing He ismreratiefedcaibmalde d pistic dlovstubleowsensr

hl et mani Far aednenns Rt S Sadne S R R i 3 et Wl Shenc s
and pilok ofibsdiSing saidrentiteddoehedrendteia 3w pach 9RAIhe sdiemeof filing said

cavity of said wapper nold with plastic includes the step of formng a
nol ded pl astic Rsfe@blesaidesaviteferthst hag maaesihet wcstasesaid dprage mirtarings

idflo-~. i : - Sal bars, said dri ting 5
o ement s an Bl dRR SR ARG S bie P ort 85T bal ance bar. said iniet
mani fcl d and saP@fsablesaidwurs eheldanding shidsaivity phasdé iheeoddi@mhefiEPRERt er

structure containing said fornmed material flow path core and said holl ow
bal ance bdiale&f saidiiewdub@means. d steps of forming a core defining a *

Bl 11 g orrerabhp B B b AR ad PR LS RS cal Bl BFRL S
Wi th sai d deivies\saitebitdrngriseedf ¢ fibal tubk ove A8 Bihd pliaseMigs\eed dafiofeehs

mat eri al f{_low path core into a cavity of a wapper nold and .closing said
wr apper mol'gt iPeatessaia fermsd (ajefaidety PRE eriedn saif cavly of saidvaappemEw!d.

e o P A B SRE Bsnb IR e Y of sae
said flow tube theatep of fdrinimy ssiai coreamoldyincibdeai d wrapper nmold with plastic
tof Y @ ol de&:eps!tggtcjf(fonning said core mold so that said cavity of said core mold
-defines the material flow paths of said pair of fiow tubes;
the step of forming said material flow path core includes the step of forming
said material flow path core of said pair of flow tubes;
the step of filing said cavity of said wrapper mold with plastic includes the
25 step of forming a molded plastic structure defining said pair of flow tubes each
containing one of said material flow path cores. '
Preferably said fabricated Coriolis flowmeter structure further comprises:
a first brace bar coupling a first end of each of said pair of flow tubes to each
other and a second brace bar coupling a second end of each of said flow tubes to
30  each other; '
characterized in that said step of forming a wrapper mold includes the step

of forming a cavity in said wrapper mold that defines the outer surface of said

fabricated Coriolis flowmeter structure inclucding said first and second brace bars

10



fl ow tube-treans that contains said formed material flow 'pathh core; renoving
said nol ded plastic flow tube neans containing said forned material flow
path core fromsaid wapper nold; and renoving said forned material_ .fl OV, 104

path core gﬁ@%@a&%rgphg@ Ug%gstic flow tube means by raising the -0June
tenperature of said nolded plastic flow tube neans above the nelting point

of said netal fihenitag dilidgmaiccidty $ ovid paghpeomeldwitbylzktssotividag thai d

nol ded forned material f]o th . cqore with a solvent... Descripti of ,the
D awi ngs THEP (ARG Ry UL RHE G Aeer STEot by i e gt t0Es
fol l owl ng get akliestade3at RhHoM T SgHeBfmbakaidiB AR &RE kBt tthntdhRing
drawings in which: FIG 1 discloses a Coriolis flowreter having a pair of
strai ght fdaodhvfeuesmatet:! vdipstl o®@s a Coriolis flowreter having a single

trai ght flow tybe, ElG 3 .djscl iolis fl. t | ingl
Straignt flow thebsad PR R T ey et TS TPy e e R an or
the flow tube. drﬂ’el%ou%ql@s@ﬂw&ﬁ%nelﬁek AffHheGhRES] ot <PRE aphles! ol oMmeElrer

having a single straight flow tube surrounded by a concentric bal ance bar
and a casé@&rgnege@xidiipwhebdsow tube and the ba;ance bar. FIGS. 5 and 6

di scl ose Corioljs, fewreters. hayj. Lr . S| tially. .\ ape I '
tubes. FIG 7 (ﬁaé%ﬁge?eg%%r@g?is?f@ﬁﬁr%ﬁggar’f%%%‘#@%%%@?é O(#O'EH'?@O%?\/C%E ,
of a fual isksri @hipdebfol taniet@ies FouBr duFetosesatabfibaydmaddolpor e
formed by the core nold of F1G 7. FIG 9 discloses a wapper nold and the

flo~. u pafleweesier pirieture A HINDISeId pavar Boratingisiynaels ang saidaick 9fisegnent s
of the wr ap ﬁr{a)%i , FItG_x 10 discloses the Coriolis flow el enent structure
formed by 't . B.beé}s’rmld of FIG 9 followi ng the conpletion of the

nol di ng processhaldterizdd tH St @arpwiddr raviE =Ry petisigisuioe Iedating&aid0
following its renmoval fromthe wapper nold, and the renoval by nelting of

the flow. R sicee inFseid aaviiy of Gais B6appRy PPnet er structure of FIG 11
COUPIAS. L5 o o PSS AT, A HIE LR ORS00t 30 aBEePRR UG 13
plastic includes the step of forming a molded plastic Coriolis flowmeter structure
that contains said pair of flow tubes, said driver mounting element and said pick off
mounting elements with said pair of flow tubes containing said formed material flow
paths core.
20 Preferably said fabricated flowmneter structure further comprises:
an inlet ﬁange coupled 1o an inlet end of said flow tUbés and an outiet flange
coupled to an outlet end of said flow tubes; |
: characfen’zed in that said step of forming a wrapper mold includes the step
of forming having a cavity that defines the outer surface of said Coriclis flowmeter
25  structure including said flow tubes, said first brace bar and said second brace ber,
said inlet flange and said outlet flange; |
the step of filing said cavity of said wrapper mold with plastic includes the
step of forming a molded plastic Coriclis flowmeter structure that that defines the
exterior surface of said flow tubes, said first and second brace bars and said
30 inlet flange and said outlet flange with said plastic Coriolis flowmeter structure
containing said formed material flow path core. _
Preferably said fabricated flowmeter structure further comprises:

an inlet manifold coupling szid inlet flange to an inlet end of said flow tubes

11



r flo~meter o° Flu. 5 by a mo!d! n~: process. FIG 14 discloses half of the

wr apper nold used to for..., the flovvneter of FIG 2 together wth the
secticned flow path core as well as the sectioned balance 5 bar core. FI A
15, 16, 1781 &n blLew eRaibs Qudifg J8 Badst b {0z abtiEcate of hem@aﬁﬁdﬁ“‘sz

fl owret ers enbodyi ng the invention. Detail ed scription Description of
FIG 1 10tPP&; 1 discloses a section view of Coriolis flowreter 100 having

a pair of flow tubes 101 and 102 | os it hi C ; i al
flow enters t hésafqp%%r‘?e?%flo‘rgfnq ?llwége%%mg)?d ﬁcg“nmgeg @8432%283@%%@%3%%}% %ugh
f1 ow channekitl iHatefefineeknd Goiansrtase el TRORIL dlodinvetet etrutds whiloligpl i t's

the material flewinto tw hal ves which are extended tgrog%%g] flow t’uFb,q§ 101
and 102. FlaéW eWbezea,03RiIA A 15rate a8 anensrie IFe6aGR 7 e 8abardd TeigRani@id 1
OB. Material, fJ: i - fl Al t LNen: pd extends through
case end fg‘gégé%guﬁébm%cﬁfgﬁnés’la%i\{fg"Lg%%ﬁgcir&g%!j%'%ﬁtgpgf’ 107 of flange
104B. Necks 10%has:pldbficriphie chlipgesaitiOdA paed nidldBritropeats irkdSresitite 1098

of case 103. The end portions of_the_f||, ow tubes are cou&ligﬁt,o e%ach %t her
by brace B#ECUDOAIRHA MYdel. PIoGicACRugHetO MR bl D & AFFEESIHIF ed
to fow b ubesiol Ahand Hgid fowibal &4 A LINSseBal et @aklight said

| ongi tudi nal™ axi's rn phase opposi tion. rver I's energi zed by signals
receined friermamiield sheehidanitks mMaliiody evaigatibt l23ce The saat euliled| figngawwith

t hrough the_ vibrating flow tubes g_ener ate Coriolis, forces,whi cg? are .
det ect ed BgidrRestiprekiods flopmesianaitiyit Conianing saRPerR P8R SPE-si gnal s
25 indicative o “ﬁ% ; Moy RREs Q8 EFHY Fghal s
of the pick of ge%?%bl X én]fe o@@?‘"%’%@’l‘%‘égﬁ 1@?%% %e%er el ectronics
121 whi ch apdecessemtiid eareetnal ssiranddappsaiddlovutying; i nf or mati-on over path
i 25 indicative of the material flow. In accordance viith .a %idfclr%gQBossi bl e

exenpl ary enboditeleP offorming agers Mol incluges inGsieas &8 farming B owel
as negks - f i Lng2gta -di ng
rocads.« B SRS Rl it dRERS 1 B o o e P et er
beriveen i nl et saRGstapfdutrhiet d.63re 161d B el imdu@@Dhersten effotrhieig possi bl e

enbodi nent. flow tubes i 01 and 102, as Il as brad bars 110A and.110B,
case endsSEGYK GAE TOIBNEHASA %\@B’sth?qugﬁ%ﬁ'ﬁﬁ@%?&ﬁv@epg}%ﬁﬁg%?obI astic
by a nol dgpga s 9@&53&-%&5@@59& 115858 o0 e Bl baxattdyaadhesi ve

bonding to case ends and 109B to provide a flowreter that is nade 5.
up entirely of tg stepi of fexoept a tore inbudestthe stepelotinigalingi lowitempesatiwsi | s - of

The chse MR YR AR KUBRERITAL Py P LA (SRE HBISGr el TOMEtE: 100

and subsegyntdy nafdrigdiutios the s&aser iREsnEYowrdaepkraulonditaer Shabkase may

be formed of either netal. or plastic. 10 Description oo FIG 2 FIG 2
di scl osesmeter@itinorzaldGecpodicers Mudite Ermpedhaiaw prjaace bagrers el daibes201

led by_. 21 210B | J_neE] I 202 whi.ch i
Content 11 SRISRCPRE NG RGN AR B oFPol ATl 90100l Yl Bbr pptRbE S 'S
frominl eps 446 vharddeange 104A, through flow channel 111 of neck 105, :

through 15 flow tube stub 217A to brace bar 210A.. through flow tube 201,
t hro@gh f1 ow t tisestepudy f20mBa $pithveerP amol inoR)dasHPEF§PPt PR TEHRR Fefaul2 of

k 115 t tlet 107 of . 1 ‘ t f :
gﬁgl osed ﬁga@épéﬁﬁcﬁ%’?o%#&g%gjeﬂ%g%oa 1-aﬁSB$¢[ ﬁée% yoﬁg%%ga%'g\f\%@‘?@'éggéﬁi on -of
the flow pybAce arsop@rtion is vibrated by dr fiver Dto 20 denerate

Coriolis forces which are detected by pick offs LPO and RPQ whjch %pgilhg
signal over coltugesref pladngnheclugas e wepsof Placdne saKdemsd matarimd 1o

T gnal s ober GRATD e 3330EE! Rk il i ing R EE LPBy Al Y e
bar 202 i oRhARLsNARESIHoeP Moi2Talt) seothatardid 6drmidwehsiiowbelamessiwworensFl G

2 may be forrredlof_gl astic by a nolding process. If desired, only flow tube
201 and baPraecwiewithaepd matepal fow redh e#7Spl astic. The remai nder of the

structure of F C ; , i i 4A-rNd .
104B coul d be ??dglt%f}ooﬁuﬂlﬁ '?g@ﬁgg tﬁggpa%ﬁ%g%t&g\ré% P\f/%%‘?wt erégase ends
109A and UARBIand t6dsehlBmetiddnizetit Qomets dbwmettat sB0ctare phaistdfimes the '

i ndependently and affi xed by adhesion after the remai nder of the flowreter

is forned and calibrated. 17
12



30 June 2004 Cesc r _iotlon & FIG 3 FIG J dI5CIkeS d SeCt1GRd OGiGIS
fiC.vrreter .. I~l~ bVfliG-:n 95 SL™ Illar tO t ? Coriolis flowreter of

FIG 2 in .hat it has s,ngle flee®~ tutee 30 i coupled by brace bar3 131602600‘4
and 310E t oubtralsanees keErs302L o iabe izgdeent eontdarinit=addopat whe s3lniz fic

Mat ari af fav extends through the tlowreter 300 frominlet 10c of flange
1C4A) flo @ﬁaﬁﬁgpwm%ﬁt%@é‘k@ £058iaining sathmelae| dRy AROLCOTE g Idtaioz1 7A
and the acgg,\égcgga;%%p% of flow tube 301 berinreen orate bars 31CA and
31G3. through stub 7B and case end 109B. through flow channel 112 ef neck
115 to outl et 1B7%fefaldly angefzb0i4BiedlOoiThie fidwomebtestr8A0rediLfifrer sofrmommes:
flewreter 200 only .iin that the nam cal |y active portjon of flow tube 301
| nter b ate brAEUHRSE $roRCSAE BI0B IR eETt R T 805 W R L Bt he
vi brati ona} & | 81} - ; N i | i hokn U S
patent 5. a1a 136 e S T O S e T sl e
plastic by the sméstdp af otrdhng wrappes s7@d inprlides thadsispraifedningtisyinda of

. | udes t. talli f coils of left pick off LPQ
rant i KT TRpta e ot LRGeS hesuiehpadsagher s Corohela Fag =i ne
case 103 rmwchﬁefiﬁ@ﬁgﬁﬁgt@ﬁld'fwww ¥igandafdd bxeds Wit diesagminger of -

the el ements of the fiowreter by neans of adhesive bonding. Also i
desi rdl) thss apdseidrapcbed hoapebanf nmetal . However. the dynamically active

ti 20 of tt:e, fi t i ncl udi t he tirety of f t 10
P ovant agaoust v the e Y B batd Gl el rdiicn gttt Bladbh Heesat e i on
of FIG 4sRfonf hrisshanskica Siastid %ﬂglisdcﬂdti)\ivﬁieitér §ommed ﬁfatﬁf%@n@é\éia'i‘tgﬂ&gz |

single straight flow tube 401 surrounde y a concentric bal ance bar 4
havi ng nofubmendsaiceeonesniric batrhast bdrfarwell disstaid Batizon. seBaindrirecbdrard02 is
connected at,.its ends by .brace bars 4C5 to fow,tubge 401. Brace bar s 405 '
are conne@?‘gcﬁhﬁécod’gggSc%afiﬁé'a?t%l”iaﬂﬁgwfa f\o%ﬂnqlf?éﬁﬂ%’%‘ﬁéa{q{l‘ﬁgrt}%qr Cef |
case 1ghd 40r. W@fe‘?ﬁlﬁ'% Qfid tAnedied Qodfetar sPuQORNREHRY dHrfpridw channel s 41
1 to inlet flange 409A and to outlet flange 409B. Each f!anae 409A and 409B
i ncl udes bol t R6lielst faoae mouptethiscan siettenthobsaplfipvahdesandantoutien@sngeach
fl ange fur r.i.ncl udes .radjal surface,412 and circul ar protrusion 413
surroundi ﬁénﬁﬁpet?%ﬁil U@%er@r ?f ?(%ﬁ r_[OBVttuIt?g'flange end surface 415. Case 403
i's connected t@hg@s:eemin%ét%ammt@boﬁf&nﬂﬁ@@a@iag%etr@nmthiehém 8t OA

and 416B vrhich are coupled to flanges 409A and 409B at their termnus. 12
30 June 20b®mMiRg havegrmeavibpthaislefioes the eviersurface of seissCarialisrymeter

di s. phbul | - j I l it .St - (S i 30 whi.ch
ennanBe.t PoliEs IERERED SR Aol b2 At bBler Ry P Cpfec Bt S it

00j ecti v, sscasichbacdeasirgBaidsinten flapneentdrati¢ outiet 1adgat i onal node cf the

bal ance barJflq\\r/?yS;tube structure proximte 5 brace bars 4G-, Side ribs

i ncl ude side rigssiaB@fAlings@ canly aiRpid wrapger Mot witBiplagia inpluges the
undesi r ab, | gt V] i : ] ' f
bal ance b%t%pfgggmb Pu%lg{ C?%%@%@Fﬁﬁ“@?’ﬁéﬁ?ﬁ% imﬁgggq}a%@ﬂiggéﬁh%}éﬁnner
cent er teextenosswfacaohsait] fidwe s, azat balahye blar cdais Ecdtizombssd@mi batces i n
VOi dé 43§band 434. The voids are separated by center elenent 419 which has
cent®? 10°P¥Sianchepid iWigt Hanag 2ndrihid 8418l iANaFev i RRILAESTIe kiasiols {ipvensiaie
bal ance j : L QnR. : i ement
PP Ll s SRR I o A G i
Driver D receiRetersbinakid fabercatednOomtierfidddefaramumbirerfughectomoprices425.
The top surfaces of se msnt% 433A and _4335 are connected to_flat el enments
436 and 437 wHEHRT RN BIETRFHS PE®IGS0 R RO HBAY PRSP PSSR RICRPO
detect theyGord giis response of flow tube 401 as it vibrates during
conditions of matérial flour. The output signals of the pick alts are

ext elfded over tbesterbbfemiag sant wi23panchotd inchudes theede p lof turghing Z2lcaotynet er
el ectroni.cs 425 whi ch processes the signal s and | i es out put information
Lo path 36 SA56NRERET dPR DAL ORAESS 118 O RHTaHe LR eo50 1 Ty BRAEt er 400,
wi th the sexgfREI AB|Rfind BEICARHUCEOT R Pba @b Mar Ah RES kS 4 RQAMHIRPO and
their magnets may be fornmed of plastic. The case ' may advant ageously be

f or med .i ndependandlsaidudtiaf fiacddidyndasdd drider @0 Tntiog ehemesisedmdprckafff t he
fl ommeter elenents. The case may be either fornmed ef netal or 25 plastic.
Pick ols LPO RPO, and driver D are advantageously affixed to bal ance bar
402 and flow tube 401 subsequent to the'¥abr ication of these el enents by

mol di ng. Conductors 422, 423, and 424 are extended through openings in feed
through 421 after the feed through is affixed to an opening in case 403.



Descriatien of 'FIG 5-30 Ft G 5 discloses a Coriolis floweter 500 having a
pair or substantially tl shaped flow tubes 552A and 552B whi ch extend

t hrough brace bars 520 and 521 and ternminate in manifolds 502A 2nd g 28. 04
Mani f ol ds 502A.is connected by neck 570A inlet flange 501A; mani f oy 'E6%E

i s connect BYUBYNBESMEREB to cutlet flange 19 30 June 2004 501B. Fi ov~
tubes 552A and @Q@ﬁeﬁ%ﬁ?ﬁﬁg%ﬁ%ﬁéé@gyaﬁ§m§©@' BéﬁwmﬁpmﬂﬁgﬂaMﬁﬁﬂtmd@@aﬁeand'
5558 extend into curve segients 55ZA and 552B and curved segnments 583. A and
553B. T hesiepad fomibgsa fplded plastiorfpericdie fEivdeeise gireirt Ee 59 @S5 aUnigiceh on

their bott orti.ons extend_int sections 0 & ich, . in 5
Lorn ot CRBER GiORCHT BRE Bt aafUERE S T8 bR R pe R SR I T2 e
through t hgichi=ae€ aharscit e fhouniparetsntb20A antaH0B [andsa00Gisant= /5D and
termnate in manifolds 502A and 502B. Driver Dis coupled to top segnents

of f!OM/}u@@%sggznﬁ@hdﬂﬁﬂﬂﬁjﬁ@dVVW?éﬁ@lﬂﬁ@ﬁipﬁﬁﬁﬁégﬁwﬁﬁ%§%$qWQ%ﬁﬁn_response
t ved . th 52 . .
coment e S ERI SR P EB e 28 O SRl St A R R PRl R e e

segnent s 0 picC generat e
si gnal s repr esepidfaiabineaigateps bs faespgaserofiefinthova bratiiabidw path wheaidv t h
material flow These signals are extended over paths 522 and 523 to neter
el ect r oni dpwhbsmeanspreedsdles siermal's and applies output information to

path S26 pert ai.pi € i : . )t nele Ay
exception of tﬁﬁjeggri}é% }8%%1@%‘0?%1@?%&1}&?&%@%%@5??@& 8[55%%5 Otlgre%i %%%rred
of plasti anby witiehidi aitpraufessy veidhmeheiartibe ekt i ng | i ne shown by dotted
lines 561 and 562. Fl anges 501A and 501 B nmay be either be forned in H e

same process orPlafing foreed mayemd Moyt pald Q%Gé'b@rﬁjﬁﬁ‘(’FWOfa%Wr@B%T 8 ‘Ey
bt B Sy ORnb SRl S P AR o, R of eI Bl sutp] SUIRLEB T SpRent S

prot ect i ofoghed htatetigNBaw path cbteGand thdirsedomdurfateodf daldbcatity ofFs4sd 6

di scl oses anot her possi bl e exenpl ary enbodi nent of the invention conprising
a Coriol i WRPBRNEWE}: 600 having a pair of substantially U shaped flow 25
tubes 601 and ' L2 o138 b wIubknput
fl ange 609 and gh %%?Héégﬁgé“g%%PgﬁﬂEﬁ%QSﬁﬁggﬁﬁ%§“§$g?ﬁg %fbm/tubes Ps
connect ed rheardlrsi ver D which vibrates the flow tubes in phase oppos'ion. The .
side | egs 604A,_ 604B, 605A, -and 605B of t fl ow tubes_are coupled to,.pick
of fs LPO and Rﬁ@m%ﬁ_cgéﬁépgﬁe@ EARRR ”_%‘inarYéﬁrbﬁaég‘F R 3§ TRESAIRFIN | s
response G, ipethbaAL st uLhe WY REmid MatBATILA pdthowreThe out put
signals of the pick offs are applied over conductors 614 and 618 to neter

el ectroni cs 625embivecly gaidoesisetiEaitif towduhemests apptiney saidgametignal s to

. path 626 pertaining tg the terial flow The | ower 20 30 June 2004 -
~ extr2rnit§n@ﬁ”§ﬁ%§?P@§7Sﬁg%raﬁhm§8§§aapgrEﬁwﬁé%? d tc manifold ex:enseons
608 to coupe tfﬂé‘m%mlt#@ %ﬁig%ﬁﬁemﬂeﬁbﬂﬁoﬁb@t@e@r&ﬂém M WholHe A RuastEORows

connected to nmanifo whi ch receives the input material tow and divVvides’
if into twobsereEnehy whsiod the écropestdeiof srid moded plagls BovebBeim@RN058 of

the flow tubes, On the output side nifold 615 recejyes the t fl ow
“of side |e§QV%mwﬁn%aagﬁgﬁ&aw§w@?fﬁggm i“}ﬁ%”ghzci“i&%g‘ PP PhRY ch s
appl i ed Viggssatimybaitll RBeR Obkred @R Nba pAR ToraalithanséRehnt. shown) .
Coriolis flowreter 600 may be fabricated by nol ding as subsequently

descri bed by a process which includes the steps of formng a core nold

whi ch 10 extends through the flanges 509 1. .and mani folds 610 and
615. The process further inclu&g§ ﬂ%?ﬁ%"fﬁggﬁgﬁg“ﬂﬁﬁ s in conbination with

a wrapper nol dyiha h@Emidmayasd BEttsr HhORBRIRS bPBQehfinguine selidring |
plastic flowreter with the éxception of the netallic conductors associated
with dri veetaednikspripkontherepp@kertinmrojunttioarwith fReetpvangs ifwassired. the

of i ol o ST g STE S TRL e gh B by BT PRy e aRr e, ocess
of Conolis Fl opet 2ussdRessd & BdriNisTowrh&8r haviaath Sinfhesttaigst flskepben the

i njection nDIdlggdercess of the present invention is to fabricate a_%gre
nmol d which is & disdieran akeralisiopansies bpeingaysinetdsr agthowastpe 24t ep

an upper FRAVEERT ahESBPPIERD o85S pdrCh il B8 S0 704 i ch ar e

used to inject plastic into the cavity which is designated generally as
706. Cavity segnent 706 includes flow pagsh core cavity segnents 706A, 706B
706C, 706D. 706E, and 706F. Cavity segnent 706 further includes manifold
cavity segnents 707 and 708 25 and core |ocating segnents 719 and 720. The
flow path core shown on F1G 8 is fornmed by the core path nold 700 of FIG
J-when the upper half 701 is lowered so that its bottom surface contacts
the upper surface 7C9 of lower half 702. Followng this, a |ow tenperature

o o - - o, o 1 — e~ ~ -



21 30 June 2004 core of FIG 8 also includes |ocat;ng protrusions 819 on
the left and 820 en the right (nct shown). Description of FIGS. 9. 10 and
11 FIG 9 discloses the wapper ntld 900 which is used to fabri ca‘}ﬂg(}?ug 004
compl et ed 1 ewater, Ustadel BeCLIOW RANDCERI 195,01 aftl s i WanRe 86
conprise an upper ha 1. "and a 1ower half 902 which are shown separated
but whi ch ameyraicddd alunhognirioddlajecbaoandel eiseEploves dhe flowdupe s e
begi ns when 't he Enlded fl ow path core 800 of FIG 8 is inserted into the
cavity of TowW¥r= Ralf 9&. “his cavity on FiG 9 has structure 10 desi gnat ed
general ly as 928zng §r2@efd?écltab@ddr@wstﬂ@bﬁn@eﬁrﬂam?t@p@eof enpEdntiangd LB04A
and 906A for the manifolds of the fiowreter. The nolded fl ow path core 800
shown on FRihGpe8 ficgviubssrted into the cavity of the |ower half 902. The

t | [ 819 _and_82 t , it 400t
et angul ar bevi'Dy <bgant R gnee MddgBott R PN RERa " PR E7Re" Al 4 bat n

core W t highzidif 1G5 fibWmeker. The upper half 901 is then |owered so that it's
bottom surface contacts the upper surface 911 of |ower half 93; fall ow ng

whi ch pl astic iRG Gjdetieses Hhollew Daéh C@b%fﬁrﬁ"g?dgt%tk@rcqungid Qf p’@’- hal f 901
ith th th i bei . g !
flows 1ot he by PSR BSHon 3B pRny TRl e Eirer B e gl fatn

flows into the surroun

nmetal lic f&%@a@%&%@%vﬁg@@ Rt @S iid anesharrhbidn cavity segments 928
and 20 929 of |ower half 902. EIG. 9 shows cavity segn&gts 907A and 908A

for brace bars F671asisoomatie Groriniey sipraent $WeCBrakaes Rh G WaRRPFor

mo i ity el o 5T & AR B EaRE R e B b D SRR 50 ar e separ ared and
the partially ¢ogpheidpstidetd Old fiovainasdr strfdtonnaftiG. SidatiowingAtsxerbvals t hen

removed fromthe cavity 25 segnents of |ower half _ 902, Following its
renoval f oM theewrpaarymeld, @hdgperemeval bpoe'tingot SEFIEPFre i s heated

to the level r [ -1 | ..t t I j it hi n
the plastic st gt irSRcied R st e I T SR R A PR o
struct ur e gh3CGH shawsingeabkG 11 which includes two flaw tubes 1001 30 and
1002 having hollow centers fornmerly occupied by the netal flow path.core
800 shown on FiG 8. The structure shown on FIG 11 also includes input
mani fol d 904 and out put manifold 906 brace bars 907 and 908. Openi ng 803 of
i nput manifold 904 receives a mater ial flcwinto the.input of the ' :
flowreter and diverts this flowintc 22 30 June 2004 two pats which are
ext ended t hrough fcw tubes 100 . and 1002 to out put manifold 906 which
conbines the two flows into a single material flow Exit manifold 906
receives this dual flow and conbines it into a single flow Description of
FIG 12 5 FIG 12 shows a conpleted Coriolis floweter 1200 forned by the
i njection nolding process described For FIGS. ?, ii) 9, 10. a nd 1 1.
Fl owmret er 12C0 is assenbled using no the flowreter structure 1100 of FIG
1. Pick ors LPO and RPO and driver D including their coils and nmagnets (not
shown) are fastened to structure 1100 and wres 1222, 1223, and 1224 are
connected frompick otts LPO and RPO 10 and driver Dto electrical feed
t hrough 1221 in the case 1201. Case 12Dl is then adhesive bonded to the
exterior surfaces of manifolds 9C4 and 906. Followi ng that, flanges 1202
and 1203 are adhesive bonded to the axial end portions of case 1201 as wel |
as to the radial exterior cylindrical surfaces of manifolds 904 and 906.
Fl anges 1202 and 1203 include elenents 12 12 which are the radial outer 15
surfaces of each flange, an axial inner face 12C6 and an axi al outer face
1207, a bevel ed surface 1211, and a stub 1209 having an axially inner
surtace 1208 which is adhesively bonded to the outer axial extremties o.
case 1201. Also shown on FIG 12 is neter electronics 1221 which over
conductor 1223 applied signals required to energize driver Dto vibate flow
tubes 1001 and 1002 in 20 phase opposition. Conductors 1222 and 1224
receive the signals frompick offs LPO and RPO representing the Coriolis
forces induced in vibrating fl ow tubes 1001 and 1002 with material flow.
Meter el ectronics receive these signals over conductors 1222 and 1224,
processes the signals and applied output information to path 1225
pertaining to the nmaterial flow

15

11



25 Descriptions ef FIG 13 FIG 13 discloses the |ower portion 1301 ef the
wr apper- nold 1300 used to fabricate the Coriolis flowreter of FIG 5.by .
injection nmolding to produce an o!l plastic flowreter with the excs%tji on @% :
metal conductors in driver D and pick offs LPO and RPO of FIG 5 E) )
nol d 1300 includes a | ower wapper nold 13G1 30 having cavity segnents that
define the exterior of the Cor lolls floweter of FIG 5. In order to
facilitate an understanding of the correspondence between the el enents on
FiG 5 and the_cavity segments in t t he | ast
two digits of Bach3 r%t%?%?ﬁ:@erﬁﬂtﬁ@? th?fho‘tzhe plp\?gw] S%%Q%]CE s&%égﬁ%dl ng 23 30
June 2004f:§tph@g}etrlpqs@l5@hegr;a;@tdefrsh;roseex:| fies tt-;e correspondence Thi s.

fl ow tubes 552A and 5 5 are rJ nt5 1352A
and 135LB O ~ T9-¢* Ct %C OWF %%E’J T‘]‘PBT AT hrémgunc??%hwra r%rfI ﬂigpﬁol d 1300.

it is assged thatnhd henfhewepadtecirepiasobeen wedremstle ascipnediisiardescr i bed
to forma nesa! structure 5 representing t~e t~cw path of flow tubes 552A
and 552B &8 %®Fl as the interiorof the structural elenments connected to the
flow tubes suchms1t] oV 17ehhk meckserbi@Anant i5tRRiseThp datfrortedeftaw!ipat h
core is inserted into the cavity segnents of the wapper nold 1301. The
cavity se§remeses FTHOGY NE3PE M STH8 segment s 1352A and 1352B whi ch 10 def ne
a pair of substantially U shapegetdiry bedaeisticgavi ty segnents 1354A and
1354B which define the right side legs of the flow tubes; cavity
segrent s 1BeacmigneiFiGuwhi ch define brace bars 520 and 521 of FIG 5; cavity

seg s 1350AcB)y §isciabls Dswubichyigeior E@nbli@%v@rhat’enebé rB5Q4.a @ir @ and D of

FIG 5; cavity segnentslSOZA and 1302B whi ch defi |fo A and
502B: andfloavikss 105 aehhBAEscP37d K ERE Ci%ﬁ?oglw %lré"t‘ hq%ﬁ%t h necks

>707 and {Qfetel DR b O, Al 1AL @a‘terﬁs&hr@ghsﬂofmcmmemfa f1 ow path
core o. ow nelting tenperalur a allo ohd enaltﬂg% ca

y of
nmol d segmeatk 139and Tﬁ@tea‘h GBpép dﬁ'ﬁf‘?hby‘jh’é’ﬁt‘f S{Sﬁﬁecaw ty segma\{%vg
conpl ementag ¥ (Ridhhak «Hfed RWaRVGARRAI tubBd dotlaﬁdtaﬁd Fhm/tu’mgsaﬂrl ecdss for

accommodat | ng the center upwardly 20 extendi f per nold
1301 15 |d@eemnéﬁm@uamﬁwb%|% 0fgn HOG JPRIEZR G é’ie%%\@tﬂ}r‘?%&o The

structureof, FLfer P1d 8nd exEREs WD PLASS é6d 1698 ape@b@ctnanne: tRefweapper

nold cavity segnments . After the |nserte _and ect ti
sol i di fi ed?5ene oyppletO7apidaneRetO45or ¥ ¢SS far\ﬁrhgip P T%’g% QQA%%

separ at ed 1@@@ tﬁg Bgad @@gmgngt;rolggtégrcgséaogemﬁyeddfprommrtshé toafowyutssgrent s of
25 wr ap d 1301. The flow ath ﬁg 3 hen renoved by nelting. The
remai ni ngCGW’G@tQJ?%CW S b‘?trb i gﬂ “on FIG 5 with the exception

of flgnges 501A andh5Q4B col BedrasreD sepapriab yoharted1@hdnaf P2 tocetraty
adhesi ve bonding to the flow path necks 570A and 57 ﬁ td% 0 t he corrpl et ed
BicOs Pl 1

al | pl ast ther reeeres'y bt therdpnafiuci! e & PRRseorPRSE el
d| scl oses e},Q@ Aat R Q@naﬁé récaNcARSH mak Oeld40ihicss £l d)wmrf;:aath 2%t Ehe he singl e
t ube

; al ght Cor s flowmeter o on Fi G
14 are i deﬁﬁtﬁiffa'@@Wti?roluéf‘é‘f‘%fﬂ?éatﬁlﬂﬁ?é'f%’g 8@%“?5?5{50?&'5 éiplcéa??\gj rﬁ i ncl udi ng

30 JHQ% 7004, ghphabst | eal akh ra(ptc&rch) Riaoe.vm;d?egtém@'ate signals ne | ast trvo
d| a,;s of e

parts of the flowrreter of y el enents
of FIZ§ lmd(',f@rtlt’e%ifﬁdr‘aw?ﬂ&e qighe heras fﬁéce\ﬁ/r -%ff ”t%c?ogr?jl%% ﬁ@\é ow path
core is fapmaed dyohhes &ér%aftlys desend b@d td eehnicotontcs 1@df e a mesal
el enent representing the flour path 5 flow. tube 10£gm023]d,§catg/ ofhis core

on FI G 14vrchswﬁetheseﬁ@aeeoﬁftdre%@feﬁggtt?é‘a"‘é?%'ﬁt‘ oYaDI*extEndifig the | ength
of the cavid ysttugdpre. Core 1401 extends the length of the fowreter from

cavity segnent 1404A, defi; ~.n flan e 104 range
cavity segment IndeEpange pMitinyErsi gagsiif ekpEple de'T'Egg;U]seé’t D% ﬁlvevﬁrét%g’g[rmm)l d 1400

al so ioequ'rét%%uﬁé’atmaaﬁcpﬁ@z he wRnew ust yof endeds nepres entriedgf plaetd by space
bet ween i nner wall of bal ance bar 202 and exteri D?%Je on FI G

of
2. This ballaﬁ@t@m@icm@opesq KePTereg § AL D&r%%gé%fEFahé?eef*Hgt$e| ement
1403. flowmeter between inlet 106 and outlet 107.



Cavity elenment 1402 represents the cavity segnent that will be filled with
pl astic.during the injection nolding operation to define bal ance bar 202.

El ement 1403 includes upwardly projecting stubs LPO D, and RPO to %@LLnS
openings in the 15 bal ance bar 202 for receiving driver D, and pic@ §2004
LPO and RPO. The mating downwardly projecting stubs a,”, cross hatch

el ement 1402 are used to define openings in the bottom portion of bal ance -
bar 202. These openi ngs are used during t he manuf acturing process to permt
adj ustnments of the flow tube ar b angc r fo t.ral .and
Cuhing. They al ADSIBESES PPREPB A SHCATBar Tegiebd0 b Phab o R s
cavity. EIeg&nﬁ&m&#ﬁ?ﬁc&nda&ééﬁasaD@mEhe‘&@@m&@ﬁ@igESﬂﬁéAGaﬂrﬁvEgegnent

that defines ro ubs 217A and_217B. Y- $ ts 14 nd 1410B
define brab&f cB’E"r g"/i ‘aRY 2188 N CRVIEY e la%a¥§£14b§A %cf’sel%f'—b%%ab&gfi ne
case ends é&%a@f@bnﬁ@%o cﬁaalemssegmwwm@mraﬂde 2408Betef inabismeades 105

and 25 _115 of FlI 2. connecti t he case e ~
segment’s 14BER" ’&ﬁo‘) PIRGAB S3eFH! 3@ ‘Fr‘éﬂﬁ‘gzc‘l@&%“ &33@: C%he £ (I)Vv%étate"% of
FIG 2 is figkoed LBy awcaRperaony dith408r bysddrmestregsetsf forning the flow path

core 1401, formng the bal ance. bar re 140 S i ) e bar
core 1403 over VHe"PEUPHEE F?Ctir EEdl’ 8iperdoe (e o{r%]ieng%ggr%gtégﬁfg'?#g%g 30 1403
wi thin thejg@yhd yut&%gnemﬁafﬂied hﬂhwcappeamdmlydd&d@@ bondihgs Thé catower i ng

t he upper half gnot shown) %/.rr apper. nmold 1400 onto the | ower half shown
on FIG 1-TPHCEJPTTHY ‘Hleét??fﬁ’% 5 Pt%E cavity segnents of the wrapper nold
cf Fl @& ldpeaddcowaBgrtdhe infected plastic to cure and solidify, separating
the faro halves qf the wapper 25 30 Ju e~2004 , f VI ng the
formed sol i di ueragpf-gﬁcioéeﬁ&ts@ra'%”e%%ﬂ“ Wﬂtsgzg&bﬁ\f}sgg ﬁmog Arance

of i t he Cori,gkiz®1lcoeyet bybrade e 212Aang 2108 hecybxdrptabbalahce ber m er
el ecuoni cs and conductors an

Th
forned st r‘ﬁ'&"?'&t'secqr@e'f’tlﬁ'éh“'%’eia?é‘%f‘gét“giﬁlﬁf?%'?atghgff%’%tﬁﬁ?fzw hlg%rﬁ?%gﬁsopw a (rarater
i al which g ifhoWsst aub opfiahdiet dM. ehrc@rghcffowmnﬁe:rmeobfstacuc@urmrdmﬁm ng a

corrpleted ail plastic floweter i i cal t ha

excepf?on 6 4 %%g%mbrﬁg@gﬁrg?@%gﬁf%uqﬁﬁer{}dﬁ%gwh‘é%cgﬁofm{@rbg of the
coils o. ddtibyen7®iapgcther pick, ©idshlo anshraPO Asf wakl 1 1@stotcuectivduct or s
extending to neter electronics 721. Description of FIG 15 10 FIG 15 is a
f1 ow chartf |ﬂIaF‘B§tP%1§'i ng the nethod used to formthe dual straight tube

Coriolis fi oWTEt-erpcsidVEY fio dﬁb@zomzenmsjseg Hyhesfanok dian §02 jpoee fategsasahel
structures shown on F

11. .St 5 begins
the pr oces%}“”éﬁ'acal"ﬁ@f:h"&e%oq’?féOg}hé’rﬂod“f Wpsr 2‘?}5 i) %ﬁ”t;errg?gl o\JvT/(r;fc:))at%j h cores
801 apg 8%:@fratb@c¢nbmﬁe¢@twm=eh Bed abteotedsmy ;ubt eﬁs:LBD@aatr@eraO wisimgpmpr e nol d

700.. F1G s 0:vs the co | di ng
usi ng cores HV?@”BH@P[%?%E $§2§8%g‘ret%r fiq?‘:%%f g ﬁlhsé orﬁgtrrﬁ %g ?0702 I n
step 1504,ad dwscfipsdmdorateidraitt Fosy paMI@tarmra@;so&@&aaplebs&@Qnm evgrenroved from

h | 700 | [ 20
Seqmont 5 §2600930" Ship GUFACARY OB GT AT R S0 K DS upper

hal f 901 anmghoaitibewer hal f 902. The protrusions 818 and a correspondi ng
protrusion (not shown ht end core . facilitates

t he a%’:ur ate pIAé{(ﬁrH@”(S’% ”E?o?%’sﬁgﬁfgﬁwg %bFl%fr%T?f/eg%govfnte%%qé}%cr%éﬁtbg%of wWr apper
mol d 900. %Idﬁ@&fmdﬂéhdlfm:raﬁsmﬂyﬂmlvmldm%&aamd yalsemmmzammbegesA LPO.

RPO. and D for for 25 brace b 90 9 ments for
driver J AT %fkp'%?“icf 3“&#@5@%%& & %mc{t}és\loggl&a‘p&n rIﬂ\s/!eé'ﬁ 901 and
902 of thewnardpely, Mrgds 300Aae Tl4Bsanliabd agbisistaly forsnaedwremiaect into the
cavities of wa nmol d 90 | as i [,.Str
ucture 11%"&?6%51 tﬁ?ﬁas?ﬁagﬁﬁﬁ%rl 3 @IQ%V? a(iaﬁezz(%fcéés&gggig HQ%HTg%ﬁ 862 and
ot herzst r ug blises indapbmtthinty srarithaldds, Afesamchi@061esieownden FF@ 11, | n-step
1508, the forned C%JIOHS fi V-let er plastic structure 1100 containing the
material fPYTKEPARRGHSIIEHHNE 802 i s renmoved from w apper nold 900. L
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30 June 2004 In step 1510 the plastic Coriolis flowreter structure 1100 is
heated to dissolve the | ow tenperature petal cores 801 and 802 cr is
subj ected to heated water to di ssolve the soluble material derivin the
material flow path cor es 801 and 802. 5 The plastic Coriolis flo _
stn~ctur=1 100 is t',~~en subject tc further manufacturing steps in order
to corma conpleted flcwreter 2s shown in FIG 12. Description ef FIG 16 -
FIG 16 discloses the process steps used to formthe dual curved tube
Ccriolis flowreter 500 of FIG 5 using w apper rml d 1300 shcwn on FIG 13.
10 Step 16E2cHEgiods HRis process and includes t ;e step of forming a pair
of curved nmaterj@l; §ikovspas beores @frchiowct: emrmlum”mah“@!ﬂ"sbﬁubl e
material. These cores are not sbovvn on FIG. 13 buti.are formed using a core
mol d si mi ICarokoieHasiEs ! i % ‘bat' BF° &8 r Ved eonf gur SCon Wi th the
formed matgrd &lod bewspat b s8EeS b@nztg:@u:tnedcdammatchetwyfs»etmm%%r able to
marerial flow path cores 801 and 802 of 15.Fl G . 8., /A Step.1604.the, formed
cur ved® matdatena! (EMGRIGESHCEPRE] b%'”“sf?o P i HeePt B RE o “Cav! y
segnents 1352,4And1 53a4ci0104 hecbgwenspent nOBAllSl@dugnfstmm apberan:mm 1300. This

nmol d further includes cavity segments 132Q an 21 bars.
1350 def i BEfNG RIHN Pﬁﬁdfé”é‘}&ee?r?sﬁgﬁé’ee‘i@ﬁegbéaf ﬂ@;}? r"ﬁd"’ﬁt a tg'g’tg 2D

mani f ol ds ;and %%76%59%56%99 heslgrel enenire on2 bf anges! 5@31&0@ FFDGof 5 whi ch
are subsequently added. In step 1606, the top portion of (not shown) of
wr apper myEace 3005 s positioned onto the |ower portion 1301 and plastic is

i nj ecfdad I Nt o The neRMietar 32O Sropd fl@dﬂ@emappefn'yrml idatttbefognamtclaéy pl astic
Coriolis flowreter structure 500 25 of FI G co n &%%@gurved
mat eri al facow petien ebiens tytsot® ISRGRRFC G ?—"Ia@e %g t he forned

pl asti ¢ CaphObdi®nb '3@‘5’@@4&’( a!?érrth@D%F@soﬁ@&ﬂasadtemme@ffHeomnw heoel ner portion
1301 of wapper nold 130D. In ste \M%% ipe ma.t b &ﬁfohg% Gores are
renoved f deasritiee ipogkH ‘%Uc%rpl’%?i“s Bl owret e§ﬁr Usi'ng heat to

mel t the Lawid ERELAbIEE: PRI uaf ofbsymold%Q;; chogsed ¥é ﬂlgpd)*ms:obﬂdbl €hisat eri al
representing the cores by 1 mrersing thg ] ast |O&a690r| ol Hind wrée%gk

st r uctur e 0500F SrctudRAtiEg MmeEfic %‘@Ujl?n% bt &n ef © 17 f=1 G
17 iiius. Lgatss GdJee DDLOG @SS Sisepaitdisedgtast orrn the single straight (ub2

Oerlollsf owret er 200 using the wrapper nold of ss
P LT s e R Rt R SRR 0 T

formed of rér%‘(nriQWQHé‘TeLérneﬁrﬁ@bﬁﬂhe%vﬁ@étBbtb\em@ahebf adhassiengpriinor &!'sowl d
simlar to that of core nmold 700 but nPt ot her w i.se sho OWN\ - et "
desired, the case may be formed of meta owever he dynarmcally active portion
20 of the flowmeter including the entirety of fiow tube 101 advantageously will be
plastic formed by a molding operation.

Description of FIG, 4
FIG. 4 discloses a sectioned Corinlis flowmeter 400 having a single straight

flow tube 401 surrounded by a concentric baiance bar 402 having non-uniform
25 weight and stiffness distribution. Balance bar 402 1s connected at its ends by

brace bars 405 to flow tube 401. Brace bars 405 are connected by case connect

links 4174 and 4178 to the inner wall of case end 407. The ends of flow tube 401

are connected via flow chanhe!s 411 to inlet flange 4094 and to outlet flange 409B.

Each flange 409A and 4098 includes bolt holes 410 for connection to a supply and P
30  exitlines. Each flange further includes radial surface 412 and circular protrusion

413 surrounding inlet 414 and affixed to the flance end surface 415. Casg 403 is

connected to case ends 407 which are connected to nack elements 416A and

4168 which are coupled to flanges 409A and 4088 at theyr terminus.

18
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In step 1704, core 1403 is fornmed defining the space beriveen the exterior
cf:the nolded full flow path core 1401 and the inner surface of bal ance bar
202. In step 1706, the flow path core 1401 is inserted axially i ntg the 2004
open end of 10 core 1403. In step 1708, cores 1401 and 1403 are i nS8rt&y
into the tavity of wapper nold 1400 with the cavity having an inner sur
face defining the plastic Coriolis flowreter structure 200. In step 1710,
plastic is injected into the cavities of wapper nold 1400 which 15
contains the cores 1401 and 1403. In step 1712, the fornmed plastic Coriolis
structure 200 |%ara@mwdoﬁrr@mwapm@rrﬁﬁlsw'ﬁmm-'dl We'shep'sPE4en-cbres 1401
and 14D3 ved from.dthe fo h t, l-Lsni L ewrel-ar structure
200 by hea |ng%rgr% Fﬁo}\f/v“tp{e]a %r!g%tu%gnﬁe%)gsg Jp@nﬁrq?ir:aﬁc goéthe cores or by

di ssol vi ngcrtdneceos‘rtubloetmmoevmfab conpry Q’iﬁw@m@ﬁe? g@; GSPAG Bt water. !t is
to be undego cgﬁtq t%hﬁé Vﬁ@,oﬂé%%%t 'i@é’ﬁglralwp@ b'asfﬂ@f?ttu:!vf—l Q}J’Qﬂet&:ﬂ%h%cdesc” bed
enbodi nent i be useé g pes of Coriolis flowreters
i ncl udbng twengberst4ilve ?pllﬁ@vwhet!recrltsd@)ﬁ!dﬁmbég@i@adr *'é@ ctdyedconPRYur ati on. 25
For exanpl e ri b iyoL ctflewgeter can be
formed by ffgﬂcmn J&a}r?r? QII ﬁg%%?rlggir? G%Fad V%%@Dn%fém Pégylct@%teakenﬁl r\gge of the
descri bed m@onomd a:fsba‘ﬁarmwr‘caréﬂé Im;aniab@'aﬁ!@ﬁlwéhllcbyegr“§f‘ﬁgi4§3fﬁ ﬁf“éé@ﬁén %61 di ng
oper at! ool G dALIELY ALy RLASLILy LL WP LS GRNChRALOLTIRdo bY
separate inj ection ther form ng operations in which parts are

f or ned sep@?aarezl §3s4nthe atble$ agemam@date@@etcrrermr Iy reirfsi S397ieh hagResiEy e

oondi 9g. W Pabs DRGLLAIIBLIMa Gl Rlaxifl AR RRDBMNERMiS Lt ph 18 MRy
be desirabl®€ to formt a Separate element which is |ater beaded
to el enenteenpripartion. fOrated dayter npelcnlocbneb@naiaﬁ@?f’iﬂﬁﬁeis pawRe@tgfiati n sone

applications Lt Ay S f Aes &f oJdran

pl astic foerergf)?)tl I ca‘?'?g?]g&f‘}r?gsg% % @%%’ﬁ%@@%?\?ﬁﬁv 7 ?égr (Faazisszédrh}i h())/SI cal

pr ot ect i orconfiutibes 2y frami oaler pleattnive4por T homee @tﬂrfachﬂé dfiseamentr4 3348 desired.
In this cage, éagf el Bho 683 %, FATL ARRENAEALE 4571 ORER oAb ARAILE bY
appropri ate b echni ques 't ne remal ning portions cf the fiowreter
whi ch1sray duel FbﬁaOorl y fcrmed by appropriate injection nolding 5 techniques.
It i's to be un%&ﬁ%f‘%ﬂ%é@% RchﬁdQ%%t 8k é&%h&‘?es;ﬁ%n@le%%b& tIzt';é)M’?Ta@Ft does not
include certain elerents VFh necessity nust be forned nmetal . These
i ncl ude t hibrewisldsiriof cohaditicns sfenateandiopi. c?h&)ﬁtﬁ@uhﬁéln@'ﬁé’fé’lee@?ﬁ P‘@%P reconduct or
s_ext end| xteride%%v‘épgor?c%%%cé Q&fﬁnm§§%nglt%559@é&§th ndidvig aadr pi ck of f
magnet s. erature rnay be a“cerro-indiumalloy terned
Cerr ol ow ble?ctm@:ctswe?ﬁ vifEgh b@cpwe@nas eignBisAMINEIVESS OBtRUt DAPTSUIPI'Y PESnpany
Vmos%@ddr4%%§, égfgﬁﬁqﬁe%eﬁ%w Chicago, Illinois 60680-4355. The term

plastic" as u erein neans any of various nonnetallic conpounds.
synt hetical |y phedotwdy ¢ifnwanster 406G mibrigasreeriomse e §omgyciors of driver

| h f
ggnﬁgfg: ;ﬁg %@@%ncﬁlﬁ@ aﬁ?d“RPé a[i%stﬁgﬂ rdeﬁv'&hgtsvr%y BH%rfn?Hd@f andichandened for

astic dulus. as low as_ 15 20, 000
psi for ‘pumay acmmmehu@hb&éO@@Uodwdﬁﬁﬂy@D@@B*Xﬁplqyéésﬁﬁ”ﬂﬁé%l*od?ﬁc The

| ubl , f:
Dussek/ virmarfer SRPEIRRMa JEREE THE Co8e B S e el & L Sath.

St r ee?5 Chipbastjo, Pidk G308 Z%F(Phamédrl%@z Do 0980aEaRY I 21TE68 (7 BgnThi s
sol ubl e wax, H?%ahgﬂgwﬁ ol X@rfj %ﬁeahéﬁ'@%é ne:e t%ﬁ%fcthg&f él@He%tsfd?o

wet er
structure contal ning t wax core in wat er . 0 June 2004
molding. Conducrors 422,423, and 424 are extﬂnced through openings in feed
through 421 after the feed throug‘w is affixed to an opening in case 4C3.
Description of FIG. & .

30 FIG. 5 discloses a Coriolis flowmeter 500 having a pair of substantially U-

shaped fiow tubes 552A and 552B whicn extend through brace bars 520 and 521
and terminate in manifolds 502A and 502B. Manifolds S502A s connected by necx

570A inlet flange 501A; manifcid 502B is connectad by neck 5708 to cutlet flange
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Clains: 1. A Coriolis flowreter conprising: flow tube nmeans (101, 102, 201)
adapted to receive a material . flow frcma flowreter inlet (10c) and to
extend said material fow through said flow tube nmeans 5 to a rovvrTEbﬁ 2004 ‘
outlet (107); a driver (D) for vibrating said flow #ube neans; picKk" ot'F¢ -
means (LPO, RPO) coupled to said flow tube neans for generating out put
signals representing Coriolis deflections of said vibrating fl ow tube neaps
with material flow 10 nmeans (121) responsive to said output signals
generated by said pick off means for generating output information

pert ai ni ngsch@ S%Lb\d twmtsaﬁ?ad arfd 6922 hnde ehawratyer isgeaebis t hew $¢0BWtitibe neans
bei ng for I} Il et ne St 6+ th that
extends th O’u ({)ﬁ%%en |re f)nt h%qﬁe%%ﬁub%%ggﬁgéga%ﬁ{%%lﬁ%é lr;rgya?lfar 15 said
vet t ed mat&gGsednd 1398, pmmfdmmdmerfunnerr UdEB"'%ﬁ side BeomEeW Tubendiibs (217A
217B) each having a first en t; s I ans; a
first one'd a% ep')rlbé)sﬁtofnc Iggvgggg%gsrﬁgb&%fﬁ% easésgg%ggc%\#d&gﬁg IJg‘é‘apt ed
to recei vauﬁﬁbd{eﬁm*eoum bfdcevigara S8e@odd20nd ref flayaiudeplfashéretenew t ube st ubs
(217B) has_a second en pte SRfe 2. The
Coriolis flGHAR ?'?eerbrgf: Frasltl%af%WE ?"%Qn%:"’;&gﬁ%g?f)%ad:”ﬁ’l et f%gﬁéseé[%%}g%& and a
plastic outhetatkliangeif¢bosBEAcOUPS@B.t o ends of said plastic flo~nr tube

stubs means to _define said ovvrret n | gwnei-ey oMt et . 25 3.
The Coriolis fFPoW%RE LIr;lésrc‘:’ C{ g aernggc(?tef}%g' |r?%t2ﬁ\at sm%ﬁl astic wetted

mat eri al fth@wlrpahdssefw,ddaemnnméwh@se$ra51@nplsast¢1v:8¢ pvetpath AgEo(MOBEY and

sai d astic outl |a 104B ,1 £ ng t hrough

sai d bast‘?l%crroﬁ!‘;é%&? z§r'fb€g %ém tgl)%:’ as cgrfa {%%S{Al?gté Jst}ﬁ%g ?gﬁgﬁh gl?B) agd

sai d pl astrre0 fhen gdmb@tg@lg]ﬂm’l&p(ré}'&h)m@m @anrailscesm@tsea‘¢fathgelb(aﬁ®418) 4. The

Coriolis f ter. of I ai ﬁ1 rther nscé lédelxp dccg/%g t’lhg&_) | ©si ng said
iMool Sl el WM s

case pl astf{ot‘,” FLBE ES NGNS o I var and
sai d pi ck tofietermagsondl 52530hidhmeo2Q6ds SignAsCudiappiiss PLpmtrfemagiontT i si ng:
e a material flow froma flowreter inlet

;L\gwt zugitpgeﬁ@giaag‘%%ﬁ%ggﬁegﬁ ﬁ?r%h\ﬁfjﬁ‘r ough said flow tube neans to a fowneter
5 outhet; a drTHeenfrermatebbal w:@p teaicdcddtiow df thecorsarfgickpd itk BPfangeans
COUPL e et B G TPl pRBIE PR PR ke Al e esenting
parting line shown by dotted lines 561 and 5€62. Flanges 501A and 5018 may be
either be formed in the same process or alternatively may be formed independently
and coupled by plastic adhesion to necks 570A and 570B.
20 The Coriolis flowmeter elements of FIG. 5 may be enclosed within a case
{not shown) for the physicat protection of the elements of FIG. 5.
Description of FIG. 6
FIG. 6 discloses another possible exemplary embadiment of the invention
comprising a Coriolis flowmneter 800 having a pair of substantially U-shaped flow
25 tubes 801 and 602, manifoids 610 and 615, spacers 606, 612, and 613, input

flange 609 and cutput flange 611. The top portion of the flow tubes is connected to

driver D which vibrates the flow tubes in phase oppositiocn. The side legs 604A,

6048, 605A. and 6805B of thé flow tubes are coupled to pick offs LPO and RPO

which generates cutput signals representing the Coriolis response of the vibrating P
30 flow tube with material flow. The output signals of the pick offs are apptlied over

conductors 814 and 618 to meter electronics §25 which process the information

and applies cuiput signals to path 626 pertaining to the material fiow. The lower

20



material flow, 10 neans responsive to said output signals generated by said
pi ck off means for generating output information pertaining to said
material flow, and characterized by the flow tube neans bei ng forn%;aﬁof 04
plastic to define a plastic wetted material flow path that extends *HFBEGH
the entirety of the length of said flow tube neans; 15 said wetted materi al
flow path further includes plastic flow tube stubs each having a first end-
connected to ends of said flow tube neans; a first one of said plastic flow

tube stubs has a second end adapt to receive . said npterial a second
one of sai &U5IHEG Eicel ‘89\/69%@”&6{?%% ﬁ’\rﬁfscoé‘nggt@gﬁa rréarf?'Jgf:jtdtjea}(r.;) %dorﬁéog%m

di schar ge spipd: sRtseid 1ahs td ewniiacplastdre &dse encl osing sai d case plastic

fl ow tube neans and‘ sald_plastic stubs and i river and.said pick off
nmeans. 6. A CorToili"é"g¢ BWQré?t %Cf'””(,edf%tlos‘f‘ﬁ@‘:‘dé%glwéwqrﬁﬁee[\'ﬁgé%?ngbgpt ed to
receive a maiebi adw Ehowhfd=em iatd howrtiens imlctzrardidndedxe enavsaieds mat eri al

flow through said flow tube nmeans to a fl ter outlet: a dri for

vi br at Png @4%0279 898 abibedeaiyepi &8 18Ff°”m%§%cg‘lfﬁff8@ §'s rsegF!ggﬁ%w t ube
nmeans for QRAQIMRAIW &I%iItBYE03A SERIsSa e prrestntdsnge@onioat siscdidvect i ons of
said vibrating flow tube neans with material. LI ow penaﬂn%tg 3\99{1& ve to said
out put si gHaFS ispEREra Y BPBYUSENgS 5 1dKO G T e BhSE T RRAVYLING! 3FFRY out put

i nformation perdgiohé NGwk-@tes @D By B8 ifatbrickleaaby awntirdyas sBGedunsth2004
characterized by the flow tube neans bei nLg fai{TEd;-Of El astéﬂé Lo I_cliefl ne a

pl asti c wedaseabembyLR iPECEsE SIPRNRUCRAL e XEBRGS YRS EHE  8nti'F'ety of the
| engt Rpof Saddisfihewgh uheniRpRsosa de wetdredmarteds &10 sho@l PafThef urt her

i ncludes plastic flow tube stubs each 5 gavi n(gsa first.}_end conne”q%@d to
ends of sapracqIsdWtheIbRCIHERmESING TS ¢QE BHES 8t CLRPEIH"24YT & WFBW TUBE st ubs

has a secaopq,entheat@pliedohmiftEive sahshswadres pbstid lvmwmeates adbitice one  of

said plastic fow tube stubs has a second end adapted to disc sai d
material fe&RPLiorpoidag m%@'b%@%@t%ﬁéoeaﬁﬁr‘v@e%& r@i WG RER Eég' ?;6 f1 ow

tube; a plastikeobali@neevb@ant20Rsieul ent ety paeaintal bd mos@dddpbotetyube; and

a plastic brace bar neans (210A, 2108) co i saj | ow tube to end
P 15 and adhesive bonded tcg the sockets of)mamf%Pch fﬂ% andl éj1 g

Description of Plastic Iniection Motding Process of Corolis Flowmeters

Description of FIGS. 7 and 8
The first step in the injection molding process of the present invention is to

fabricate a core mold which is used to form the flow path core required in the next
-20 step of the injection molding process. FIG. 7 discleses a core mold 700 having an
upper half 701, a lower half 702 and vent hotes 703 and 704 which are used o
inject plastic into the cavity which is designated generally as 706. Cavity segment
706 includes flow path core cavity segments 706A, 7068, 706C, 7060D. 706E&, and
706F. Cavity segment 706 further includes manifold cavity segments 707 and 708
25 and core locating segments 719 and 720. The flow path core shown on FiG.8is
formed by the core path mold 700 of FIG. 7 when the upper half 701 is lowered so
that its bottomn surface contacts the upper surface 709 of lower half 702. Following
this, a low temperature fusib[-e alioy is injected into one of holes 703 or 704 with the
other being used as an air vent. .
30 After the injected meta! ailoy solidifies, the two halves 701 and 702 of the
mold are separated with the meatal alioy within the cavity segments of FIG. 7
defining the flow path core of FIG. 8. These include flow path core segments 801

and 802 as well as manifold core segments 807, 808, 803, 804, 806 and 8C3. The
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portions of said balance bar. 15 7. The Coriolis flowreter of claim®6
characterized in that: said brace bar neans conprises first and second
plastic brace bars (210A, 210B) coupling ends of said balance bar to'said’
flow tube; and a wall surface of said fiow tube contains corrugati cWslupgged4
in a portion of said flow tube between said plastic brace bars. 20 8. The
Coriolis floweter of claim6 characterized in that: said plastic wetted
flow path further includes a plastic inlet flange (104A) and a plastic
outlet flange (r104B coupled to ends of said fé pe;t (? . Trge Coriolis
f1 owret er &%7edT &itn a@ﬁé’?%ﬁtff@rif)%td"‘ul HOtHEP 34 OBaT%e SBAP<ARE "SAi d brace
bar nmeans apd S»Qlcd]oanW tube are enclosed within a case (103) to define an
integral Cori oI is floweter structure formed of plastic. 10. The Coriolis
f1 ownet er BESEICAEPPBTEPSRIPAT%EH in that: 30 said bal ance bar (202) and
sai d brace bar %aﬂ%le(c?é@étréwﬁipcamzd: gaiod v‘anﬂWstdjslael t6 28richtsane encl osed
within a case (103) to define an integral ﬁ‘l&aezf owret er §¢§<ucture

for med Sof pirBRIEISE: Nogonetengsng HE 42! (fﬂrﬁ%f) ESRREEP qT means
(417A, A178)mE0uPd £epsdl Haltreer | wad b 16f e seditioTaseicharesdswofkesaiatedbaliance bar
and to said flowtube and to said brace bar means. 5 11. The Coriolis

f1 ownet er Whick 2z HiNEY §UiEHB? MIFEICAdTHE S HEETE | i nks (417A, 4178B)

posi tioned intermdhats @ﬁﬁgm@m@ BRIAS fandpamc@re:ars@oc@mms i nk means
and coupling said inner of said cas

Coriolis fioomas el be c@viy m ievetRal 8@% er ﬁ?e‘c?"i‘h op ﬁfé% w&?a Sﬁ%\?‘é{hte 10 bar

cont aiygs SB‘éé@"Faeec%@rﬁ@Qﬂi)ﬁas( 435:n4359 43R} floarioed etﬁme}?ﬁt@ﬁi b@fcfrﬁfer* and
facilitating the nounting of said driver andshei_gO ﬁ ng]anst sai d
bal ance ba$04418nd §PRA ExtieMmasipldswrdietowmetar é‘ﬁ% QUFEN YR E t hat
sai d drivegr,)asodr i3 a5kl JreBhni 1h43a )it/ csfttsgrcaJ«erWatfmosaleebatangelabar and
further has an 15 electrically conductive coill %A}'ﬂﬁﬂ% sai d bobbin. 14.

The Cori of POTEiBNHBISANG B2 (ERURNPING AR AL FRF FY e GR% of f

means has ?e%%é}% b¢9 BAbBLA id Heaap@l o Wdde &R %mgbmr&ee baninand ctuet her has
an electrically conductive coif on said bobbi

f1 ownréPer e ebpdrmel “ORds mendpyeed snthehap bga%r %%sﬁa&ﬁés”‘&a}scgﬁﬁ%g Bs said

flow tube. 16, The PRUIHIHaF dobanmeties weicrchiasim id thjehiad and enhgatbdning hat
said balance 25 bar is parallel to said flowt%be and has a Io |t di nal

axi s offseQOWro%Stcr{emp@hg?ff Bt wah th P SpPPRANG PRINGW SELIE. 2TV riolis

fl ownet er Jﬁfecfejdal é’@u@a felAnAGHSE LEaE) ddy~idrad osmbdwrﬁabpw oigeanteans. !Ctdﬁ’pl’l ses a
first flow tube (101 ) and a second flow tub l%lhqg%aand t hat Ssgﬁéja?)g

Coriolis fihawrrseles ey eHemOE g B8 positionea vity segment
20 929 of jower half 902. FIG. 9 shows cavity segments 907A and 308A for brace

bars 907 and 908 and pick offs and drive brackets which are formed during this
molding process.  After the piastic has time 1o cure and solidify, the upper and
lower halves 901. 902 of moid 800 are separated and the partially completed
Coriolis plastic flowmeter shown on FIG. 10 is then removed from the cavity

25 segments of lower half 902.

Following its removal from the cavity of wrapper mold SU0, the formed

structure is heated to the ievel required to meit the metal flow path core 800
contained within the plastic s'tructure. The metal melts, flows out and ieaves the
flowmeter structure 1100 shown on FIG. 11 which includes two flow tubes 1001

30 and 1002 having hollow centers formerty occupied by the metal flow path core 800
shown on FIG. 8. The structure shown on FIG. 11 alsc includes input manifold 804
and output manifold 906 brace bars 807 and 908. Cpening 803 of input manifold

904 receives a material flow into the input of the flowmeter and diverts this flow intc
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brace bar neans (110A, 110B) having a first end connected to sai d first

fl ow tube and a second . end connected to said second fl ow tube, 30 June
2004 18. The Coriolis flowreter of claim 17 characterized in that ?’ﬁ 2004
wetted flow path includes a plastic inlet flange (104A) and a plas June
outlet flange (104B) each coupled to ends of said first flow tube and of
said second low tube. 5 19. The Coriolis flowreter of claim17
characterized in that said brace bar and said first flow tube and said
second flo tugﬂaeencl i rdolis

f I owret er \génﬁrl‘"’sl""n'c’ aﬁ)e?éggec% Cng’maans a%a f\eoga%gj ﬁci{%g%)voe@gﬁrrﬁ?@%dal fl ow
froma fl oGf®tenrcH ayputin ﬁﬁ@?t‘\goaxt&emd sad! m‘mﬁﬁralll"ﬂ oKt freolgh S98i d 1 ow
tube neans_t . Jagmq neter, o C mo.n@s \rgedrS,f.g,e idibrating said flow tube
means; pi ckEot T > neanscou Ted o said ow tube means for generating out put

15 si gnal sDeepresent Frig Qorl olis deflections of said vibrating flow tube
means wth mategial,, S%owS arg%anaefe $Ronsi pgwga . SaiAnaUERUL LS hghals gener at ed
by sai d pick of T Teans erating ou “'hf ormat i on pertarning to said

mat eri al f hoWwitapdoss @Iesfchbw tareGReans 4, §Of erdgd. dfcwphrastil@Ofes define a
P hasl b ot pes Bl 6L Qoo O RALO N BlagRaraRas 1| MLOUGR, L8 LHmEgtY. O

the | engt he%ﬁe saray Pow“t ube neans; “sai d ow tube neans conprises a first
pl astic fl ewi tube Candudingecandeipl astmeafidteintidthevrbpacsbardieatiscthavi ng a

sai d second 1 61 TUBSI225 620 VL TEE I O Barh HLrUaRE 2 17 FOR B eti ¢
stub def i namyoavep|lastdiects! fetd:dethrmnl‘ffﬂhdncr%dasazmml |<ﬁgqesa2@1 isnhet fl ange
2 second pRAETTE EUB0 Bero e o4 Jpact: & B Her Rans Fod L0 coupl i ng.
sai d out | ethaf, Iﬂanges 1 20 204rid ezoqoamtaduaswefoosaedtd inestxizipddgecene dflcens t ubes.
low tube. (405%) "AR" Ka] 8 TSRRGRE" T ok TLI58 { 2508 Are S v i TS0 Jine
2004 22. The Cdttaaddss! 20k anwaet2€s indfludd eeme2is thad abicbrare gk iagid batersai d
wett eqS surfaces of each flange, an axial inner face 1206 and an axial outer face 1207, a
beveled surface 1211, and a stub 1209 having an axizlly inner surface 1208 which
is adhesively bondead to the outer axial extremities of case 1201,

Also shown on FIG. 12 is meter electronics 1221 which over conductor 1223
applied signals required to energize driver D to vibrate flow tubes 1001 and 1002 in
.20 phase opposition. Conductors 1222 and 1224 receive the signals from pick offs
' [LPO and RPO representing the Coriolis forces induced in vibrating flow tubes 1001

ang 1002 with material flow. Meter electronics receive these signals over

conductors 1222 and 1224, processes the signals and applied cutput information
to path 1225 pertaining to the material flow.
25 Descriptions of FIG. 13
FIG. 13 discioses the lower portion 1301 cf the wrapper mold 1300 used to

fabricate the Coriolis Iowmete‘ of FIG. 5 by injection molding to produce an all
plastic flowmeter with the exceptlon of metal conductors in driver D and pick offs
LPO and RPQ of FIG. 5. Wrapper mold 1300 includes a lower wrapper moid 1301
30 having cavity segments that define the exterior of the Coriolis flowmetar of FIG. 5.
In order to facilitate an undersianding of the correspondence between the
elements on FIG, 5 and the cavity segmenis in the wrapper moid portion 1301, the

last two digits of each reference number on the two drawings (excluding

N
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flow path includes; a plastic inlet flange (501A) coupled to inlet ends of
said first and second flow tubes; and a plastic outlet flange (5018) .
coupled to outlet ends of said fist and 5 second fl ow tubes. 23. Tr}@ 04
Coriolis flowreter of claim22 characterized in that said wetted fl v!/mbea%q]
further conprises: said plastic inlet manifold (502A) connecting said inlet
flange to said inlet 10 ends of said first and second fl ow tubes; said

pl astic outlet manifold (502B) connecting sai d out |l et flange to sai d out | et

ends of said first and second fl ow o e
cl ai m 23 chaPHEEFH 28078C °'th%ﬂecéé‘:1’5dtﬁlf8 rgsmr}oaeﬂﬁr gﬁds s%alvﬁufbieg\s@tx%%nd “second

fl ow tubes a1k @RER. Gf =rs@iztin pA MBI foal, dﬁs@reorencmfs?_e“daw tBhEIE an mlasw C case.

25. The Coriolis flowreter of claim1 furth CoApLLSLNg tic.case
(103), 20 pl ast i RBUPIEAGE MHNS" UQﬂ?p“fd'@%)‘ tﬁg{)' (IIJO%J &&sgl ?ﬁce{%ép

sai d pl ast i g:f bow Haghecrgamsed aaipbofl} ovsdrithe tcm‘mnsa @*26@& s)'fucs_lrpl astic and

posi tioned W thin said case and adapted receLy, terjal_flow. said
driver PD) "WPEFabEY & Wﬁ?%%??é@f“l 6%%%% ‘gfg rsrgil tlhl‘:cﬂE()'?%‘lgwrreans

(LPO RPO) ths sGosiplaedichzrsabshripoasd ictihklfow mu@eesmeaasfmsmpagenemcatamg out put

signals representing. Coriolis defections of sai i.brati t | ow
t ube means %H YRt 'é¥§ LrEP SR AN ci”%uisdﬂ?erg’ddﬂ% e fﬁg gr(gqgiﬁ)pl i ed

to circuit rwrabb@tmggngoat es informati on pertaining to sai d rrat erial flow.

30 26. The Corialis flowneter of har acte driver
has a pl astic bdPBICAVEGIHATRNE oops'ggcg ‘El’ﬁ&/“ uBe el 5123%2 o 'Eai g’é‘{asé lgBff

means h@avi ngfaes R Jﬁstdf@ubgammxquab@@d fiowSeted: f:.imw ﬂagbmnmaﬁsﬂ,A 35~ 30 June
2004 27. A nmethod of fabricati ngifjt he Corjolis fl ovvmatf of cI aid
3

met hod corrpﬁ%?’ﬁ‘é"‘ir}féefg‘ﬁé% right S'EBIFRSTY 18° A0 uEF AYH: %egam%feﬁ aEi” | ow
path of saithofhawHddprREnsobys $1j &6 EPYCEF W, orlityl segrpwitat 36et.a, @r

soluble material into_a cavi hr of aid.cavity defining
sai d mat er iH¥F B MHiRD F&IRE ﬂBWe‘E&"@ﬁ&@%S@% gr ﬁgan(ﬁ% c\é}‘r |I§ %f P& path core into a
cavity of ase\gﬁ@a&esozmbﬁldaedzglmtmgem ﬁhamma@@sozmlnd 50@8f andcavivavi ty

bet VWeen the outer surface of said for ms*&/P Ial’jai’%%g’% g7&§)re and the

interi 6 sePAEBSOES/84iaPdcHRAAR WBIChLgfige ” dard tavity of
sai d wrapper nolrde defikes dhenPdbeFIGLs fséfceﬂ@f wbah @ fidwopathulbes meaisy

meiting temperature alloy is inserted into the cavity of mold segment 1302. Then
an upper mating meld having cavity segments complementary to that of lower
wrapper moid 1301 and having a recess for accommodating the center upwardly

20 extending segment 1302 of wrapper mold 13031 is lowered onto wrapper mold 1301
to form an encicsed volume. The structure of'FIG. 5 is formed when plastic is
injected into the wrapper mold cavity segments . After the inserted and injected
plastic has solidified, the upper and tower portions of wrapper mold 1300 are
separated and the formed structure is removed from the cavity segments of

25 wrapper mold 1301. The flow path core is then removed by meiting. The
remaining structure is identical to that shown on FIG. 5 with the exception of
fianges 501A and 5018. They are separately formed and afiixed by adhesive
bonding to the flow path necks 570A and 5708 to form the compieted all plastic
flowmeter of FIG. 5. P

30 Description of FIG. 14

FIG. 14 discloses the details of a wrapper moid 1400 used to fabrncate the

single straight tube Coriclis flowmeter of FIG. 2. The cavity segments on FiG. 14

are identified by reference numbers whose last two digits (not including
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filling said cavity of said wapper nmold with plastic to forma nol ded
plastic flow tube nmeans that contains said fornmed material flow path core;
renovi ng said nol ded plastic flow tube nmeans contai ning said formafcl, 215 2004
material flow path core from said wapper nold; and renoving said 8 HES
material flow path core fromsaid nolded plastic flow tube means by raising
the tenperature of said nolded plastic flow tube neans above the nelting
point of said nEtal formng said material flow path core or by dissolving
sai d ol degiphgidted dratarnéab afd iewnfal bo ceneswivbhyigssaliveptrs 36tHNe; / N N N

/ N1lo/ Ni / N /NnI/N/ §jI\I8/N8/NnIh/Nn /NS/N9c/NS &1/ N Nn; /Ni?' /I NU N

I N/ NS/ NS FRITF R/ N AN MREHE Y RS NSERRNEARAE ™ BhnyecPi9egP"

1RV} xsni d_Z]rea} @]n@alccra;] \Qﬂa]o(z‘)@} gr)€alom]cade ahoajeajcaleal caliea) cal cal cal

ca] ca] ca] ca] cal ca a calcal v
K : ' &) % )) % * QIR ]GG'SM?JFP WH& 5;] @Fcaa]“(?%%gjpcma] 'CaEsR ing the flow path
a] ca] ca] cajorcabsabeal s‘&is ca] ‘Cral: cateat eafcef rahealeabeal cajcriendeal cal cal/
0 1112283X34S4 67’\778)(

: 2<y<<<=feEmEN oexi‘]']%%ﬁ %?]*%'a?]t@a] é%ﬁ EAY YA AfCa] 98]%&‘]%%3]%%]“&] ca] ca]
Ca] ca] ca] ciak@alt slcrinadealeal @aligabeakan) oaalsfining fiange 104A of FIG.
SWe>>?7d?7?7? RABCBBBB" CnCCC, Dt DDDD1LEEEE) FgF} xsni g Z%] ig%ca%ca] cal ca] cal ca
] ca] ca] ca] CE A} EANFRAY SAPESTLAFWHT ¢ HF &‘g‘]%afc‘ Fc ¢aF Ca] ca] ca] ca] ca
] ca! qFFFEGFabFEHRBII400 also requires that a core be previously formed representing the

J_JJK) K~KLLLDMVIVVMVM NNOP sni d calcalca ca aJ caJ ca
ca] ca] 'da] chpeaPeyEes] %afeéa”cfg]}b)ééaf{?a] ] @?]ﬁ@&]ec’%%f@é]o@%’ %’ %@ﬁkﬁ%—% }DHP]~
mREZRRE“SSgaSL?’nU%EFEI@ILFﬁGF lIJSUIS/e crisésn?%tcg]a]recaa?ecsmna*ed as element 1403a ca] ca] ca]
e Slcal caped

ca] ca] ca] e CAPEAICA] 68F é%f]réa?’ca]”ceaf%\a]?éﬁﬁﬁ‘?f’c | VZ\WVAVWVY
W XKXXXAY (KA el nh]echcﬁr\ Ho%:%d EbERABA 18l abHsbslazld 6] z) cakeahcs}@a] ca] ca) ca
] ca] ca] ca] cal] ca] ca] ca] ca]ca]ca] ca ca]jc%] Jﬂ%aFl Cc E]ga ca a]i cal.ca]ca]calcald_
it IpEgasgPwesdly projecting stubs LP 0] efine openings in the
d7dCdyedd(iemeee @Ch6d fctrfrs@m]zwr; ehed calcale alis abcadeakeal Cﬁ]ecralbﬁr&lg] caj ca] ca]
ca] caV] ca] ca] ca] ca] ca] ca] ca] ca car] ca caLca ca]ca] %aa] car]scg] cg th4| i1 7kk! . m-
mnmoQooocﬂ?b"ﬁt]’@ ¥ %)rp} ¢ting stubs Cross el t 1402 are use efi
sgsstVttt }a@ﬁmgaﬂ theabaakradtal eabsaheabsaden] Tedealpealerleal.eed ca] ca] cal ca
] ca] ca] ca] ca]] r} ca cal ca] ca] ca& % caI t#uzuuv;% Wxx Igy<yAyTyayyT
zzD{{{] @ |®9F"9} %‘H?atuzw E&-]C@af peajtata e s8] €4]"c4 taf €af ca] ca] ca] ca]
ca] ca] Ca] a6 @a] galpadten walepdsalea]sales] g8 eabletee tala¥iéXdiar core
{[r u{ i.d Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
ca] ca% d%?‘@d%réﬁ%%r E'Q]Ci?é{}%a] ca] ca] cal OF#
] | J]Tz Uf] e] [ V] cajesainea] 43ﬂ7]A3§r\ﬂ ¢a] m]aeea] er%gsﬁ]:gﬁ]g@ama&@ar]@a]tfﬁ‘al i:a] i:a] i:a
caljca]cal]c al ca a aJca]calcalc
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~&V/~xsni ca cal] c™al.c a] ca] cal.cal.ca] ca] ¢ c™a] ca] ca
ca] ca] ca] @aﬁﬁﬁs} é?% %T%’lv%‘]‘té ]A@Eg\?]ffb“]zﬁ%hl C@r'}"?’naﬁ ¥ g#ﬁ%&r‘f’a\ W]calc
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wr irthe ca calca calca]ca
caj ga] caj é%{]”%‘g &g]’%ﬁ Jﬁ]& ' lﬂ”&”&] %’F?gfg‘&%&/b}f f%/ é{\o}%i dm %7%] ca]ca] ca
} ca] ca] cabgia]@]@aio?%@jR@a&rqaé eahgale abeajaa] sadivalisateal cabcahsal ca) ca] ca
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in step 1504, the formed material flow path cores 801 and 802 are removed

from the core mold 700 and placed in the cavity segments, including cavity
20 segments 828, 929 and 904A and a06A of wrapper moid 900 having an upper half
901 and a lower half 902. The protrusions 818 and a cerresponding protrusion (not
shown) on the right end of cores 801 anc 802 facilitates the accurate placing of
cores 801 and 802 in the cavity segments of wrapper mcid 900. Wrapper moid
900 aiso includes cavity segments 907A. S08A, LPO, RPO. and D for forming
25 brace bars, 907. 908, and mounting elemants for driver D and pick offs LPC and
RPO.
tn step 1506, the two halves 801 and 902 of the wrapper mold 800 are
closed and plastic is injected'into the cavities of wrapper mold 900 to form a plastic
Coriolis flowmeter structure 1100 containing the matenial flow path cores 80% and
30 802 and other structures including manifoids 804 and 806 shown on FIG. 11
in step 1508, the formed Coriolis fiowmater plastic structure 1100 con tammg

the matenal flow path cores 801 and 802 1s removed from wrapper mold 800.

B
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FIG. 16 discloses the process steps used to form the dual curved tube

Coriolis flowmetar 500 of FIG. 5 using wrapper moid 1300 shown on FIG. 13.

10 Step 1602 begins this process and includes the step of forming & pair of
curved matzrial flow path cores of low temperature metal or seluble material.
These cores are not shown on FIG. 13 but are formed using a core mold similar to
that of FIG. 7 but of a curved configuration with the formed material flow path cores
being curved but otherwise comparable to mazrerial flow path cores 801 and 802 of

15 FIG. 8.

in step 1604 the formed curved material flow path cores (not shown) are
inserted into cavity segments 1352 and 1354 of the Jower portion 1301 of wrapper
moeld 130C. This mold further includes cavity segments 1320 and 1321 defining
brace bars, 1350 defining flow tube extensions, 1302 defining input and output

20 manifolds and 1370 defining neck elements for flanges 5C1 of FiG. 5 which are

| subseguently added.

In step 16086, the top pertion of (not shown) of wrapper moid 1300 is
positioned onto the lower portion 1301 and plastic is injected into the cavity
segments of the wrapper mold to form the plastic Coriolis flowmeter structure £00

25 of FiG. 5 containing the curved material flow path cores {not shown) on FIG. 13.

In step 1608, the formed plastic Coriolis flowmeter structure 500 is removed
from the lower porticn 1301 of wrapper mold 1300.

in step 1610, the matérial flow path cores are removed from the plastic
Coriolis flowmeter structure 500 using heat to melt the low temperature metal or by .

30 dissolving the soluble material representing the cores by immersing the plastic

Coriolis flowmeter structure 500 in hot water.
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moeid 1400 with the cavity having an inner surface defining the plastic Coriolis
flowmeter structure 200.
in step 1710, plastic is injected into the cavities of wrapper moid 1400 which

15 contains the cores 1401 and 1403.

In step 1712, the formed plastic Corjolis structure 200 is removed from
wrapper mold 1400.

Iin step 1714, cores 1401 and 1403 are removed from the formed plastic
Corioiis flowmeter structure 200 by heating the low temperature metal compnsing

20 the cores or by dissolving the soluble material comprising the cores using hot

water. |

It is to be understood that the present invention is not limited to the
described embodiment: but that it may be used with other types of Coriolis
flowmeters including single tube flowmeters of ireguiar cr curved configuration.

25 For exampie, it has been described how a Coriolis plastic flowmeter can be formed
by the use of injection molding. !f desired, the entirety of the descnbed Coriolis
flowmeters can be formed by a single injection moiding operation. Alernatively an
all plastic flowmeter can bhe ;formed by separate injection molding or cther forming
operations in which parts are formed separately and later joined together by means .

30 of adhesive bonding. This is particularly true for certain embodiments in which it
may be desirable to form the case as a separate elemen: whicnh is later bondad 1o
elements priorly formed by injection bonding. Altemsatively, in some applications it

may be desirable to form the case of metal rather than plastic for applications in
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with materiai flow,
10 | means (121) responsive to said output signals generated by said pick off
means for generating output information pertaining to said material flow; and
characterized by the flow tube means being formed of plastic to define a
plastic wetted material flow path that extends through the entirety of the length of
said flow tube means;
15 said wetted material flow path further includes pTastié flow tube stubs
(217A, 217B) each having a first end connected to ends of said flow tube means;
a first one of said plastic flow tube stubs (217A) has a second end adapted
to receive said material flow; _
a second one of said plastic flow tube stubs (217B) has a second end
20 adapted to discharge said material flow.

2. The Coriolis flowmeter of claim 1 including a plastic inlet flange
(104A) and a plastic otitlet flange (104B) coupled to ends of said plastic flow tube
stubs means to define said flowmeter inlet and said flowmeter outlet.

25
3. The Coriolis flowmeter of claim 2 characterized in that said plastic
wetted material flow path further includes said plastic inlet flange (104A) and said
plastic outlet flange (104B) with said material flow extending through said plastic
inlet flange and said plastic flow tube stubs (217A, 217B) and said plastic flow tube
30 means (201) and said outfet flange (104B).

4. The Coriolis flowmeter of claim 1 further including a case (103)
enciosing said case plastic flow tube means and said plastic stubs and said driver
and said pick off means.
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having a first end connected to ends of said flow tube means;
a first one of said plastic flow tube stubs has a second end adapted to

receive said maternial flow; _
a second one of said plastic flow tube stubs has a second end adapted to
20 discharge said material flow;
a plastic case enclosing said case plastic flow tube means and said plastic

stubs and said driver and said pick off means.

6. A Coriolis flowmeter comprising:

25 flow tube means adapted to receive a material flow from a flowmeter inlet
and to extend said material flow through said flow tube means to a flowmeter
outlet;

a driver for vibrating said flow tube means;
pick off means coupled to said flow tube means for generating output

30 signals representing Corioiié deflections of said vibrating flow tube means with

material flow;
means responsive to said output signals generated by said pick off means
for generating output informaticn pertaining to said material flow; and
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portions of said balance bar.

15 7. The Coriclis flowmeter of claim 6 characterized in that:
said brace bar means comprises first and second plastic brace bars
(210A, 210B) coupling ends of said balance bar to said flow tube; and
a wall surface of said flow tube contains corrugations (305) in a portion of

said flow tube between said plastic brace bars.

20
8. The Coriolis flowmeter of claim 6 characterized in that:
said plastic wetted flow path further includes a plastic inlet flange (104A) and
a plastic outlet flange (104B) coupled to ends of said flow tube.
25 g. The Coriolis flowmeter of claim 6 characterized in that said balance

bar and said brace bar means and said flow tube are enclosed within a case (103}
to define an integrat Coriolis flowmeter structure formed cf plastic.

10.  The Coriolis flowmeter of claim 8 characterized in that:
30 said balance bar (202) and said brace bar means (210A, 210B) and said
flow tube (201) are enclosed within a case (103) tc define an integral Coriclis

flowmeter structure formed of plastic;
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(417A, 417B) positioned intermediate said flange means and said case connect

fink means and coupling said inner wall of said case to said flow tube.

12.  The Coriolis flowmeter of claim 11 characterized in that said balance
10  bar contains surface elements (438, 435, 437) formed of plastic for facilitating the
mounting of said driver and said pick off means to said balance bar.

13. The Corolis flowmeter of claim 12 characterized in that said driver
has a plastic bobbin (435) integral with said balance bar and further has an
15 electrically conductive coil (421) on said bobbin.

14. The Coriolis flowmeter of claim 13 characterized in that said pick off
means has a plastic bobbin integral with said balance bar and further has an
electrically conductive coil an said bobbin.

20
15. The Coriolis flowmeter of claim 6 characterized in that said balance

bar encloses said flow tube.

16. The Coriolis flowmeter of claim 10 characterized in that said balance
25  baris parallel to said flow tube and has a longitudinal axis offset from the

longitudinal axis of said flow tube.

17.  The Coriolis flowmeter of claim 1 characterized in that said flow tube
means comprises a first flow tube {101) and a second flow tube (102) and that said

30  Coriclis flowmeter further comprises:
brace bar means (110A, 110B) having a first end connected to said first flow

tube and a second end connected to said second flow tube.

33



1022] B'10% & ()-;: F10% & ()- BL10% & ()-:$10% & ()-: BTL0% & ()-! Bk
10%f& ()-f p[dEYNCIO! 1027 "10% & ()- BW 10% & ()-

710% & ()-:B10% & ()- n$10% & ()- BOLO% & ()-[ | aBYNCLO!

1022( @ 10% & ()-! x+$10%& ()- *]10% & ()-B ' ULO% & ()- OK10% & () -0 June 2004
h$10% & () -/ #& aB7C10! 1 10f"q<10% & ()-(t810% & ()- -

610% & ()-:!~3H#10%& ()- 010% & ()- 01Q0% & ()-" 67¥wrN/ O
G10% ( 3 -] 4108& (Y gwie'qmiS(f}aw(*%eteI@ff&*a(iWH7 chdae E(Y)Z-‘a%’%ghg% $did etted
1 V\#A B 1 00 " 1 n !/ 0 1 - 1 . (y 1 ) - :
(ousre (ARG R i Bl > sadpig b stiess
10%&. () - B1836% €dupied'ta @XMl s(of-daiarfirad Bow tuecwmd tiseid@scynd &@wdm@ﬁ()- '
109& ()- &10%&' ()-$ 109%& ()-B"10%&' ()-!~"#$dE: /1 10 10<109%& ()-}57

109& () - e3#109%& ()- k2x10%&' ()- @ 109%& ()- (-x"109%& ()-$%RuVv7/1 10T
T1096 &5 ) -W 109 & () The Is(DowmBtek@Ftciin) +7 vhdrkodsrizat (i) 1zatieid &rqoe

10e*-}7?7/1 10$ 109 & () - »B& ()- ‘() - ' () - ‘() -
! $iocy3&- ()-ba@;sqidlfggﬁéo\!y\év@pé%@%aﬁ sa-ercolnlcP (f)fgv% t&ge Ial"zel g%l%é‘e& Mi%ir%ogfggfic()

case (103).

20. A Coriolis flowmeter comprising:
10 flow tube means adapted to receive a material flow from a flowmeter input

and to extend said material flow through said flow tube means to a flowmeter
outlet;

a driver for vibrating said flow tube means;

pick off means coupled to said flow tube means for generating output

15  signals representing Coriclis deflections of said vitrating flow tube means with

material flow;

means responsive to said output signals generated by said pick off means
for generating output information pertaining o said material flow; and .

said flow tube means is formed of plastic to define a plastic wetted material

20 flow path that extends through the entirety of the length of said fiow tube means;

said flow tube means camprises a first plastic flow tube and a second plastic
flow tube;

hrace bar means having a first end connected to said first flow tube and a
second end connected to said second flow tube;

25 said wetted flow path includes a first plastic stub defining a plastic splitter
manifold (904) coupling said inlet flange to inlet portions of said first and second
flow tubes and further inciudes a second plastic stub defining a plastic combiner
manifold (306) coupling said outlet flange to outlet portions of said first and second
flow tubes.

30
21. The Coriolis flowmeter of claim 20 characterized in that said first flow

tube (555A) and said second flow tube (555B) are curved.
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23.  The Coriolis flowmeter of ciaim 22 charactarized in that said wetied

flow path further comprises:
sald plastic inlet manifold (502A) connecting said inlet flange to said inlet

10 ends of said first and second flow fubes;
said plastic outlet manifold (502B) connecting said cutlet flange to said

outlet ends of said first and second flow tubes.

24. The Coriolis flowmeter of claim 23 characterized in that said brace
15  bar and said first and second flow tubes and each of said manifolds are enclosed

within a plastic case.

25.  The Coriolis lowmeter of claim 1 further comprising:
a plastic case (103),

20 plastic coupling means (109A, 109B) that couples said case to said plastic

flow tube means;

said flow tube means (201) is plastic and pesitioned within said case and
adapted to receive a material flow;

said driver (D) vibrates said plastic flow tube means;

25 said pick off means (LPO, RPO) is coupled to said plastic flow tube means
for generating output signals representing Coriolis defections of said vibrating
plastic flow tube means with material flow;

said output signals (122, 124) are-applied to circuitry that generates
information pertaining to said material flow.

30
268. The Coriolis flowmeter of claim 28 characterized in that said driver

has a plastic bobbin coupled to said flow tube means; and
said pick off means having a plastic babbin coupled to said flow tube means.
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wrapper mold;
10 said cavity of said wrapper mold defines the outer surface of said flow tube

means;
filling said cavity of said wrapper mold with plastic to form a melded plastic
flow tube means that contains said formed material flow path core;
remaving said melded plastic flow tube means containing said formed
16  material flow path core from said wrapper mold; and
removing said formed material flow path core from said molded plastic flow
tube means by raising the temperature of said molded plastic flow tube means
above the melting point of said metal forming said material flow path care or by

dissolving said molded formed material flow path core with a solvent.
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