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25  balance bar can have undesired lateral vibrations (perpendicular to the drive plane)
that are equal in frequency to the Coriolis deflection signals.

It is a problem that prior art flowmeters use elements such as weights
attached to the cylindrical balance bar. Weights can lower the resonant frequency
of the balance bar, but they do nothing to separate the desired and undesired

30 vibration frequencies. The use of weights is costly and undesirable and limits the
density range of the flowmeter..

ltis a further problem in the prior art single tube flowmeters to mount the

pick offs and a driver to a cylindrical balance bar. Pick offs and drivers comprise a
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bar, in the mounting of dniver and pick off coils to the balance bar, and in the need

for a separate brace bar to connect the balance bar ends with the flow tube.
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meter wi a sensitivi i ndependent, o uj ensity. Larger voids
tend to | GRePNaSBERVE fRaURTaYETahat fEIRSST GRS FRY 1T S TRRHEGEnd. bendi ng
frequenci Gf]quag@}dalng%d dnainvamh@tsm:twtelmmb texswang fltdﬁﬂeﬁd':igk thé ﬂodvmg&t) &rm(}s t ends
to raise t rive fr e .and |ower the bal ance bar. second bendi ng
frequéd cy.b%mﬁr%&wﬂg%'ésq%ﬂr Y'g@gf"i" 8H1p59PUdf§ 59??@’%96?'8§‘,”%%a??é'clepequency
separati on can Tis satsfétoftnisscamdrtifheyahsiBuit @eybi8l changbs aoukidbesard | vity t hat
is i ndepenge%t OtI" fl ?” d. densi t it Th%?bal ance b.gr of tcgeh gﬁaseqt i nvention
al so has d9CAPEPOPSF MAERAINAP (FIREPFRYE OYRE X8 faoed MUt F8MBSRp i t ude t o
be | ower tdwxasptihdosk hotaranstelr nbadicerdughhraadd ovetifinbss inAle PAST &t meeis.ear | i er,

e T S e e i L G R R T

cent ee0secimalh fafrtHe@otz kranstiéfnbss ofathd batdrice has i privrtanemeteds ipaifiuseds, t he

drive anmpl,jtude of. the bal ance har c reduced. whi intaining neter
bal ance. " HRiRERRE! o SO LARRES pBf CyFRe SE i M S Eeh b BB Bfihe T1 ow ¢ ube
7 WO 0110280 57 He(id bR &1 Te praserdasentibhehgevee habitfid stifftesef t he pi ck

of fs and thus in¢reases ter flow.sensitiyity. Wth ast. | ance bar,
mmse and <eTPrRELSRERE tolfaihabh Y RIS H Shikopd it B i ana any

| ocati on whe knts bt the tedldnoe baoandiohdibd beaxst bars. Madioo ef tHeendaial suntazebar

anpl i tude. further adva h | anc ar .t he pr.esent

i nven%' on tp%reféﬁg,?rratnﬁ%rss?\ & %‘l}f@ggsr g’lftgté'u@hée)e%f ?%aﬁaenb els‘egfhbsfref%{f)se' %Fg?fi brati ons
whi | e | eanatanpcelwed aivwiderphegeeoffiviid densityshaot plidrartrab@nsce bar substantial |y
unaf f ected. Thi 1.0, 7.8 | i W? ] I vi brati ons
whi | e raising t@gﬁpﬂs%étﬁe&%?@ge%ﬁ?a‘fEsﬁég%rﬁ?%rgﬂ 0 ﬁé}ﬁ %‘régtl(?‘&g;\rrtﬁ%equenci es by

t he side rrebenamefranusncylod tibessicord beondiog ivibratbndebdie ot thebakingadhs Thus be

applied t e. I at e . . i i | ti-ng
undesir ed%é%q'ﬁ%ﬁ%ﬁéé ﬁ&er ‘g’e@‘%ﬁ@ﬁ%g&ﬁé"ﬁﬁg \F\h%u%@ g’ﬁﬁ%\ng\%ﬁh?‘ﬁé ?g‘g@g?f requency
separ a@ i onthé cemet bith€mriance vadeith ecleflectiani aynplitsde dmesct side bf thatreset he
scouracy dPRSGsRisPEs T e ShrRa ok & MER-ReB Eall T tne

bal ance baxciédby frer Qorialis tibftedtiabiof tet flavntupeo Gtdssexciatmosfitie balaecéol es and
T Hh e 8l eceRIeml Pl 4l AR E AR "For e
mounting of the pick offs to conprise material added to the brace bar

rat her than machi ned away. By addi ng p&ds, the wall thickness of the
bal ance bar



20 is not locally reduced and thus there is enough material for tapping of
tHe holes for the pick off nmounting fasteners. A further advantage of the
present invention is that the fabrication process includes the provision of
brace barsydpi/pgisal with the bal ance bar ends. The integredr/steaa7bars have
a center opening for receiving the flow tube which extends 25 for the
length of JLhecddnaRs Rbw b BEANEE 1A sEAGHHY Edting Pa%thhtqgar ce bars
elimnate the two critical braze joints that were fornerl y to
connect tmwmtbaﬁ@qventmtbel ielis geflectinnfiigaupeey taé%ltfbﬁéi"aﬁd advant age
of the inyeaLbAll) deldioid [Ie abilRubhbsr @b dalnderiesent il gvabuignpare

integral with the bal ance bar so that they provi de added cross
area to tKerighs dekectipas of thetflow Wégi dhison RRée VeAtPS, redueesdbigégparests secti on

ar ea rfdu%%?nohé‘eem&@n%hgﬁ ﬁ%?lg\ﬁt 8@6&:3@% %kco%%&?sﬂ ye or tensile

t her forces applied nce bar the ow tube or the case. The
voi ds on éetéhvem@@bet\'\reendeetlew tgee:en@the)balanee bay. aleesmaller appargppl i ed t o

a prior ards s d%ﬁc@i %@éﬁotﬁq/thesg@{( %ﬁ‘ué?tflt'ét?h'ldaére%%@@&ﬁsl tﬁﬁ\ﬁ/’of eU| d

result in a locall d cross section ar ea n the
prior art nbeteantd@we\eer thaxdegreaserie sensiffiity giiedp the Codslisdiiel 4xedatian affike prl or

art bal ange Ak a9 sBod Rt b BTREIAI M6 dld BB ddsiiobt fleleaul

unaccept abl Igh stresses 11T the areas proximate wever, the 5
bal ant@ bardependert qftke tid densibht i on has a cross section area in t hese

regions increagpad: by Ctolﬁ'c:)h%fl étepf atl?%%ehgl‘ﬁvﬁm E@eére\éaéé%% St resses

are reduced to an accepta eve abrication casting o
bal ance barcraagenindlujd tﬂemmaf aheﬂewmetefeeieetmcﬁreysteqqmﬁeme&mftines mféd for

many of th%ertastwfoemeytﬁmytﬂgt he |<9<f iﬂg.geanéﬂo@ Lera%mreu ép@'[]e giequired

of the prior art cylindrica al ance pr esent
i nvent i on ta#he ©wlasiye yalogty between rﬁhQ ﬂew syhe @yd tﬁ\?é?%i@?ﬁerfgaft H’éedlpwédb%mt ages of

the heget %&ﬁér‘?er&%@'dﬁ%h@d@ﬁécﬂ%o%th ft%Wv?ﬁt@‘t‘het;}ﬁB? (tlalapkh %aI' FQMter

aspect” of the invention | l'ownet'er havi ng oW t ube for
recei vi ng Bachwiak ofhputpuiogthel eecionsunaatibethash stified tem@otl@'lﬁpﬂ’eé'ecmn brace

bar_means veefithfy et 4 il thhéndaale VIR $ho 381 phddecuyf ube and sai d

bal ance bar ase opposition frequency stantially equal to

the reson&etweqncihediriyoftstis §w5deﬂucﬁw Ryuthe wnmheeets@rftedlwltrabw oktaed
vibrati On%aﬁh@e%%t dlf'tWé 6£|hﬁée 65%;@&& hﬁté’éﬁnfﬁmﬁ&é %% %Jn%aréa‘%bng

Coriolis de ctions of said ans coua ed to said
|

fl ow £Qbe ﬂPWde@é'ﬁé#f@DedryP@ﬁm“@qeeﬁ\e@siéﬁﬂ?h@hﬁ?f%thﬁt'ﬁpéhlstﬁﬂt ning to said
material fb@ysddn If tﬁérb(apa%%etb‘ér §ﬁ\?éjw5¥é'hbﬁ’|ahﬁahﬁﬁfe l?%ht'aﬁ% ahay t%%é'flbv@ed in

that: said Conolis flow neter further conprises: ast one rib el ement
on said béwteﬁaé@rb@e regiagtiop in 8etgphase clumwfmly sllghﬂv reduced This concept

is shown in detail on FIGS. 27 and 28 of U.S. patent 5,969,265.
The shift in flow sensitivity with fluid density is due to the fact that the

25 amplitude ratio between the flow tube and the balance bar shifts with fluid density.
With a high density fluid, the flow tube drive amplitude is reduced compared to the
balance bar drive amplitude and the flow sensitivity drops. With a low density fluid
the flow tube drive amplitude is increased compared to that of the balance bar and
the flow sensitivity rises.

30 The balance bar of the present invention overcomes this problem by way of
the voids which lower the balance bar second bending mode frequency. As
formerly stated, in phase Coriolis like excitation of the balance bar second bending

mode by the Coriolis deflection of the flow tube tends to decrease the sensitivity of



25 frequency of lateral vibrations of said balance bar. Another aspect is
that said at |east one rib elenment conprises a pair of ribs positioned on
opposite sides of said balance bar and oriented parallel to the

| ongi t udi ngly @xisis Of said bal ance bar. Another aspect is pépus@ascisbal ance
bar includes voids; 30 said ribs increase the cross sectional area of said

bal ance bag,d Hﬁe%rp?pfe'o%gré@‘ ofs(%rg)hgfﬁ'(@@%h 8 oPIHYbAR & éﬂ'sgc%f A Hé di?

i ncrease axi al stiffness of sai ance ar and resist the enS| gémd
conpr essi vanddgrie adunrstionldf yheseparatproef tbabalapse face sg@ﬁnd/mw\genesgmm flow
tube att emﬂje uérﬁ: m% CBnél%’YQFnbbg fl%quem Gt %ﬁr&ﬁhb@ggﬁéﬂétr@ﬂm her

aspect is th river 1nclud drive drive co
Coriolis frtrm/\ﬁemcélﬁ lrkaﬂeﬂ%cptl%woamplitg@%of thelserend he@hnmlsuanggrﬂr@ thar for

recei _v'd:ﬁg S Ws@ﬁﬁl\ﬁtxa%?r%tat”@mgfr ? ngm 9&% H@r%&%e' nt egr al

to said bal ance b at 5 e es the att sal ive coil to
sai d bal an€eripl likextaileption a@pét@ﬂeloétftermlary@itwrfsieﬁ@md bending isgredliearsint  t hat

enabl es saiyl @ gb@ﬂ%’iﬁ%m@en%%%@s'nﬁl Cﬁlse fr%cgc'nU;‘i’SFthe?%lﬁ?&'qu'ar¥e§o%ter

el enent on sai ce bar; a e on sa center elenent
havi ng a c@an@ngammcw@sm@éph@maow&flmd deasity, @ntth@dmgri@nuemypdonsr ude

through_saird, ¢ G &l RE MY thd ke Pdleby HosOie 1dNBhAPLeRRRS! s that a

second nmounting el enent 1 ntegral ance t ‘enabl es the
at t achtfent betwesaidiiveiaor tiog ﬁom@ﬁw%etdﬁﬂgaﬁlcw teabaarddraguencyinoehees, asgect i s

that said %rﬁ%eqct%nq%ehﬂam@;dm €S LW e2 WA Qaﬁ%neﬁy a% 'dﬁ Offs

i ncl udes a at surface vi'ng an opening I h sai ance
facilitat efreauencytinereasasntheofequensy bepdratien degrpasesofind Hmwesiuctmrsm d bal ance

bar. Anot hg ?triﬁe’tg%créésetshq{hegg sﬁ’ft?r??‘?ﬂéw s@ﬁﬁWn@lvahof dﬁ@h@nﬁ@?@ﬂ% bar | overs

the r esonan uency of sald ance bar 1n towar ds t hat
of the res quafi’ﬂ:ltefqf @Eﬂj@hﬁ?lmﬁ@aﬁvw itk densily duel tpdile amplifudaisetia shift.hBydri ve

mode. %’ﬂd Ro2g ”Eaéﬁ'é‘{ t?é’f@ﬁc%%égffem%}?crﬁ%frémg%bn?fhe%ﬁfvg bal ance bar

conpri ses nts o I Nncrease I'ntegral to sard bal ance bar
and said elfféﬁ%@ﬂcytﬂh%’e‘emﬁwt&é%‘sd%ehf@ the ghanging @'Wbtfld@éﬁ“tq Hkthefshiftdue bal ance

bar conpr i ?@ﬁe&‘ﬂhﬁ@nb 'Ba%bél bRRLEEHNE didhatlhn EALE R¥k&to §ér@%l 8dchs %hé’r cent er

portion of sai ance Anot her aspect 1s that said brace means
defi nes seﬁﬁ&sdﬁ%u"lijr"aéénﬁéf y‘tﬁéd}?“bﬁer\%w&htﬁaélsl'ﬂ@%@@?nwftfwl%%ﬁwtbal ance bar -

at different e”ﬁ% Mids 8h ditker sa@é:sf B8cente? sE&@n d?rtﬁ&SaIQﬁée b§r a@\eggé&w ar

menber haV|ng center ogen|ng recei vin sai d | ow t ube an haV|ng a
sur f acd® pePpEtiRn igIserondbending Bﬁgwwma?e a@cwarwaftsmaaﬁ@én@ar Anot her

aspect is %utﬁ%tffb%éﬁsm(/%bfn'dﬁééﬁd&ht%fmﬁb%ﬁﬁgbq_raré&rvoﬁisct‘@ﬁdRJIbﬁfef b&wret er

using a casting process t hat substanti al ecreases the anount of

subsequent “}?a‘?!rYierﬂeﬁl@eE}W'H fherpalaneghar éﬂCQﬂﬁ’ kefdingfgaeneiepanoyipg Hie t o its

voids outward toward the pick off locations tends to raise the drive frequency and
lower the balance bar second bending frequency. By proper size and location of
25  the voids, the frequency separation can be set at the correct value to yield a flow
sensitivity that is independent of fluid density.
The balance bar of the present invention also has a center portion which
permits the balance bar drive amplitude to be lower than the drive amplitude of the
flow tube. As was stated earlier, the phase shift between pick offs signals for a
30 given flow rate is reduced by the non-phase shifted balance bar motion. By putting
mass in the center section of the balance bar and stiffness in the end portions, the
drive amplitude of the balance bar can be reduced while maintaining meter

balance. Reducing the balance bar drive amplitude compared to the flow tube

=



assenbly into said Coriolis flowmeter; said nethod of casting conprising
the steps of: formng a nold that includes; 10 WO 011 02815

PCT/ 1 TSO0/ 16175 a cavity that defines an el ongated nenber of said bal ance
bar havi ngwe ot/edisal center opening adapted to receive a fPOWUBWHEI7Sa cavity
portion that defines brace bars integral to said bal ance bar and having a

center opppidigedthepndseasmitt ofit slahd paikmadrﬂdnmzm@eéaseé ndetéAidw Y t hat
defi nes at | east g\?' void in said bal ance a avaﬁeysll ortion that defines

at | east SHFMY &YW ARSHBYANFRAT PAERRRY B Bﬁ%%?&aﬂ S94PdRe t he | at er al

vi br at i onphlaaesIBACK 20 a3@iutht Bat anyeodabn vt litleéffdreasiddytecdst B rhas@nt
conprises ri bai on the sides of said balance bar and oriented parallel to

the | ongi Nghaancearampituds:. 4 pal ance bar, and 10 said ribs include

el emest s that AmgiRasavarkegsbos® M@rﬁdeousaalofMeepreeénﬁﬁ\i@wnbah@maetﬂéar in
areas proxi mage said at | east o Z%tvm ds that offset the tensile and

conpr essi Yide e false g tEpqupneies q VOEtPNE (YR ckaving thrtkivewlanesai d f1 ow

t ube att egBtadioh of than@farice b= RUbBtantalydiiEEebed. ahid @idasime! udi ng the
further steps of: 15 fllllngfsald cavities with nolten material to form

sai d bal aﬁ@@"‘HS? of yndesireaieral Niprauans whileraisingdhein Feauencies. oMisai d nol d.

Anot her aga@fd! of Sibkdiah f2QLENdT®S tbyf Bk BRI rtbs serimits Heeedifedf@biBNBg furt her
i ncl udes; a cavi té gort ion that defines a fjrst unt i ng el enent integral

to sdfd baslaRiEN signpisito pg aé’ﬁé{%q’éom?easépf'élﬂ‘i‘n‘ﬁﬁ’terﬁ CHORIFS Yoo ignalsi d bal ance

bar, sai drdprésdntinguntiésiddateRiieRtiod &frd RRfICEN irfvfia hnmdecamwrth flcRamRBY on said
bal ance bﬁagand a flat surface on said center havi n a center

openi ng t H&AURLIRYIFPRRralign oy ihg GRAANE d@f'e‘gﬁ’Pcf'Qi}aﬂ%rIF hig B”'C&ﬁ?tﬂ 18 S8 bar. 25

Anot her appretsihg of tlhathﬁ@théﬂ)édmﬁ SigHatk And Efteincbs dlglRsiracy sfavd ty portion
that defines a second nmounting element integral to said balance bar that

enabl es t fraMalts! RE OYPUSEA® pi ck of f means to said bal ance bar, said

secong el enent Theedstielg df thef Baadncelibdragsy b@wmt@gh@fhunammgrob@ssst@l d 30 bal ance
bar to faciljtate e attachnent of said s to said bal ance

bar .| ot RisdedhS pplbE antiag MR GERa e AT 74 REE ofs i des. 15

mounted on the balance bar when the flowmeter is assembled. This permits the
pads for the mounting of the pick offs to comprise material added to the brace bar
rather than machined away. By adding pads, the wall thickness of the balance bar

20 is not locally reduced and thus there is enough material for tapping of the holes for
the pick off mounting fasteners.

A further advantage of the present invention is that the fabrication process
includes the provision of brace bars integral with the balance bar ends. The
integral brace bars have a center opening for receiving the flow tube which extends

25  for the length of the flowmeter to a flange at each end. The integral brace bars
eliminate the two critical braze joints that were formerly needed to connect the
brace bars to the balance bar.

A further feature and advantage of the invention is that the side ribs of the
present invention are integral with the balance bar so that they provide added cross

30  section area to the balance bar in the region of the voids. The added cross section
area reduces the high stresses in the balance due to compressive or tensile
thermal forces applied to the balance bar by the flow tube or the case. The voids

on each side of the center section of the balance bar, if applied to a prior art



WO 011 02815 PCT/ US00/ 16175 a cavity portion that defines an el enent .
integral to said balance bar to | ower the resonant frequency of said

bal ance bar towards that of said material filled flow tube; said el ement
that | owers said resonant frequency of said bal ance bar 5,500 5 el ement s
of increasW@oPBF bility integral to said bal ance bar; SglI)d el gﬁrlrgzt t hat
increases the flexibility of portions of said bal ance bar conprises cutout
portions debuier Rglapee dar.iwvpuidrasubdl almeallhedusad €5ras seriienal sregeviveh sai d

center poriLon wiakeditde PAbRLIEBaRACe beﬁ‘”%mrstx@%)ﬁﬁ& ak ftortaers r@@h &y {pihged nol d

further includes; 1 0 a cavity Bortlon that defines an Integral to
sai d bal aneiorteatbalange 'é%ﬁf@e%rqsh of temrarayre éﬁﬁrﬁm@lfé’v@-ﬂd S%Uﬂ"bal ance bar to

be Iess th@f%écesta\swgﬁlsf?@sm iHBa O broidthatefth@ ol b Riowd0Et Ry aspect s

that said elenent thaf lowers the second bendi ng frequency of said bal ance
bar al §o nieaiarca bar &fdhe prasenbiRveRiEndasE Croas Be@eN aIpa ¥ these regignst er

| ndependeny c@asQ§B§'tﬁd sk riD8ald th B ISR irtluce PERERIS HEN ddeed i

DRAW NGS T ese and” ot her advantages of the invention may better understood
from a rea@h AgCraRIBeVebl | owi ng detail description thereof in which: FIG 1

illustrates an ﬁh':esf%ﬂm:ﬁ%nsﬁyr@dsgkktﬁ oﬁ‘f\@%a@?fcb@arﬁrltﬁléﬂWEl%rrerh@Nﬂdﬁgga 20

bal ance bar enbodﬁ/ the present i nvention; illustrates further
det ai | s of feah&epall tﬁ‘@éesﬁﬁeﬂeﬁﬁ@.f many ¢f j8e mackininhevaldingeEdrazing of EIG 2 in

conbi Rgt i Osbé/vaﬁéhsamaimrggmﬁed?é tﬁéPﬁMm&llhgr.w%IMs paA érnsg) (@E?ﬁ: vel |

as in conbination wth e connect links affixed to each en
bal ance babarst | gesent ipFEMioRERNEESTRN RvaN¢eDr ke RPDY @vewPigdhel FIG 1

shows bal ]?@gsdmsagﬂe%f% ﬁ&%m%%%%ﬁaal@pﬁ&tAr@&ragmqb@@ohansaﬂo%ﬁ@fbght tube

Coriolis ownet er | owreter o i ncl udes bal ance bar 102,
flow tube 101 pusAIRashELINGIIRYENHOR Ikea barialifciowarte1b2yingind case 103 encl osi ng

30 the flow tubey@neddver RebRiHgea Raterialiewf | ow tube extends for the entire
| ength of the flowneter 100 frominput end 114 in flange 109, through cone

connedf el enenta halgnce BArdiRYINGEE cOBRIRE by bragabarimeanrtosaichivetupsr 102,

t hrough cone ccaﬂmueét@rmbs%ﬁ fRW thb@ahUQEFd s etarighddeovmet er to
flange 109 on the output end 12 WO 01102815 PCT/ US00/ 16175 the

f 1 owret er . oARosHiGE 2t @ fIVﬁé'IeGHE’éCVaSUﬁN@PH?'M%ﬂ‘@F tohibpaesonant treayensy If t at e

at t achment i@ igw SuRPlvith s RIS, éfmﬂ GiBrdtioRWaRY 8RidlASteNBMIRLaeGHRAFt ed.
Fl .ange 109 has a circul ar_washer 113 which protrudes from flange surface

112 and whftastive faripdising Coiqlig dﬁf'%ﬁﬁ’és Péga'd‘f‘ﬁlé’ tHRet term nus of flow tube
101 eybends t hrgukadit fleaR98odif18d &shid flow tube that generate signals representing

information pertaining to said material flow 1n response to said Coriolis deflections;
characterized in that:

said Conolis flow meter further comprises:

at least one rib element on said balance bar that raises the resonant

25 frequency of lateral vibrations of said balance bar.

Another aspect is that said at least one rib element comprises a pair of ribs
positioned on opposite sides of said balance bar and oriented parallel to the
jongitudinal axis of said balance bar.

Another aspect is that said balance bar includes voids;

30 said ribs increase the cross sectional area of said balance bar in a portion of
said balance bar proximate said voids to increase axial stiffness of said balance
bar and resist the tensile and compressive forces axially exerted on said balance
bar whenever said flow tube attempts to change in length.



5 washer 113 and is flush with the |left axial surface of washer 113 to
whHich it is sealably affixed. Flow tube 101 is sealably and fixably coupl ed
to cone connect elenment 116 to mnim ze flow tube vibrations. Flow tube 101
ext ends t hwowgh2sihs ace bar 105 which is fixably coupl ed t oPET/EWO{IETE 101 as
well as to case connect link 117 as well as to the left end of bal ance bar

102. 10 Case 10£Ghdmsr E&p@aﬁle tmlslauclﬁhweammﬁscwwm}eaﬁagmetmi’a@ﬂdedflM a weld
el emrent 106 é% e %pe case end 107 having a neck 10B whi ch extends
to the axi3¥d| ﬁ’ﬁ'8'|‘s s?}?”f’s YINSLEOMPIFeY | anges 109. Each case connect |ink
117 is coupl ed atole irs said daldneettae fornaediving shacaaddd; afd wal | 104 of case
103. Case connec ze the vi.brati ?0 of, the fl ow tube and

bal ance bar encps}rsggloggp%elgn}eg} PrYs#ig ANy IRieaiAL O BRI HRARCE 88T thati t s cent er

porti o8 11&nhak memauabhmbnp@fcﬂanwﬂﬁ@ tdMQoaatt B&hcd bart he wel | known manner,
driver D vibrates bal ance bar

nd flow 1 i n phase opposition.
The flow of matdlAg" aﬂ‘??@d@&%}lsﬁfﬂaﬁ%@%‘mﬁ’\ﬂ %ﬁﬁ‘g”ﬁ%‘f* generates Coriolis
defl ecti on@nameﬁmd btt@uhmelheof sallefrveGoiliimdiidesdef | ections are detected in
t he conventi onal & P% eft pick @Lf LPO 20 a d right pick off RPO The
Vi pla

out put signals a@e?ﬁé? lgrAgntfncsai “8?8%)?1” nded over conductors 122
and 123, throughfifteatatdba g de%iertehemht&iavﬁige@bémm cpserﬂ:?dﬁthawah@dles

eIectr ni cs %%Sasoa llesc?% %er conductor 124 to drlx Dto
cause Pt t B¢ ARYLMEOPRECHATBEII], é‘gl‘é‘ﬁbs% PAMERORINAIN] AR¥D AE¥R Rdiht frequency
o;fthe malt eri a|ArfdtH\éraﬂipEbtqw1Hi2aglaESecNBﬁ g’fa?!\t}:ﬁgbf@ﬁbrﬁ%té@@k foasfd gaan&ere pi ck

off signals qver c tors an rocesses .t hem applies

out put gdat%@doﬁte'ﬁrar?%ﬁﬁ pehraenkq ISIaPa‘?'%E)ﬂff %%a%?SEWd} '1’}?8&7}?)". 'FI)'Ee out put
i nformation on wmerh%ﬁemsrmatsandl s“a‘comretanﬁnrntwtteaaablee@atcoattal&an@atefri al
flow. Descr| nof El dstoti furthr details of

t he bal anc%a' 8#%%“‘%%%@%@“?3% h%’ﬂ? Brepe,c_qn@nn 5aid RALat ¢ her

dﬁt aiohls Offablgia&imebﬂtecﬁ:ﬂanmf aFd:dBLof]sard:ﬂ)rgf of nﬁbmltosfaiﬁl t{}alﬁrtdeefardet ails of

t he bal ance bar, 102 in a pa assenbl ed. st at t he terln

wht ch bal ance. (PR #3pEcS s B Jesme Snieatne 364 Safct HeclouBBEL 11 nks
él? and bl’@é@nmmﬁqﬂl@ﬁcy dfd&ald N%hl&f’d @ﬂﬂﬂﬂ;}@ﬂ?ﬁ/ﬁﬁﬂﬂdvﬁf&d&f@ﬁoﬁk@ 2 bal ﬁnce
ar 102 co i a rica ayv et .en 04, a right
body por ¢ 1 BROE eretey Al Dt aLbleRdiovole hulh Al FodiaSaBy and 209 are
cyli nder sé]emedt taat Ishvevasaly ressnhet frequbnz4f s&id Ibala?a8 bar eornptisegr al wi t h each

side bal e bar i I ng,the left, and ri bod ortions, 202 and
2 901 20ps SHRENBET Trgshsest iy idaiie Sals filinds htian SR SRienlRL o) o
221 for reqaeuhefsgtha fremipitiet ochforﬁhmsvcﬁrsala erahemba deprrls@vanuaﬁmemdl ncl udes
void 218 ItheIeft m% | QEer ele 9fa dd ‘,ﬁ 19 on the right
side of ceMdi° eetfaér%‘rﬁac f@f'a ?‘HS 3?'&?@8 e[gé)lpnfolrpqﬁg t? BNGIE on its left
portion 202 a pinokhenfabperiusthangaidlbeasnardigartadefings aephate brack das 209 as

havi ng o ryaeh cubirieha W3adiaP it RanabtsReih ol et st o EbaR R e i v ng

a magaest of Iefeaclp)bcdce(ﬁafr liﬁarctﬁmembeﬂl&m@alcedm opemogémiragenﬁﬁ@ for

205 and_ 21584 17 FER it Sl bl il RSP e ot & o

pi ck of fs b¥RdcarhrLPO t 0o bal ance bar 102. Fl at surfaces 216 and 217

Those €11 m wei ONPUER ARt gthod hBb iRy e Fiirel £ ofufnc. oo 1

over cone downvater atbn'ng iatc;astimg proeessathaf sutistaritiaty mcnem th&pewiungof221 i n

center .elenment 11 |tates t he inse net into a coil of

Gr 1 vePOD, “SEReaend MRl AherRid eIt S0H Baird o8P Ble’ R amar o of
driver coi alssémbtyh&totwcam&oltsafrowraéleBahainoethbarof taingeqonesimgihastepdvance
over the belance bars of the prior art straight tube Coriolis floweters
which util9ze cylindrical menbers as bal ance bars. The provision of side

ri bs 203 on br &renidzps nmidd@tHas irethdest ageous since the side ribs inhibit
undesired lateral vibrations of brace bar 102 while having little effect on
the desired vertical vibrations and, particular, the vertical vibrations
of 25 the drive node. Side ribs 203 aﬁﬁ)their center portions 224 and 225
are al so advantageous in that they provide additional cross section area to
t he bal ance bar structure in the area of the bal ance bar proxi mate voids
218 and 219. This additional cross section area of the ribs inparts
strength to the balance bar to resist the tensile and conpressive thernal
stresses applied by the case and fl ow



30 tube. Ri b portions 224 and 225 conpensate for the loss of rigidity

i nparted by voids 218 and 219. Prior art cylindrical balance bars machined"’
fromtubing lack the ribs and if they had voids simlar to voids 218 and
219) the tRespRdsst resses on the balance bar in the vicinigctagboidtss voi ds
coul d be unacceptably high. 14 WD 01/028I5 PCTI US00116175 Bal ance bar 102

is further adva [t 1 i ncl ude el ements 207
and 208 which f%i:c%qg'ﬁ ﬁ?teé)et\qﬁ%gsr?g'uér%‘%ﬁ%ageo g{b%E%g$¥§ bﬁ%acsﬁ’é‘ rﬁﬁw‘% bal ance
bar 102. FraatiaisenfeaopenipQ@dapted2dTecdiveeh 8nwntlze,207 and 208 provi de an i deal
surface for the t ' f I 5 bar.
This is an adva%tgggg dad\gg?ﬂg]ra ngaﬁae%t6%%%%53“%8’?5%\%@%%%@ ggrt]%F %ﬁ%g nor e

t han a cyl hadng ealentexwpeningzatieagh sod ehsaidletmnghtad meober,ng t he pi ck of f
coils and a | ar | (s A Dj f et. Alternately, the
pri or gjrf bal an%gaﬂgrtga{:%j'lngg%g!/e\eélsggnrrg%ﬁi"ﬁ%%gfb ?'];atncg?i)rgﬂeach pi ck off.
However this woalkavitypamarhthabeéfinesetieast ere ob slarmént intagtahto saigbalanoé t he
screw hol e R, 7 08 together with their
Proe "ot sBar bgisBIRSRACR) Q%@?éﬁgﬁpb?@ﬁgﬁ @rﬁo%‘n‘%e?"naé facilities for the
pi ck of f coil s seidat leestorssineleatentl compdses rins orhibelsidesmf esalmblvalaricet tear
present in L ] r V. . j ncl usi on of
Centor por t1o 8l atdtel B3he MAAILBHFRYE o BREHAE S ol B04T G 318 and 210
on eacl si de ofsai@&ribgnckidersernendttdhatrinereasethetdnessfdesiionallaréy obdaidhal ance bar

15 102 by ' 1t tifl Thy ; yency of the
pal ance. baPAiics Rl hafeds kRS salist FeqsE Pe poin el SHERARG oriP AR Y oo

t ube. The ommptEsaye ddrcessxntynexdriedmresaid bslance havwissrmver said dlobvi tabve

vi bration {g&ﬁg@%%ﬁ%g@é’in%n tn’e flowneter. Renmoving stiffness fromnear the
center of e Dbal ance Par concentrates the remaining stiffness in the

regi on of the byaitmelzacsoffosninginaiudhty thetfudherstensiafs the flowreter to

[ emai ngbal ancedyely dcllfits LANBRIGA el 1 RISl Saladdl fad spd di stinct
advant age over prror art ownet er s ose balance bars conpirse a
cylindrical nmenddiactngsaichicrmesibalandetraifiom said madg.ust ed with the addition
of weights to el he fl ow
tube with mat e%aﬁ&gﬁﬁfm%wgéﬁ?@gpﬁ# %?%ﬁ?s@bnﬁg?ﬁﬁgé E)%\??ded to

oper at e wiinpluggsdi fferent density fluids. The provision of the voids 218
and 219 is als L te: St f g

bal ance bar i noat ﬁ%(t?@%@%@otﬂétn%éﬂﬁs?%ﬁ‘g@hﬁ%ﬁt@&%@&% nﬁ‘lﬁgiaégbgiaﬁ%%lghgbleng
reson@ft fkaldaeneblettbe attpgfimentvah@rdsivar logaicdbalgnced bage defl ection of the

bal ance bar, inyg L0l j f tube, is
able to 30 can(r:ls'e 'CP?rﬁgn‘gﬁgé{gie&?ﬁeﬁ%%vfmgg%Q%?‘lfé\y?t%%ht\?fteﬁwﬁi%H Ségi\r,\vsi ty. This

I s advant aleplanee %@frﬁf@ makes the calibration factor of the flowreter

| ndependen naf s a8 ohaid Eehibid RS Ralingh cehRr BpERRGInd: By gBikL afi! S Turt her

advant ageous because of 1ts inclusion of center portion ch has
great er weditachmepk asaid drvar te kaidradancgtbats WO 01/ 0281 5 PCTI US00/ 16175 t he

bal angg bar andhidit d3B8cids Bk ShidTBRRed MBlaYuARSSnIQYEL s the bal ance bar

drive nmode nmbration anplitude to be lower than that of the flow tube. This
i s advant ageoud? ¢3Yity Ragtiontthatfiefinas a secend mMpelingesiamentintegraito said et er as

di scussed ®ashdebar it ra8ReGHE éﬁé&rﬁﬁbrﬁfofgé’léﬁf&%?f r},em@_ga*ﬂfﬁasmeer of the

bal ance bar where 5 the drive node vibration anplitude is the greatest
constitut ekaran optimum use of

said second etement includes a flat surface having an opening in said
30 balance bar to facilitate the attachment of said pick off means to said balance bar.

Another aspect is that said formed mold further includes;
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t he bal ance bar material. The same nmass | ocated near the ends of the

bal ance bar where the vibration anplitude is snall would have very little
effect on the neter balance or anplitude ratio. The bal ance bars of prior
art nmetersypnpised of tubing of uniformwall thickness. TheeUsmkessi t
necessary to | ocate added nmass el enents 10 on the bal ance bar. The bal ance

bar of the presg v.twa\sﬁiawte& de?.nfae%h@émaﬁv,ﬂ@gfam&g ldsﬂarbﬁﬁ:e rhSidwpr | cat ed

i
to include brace integral wt I"ance btah| SIS a
di stinct a@@dﬁ%@j’@t H@@lﬁertcbi@f Ea'ldd-’r?é%‘%at?%r t@wa'tqséhﬁrqféaldaw@ter|abﬁmepétf@rws in
whi ch the hglbance bars and brace bars were separate el enents and which had
to be made, 1'5 assenbl ed, and affi xed to one another during the assenbly of
t he rovvrreter sRisielemegt thaklowesy saif spsprans frequenty B eriddaianaedddsal ance bar
and thg ibne fowr SRS e § AP BHBAGHA by cost and
mcreases t ebﬂgéleéleel abi s Cr é]She mg:(t ew eésurcr)matr %ﬁnce bar 102 is
advant ageous m&ﬁ&ae'ietneﬁtthﬁblﬁ’ﬁrst?éﬁémq 69*1@%1 of ;ﬁ’éﬂloﬂfs efisaid dralensarPapper at i onal
char act er i SirhsisdsbatouBbAnt B81AMAGUSideTin SR Biadde BUTBh Yach AR it is
i ncor por at ec;h&?estes rraouir?ac'tﬂre L gasldlgr%g a@ % clge5| gn falce%&% %Vetbyﬂto tune
t he frequesaid égntef p@'ﬁ'é"@é%ﬁ"ﬁé’@'amﬁé@fto have the| r optinmumvalues. It also
allows for feat o?ﬁert é!:tt@;halt'%ﬁldffbﬁﬂé'@ﬂ?dk?ﬁ:r@]fer p,rcg,labgm nodes so as to

uencies fromthe operational frequencies and t her eby

separate their
elimABte theira m&aﬂvpv@mtwmfméﬁ ap@iemepdntegratihead balancadanthaé, its 25
manuf aCth%Ms%’é% PlioRa mvmﬁfe% shRPALAGS béHS*BeQéssqﬂQﬁt \ranH?BH“ ng coils

and i ntegr brace bars, | ower manufacturing cost use of the

bal ance baampbiuiegf saidflewitskesn and desired characteristics |s far superior

conpared 10 thogR,odr dsBECRE tridh sa{dtelé‘mgﬁhthﬁﬁﬁ (S HhbiSREBA S er for the

bal ance bar. It 1s to be expressl| er st oo at t alrre invention is

not to be ﬁquetr@moe@ale@atanéeaérselﬁpmal@s the Ctlll'iéafﬁﬂf\efﬁéﬁoféﬂs@ﬁﬁ@dlph%nt but
enconassefinfhbeF iiBbiddRb! ARG said Ridhd sl L hi n the scope and spirit

of the inventive concept. For exanp hough the present invention has
been di scl osed as conpri mﬂ@sﬁ%ﬁT'P%pFaT'ﬂE R !ﬂﬁﬁl ght tube Conolis

flowreter, it ithdsg dm#%'a%éﬁkageé Bfitth ;H@en%@n ma\%dé?é} Qﬁéééko%ﬂ/dﬁgw 16175
present | nvention s not so used wth other types of
Coriolis flegdingtaiihe fQﬂ@WlﬂélqegaﬂsCiQﬁ?Qn@t'Qmﬂb‘équfm\w’élpbr s of irregular or curved
configuration l; i Oog/wggeé ¢ f flow
tubes. Al so, tﬂﬁe\ég ”gﬁgétegglhé% lgﬁ]beeI preserﬁtté?%ggmllggﬁmﬁﬁaés{éﬁtée\{']ﬂd%scr| bed as
bei ng28 i d@%iﬁ'h%ﬂ bartpmboslying the peasenhinegntian; st ructure by a casting process.
The di scl osed quaquJSpg{es fu%‘ﬁ%faﬂs'@%%ﬁalé%gbﬂat ed by any net hod of
manuf act ure t hat ces | ance avin e structure of the bal ance
bar defined by ﬁ'ﬁeSébﬁHa@Flﬂ?ﬁ ealanes bar efHflG- BWF@'BEPFW with Rdlovwstye® net hods

of manuf acéﬂéﬁdxh@mrb' the bafkHch Bar BE MRS ih BatpPLRSHGRR casPasMeRt Part s
whi ch are then fornmed together to 10 formthe integral bal ance bar

di scl osed lira affixgdrie @apepeq Af ther@ancedar of Gr3-bs coul d be separatel y

formedgand then affixed to a fetAIdEDIFESORIPADN 0 form the subject bal ance
bar. The discl osed bal ance bar nmay al so be fornmed as an integral structure
by a machi BesgjiptiensbEs. 1or by a machi ni ng process which produces a

plurality of s r I roduce the
subj ect 15 bal Zpﬁgeafsﬁoﬁegp@n@@m%%ﬁyogﬁgrg pﬁe&e}?\t%ggﬁlﬁgﬁﬁﬁ'@d\}@%& :,IPS d ai ned

is: 1. |n siraightiteha Gorglisvipumater 1Q50) Thaaflowmater ghEIG. 1G0gludes balarea Rarng a
material f@WVhow tube 101 positioned within the balance bar 102, and case 103 enclosing
30 the flow tube and the balance bar. The flow tube extends for the entire length of
the flowmeter 100 from input end 114 in flange 109, through cone connect element
1186, through case connect link 117 and balance bar 102, through cone connect

element 116 on the right side of the flowmeter to flange 109 on the output end of
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a bal ance bar (102) having ends coupled by brace bar (105) neans to said
flow tube; 5 a driver (D) that vibrates said flow tube and said bal ance bar
i n phase opposition at a drive frequency substantially equal to the
resonant fespaagy of said flow tube with material flow, sgeirfswidsigti ons
and said materia flow are jointly effective for inducing Coriolis

def | ect On?h Flova% Pvr\(f%ul%% lncgv&i% Q%r eseﬁpfﬁé&?@}: 11 %Pp%cuh%%e %L}?% S Sa' d

fl ow tube that enra sre or e |ngto
sai d nat er tah si:bp!wsysltenet;)pmsreﬂowmsmrd O0Qonaybeé sodeddiedt Flange 10haagat eri zed

i h I i b
el eront - ( 2055ug et T g b Bisfhops b HarRE T R88 312 B iR s EgB ncy o
| at er al vi Wwithtfiangs 16P. Jaedetdranmsss didiow tBbe Thé eRmnidelthreudh Bawget 809 afd cl ai m

1 charagcte f 1 d bal ance
a5 S el B8 LB AP ARG ne FAS LA E0D of Rabhb SO diiilel 08 T
el enent is sea!aalysaffm@dofFls\wt@bebw*alﬁcseala@ty anctfixablyecaipdedotarcahke ebnheactt he

| ongi t udi n%lerﬁ%‘ltsng o?‘rﬁhlq'\ Pﬂl&pgﬁe%ratuﬁns Tlhlgwcl:ﬁﬁé Qb'l %xtfeh%\ll#ﬁ@r of claim

2 in which's one Tl nprises a pai (203)
posi ti oned bmecnmdﬁﬁtmldl isdixablfy cgaplddbaflawdebé)am aad/edirasecmbama gamekt el to

the | ongi tﬂ&%?%ag)\ﬂeﬁ a%f?ﬂ?é @ft%%ldaoq%glapag a\?m%'he Coriolis flow nmeter of

claim4 in sal ance bar 1nc s (203); and said ribs
i ncreab® the cr6ase 488 hasaalasamead 168 apdiisl cbwladaeewemmbﬁap@ld i on (224,

of 18" voBIesanE teatrolsiradEb e 10Ehgod & B B AR Sling o o
tensile anme:@xwrlmwwe‘aﬁQDteacreomfahbqs @eer Eadh oase;mrmebalira(ritﬂé ipar whenever

said flow tcglé)[ﬁ? ﬁggﬁ& ?Hg Wguﬂf%c?l f‘&?&m? F‘l oJQPcaQQH O%l ICsa c%an&t er of

claim 2 char flurt her corrprl ses: a
hole in saild<$3h17ammnl:z&rfh¢mbrért@@e?lf\mentbovatumgﬂrm bman@atpar efdsver (221 ); and

5 a fiyst nount ' to said
bal anc{essbar tha Q'%Hﬁ%?%ﬁﬁ%}gésgb %?W%%%téﬂggtslwn?e @%ﬂcﬁ nc%ﬁ%e@% o said
bal ance bapair pf piTh offCOPOANIRPO. oln thewell kebwolraamnes, drivendi vittratesibaldnicest

TOUNt I 10, eheTEs ahdfby S0P i ade BRbASIITE @ Rl Y righl T el udes:

an axially ce enmen on's
vibrating flow tube 101 generates Coriolis deflections in the flow tube. These

Coriolis deflections are detected in the conventional manner by left pick off LPO

20  and right pick off RPO. The output signals generated by the pick offs are extended
over conductors 122 and 123, through feed through 121 to meter electronics 125.
Meter electronics 125 also applies a signal over conductor 124 to driver D to cause
it to vibrate the flow tube and balance bar at the resonant frequency of the material
filled flow tube. Meter electronics 125 receives the pick off signals over conductors

25 122 and 123, processes them and applies output data over path 126 to a utilization
circuit (not shown). The output information on path 126 comprise information
pertaining to the material flow.
Description of FIG. 2 and 3

FIGS. 2 and 3 disclose further details of the balance bar of the present

30 invention. FIG. 2 illustrates further details of balance bar 102 of FIG. 1. FIG. 3
discloses further details of the balance bar 102 in a partially assembled state of the
flowmeter in which balance bar 102 is coupled to flow tube 101 and case connect
links 117 and brace bars 105.
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a flat surface on said center elenent having a center opening that 5
enabl es 'said drive magnet to protrude through said center opening into sai d
drive coil. 8. The Coriolis flow nmeter of claim®6 further conprising: a
second nowatdinggiel enent (207, 208) integral to said bal aRE€a/USAVIE Hat
enabl es the attachnment of said pick off neans to said balance bar. 9. The

Coriolis flow ORS. fpfafidBa} 102 WMSi{tes i @u.ﬁ@mgoﬁﬂoﬁmmn td?@éun%ﬂab' es
sai d attachment of said pi ck offs includes flat surface 8

havi ng an®®heft r@nwl@dvmon s andiapelt %%P%Pﬂ@ﬁat Bogy |PPth°élﬁé391t he

at tachmengn@bos aFéDbJ!hn@Er %diedpa&%mrf by"BaE eh@ Al dmb@b@@see Rddgral0. The
Coriolis flow neter of claim2 fu er conpri sing | ement |ntegral

(119) to WHP@apAPER thapalpAge SRCAA ﬂeégmﬂghtftfo@w@ﬁws@%ﬁdd

bal ange bapt BURKES bhh b2 AfrtHeh tdiRRRBAterfiRABRNCY vinAd Holgatgrbal filled
fl ow tube. 19 WO 01102815 PCT/ C1S001161' 75 11. The Coriolis flow neter of

claim 10 9¢oMNThMagngt ef FivenD- t Balengeohrr Ofyrtger ivslyAanvo'd A8 werbs of sai d

bal ance bg#t sf.&hrbr@ntmbﬁﬁﬁ%m&a%mmﬁe%ﬂ) s.BB%t céiter biBkfeafal to and
provi de increased flexibility to said bal ance bar. Coriolis flow

neter of ¢1%i hha Pajancaibre hirdigr wcéid@ﬁ'@iﬁ‘t'tst'ﬂﬁpom‘i’@r?é)a?s%ﬁ'ck IQE MOWNtNGi | ity of

portions eﬂ‘em%wtdo?%%@% MRAUAEPEOS 88 Wéﬂ'dg%n(:@%ht%Qaﬂbn'imsa?‘blﬂnlg@' ance bar
on each axial side of Said center portion of bal ance he

Cori d% s Pichwitraewtingrelemani?B havinga flatyiace g Elemes 2ieineiures agr al
(119) to éaéﬁln@é @rﬁ&rereeaombfaaﬁqagﬁéﬁ%fmekz»sffb.'i:@tIa&nénpécsémeﬁdeé afai d

bal ance bar to | ess the vibration anplitude of said flow tube. 14.
The Cori oPP&Nipg 8\7\?3 ﬁ%’tfé?"”@f'”%?% megntng 2 ﬁ@fOfijﬁ"bef §FPy:Hales @leagdt i ntegral

(218, 219jufksrendiod @ﬂnc@cmeerte tHEd ndR)eRieht bme%smﬂgb%mm dresguency of
sai d bal ance bar to nake the calibration factor of said Coriolis flowreter

i ndependeRt Pigk otig RE10 3nhkP i brlaneapaig Gatfdat syrfaces; 216-gad @47 fagilitater | ow

et erysf Mearhﬁhﬁﬂr@”@*tﬁﬁ\tﬁélgﬁ@(inbtrbﬁo%‘) 1S BhIANEY Bae1 d2ar THERRASm (Wdights def i nes
separate brace bars (105) each which is integral with said bal ance bar

at dif f er arft usasder tine tuging ‘l'.“)‘&lﬂét’Wc@el?éPa'aéﬁ%FP sYsiERMB ANy varigbiy inthear nenber

having a ﬁfé’hh?dctxﬁﬁ@'brﬂ@eésoroﬁbmlﬁq?ﬁﬂin%n@'ékﬁ\éﬁ’tw 1@#%&1:@% théYﬁs‘éﬂlo% surface
perpendicular to I tudi nal axis of said bal ance . A net hod of

fabricati A2 Maghrhineea 1993 of gfives DoSicrey hales PBW"@F*%BW?Q@F’H@ ool ot eps of :

form ng spah@waé ans @ribér cdiild e BRaddt ©AOngat ed menber having a radi al
center (204) ogenl ng adb(gted to receive a flow tube, 5 form ng brace bars
glgneapar

(105) 2G nt egr al @ﬁé@eggfarhﬁ@vqﬁmgglop{@r the balance bars of thé prior

art straight tube Coriolis flowmeters which utilize cylindrical members as balance
bars. The provision of side ribs 203 on brace bar 102 is advantageous since the
side ribs inhibit undesired lateral vibrations of brace bar 102 while having little
effect on the desired vertical vibrations and, in particular, the vertical vibrations of

25 the drive mode. Side ribs 203 and their center portions 224 and 225 are also
advantageous in that they provide additional cross section area to the balance bar
structure in the area of the balance bar proximate voids 218 and 219. This
additional cross section area of the ribs imparts strength to the balance bar to
resist the tensile and compressive thermal stresses applied by the case and flow

30 tube. Rib portions 224 and 225 compensate for the loss of rigidity imparted by
voids 218 and 219. Prior art cylindrical balance bars machined from tubing lack
the ribs and if they had voids similar to voids 218 and 219, the thermal stresses on
the balance bar in the vicinity of the voids could be unacceptably high.
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center opening at each end of said elongated nenber, form ng at feast one
void (218, 219) in said bal ance bar; 20 WO 01102815 PCT/ C1S00/ 16175
formng at least one rib elenent (203J integral to said bal ance bar to

rai se the \aterahs vibration frequency of said bal ance barpcifsceaédsat | east
one rib element conprises ribs (203} on the sides of said bal ance bar and

oriented paral i | nal i i r.,.and said

ri bs include eP%‘r?@%?sbra?S%%%Eé?p%%m%é)?%%g eet %ﬁﬁ%@ﬁggg% oRal area of
sai d bal anceudmelements 2Gane 888 miich fediiitdtcathelreagttingre piaki atts RPQandf f set t he
tensile a 1 [ r ] ' ar 15
whenever Q%iogt%][q?a (l)a\?v]%'? ub\ég1gtg"t gﬁaﬁptsgﬁ%gééc Oagsé?%ﬁp?gﬂaﬁ‘%bglgﬁ %ﬂﬁgorrée?t hod of
claim 16 frevndeanided swfang fohthesmepatingfof piakrafisfigP@ ahi L$0 tndbalagees| enent
(119) integra [ t i ver (D)
o sai 1 batknd e 2 ey de 68/ o o b belc iy e HEFHo Bordrh' Cont er
el enent ora g@indrical breines dapiag serev holeaifergnauritingtths pickadfecails apdiadamgent er

| t hawvi s | ' t d dri
Co sard baoh e bsERM oML aghal ARARNER, 38'dheP bhAHMER 0l sdM he st eps
of : form rigve agesdnuediiialrioi eachedieneiit Ho@eVer tRi88YoLilch them tred balanceahad bal ance
b t hat . , | | f P t id
bal ance. barcoasiel) HSaZtedi Ptk stte ot pRicenPE BBl oe ety 37
havi nt0 an 208gngether witrsthiedt flabbananest29 ang F1doepiasanbimprevert maohtimgnt of sai d

I ck of f - [ : ] f claim18 furth
ol udi ng Tenes 18 B8 itk ! I arthoir Ateocktly HER0A% ST 015) ™ nlegral to said
bal ance bar toThewalancééar ekibaapiesent inyaetiaryisdfirtteriadvbaiagecys heoausewnhr ds
that of saj or | i | . oa t i d
Fesonant - Fedanay bfertéungor | AR opchindo8y. Lig RS GIPhe iICE R, 0
i ncr eased andeXidisin ¢aop side efreditertalemantd! 19ahermaseshthe;floibility Yitbaldrioa st 5
PCT/ UR00/ ]1?%7@ IS thPtLERAbsS Nhis IWEE 78 TesbREntTilotieREy b the Bhidh@ LT Ons of

sai d bal an
bar in the drive mode towards that of the material filled flow tube. The matching of

resonant frequencies is necessary to achieve vibration free operation of the
flowmeter. Removing stiffness from near the center of the balance bar
concentrates the remaining stiffness in the region of the brace bars 105 which

20  better enables the flowmeter to remain balanced over a wide range of fluid
densities. This is a distinct advantage over prior art flowmeters whose balance
bars comprise a cylindrical member that must be calibrated and adjusted with the
addition of weights to match the balance bar drive frequency to that of the flow tube
with matenal. Furthermore, different weights must be provided to operate with

25  different density fluids.

The provision of the voids 218 and 219 is also advantageous in that they
lower the stiffness of the balance bar in the second bending mode. This lowers the
second bending resonant frequency to a point where a Coriolis- like deflection of
the balance bar, in response to the Coriolis deflection of the flow tube, is able to

30 cancel the change in flow sensitivity with fluid density. This is advantageous since
makes the calibration factor of the flowmeter independent of density.

The balance bar of the present invention is further advantageous because of

its inclusion of center portion 119 which has greater wall thickness than the rest of
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bar conprises cutout portions defining voids (218, 219) in said bal ance bar
on each 'axial side of said center portion of said balance bar; 10 said

el enent that |owers the second bendi ng frequency of said bal ance bar al so
makes t he w@gbidaggt i on factor of said Coriohs flowreter i rmemesedesivs of
density of said flowing material. 20. The nmethod of claim 19 further

| ncl udi ng $d1gashé sapénd Fh% %Q@r@ﬁe%@e@n&hfswas nb%es%albaia%a%si bal ance

bar that causes tﬁe vi bration anpl de of said balance bar to be | ess than

t he vi br atdrym made Vrgen amplkog to Pé\APWb*@an 2hat of thee thawy hibe- Fh's: isai m 16

character 'a%iegmbae&mrn A& lfjmérte‘é‘l@és me ARy awsqwnwf Eemb R ARk cRs§@Y d havi ng:
a cavity that defines an el ongate nber of Said bal ance bar (102} having

a radial @fliesr TP OPNCHREHPRG H‘G‘dﬁﬁﬁfdtwf ¢ dherenterofitne Ralanpse baswheeavi t y
portiofn thad qHES heae vibrash Qﬁﬁlﬁu&é%ﬁ)‘ue'd?éﬁ%%on%ﬁtu%‘% &ﬁlﬁ%%s@%ﬁ‘ and

having a center opening at each end of "said el ongated nber, a cavity
portion t g balenesear @?tqf'éhs'fh%ﬁrvél%asﬁ'ﬂ@te? nearing 9@&5 @f b balercevar ;  a

cavity porfak et e \ﬂ?rfah&?émﬁﬁtuhé?s%mﬁf‘@oﬁl&iﬁee\)@?ﬁﬁttlé ¢H3at dn%@%&% to 10

sai d bal ance bar to raise |'ateral vibration friequency sai d bal ance
bar, sai dbaiance@gtamwdleurat@Eh@h@'a@@ﬂﬁar%@fsormrag etﬁf@@IS@Iéé'Ubfngsal d

bal ance bay n&n%h@muﬁd‘ Q@r@hh%aﬁe% w@céseagwawa%d@ea $a8d eRfidhtdal ance

bar, and sal ri bs i1nc e elenents t i ncrease the cross sectional area
of sal@ bandhedalgace bar.ar eas proxi mate said at |east one voids that offset

the tensile 15TABb.RRRBILERSI 8 of ol InaKlah I AKSY din@Rogal dnbaliance bar

whenever said flow tube attenpts to change in |engt
forming i rebricateytorinelude brasedas i 85 integral with thenpaiangebarAPR: s iwia h nol t en

materi al tifef fittdhelef et diatce FHIS oemer@qur amnom&lefs%wcrb@bance bar
fromsaid nold. 22 0110281s pcT~rsoon~| ~s . The net hod claim 21

char act er ibatanceparhand Beacq barseerepierpsrifiatRneme land avhighehad iopemader ni ng a

ml d fgvi %seﬁabﬁe@vhﬁd’aﬁ&é& tPBnd BRdtheeddMRStha afssérﬁbnyrapmﬁﬂmnsieenent
integral (119) to said balance bar to enable the attachment of a driver to

sai d bal aftesdusing the beazedoinisras wealds petmegndhe Ralgnce Bai anskthgdlomwdube frpmtent er
el ement  0foGabiwh Mids thdRandBERng lcBkt M haeRsbd Hd)reibilRRbrieghéer. €l ement

havi ng a center opening
. In summary, balance bar 102 is advantageous since it is fabricated to have
specified and known operational characteristics that match the needs of the
20 flowmeter into which it is incorporated. Its manufacture by casting allows design
flexibility to tune the frequencies of the desired modes to have their optimum
values. It also allows for features to alter the frequencies of problem modes so as
to separate their frequencies from the operational frequencies and thereby
eliminate their negative impact on meter performance. Furthermore, its
25  manufacture by casting allows for features, such as pads for mounting coils and
integral brace bars, which lower manufacturing cost. The use of the balance bar
having these known and desired characteristics is far superior compared to those
of the prior art which use a cylindrical member for the balance bar.
It is to be expressly understood that the claimed invention is not to be limited
30 to the description of the preferred embodiment but encompasses other
modifications and alterations within the scope and spirit of the inventive concept.
For example, aithough the present invention has been disclosed as comprising a
part of a single straight tube Coriolis flowmeter, it is to be understood that the

16



that enables said attachnment of said driver to said balance bar. 23. The
met hod of claim 18 characterized in that said steps of forming include the
step of formng a nold having: a cavity portion that defines a second
nount i ng e’vﬁﬂﬁﬂ&s g207 208) integral to said bal ance bar pbatusenairses the
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10 signals representing information pertaining to said material flow in response to said

Coriolis deflections;
characterized in that:
said Coriolis flow meter further comprises:
at least one rib element (203) on said balance bar that raises the
15  resonant frequency of lateral vibrations of said balance bar.

2. The Coriolis flowmeter of claim 1 characterized in that said at least
one rib is integral to said balance bar.

3. The Coriolis flow meter of claim 2 in which said at Ieast one rib
element is on a side of said balance bar and oriented parallel to the longitudinal
axis of said balance bar.

4, The Coriolis flow meter of claim 2 in which said at least one rib
element comprises a pair of ribs (203) positioned on opposite sides of said balance

bar and oriented parallel to the longitudinal axis of said balance bar.

5. The Coriolis flow meter of claim 4 in which said balance bar includes
voids (203); and
said ribs increase the cross sectional area of said balance bar in a portion

(224, 225) of said balance bar proximate said voids to increase axial stiffness of
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an opening (212, 213) in said balance bar that facilitates the attachment of a coil of

said pick off means to said balance bar.

10.  The Coriolis flow meter of claim 2 further comprising:
an element integral (119) to said balance bar that lowers the resonant
frequency of said balance bar towards that of the resonant frequency of said

material filled flow tube.

19



10m -]e]]] "k dE: / 10m 109%G& ()- - 109G& ()- 109%G& () -1 109%6G& () -
C 10968 () - S10%G& () -k~ L < “aB:/ 10m 1098 () - Y10%G& () -
109G& () - Y1 109G& ()- 10%C& ()-!1 10%GG& ()-S axaa] bbTc}~<:/ 10mi n)

"109%& () - PCT/US00/16175
1098 () - W@&@%ﬁﬁwz&' () - SY# 109%G& () - Y" 10938 ()-!Y" 109884%& () - TcacccBddddE:

{ 1(%00/38:] (5)8 }30/%(9&- l(:)%' baﬁgﬁﬁ‘% g'é@&%%%{%%f& &E{ \?/‘%n%%%d(glément that lowers

GLOYZS! () -4t B9l frédusbOY@RSHid balbdG: LAGIIOEB LOMBASYS elvimeats (2f 8UEISY 101
ggoo/fé&( % 3 ﬂpﬁé‘%rgg%ﬁaa%%q%%v&?é T'?ﬁcité)a()@‘g1‘K<a)>(i't)|ilit)§1 0% bhhnce bar.

10m 1092Z&' () - YLg109%Z&' () - YGLOYZ&' () - YLZ109%Z& () - & 109Z& ()- Y 10%Z& () - hhi O
YiiidEbC 10m " 1Q9Z& ') -A 1097 &' () -FEs109&& (); &10%Z&" ()-10%& ()9

10928 ()10} @ j]‘j ok Carpi¥ Tl b %f)@-%f’{l&/&‘&w*("fﬁ ﬁ%%’l%%é‘%(tg’%‘%&

109%Z& () - H?@ﬂb@@@&td@)f@mw&:‘;@?mkﬂda@ blglahlné hhdéﬁ‘iﬁ}gﬁs@givoﬂﬁlQi@,219)

ot 85({%08)‘@%5%18%& haach B 3 (;éfé% Srldr pardh & d phtd bammmUEYNC
T10%4| & ()-!310% & ()-YYZ10%t| & () - mknnnnooaBYNC 10m |

10%1 & ()1 xs! 1908 | & O diohSHO ol dr SO i LoBdgl & -
an element integral (119) to said balance bar that causes the
vibration amplitude of said balance bar to be less than the vibration amplitude of
said flow tube.

14.  The Coriolis flow meter of claim 1 further comprising:
an element integral (218, 219) to said balance bar that lowers the
second bending frequency of said balance bar to make the calibration factor of

said Coriolis flowmeter independent of density of said flowing material.

15.  The Coriolis flow meter of claim 1 characterized in that said brace bar
means (105) defines separate brace bars (105) each of which is integral with said
balance bar at different ends of said balance bar;

each brace bar is a circular member having a center opening for
5 receiving said flow tube and having a surface perpendicular to the longitudinal axis
of said balance bar.

16. A method of fabricating a balance bar for a Coriolis flowmeter
comprising the steps of:
forming said balance bar (102) as an elongated member having a
radial center (204) opening adapted to receive a flow tube,
5 forming brace bars (105) integral to said balance bar and having a
center opening at each end of said elongated member,
forming at least one void (218, 219) in said balance bar;
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109& () - $10%& () - S#ior%fr%]é H\Q\I%ojcﬂm\g element (119) integral to said balance bar to
enable the attachment of a driver (D) to said balance bar,
said first mounting element defines an axially center element on said
5 balance bar and
forming a flat surface on said center element having a center opening

that enables said attachment of said driver to said balance bar.

18. The method of claim 17 further including the steps of:
forming a second mounting element (207, 208) integral to said
balance bar that enables the attachment of said pick off means (LPO, RPO) to said
balance bar,
5 said second element includes a flat surface (209, 211) having an
opening in said balance bar to facilitate the attachment of said pick off means to
said balance bar.

19. The method of claim 18 further including the steps of:
forming an element (119, 218, 219) integral to said balance bar to
lower the resonant frequency of said balance bar towards that of said material filled
flow tube;
5 said element that lowers said resonant frequency of said balance bar

comprise elements (218, 219) of increased flexibility integral to said balance bar;
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21.  The method of claim 16 characterized in that said steps of forming
include forming a mold having:
a cavity that defines an elongated member of said balance bar (102)
having a radial center (207) opening adapted to receive a flow tube,
5 a cavity portion that defines brace bars (105) integral to said balance
bar and having a center opening at each end of said elongated member,
a cavity portion that defines at least on void (218, 219) in said
balance bar;
a cavity portion that defines at least one rib element (203) integral to
10  said balance bar to raise the lateral vibration frequency of said balance bar,
said at least one rib element comprises ribs on the sides of said
balance bar and criented parallel to the longitudinal axis of said balance bar, and
said ribs include elements that increase the cross sectional area of
said balance bar in areas proximate said at least one voids that offset the tensile
15  and compressive forces axially exerted on said balance bar whenever said flow
tube attempts to change in length,
said method of forming including the further steps of:
filling said cavities with molten material to form said balance bar; and

extracting said formed balance bar from said mold.
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23. The method of claim 18 characterized in that said steps of forming

include the step of forming a mold having:

a cavity portion that defines a second mounting element (207, 208)
integral to said balance bar that enables the attachment of said pick off means

5 (LPO, RPOQ) to said balance bar,

said second element includes a flat surface (209) having an opening
in said balance bar to facilitate the attachment of said pick off means to said
balance bar.

24. The method of claim 19 characterized in that said steps of forming

include the step of forming a mold having:

a cavity portion that defines an element integral (119, 218, 219) to
said balance bar to lower the resonant frequency of said balance bar towards that

5 of said material filled flow tube;

said element that lowers said resonant frequency of said balance bar
comprise elements (218, 219) of increased flexibility integral to said balance bar;

said element that increases the flexibility of portions of said balance
bar comprises cutout portions defining voids (218, 219) in said balance bar on

10 each axial side of said center portion of said balance bar.

said element that lowers the second bending frequency of said

balance bar also makes the calibration factor of said Coriolis flowmeter

independent of density of séid flowing material.
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