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THE | NVENTI ON 5 - Wwon pertains to Coriolis flowreters and, nore

‘particularly, IOWI%MHMMMW" a nmethod for altering the lateral node flow
tube vibration frequencies a Coriolis flowreter. This invention further
pertains to apparatus and a nethod for increasing the frequency separation

between the flo AtTEﬁ?\Lr @@@p%EAg%%EMggugaﬁyoEﬁIFEBWl@‘Eq\gﬁ ube | ateral

node vi bration frequencies. rrolis ownet ers are

characterized by a flow tub 'mIE ial flows while the flow
tube is caused to vibrate a?'??é%ggﬁgnt %éﬁincy. When material is not
fl.owm ng, every, .poj vjbrates_i h wi.th every other
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phase difference and produces an output signal indicating the nass flow
rate al ong wiGaiahe HOWMEHRErAAIChBIRCIFELEA PPV HbemiitrerpaWHich material
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menber, such as a balance bar for a straight tube Coriolis flowneter. The
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erefore the anplitude of the Coriolis deflections. is .consjderably less 35
han”t nearlelf i IS 08RGkl PFostSengo e T PSR B P& ¢ hough
t he anpldiffardeceoind Ipeodiees @ni sutp @ syipTEs indicatingl the invvadsyflowakie alohgiwitit he
Coriolis response.that . . 10 July 2003 generates the pick off out put
si gnal sqmﬂt'ﬁfﬁF@aW%B@&@HQg‘f W@%éé'f"” Y&ctronics apparatus to generate the
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material. The output error of .a Coriolis fl o er may typicgally be .15% or
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30 driven at their resonant frequency.
The Coriolis deflections of the vibrating flow tube with material flow also occur

in the same vertical plane as the drive vibrations. The Coriolis deflections occur at the

drive frequency but the tube deflection has the shape of a bending mode with a higher

frequency. Therefore the amplitude of the Coriolis deflections 1s considerably less
35 than the amplitude of the flow tube drive frequency vibrations. Even though the

amplitude of the Coriolis response 1s relatively small, it is the Coriolis response that
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The unwanted pick off signals nmay be caused by anbi ent noi se f r om'Prgly 2003
surroundi ng environnent. Anbient noise may be due to near by machipery and
15 vi brations caused by nearby autonobile and railroad traffic. It may al so
be caused by vibrations in the pipeline to which the Coriolis flowreter is
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of these modes are inherentto any Coriolis flowmeter; but good design can minimize,

but not eliminate, the unwanted modes. Also, the frequency of these modes changes



The above problemis solved and an advance in the art is achieved1%9UWﬁQO3
present invention which conprises apparatus and a nethod for altering the
“vibrational characteristics of Coriolis flowreter flow tubes so that the
drive and Coriolis response 3 10 July 2003 frequency is separated by an
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out put information. The reason for th| s is that the increased frequency
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flow tubes stiffness for lateral vibrations



significantly and only noderately affect the flow tube vibrations O Yihed03
vertical (drive) 15 plane. As a result, an increased separation isachieved
between the vertical flow tube (drive) frequency and the flow tube |ateral
vi bration frequencies. This increased frequency separation elimnates the
undesi rabl e consequences of the |lateral node vibration frequencies by
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vertical plane also have a response, even though small, in a planethatis perpendicular

to the vertical plane. As a result, these elements have an undesired lateral component

to their vibration as well as the desired vertical component. This lateral component,
25 all though small, can cause unwanted signals in the pick off outputs.

The solution to the unavoidable presence of lateral vibrations is to alter the flowmeter

structural characteristics to achieve control overthe lateral vibration frequencies. This

enables the lateral vibration frequencies to be separated a greater amount from the

frequency of the drive signal and the Coriolis response signal. The increased frequency
30 separation reduces both the iateral vibration amplitude and beat frequencies and their

interactions with the Coriolis response signal. The increased separation of the lateral

mode frequencies from the drive and Coriolis response frequencies also permits easier

processing of the Coriolis response signal by the associated meter electronics. A lateral



20 a first lateral node stabilizer that couples a first end of sai #0daly@Ae2
bar to a first wall portion of said flow tube; a second |ateral nbde
"stabilizer that couples a second end of said balance bar to a second wal l
portion said flow tube; a ring elenent on each | ateral node stabilizer
having a circular opening 25 for receiving said flow tube; a first and a

second | @loge aleqB¥h&NHads Winceashblyalieseab th@derisisateporersighal aglidigyaxi al |y
innard fromsaid ring portion towards an axi al t(F‘]enter of said Iow t ube
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fourth aspect of the invention includes, the Coriolis flowreter of the
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are coumegﬁo&&ssgdfté b ie e Qb4 80 ARG R RSERAL o AR

respectiv ow tube; said I ance bar is orient eg} su stantl ally
paral | el reaspnsfar this isdbattne&)crezreld feeguantiasanasitionpsmes Hisiselezbvitteishe
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t ube; sal [ at abilizer
posi tioned 1T®elaepam4msardmaithedof/wabbr&n‘ensavejwtibhamhlewe:oamm ofatheiateref wal | of

ot enst SRSy PRt SPLP usBtteaPBRTe BhE 2l e e MR AR bR 1

i nwar dl yutfervmth lateiral a&lan@tehsum%n tabtnng co:pﬂao&ng‘tgeﬁowmhefoaream ofdts spmst i ons of

saidfl wards_a on i.t udi na nter of ow t.u
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of said sfdnﬁWahw,bEnW@hlyanQQMItélﬁatfékﬁ th@ﬂowaﬂlﬂie f/lbﬂill@ﬁﬂwm@fveﬁ@eﬁ(ddve ve

vi bratiops stantlallx unaléered R Etommrcum‘er ntial top and
Hrt om BEBote BPUb RN CHRReS SHRATATO B AEH CYSRPFIHRER A VAh I bitEs

ci r cunf edre} fradjuelcpshanefbwadiedatel @bRtioiréqehties eTHIS intres@mRALSNalef | ned by
said extensigns. 20 A fifth aspect of the invention includes) the flowreter

of the PERAEliGREUPINAIPRBEHNIEsIraP!e FOBFRIUSTGAR O& {hfy it qr%'éf‘ﬂ%%ﬁ@@t?ﬁprl ses a
first | abglidHcidPBE ik é.gﬁsnrpra@@ksﬁqsmﬁe@dr@t.gr@gpon@éi@.gﬁélaemslérmh, each

| at er al rmde stabilizer déefines a cylindrical a ring elenent having a
ci r cul afnHEFARFCHERGYB NS Hovaetsnad @ﬁn@!orm@tm ube; 25 a pair of lateral

Rxtensions afthxed sk8n3Rhith fish8ddck st Bk e RMioRHcRMe8G Coriolis flowmeter

having:
a flow tube for receiving a material flow;
a balance bar coupled to said flow tube;
a driver that vibrates said flow tube and said balance barin a drive plane
25 in phase opposition to each other;

said vibrations in said drive plane and said material flow are jointly effective
for inducing Coriolis deflections of said flow tube;
pick off means coupled to said flow tube that detect said Coriolis deflections;
said pick off means generate signals representing information pertaining
30 to said material flow in response to said detection of said Coriolis deflections;
meter electronics that receive said signals from said pick off means and

generates output information pertaining to said material flow;



circunferentially opposite each other and extending inwardly f r om'9aiuly %qor?g
el enrent al ong opposing | ateral surfaces of said flow tube towards a

I ongi tudinal center of said flow tube; a pair of void el enents positioned
circunferentially opposite each other 30 and extending inwardly from said
ring elenment towards said |ongitudinal center of said flow tube with said
voi d el enent s bei ngaidiCodaolisfflenerdterad $upjguosiope atien tdibe preeancadfdinpaintedf

exten5|on Ju 3 id Ia eral ensi on stiffen said flow tube
with res %Sfal V(?r%éonﬁ qfé?éqg @g&’rb?l SN i e rﬁomes \A ﬁ”vet %'8”%“ ffness of said
flow tube rel ati ve!;:yidmahf\emaedns/\getd‘erartesp@ehtetj@:gnaltsnatsaﬂrpscu off sladsdri ve
pl ane; said pair of 0| d nent s d sai d r al tensi ons permt
Dart i1 ow tube 1o bt Pt §BB0A S BRF Bl PR R PaBoli b bl of-
s@ d fIomdrub@wmgssaloﬂ;r.dlrgdeﬂe@tiomwnehh@f@tquéfﬁ@ryepgramﬁnsambddsa\m drike for

| ateral vyibrations, raise he reson u of said |ateral vibrations
of said FEOWFRQRNG SR iaéec’fé ‘§b'§rtf°f‘?1l§ ‘é?st a” %&Uéﬂ@ﬂ"%’é‘ bar ati on bet ween sai d

Coriolis response {4i@aueseyficwHeeaithbainefaksvi brati on frequencies 10 of
said flow tube. A sixth aspect of the invention includes) the Coriolis

fl owreter of the fP?esﬁ'Wﬁé&b"ﬁﬁamﬁafﬁstq%’rp'qddeFﬁ‘éé@w‘b\b%ﬁ’%?%’ﬁtﬁ%ﬁﬂ%@

cylindriggl case enclosing said flow tube and said bal ance bar and said
| ateral node stabilizer nmeans; 15 a first and a second case connect |ink
dBupl ed to a firstsaithlateragnads stabilacemaans alersdhe dlegHeaciat saiddatesalsai d

f1ow t ubgyang §§’r’r@'th'e grrereagegﬁqe%apﬁéygts;smmtwﬁé ééiéHm‘?é‘fr of said

case connect 1S connect ed | _I nner wa ) pOI’ |on O sa d case,
a secondvibmt@ns endtfaﬁffrwedcm&@l@katm@mbrqus beyogdaaiddestted @mpurddond 20

| nner V‘Bflamhpé}éttﬂeogro%ss?r?ﬁﬂf 3o %lfsf#@a?{ %ﬂeﬁﬁgﬁ%ﬁ’%@b%?cssa' d first inner

wal | portion. I'n a seve aspec r SI xt h aspect
wher ei n sai d 4&ss@ndaspestef the inkendief innledes, meSImmtiaﬂnWrableyofthalﬂrﬁlaepmﬁt

tending froms firs ut er endto
Bbet ant Parte 3 el Ei fERGEer T eerinnr B S SR B+ B sai 0
ci rcul ararapaseoghd sideofesd flawduthe tmwdmb@trmndssmard freigngn oot said latbraai d
| ateral npde stabilizer neans. An eighth aspect the inventor includes a
met hod o#9F aﬁe?%am ng the frequency separation between a desired drive

frequency andA indaspesoftad invehesmincbds, die Ooridlis @queretyr adthefirsbadpedtol i s
1 oWMet € o e ki B3 S SUTBl Rz BB G RERRES "
20 a first lateral mode stabilizer that couples a first end of said balance bar

to a first wall portion of said flow tube;
a second lateral mode stabilizer that couples a second end of said balance

bar to a second wall portion said flow tube;
a ring element on each lateral mode stabilizer having a circular opening
25 for receiving said flow tube;

a first and a second lateral extension on each lateral mode stabilizer
extending axially inward from said ring portion towards an axial center of said flow tube
along the lateral sides of said flow tube;

said lateral extensions are effective to raise the resonant frequency of

30 the lateral vibrations.
Afourth aspect of the inventionincludes, the Coriolis flowmeter of the first aspect

wherein:



driving a fl ow cube of said Coriolis flowreter in a drive plane at!Oguly 2003
resonant frequency of said flow tube and a bal ance bar coupled to said flow
-tube; 8 10 July 2003 coupling a | ateral node stabilizer nmeans to
circunterential side portions of said flow tube for stiffening said side
portions with respect to lateral vibrations; said stiffening being

effective for raiskagdibg An@&eesrtégmz\ém@%é@d}n&r@@em@uatgfafﬁ%@ sifalbmwert ube
beyond the | ateral vibration frequency of said flow tube when devoid 5 of a

coupl i ng ogiPiRddan drat and ph3achRrianastbahpNd Qéﬁcmﬁéera'/ﬁnﬁijﬂﬁﬁbé@@wwtﬁd t he

i nvention, a%%l:b‘rﬁj@éndtotf“é‘a:%faré%?e%rthe ei ghth aspect wherein the step of
coupling conprises the step of coupling circunferential |ateral extensions
on said | ateral nosgddirdabnd ﬁrz@salﬁeamdt@ckﬂm@ﬁ byjanre banterempleditosi des of
sadflo i o] respect to

Ia er al W%&%ﬁlptgﬁ'sﬁ %L%é%\@faeﬁﬂ'@,s%ﬁ ?ﬁjadﬁq\/élkveé\{ngt#%ﬁow&%udes t he net hod
of the ninth aspecsaidipdlahoe baeis qnamleddebstahtaals'tmjsllejfto@@tﬂoﬂlqw]tybsai d flow
tube and said late i), alq!ﬁ r of
said Coriolis fl om%he@(?%tez{ggﬁgéé é%h'rll'gg |%%ywr @@’&% %2‘55@3‘%8@ ng ends
of sai d eadreuleoopeutglfontkcdrangraidfinertulsesr f ace of a case encl osi ng said
Coriolis flowreter 609 .d

nmeasuring the fl ovﬁé‘f@ gfcae{nrglelﬁnagnwfegaghg?gﬁ?tﬁgan%oeg tag]vﬁ% odc’tc%’efjn a
MEASUT | NHeicR® dannadtydeall af duidiiouw ubznghdearmeabanial f Eaid salgma bdrng t he pi pe

in the housing. The support ani smincl udes a enerall cylindrical
hol | ow beam and fi éﬁgat ?\%S&P&R@Uﬁ%@%ﬁ ’f‘?“s'?ﬂ%g R pipe is
suppor t edirduRtBéreatial §egrhctts :ﬁyveh@aarzam:ytnmr&mbrﬁ bﬂ@ﬁh@ el@RTEPEAISng éiﬁ)oé‘ingl br at or

for vibrati ngf t he neasuring pipe and two sensors for detecting these

vi br at i oR/ECUR} 6’%‘1"6\}?%‘3{‘5%SQ'HQOWB‘QSFW“’%@”SF"F@E? |C\?€t?f|°lf)?%fjf'?|‘@j“{b@ngt h of

the nmeasuring pi p%aﬁoﬁa@%leﬁ@@é;éﬁaréQf@ébtl(/@@)ersE@r@‘éllaié@aMb?cSrﬁatn'tﬁét%de%B gth of
t he support nechanismso as to set the vibration frequency of the mnmeasuring

pifpe hi ghieaidiioaubmehipieaiing the fesenapniesausncy Heald Aive Vb ranoeR apartially t hout
reduci ng,tdi@rdd:9i dity of the support mechani smor using any additional

mass. US 5, 731,527 discloses a Coriolis flowreter whose fl ow tubes are nade
at least part of &R RBEPeeM cirprmierentiablopand BRitam segmesitheirachcaid

conposi tﬁ%ralﬂb?e%&%ﬂ&é!&e%mﬂ?@&&é &Eur’nf%rérﬁnaf?éb;%’é’en?%& Ta?éﬂa?ct?r‘fcbfmﬁéé rb@f3j | Ng the

fibers in one direction to Tncrease the tensile strength material in
t hat di resgments d¥gtestbydaid extagsions.t he fl ow t ubes are forrred of this 30

cpposite in fgle{sgkg +f’i'r?ef iRGSHioh %lufdlegvfﬁ?f g\éfm%?é]%fmevf'irg vﬂ%rgﬁ“er

Separate the esir ter vibrationa requencl es r e undesired
vi brational frequeaidil@sral @pdeualizeemeand cwpmsfe@mféeltlaﬁeb@n@derstabé@ge t he

i nt ernal r9{§§§égn% 18%'?51 ébl apability 9 10 July 2003 of the flow

t ubes. rain guagea o‘theflowtubeflexes with flow tube
deformation to i ndacfataéer‘aheoqimsteblhmr defines & wybngricas s uing. el ORSTRIFTION OF THE

DRAVY NGS, THeRs B0l el b 36520 @it and advantages of the

i nvention
25 a pair of lateral extensions affixed to said ring-like element oriented

circumferentially opposite each other and extending inwardly from said ring element
along opposing lateral surfaces of said flow tube towards a longitudinal center of said
flow tube;
a pair of void elements positioned circumferentially opposite each other
30 and extending inwardly from said ring element towards said longitudinal center of said
flow tube with said void elements being circumferentially positioned between said pair

of extensions:



5 be understood froma reading of the follow ng detail descripti o GofuhpR03
possi bl e exenpl ary enbodi ment thereof taken in conjunction with the

drawi ngs in which: Figures 1 and 2 disclose the |ateral node stabilizer
provi ded in accordance with the present invention; Figure 3 is a side cross
section view of a single straight tube Coriolis floweter 10 enbodying the

invention; Figuresddiifedl \ék@ws@hstshﬁeﬁlsawvmvetuﬂeaxmr@ 8fdolsareattrdl of
figure 9. Figure 5 is a cross sectl on side view of a fl|owreter enbodying

the i nveiRraignsafde leavyiathe glifress e PaEHoM HEe FIRYEY %Paf(ﬁ%w Wih reRBeqt ownet er

of figurgvrarhedysad diRetthd;at eral node stabilizer of figures 1 and 2;
Figures 7 and 8 are additional isometric pictorial views show n’? t he
5]

Coriolis flownretefaidParphiRieeBmails erpEbHDAgaideral exeasions@emait 83| i zer - of
fkgures i I i f r

chbody: fia"FRe ©sefikey Ulsfefteliif sBYHaL AR HARRRIG, hPERF e

Descri pdriv@piheFi gures 1,2 and 3 The present invention conprises a Coriolis
fl ownet er enbodyi t ption for
altering the | at etB gfsnﬁ%@% n? 'Jalfj ?@qﬁteu%tgafm {@H%’%rev@lfag\%)vhgrétq% eﬁl\%ﬁf%mﬁ%eaw ng

t he restmanencyefSaud:lalerdlrvilMetiCbmsaszalttfiovah:@e@od@BUses@'Blponeseedftr@qummy of the

F gur o SPaRnsaeR sl SRR e LB b Eh R B el PR 0,

thbodi edf said lowttutae.ght t ube Cori oI is floweter. The lateral node stabilizer

of figures 1,and 2 conprises | i,n a rrenb ent er

openi ng 115 At aéﬁef'gg?tﬂ-é%'@"?/g'o a %69,”%' [owdﬂgtgg&éﬁe ¥r§?g§ﬂﬂc ndri cal
menber 304 flrer majuebeker i or surface conprising a ring elenent 204 (shown in
figure 2) and a pair of (rlt eral .side extensions 08 each (gsaw ng an end 104

and | ateral surf&bs@Eptialygyipdicalsase et B?'PQE@F’ P¥ubean #8°€ 06 on

its toppanshdstd &m@@pﬁbug@tgmﬁzerr%ﬁg ng teeth 411 of a case connect fink
401 as best shown on figures 4, and 6. 15 Lateral npde stabilizer nenber

101 has a pair o1afﬁt@@d@rs@ave@cawqm%h"r&?@ua?@do?&rsrtsesﬂPr’@atse%ndor azi ng
oper at | 8y ¥R BERARE bar&hd 18 sﬁfdfﬂdWﬂJHeOarfd SN 18R A3 dHbinr s,

manuf acturi ng process. Figure 1 is an end view | ateral node stabilizer 101
as viewed from | Bristioutenend pheaid cpse OBRARALInk 1D FaRmeriegup @ firskinaer oi d
quadr anyaPpkhibRBFs&l casgber 101 and are 20 positioned circunferentially
between the two quadrant's conprising |ateral extensions 108 of el enent 101.
As shown on fi guaégcqn%nutezené@éﬁa Gasgracenent linglis gentectedica Apranses a

) rcu”f.ﬁﬁsm%n orﬁ@r%? |d%%sQBﬁQErﬁfErerPaﬁ! ?df%%@ﬁe 8hidt 6t ihREr AL GAbA.om Of

el ement 101 between e two | ateral qua ts conprising ext enS| ons 108.
El ement 105 Ingsevanth mct s$he fiewmetstr of Biesixjh aspedi Wheesibeaid ¢a%e coThect wo
| at er aly; @ﬁe‘ﬁﬂ%& ons 108 are shown on 25 the left and right side of figure 1
with elenment 104 being the right rear edge of each extension 108 on Figure
2. On figure 2) haukstantialiyfitéelement ¢xterdinglremsaid fils) outeaendia saidises¢angr surf ace
whi ch outer end;
25 a substantially circular opening in a mid portion of said flat element;
said circular opining receives said flow tube and said ring portion of said
lateral mode stabilizer means.
An eighth aspect the inventor includes a method of increasing the frequency
separation between a desired drive frequency and an undesired lateral vibration frequency
30 of a Coriolis flowmeter;
said method comprising the steps of;
driving a flow tube of said Coriolis flowmeterin a drive plane at a resonant

frequency of said flow tube and a balance bar coupled to said flow tube;



may be functionally dividable into a ring elenent 204 and the paiFOAwy2003
| at eral extensions 108 having outer surface 205. The left end of el enent
101 on figure 2 conprises a 30 end surface 202 substantially perpendicul ar

to ring element 204 ascowplihg 8fatdral bBaé saefizethé s to2dRumiéreh G AIRRAS JSdrrﬂgn.J; he
outer circunferenti al ggrtron of end surface 202 with the left end of ring

el ement 204. oktaig fewdubeforsijffening 9?6’9%@?189”\9(‘? witgresRed ta [ergbyikfationss e
connect link 401 and i

| ateral 10 10 July 2§ d‘te}'l st a Iiérﬁ %gt?}éreflgre%eﬂﬁg %@&%‘g{r‘r@%ygﬁ{%&ge%&
14 and 1 16 cfsgit ﬂe\etuttaabemnérthealrattarrabmratredg'esumcyldtsatdaﬂowetmbemmta@rrmvms
Figure 3 is & SLOSS Sec t tube Conolis flowreter 300
enbodyi ng th% ?)F% WQVY'h\/ ‘ﬁad F%@&iﬁ@ﬁ%h&%&p“ ses case 301 which
encl oses 5 flow tAlbmth?éEbe@ftﬁtt%rme"nltrﬁtlmﬂzlud@spthéﬁﬁllﬁdid@ftlﬁ@erghmsbébt\ﬂ@é’retml ch

are joined at the left and rrcp;ht ends of bal apce bar 302 to | at er al node
stabi lizer elhesigr ofigpupling sompisss the stepafcayrlingsitrygHetendial latem! sitensitNsheck

portion 315 é’rpﬁ'arﬁ%t@d?%d%ﬁa stab.ﬁiarm@ard &1 ﬁq)@rrcuﬁtrerérﬁrfat s.sagopta.tjlfraw
tube 303 is el enent 7; the right end is el ement

pair of pi cktubeﬁ@SLf@faMdRS’Gé@ﬁﬁﬂids@Q‘V Il@ﬁ‘tW'Hh@SP?@HP latgral yibgatipnso and Ieft
and igant meonet s dhihashlet dihBWRNRLN MULLOS thd BEtHEBRRENHIH a‘é%{eﬁtgxrbd?rﬁﬁher

coupled to the balance I ow r| Vi n al'ance
bar and f| ovintlubes theuiteps opt:rag;da‘ngv’rsaid ftosrstmbetartdosaadatdheretmedeatamlimrmeam
bendi ng node res nant fre enc bal ance bar structure A
1 ve o1 gnal 4GS ARa AT ALeF CoTRle BHMeSEos SR SpRPUl ko FEr
conductor 15 328 to dibugliing3sipobing\endkalf aidivase lcontehdinb el mnipaebaumaid ofat
its first bendi ng node resgnant frequencly The neter electronics receives

signals frof ﬁiﬁ@f&'?s'rt%sa'ﬁ&%e"%t)@w% hs 317 and 319 representing the
Corigki s displacement g 5006 evbkficlddid 4 s HaRmetbd far FRla8LARY tHd MW rdiBe

nmeter electraonics 316 processes these signals to generate mass fl ow and
ot her desireda hrd)bwaemerﬁhﬁ@atceqnﬁhﬁa:%'rtan@eﬁat"érrg Ripe fncyidesm bayring:pndat put

i nformation g0 Ha%ran%r's%gpemﬁp L iPe A2 thelduRindt 'rrre%;'t%gr i %mstn merudeeom

El enent 304 conpri ses case 301. Si'nce Is acro
sectional siadgendraily effindticalholldyebeas, artdrfesmmpndnndfsupmremlmbmaleThe

Fiaure 51 s Rt FoMEBhen iitd e houcibeg Mitne ShauRRbaaiBMBely o)

to t2@ rear A \nbmtor\f@rlvibratmg thé measwirgpipe &hdbmorsen80S fi Setestingthent sibtdtienspace

Cube. 502 ALt PIiRn BfudlsitE 7 Sielifle RRRI R bl it Boebliidiibe R og '

shaped case storteethanithe keffébtivendrating Eemgthutfethe Iseppork mibch@risoosmas teesktttbe t he

|1 f 1l h d
connect 11 ntPreen S bR s Ry iy Dofe i dteRafity i8guetia of ibshp
408 of case ndéthanisimgwitiesutfedunihg the rigdityloéthe duppdriraectumisnt etusinglangradditional

stabi|izer elenent 101 is coupled to flow tube 303, bal ance bar 302 and
case tonnect™¥$%nk 401 . Figure 4 is an end view of the structure of figure

5 taken along ti ugss 431,507 discBy¥é€a @ortélisﬂovﬂ:ﬁbtérLWtYos%%%thBeﬁrE@rﬁadwﬂe%st
figure 4 is a cross secti oned end view of the flowreter_structure taken

froma nid parttofwstspphlra@afqr@twmsﬁteﬁfqugtﬂeecampwt@s&tﬁe}mmte materis
flow tube 39§ronﬁe§$%gpﬂém/ 5rtaﬁnrrgt§§r5§?(§)tn d%'dtre&fon?&rag%a&é fhe té’l%tlﬁgﬁfﬁgftﬂ nes

bei ng a cross section t he wal w t ube fixed tot t and
right side pbthe materigf inthat disgations Selleemﬁdsatqaseofsm%ﬂawéultefﬁeaneefbtrnew thigyht

| at sur I tfettt@ I
10165(1?'he Ci %@ﬁ]ﬁ?ggegﬁol artd‘iﬁgc}r%%%trﬂg |ﬂg§@{et%r%teﬁglﬁf' fra? gf“’a P%é sur g‘?é"sagﬁ%il are
flowmeter vibrational frequencies from the undesired vibrational frequencies.

Circumferentially oriented fibers increase the internal pressure containment capability



represented by the lines 111 and 112 on figure 4. The correspondi Hy tY AR
on the right side this figure are the circunferential extremties of the
Tight lateral surfaces 104 whose circunferential edges are 114 and 116 on
figure 1. El N afak Qi i By Al S
Shown on figﬁﬁ@g29%#ﬁ§QUQ€g?M§@§?e?ﬁég@%féyﬂé@§ﬁgﬁ?ﬁﬁgwhgtrfac%a%gwﬁﬁgofop
voi d 109 as $hiodicatentheiigtermal PowTthbe pesasupmi r of circunferential hat ched

| i nes extendi ng outwardly fr'd CERNEAFC bg‘ peo303 are the walls of
bal ance bar 302. This is cross Ched Segnett-—a U238 outer surface of
segment 421 on t hEhdsaananthdiobjeats 2d féatgies and adheintae stof thepoventionmidy beftecase
connect link 401 that is affi xed %p the top and b01t0n1portions of bal ance
bar 362. Thebfubqersioadirem areadipg olihe liQuingdetail descripken ofereppseibie exemriaaet
link 401 con i ; i ioR i d ‘Fhe right side of
figure 4 shoagﬁ%ﬁ@“%ﬁgﬁ?gg% R§%§§%§m€§289ggﬁﬁggfm?%wgéﬂgyhgghnected to the
i nner surface of figaresiand 2dis:loss miateralimede stabilige| providedin agcordansestimect
link 401 and har .302. 20 Description of Figure 6 Figure 6 disclose
fl owt ube 303?83%§&%§“§%%@§ ‘ar 302 togetherwith a detail show ng how case
connect |ink 401 Riggrel 3t arside crodesedtmiview efra difdle strajghétubledCarivtls flolvmzadrance
bar % 2 and tobflomliube 3q3._The | at eral extensions 108 of |ateral node

st abiPi zer 1PTPAPRNG MEIPVENNown as are the axially inner ends 104 of the

right lateral sidagensteirnd Aew tHd Rowletr takEVdlond ind By bffRire eNds 113 of
voids 109 of |ateral npde stabilizer 101. The teeth 411 on case connect

link 401 are adapti@¥fetdisehe¢ops geetinresida gisvos! a Hewmgtenfmodyingthe;inegntipp
Description gf4.Figures 7 and 8 Shown on figures 7 and 6 are straight tube
Coriolis flowreter 300 having a case 30 301 enclosing flow tube 303 and its
concentric bal anddgwarb BN isemelria pidleriaDdewof eredBowmetarwf figine T agbodging

t hroygh the f i £ d neck portions 315 to fl anges
306. 1 fi gutbg 'é}?@ﬁ‘nggg{lg@'@%gﬁpﬁéesﬁé&&ghd of flow tube 303 and el enment
308 is the right Rigutesf? dnd@ dreaddBiddal Bbmetrzspidiotalkviews ehbing thel@orddis t o

be connected, 12 10, Jul y ,2003 t pipeline for recelbvin he terial to
be pr ocessed bRy SaprenpduRalE bl Hhe SEBYEeLH iglfe{ Rahd
flowreter to be d¢ogyrkadstacsitidieiepi ¢fed portion bétdioaimetedembbdying theanventmment
101 is shown coupled to each end of bal ance bar 302. Lateral nopde
stabilizer 101 coupl es bal ance bar 302 to flow tube 303 and 5 to case
connect link 401. The left outer end 407 of each case connect link 401 is
shown connected to the inner surface 321 of wall 321 of case 301 on figure
4, The junction 410 of the right end 403 of case connect |ink 401 on figure
4 is where the inner wall 321 of case 301 neets the right end of case
connect link 401. Figures 7 and 8 show the details of |ateral node
stabilizer element 101 and its 10 connection to fl ow tube 303 and bal ance
bar 302. On figure 7, lateral node stabilizer 101 is shown coupled to the
| eft and right ends of balance bar 302. Lateral node stabilizer 101 is
affixed to the end of bal ance bar 302 and positioned between bal ance bar
302 and flow tube 303. The circunferential ring elenment 204 of stabilizer
101 conmpletely encircles flow tube 303. The |ateral extension 108 on each
side of stabilizer 101 projects 15 axially inwardly towards the center of
fl ow tube 303. The show ng of figures 7 and 8 is essentially the sane
except that figure 8 is a cross sectional view of all floweter el enents
while on figure 7, the lateral node stabilizer 101 are shown in greater
detail. Accordingly, the braze groove 107 on figure 1 appears on figure 8
as a narrow void between flow tube 303 and | ateral extensions 108.

9N



20 I't can be seen fromthe preceding description of flowreter 300 P4ty 2008
presence of |ateral node stabilizer 101 enables the vertical vibrations of
the flow tube 303 to be relatively unaffected by |ateral node stabilizer
101 and its lateral extensions 108. It can also be seen that the |ateral

extensions 108 are affective _in altering the | ateral vibrational
characteristics of flow tube ILED R gures 7 and 8. These | ateral

25 ext engiRpridfH StAifhen thendateral portions of the flow tube 303 to which
they are atfixed. Tn so doing, the vibration node or pivot point for
| at eral vi br af N®REsERt iRYEsPR %@0@@3aic§”@‘fsff'éw{”?\?éﬁ'?‘b%ﬂ@@“ﬁﬂﬁiﬁ@mdﬁo t he

i nner eng’ta%%epéftﬁ@ms@ﬁhﬁwno%r%@h m@@a‘ieraTﬂaegnﬁhff@aLéN@ya/nﬁél%wens the

vi bration ngt | ow tube 303 f fg)g?atera vibrations and raises the"

r &sonant tuheefqul@ﬂﬁwlr@fth@ reéonmtee@pal\ﬁﬂm beauensy aBC acdie Faspen e requeFiayur e 9
Figure 9 | gt on
figure QOgﬁgﬂgg?égegéJngca%@%dgﬁ%% ITltH%f(Jt rg}'}ﬂ'&# ta&ﬁzlj{g!asggggn%ﬂ%h%gg bar
302, r| ngaehehe%gurzea tarmlighdlt shoal thexXatersd monls stebdizef enhsdieddmaestiaightnk 101.
13 @@ \ qgg '3 10 15 Tabl e 1Basel i neFl ommeter _SG |PL_~FDrive

F rorL. LB G R B eI80 57 7064 73104021  53518343435960 Tabl e 2Fl et er wi t h
I at er al made sTraé)IaleralahodﬁéiabFﬂﬁehﬁwrgum 1 and 2 comprises a cylindrical member

~FOPC, 178614466601. 0418 540485881. 5397984955 ables_ 1 and 2
éﬁ%w th F%ﬁﬁ@\“f‘@é Cpﬁ“g?/ FE ﬁzﬁaél?é?ﬁ%fe':ﬁ%é'°§’t*é{§?%Ege"ﬂ@f"%sh% 39 25 30
35 pr esamznridgmameraber Tr(}aibia&a]nesdflﬂlwlsﬂrkh;}:édog@ﬁ@ﬁg@bh@;e@ﬁbrﬂmm @hmeSI [ Eeo
unconpensat e erials having a specific t
o T e R Bl e P e of el putstors tebarE SR E sty ThE bttt or n
mode st afirdacaens of atb R myde s eibilizE MVEIMHds@hrodva 1066 itk aﬂwa@@ bbttamtbottiod he
col ums de5| %nat ed SG represents the SEECIfI c gravi t he colum

desi gnat’@dracPlVingdprBsbit & & ¢rseiGenpRetdiex Hat &f AF rsé?&ﬁ‘é?ﬂﬂgur"%ﬁﬂeﬁ%?/s t he

£l uMm dege@nAHRE JXBiINR mdRPs e 4 F@ir bﬁﬁ@é@%véé hge WHieHeNGY¥ednd the
col um desi gnated OPL represents an ou phase | ateral resonant

- f r equend$ fadiiaty abrazingsereralicthnhere s1egner 481 isattixgst Wshiav WoendF deinency

di f f er enge nhgiestritd'SrdcBsPhase lateral frequency and the drive frequency.
The right nost col umm deS| gnated ~F represents the frequency difference

bet ween the digwe Ifis agenscyevaliterah@ode stagflizphidd e vewediromdinentiton
frequeng; urJQb‘E%n;:lthQ%§@ﬁﬁ§urreha§re \Bld @aa%%émsn%ﬁ%memo1 gnd hhe ~F

bet ween the IPL and the d gjency Drive . This 1s an
2 cept alplogitioned gestanfesep@inbeimees em%d@@ml%ma@@l@@tqnﬁmﬁ of the

meter el e r%? [
Howeve 1618 %Ifeggbgﬁteﬁ}\eeﬁﬁ%%‘x"pgﬁg{;ﬁag an é:%]dﬁ% %@Sﬂé’ﬁﬂé.’ggti?ﬁ?gan SG of .5
is onl yaz:nrcurmf@engalaﬁgmﬁawapa@rbnépcfmt@qaéﬁttpe@@mdemtt@mofleﬂem%ntdloslo SO seen

hat Gl URANIE PRl fo@Ri e it FOMRRE R |05 (ko35 for

SpeCIfIC graV| res o héere "are al so unaccept abl e
separ at soriacé’ abvad guadransmehder #6891 Theathodateead extieosions |1 68 erabhowden

| ouret 818 (1IN BRI ") Qi Lo S IR B P SRR

i ndi cat estenalone)8adn Bigees 2i ¢ gravity, the ~F between the I PL and the Drive
o e, oy RS AR LBRER R n OBl Wi ol B OB BBR o e
F and CPlanyee‘quﬁFWIaQ)‘BdW&iaSIegmbfa reardienentrBdd@ad ddb paieof [dthed! ekiensione

compar a%g havmg ou er su ascg|2|0g.e Tfhleqé%;gggf 8lfement 101 on figure 2 comprises a

30 end surface 202 substantially perpendicular to ring element 204 as well as an inclined

surface 203 interconnecting the outer circumferential portion of end surface 202 with
the left end of ing element 204. Surfaces 202 and 203 together with grooves 106 permit

case connect link 401 and its teeth 411 on figure 6 to engage grooves 106 of lateral
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table t . The SF's of 46, 48. and 55 for specific gravities of .5, 12JolyZR@3
1.S respectfully are raised considerably and represent an adequate
frequency separation to enable S the neter electronics elenment 316 to
satisfactorily process these signals and obtain output information of the
requi red accuracy. As can be seen fromtable 2, the lateral node stabilizer
al | ows theoqiaast@béikem@dmgnbﬂot hElefrieown'BTt1eﬁ12.o1 Beandhdi Eavedras theldppas t he ~F

and Dri v g@}e fcff‘?%ﬂé?ﬂ%&%ﬁsn% kept reasonably constant. This allows

greater esi e | ateral 10 frequency of the OPL can
be | ower ed Wi Figmme 3t hen crmplsectainaowewfofpnstemghtaﬂubeoﬁaholcsr besmewaT 30y
i nterferen Thi E resu ncr eased qgﬁ stabilit

o} the nglir‘[ageterogc IsSescas |e|é’"”
summary, 't cdgwgb S5 YRR PYMELS Plé] ?'RYE r'fshea 5oV i 41'GRC3FI0%ES at er al
lr)mszle st altiblvitaes 303 aadfd mmmerngm]pwérdmsbmmdeememd r?‘watguemsyonae@au ﬁié gn ;
et ween the unwant ed frequenci es and .t here s the desire
Coriolis 935 wﬁeg&d}d{éﬂa&ach 3534540 %ﬁ’d%'é% et W&H%Hgaf f(i oW Y B%ener at e
out put daba e&ferid@qnﬁmgacta@@réﬂa etw anéﬂnebls pb@noh%1Wcﬁ$§rhﬂn&@§1% sl t hat
the clained invention description of the

preferred e&%ﬂ?%nﬁ%ﬁﬁ eé‘ﬁé’éﬂ%é“?§§|0§t’%@?mﬁﬁh$q7 dBe righsenther féﬂ"t’ BfP£t i ons

Wi thin thes %Céx@@neﬂnm@px\waﬁr d?fp.ck s 'LBVa%'E!tFRS'%oﬁI‘B%@Meft & ri§hedBas &1 2al t hough
the present invention has been disclosed as conprising a part of a single

st ai ght apdilsé apd r@b?ma@n%ts 31 dwkhaflewmater fyrther ichlegsgtver Bod0Q. IsatPlede
present jyeHaldNeel @@E a'?ﬁ f’oWTbB@?OS?fB# d@@%ﬂp@ﬁe Harehow BEJ? a‘?&tdr‘fﬁvK foes of

Coriolis floweters 1 ncluding single owneters of irregular or curved
conf i gur attiddphage wih respectsrdash iother BUhﬁﬁtSébeHWagm@d%lremouﬁm frequestcyf | ow

tubes( 30§1)the %gwll%é’/bgg%e\éyé%trdc?urg aimed is' A Coriolis flowneter: a flow

tub receiving a eriral flow, a balance bar (302) coupled to
said flow tubfbdmee mna}ergeoeyatedmtmeﬂemlememlceaa1@ andapniiadevarrpnsictbrbal ance

18" cai o O UAT 2B PR A SRR c bafbd AR RO ottt one
i nduci ngfrmeﬂoy |ij@fet%@lecmnslcsfece'abdsigm;dwfrputmg;k Piftls wfd REesmspdths, RS)
SOUD' ed SH%a%‘a'sqererng\éetn“n§tﬁer®trlolg §%Eer§8ﬁt%f&%Mb?édrfgﬁf&%hﬁ&%ﬁH?ater?aq sai d

k of f~ means resentin aining to said
mat er i al fldw.olhe meteesqdnn‘ns:e\mtscﬁ1§a1raztedeesetbesemalgoalssag@necmemrhasss foof Bedt i ons;

neter el that. re fr i ff neans
and geneort% ere%%i?%fé ag.])pglp ﬁ@?’f‘ ﬂ%ah? &‘a??eﬁiaﬂ%“% tﬁgce § énfofr}r%\/{;) 915 sai d
gori ol i ss bpplietbdwer path BMI(EEUIIHZBU@DLEHCBH notstawr. he presence of unwanted
| ateral vibrations of said flowtybe in bne substantia er pendi cul ar
Lo cora orsvenianudscitptisss B e ofeashadoh ST BHeE AR e SefEBTa s 1
said pi cslmelfléwofﬂowtube 303, the connaction of lateral mode stabilizer 101 to case connect

link 401 is not shown. Also not shown on figure 3 is the connection of the end portion

407 of case connect link 401 to the rear inner wall 321 of case 301. Element 305
25 represents the space between the inner surface of balance bar 302 and the outer surface

of flow tube 302.

Description of Fiqures 4 and 5

Figure 4 discloses a butterfly shaped case connect link 401 having an outer

left end 407 connected to the inner wall 408 of flowmeter case 301. The outer right

30 end 403 of case connect link 401 as shown on figure 4 is also attached to the inner
wall 408 of case 301. Figures 4 and 5 together disclose how lateral mode stabilizer

element 101 is coupled to flow tube 303, balance bar 302 and case connect link 401.

Figure 4 1s an end view of the structure of figure 5 taken along lines 4-4 of figure 5.
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nmeans; 20 said unwanted signals make difficult the processing of sgl‘,d" Ocqg’
off signals representing said Coriolis deflections when the frequency .
‘'separation between said drive frequency and said lateral vibrations is less
than a desired amount; Characterized by: > 5 |ateral node stabilizer means
(101 ) coupled to sai d flow tube and said bal ance bar; a ring Elenent (20-~)
on each s# @heravardalfigwrié issa elobs sediongdand th@edlmm@ararucw@mm (115)
for recei r cf‘qg}g (108)
on said Ig%@%a'ﬁ%r{goj b@gfsta r?%%# &h fﬁrs&qeegt @% In |r§1 ﬂ)/f Wm@r%% :&r?’om sai d
ri ng el emsrshowowathdse a\demmngsttmajn mfadoncenm'nema@cfh@h!rrteﬁtlam & gtyss akotn ¢the

| ateral Slh%ev?allogf fIB?/ tgbé 5@;%/ &\w?(gd tg‘ﬁw legloan‘?juA t%?%pérﬁbgs %iat rw%lll Oﬁ"ﬂgﬁ,
stabilizer "'neans alte e frequency of sal I"ateral "vi bra |ons {0 a

gr éat er ewbel03 akdme Isaadd dohitieteral arateo N4 afite thierdeibyl latacd masestabiheer

frequency_sepa j on, bet ween~sal rive frequenc i ons_ a e

f reguencg '8?‘%5,{3?@{&' gh?gf@?@rer?/&ﬁ? ggpgrﬁ)gnéocps?watgeﬁgfyaaqg@i)gy%qqesﬁ%ﬁsara reat er
than sai dreessiented bgiaiiies 11 1Qindern 2ton figaeé ki Tk eotrbspgridiasispisbg tied ngrai d
Coriolis Sé@?”a' s by said neter el ectronics iolis flowreter of

clai m 1 whEFBIsHIw R Eiegic E“%ﬁ"eéﬁ?'a“qeétoé&‘ﬁ“%ﬁé‘*rglﬁ&ﬁ?ﬁsﬂ@f‘V‘f?@éﬁs abut s

a first agdudnfes@fianedgesife 914 & thd drifiguire! lPeEfe%erﬂ 3l §btﬁ\ﬁlgdr@¢15rtﬁ§§]ﬂﬁﬂé
frequency of said |ateral vibrations of said flow tube. 3. The Coriolis

f &wnet erofdPteM AP W grshavh aeligyre &t dp&IUPRBEE S 15 1 1%‘@#“%'&?1’55“*&6? udes: a

first | atgned 1ofeR FIPRE lshd®h o(,];@@,ragthat couples a first end of said
bal ance bar (302) to a first wall Eortlon of said flow tube (303); 5 a

second | at er allnABeN Pair abrircumdereptianatchadlinesupnsingeuwawshdrasmiesenteai d
bal ance Qﬁ'ﬁkoﬂJb% FREE é"@h‘ls RYaldred b%?BQZf #Ql‘é’lé H#%%s hétch&?@e%:ﬁéhtqims

filowreter of claiml1l further wherein: said | ateral de st [izer neans
conpr i sesThe autersurtpeg efrsegmandé2 § tcadhe teang hottom Oébﬁl!-p'ﬁédiqflﬁewemqrg@n end of

sgsd bal ad?%@%@ nngega@ RECAR fig | x%gl)fm@?oep §E@Bb!téy%§g>ln dp?n oman FEu Led to a

second end sal ance ar sal irst end an secon of sai d
bal ance 54 'ﬁmade&eld_pIOéﬂgwre 4zhbive the Mbhdﬁ@ﬁtqfom%tmracslwé@d CM&C!%rtl on,
respecti Y?H@ inr?éd' s?f'?f'age fo %)Q’Sé Wag: goé.a' . f%? dr 4°§Ho‘%\}”étt§9 ngHﬁé%@”t ially
paral l el T0 sal I 0 sard cylin r|n el enen

| at er al mo8ef @tsalobhhecemnk sopo@nrtacmwm tb@hmeewréaveaﬂcese wall #0&fEigmiiedt f | ow

t ube and 4%'4 tﬂP?LH'C% Io %gg@_ﬂ_{e%t ﬁr?ll %??ng{ ’lad?c?: 53;5 d | ateral nopde

stabilizer-inc xtensi ons I N ng ratera4
c20 cunf erDmt:m@gbn&éﬁw § that extend axially inwardly fromsaid ring

el ement al OngFigLPrg%Sojis'?:%sglﬂg\(/:vlflurge%rogm Icabalgr?cretbla?gaz %geﬁ%rwm]; éllg VYal} wxr% pwards a

how case connect link 401 and lateral mode stabilizer 101 couple the ends of balance
bar 302 and to flow tube 303. The lateral extensions 108 of lateral mode stabilizer 101
are clearly shown as are the axially inner ends 104 of the right lateral side extension

25 108. Also shown are the inner ends 113 of voids 109 of lateral mode stabilizer 101.
The teeth 411 on case connect link 401 are adapted to enter grooves 106 of lateral
maode stabilizer 101.
Description of Figures 7 and 8

Shown on figures 7 and 8 are straight tube Coriolis flowmeter 300 havinga case

30 301 enclosing flow tube 303 and its concentric balance bar 302. Flow tube 303 extends
from within case 301 through the left and right case ends 310 and neck portions 315

to flanges 306. On figure 7, element 307 is the left end of flow tube 303 and element

308 is the right end of flow tube 303. Flanges 306 enable flow tube 303 to be connected
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| ongi tudi nal center of said flow tube; 17 10 July 2003 15 said | ¥ dulnR003
_extensions (108) are effective to raise the lateral resonant frequency of

said flow tube while | eaving the resonant frequency of said drive

vi brations substantially unaltered; tap and bottomcircunferential segnents

of each said | ateral node stabilizer defining voids (1 D9)

ci r cunf dpamipalineyordreiciogtthe maderdialte balpredassedrbe flommeter 30D, sidgaeads (108)

defi ned ter of claiml

further '&%‘8?@%93@65(%?%% %%f'éﬁé etgsbte {)E’Eqpl%z%’retroqujé g'r?te"c%wrrrgrl ses a first

| at er al rmde Lateadlirhocestabliddr)elamena 16 @ costtbviratcepadd tl:rmadehshab:f bazaete (101); a

pair of aI Xt ension 108 ffi xed tpo said 04

oriente c%@cé:u gerr%'rﬁ]?%ﬁ f‘tsabﬁ%%ri 008% bgfaﬁ] bar éb ?éﬂ%\ﬂf‘%l y from
sgidri ngcﬂee:rmntectaxhbnm Ofposit ngtdraneradl7 waadrmaes corhnemlm 4010msh¢»he t owar ds
a longitudin er of said.flowt ; pai f top apd_bottom

ci r cunt cPanraay KB s BBrs Ao gt vtator & Bt 2of podflisat: Trekbgen

ci rcunf anerdfnraé hghtcmﬂamata cﬁaéftoﬁhbefhr&m:mem’i Bi\tte ig's Qvhersviiedinyef wam sai d
ring elgggr?ﬁ gs sa| Ion di_nal center of @gidflowtube with said
voi d el Ea%% ”tﬁeF%'uﬁfrlﬁh ﬁf’ AN p SN DHRE4BEL ween sai d pair of
extensi ons; ERjufbd AhRL 8kheX tRNSEANS o(lla@é?rhl abdd §1apilisad dlerhb ot duley ivd t h
respect to said lateral vibrations | eaving the stiffness of said flow

{@dbe relFATRAIPY MR et 3k tPﬁ'?@%‘bEé’t 3Q?o Qn %9‘5? i’ olfteralmede gtagiizéfe pl ane;

sai d paisp1 efshbwnc&rmledqeménaﬂ &hd @%H%ﬁﬂ@@ﬁda@dnc@ BaHRR! LAtefdl MloRd sidlidere] ement s
(109) permt and said | ateral nsions permt said flow tube to be

rel ati vaPyismBradetiaend efpalangsdear 302 andnasitionad betwaes; Balppembaid®e in said
dri ve_phaBfowhi 534 MFRNERAAL S iatlnfb Qriabeol of shBlisslorddkatins rai ses

t he resonant fre uen sald latera brations of said fl ow tube and

i ncr easé@C”fCI'@fiO 3&%/ Thepipea B&ﬁnﬁl@ﬂ\ﬂééﬁn§a¢ft15'@ﬁ@f\ﬁéamlrzéql@rﬁfwevisbr ations
d sai gmla@;@, dl)” é’e'ntPé flfgpﬁt@e d flow tube. 6. The Cotiolis
ownet er of clal m er in a substantially cylindrical case

(301 ) encl oﬁimgwos/an@lof ﬂlgmes Mtﬂé\d(%za@swmda&&ahhd sealeagnsepbinat (ig02)8 iand sai d
| at er al d a

second cg}sag&(:%nﬁ%(‘:\f'é\ﬁ8(%“5%%%%%%%5 %ﬁge on]f%# i %he%gg%‘ %gﬁgggbggégond end
of sai d1bbarasbewbargrantdr detad.ahccdriimgiy, umdaramigrsavetﬂ 0%erefigure regpeasabi | i zer

means; g, fihlrdls Q4 RhrEN Yol Bdiveth RAY Hiee2RA SRNDRFL dddHsid f@ynected to a

first
20 itcan be seen from the preceding description of flowmeter 300 that the presence

of lateral mode stabilizer 101 enables the vertical vibrations of the flow tube 303 to be
relatively unaffected by lateral mode stabilizer 101 and its lateral extensions 108. It
can also be seen that the lateral extensions 108 are affective in altering the lateral
vibrational characteristics of flow tube 303 as shown on figures 7 and 8. These lateral

25 extension 108 stiffen the lateral portions of the flow tube 303 to which they are affixed.
In so doing, the vibration node or pivot point for lateral vibrations of flow tube 303 is
effectively moved inwardly to the inner end 104 of each lateral extension 108. This
effectively shortens the vibration length of flowtube 303 forlateral vibrations and raises
the resonant frequency of the lateral vibrations.

30 Description of Figure 9

Figure 9 is an exterior top view of the flowmeter of figure 4. Shown on figure
9 are case 301, case connect link 401, flow tube 303, balance bar 302, ring element

204 and lateral extensions 108 of case connect link 101.
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i nner wal | portion (408) of said case; a second outer end (403) oflOs/4y003
case connect link is connected to 10 said inner wall portion (408) of said
case circunferentially opposite said first inner wall portion. 7. The
flowreter of claim6 wherein said case connect |link defines: a
substantially flat element (401 ) extending fromsaid first outer end (407)
to said second outer end (403): a sdigbteahtially circul ar openi ng (404) in a
m d portiB®sednesaid flat 5 el enent: said circular opining receives said
bal ance [EewaAsttrsai d flﬁ_ﬁ t uBa arsf saldiveifng el&ment8Hl204) of said | ateral
mode stabilizer nmeans. 8.5 A 3% hodlof 58Perati ng7the5@riolis flowreter of
claiml to increase thelfredif@ncypbseparati on beltOeerd92 desired drive
frequency and an undesitéd |3tler &8 vi BBati on fr3dquerddy of said Coriolis
flowmeter; said nmethod conprising the steps of; F driving said flow tube of
said Coriolis floweter in a drive plane at a resonant frequency of said
fl ow tube and said bal ance bar coupled to said flow tube; Characterized by
tike further steps of: coupling sai dThalkey al node stabilizer means having
sai d | at Eimémet¢rensi ons to circunferential side portions of said flow tube
for stif{inilagredai d side portions of said flow tube with respect to |ateral
vi br at i ongidesAatdiisdri f f esing |Pei ngref fpavd Fe fop/ ai ©Pag the drive vibration
frequency of said flow tgbesg an7@nogid greates thggothe lateral vibration
fieequency of said flow {gbeuwhenigevos4h of sai dgcoupdg ng with said | ateral
node stabilizer neans. 18 339 Judy 24433 9. Thegsnetsgyd of claim8 wherein
the step of coupling conprises the step of coupling circunferential |ateral
ext ensi ons (1PAHIeHN apdixbHoABE BbnMEBroVidd dyltRE atdBANSAd sthBilizér 4fAhOPPOSI NG
circunferential sides_of said flowtube to stiffen said sides of said flow
t ube wi tirepRiiR@ENtied. Tallel shows hedgLwssbtaned fmmea kesalbg U6F°'6P9”$ﬁt9df urt her
npri si u ral node
2Pabi zfﬁf'”"%f?ﬁi‘sﬁé'ﬁ?”@é PRSP T 2 B8, hY Prle 23Ul ¢
f | owret eruesukbs af @ Hewmetssgetodyingkhg wabmoéwabdjmqfﬁga PIeEBRY iNYerdivds (407,
403y of said f se
lﬁf’%@ tSQIPQ?Q{'I?& th 5I§mﬁ§8§s%ﬂ%§§i A%C?l'érg %s%ﬂts(tﬁgg'ps)mf% grévify?

encl osi ng sai rrolirs
CACA AL g calmmip dabigndted|PLABpregents the R-phake laterhl reginantig@guesey, thegolumn

designated Drive F represents the resonant drive frequency and the column designated

25 OPL represents an out of phase lateral resonant frequency. The left most column
designated AF represents the frequency difference between the in-phase lateral frequency
and the drive frequency. The right most column designated AF represents the frequency
difference between the drive frequency and the out of phase lateral resonant frequency.

Table 1 indicates that for a specific gravity of .5, the AF between the IPL and

30 the drive frequency Drive Fis 141. This is an acceptable frequency separation so far
as concerns the selectivity of the meter electronics element for the processing of the
pick off signals. However, the AF between the Drive F and the OPL frequencies for
an SGof .5is only 7. This is an unacceptable frequency separation. Itis also so seen
that the AF between the Drive F and the OPL frequencies is 19 and 35 for specific gravities

35 of 1.0 and 1.5 respectfully. There are also unacceptable separations

Table 2 shows the result obtained when a lateral mode stabilizer is incorporated
into a flowmeter comparable to the baseline flowmeter of table 1. !t can be seen in
table 2 that for all of the indicated values of specific gravity, the AF between the IPL

andthe Drive F frequencies is considerably increased over that for the comparable meter
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to said drive plane;
said lateral vibrations generate unwanted signals in said pick off
means;
20 said unwanted signals make difficult the processing of said pick off
signals representing said Coriolis deflections when the frequency separation
between said drive frequency and said lateral vibrations is less than a desired
amount;
Characterized by:
25 lateral mode stabilizer means (101) coupled to said flow tube and
said balance bar;
a ring element (204) on each said lateral mode stabilizer means
having a circular opening (115) for receiving said flow tube,;
a first and a second lateral extension (108) on said lateral mode
10 stabilizer means extending axially inward from said ring element towards a
longitudinal center of said flow tube along the lateral sides of said flow tube;
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3. The Coriolis flowmeter of claim 2 wherein said lateral mode stabilizer
means includes:
a first lateral mode stabilizer (101) that couples a first end of said
balance bar (302) to a first wall partion of said flow tube (303),
5 a second lateral mode stabilizer (101) that couples a second end of

said balance bar to a second wall portion said flow tube;

4. The Coriolis flowmeter of claim 1 further wherein:
said lateral mode stabilizer means comprises a first lateral mode
stabilizer (101) caupled to a first end of said balance bar and a second lateral
mode stabilizer (101) coupled to a second end of said balance bar;
S said first end and said second end of said balance bar are coupled to
a first wall portion and a second wall portion, respectively, of said flow tube;
said balance bar is oriented substantlally parallel to said flow tube;
said cylindrical ring element of each said lateral made stabilizer is
positioned between an outer wall of said flow tube and an inner wall of said
0 balance bar;
each said lateral mode stabilizer includes lateral extensions (108)
defining lateral circumferential segments that extend axially inwardly from said ring
element along opposing circumferential portions of said flow tube towards a
longitudinal center of said flow tube;
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longitudinal center of said flow tube;
a pair of topy and bottom circumferential segments defining void
elements (109) positioned circumferentially opposite each other and extending
inwardly from said ring element towards said longitudinal center of said flow tube
with said void elements being circumferentially positioned between said pair of
extensions;
said lateral extensions (108) stiffen said flow tube with respect to said
lateral vibrations while leaving the stiffness of said flow tube relatively unaffected
with respect to vibrations in said drive plane;
said pair of top and boftom circumferential segment dsfining void
elements (109) permit and said lateral extensions pemit said flow tube to be
relatively unaffected with respect to vibrations of said flow tube in said drive plane;
the stiffening of said flow tube for lateral vibrations raises the
resonant frequency of said lateral vibrations of said flow tube and increases the
frequency separation between said drive frequency vibrations and said lateral

frequency vibrations of said flow tube.

6. The Coriolis flowmeter of claim 1 further includes:
a substantially cylindrical case (301) enclosing said flow tube (303)
and said balance bar (302) and said lateral mode stabilizer means (101);

18



10 10%r& () - &10%v& ()- 10 10 10 July 2003
1089109%& ()-f  610%& ()-y4' ! 10%& ()- @FGH QRsT: C

1010%18' () - 10%1& () - 10%& () - 10%r&’ () - 10%r& () -, 10%r& () -, &L0%T&’ () - RST] A _
a| bH. CLO%&’ () - 10%r& () - 10%18& () - 10%1& () - 10%& () -/ K3

M 10%r& () - abcqvzwX9. CLO10%r& () - 10%r& () - 10%& () - 10%r& () -/ K3

M 10%r& () - xY: . CLO10%T& () - 10%r& () - 10%m& () -/ K3

M l;/goo/zg&( §) 10 3%, qéﬂ@%%@?&@%&i@@v hdpled to a first end and

5 M 10% &% echnd QMG §3id MEQSADE Har ahd%e8aid)floebtubt Kdid said lateral mode

10

M 10%r&' () - 10%1& () - 10%r& () - MLO%T&' () - 10%1& () -y_EC/ K3
M L&16YaRRIZe) E_RADIGR, () - L&LO%TE () - mL&LO%TE () - L&IO%TE () - L&LO%TE () - 10%1&

() Yol / CLELOMIS, bt bHPURE (ko) QB lohREAII i bohWAEAT 4 hrdk10%e: () -/

%g } cInhet &m0 Edlon)(4 0&)aRaatd ¢ase; &10%r8 () - L&LO%I& () - L&LO%I& () - L&LO%I& () -/

9 AL o AR A O

% L &I H%enel It \ok3)) &b&&@;&’@&c%&mﬁf&ﬂé}ﬂfﬁﬁy bpbSAOSadfifst 1drié8
0 L&LO%IE () - L&10%IE () - RVY] Abf sY: / CLL&LO%E! () - L&LO%I& () -/ K8

o) L&WBIARMION. L&10%& () - L&LO%I& ()-fi npt uvT; / CLL&LO%I& () -/ K8

00 L&LO%IE () - L&LO%I& () - L&L0%I& () - L&L0%I& ()-v|[:/CL & 110% & ()-z
0109 & ()- f)10%9 & ()- 1109 & ()- S10% & ()-- , 109 & ()-*2w[:/CL
0°10% & ()7 S&Nhe(shdter oRSai 60Messit FaldkSisearnaec) inkldefidess () - y-

D && 109 & fwu 0 6'100 £f5:110% &

g o e () eRbshrtan ﬁa%%ﬁmé@@%é%ﬁ%fws § bsnopsgnd 0 & O
L&! l%mo(ém@s@éol:@%m&éad@osg 10%)& ()-- &10% )& ()- bdl[ NA410
9:110%)& ()-f L ml0%)& (): Z%40%) &6 110% )& ()- 10% ) & () - -
*s10% ) & () - b\/\p[summma@mmﬂ/ar)qgeomg( @lm@mdgpwon@f w%fba& ()-

" 10%J & Che SY#10%) & ()-- 9'110% )& ()- '%{)*+|[NA410I)10I)10I)

L9109 ?‘E - T310%)& ()- &I 10%)& ()- &$!10% )& ()-

#nv/&O%)& ) +8laiBEiFculiddinifg 100V B& ald balads®aB8nq }aa:d flosviodd* 38 () -

s Bl B 1

3100/63*3& ()-D| [: NA410 ! 1098*3& () - '100/63*3& ()- 5#100/63*3& ()- 1098*3& ()-
3 91008*3&' ()- - 1098*3& ()- 7>#+= y, GLO9B* 3& ()- |* 10%*cé& ()-
"310087* 38 () - ATeibed A opRrAting “?ﬁ @’!ﬁ'%metem#@@%ﬁ Ringreasg [ - Na410

5#18}5% it bé}néaw fe%}i% :'B%hﬁ/)sén a4fE3i8d ddvd dre ?) q %@a?n (hdedidk@?@* 3& () -
&10%@e@l v@m@@ﬂmmsfossaud@@hsaowmem [ vU4 YSs 10% & ()- ,10% & () -

10% ‘ga@ me i‘%ﬁ%ﬁgbr(s ng therQe(gsgbfg )-

driving said flow tube of said Coriolis flowmeter in a drive plane at a
resonant frequency of said flow tube and said balance bar coupled to said flow
tube;

Characterized by the further steps of;

coupling said lateral mode stabilizer means having said lateral
extensions fo circumferential side portions of said flow tube for stiffening said side
portions of said flow tube with respect to lateral vibrations;

said stiffening being effective for raising the drive vibration frequency
of said flow tube to an amount greater than the lateral vibration frequency of said

flow tube when devoid of said coupling with said lateral mode stabilizer means.
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