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other slightly stiffer, but the change is not enough to have a major inpact
on the spring rate of the balance bar. Wthout significant spring rate
change, the prior art neters have sufficient nodal novenent that the nodes
| eave the brace bar and nove into eitheft the balance bar 25 (for |ow
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opti oo ceb g AR REMHE ubEMANE foaldie P BIAN Bt arINE hirdrsed

det er mi nehatdhial deristty woulliahdioarsbseatdiathd fiew nelse biveaad 56meinagasd tead of
the meter is within the brace bar. The inner surface of the brace bar

(ring) nobalangethar: Adsa,ithebalancedpar naluralfrequensyrdiops fmnadheiaddetiteass

bal ance bar. Each node theregef Qnsy f | i ndrical..surface between
he. br ace YRPTBIRLPEL G P Sk o AR G SboRabiid AMtp GRS oniie End
surf ags, RhefrBqbenciBB betHetwOSELEILRESS ; eiste | oM e bar
and incr egeggg ihts gsci_cl:ll ation a;rrpl?t ué@éwi ttaﬁp?ﬁusﬁlgnce %%%Epﬁgﬁﬂﬁgﬁg&
surface, themodesohovadn tredeppasitef divagtionrandthedealbace hat giviealupomask tathes i n
phase with the flo so has i ncraeiasi ng anplitude with distance

d i |
from noda'o‘gﬁﬁ‘l?%é%we%} e%?%pé{a{gg?r%e&qeg {424 hus seen to deflect in

shear, as t hougithblprisfaft sdItRIr, e bhRBFItRE nodAR S¥iGeHhs gﬁgﬁ%ﬁﬁ%&%

the 25 effective bal ance bar spring fromthe effective e Spring.
Wien t he faoml pnedmembéroandt eenasadof thewotlere mardbehe Hlad gurobldmrisctenges

by 20 o T b S e PR B A e BB S 55 TN,
| engt hs  astdhBRhHLURMIMPsHHEs whichs URRnO@hY fBiécafuﬁé(ﬂh'@Bﬁké%hﬁkinyn‘és'rPE}r’?&bo%ft ive

menbers despite mass 30 changes of the flow tube. The nmass tr ween
f 1 ow t ubdsamknostrartbe ghdft in meteo semsBivity tis 230 snkoolah. shhé tiadal iskift with

o RS alsBraLeRs o Eng Failgs BF the fvo METnEEE; YA S Dauts”
wi t hout angé.ngnaaﬁ@_oma@dm; Bixe shad@ﬂfee"slf%pﬁafnﬁcﬁéﬁwnté% Risber is 19

July 2002 behave rigidly with the majority of the deflection occurring in
t he Bacepread thrpighopt hetstatcterss thenddalmhift distamamispiery smetlaompéredte

i vot here t | at t he. _bal e b teri but th i
ot ati ondhecserng uendfh. snf T shfdndhe cataRualo e fiidhse connect |1 nks.
attach to the lmherplr@éerqfin&é?ﬁi_oh@i@@ﬁ%x%@afb&ﬁ@ﬁ%ﬁgon%amef 49%h : %§ﬁ§an

maki ng themstiff in translation in the directio f vibration,
support tdemceptratactinghe widtinityeoftherend nodgmratheghanlslisitibated o tigh@stthe By

maki ng the case cqunnect |inks.soft in torsjon, spri.ng energy outside of the
brace bastatiie 4061 §eRCCTHRIG: rRafs: el aGRlieed 1Pl s S? eTY dgwocamdat

i nk r : tur ti : he..ni axes
bet V\B%gﬁ ﬁ]egé%'ngﬁ gﬁ f(')ér%o tﬁg%%i%eﬂbﬂﬁﬁéﬁi{ot eth?ér%{!leoﬂ g{rl%o%aﬁ ﬁ@a}:ﬁgge.
There ar altemitheéffettan sprire lemgtas by snakingfoneastorizrlamuceoissquendy stifferf | at
pl ane of the Iinhs g)re ori ent gd germd{'.{%ul ar, to the tube axis. This
georet r y 3NEHBEANERHIONGSHABESONGT hRRRERUTIRSSHS iavRreely rapetiian sk RSP ARG case
rigidin (T i t: I i | i wai st
o Tt he LT ar o B e R e P kPl el SRR 108 7
bal ance IsaringmdtesdssUchamianpet s tabaep thd msopehtequenmedal trecitowauband
case soft in torsion and decreases the torsional spring energy in the

l'inks. EP O 759 542 Al discloses a Coriglis flowreter conprising: a flow
tube (104) and a bal ance bar (1101 ) oriented substantially parallel to



each other; 20 brace bar (1001 ) neans connecting end portioqgﬁfymd
bal ance bar to said flow tube; said flow tube (104) having a spring
function and a mass function; said balance bar (1101) having a spring

function a4 BReBaante Wdr 84lial 2 iR ‘?ﬁ%&%@nmsgeaél}e‘hgi%;eqagl. B NForktlorPl ) for

connecting sald reference nmass to sal race bar neans; driver nmeans (D)
for vi br aampditsdgsiobthieaflow tudre and bedanced bawadjusd themselvassalipnoatically ohase
with respect to each other; to ,establjsh

id dri beij ff, ive
b Vibr ot SseNEIBOMETRHE o BYathis Mg, B Meter adltnge s mabins e bar
(110 ) oSt Losiken £A0S; a0 gkt agy onal node acting to

separate e spri on o tube Tfromthe spring function of

sai d b&l ance b#yacdardanoewith thtineepsredmvantiony g springriinctian iscoheatiated
bal ance desgi te changes in material density by altering relative spring

rates ratindnetarage hagandissbsiasntiallyremoveddicmihg owtube aodihe balance har-

structura ring,.in the vicinLy of t I 2_end nodes.. The
dynan o ot S SiabiaticBalr hrefine' A8 giptdmibd A 2 RRtRf 8f8Bring

t ube/ bal s}y ' fle& atd NisSam sthrdsiva M ' e
di rection of g\??lé?ﬁab'tr?(gﬁln gﬁﬁ@gof ?ﬁfﬁt torsi On'.é@elzé ISgbargsbe r%ggﬁp;@tg)gﬂbgbs%gct

of the i rmamwveonlittiecimpiat en the ifrdguenicyovintiteesyBehavilihg equatiqn éoredpdygan ¢
bal ance; said Coriolis floweter including: a flow tube (104) and a bal ance
bar (BPLOoBNEI8Yi ented substantially parallel to each other: brace bar (1001
) means connecting end portions of spigdyhalance bar to said flow tube; 10
said flow tube (104) having a spring function and a mass function; said

bal ance bar (1101) having a spring function and a mass function; a case
(1401); case connect link nmeans (1701 ) for_connecting said case to said

brace barreveaksdhatspring areraeandepadedsignifieant wymeking tbastifioessds, vard

ari ver memaoulRET R I htie B o Qo lif RERELES B RARREh LitedBE ML P s
br ace goarnn iR teatibA®F the v sbfbep g eSpang ekl darrdlss Betnademdighitichhp4) ;

said vibrational node separates the spring function of said flow tube from
20 the spnienggiamby miking thesaringidefieetioarX, very.smalRAbTERaZED done aither

{1 oxi bi | 55 o B e gt S rieiBd e shBhE sAnBREe Y 1atBB bt
portion adinhdaPstsdetebetheCoRAHE AN erSHhiglisSddnhd the2Striictigd beRaQbs s d
bal ance bar proxi mate said vibrational node; said concentration of said

spring f dheughthere ima Baidakideibiie feentionaok thexihigh shifaesonBothoefethgsanges
the %%ri wet%%%tgrgrﬁsgla t8%%o%kﬁ@gﬁri#@furjcﬁoﬁﬁB?Qﬁgw%%térf]f?om the flow tube
and balance bar. The balance bar and the flow tube still remain important to the
dynamics of the system, but only as mass elements.
In accordance with one possible preferred embodiment of the present
invention, the flow tube is removed from the spring function by removing the mid
25 portion of the flow tube and replacing it with flexible bellows. The bellows have
such a low spring rate that they store very little energy despite their high deflection.
This soft mid section of the flow tube allows it to deform like two rigid cantilever
beams loosely coupled at their ends by the bellows. The bending moment in the
dynamic portion of the flow tube is so effectively removed by the bellows that the
30 flow tube halves on each side of the bellows undergo very little deformation (they
remain relatively straight). The majority of spring deformation and spring energy
storage is thus removed from the dynamic part of the flow tube. Because the flow
tube must be continuous and cannot end at the brace bars, the flow tube ends

(external to the brace bars and intemal to the case ends) bend as the rigid

6



presence of materials of different densities in said flow tubg at 28bsferent
tinmes; said changes in said spring function of said bal ance bar I ntain an
30 i nmproved dynam c bal ance of said Coriolis flowreter when naterials of

different densjties pass._through saig flowtuhe at_different tinmes. Another
aspect is ?ﬂaﬁ'egﬁf gegﬂé%leﬁp%ﬁ)#i?f gﬁr ﬂ‘?‘%rf“B‘? qtég'leﬁ' baNssfc Lo 4HPR GFFHSes a
cut-away pidreahef ¢4 te SRILE) b@tb@é\@prihgreneegiuarstﬂh@g BSRECIN ke IRIMmum
Coriolis flowreter further conprises: 11 19 July 2002 ., , a | ongitudinal
fl exi bl e némhbestimeoh of 1be3present dnenticowstibpi@ntially iaik cédbedsgringxidnarigyyis

conpared to the rest,, of said fl tube; said flexible md portion of said
Dot e oA B 08 hrage bart nthe SREne B eey e Te Py Malietisr R e BBeni
vi brati®n ; i ek Wal ' ] f i.d £l ow
Vube cHonaatuBRIE B SR o KAIRGRINTAL 38 Sy HIch RN ale B S0RnGler®Rol 1 Cn
of materi ahe sdmdirhiememds derthetdemdrall fioweiuthef adlowtsub®haterdirs spriaatfuhiciea;

said changes in said spring functign of sajd flow tube further maintains an
i nproved dprdhedlovaliecin Bie Beasentonyation s Suneayof ihae hallewsacaused to

di fferent . Sj L through said flow tube at different tines; A

further as%%&cijee{}‘séh%hbiﬁcggﬁz' flexible md portion of said flow tube includes
a bel l ows ' (100%he bAldrod barF ofiﬁﬂeegtese‘htﬁrﬁ\féntml id &Q@@ehb@%)fré#fﬂ@@ﬁl?n%a' d
bal ance bar (1101) and said flow tube (104) and said brace bar neans (100);

15 sailD cdupctian sindeoihd$ alati madeaxpy Baxbleaint itacbptarar bikedhet fltowadubepthance

b d id f.l t : d i d i nk t id

br ace. bar TREMIB0REOL 416 HEIGCS BT IF GURTE 1. e BRIATCEn Df Cogeangl Setends

means Wi t méﬁ@e@%mcaws%%&- %u%&ﬁéﬂé%rea&%% hSt dﬁé@a et Belkdss, CRwect
ns 0 |

| i nks nmea conprises a irst and a second case connect lin

each of whjorhbimation of ast imnthisaddntef bat therdtifcenvaindet effestivslyaem@ldy/the
per pendi cul ar to a ] ongitudi nal, axis of said balance bar and shaped to
pernmt a AlaB¢RRALIORANG SPriRadUBEHONRAHYS TEter. rdigErgulk of remeviaadhe filov e
preventd n t j.an | r n ' | d. case;
said P‘tgt a? 'ﬁ%‘ﬁ éo ?g?alél C%r B%ef%grb qﬁgaﬁg%ﬂ\ng&@@oift maén?%é(tlgz H%éb%ém?gétﬂqmga to

25 sai d | gogttioniscinoextiated akaost dalagicelylatheabeaceabdr.f | ow t ube and
extending fromsaid brace bar neans to sald cage. A further aspect is that
sai d subst ant i al ngceneanteationaeidhgrspinafupetianchithe Hewmeatar sethenlarassskears
connect |k ' | 2| f : ef | N

end (1 704)" SRyeTaREBEs St ety bep 358 roREE HOITR el T AT G LRt

further agpegprisesstidrbéprivaasd The Howatalef 4fARd prederganvertionsiaibdldrided safigat
second case connect links is connected to said brace bar neans and said
secon@%%enthe engdomras whichawmamipaly sgaarate dhe flay typespringtiee thenbalamce

D 2" b 3P R ot ach I BLEYaR IR o A5
of the effective spring which acts on the flow tube from the short portion of the
effective spring which acts on the balance bar. Changes in material density cause
slight shifts in the nodal positions which (because the springs are so short) cause

25 one spring to get sign.ificantly shorter and stiffer and the other to get significantly
longer and softer. Conservation of momentum dictates that the nodal location
move toward the member with increased mass. For a more dense material the
nodes move toward the flow tube while for a less dense material they move toward
the balance bar. The result is that for a more dense material, the flow tube spring

30 (located inthe brace bar) gets stiffer and the balance bar spring (also located in the
brace bar) gets softer. This change serves to maintain the two members at equal
resonant frequencies. Conversely, for a less dense material, the nodes move
toward the balance bar, the flow tube spring gets softer and the balance bar spring

gets stiffer, and equal resonant frequencies are maintained.
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19 July 2002 said md portion being of sufficient strength tqggk@?%? a
transl ation of said brace bar neans with respect to said case. urther
‘aspect is that each of said first and second case connect finks further
-includes a gusset nenber (2901 ) defining a planar surface connected 5

bet ween sai d ba/rsiceedfow ailsk 8Rd bafde EHNRAR eh&ak@soﬁﬁtckra:‘%ﬁa&smﬁwr
having a first side affixed to a an outer surface of said bal ance bar wWth

sai d firsactdikadunrd dgnamigbelansersicasechiathenahasuen, they agijust theigralativeal
O 1ot e R R e
subst ant '&'sbyorffplj;?éli@Wiﬁr%(ﬁ%ana% S &ineA86d eg@%ﬁhpkr?@&ibrém(@mgﬁﬁsgr?%

menber being effective to raise a lateral vibrationa requen
bal ance Ispringrates tather thrrsmiassast iThis has@adieat addantaye ceenthbraioreartin

frequency inparted to said bal ance bar in di rection perpendicular to said
| at er al W%’fp&qwﬁ |CaSecgie RIRE!NesVIRratan H?éﬁ‘cﬁ erchangenii Meter sersibyilg

LL?%?M'@&%%PQ#%"%? fl ow tube stubs (1404) for connecting an end

proxi mate said brace bar neans to ends of said

case. A furthef waspstated eatiltrtthatiin pricvirt whstess Whs riotRll Wit REIH a¥gefigR0l )
proxi mate said brace bar; 20 said bellows being effective to | ower said

spring f geositppraduced d sligbt(insigeificanh)shesgesolsprimgsraites Blangewhhm megors
d i cal f i d d A furth t, s that the Cori.,oli
Y Doty Sehénbe Ry gRAaS BT TuR SRS 1ANREbAISatd Bhet, OFtR bibHar
d fl b SO : .
o CipgReal R Rei R hacRUS S ro o vi it e
tube i s 08B1808A1bihreagh wdrictvtre pielrddf andiddve emsgnetsgaokute) Thisbblaeceve in

response to said detecting for generating, out signals representing at
| east onBagnhAPUREEY ﬁ§?i Bgﬁ'fly s%%ﬁtﬁnb\/ﬁer@'%t%%ss Ahiogheit 'é%d@ﬁgg]-s

Lhat Sal FuFASfmBHL AUS A ORIl G e RBMEREhAL Bifedfnbuta A0 ot ¢

brace bar "neans; Sali a longi nal axirs su ant | | el

to sabd bathneed bad end inahd ddriter.t Ulies ceaibinatiksre of anmifecin biiftheseang 41701)
connects said brace bar nmeans to an inner, wall portion of said case for
prevent i BgNEing mpaRNtAMRYM R It Hieybelanes hafrcenier meansthat ademe@mesinki t h

it sai aOFBATEER BN of 1, BReRES oL BRI AleegRih, CTnd Brflea B ARlfe T
hour gl abar Rzaped id sufifieisntll far frotrathieandhodes thatnada! haverfRangiue tbifluig@spect

to said case while preventi ng said translation of said 5 brace bar neans
with resgensity ehangeideas aot elieet thetsRringrensroy in thayeater whthebalancedrary

aboupoan K S ACTASATh Gl Alod e ADGLHIEHIRK R H IOV L AaL apse. hap and

sai d Case, a I'bl"'e md-portion o ance bar 1n S Ta cut out
(2402) f andenaksdnairiengbéhstightlyisoftet andthe ot sfightly bhffanoat tas cirimye mat e

said vibrational 10 node; L .

is not enough to have a major impact on the spring rate of the balance bar.

Without significant spring rate change, the prior art meters have sufficient nodal

movement that the nodes leave the brace bar and move into either the balance bar

25 (for low density fluid) or into the flow tube (for high density fluid). Either way the

case vibrates in phase with either the flow tube or the balance bar in order to
conserve momentum.

Conversely the present invention produces a slight shift in mass distribution

along with a major shift in spring rates. Two design features are necessary to keep

30 the meter mass involvement minimal. The first is the concentration of the

flowmeter spring in the vicinity of the end nodes. The other is that the connection

of the flow tube/balance bar dynamic system to the case (or the world if no case is

used) must be at points of no vibration amplitude. The only regions in the dynamic

system which have no vibration amplitude are, of course, the end nodes. The end

8



a flexible md portion of said flow tube includes bellows (1493),,f#02
concentrating the spring function fromsaid fl ow tube proxi mte sai

‘vi brational nodes; said concentration of said spring function changes the
spring rate of said 15 bal ance bar and said flow tube in response to_a
presence dfodest &ei ditindhedirate rrantandiethsiyt kil position With Invatetialbdensity.di fhe ent

i . b b 404 i d i f id fl
ot mat ¢ st Bt 38 Fndelgab ot RRAER S TBERS SLABIN o8 1 e Gl
pr ox! et @ . ! ) _ , S ! .
i ncl ude ?éﬂrﬁ%‘?a?"a@dﬁ'g%&r%%tﬁ’rﬁ)ﬁ@ﬂf‘er@f’ére@@ﬂﬁlﬁ)%a%@alﬁ a%"%ha%e{\ﬁbfaﬁgdrﬁ‘g

rate of said flow tube stubs to‘isolate sal race bar
sai d caseaempliudeaedr bepxe bar neans contains substantially the entire

spring function of said Coriolis flowreter for mamintajning a Dynam ¢ |
bal ancé of sai dhCosPHifis Castathet Hre BRsa)qasnest linke of ghe Ryesank Invantiorofs

o oxt anfieprint LRSS, PR pERALR AL csion,oange Befe fog Y bbRRRafi 87 the °°
proxi mat e paprtbel bavhddiife bandetientdditertid flithghesiv e 8eh hapfcdibvow
tube generated by a flow of material through said flow tube while said flow

tube is viubaextends thrughthe/kollow sestersfitte datanse heanThiediragedsidredhene in

t i det t f 30 ti t s [ i t
| eact onelaieiedeaR Gt PECTRT a0 WTGHARE TG CUSHE T AT SEPERE JENT hat
sai d qenngﬁe {d 1Rk ifBaasi é?er%f?h'?%ta?dﬂd Ay fH@tBra%'érﬂaﬁqﬁHBE% gné&ﬁirgned

substanti y perpendicular to a longitudinal axis of sali ance bar and

shaped t oagial ferigth soorasgttioohavé thai propeactiffhass tednmpant the rdssirect résoreaitd 14
19 July 2002 case while preventing a {ransl ation of said brace bar neans
with respiegueackty hecayrmicstaGtEinet hie awrgter. pihe erarg batake lesated

about an aﬁn?ﬁisogp%ie%lgbcégaiai d longitudinal axis of said flow tube and
om sal

ext endi ng race bar neans 5 to said case: a first end of said

case connect LQierm@agapti;mureaeeaicte), tive patutelfake dets miEids ofB8cls dirdlce
second end is connected to an inner wall portion of said case; a md

porti &p obasis deterBiaedontee Matenissbalanaad sathapthe nedrllecaliomsat egshiendrat e

s d i SO ERAEOR, Sitnkrlfs BRAGE paRl THRE IO EoR e biacl bCIRE o
sai d bracgdvas wieahe flovi tubecaietie bates duface povesalith ¢S bakeiredsdr. IE4dh

means further includes a ?usset menber (2901 ) defining a planar surface
connect edn®de thesefosaranpafai acwiadraaksustace heawees Himb@ca hatoutersisfaces

sai d bar ariet PP SHrref¥, Bt nf hEBa Rt it B R Rla Bl F5 208 o
to sapg |ipnHdsediitptheabsalanet bariatdint@aees taosciation aussirtidasvitedistmdang a
second side substanti all pergghr/]dl cularto said first side and affixed to

sai d subsfram the Inpdp| surfager abwvard ohithe dwsial surfdeer the twage bammeteriakai d
ousset o Rig ' BT e Yoyl Qa8 e PR hed MRS BRRREA PR o
}‘ ; ?glrlgrcydiismlétﬂ?@'mt Rodall sLirkdean T ebibfacenbdr Mat@edliignhos seRficHbAsCE ; sai d
shear, as though it were a torsional spring. The nodal surface separates the
25 effective balance bar-spring from the effective flow tube spring. When the
amplitude ratio between the flow tube and the balance bar changes due to a
material density change, the cylindrical nodal surface moves inward or outward
changing its diameter. This changes the relative “spring” lengths and maintains
equality in the natural frequencies of the two active members despite mass
30 changes of the flow tube. The mass transfer between flow tube and balance bar
that occurs with this nodal shifting is insignificant and the case mass need not be
involved.
The case connect links must support the dynamic structure of the meter

within the case without causing case vibration. The balance bar and flow tube ends
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vi brational frequency. 25 A further aspect includes a net hod1ngugm@m cally
bal ancing a Coriolis flowreter conprising a balance bar (1101 ) and a fl ow
tube (104) oriented substantially parallel to each other; brace bar neans
-(1001 ) are connected to a flowreter case (1401 ) and to end portions of

sai d bal apce bar, and t aid flow tube; said nethod conprising the i_% st eps

of: vibra PH@V@&G@M’*@H@@ mRipritinef ®%i deffackion tagsRmingansher B8r§ kA dhS¥hase
ith t ' i d id

bal ance b Cteal §2ER I Blod? SomRior” SN Bta L 43 uBr 368 fier005090 0

vi br at i ongransladienastt thegbalanse dsradtetibe bapthare fsuncaiiomalodssifitibd.| dwthgbe
fromthe spring function of said bal ance_ bar; CHARACTERI ZED BY: providing a

mi d portiprefepadambedigiant thacase Sopaechiiisnaitachyicctitecexteriexpbiha palacehan
t he repuni nder qf i d _bal ance [ nt rat. sai ri.ng functjon of
sai ' barahecenar &M piat REs P o A BIA T RTARE i he HESEIER 52
th : : . :

mat er | al So0r A2 O3 Sab o M AR el LR PRRSE M PRgPiRRBR Ta e |
sai d st epcade.cBpnyiking theecaserdamnectilitts soft jprtovsioe,spaing enpergy editsive afitive

bal ance of said Coriolis floweter it{é response to the presence of materi al

of diff erigcediaisanitesavaided i the pietemsd embadimentetite qasacomasd Hinks aeh of

t he Draw fgs; i | : di of ..t he
Fol 1 ow ngSeCdiedy) S 8t ERHsR e Sifind BB RS A e B Rel 1

dr awi T@S éxte¥ibi 6fthe HaiiHozsbdr ardi thiednridr o€ tHeseads. T ieéreciral foghaf thehrdrid i Cs
of a prior art straight tube Coriolis flowreter. Figures 4) 5, 6, 7 and 8

di scl ose emeaghbeide idrrachchaleacechbarsendsThe flaimiade frthadinkssaresorieptagt es.

. 20 Figure 9 discl rior riolis flowyeter. Figur 0_discl ose
(e bal arePRupIcii S Fik fuliaR 7 hle BBl rad ¥ e Bopnatin Bt P~
Fi gures ldnkdiclstruclidre 2t BiededsdS iid i OReSirdMidr6r thésid kb &baldR B Ace
bar, bal arice bar and fl ow tube structure of the present invention. 25

Fi gures wibratign. The Anisiiof the bubetflysshaper winich decurisl apprbxintetebalsalf saynect
stub B (HRVERBIBRDA AP RORIC Erfty Sendars (b coB3ecuan BEWEARIAb AR Ros
det ai | : . . . borl )

preeguen{'S ;Hr%/rganr{di %ﬁé_e ?ﬁ%ﬁgﬁ?g‘g@% andbgéoésdi scl oﬁlghgln al terﬁ?}'\;’gmﬂﬁﬁ%mnt
of the brace bEaP &85%&dRiAtdisciieesud Cairiglis dlowndeizt coDprisingD DESCRI PTI ON

Cor ol Ls 11 ow & 158 468 ((prinda bajanss bant o fhedes bt oor
tube 104 apgh gperating under a no flow conditions so as to create
20 brace bar (1001) means connecting end portions of said balance bar to said
flow tube;
said flow tube (104) having a spring function and a mass function;
said balance bar (1101) having a spring function and a mass function;
a reference mass (1401);
25 means (1701) for connecting said reference mass to said brace bar means;
driver means (D) for vibrating said balance bar and said flow tube
transversely out of phase with respect to each other;
said driver means being effective to establish a vibrational node in one of
said brace bar means (1001), said balance bar (1101) or said flow tube (104); and
30 said vibrational node acting to separate the spring function of said flow tube
from the spring function of said balance bar.
In summary, the present invention maintains dynamic balance despite
changes in material density by altering relative spring rates rather than mass

distribution. It does this by concéntrating the structural spring in the vicinity of the
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node | ocations 102 and 103. The flow tube 104 is associated wgtf 2doef t
sensor SL and a right sensor SR Dashed line 106 is the zero isﬁacerrent
axis of flow,tube 5.104. Dashed |ine 107 is opposite._the ectio
xtren ty SRcitEsy A dyRTE Sk BourraySt I dhe Sase il Blogee forng
under a f|QiNe7BARNER War divot'd 2t TREsd lighe &4P8gigaR ItRIrstatld { GiFoticer
Coriolis f@brﬁce of the frld(l)vm' ng material deforns the shape o[?m'[tﬂg @f rtlatl ng
f1 ow t ube Vibdatidfhbet sieft ar torsimn.on, which is greatly exaggerated as el enent

108 in Figure 2, causes different Iocatg Ens along 10 flow tube 104 to
vibrate with sl g0 e geendhahan arRgEsO! RRJRVRINId InglsRs @ Keorialisrfiavmgtan ow

ot reaen enans ikt tetel: IprsdEhaiiod Al B ARG tmeld el aneous  v.
The center of aa\ﬂowmetrgof@@Wdta:balamaeférgqus) SermbasebeanRe \Marhdiltew

while [ ocations toward e inlet end experience increasing anounts of phase
| ag and 13dcftathashs toward the outlet end of the flow tube experience

i ncreasing amoupts qf | i hase. Th oi nts havin i mum phase | a
and |l ead are thB@Cﬁ%qrﬁiagﬁ?%\epaéﬁdm&ntelcg?SQHQQO(FLJO'F%QP%WE%"J?%; B%rrtpistﬁ'lgof
the flow thetyddese ends are defined by nodes, or |ocations of zero
vibration anplitude. End node 102 is assuned to be at the inlet of the flow
tube H@ whil e said fRV tubed € 04) havingasipringrfedction Eimel @utdsstfuattibhow t ube
104. The portion qf the f owéubﬁ to,.the Left of its md 101 has a phase
lag in that eac‘F\a'aéq nemben(1brhaving srspringfunghien eow @ aRasssuneiionh it s
zero displ acemea%agéi §4é®ﬁ after the corresponding point of the right side
of flow tube 10 pasées rough zero displacenent axis 106. The difference
i n phase betweegadanconrstlink msems Eim)tfurbeoﬂaﬁéctii@ thie czeneaisd Byasdbah
fllowrate is determ ned. Velocity (or displacenent or accel eration) sensors
SL and SRMgan$ocated at two |l ocations along flow tube 104. The tine del ay

oht put s ne wavedvets M. AB) o okbl i 2 P fithoR bdP Tl i SRR St
f 1 ow tubetrﬂa%veﬂr&y@haaethgéwmﬂﬁe%p@adtd b8Eh Belery between the sensors'

out put signals 30 woul d reatest at the end nodes 102 and 103. Locating
vel oci ty sensorsgigdriyatmerng beivgeefagredadestablshwewibratinest rode an lope of

P be. sendgist BracwEaC s (TB0Th A KElar A1 5 00f ohSatd AARNLEE (FOR)' 1 v
conprom se posiddi@witrafivhel vede eepirftes 306 $pBhgd0bcibh iof saltPaew thBatfrdas

enough separation fromnodes 102 and 103 for a reasonable 17 19 July 2002
sensi Dvi tlye springduactigreptagid)balaacebasigh si gnal anplitude to provide a

readi |l y detect I e conprom se positions are usually about
hal f~ way bet vve:cﬁHé‘Lﬁg\e%ﬁ%E{EZEégian 103 and the centrally located driver D.
A change in theaIo@gﬁw@mﬂekibwmi@pdnmﬂﬁ@@%f 881 BAAnWe bhar haghssleakedt he

5 location of the fixed velocity sensors SL and SR changes neter
sensi ti vi flexibdlity compakeditadhadestsofthe halemree bart owar ds the vel ocity

sensors, or outwar y _from t.he vel oci sensors, the phaskE del ay .and

thus the meter ssaéqmgfe?(i'% ?t'&'?'ciﬂ) _%’%.Of'?'ﬁ%'doééllaingﬁs o CPHEQMQ%%St ﬁ%’é} éﬁﬁ”ﬂodes

102 apd 1fighich SeiflBal@kcdYak pfskimats!shid abratiohhfAcQE; the meter but the
by neter inbal ance. 10 Description of Figure

node positions can be altered
3 Figure 3 di sdlaidesnderdratiarvel sid spong éenalipnbsf tbadatdredsazgoxinoate said
sur r oundi n% ctase 304A. .Fl ow tgbe 104 .i s tvi brtat i.ng pnd as.a certaiq

anpl i t udeVIOrtiRRINOsELNANTESRR;SARREfUNGHAD fld PRALICE DN [aRbnss TP e
nodal | ocgtdprel®m : i ir } : Wy rcally
bal anced.ef%wever, i%%aé%r%édgf@f? gggg“gg}&g?@hg{%g@ﬁ%ﬁgﬁéﬁ%ﬁat?ﬂ tg]f]’e sane
frequency, but sa8d ctheggeesinosaidosppingsfenaiiom afesgidcbakace! bav mdintdifar a
common, si tuation, for an ,unbal anced.flow t.ube). The dashed. |ines. 106 an
304A ?%pr'é’%%’rﬂ"etdh‘éyflﬁ{%f? é‘f‘@ﬁ"fls&\}&’ﬁ%'é’li'i?'agﬁ’&“%t&éé" 'ﬂ‘@it%fﬂﬁqsﬁé\ﬂé%ﬁﬁ?t he
desired n i I i re not the true nodes
because o?gtﬁﬁlgbggjgatgls\(}ﬁE%%%Qq#ﬁg%%gpﬁﬁg?tgﬁe%ow at the 20 | ocations
302 and 303 on Arushén aspectisshabsridilexible méd podiantadseidigdantdbatdamnprises

anplitude relative tq. c 4.1s. pqual and opposite to case vibration
anpl i t ude® CHEEWVaY R%R'P&a@ﬁoé?m ﬁ?lc@ﬁéﬁaﬁﬁ?!blaﬁde at nodes 302 and 303 is
zero. It can be ggeRridipbct RehaadatiolOtalines fARReABEIMPPRBeoN Figure 3 have
noved i nwards on flow tube 104 from plates 301 due to the case vibrating

out of phase wth flow tube 104. 11



25 Shifts in nodal location with respect to fixed position sq&s‘gjrlys 9?2 and
SR after the flowreter's sensitivity to flow and are undesirabl’e. % order
to keep nodes 102 and 103 at their design points ~ ~~ithin end plates 301,
it is necessary to keep case 304A fromvibrating. This is easily done for a
single (flow ng)longitedinal fldeibRi tid pyrticoUNOE3)bed asigi My ke $BS iiNGe RS
systemof 30 flow tube 104 with another spring mass system of the sane
resonant fexiglishegmpraadio e tastar spigliewsuae;s. and 6 18 19 July 2002

The sinplified ' t Fiaure 4 (1l ustrate how ,
count er bal anci ﬁé%%’gﬁg%%ﬂ@&%fﬂ@@g’ € GFepratey B‘%Oﬁﬂﬁ@&tféjﬁ’cﬂ?”an
i deal masgfl ©58 RV tUME ProxXimated BAldNEbFiohaknoMBen masses m and n2 are
pul l ed apart and rel eased, they vibrate 180 degrees out of phase with each

other &t the 5saigheonaedradion bf eqicbapsing ThectiGiwobisaibfiser itdtd ohamgeshent um

requires that {’r'as? ti ?’ES. ﬁl ogiég.i n one difection is fequal .to the nmass

tines vel SUING UNGlioRo! SpisbiowdUBE in asromnsedhepresenaa/el Mateials af Bitieient

vel ocity ({E&] é’!apaff’fteirgﬁ't tﬁ'ﬂBLj tude, m A, =nR2Az where A, and Az
a

are vi br |osﬁﬁg$rg{%'§3§g\{{ n sinple"terns;’ large nass 10 n2 nust have a

smal | vi brat i ngajdrgplanigeddn campapefg fondtion bt s@ibpw aldotHdrdhahbane 45 @
node N having zero novenent on the spring. The |location of the node at N

di vi des' timpreyed dynamie belancecsiggaid Genoliflowmgteswheninaigrialof Sifferent he
node osition s fix each, spr.l art behaves as though as it were
faste 8 e&sgl%ﬁ%rg}rﬁgghts%ﬁ;q..ﬂ?ﬁetuggr;grd]rz%r!eppﬁfnets!;]e spri ng. 15 The two
hal ves of a twg e ¥43pUcRt4 tHat Resd REXIORMEd bbﬁfonséfdseaiafﬂoﬁﬂhbagnélpetég"% e

must have the sane resonant frequency. Resonant frequency Is equa
squar e r deflopss (1908)f nessl mass) or: Equ.1 ~ fr= k 20 ' m The two hal ves of

t he system of Fiqure 4 nust haye the sa i ffness to, s ratio,sjnce: 25
B2 s o A e AsReel st Sal Gt (a03 L puriings sRADaRaCE bRF TAAD 1 o
mass rati q@g i hpS between spring

sti ffnessa?‘ engtfﬁ}?v ang U?gpeﬁ%g@%%?ﬁﬁﬁ%d#ﬁ?y%bri ng of Figure 4 is

di vidé&d into tsamid spseigs & JormgitlidiZallakinedbstantidihe pataifel tesaickbaibnae s ng

is inversel roportional to its length, or k,/k2=h/1,. Since 1,/12=A1A2
and mA,Q’f‘E’@dg Wsihes @Gt i on, we find that k,/m=k~/nZ |f the spring

nma t em of. K itd I j :

Tibe Cori ol o SAGGHEE conhSRl IACRICBNS corAEld SIBHied BaP AR~ o558

19 July 2002reaedting ttams|atessofodait rataban cedrs witCasspafi4oisaid oagsct ed to

t hem at node ~ Pl s in Fi ur&@g: Sj nce node N jfﬁ notionl ess, case 304 does

not vibrate. Lﬁﬂtﬁfr@p@‘: i SRiGbFRTe ReRReCINka MR (bdte sompriges 8

o et 4 #isppond saSe ORRERERTX Cich Br WP AKDE fibstlRRTEINPLLARCE.

posi t i onoNgntezhpubstantialyy pemwemditallal focaldrgitudittal axiseofessid batendOdar ahdch is

connected at N (which is no |onger, a noder), to viprate with n2 with a

vi br at i oSNaRBH 19 RAENE adAtation ofisadd Blaredaimeans Wit asre o satshcasewhide new
de Nd .s.. i : i : th ith

e or ool AhARSIEEA, SRR bpadeREt Aldals il Rbett R baEe "El i e 6.

to 10 vi brat e saitbmtafidn of hidsrabedamheany belngdebdua epoads peepsmdidmavte | f

mass _were renmoved from ml rat_hg than added to it, then the node woul d nove

froneN t ahlengitgdinapagissaid alanre Bayrpasaid fipwiuke and extenkling frem | n

sumary, .i M. 8 i iowmeters, a change in mass of the flow
s(‘(af% @’ac@b hedhQg Ea%

[
tube 104 results 1n enough change in the nodal |ocation to cause the
case 15 nass Wofurthbr aspedtils i saidsubstentidibrflatsurface 6Restl Bf SAEYES and

vi bration anplitude to . . -
second case connect links is substantially hour glass shaped so as to define a first
end (1704) and a narrow mid portion (1702) and a second end (1703).

30 A further aspect is that said first end (1704) of each of said first and second
case connect links is connected to said brace bar means and said second end is
connected to an inner wall portion of said case;

said mid portion of each case connect link has a low torsional spring rate so

as to enable a rotation of said brace bar means with respect to said case;

12



conserve nonentum Since the case mass is large, the change i{gmggboz
position - is small, the case vibration anplitude is small, and the neter
sensitivity change with material density is small. However, the sensitivity
cthange with material density is sufficiently large to degrade the accuracy

required of a Gamifid ﬁoﬁ;bﬁ%@ﬁgerofsmaen@s@&wgwnbl&avérqnétraﬁémlo%ase f”@éfdbe e

considered to be a reference nass that is connected to the bal ance bar,
f 1 ow t ubebrace b&renbammthatesp@bbtomaadmatsel nvention significantly i rrproves

upon the tl‘adlél onE fl ow t ube bal anci met hod by altering the stiffness
of k, and k2 rAtHE %aﬁpfeﬁm Al Paghe0 2ad #es andns@rancheasg conmechdnks

radi | onahrRpRicARt: CyRi! 1 Rhet Yoty PUTEh e, A iEhAH A s mmacie
st ructaur %e&%@n%‘a@b@%d@%&@&lsafﬂ@@&@rﬁ@éﬁt lipkst he end nodes’ 102 and
103 location with a material density change in flo~nr tube 104 is very

smal | corrpar edsaid gursstoneathanhaving aifirgt'sitleadfixed tmalantmenedefhcemiesaml]t s

have very |ittl t _on Iterl g.the effective spring rate and,

ond are. GRBNES T BRRes 8L P S Beaaidhed RbSRotEly LSae! er sl

i nvol vi n%ﬁ@%,ms&m Besaild phidce . 3 ki k2 M nz 20 19-July 2002 In
a

the prior the primary neans of c¢onserving nonmentumis a transfer of

the case mass éwdgluslsetmemherha\tlhgalsiegbnd sieleizbstantisly peapahdiculdrso géiai' eved
ncar~ Description of Fioures 7 and 8 As

showﬂ 0 nf'Fﬁtgﬁﬂ%@é ﬁﬁ‘@déo StaHjeSLB?sé%@iﬁ”ylfWéHEfﬁ%Ofeﬁ%q:"b%ldaﬁﬁs@)&QF‘é\ﬁ@ﬁ {inkhor t
spring 701 in é%‘ﬂ%e%{ n%rn?@ersﬁ’elﬁgtl i ¥e@8¥§§§ ai&a??‘%?%%@?eﬁﬁﬁ%%% to

10 dynanic unb causes are y Iarge c ange

spring rat ekid koalance Kar Biilallbavinggsepstangahptiemfctysddn el gimeatidbsal
mai nt ai ned and the required mass transfer and the | ength of the nodal

positi onfr§ﬁUﬁOCV§“Péﬂﬁéé@ saifhbalapea besdnndiregiiva Rerpeadicardacaidéaterainge
in nmeter h material density. Figure 8 is an enl argenent of
KTyt gt

t he spri ure 7. It shows how the 15 node shifts the short

di st agce fromA foethier asp&&tls that HZChAclLleWmetdrTarher PalAResIcW tudfe STBBS DM
has been added to m. It also shows how this short distance is significant

conpar ed(t4D4)Her shanectég rRendpgrien sheaiddlaw tike piioximatesaitdrace taened
whil e sprl ng. k ned and softened enabling nmeter balance with much
| ess noddl® %? eﬁﬂa%fgélé’e%%% ng than if the spring were extended

throughout the f2Rhetassddtieitasshid fRIW Ribethibs iHefudl bélIRVENCS ﬂal’tﬁ&r‘%a‘l@e
conventional bal anci ng approach and that of the present i hventlion iIs

i || ustrasaid racetdrivay the resonant f requency equality between the
Lot e e! HE i B SBASINB 3o A B e ART8 e
to the fi@wsttaheolaRsSaidibrags Har dtedts & ﬁmm 'ffbn"i%hft{ baée gAEsi ty, the
prior art bal ancing nmethod maintains the eq ua it addi ng case nmass to
t he bal ance b&rfurthesaspeet isdbat thietcarielis ﬂmvslmete ugthem@mprms 21 19 July
ﬁgo(zjl rEggt | 5 ?ﬁléllasfqérgepﬁs ﬁ]g”@r a@‘é‘qlﬁgﬁesd p?gﬁHa e salcﬂwmr/vetsube or(:cf’iigct%agss to
Coriolis perturbations of said flow tube generated by a flow of material through said
25  flow tube while said flow tube is vibrated by said driver means;
said sensor means being effective in response to said detecting for
generating output signals representing at least one characteristic of said fiowing
material.
A further aspect is that said case surrounds said balance bar and said flow
30 tube and said brace bar means;
said case has a longitudinal axis substantially parallel to said balance bar
and said flow tube;
said case connect link means (1701) connects said brace bar means to an

inner wall portion of said case for preventing the translation of said brace bar

13



The present invention maintains the equality of the stiffness s%l(ﬁlr’rgag.zratio
by altering the spring rates, k, and k2 of the flowreter stru!: Fe<r
response to the added nass, Dm 10 Equ. 6 k2 -~k' m-~OmnZ 15 This

equation does not involve the case nass and instead, alters the stiffness
of k, an@eRNSWitERFR]AL 19 SRIEhERSTy duUrd ?ncoé"géjf enﬂprait)?rbr"zﬁ?' ibﬁf?inf:?'cantly

since it} i i ha,ret%i i . ¢ bal ance. Description of
Figure Qb#%ﬂ(r?tgayﬁ%t/{\gg%v@g/pi cgl%}é%)wgfgcg)rbt owreter flow tube and bal ance
bar in its 20sglefcigeesoraictt fredms [y hour gabs shapwd tehserhfitaadthtor ehsgiabar
901 are essentially uniformy stiff along their | engths and deform

t hr oughduracetsirmeangwith redpectdpseibcage whie pyetantingsagtwaglatioroofgaidt t he
struc%ure. Tfk%term"%\f)rir‘la%" iQ thi.a context refers to a volune of netal
t hat UefRIARE RATIBRRBS NI ERPRESITRIE 435€appl i ed force. It stores energy as
it is deforned,; : i The
whol e struct ug%lagg téﬁtgﬂé%g'zﬂ) ﬁ%gé/g?fl gﬁa%&aﬁ%‘gp?éﬁgﬁﬁﬁ?‘bhgﬁg?ﬁﬁgggﬁ i:i%n
shift) hkepatedinalisxisvef saidimldndsbaehatisaid taséhe great spring |ength,

does very little to alter the effecgtive Ien%ﬂﬁh .and thus the effective
spring stiff nddlexdilednicheprtiane of sgif bahanes bakdnelaidescd ahroutn24®R) goron of

enabl s ey g B et B P it halente Balrp itk Y Bl g
is tite |lRewd:i zation of the spring proximte the end nodes of the flow tube.
Figure 10 discloses a conceptual enbodi ment of structure conprising the

: . ) : . g
present i nverR iftaxiblghmid spetienupk said flaw deibehinalpdes dallome i(003F tfae

fl in Fi Qi he .vi.ci ni f d 22, .19 July 2002

102" and C28S0HAR NG, dpe o ReanHor et s ot RepREiaR S5 vivaBHRY i ons

1 Q02 ar,;g, 03 of both flow tube 104 and bal ance bar j 004 that are very
en

easy to ! This is done by the use of a less stiff material in the
centers of flsaidicobeentdtiamdf isaichapenddundiovchangesthe apbeg rate ofishikbs

stiff. geonetr This m ortion 5 conprises bellows ;1003 jn the flow tube
704 150 BATRAS Bar ARIACILUP RIS BT3P ARPAR L PIRENPocH Mitesels OLgierStbnt o
ar eas CQ%%%HHS% didfoRaneng o‘?fffer@n?’t‘iﬁf?é§ 104 and 1004 in this central

regi on. BeCause the spring rate is so lowin these central regions, the
spring ener gylavwstubestabs (84@4) conndotingegnd psrivdrer ef §didflominberdximsate

connect edcigr bal ance bar ,1004. This ,area is the brace bar 1001 in Figure 10

10. The S8i9 Arape bygneapado onds|f\$aid 685804 and bal ance bar 1004 are stiff
and free to e ' ' i eir
ot contor PN o ot el bRl BEF AT Bt
I f pPhe badacing thay spridgf tate dlilzaid efidw alubeegtubss td iBAtansaili0BBace ebar
sufficiently flexible, then thejr stiffness is so lowthat it becones .

i nsi gni dypammically frerm sRiA&Ase£N8¥Sit he spring mass system 15 The tot al
spring, Kk, is.Li : eéﬁ%? t f r
1001. Figure i&'ﬁgﬁrg&rg “tggr‘;lé@t%% %gcdaﬁgwgo th%ntgérflggbeb%}ﬂr?%@I&gn%rﬁ:gﬁg% of a
f | owret eaid@ufisls ffdvawetartier ri@ihtainthdatpmamidizaland® df {aid Guaicisifeovirneid04) .
Figure 12 shows reat|y exag%erat ?d) t he defgrma ion irgmt;r ace bar 1001
that 20byeal@ing WhersANNEVighERlD #T SREMAMEnel SR PIAGR badveaps: WhilRat el y
equ Vi Lnad o st ydes: | T, N-eRGHNg NO notion) is in
t hi ggcabgétghéy ?fn%rﬁlg@atdsé&s %?geg}%l%ggr(?td@g]aggﬂﬁmg)e’ gggr oxi mately hal f way

bet ween f | owslener irfhnsafSL.,5M) pakitionediaoxihifte swd Iflow tghe éorldeisleting t he
deformation that results when bal ance bar étjfim has much, | arger vibration
anpl i t u@rioliswseillghionssé sapllow ubm generatadyon flpwselimatsariad mRugsrsaidi gh

density i | i ; jal . .tends to | ower the
frequengWalﬁge%%'!é;§%lgﬁ%§5npﬂﬁ% 'ljfgfe}blbafwgIbgﬁ(ﬁgéﬁ%gwe%rnghenber conservati on
of nmomentum sald seaBobemeass bbialy effecthvsldh wmsponder tol 584 histestng dfover y
close to flow tube 104 due to the flow tube's decreased anplitude. This

caud@s gRBerating eulpst sigsale ranresesing Ay Ieast weeorraraptaristiamd said flowdogand
decreasg}%ctt ngl drop in the flow tube's resonant frequency. Sinmultaneously

t he bal 8'Bar effective spring has | engthened and softened. This causes
the bal ance Bafirthdresspuotts thegsdorinectlisik meams hdbhera pubsantivligdiit gned,
the shift in spring rate Ok wthin brace bar 1001 is just sufficient to
bal ancestracerricatamhsebgantialy peendicuat ip adangitugingl@xisef saigbalaBee The

' esonanEal; %ﬁS%%%%‘e%%otﬂﬁﬂnipé PBtatiBn of said brace bar means with respect to said
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19 July 2002 equal ampunts and ~ renmin equal without invol vi1ggjuh/%0§ase
mass. All this is desirable because case vibration anplitude changes neter
sensitivity. Until now it s, _been assu t hat rel ative vibratiaonal
Srpl 1t ude 8 BIF PLBL s S R EaR T TR uAdH e B fahefla orad
bal ance baipgk-i 01 decreases 5 with a dense material and increases with a
light material. Wth the bal ance bar and the flow tube having equal
resonant frequesait estatioa afsaidbrage bagmeans bing apouhan axds pepgeraicular to
justified. |f, the balance bar is visyalized as dynam c, bal ancer fastened
o the 11 said [asdiudhal asdieal sai Mot fuliRiatd SdSndng S Ispi Biare bar THRA Sy
m)vemegt %sgﬂ?cg&si red nodal positions within brace bar 1001 punps energy
into 10 the dynam ¢ bal ancerforned by bal ance bar 1101 and increases its
anmpl i tude unti |z filke ehelasftdait chee conheohitmedyrapiconpactat &5 saRPheesesat he:
nodal motion. If mass is put onto flow. tube 104, the dynam c bal ancer (the
bal ance bargansaedsaid seeerdaradis fpageeaeytotan imaenwallpdtiogufmajd casal ity

and raises its i ti e | L f | .cylinder 1104 is.
ctati onary. 11 SRELPOHERtSoldod sk BerB Bl d RLOE sl sinacer
(bal ance bap)toleHaAs al fofatidtPeNSaTt Hrh 88 bR e A IWitAYBESebltd SifIdasede j ust
the right anount. Description of Figiures 14-21. 29 and 30 The present

i nventiDon mai ntsaichsidipoafdrcbeagaicufiigieal steength toprevenia treasktionmef said
stiffness rather than % transe:‘?g%i ngj masses between the vibrating flow
tube, 20 BEAGHRAT BEANS YR LRSP ERL C48€i s able to acconplish this by

concentratin i ol I | 104
W thin br ace bSrth 518 RAneeeling neqiiaiuingy AIRICTE Quesel RgferiZm o
so that fHefinimgea Hensi sudaty donneotechbbbrd e sakdbbavaice bheywarnidysaldrater

purposes of sinplicity, a conplicating factor illustrated by Figures 14 and
15. Fi gur%@“fi@&g% MSa@Pscl ose a flowneter 25 case 1401 having an end

Bna biice bar T8bR e e Ig ARG EhRE <P gy Rk ahyfifer s Bck i
i nt er conngslagdeabat hwitrershidf filstl side ebdiay alldedsubystastidligr pabdifel 1o sEigure

14) the flow tube 104 vibration al anplitude is nuch |larger than the
bal ance blgngitudinahayisiafisped halaregbas 15, the bal ance bar 1101 anplitude is

much | arger thap it 04 Js i i .

bal ance a net esgllqé{%%ﬁ%ﬂggﬁb\é%{bg%@é?%#i%EH’%%QLZDS.E%%{%@ﬁ %@%@@cﬁ@r&\ﬁ%&lg
(Figure 1fipst srfantli afftked t&isaid S.&bé&mﬂaﬂ% Yat dutfaes off SaAiRdle €6nAdet Ak and
13 in that flow tube 104 is bending in the flow tube segnment 1404 between
br ace2®armea®@s; and case end 1405 in response to the torque applied to flow

ube, 041 153y ks RBRaP ARG o hgitioh SR TBARELAA, .

result of the r rve vibrati i tudes ow't

bar 1101.ofTBaid bawrriecbat athike |stamgrebstmtiiaigt uhsifectedi & edrivertitiriaibnal
density the torque applied by balance bar 1101 to the brace bar is equal

. and opposfrequencytimparatigesa@ prianteRan inddirasiéion pargendicilar tegaidiatesakr |
as materi . dengi nges, the anplitude ratio between the fl ow tube
104 and b@b?ﬁ&g‘%&g@h}fﬁégﬁphanges and the torque becomes unbal anced. This
torquesis resiAtRethey dspect ascudenrediethbikst dyriimichllg WaaddihganCeasis end
1405, where flow tube segnent 1404 penetrates it, resulting in equal and

opposi t e ffawmeterrcompaisiy a bataiirendarbld 183prand & diowiybe agdd4g oarierted i nks
1701 nust_he.ri@aid, i S i i.n the direction 10 of vibration. Case
connect Iﬁ%?ééﬁ%g’ é%gtlélft@sr%agc?\ &gﬁt'e F, lest the desired nodal |ocations be
forced to translathddmBanatiot Hearenddrrecidd tch WiovrhereRseyngahanerto Case
end 1405 and case connect links 1701 transfer the forces to case 1401 which
i s extrergndpeitigng chsaidpalpace har fod e saigddlavelubeasaidonathod exruprising the no
rces.on the case. Wien both ends of case 1401 are taken into

shaH%? f?

consi eréi?8ﬁ°£5 (Figure 19) the nonents on case 1401 al so cancel. Case
connect |inks JigRkinkeacad BReGH Karderi $H1d$lol bbardriasRd, HRO6F piHedB wihey
must be rigid enough that they prevent significant relative notion between
t he nodalrespgtide eschotheetpplaced vikiationaswdesmonsiofshidp@lense parhesidnust
be suffi ientgy flexible Lnf%fr i.on so that the balance bar 1101 ends are
free to £5¢ aﬁ@“%\ﬂ%%?a'& Wﬁbbesi gni ficant spring energy in the
connecting links 1701. If spring.energy were stored in case connect |inks
1701, it would be external to the nodal area and degrade the self bal ancing
performance of the neter. One possible greferred design of the connecting
links is butterfly or hour glass shapea as in Figures 17 and 20. The narrow
central section 1702 allows for a flexibility in torsion 25 but not

transl ation. The wi de ends 1703 and 1704 provide sufficient stiffness to
resist translational forces. The central section 1702 does not have to be

o . I M o - o o - " e M



The spring energy stored in tube stub 1404 is reduced by red%ﬂ%‘%m
spring rate of flow tube stub 1404 by the provision of a softer erial or
a softer geonetry such as bellows 2201 on Figure 22. Bellows 2201 reduce
the spring energy in tube 25 stub 1404 so as to further concentrate it in
brace bar 1001 gRgvibRstiorg! Acdesaclrdlo sdpafattieddring” RAYEHS of REidt Aswiueyfiy ces
applied to case 1401 by the tube stubs 1404. They reduce these forces by

al | owi ng tfrembthec eptiag furegicnofisaid hatamta/bar;freel y. From a sel f bal anci ng

perspective, t i f_ELgure 22 and, with the case renoved, Figure 23
is a pref erredr@ﬁg‘%cﬁgﬁgl%gbm' present invention. 30 Figure 23 shows a
fl owreter siml ; | j | .
In particular, @Egﬁﬁ%@m@gg@gﬂ%@g éfgﬁgv?rlw%n P%ﬁ@%@é%ﬁ%%@%éw@%
t ube ' BO4 thaw ity reambieldeo o saiid3alanceé barmi d section and bellows 2201 in its

tube stub 1404 sections. Flow tube 104 is surrounded by bal ance bar 1101
havi ng a fl exi foaceslising sgidaspindvnctionobaamd hadanerbaiproximateesaidewde;

section 1002 26 _; J L ks ' . left apd right portions
of bal ance bar %ﬂ%%%p'lﬁe%ﬁgﬁgr?hHé%hﬁﬂaggﬁ'%QBQEESPF%@H PEE?‘L%@{.]E‘EE%Q”
connect i ofh tdgpensd 16 the presaridelst maee s bf diffteRBdEAYSes ir$ sRIEAGK t§Ske iR
applications in which dynam c balance is the primary criteria. Dynam c
bal ance i diftarahititedspy the structure of Figure 23 since it concentrates the
5 spri,ng structurge of t flaow tube 104 and .bal ance, bar 1101 in, brace bars
1001 ﬂaoxi mat esﬂ‘is@ﬁdogr: jing ﬁHgﬁPé'”Qp@I”FEQFiR{%'d@éI I WEPFRYE T EYRR@IG one
of the fe i { t: 1 (=) j | e.
Bel | ons aaiep S IPEROR, Tl ek i TpBhbaoe 26 e BreserbSe  Mlgiar Bl
in food agdiflarent densitied iorsdidstoantube diQdiffdent time.i s necessary that the

entire i nt er nal _surgice of the flow tube be cleanable and subject to

i nspect i oR&s 1 INgSy s desirable to have flow tube 104 of a

cont i nuous uni 7 :?l”%ﬁ (=1 f :

regi on and tubfgﬂé%‘gé 21 4%%’8{5&?&&% u?j.'lgtergﬂrrggg ég:‘% Hggﬁgénégmg%pb&?b%ti |

advant 8gedetiled deskdplidre treodt mlkehSnicenjwctibB0ditlothddlawings hawHid®l soft in
bendi ng and to use case connect links 1701 at the brace bars 1001. Figure
24 is sintigares d. Biang 8 disclese ¥jirational ghasactenistica of & prigeed draight: thpe

bel | ows 2201 f Figure 23. The enbodi ment of Figure 24 would be
best pr efégﬂlgﬁ]ﬁ%&%%g??cati ons where interior of flow tube 104 nust be
snoot h anpigeesy i9)uSUS, Thisd d |divelosdahaOdibedtidrizdugieardbteagios not [AKBed20
the flexibility afforded by the bell ows 2201 and 1003 of Figure 23. The

f 1 ownet er spring#ingge struturesbal anced so that the node is still in the brace

concend r kB § At th PhEart GPud AR, node as’in B gure 23 n the
fl ow t ubeFigfe $0dsoibsdtheisalancs berahadhwalbelSdrimg strusture bf the ptdsamtt ube

spring is, nowin series with a 25 relatively soft and distributed spring
(t he bendnMgnti®tbw t ube). When additional mass is placed on the flow tube,

ba ance HEBUDLT S5 g ket bt B heliabtbhngr Pog oP e etginar Aenfgy, '

tube spr ity adtbfievetbe shusiust of the pheseminvertiow. t ube spring and a portion
of the stiff brace bar 1001 sgrirjg in series, Springs in series add rates

li ke 2 ritigusasetd 16 19a2 and 21 disclesd furthes dedailsabine cass eennect dols @dt es.
~aer - kl kzz~ +K?). .19 July 2002 Thus, a 100 pound per inch spring in
series w’ztpﬁﬁei%’tﬁgﬁ%@m €r inch spring results in a net spring rate of 9.1

pounds peFighRch? didciddtss fdw kil etehsivg $ebof ehapassbritondetfligpounds per inch
as mght ocCcur with nodal novenent, the net series result would be a spring

t
rate of Figuppsuiti?4p@b, PAcR7 amd A8 disglone ciedailfeof a firsianst @ senesd possihe 5
stiff spring i,s_seen t roduce only a 2% .change in the stiffness of the
conbi ned %’i???ﬂ@y e':f'ﬁgd_ﬁggmfmtgjﬁﬁgﬂtdﬂvgrbtﬁrhg rate is thus dom nated by
the st Fibomistadend BOidtieoar Akempdiab cRASddim@nt NG ab8 bR 8ohkasthdar
1001 sprlln% has little effect on the rate of the net flow tube 104 spring
inks

f uncti on. TiEigwesdg-2lincti on of flow tube 104 of Figure 24 is
illustrated conceptually 10 ' In Figure 25, the flow
tube 104 mass i s represent eﬁwwgémééﬁ%ﬁ%&“ube spring is represented

by k1 whi |.Syi i iti on of the soft distributed flow tube 104
spring a[S ailitike Rl the brace bar 1001 to the left of node N
The | arger bal ance bar 1101 nass'is represented by the mass nz whose spring
kz is concentrated in brace bar 1001. The node of this structure in the
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15 bal anced condition is represented by node N at | ocation 253% (rgd: gure
26 mass Dmis added to the flow tube 104, such as when a heav r‘H’H

i ntroduced into the flow tube, which causes the node N shift to the Ieft to
position 2601. This nodal shift causes a si gnl f| cant shift in the spring

T R e il Gy oA b
SPe 9, e 05 bl Sl el AT R R e

short st he brace w tube si € new nodal

posi ti on.nddecipctfiongho2 haduroaceTHnaf!ow(mﬂe dodneaestcintedWwihtadafidensor SL
significantly b%bt he nodal novenent, the distributed tube spri nﬂ dom nat es
A

the spri @@darighbsen g SRolasherilne 1R&isdhrizere displacasmentaxis of flaw tbewt ube

compr o 904 DR TeLE D8 dnateinA BRI BBl st e Tt P

density. 2@9 Qg'sam@%ah?éﬂéw%téaa érmgqmde? asﬂ?le%r{dﬁfcﬁw but the flow tube

104 must c its mass novi ng cas result is that the case
does vi brate. Ihiommhng ﬂtohwetuim@omhsrfrlemﬁmetersmbla Cesslig farne wfithe flovtinget er s

mmos &1 afdteral dePETS dinebdionol e bR pan oy i 144 HES Sekomaian MiicBhange
|0 the Dadgled 9%5@5%@@@?@%%%&% FREYEE t?éu%émffé}éﬂmgaﬁfm%%ﬁéed to

the prior eres requency equati

i I'1ugor aflew habve t1m45toembmdiermmth slighthoudiffrehebhavss.i nEhble gdintvaloizethef the
present invention still results in | ess case shaking than the prior_ art

met ers. Kibraingdlow lupesnderaeas sinuspifal majiesy bahdteunmg gaderizldiow, flae points

Ler m meahe Rt R AL SR A et brearh Siaing oty S FARPERURM: uae)

in order The duttansea MiraBay dbwotubanekidirntesaio phagecRangé \fifd whike! ose
the structure of an entire Coriolis flowreter enbodying The present

i nvent i olecatigarteward tavinletsend taa@e@ﬂﬁcaulm@'ﬁasmeamwntm@f phevetlagearnid4

d t | ud b f F 28 i 5 t
e 18 A TR e PO BT S A S SOAR | e
tubs 14 Tedep A h
iagesend%ﬁﬁg Eg?iﬂcconne@b %dﬁﬁghewgan%nt ZWS&Q %rﬁg‘néhe&g%ghﬁawﬁsogf

whi ch t himlétl mvm@uée’senﬁsmfgtmew zamrmwpomnnofyﬂmeﬂcwmwéet efihese @mdsuarcaa of
mat eri al ne .on |&]s |n$lgt and togsﬂ%ﬁcel ver of material on

its out pG? EM&‘OdE&W 88? FOREE™D ﬁt@.ﬂ%@p d 28 include a driver D
in the md pOEhu%défmé%ésmﬁea%wtﬁe lﬁfett of §5 AbwILbBND hl?rend

detecting novenents representative of Coriolis vibrations of t
t ube2®al aode 10ars positioned at thd eutletiaf flowniubies! ¢h diTdw pardionfofithe flomt itibieal

the ol ai tstney RO tEoiid JBRTRS S msaReithe IR s2End BCer Hle iefor of figw ™'
pref er r g ,RMPOfbEBSEs fHbugRHerRAS hSpIat&Rentadisk 1 @@bﬁ@?%é‘@grr%l;béﬁ&hbons

within the scop g and spirit of the inventive concept. Thus, the term
"mat er i apsinhef menthsrcm of flaw tifhyd 14 pResesthaoygls abet duﬁpblcetTHntfab(m/\ilsO&uch as

I i ;| f
Suly' 005 30 JESHRARTER BoBnaRs SeBaRaNG, REGHRRS S oWt WPt iR dheT 0a)
and g5 b%%%go hiéH fld@kale i8detainsifed U Rt cHmyi( ataﬁP%@ﬁ{érﬁlortaec%%&{ yher;

brace bar means connecting end portions of said bal ance bar to sai d
5 fl ow tsmeﬁorsﬁLdamdcﬁﬂtamdoqaﬁed)atm legatiospeiang flawduben! Ghd Taentirse

et o508 Wiente Gt byl o bR BT LSS
sai d Cas@uttpﬂt SHedwRYES B BirdctilbrePBRtonal to the mass flow rate through flow tube
104. The phase difference and time delay between the sensors’ output signals
30 would be greatest atthe end nodes 102 and 103. Locating velocity sensors SL and
SR at nodes 102 and 103 would théoretically produce the most sensitive meter.
However, there is no vibration amplitude to be sensed at nodes 102 and 103 since
they do not move. Thus, acompromise position for the velocity sensors SL and SR

is chosen that has enough separation from nodes 102 and 103 for a reasonable
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driver nmeans (D) for vibrating said balance bar and said flowg 9002
transversely out of phase with respect to each other; said driver nmeans
being effective to establish a vibrational node in one of said brace bar
means (1001) sai d bal ance bar (1101) or said flow tube (104); 15 said

vi brati qna g??\%g ra [ i+ Sl t ybe t he
spring functl o&e %l d&l gwegE@eéﬁgrmém%ERl Ilill%)&%YEJJ y Y)Mr?glgt u ie%gjm/
fl exi bl elgtedteubsineowa200Thesé sandrdmisanpesitions s usuallyaseout hekiwayity

conpared to the rest of said balance tEg'ar) such that said flexible md 20
por t i on bEtWESNEHaNAAes 192 andiBemndineLaniiallydpeated drivasil.on of sal d

oo neC s oot ¢ PARAGREE T B fhckliBh h Y e Piee s B RO MRS I aaP el te BB Snges
the sgprigeatismet l‘h‘éﬂ‘l)@sfd FElbeitPbREETS Slaénd BR eran %@@ nieQet Q@nﬂﬂ@nﬁ?{&ﬁoﬁf
materials of different densities in said flow tube at different” tines; 25

sai d chdéatde nadessra svadip towacds ibe »@ﬂocman sertsararW@umardmwayinmnathe

i d i bal f Co terial f

ol P o e rsfe e e o b3 e o el Hsdhs e e
Cori ol i %Jat@wé%ﬁﬁe?: oW Rrd HB8ESH B2 %wdd%gga a;%t%rr‘?ﬁrgecgﬁﬂﬁé’gt Euﬁrél d "

bal ance bar conprises a cut-away portion ( sal ance

July 20@2s@n of fArem&ter ot thefradepo sitiond cahaiaﬂalﬂerédrUWEret@mwmalahbe; a
| ongi tudi nal, f | exible rri d portion (1003) of said flow tube has increased
f 1 exXPbi f he rest of said flow tube; said flexible md

ti f i [ d_fl
Plbe proxi mardddld 3 %@8#8 R 3 "ol BrE IR DA BF G Bl af Jet g™
functi ogupbupdirty é4syc04Re RORNGES 1046 GiBFAtiy éh'@ﬁh's@céﬂaxﬁ%rﬁpft’u@l‘é tfube in
response the presence of materials of different densities in said flow tube

at di f f ereaBOdiAnissstatianarye tempedes negide @tdpe idegired madabioasttionai 102 how t ube

f h d .d b fl
when i Dar A Sfudiirer thFRSRERE 44 BETRicRy ARbhyR e SR evet i i S
di 1 f67 eBhod R is'hlsd DibradAG ok o SARUTREQlerR, Bl abfﬂég?@é@bm t 8RpAakbexi bl e

md portion of said flow tube includes a bel 'ows (1003) riolis
f 1 ownret withf reepactﬁmﬂmduberﬂ Qla(adcemson smmt)orsimram udbakamcedtfwvarlubebar

0 nd 00 d
has o | SR dasliarhlings 108 ERd ik BiteSBh 1Y e tttalatia e rishPasRa "aar o
flow tu 6smend Howélét, ﬂ?éae&?émeaai Ib@étu%??@?@2‘éﬂﬂ”ﬁ5§§ siates @mi%%e?ﬁﬁ means

to sai d case fOI’ pr eventl ng transl ation sai d brace ar means Wt
r espect theotrsiai nlodes bec8usahd therdase wibfattome lde tieciaiaa Bravhemeiah tai d

ot eRna AT aRdaRT hhiie defRlBE RS i 156 SRRV sihd GHlHeER S
subst an @it YRS FEIGHG fbasé 803 |§‘€E;!Hz'a1 HeH o%ﬁé%o%%sé%‘ntﬂ*aﬂ@h%?ﬁﬁht@@re and

shaped to'permt a rotation of said brace bar means with 5 respect to said
case \/\hlﬂh&lﬂ@l’[h@é@iﬁl vigratian amglitudeat nodenBO2andcd0d i zeroars can tie seepect to

o2 O A58 nogR OB e B SRR ST R o e 1 o
tube angpgxt&Rdbiates 8OMARR B HPEEsPbrARAG DUt Of PHadeOAHE flow tube 104.
25  Shifts in nodal location with respect to fixed position sensors SL and SR alter the
flowmeter's sensitivity to flow and are undesirable.
in order to keep nodes 102 and 103 at their design points within end plates
301, it is necessary to keep case 304A from vibrating. This is easily done for a
single (flowing) material density by counterbalancing the spring mass system of

30 flow tube 104 with another spring mass system of the same resonant frequency.

Description of Figures 4, 5. and 6
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7. The Coriolis floweter of claim®6 wherein said substantimig/Jlgé

! ) . ; .19 July 2002
surface of each of said first and second case connect links is
substantially hour 31 19 July 2002 gl ass shaped so as to define a first
end (1704) and a narrow nmid portion (1702) and a second end (1703). 8. The
Coriolis f'own?gsr%ffmﬁ B 7 ¥ ﬂ%al%ssévs?enﬁ'stﬁigﬁr’éddiﬂﬂsgr e0f _each of jgaid
first and second caseconnect' lI'i"hks T s ‘connectetdl to sai race bar neans

and sai d sgranshantting vwaRsecTved limpad masses wal, langbir,] are ebnisedtdddasan
said md portion of each case connect |ink has a | ow torsional spri nﬂ rate
so 5 as tideah@@sslessrspring Wih spENA rateake Whenraassenm rand speate poliadi d

case; said md Lt bei . i Gl sitre 0 event

transl at |atﬂ?%?”@i?t?a‘gggcg{%gylgwgﬁsg%ak ﬁ%eess{})tétcﬁliaéeawﬁhcea%c& o@_erﬂliéhe

Cori olg s ddraumessiartfired B8 wherein each of said first and second case
connect I&ji nks further e‘fdhcl udes a gusset nenber (2901 ) defining a planar
sur f ace connecTka ldavebhieensaniatiohalf ancmemdumaieduiras dhatameass dinmes velocitisn

sai d gusset nenber having ,a first side affixed tQ a,an outer surface of

said 5 b&Angh&EesHen uF 19Aualitg ther 1ass Hmesevelgely g b RpRYgndirarlion, or
|l el i 4 | onghLydinal s axi sk akd bal : &aid b
vy o BelEMVe qalhbe ChRRuGH| veideins 3k CoREGHGTALT (viBREd dhagh HRIEe"

af fi xed tf ﬁ,an%gWrem,iﬁd X, atevibsatidragmplifudeac Insi g cremise Rrge ehass nk;
sai d %tsjsse menbér bei naaheffectl ve to raise,a lateral vibrationa( frequency

10 oftGsaind, maishhaee Bamathvibeatingsamalitusigraraparesd toymydhaisedekewva thatithere

ber pond BrdioFNTH g 2880 bi\A BeBbE 188 FPEGcis 1StalioR i faRelsiks AL N
fl ownet eyyiplie§'te Bbfing Yhid 8o ilé‘!de}H?:H?ﬂ/iﬁd WrdtH e /sEAbA, (A2 themode N

connecting an end portion of sai ow tube Pproxi ﬁag’e aid brace bar neans
to ends pbsi@nds fizsd, eadh sptieg Part ehaved asturugh a$ itovaiefiastendcbioca wahi d

fiow tube stubs ipclude bel]o (2201) proximate said brace bar; said

bel | ows B%F?‘ﬁé Qﬁq&@?&’@rtp@r{ 8{/@\9 %%ﬁr&ﬁ'spri ng function of said flow tube
stubsxzto isol ' ' | n 32
19"30Fy "2002 13° PALEEEEFaRRD ERA VARG SR (o PRIRIIUE of SRfingidRe
sensor mphmauéiShaveSitle parsiet iesnednpiregilentye Baisdn&hbivetjubecy iy eqetidottiveg
Coriolis perturbations, of said flow tube generated by a flow of materi al
t hr ough §aH&™ T%qzﬁgf%ﬁ B3s8) %°f | ow tube is vibrated by said driver
nmeans; 5 said sensor neans being effective in response to said detecting
for generating output signals representing | east one characteristic of
said fl oqugimaterial. 13. The Corioli rsﬁf:_J Ejgmst er of claim1 conprising:

sai d Bas,e surrounds sai d bal ance bar a hd flow tube and said brace bar
meangt

The two halves of the system of Figure 4 must have the same stiffness to mass

ratio since:
k
25 Equ.2 Jfr= l-—l—= 'ﬁ
m1 m2

[t is also possible to determine that the stiffness to mass ratio must be constant

based on the relationships between spring stifiness, length, and vibration

30 amplitude. The spring of Figure 4 is divided into two springs k, and k; by node N.

The stiffness k of a spring is inversely proportional to its length, or k,/k,=l./1,. Since
L/L,=A /A, and m,A;=m,A,, by substitution, we find that k,/m,=k,/m,.

If the spring mass system of Figure 4 represents a traditionally balanced

single flow tube Coriolis flowmeter, then m, represents the mass of flow tube 104,
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said case has a longitudinal axis substantially parallel to sq%d B{?@?)gce
bar 5 and said flow tube; said case connect |ink neans (1701) OJH sai d
brace bar nmeans to an inner wall portion of said case for preventing the
transl ation of said brace bar neans with respect to said case during an out
of phase yippalih@linsls seil BALRACEaDadNd0ral dohh@ied 0hUM! R hERPRFLS! ©
each ot her, sai d case connect neans 1s hour glass shaped to permt-a

rotation jafFigateds bBawe hede NEgnSoNdrilBss aHse304 dosendt ¢idsetenh IRigureay ant i ng
said transl ation of said brace bar neans with respect to said case; said

rot at i on asidiianal raseAnbhas heanadssidlg rableuepsesentismaéerisd afihighesdensity

| ongi t udi.n axi.s of id balance bar and said case: 15 a.flexibl.e m.d

por t1 on df texf ttPan ERNSRR AR GuBBme Rl Dbt SBEgaRYr f Mt RRLRLPRIt « ne
spring f j [ % ' ' iroRpal ede a
P exd Bl e o e e B e B e e e S TS Euses
concent r ataseg3®hewisiphiimgohnacteidoat N r(eictaischd langeruberoge oo vitreteswitt m,

vi brationa! 20 nodes; sajd concent rate’z‘on of ?ﬂlp d spri nIgL‘ functi on changes

the spri gth ardb@tioaamphdensicihiiatdha sum of e MeMBBIUMS C8spRR §idenoh

; . | o . . e
i ree: 1t PRUE A1 8o b S 68 ealBTR g B iR v PRI it e it Bl ™
proxi mat ¢n€5r $3), thdhade dess MeaRaveoandye dergdadireas® ta3Rld inlfigdvd 6 #002

said flow tube stubs include bellows proximate said brace bar nméans for

r edudiiOng vithrate prba §0dawith stifficient ampliiudede eangesve novente. dbmassruere bar

dynam cal ly fr sai d e gnds; i race .har ns nt ai ns

Subot ant reiayerEo it RS FRREAI AR b B RER B8 ndRNBLRTbfE Fom N to the

f 1 owret err@ﬁf BRUEABOPwa UL VRPAER With #CRIET thedi @, Coriolis flowmeter by
altering t'he spring rate ratio of segnents of sai d brace bar means while

materi al s of dnfstersaty, frepgotdrbsingfetubetflowmetersa dhangein mass od e $loms or

SL,. S it d. i mat id f t f detecti Corioli
e e o 8 BB R B e o R or L B T s L
35 fhew fyhe Y)M;mb%tég?gﬁds@vw&w%hb% ) &F & wtmnéagﬁ Wl{rbtg{@é it bR d

sensor neans ing efféctive in response t8 said defectin generati ng
out put sicgnatsrermpresdum. n§irate theasts eomess imlaage ghesthangefin siaida! pbsitiong
material, 14. The Coriqlis flo ter, of cl ai conpri sing:. sai d conpect
"ok eainsabang co3pyibinTion ARPIRY G st A dse S BaSSHB VAR agg Wik

per pendi : : i i | f bl : t’@é}g& ;
permt aﬁ?got? E{? |F g%ﬁ%mg%:rﬁdé* grgggveb%gr'strq%eﬁ?z% %ﬂl{tg%@gggc@ﬁ? g%[sigpél caseytv\l/%i le 5
prevent i sgffi¢nthniatgd icode griadedhd docacecybr@quirednd anCotiolisipenictévinssordecase;
said_rotatign of said brace bar neans bei ng,about an axis perpendicular to

sai dzponQPP. 4RQs- axiRe di23EafmpR Ib(?wCPﬂB'Qe 19, 'R datciaks-id) Bedde bar
e o e e et L
i nner wal | porMheopresens aiventiaaesignificantly improves upon the traditional flow tube
balancing method by altering the stiffness of k,; and k, ratherthan involving the case
mass in balancing. In the traditional approach the spring of the flowmeter
25 structure is distributed ihroughout the flow tube, balance tube, and the connecting
structure such as brace bars 301. The movement of the end nodes’ 102 and 103
location with a material density change in flow tube 104 is very small compared to
the effective “spring” length; thus the nodal movements have very little impact on
altering the effective spring rates k; and k, and are unable to achieve a dynamic
30 balance in the structure without involving case mass. Recall that:
Equ. 3 kK
7711 m

(5]
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a.md portion of said case connect |inks neans having a | ow tQrsjon
spring rate to enable a rotation of said brace bar neans mﬁth1pebgégp2to
said case; said md portion being of sufficient strength to prevent a
transl ation of said brace bar neans with respect to said case: 15 said case
connect |ink : efi. J RS S gﬁﬂ?ﬁ dndetftdh ded iy a

pl anar surfacgﬁgﬁﬁﬁégféﬁ’ﬁkiaﬁéﬁeggfﬁnggﬁdﬁﬁé a ghd sd%ﬁ'gdééﬁkgﬁﬁegg
link neapss cagedmeyssel werve WaNithg I'g_ht im&hbet.daHafd, iebltp if adRicudder
surface of said balance bar with said tirst side being aligned
subst ant Wdigry parallel to said 20 |ongitudinal axis of said balance bar; 34
19 July 2002 35 said gusset nenber having a second side substantially

per pendi ot to said first side and affixed to gaid substantially flat
surfage of said case connect |ink neans; = menber being effective
to rarse a lateral vibrational frequencym2§”bf”5amuubalance bar while

| eaving substantially unaffected a drive vibrational frequency inparted to
sai d bal ance bar in_a direction perpendicular to said |ateral vibrational
frequencies mcally balancing a Coriolis flowreter

ti e
cubstant i ol by AT PLiT s ik, MR R lveliiEnet bl 3T e meNeot oo
to a fl oynskebrrgT®1(ih4Ad Nodidré® sBRHaPaRy hvenséntsipirbda pyaamPane3pd to
said flow tube; Said nethod conpri si ngat he steps of: 35 vibrating said

bal ah@e dymamiziuskalante causama relativielydargel ghange infthefirndividual sprisgpatas,t o
each other to place, a. vibrational node .on one af said.balancg, bar, said
brace bafi 'i‘%%faqgeaﬂr@ PPN FaiBS, DOERC PGS 1B MgIn 'a%déélpﬁhﬁ reguisedar at e
t he spri i [ i i ti !

bl ance. e R B e R R 305558k s
bal ance thar cdwevvibgatongardties chirge in dlyr sdrmitivityewitie meatedeat dehsidai d bal ance

bar, thus concentrating said spring function of saj.d bal ance bar. proxinate
sai d node; saf@uegps 68 o8 errﬁtqgﬂbe %H’féﬂﬂg(é‘&'%@wé%ﬁ"i% E&E‘@f"fsd’n‘f?"&ih%ai d
bal apge LA; i it

Ganals | 8 Shiftinb BHBRIEEhG ifn MERRAN o 862 & Hdtahn Syrlimib Belifice |
spring faftet rassphovhaebean adgediech dyibatsccshawamosy this shictt Gtands $s

fl owreter, in response to the presence, of erial of different densities in
sai d f| ovgniigan orameé#teﬁ?e ﬁﬁﬂ’é‘.’spﬂﬁgleﬁﬂﬁ%%& issherignpdendsdiensad sai d

(2402 1 FREERNG ke Bleb IREASRRI DRl Aot el paarics yiHubH fesa O
nodal shift and case shaking than if the spring were extended throughout the
20 structure as in prior art. The difference between the conventional balancing
approach and that of the present invention is illustrated by the way the resonant
frequency equality between the flowmeter elements is maintained despite a change
in one of the masses.
Recall from equation 2 that:

25
, k, l k,
- -m—l”- m,
30 When mass Am is added to the flow tube mass m,, such as by a change in

material density, the prior art balancing method maintains the equality by adding

case mass to the balance bar mass. The case vibrates under this condition.
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17. The method of claim 15 further conpns~ng the steps of: prggigyagof
| ongitudinal md portion of said ficw tube having great~r erX|6| Ity than
t he remai nder of said flow tube; concentrating the spring function of said
fl ow tube proxi mate said vibrational 5 node; said step of concetrating the
Spr;ng f unction of said f Icw tuba changes th a spring function of said
flow tube in response a presence of materials of different densities in
said flow iubEa at different times; said step of changing the spring

function of said flow tube further provides 10 an inproved dynam c bal ance
of said riolis flowreter in response tp the|prgsence of material of
differentt@ermdities in said flow tubd -at—giif tme. 18. The net hod cf

claim 17 wherein said step of concen r’ét’r% Nn%ﬂ@e‘gethe step of providing
a bellows in said md portion of said flow tube. 19. The nethod of claim 15
wher eigh said nethod further conprises the steps of: surrounding said

bal ance bar and said flow tube and said brace bar neans with said case so
that a | Jhys eqdrHan resvisesiheserse nass trdsdiseethninvalved ipahalbadanciogsai d 5
bal ance bar angd sajd fl ; . nect | Ld brace bar neans. to an
i nner wal | po?ﬁl%ﬁf%ené&W&h@g@%@%'ﬁ?@‘(ﬁe‘ﬂﬂaﬂ@ Sﬂbeﬁ?@ﬁgﬁ ? BRSST @Qitﬁ'
brace bar i &by tyt i J il R se
b et o T A e B3P s oo

ot her. 2@addedemaseshfioh:of claim 19 further conprising providing case connect
i nk ans wherein said case connect |link nmeans conprises a first and a
seconf case connect |ink each of which is shaped to permt the rotation of

sai d bragﬁl}?%r with respect to said case while preventing the translation
of said brace bar nmeans 5 with respe to_sai ; said nmethod further

including the step cf rotating said k@% ba kpﬁﬂqs wi th respect to each

sai d case connect |ink about an axis eta~ to a | ongitudinal axis
of said balance bar and said flow t 3@ 286\ 18, July 2002 21. The net hod
of claim 20 wherein each said case connéct link is hour glass shaped and

wherein said step of rotating includes.the step of rotating each said case

conngst |ink Jhig rfuatiohi deds pot tinvolvef theachseandssagrl Gdiegd] altbhk thet at es
with respect to a second portion of each said case connect |link in response

to the 5stifness efk.@ndl 19 anhirye balangitgn sThikeres dogs et vibratesignifisantlvn of

ot at 1 ontingB isiBT oy WpblielMd 2 VARG BRRAKE! Uai ng the st epe. of
connect i Dagsafip§dr op Bidure® of said fl ow tube proxi mate said brace bar neans

via flow tube stubs to ends (1405) of said ca;se. 23. The nmethod of claim
22 further in€igwefyshows aiypicalpiorarbilowgaler flewdube agdibelanembacireits st ubs

oo Febrbe (aFG 7 pr? s HATHIOE R Ao AP 0 f B8 EsSehlidty 57"

uniformly stiff along their lengths and deform throughout their lengths. The spring -

of the system is spread throughout the structure. The term “spring” in this context
refers to a volume of metal that deforms elastically in response to applied force.
It stores energy as it is deformed and returns energy back to the system as it

25 relaxes. The whole structure of Figure 9 thus acts as a large spring. Nodali location
shift, because it is very small in relation to the great spring length, does very little
to alter the effective length and thus the effective spring stiffness of either the flow
tube or the balance bar.

Description of Figure 10

30 One of the design details of the present invention which enables spring rate
balancing of a flowmeter, rather than mass balancing, is the localization of the
spring proximate the end nodes of the flow tube. Figure 10 discloses a conceptual
embodiment of structure comprising the present invention. This structure localizes

the spring function of the flowmeter portrayed in Figure 10 in the vicinity of nodes
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<F<<dEV|€@Dn1pt;c)th/m§tl( ad. mmq hada)ncemaow sgplized as a dynamic balancer
fastened to the flow tube at the desired end nodes, it is readily apparent that any
movement at the desired nodal positions within brace bar 1001 pumps energy into
10 the dynamic balancer formed by balance bar 1101 and increases its amplitude until
the reaction force from the dynamic balancer suppresses the nodal motion. If mass
is put onto flow tube 104, the dynamic balancer (the balance bar) lowers its
resonant frequency to maintain frequency equality and raises its amplitude until the
position of nodal cylinder 1104 is stationary. If mass is removed from flow tube
15 104, the dynamic balancer (balance bar) raises its resonant frequency and lowers

its amplitude just the right amount.

Description of Figures 14-21, 29 and 30

The present invention maintains dynamic balance by altering the relative

spring stiffness rather than by transferring masses between the vibrating flow tube,

20 balance bar and case members. It is able to accomplish this by concentrating the

spring function locally around the fixed nodal area 1104 within brace bar 1001.

Figures 11, 12 and 13 show how this is accomplished so that flowmeter sensitivity

is not affected. However, they ignore, for purposes of simplicity, a complicating

factor illustrated by Figures 14 and 15. Figures 14 and 15 disclose a flowmeter

25 case 1401 having an end portion 1405 of case 1401 which contains balance bar

1101, flow tube 104 and brace bar 1001. Flow tube 104 and the balance bar 1101

are interconnected at the end of balance bar 1101 by brace bar 1001. In Figure 14,

the flow tube 104 vibrational amplitude is much larger than the balance bar 1101

amplitude. In Figure 15, the balance bar 1101 amplitude is much larger than the

30 flow tube 104 amplitude. These situations would balance a meter having a light
material (Figure 14) and dense material (Figure 15) respectively.

Figures 14 and 15 differ from Figures 11, 12 and 13 in that flow tube 104 is

bending in the flow tube segment 1404 between brace bar 1001 and case end

1405 in response to the torque applied to flow tube 104 in brace bar 1001 region.
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cc&dadddedEbCl D 639810% & () - $10% & ()- V" 10% & ()- 10% & ()- "10% & ()-
| f $109% &s(gxt@w@ygfgm @psoviner theoigeeg gancel each other resulting in no shaking

forces on the case. When both ends of case 1401 are taken into consideration

15 (Figure 19) the moments on case 1401 also cancel.

Case connect links 1701 have specific design criteria imposed upon them.
They must be rigid enough that they prevent significant relative motion between the
nodal region of brace bar 1001 and case 1401. Simultaneously they must be
sufﬁciently flexible in torsion so that the balance bar 1101 ends are free to rotate

20 without storing significant spring energy in the connecting links 1701. If spring
energy were stored in case connect links 1701, it would be external to the nodal

"area and degrade the self balancing performance of the meter. One possible
preferred design of the connecting links is butterfly or hour glass shaped as in
Figures 17 and 20. The narrow central section 1702 allows for a flexibility in torsion

25  but not translation. The wide ends 1703 andl 1704 provide sufficient stiffness to
resist translational forces. The central section 1702 does not have to be wide to
resist the translational forces because the bending moments that accompany the
translation forces on the link go to zero in the center of the link as is shown in the
bending moment diagram of Figure 21.

30 Case connect links 1701 can also be used to solve another design problem.
Flow tube 104 and balance bar 1101 are driven to vibrate in a resonant frequency
opposed to each other. They are driven to vibrate in a direction that, along with the
tube axis defines a plane called the drive plane. The flow tube and the balance bar

also have a vibration mode in which they vibrate in a direction perpendicular to the
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Figure 30. Gussets 2901 are fastened to case connect links 1701 and balance bar
1101. This orientation stiffens case connect links to the bending deflection required
in the perpendicular mode. It thereby stiffens the balance bar mounting and raises
10 the frequency in the perpendicular mode. Because the gussets are thin, they do
not significantly increase the torsional rigidity of the case connect links or raise the
frequency of the drive mode. Furthemmore, fhey do not impact the stiffness of the
case connect links in translation in the drive direction. '
The torque applied to tube stub 1404 by forces F, and F, causes one other
15 probleminthat each tube stub bends in response to the torque. This flexing of flow
tube stub 1404 external to brace bar 1103 is a significant extension of the spring
function of the flow tube away from the nodal area. As has been previously
discussed, it is desirable to concentrate the spring function of the meter in the
vicinity of the node. This extension of the spring structure degrades the spring
20 balancing of the meter.

Description of Figures 22 - 28
The spring energy stored in tube stub 1404 is reduced by reducing the spring

rate of flow tube stub 1404 by the provision of a softer material or a softer geometry
such as bellows 2201 on Figure 22. Bellows 2201 reduce the spring energy in tube
25 stub 1404 so as to further concentrate it in brace bar 1001 regions. Bellows 2201
also greatly reduces the torque forces applied to case 1401 by the tube stubs 1404.
They reduce these forces by allowing the brace bar region 1001 to pivot freely.
From a self balancing perspective, the design of Figure 22 and, with the case

removed, Figure 23 is a preferred embodiment of the present invention.

30 Figure 23 shows a flowmeter similar to that of Figure 22 but without case
1401 being shown. [n particular, the flowmeter structure shown on Figure 23
comprises flow tube 104 having a bellows 1003 in its mid section and bellows 2201
in its tube stub 1404 sections. Flow tube 104 is surrounded by balance bar 1101
having a flexible center cutaway-portion 2402 defined by the reduced section 1002
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In cases whete it is desirable to have flow tube 104 of a continuous uniform

diameter and material, the flow tube’s 104 central region and tube stub 1404

regions are not made soft in bending. ltis still advantageous to make the central
15 region 1002 of balance bar 1101 soft in bending and to use case connect links

1701 at the brace bars 1001. Figure 24 is similar to Figure 23 except that flow tube

104 is devoid of the bellows 2201 and 1003 of Figure 23. The embodiment of

Figure 24 would be best preferred in applications where interior of flow tube 104

must be smooth and continuous. Thus, flow tube 104 of Figure 24 does not have
20 the flexibility afforded by the bellows 2201 and 1003 of Figure 23.

The flowmeter of Figure 24 is balanced so that the node is still in the brace
bar 1001 region. Furthermore, the balance bar 1101 spring'is still concentrated in
brace bar 1001 proximate the node as in Figure 23. On the flow tube 104 side of
the node, the brace bar 104 portion of the flow tube spring is now in series with a

25 relatively softand distributed spring (the bending flow tube). When additional mass
is placed on the flow tube, the nodal location moves toward the flow tube and
significantly softens the balance bar 1101 spring as before described for Figure 13.

The net flow tube spring, however, consists of the soft flow tube spring and

a portion of the stiff brace bar 1001 spring in series. Springs in series add rates like

30 resisters in parallel; the soft one (or small resistor) dominates.

K=k Kol (kg +hey)

27



V0% ()-S 10%&' ()- s10%& ()- !10%& ()- 109%& ()-fY 19 July 2002
109 ()-1\QIE_ @Dl " 100%& ()- &$10%& ()- 109& ()-"10%& ()- 10%& {):
y 10% ()- eqdE_@D! & 10% ()- %A0%& ()-#f 10%& ()-!"10% ()- , 10%& ()-

109 ()- "wlzdB_@D!!/"109& ()-/"109& ()- -"109%& ()-1+$109& ()- *9109%& () -

| (" 109&' 1 0% 10%
B i e R L A

@LO%&: () m#am&spymgmmgz bpomod&p(ermhldb/&zre(s)tﬁfempﬂm v@re changed to 130

0, - 0 0 - 2 0, 0
Ot?/qg/f& ()pgél 43 1 Shl /&)&\ céﬁ'gﬁ fé‘]ig(&é%%t the net ser@s result would

10 b é%P“’*’%%“F?%@%@%%P%{ W#%%ﬁﬁggﬁgsﬁﬁ?ﬁ IR S TRy

10s” $E0%sUfF dpring Is1¥nus iodute @iy & 3%-liakat indhe)stTiéss&f(the c@h@ﬁ/m&r ()-
10; 5dE:/ 10 "10% u& (t -F$10% ug& ()- $3"10% u& ()- ."10% u& ()- 10% u& () -
, MLO% u&Spyinggwidie:ne i'@MﬁUP@%QP&SWDQ rateligdbugdpininategogytre goft flow tube

35$10% u§ H)g and the nodal position change in the brace bar 1001 spring has little effect
on the rate of the net flow tube 104 spring function. '

The spring function of flow tube 104 of Figure 24 is illustrated conceptually

10 on Figures 25 and 26. In Figure 25, the flow tube 104 mass is represented by m1.

The net flow tube spring is represented by k1 which is the series addition of the soft

distributed flow tube 104 spring and the stiff portion of the brace bar 1001 to the left

of node N. The larger balance bar 1101 mass is represented by the mass m, whose

spring k, is concentrated in brace bar 1001. The node of this structure in the

15 balanced condition is represented by node N at location 2501. In Figure 26 mass

Am is added to the flow tube 104, such as when a heavy material is introduced into

the flow tube, which causes the node N shift to the left to position 2601. This nodal

shift causes a significant shift in the spring length and spring rate of spring segment

k2, the balance bar 1101 spring. The flow tube 104 spring, however is made up of

20 the soft distributed spring in the flow tube which does not change length in series

with the short stiff spring of the brace bar on the flow tube side of the new nodal

position. Even though the brace bar 1001 component is shortened significantly by

the nodal movement, the distributed tube spring dominates the spring rate and the

nodal shift makes little difference to the flow tube 104 overall spring stiffness. This

25 geometry of Figure 24 isthus a compromise with regard to maintaining balance with

change in material density. The balance bar 1101 can change its spring rate but

the flow tube 104 must change its mass by moving case 1401. The result is that

the case does vibrate. However, the case movement is much less than prior art

meters because the stiffness change in balance bar 1101 reduces the necessary

30 mass transfer. This reduction in case vibration results in a smaller change in the

nodal position and accuracy improvement in the flowmeter compared to the prior

art.
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This equation differs from the traditional approach (Equation 4) inthe Ak term. The

10 presence of this term means that the case mass needs less involvement (vibration

amplitude) in order to balance the equation and the meter.

Figures 27 and 28 disclose the structure of an entire Coriolis flowmeter
embodying the present invention. Figure 27 comprises the embodiment wherein
the flow tube 104 does not include a bellows. The embodiment of Figure 28 is

15  similar to that of Figure 27 except that the center portion of flow tube 104 and tube
stubs 1404 areas include the bellows 2201 and 1003. Both embodiments show
case end 1405 being connected by element 2702 to a flange 2701 by means of
which the flowmeters of Figures 27 and 28 may be connected to a source of
material such as a pipeline on its input and to a receiver of material on its output

20 end.

| Both embodiments of Figures 27 and 28 include a driver D in the mid portion

of flow tube 104 and a left sensor SL and SR for detecting movements
representative of Coriolis vibrations of the flow tube/balance bar structure which,
in tum, is indicative of the material flow rate through the flowmeter.

25 Itis to be expresély understood that the claimed invention is not to be limited
to the description of the preferred embodiment but encompasses other
modifications and alterations within the scope and spirit of the inventive concept.
Thus, the term “material” as used herein is applicable to any substance that flows

such as slurries, liquids and gasses including any combination thereof.
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said flow tube {104) having a spring function and a mass function;
said balance bar (1101) having a spring function and a mass function;
a case (1401);
case connect link means (1701) for connecting said case to said brace bar
10 means;
driver means (D) for vibrating said balance bar and said flow tube
transversely out of phase with respect to each other; |
said driver means being effective to establish a vibrational node in one of
said brace bar means (1001), said balance bar (1101) or said flow tube (104);
15 said vibrational node separates the spring function of said flow tube from
the spring function of said balance bar;
CHARACTERIZED BY:
a longitudinal flexible mid portion (1002) of said balance bar has fncreased
flexibility compared to the rest of said balance bar, such that said flexible mid
20 portion of said balance bar concentrates said spring function of said balance bar
proximate said vibrational node;
said concentration of said spring function of said balance bar proximate said
vibrational node changes the spring function of said balance bar in response to the
presence of materials of different densities in said flow tube at different times;
25 said changes in said spring function of said balance bar maintain an
improved dynamic bala_nce of said Coriolis flowmeter when materials of different

densities pass through said flow tube at different times.

2. The Coriolis flowmeter of claim 1 wherein said flexible mid portion of

said balance bar comprises a cut-away portion (2402) of said balance bar.
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said changes in said spring function of said flow tube further maintains an
10 improved dynamic balance of said Coriolis flowmeter when materials of different

densities pass through said flow tube at different times.

4.  The Coriolis flowmeter of claim 3 wherein said flexible mid portion of

said flow tube includes a bellows (1008).

5. The Coriolis flowmeter of claim 1 wherein said case (1401) surrounds
said balance bar (1101) and said flow tube (104) and said brace bar means (100});
said case has a longitudinal axis substantially parallel to said balance bar
and said flow tube; and
5 said case connect link means connects said brace bar means to said case

for preventing translation of said brace bar means with respect to said case.

6. The Coriolis flowmeter of claim 5 wherein said case connect links

means (1701) comprises a first and a second case connect link each of which has

a substantially flat surface oriented substantially pempendicular to a longitudinal axis

of said balance bar and shaped to permit a rotation of said brace bar means with

5 respect to said case while preventing a translation of said brace bar means with
respect to said case;

said rotation of said brace bar means being about an axis perpendicular to

said longitudinal axis of said balance bar and said flow tube and extending from

said brace bar means to said case.

7. The Coriolis flowmeter of claim 6 wherein said substantially flat

surface of each of said first and second case connect links is substantially hour
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of said first and second case connect links is connected to said brace bar means
and said second end is connected td_an inner wall portion of said case;
said mid portion of each case connect link has a low torsional spring rate so
5 asto enable a rotation of said brace bar means with respect to said case;
said mid portion being of sufficient strength to prevent a translation of said

brace bar means with respect to said case.

9.  The Coriolis flowmeter of claim 8 wherein each of said first and

second case connect links further includes a gusset member (2901) defining a
planar surface connected between said balance bar énd said case connect links;
said gusset member having a first side affixed to a an outer surface of said

5 balance bar with said first side being aligned substantially parallel to said

longitudinal axis of said balance bar;
said gusset member having a second side substantially perpendicularto said

first side and affixed to said substantially flat surface of each said case connect link;

said gusset member being effective to raise a lateral vibrational frequency

10 of said balance bar while leaving substantially unaffected a drive vibrational
frequency imparted to said balance bar in a direction perpendicular to said lateral

vibrational frequency.

10.  The Coriolis flowmeter of claim 6 further including flow tube stubs
(1404) for connecting an end portion of said flow tube proximate said brace bar

means to ends of said case.

11. The Coriolis flowmeter of claim 10 wherein said flow tube stubs

include bellows (2201) proximate said brace bar;
said bellows being effective to lower said spring function of said flow tube

stubs to isolate said brace bar means dynamically from said case ends.
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flow tube while said flow tube is vibrated by said driver means;

5 said sensor means being effective in response to said detecting for

generating output signals representing at least one characteristic of said flowing

material.

13.  The Coriolis flowmeter of claim 1 comprising:
said case surrounds said balance bar and said flow tube and said brace bar

means;
said case has a longitudinal axis substantially parallel to said balance bar

5 and said flow tube; ,
said case connect link means (1701) connects said brace bar means to an -
inner wall portion of said case for preventing the translation of said brace bar
means with respect to said case during an out of phase vibration of said balance
bar and said flow tube with respect to each other;

10 said case connect means is hour glass shaped to permit a rotation of said

| brace bar means with respect to said case while preventing said translation of said
brace bar means with respect to said case;

said rotation of said brace bar means being about an axis perpendicular to
a longitudinal axis of said balance bar and said case;

15 a flexible mid portion of said balance bar includes a cut out (2402) for
concentrating the spring function of said balance bar proximate said vibrational
node;

a flexible mid portion of said flow tube includes bellows (1003) for
concentrating the spring function from said flow tube proximate said vibrational

20 nodes;

said concentration of said spring function changes the spring rate of said
balance bar and said flow tube in response to a presence of materials of different

densities in said flow tube at different times;
flow tube stubs (1404) connecting end portions of said flow tube proximate

25 said brace bar means to ends of said case;
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materials of different densities are extant in said flow tube; and
sensor means (SL, SR) positioned proximate said flow tube for detecting
Coriolis oscillations of said flow tube generated by a flow of material through said

35 flow tube while said flow tube is vibrated by said driver means;
said sensor means being effective in response to said detecting for
generatihg output signals representing at lea‘st one characteristic of said flowing

material.

14,  The Coriclis flowmeter of claim 1 comprising:

said connect link means have a substantially flat surface oriented
substantially perpendicular to a longitudinal axis of said balance bar and shaped
to permit a rotation of said brace bar means with respect to said case while

5 preventing a translation of said brace bar means with respect to said case;

said rotation of said brace bar means being about an axis perpendicular to
said longitudinal axis of said flow tube and extending from said brace bar means
to said case:

a first end of said case connect link means is connected to said brace bar

10 means and said second end is connected to an inner wall portion of said case;

a mid portion of said case connect links means having a low torsional spring
rate to enable a rotation of said brace bar means with respect to said case;

said mid portion being of sufficient strength to prevent a translation of said
brace bar means with respect to said case:

15 said case connect link means further includes a gusset member (2901)
defining a planar surface connected between said balance bar and said case
connect link means;

said gusset member having a first side affixed to a an outer surface of said
balance bar with said first side being aligned substantially parallel to said

20 longitudinal axis of said balance bar;
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25  of said balance bar while leaving substantially unaffected a drive vibrational

frequency imparted to said balance bar in a direction perpendicular to said lateral

vibrational frequency.

15. A method of dynamically balancing a Coriolis flowmeter comprising a
30 balance bar (1101) and a flow tube (104) oriented substantially paralle\l to each
other;
brace bar means (1001) are connected to a flowmeter case (1401) and to
end portions of said balance bar and to said flow tube; said method comprising the
steps of: |
35 vibrating said balance bar and said flow tube transversely out of phase with
respect to each other to place a vibrational node on one of said balance bar, said
brace bar means or said flow tube;
said vibrational node acting to separate the spring function of said flow tube
from the spring function of said balance bar; '
40 : CHARACTERIZED BY:
providing a mid portion (2402) of said balance bar having a greater flexibility
than the remainder of said balance bar, thus concentrating said spring function of
said balance bar proximate said node;
said step of concentrating changes the spring function of said balance .bar in
45 response to the presence of materials of different densities in said flow tube at
different times; _
said step of char{ging the spring function provides an improved dynamic
balance of said Coriolis flowmeter in response to the presence of material of

different densities in said flow tube at different time.

18.  The method of claim 15 wherein said step of concentrating includes
the step of including a cut away function (2402) in said mid portion of said balance

bar.
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10 an improved dynamic balance of said Coriolis flowmeter in response to the

presence of material of different densities in said flow tube at different time.

18.  The method of claim 17 wherein said step of concentrating includes
the step of providing a bellows in said mid pertion of said flow tube.

19. The method ;IJf claim 15 wherein said method further
comprises the steps of:
surrounding said balance bar and said flow tube and said brace bar means
with said case so that a longitudinal axis of said case is substantially parallel to said
5 balance bar and said flow tube; and
' connecting said brace bar means to an inner wall portion of said case for
preventing the translation of said brace bar means with respect to said case in
respdnse to the out of phase vibration of said balance bar and said flow tube with

respect to each other.

20. The method of claim 19 further comprising providing case connect
link means wherein said case connect link means comprises a first and a second
case connect link each of which is shaped to permit the rotation of said brace bar
with respect to said case while preventing the translation of said brace bar means

5 with respect to said case;

said method further including the step cf rotating said brace bar means with

respect to each said case connect link about an axis perpendicularto a longitudinal

axis of said balance bar and said flow tube.
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to ends (1405) of said case.

23. The method of claim 22 further including the step of employing
bellows in said flow tube stubs proximate said brace bar to reduce the spring
function from said flow tube stub to isolate said brace bar means dynamically from

said case ends.
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