8 March 2005 METHOD AND APPARATUS FOR BONDI NG A CONNECTI NG RI 8ilaréh 2005-LOW
TUBE AND BALANCE BAR OF A CORIOLI S FLOWETER Field of the Invention This

i nvention relates to a connecting ring for Coriolis flowreter and in
particular to a nethod and apparatus that enables the bonding of Coriolis

fl owmeter el hayin Ifferent thermal coefficients of expansion.
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integral dynamically balanced structure. ?f the joints are not of high and consistent
20  integrity, the balance of the vibrating structure can be impaired along with the
accuracy of the flowmeter.

Flaws in the braze joints can aiso reduce thé life of a flowmeter. The
location of the joints between the oppositely vibrating balance bar and material
filled flow tube puts the braze joints in a region of high stress. Furthermore, tuhe

25  stressis cyclic and reverses sign with evefy vibration cycle. Flawed or incomplete
braze joints tend to have geometries which concentrate and increase the cyclic
stress. The stress can even be elevated to the point where it causes fatigue
cracking and failure of the ‘meter. It can thus be seen that the connecting rings and
the brazes constitute critical elements in the successful operation of a Coriolis

30 flowmeter.

Prior art meters have traditionally been brazed by an operation in which the
cylindrical balance bar is placed over the flow tube and then the annular connecting
rings are placed over the flow tube and into the ends of the baiance bar. Braze
material is applied to the surfaces that couple the connecting ring to the balance
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8 March 2005 bar and flow tube. The structure is then placed BMarchdedb and
heated to approxinmately 800C. The braze material nelts and flows by
capillary attraction into the small clearances separating the flow tube,
connecting ring, and balance bar. The structure is then cool ed and braze-

mat eri al EOHdlfles to_form an |nte ral 5 structure .conprising the bal ance
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brazing tenperature (800C) the gap betwee ut si n| um :
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expands at roxinmately 7 2 x 10~ cmcni C e stainless stee expands
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have o o oe (64 St Wte hmbRBeRt o fediBu i bie BFeind Rurieasing
t englr at Blainless steel balance bar expands twice as much as the titanium flow tube and
connection rings. At brazing temperature this differential expansion opens the
gaps between the titanium and stainless steel parts so that the capillary attraction
is no longer sufficient to hold the braze material in the gaps.
For an example, let it be assumed that the parts are machined to have a

25  .005 cm gap at room temperature. At brazing temperature (800°C) the gap
between the outside of the titanium flow tube and the inside of the titanium
connecting ring does not change significantly because they both expand the same
amount. However, the gap between the outside of the titanium connecting ring and
the inside of the stainless steel balance bar increases af brazing temperature.

30  Titanium expands at approximately 7.2 x 10 cm/cm/°C while stainless steel
expands at approximately 16.2 x 10° cm/cm/°C. The difference in expansion rate
is thus 9 x 10°® cm/ecm/°C. Assuming that the cylindrical surfaces to be brazed have
a diameter of 2.54 cm, when the structure is heated to the brazing temperature of
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8 March 2005 800C, the inside surface of the bal ance bar expaBddarcl®2005 cm
nore than the outside surface of the connecting ring. The gap produced by
the differential expansion is added to the. original clearance of .005 cm
to produce a gap of .023 cmat brazing tenperature. This .023 cmgap is
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tightly &8l ddislackmiepncantisiy can residt i braze teat extendst onig partyl oss of
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different thernml expansion coefficients. | lcular it s
provide an i Atiegpls havederen magedn dhe prion att toaovercoinel the peolilansofr e

| i abl 4 ' fl b d ti [ ' [ o
e apoy CTaAtdg 8 sl B 1The ol d Rig Rt baRNER Gl hoee RHOEE! ng i ngs
are titaincudethd uswbf tHreabed areR Lafadds t?:%di'%é tid eiE?’ﬁ&fltE Q%%%ng Fhis

st ai 5I ess steel. or other material having a higher therna I'ci ent of
expdRsi off Nt satisfacieryHibes ireadinge thagarists expensiveand themadterials still t ani um
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probl ens_are solved. and_an advance in the art is achieved by a net and
appar at u@n%ﬁ?ﬁlpaﬁﬁgl@/ ?Bgaﬁﬁggwsi nvention. The present invention relates

to a Coriol i sFb} giuEb Ve bRA'otHETeasERONEE Bp itk il Ble hA%F Boriolis
20  flowmeter construction to reliably and inexpensively braze materials having
different thermal expansion coefficients. In particular it is difficult to provide an
integral structure wherein non-titanium balance bars are reliably brazed to titanium
flow tubes and titanium connecting rings. In the above discussion it is assun";ed
that the flow tube and connecting rings are titanium and that the balance bar is
25  made of material such as stainless steel or other material having a higher therma
coefficient of expansion. A similar problem arises when the flow tube is made of
titanium and the connecting rings and balance bar are made of stainless steel or
when any of the parts to be brazed has a thermal expansion coefficient different
than any other of the paris.
30 Solution
The above and other problems are solved and an advance in the art is
achieved by a method and apparatus provided by the present invention. The

present invention relates to a Coriolis flowmeter that has a geometry such that the
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8 March 2005 connecting ring can be inexpensively and reliabl g Narezed03d o a

fl ow tube and bal ance bar of dissimlar materials. In a typical application
of the apparatus and nethod of the present invention, a titanium connecting
ring is brazed to a bal ance bar formed out of material having a nmuch higher
coefficient of expansion such as 5 stainless steel. -The titanium

connect i n§ORN@EfiNehEng cradissineypensieely aralzelinblynbrazed o aHow tubenandn f | ow

tube. Th inNG 1ing. f this joint i gl | llel to th
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cylindri CE| %s in the prior art. Since 10 the flowt and the connec?i ng
ring are B8tIPTFEORE dimatarigh havingtaeuchadigheheosffimentepexpansion sathias ent
so that the: earance or gap~between them does not change with

t enper at u?%.’rh#%égtse?éi nl ess steel bal ance bar, however, has a nuch higher
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connecti j éﬁlﬁﬁ' [ r _other forces and, noves
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the ring natidhangepeith termpetatuteal Hre stdinless esed!tbalantd b, hanewed Kggecting
ring nestin gegﬁgr into the internal taper of the balance bar. This 25
novenent ng’b 'ghst theanal expansian eesificiest. o foeaccommadatedhedifferaneedot i ng

i d - i aibl Kk th
b L e {fapplta) SR fralsB o1l et o FidtEs WP, "
t he 18r azénpighing tapesediinner surfaermfithalbataricecbar. t Tiee tapors of both pans are of

concentri ] he, b nce r. The hottom conngcting ring of the vertical
assenbl y tﬁ? glg}'ﬂeaén%lﬁ' Zﬁg@rﬁﬂfﬁ‘a‘%ﬁ ﬂlﬁe&e‘?rﬁéﬁ'ﬂ%ra%t%r%w axiebceRterisdt t om
bal ance kigs floa@bel N @ simlar manner. The braze assenbly can be supported
in the furnace by the bottom connecting ring. This causes the weight of the

bal ance bar arid& 8pse/phiveefithagarisrtg heobrared mayDe\briarte@ 06 the flow tube
axis vertical in the braze furnace. The assembly is heated during the brazing
20 process, and the stainless steel balance bar expands away from the titanium
connecting rings. The top connecting ring drops under the force of gravity or other
forces and moves downwards towards the axial center of the flow tube. The axial
movement of the ring with -respect to the balance bar resuits in the tépered
connecting ring nesting deeper into the internal taper of the balance bar. This
25  movement keeps the braze gap between the outer surface of the connecting ring
and the inner surface of the balance bar negligible and thus keeps the capillary
force sufficiently strong to keep the liquid braze material in the braze joint. The
axial movement also keeps the connecting ring concentric with the balance bar.
The bottom connecting ring of the vertical assembly also has an extemal
30  taper that is made to move into the bottom balance bar taper in a similar manner.
The braze assembly can be supported in the furnace by the bottom connecting
ring. This causes the weight of the balance bar and top connecting ring to push



the bottom connecting ring further into the bottom bal ance bag MaprRR00S t he
bal ance bar expands. In a first possible exenplary enbodi nent, the design
of the taper defines the anount that the tapered connecting rings can
axially enter .into the balance bar 5 as the assenbly is heated. A snaller
t aper angl ults in the connecting rings noving further in the axial
directiont ?tBE"rCQ'U'Qﬁt'HQrﬁnﬂefuﬁh@T @ therhettampbaianoé bar tapeTtasothe salance
critical Iggg;@%% 1151; determ nes the active length of the flow tube and thus
the frequency, ance, and sensitivity of the neter. This enbodi nment
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8 March 2005 connecting rings an
comgPessir lﬂsrtbeu Imeve into e balgace bar htej ! taperte MREANGS BrdabaBR_J ST . the

connect i ng, ¢ LadSet Bbi RS cn Ib%\p/steps before the assembly reaches the maximum

brazing temperature. With continued heating to brazing temperature, the gap
between the tapers opens to an optimat amount for brazing such as .002". fhe
steps ensure that the active tube length is maintained with precision because it is

25  independent of machining tolerances of the tapers. This embediment also allows
for a predetermined braze gap.

Cooling of the brazed assembly, for both embodiments, results in the

balance bar attempting to contract more than the titanium flow tube and the .
titanium connecting ring. The balance bar's greater radial contraction is opposed

30 by the connecting rings which have moved into and been brazed to the tapers of
the balance bar. This contraction results in the braze joints between the balance
bar and the connecting rings being put in compression. The compression of the

connecting ring by the balance bar also puts the braze joints between the



lii accordance with yet another alternative enbodi nent of thes8iMaren200Hh, a
5 configuration is provided that can conpensate for the thermal expansion
di fference between the connecting ring and the bal ance -bar and al so the
thermal expansion difference between the connecting ring and the flow
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i ncl udi s €0l : f : aht

i ncl udi ngestplam eiehtd betian th@%rﬁqtaﬁg%ﬁila %n?{% H@QJ%}S %@ﬁﬁ{ﬁ are

pl aced in g brazing even with braze materia at are
to be 0 Ulisnceinexpansion cpeiiigients betweeat the donnecting nngtardtrcabalaacat

whi ¢ix t hgyqrSt bar, expands far re than does the
connect i ngf—r'r f%ﬂgnaﬁnéllt %\?\C/!I 9@?«5%’%{ gngles nla)%eﬂé,'?hﬁ?@? HE%‘\R%W%W B¢ the
top end expansiomscesfiiciznt betwieesthetblaha® 8aeand InRGk he
bal ance l%ﬁr Eli t he_requi red anmount. The br azg gg?gﬁ@}%ﬁg?%ﬁgﬁﬁ%ﬁﬁ]e
an e seeflicient diftarener bebiveendhe gonneeting ring and the flow tube, the
outer taper angle of the connecting ring will be larger than the inner taper angle of
the connecting ring. The inner and outer taper angles of the connecting ring are
30  designed so that at brazing temperature both the braze gaps are an optimal size.
This embodiment can also have steps at the inner ends of the balance bar taper to

better control the active tube length and the braze gaps.
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5 conprising the junction of the Inner surface of the bal ance8iMarcaB0s he
outer surface of the connecting ring as well as the surfaces conprising
the junction of the inner surface of the connecting ring anti the outer
surface of the flow tuba (and/or the tube ring) Sara now bonded, Al so,
fire brazed surfaces are held together by the conpressive forces generated
by the stainless st ee] bal gnce bar whagse gher thermal coefficient of

expansi on att enffficep %ﬁﬂ”ﬁ'@s’g‘eﬂ%{ﬂf’@q’?"‘?m@r‘t Iheassambly 6ARREISINGR Hewg and
flow tube.y,Fhec d?rﬁf‘“ﬁﬁé igs %hﬁ@txﬁ(ﬁ'ﬁﬁﬂhé’WﬁMﬁﬁegﬁrﬂ?é%hﬁoflﬁ?lﬁg%aﬁﬂl?et ghgose

the to conpressive force ?enera e e stainless stee can t erefore
seen tri ervaffiigisyicotr daper émdan@@coﬁdmﬂe mﬂ*d@emreserﬂmntlon bychsetieg an

advance i | ensi Zi .of a flaw
e, conRiet g RyPIRHY BB fuTRufo RRRARAETER! thBera it ° an
aspect§ of ririge dresthhenbasingd SaUnabitdasko Wes Qﬁs@ﬁwms lh@ EHS@W!BI)]F'
connectin enter openi ng through wh said Tl ow t ube

~ ext ends%ﬁllq uﬁfﬁeog%sebggéhgg %‘ac*?@@&;?#\élmﬁ ffffﬂf@é‘i’kﬁfﬁfﬂﬂ)ﬁﬂ@%é tadgeeive the
sur roundi g3k cRdiotine RO iR i<blasdd 8nfih@WphbPEandbctifla! MR TiEomyRx! al curt

portions of "said balance bar coaxi surroun
portion oﬁlfslakilﬂéiaﬂiwbaﬂr‘nl'rlﬁgbamgumﬁ;dhe«%mnnetaeasmmblymmmethoaalwsxght ace of

sai d connegt,| er C|rc erent rf.ace of
said flew gﬂﬂzeg ]H%ar ég{@r&%mkﬁﬂbﬁ%g magcé Eia?mﬁ?l t8 BEALS a{)@?ewﬁa%e a

hi gherQ t héwamd. Coled bnmm sepible ilaceslied o birgding Sthserbhfw dt Witichgé sai d
connecting,r {ng @Qgg uter circunferential surface of said connecting
ring meandtiigiopg al:wcp E%Eéﬁ%&lfﬁomﬁﬂﬁﬂpﬁ the coRrgctmgrting anth wi t h

respect t @alyebaX s éﬁ‘ﬁrﬁforpg?ﬁléjlhe% mﬁ]f YPthe l%{;}a ihkad lpﬁ'arsgﬂﬁgﬂ fgotial

surface of said end portions sal d ba ce bar aper mat ches
sai d t apep@¥s @&llapéf@‘immﬁngnw rings idautlse balance bar by the requnred amount.

The brazo matorial flows into the surfaces to be Joined. When cooled, the surfaces

(97§

comprising tha junction of the inner swiface of the balance bar and the outer
suifetco of the connecling ring as well as the surfaces comprisirig the junction of the -~
inner surface of the connecling ring and the outer surface of the flow tube (and/or
iha tube ring) are now bonded. Also, the brazed surfaces are held together by the
comprassive forces gencrated by the stainless steel balance bar whose higher
) thermal coellicient of expansion attenipls to corripress radially the titanium
connoeling ring and flow tube. The connecling ring and flow tube generate forces
that oppose lhe compressive force generated by the stainless steel.
It can tharefore bo séen (hat tha method and apparatus of the present
invention achieves an advance in the art by providing a simple and inexpensive
»  brazing of a fow lube, connecling ring, and a balance bar made of dissi;;nilar
imnderiat.
An aspect of the invention is a Coriclis flowmeter having:
a flow lube;
connaaiing ring means having a center opening through which said flow tube
b extends;
a lubular balance bar coaxial with said flow fube and surreunding an axial
portion of sald flow tube:



said tapered inner circunferential surface of said end portioBMarthB@d&nce
bar is affixed by braze material to said tapered outer circunferenti al
surface of said connecting ring nmeans; . the higher thermal coefficient of
expansi on of said bal ance bar generates a conpressive farce against said
connecting ring nmeans and said flow tube. Preferably said connecling ring

means conprises; first connecling rin nd a second connect i ripg; ,said
t aper ed out er %ﬁ'?lc%}ﬁf'é‘?rgﬂf’?Qf?a'gﬂ?ﬁl‘l%% @"1“ %@?%@m %‘Hﬁ?%ﬁ'ggnék Pﬁ%\%ai s
brazed t op@igibd of el @hrcBasy ring nsedder ential surface of a first end portion
of said balanco_ bar, said ta&;red outer circunferential surface of said

second connect™hiner Ricyylerpntin! sy fnge shisaid eqnmesting ring meanscodpied to aal
surface S £ng, | 1S al anco bar. Preferably said first
directi o(r)i&c'}ée}? fnﬁggﬁ'%r apérga{r#ﬁBﬁgékdz%g\g%urbteéasi ng radius towards the axial
cente¥ of sai ccifarastetizdbin ARef erably sajd first direction defines 'a taper

t hat has an ingcr i ng radius, towards .the axial center of said flaw tube.

is 8 March ZO%ﬁﬁﬁ’é'#%r%ﬁ‘P@F%gﬂﬁ mb%f‘g‘l’ﬂ:‘@%’é‘?‘"&ﬁﬁﬁ?%@@é‘t&’fFP‘PéE‘S‘QH(ﬂh‘é{‘ second
bal ance baiii f16€I0BE b ek @@v?éﬁliﬁp rﬂ%@ﬁﬁ%‘i ons connected to each other by
spring neans to accomodate a differential’ coefficient of expansion

bet ween sai d faroMitensEcynterestinl urfara o saidsgonnecting ring means is tapered
willl a docreasing radius in a first direction with respect to the axial center of said
) low tubg;
an inner circumferenttal surface of sald end portions of said balance bar has
a taper that matches said taper of said cannecling ring means;
said tapered inner circumferential surface of sald end portions of balance
baris affixed by breze materal to said lapered outer circumferential surface of said
3 connecting rinsj means; . _
tho higher thermal coefficient of expansion of said balance bar generates a
conmpressive force against said connecting ring means and said flow tube.

Prefernbly said connecling ring means comprises:
) a first connecting ring and a second connecting ring;
said tapored outer circumferental surface of said first connecting ring is
brazed to said tapered inner circumferential surface of a first end portion of said
balanca bar;
said taparad outer circumferential surface of said second connecting ring is

hrazed (o sald tapered Inner circurnferential surface of a second end portion of said
halanco bar,

Pralerably said first direction defincs a taper that has a decreasing radius
towards the axial center of said flow tube. |

Preferably said first direction defines a taper that has an increasing radius
towardg tha axial center of said flaw tube.



Preferably said bal ance bar conprises an integral elongated n8iareh 2005
Preferably said outer circunferential surface of said flow tube is affixed
by braze material to said inner circunferantial surfaces of said first and
second connecting rings. Preferably said bal ance bar has a thernal
coefficient of expansion greater than that of said and second connacti ng

rings and that said first and secon echi N oefficient
of expansi on eGP §:Hgtbaéﬂnc§:lysg %’B@%@b@'@gg%%@aﬁs’ é;;eggrxf sai d

i nner  Papgs&Achis eAripaaal el psuivhawonabetaditd edehlcinarepybspriridwaieansgages an
axial inner end of sard first ang_ second connecting ri n,gr BiB‘és tol_Ld' mt the
anount byavgsitemodalen tliffarentinl goslicinit of GRaRsIPAPeMeRT SRR opEtubgang |y
inserted L. ' 13l ance: bar. | Preferably first anti second annul ar
tube ri ng‘éﬂ{ég)aﬁ?f?g{é l\s/]v?]'f h and encircling said flow tube; said outer
circuaferential surface of said flow tube is affixed by braze material to

~an inner circu rential, .surfaces of said first and ,sec anul ar tube
rings; an out em"ﬁﬁ?ﬂé’ﬁwﬁ@f@wﬁ%e rARYIGS FhEE f‘%’g[‘ﬁﬂrﬁg&gﬁ second
annular tube rings is taperer! whit an axially increasing radius towards

said axial center of said flow tube;, said inner circunferential surface of
said. first anBirefewdivisaidawendiicymicrrial pudace ebgrid Newdubads @&"é§dth¥e t aper
of said fj 1S BL.0, I i ' hat
ncr easee P ARRFE Bt eyt ol SR FARC of 80 B LuRIBEESN 2y o)
2005 3ai deemmatingiringsnf erential surface of said first and second connecti ng
rings is affixed by braze material to said outer circunferential surface

of said first and :second annular tube rings. 5 Prefferably a step on said

i nner ci rcunf eppithiaply S48 A%t badhah HRIAARE cBefficienhal egiaaiasgidater axi al
i nner end of said first and second connecting rings nmeans to |limt the

anount bylhanitbat eksadd first andaecosd comaceiing 8o8s And hatgaict tist pad serand y
inserted b pakdingaRA06% O ficiont of expansion equal to that of said flow tubs.
}

Pralcrably a step on said inner {apered circumierential surface of said
balance bar (hat engages an axial inner end of said first and second connecting
rings to fimit the amount by which sald first and second ¢onnecting rings can be
axially inseited into said balance bar.

Preferably fivst and sccond aﬁnular tube rings coaxial with and encircling
sald flow tuba;
said outer‘circumferential surface of said flow tube is affixed by braze
material to an inner circumferentlal surfaces of said first and second annular tube
b rings; ' '
an outer circumferential surface of each of said first and second annular
lube rings (s tapered wilh an axially increasing radius towards said axial center of
- sqald liow tube; :
said inner clrcunerential surface of sald first and second connecting rings
)y has a taper that matches the taper of said first and second annular tube rings and
has a diamster thal increases radially towards the axial center of said balance bar,

o



Preferably said bal ance bar has a thermal coefficient of expaBdarohgo@mt er
thin that of said firs[ and second connecting rings and that said first and
second connecting rings have a thernmal coefficient of expansion greater
than that of said first and second annul ar tube rings and that of said
flow tube. 5 Another speck of the invention (s a nmethod of assenbling a

Coriolis flowreter having a fl OiN t ybe, connecting ring nmeans, and a
tubul ar bal ancéa‘gdpn?fc‘d%’gygﬁl@ﬂ ﬁ"ﬂ%@q ‘éf!ass“qilafﬁtﬁ@d_kﬁ?@ﬁ@f’ CORBRAING Engsissi on
coef fici enfiBrtiibraah thilbANr 1o lseRFodid gﬁé’t'nﬂff-ﬁ&gl"ﬂf%hl-ﬂge o @g'dﬁﬁ'@%nd sai d

met hod conprising the steps of: extending sal | ow tube through a center
openi ng i Ate@idAnBal Wbeliiodnce bar, positioning said connecting ring
means so that ‘axial end portions of said balance bar are coaxial with and
surround at |east a portion of said connecting ring neans;  positioning

sai d Bl ow t ubePssfetihdt astamon kol ihnbeciertietntioh sodate af s&dtRlanceiigni ng of
sol d congﬁc_éi ng rianﬂ megns and is #:oaai al with said bal ance bar; applying
a braze nttRENERISHIGRHBNRRT KL Sl dirstiand sapsadsemnesling Heghawansdor i ng
reans. andysaitde bhiiint B)SinidlP el g fleddoRit ddiBRRglings daf BRNARLENO T NG
means and sai d bal ance bar and saki braze material 59 %ra2|ng

t enper at uFBetigddraspist baledee hathat: an outer circunferential surface of
said connecting tiny neans is tapered in a first direction with a
decreasing radius with respect. to the axial center of said flow tuho; 10
8 Mardh 2005 Preferably said balance bar has a thermai coefficient of expansion greater

than that of said first and second connecting rings and that said first and second
connacting rings have a thermal coefficient of expansion greater than that of sald
fisat and socond annular titbe rings and that of said flow tube. |

3 Anothar aspect of the Inventién Is a method of assembling a Corlolis
flowrneler having a flow tube, a connecting ring means, and a tubular balance bar
composed of raterials having higher thermal expansion coefficients than said flow
tube and said ¢<=r1r1ccting ring means, said method comprising the steps oft

exlending said flow tube through a center opening In said tubular balance

) bar '

pusitioning salif connecting ring means so that axial end portions of said
balance har are coaxdal wilth and surround at least a pariion of sald connecting ring
mManns; i

posilioning said flow tubo so ihat said flow tube extends through a center

b opening of sald connecling ring means and is coaxial with said balance bar;

applying a braze material 1o joints between éaid flow tube and said
connacling ring means and said flow tube;

healing said flow lube and said connecting ring means and said balance bar
and saki braze material to a brazing lemper:alure:

characterized in that:

an ouler circumferential surfaca of said connecting ring means Is tapered in

a first direction wilh a decreasing radius with rospect to the axial center of said flow
fuho;

10



inner circunferential surfaces of said axial end portions of Safaicihad@ce
bar have a taper that matches said tapir of said connecting ring neans;
and noving said connecting rings axially with respect to said flow tube and
said balance bar such that said tapered surfaces of bal ance bar maintain
desired 5 separation between said connecting ring neans and sai d bal ance

bar, brazing said tapered ipner circunferential surface ofsaid,end portions
of " bal ance. baniy SERNTTEBR P BSCE o CAFLTAR RS PPUBNS 6 PARSARPCRRT
connect i NGiavbnola pER RS rARtd 84 tadbi dakicbumectMadingndafOMIIREL i Ng ring
means and sai d bal ance bar 0 and said braze material subsequent to said
brazing so that¢#es prigrennesingEngs ayally wilhaaspet te aidnhiow Bibsaand saidof

sal el bal sppmdAta AR IER i RIFRIRET SItEcd BbPEabRce BAL tefARSRdAg T ng and
fl ow tube neans. , Preferably said connecting ring noans conprises a first
conneét i ngepbrdivaristlivcen seidlarmthnecting chy mueangnd Baidf miadde/bai d step of

brazing conprises .the steps of: brazing said tapered,inner circunferenti al
surface of T1rAANASIBUaRECE anedrundatey pllack 6f BF &g ROETRN Gher ed
outer ci r%@[ﬁrﬁ:b%'l@%aﬂ&hb@&%ﬁoﬂ&?éi!r&rftferréﬁﬁa!Quﬁﬁ@e%?ﬁ&iﬂ%gg@%ﬂ?d HAg T!ngs.

Preferably said first direction defines a taper having a reasi ng™radi us
towards tHeeHEnter of said flow tube. 5 Preferably said step of brazing

conprises the s : hAG: Sl Id firat rod
portions of ba?’gﬁl@g’ %gg "QWqu‘é‘g’?‘* cfg ci‘ gg’gﬁéeﬁg‘gu@{ec‘f icegp él,? esraﬁg;f‘%ﬁggt@% aces
of fiBlst caddakbboze rmaledabsutmecuenplorsaid brazng stithatrthe ihighesderntair st and

second connegtin |,ngs towards_ sajd axi al enter ,of said bal,anco bar
during safg® F@&?BF hl’f’?@?? %‘?H'ﬁm‘.etﬁé@&eﬁmﬁ%ﬁﬂﬁhﬁ@ ALATPIRRHYRIPEE P aces
so that sghl eRREBAg HASFE floveRiNefhehset of expansion of said bal ance bar
generates a radially conpressive force against said first and second

connecting rings and said flow tube.
Preferably sald connecting ring means comprises a first connecting ring and
6 a second cannecting ring.

Proferably said step of brazing comprises the steps of:
brazing said tapered inner circumferantial surface of first and second end
porions ol balance bar to said tapered outer circumferential surfaces of said first
D and second connecting rings.

Preferably said first direction defines a taper having a decreasing radius
Htowards the center of sald flow tube.

3 Preferably said step of brazing comprises the steps of:
brazing said {apered inner circumferential surfaces of said first and second
cnd portions of balance bar with sald tapered outer circumferentia! surfaces of first
and second 2aid connecling rings;
axially moving said first and second connecting rings towards sald axial
) cenlerof sald balance bar during said step of brazing; and
subsequently cooling said brazed surfaces so that said greater thermal
conflicient of oxpansion of said balance bar generates a radially compressive force
agalnst sald first and sccond connecling rings and said flow tube,

11



11 8 March 2005 Preferably the step of brazing salt( outer cBidaroh 20@nti a
surface of said flow tube to said inner circunferential surfaces of said
first and second connecting rinds. 5 Preferably said bal ance bar has a.

t hermal coefftci-emt~of ‘expansion greater than that of said first and
second connecting rings and that said first and second coonecting rings

have a coefficient of expansion equal to that of said roH( tubg d,iil d step
of brazing incFadfeshnihasiepoldrazing a2l tenricuntaental sugacep Baiddio

surface of 58} fi) gy gtr%%u}n r%ﬁh&'l Jd?f’:%'éso? Gid ﬁféf}ﬁ&%@&bﬁﬁ‘é&n gfngce of
said first and secon connec ‘ S; axi a rnovi ng sail I rst and
second coringsting rings tomards sald aX|aI center of said bal ance bar
during said stop of brazing. Preferably that step of fanning a step on said
I nner tapered circunferential 5 surface of said balance bar that engages

axi al 5i nner e”%cf@fatﬁ?bﬁldfb'ﬂérﬁc@m# 1%L 815 r@ed] e e Hicheht 'of RBahgioh lgli’@eétet he
am)unt by which said Tirst and second connecting rings are axiall

i nserted Iharothehbticyd fustemdsgcond-emaesing ripgs anddhat %EE@ drd aéi‘ﬁrﬁﬂ‘}&ﬂdt ube

d b
;;i”dsngf " aﬁwqxln%erﬁxlq m—f\hé deggﬁ‘%lﬁgie Bf"b%?zgﬁ%r I&%\tgzﬁ% Oust%ggrﬁﬂg\gtmgg. rings;
ci reunt er eakll stp 9fbirate WClmedhélsmamnbe to an inner circunferential

surface of eac said first, and,seco r t n outer

ci rcunferenti an’@ﬂf‘ﬂéé‘éj eﬁtﬁé&}r&lmﬁr@ﬁt‘é‘ & Eﬁtﬂ?ﬂ’ bqqf?b%a

Laperg d texrg\mb«&réﬁu%tﬂabé of BERE ARt AR RN doﬂn@emg ARGyl amgl al center “of
sai d Iow  sald Inner circunferential surface of said first and

second connect ﬂhi@llf reying saiddirst ansbsecangeonnecting sings lawadssaidiaxiat st and
second anp I i ncreases towards rho
axial md gﬁ@{ngﬁq@f&g%@ %‘ﬂ@ %"Q(r' ,s@ gﬁ%'lragg‘l Nng said tapered inner

circunferential surface of said first and second 3 connectl ng ri ngs to
Zﬁ'n& ;?pte ng (r) tgr r‘%r; ?iyon;t?a;)er}tfor%mgsjlérgt%geonosala ?nner tapered circum%erentlal
5  surfaco of sald balance bar that engages axlal inner ends of said first and second
connecling ﬁngs to lirnit the amaunt hy which said first and second cennecting

sings are axinfly inserted Into sald balance bar.

Preferably first and second annular lube rings couple said flow tube with
3 said first and second connecling rings; said methed further includes the step of:
brazing said ocuter circumferential surface of said flow fube to an inner
circurnferential surfaco of each of sakd first and second annutar tube rings;
an outer circumforential surface of satd first and second annular tube rings
is tzperad lo have an axlally increasing radius lowards said exial centsr of said flow
5 tubyy;
said innor circumferenlial surface of said first and second connecting rings
hava a taper that matches that of said first and second annular tube rings and has
sUradiug hat increases towards the axial mid portion of said balance bar; and
hrazing said taperad inner circumferential surface of sald first and second
) connecling rings to saild tapered outer circumferential surface of said first and
second annular tube rings.

12



12 8 March 2005 Preferably said step of brazing includes the8daph 2005
axially noving said first and second connecting rinds towards said axi al
center of said balance bar during said slip of brazing. Preferably Tito
step of formng-a step on said inner circunferential surface of said

bal ance bar that engages the axial inner end of said first and second

connecting rinds to limt the amoupt b ich said. first and seco
connect i ng r i Repfectry SR SR _9@%@!“%‘@%? %S@Qiqaéiﬂsﬂé(ﬁﬂ%‘“ﬁﬁrsaﬁ{ﬁﬁsﬁg sai d
step of Qﬁﬁ?h&tgond &E‘ﬁé‘gﬁﬁ Inhgsabiakf S41¢ axiaRbeites ofsAil VR cChS dirfrigent  of

expansi on greater hat” of saird first and second connecting rings and
t hat sai dsefidl sétp ahlragingond connecting rings have a thermal coefficient of
expansion greater than that of said first and second annul ar tubs rings
and that of said flow tube; and said nethod further "includes the step of

axi al$y novi ngradccbly thetstapdf &aaong a dte onneid inngr tiragafdrenteal durfagedfaxi al
center of. sai d bal ance bar duri ng sald step of bgfﬁéisng. Preferubly said
first and@dOghmcediidual enpgagasdbe ! neg endiafisa LEpg58°8%nul ar t ube

[1n9s andcieiRglAns to R 1B sl aREN SBRI 8L afi@ebiérd Bbhfedting |
expansi on; and said nethod fturther includes the step of axially ndbving said
first andin{gcomibe asiatisdrgarigd intngaid balenced arauting:sald stepmidiragingsai d

bal ance bar during said step of brazing. Preferably orienting said

fl owt ube and said bal ance bar so that a first end of staid flow bubo

extengs into aprfeedty sdid balkare bar has a thermal coefficlent of expansion greater
than that of said first and second cannecting rings and that said first and second
connecting rings have a thermal coefficient of expansion greater than that of said
first and sccond annular tube rings and that of said flow lube; and
said method further includes the step of axially moving said first and second
3 connccling rings towards sald axial center of sald balance bar during said step of
brazing.

Preferably said first and sccond connecting rings and said first and second
annular lube rings and sald balance bar have different thermal coefficients of
) expansion; and
said method further includes the step of axially moving said first and second
connacting rings towards said axial center of said balance bar during said step of
brazing. '

Proferably orenting said flow tube and said balance bar s¢ that a first end of
said flow tubo extends into a recess of a base;

-ty

piacing sald first and second cannécting rings concentric with said flow tube
and axially at least parlially within first and second ends of sald balance bar so that
{he otter ends of said connecting rings extend axially beyond the ends of said-
) halance bar;
placing braze malerial proximate the axial end extremities of the junctions of
surfacas cornmon to said balance bar and said first and second connecling rings
and junclions of surfaces common to said connecting rings and said flow tube;

13



pl acing said first and second connecting rings concentric w t8Mac200ow
tube and axially at least partially within first and second ends of said
bal ance bar so that the outer ends of said connecting rings extend axially
beyond t he ends of said. bal ance bar, placing braze material proximate t.he
axial end extremties of the junctions of surfaces common to said bal ance
bar and said first and second connecting rings and jur&ction of surfaces
conmon to sai d HASHKER MIRF hAige *asdtardiegers 8t Sasend £3 of sl Belw Ao 50

pl aci ng anﬁ‘:’ﬁ%’?ﬁ&ﬁiﬂs%xértg%ﬁoﬁe bﬁ%%?cﬁc&rﬁh&uﬁ?%gg uj?@ﬁg@lfxerﬁ?‘éﬁiailfyliﬂw tube so
that said nmass exerts a torce on sald connecting rings urging themaxially
into engaggnpement whh saiddbalahemberdhe outdreersistadsaghdennsfctingirthgdbanect i ng

ring then, di.n iall e d er f._sai d bal ance bar; 5 Healing
said bal afsErHi %ﬂ%‘@?‘ﬁ"E%'ﬁ‘%e%}%n%’t%?‘ﬁgge‘iﬁg B2k d fl'ow Tube to brazing

tenpewr ures; t heatdiPEailhedIanaebad anie shig aenetli®eihyeah® saidfew hasd & bal ance
bar radially. to enable said connecting rings to nove axially inward within

sai d bal aRFZIMAICMBMAIUES0| i ng sai d brazed surfaces so that said greater

th I ffiai ) . . ¢ ; I . t
radial |y compr gg{%g%g;@ﬁggg{ag behcPbsalve 8lexpind sid BlaRcdBE BRAlAKAL O" 2

I rst second connecting-rings
and sai d to anblelseid eewiantiaglringsdbindat axielly bwsvard eithin said balarste kargaad

d axiall d.t hat. sai f i
The Steps of CONTRGTG PrarhaTags s st Secrdtehel ok cBRERREE o ' cach
at saind bakpaedo®al s4d WEmaice bar g@RTaTs Pddally cbhpressivt ifdlcetdiRin@lsaid

coefficient of expansion between said flow tube and said bal ance bar
segnent s. fifst @ngsgenyd sanpeslingsings pad spshflanetybees a taper having an
increasing radius towards the renter of said flaw tube. Preferably said
step of brazing conprises the steps of: brazing~ said tapered inner

ci r cunf er ent i aPrefardtdy sgiddialantalbai canpdases fstond a2 sacdnd edallyreepafated| ance

P 2{ i \tM 1(::2 nﬁg@ﬂph%pﬁ(ﬁgp?%taﬁf m%hlrocd"fﬁfrt%re? AbhHrisSE IHEHERs OF chhhsling™ e cond
5 means between the axial inner end of each of said balance bar segments to
accommodale a differential thermal coefficient of expansion between said flow

tube and said balance bar segments.

' Preferably said first direction defines a taper having an increasing radius
3 towards the conter of said flow lube.

Preferably said step of brazing comprises the steps of;

brazing said tapered inner circurnferential surfaces of said first and second
end portions of halance bar with sald tapered outer circumferential surfaces of first
and gecond said connecting rings;

at

axially moving said first and sccond end portions of sald balanca bar
lowards said axin! center of sald balance bar during said step of brazing; énd
eooling said brazed surfaces so that said greater thermal coefficient of
expansion of sald balance bar generates a radially compressive force against said
3 first and second connecting rings and said flow tube.

Preferably said balance bar has a thermal coefficient of expansion greater
thetn thal of said first and second connecling rings and that said first and second
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axially noving said first and second end portions of saki bal &hdarcih@005
towards said axial center of said balance bar during said step of brazing;
and reeling slid brazed surfaces so that said greater thermal coefficient
of expansion of said bal ance bar generates a radially conpressive force
agai nst said first and second connecting rings and said flaw tube.
preferrabl al,d _bal anco bar has a thernml coefficient. of expansion. greater
Phan t hat “BnTeP TR dEVe e BRe b bFREES | A neisLTantr chdl PRRRL SRt and
second 148 tivBe:cha2005 connecting rings have a thermal coefficient of
expansion greater than that of said flow tube; and said nethod further

i ncl udes the sfdf pethadifathss inelvrag thargrrefradallyiaoyes sald firshangsegonshs of

sai d bal aBag AAENRAIEHARKEL BXF RlwAAI LRI SialSQirfle AR AP BaBALe BalUr | N0

said step of brazing. et er y sal ance bar conprises a palr

axi al by sepingtaid seynftagingand t hat said nethod further includes the steps
of: extending a first end of said flow tube through a center opening of
said first connecting ring; extending n second end of swill (Iow tube

through a centero[oReR $19d OhidhcoIRARMRREBSCHAIRES HXBLY séddrhtdddbgmmésts§ | 1 st
and second @onnectl n s to said flaw tube; extending said first end of

sai d fl owid Bt sad @gtl{!;d?“?lﬂb\@r iﬂ‘iﬁhiﬂstlhﬁét‘?ﬁﬁw'gﬁ z through a first bal ance
Camnactieg. ¢ AERALAR GELENAEEORG BB B4 A a0 st e
2 connecting ring;
exlending a second end of said flow tube through a center opening of a
socond connecling ring; -
alfixing said first and second connecting rings to said flow tube;
extending said first end of said flow lube and said first connecting ring
¥ Ihrough a first balance bar segment; -
extending said second end of said flow tube and said second connecting
ring through a said second balance bar segment; _‘
placing braze materiaf proximate the axial extremities said first and second-
connecling rings proxirate said flow tube and said balance bar segments;
) exeiling a force on said balanco bar.segments urging them towards an axial
cenlar of flow ube and said balance bar;
healing said balance bar segments and sald connecting tings and said flow
tube to brazing temperatures;
the brazing temperature being effective to expand said balance bar radialty
v 1o enabid said balance bar end segmenls to move axially inward toward sald axial
center of sakd low tube and said balénse bar; and,
conling sald hrazed surfaces so that said greater thermal coefficient of
expansion of said balance bar scgments generates a radially compressive farce
- against enild first and second connecling rings and said flow tube,

Proforably extending said flow {ube through a center opening in said tubular
Iralance Lor
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pl aci ng braze material proximate the axial extremties said fBMharcagd0d
second connecting rings proximte said flow tube and sai d bal ance bar
segnents; exerting a force on said bal ance bar segnments urging themtowards
an axial center of flow tube and said bal ance bar; healing said bal ance
bar segnents end said connecting rings and said flow tube to bal ance

E) e Irrper atures; pfolsﬂilolbhmm cbﬂnexg{lmtrﬁﬂgpréhghlag;oahiagaxihklmd podioparod saki d

al ance bar radia >t abl.e sai ance bar. end seqments to nove

oxi al Ly Palenp Feh oasiih AR SEBMG IS0 A PPRIBBAT: S9 CBRRSRATER ance
bar, and;,ggQ.ing said brazed surfaces so that said greater thernmnal
coefficient of expansion of said balance bar segnents generates a radially

conpressi ve f ansdioningasaid flowdiibie sprbal said flowclube wdendsciirelp! @ 6geteind sai d
flow tub

+. Pref erabl i ' W opening in
ai'd t uboPar I B GG ReaR B3 b8 WA SHRPAaf G b ot i ng
ring nmeans so cbhFﬂingamh alkiad ohep eirtinafsentialAirthceldflsafCeorrarcting eingaageat Wi t h
and surround at | east a portion of said connecting ring neans;
0 gaid fow tube;
said outer circumierential surface of said connecting ring means Is tapered
in a first dircction wilh a rdecreasing radius with raspect to the axial center of said
flow lubo;
sald Inner circumferential surfaces of said axial end portions of said balance
bar have a taper that matches said taper of said connecting ring means; and
brazing soid tapered Inner circurnferential surface of said end portions of
Lalance bar lo said tapared outer circumferential surface of said connecting ring

AYOANS.
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positioning said flow tube so that said flow tube extends thr8Mpaichh2@dnt er
openi ng of said connecting~ ring neans and is coaxial wth said bal ance
bar, coupling an axial inner circunferential surface of said connecting
ring means to said flow tube; said outer circunferential surface of said
connecting ring neans is tapePedcriptiom 6f ftat Ddawdegs on with a decreasing

di i th L 1ot i al ter of said flawtube; said I
it cunt er ent | af NS ARCYBALNGPTAE PR Featurstof D nuspich i be Baftence.  bar
have a tapedershiid WhbANSRerS # cbrjaR@orPivithdhd f&@gggagqéignéddag% B%;-tagﬁg of

brazing said tapered | nner circunferential sur sal porti
bal ance b&rcanureiian wilpsredrayings ircivhialmf erential surface of said

i i 511 Mar,ch 2005 Description. of th i Th
hoveS havant natlETT s sl sactioheli KW a0 & i At oo uba CerolR Aawnitend

when taken in . Eih)j2RCch eqd v\fgwlafm@cbﬁ[ﬁhggbgﬁgne%igf Ffd gescription taken in
i ch:

conjunction with the drawi ngs in wh IS a cross sectioned view

of a prior artF¥3gd anddbareeartial ¢rossiseationed views of the flew dulbeccorinenting t he

Coriol i . . i i oned
eve of TS 4R Btelie BaChr hieubidipnt Cofblis hoRomie R ok PGS Uk pr f or ar
Coriolis flowEliGSs. Hf6,ANEY ilLseaik Bartie) EsSsedtiondBYidws bf 4¥diah&s Bgf,} ! g{N

crosﬁ sectioned views of a bal ance bar, a 10 connecting ring, and
tubeld n FPWEGHAE &ing; 8Rd & flgw duberisacasrdanse withaa first possible exemplary

embodiment of the invention.

FIGS. 8 and 9 illustrate a partial cross sectioned view of a flow tube, a
connecting ring, and a balance bar in accordance with a second.possible
exemplary embodiment of the invention. o

15 FIGS. 10 and 11 illustrate a partial cross sectioned view of a flow tube, a
tube ring, a connecting ring, and a balance bar in accordance with yet another
possible exemplary embodiment of the invention.

FIG. 12 discloses the details of how a partially assembled flowmeter is
fixtured prioi' to insertion into a brazing oven.

20 FIG. 13 discloses the details of the flowmeter of FIG.12 after p'artia!
assembly,

FIGS. 14, 15, and 16 disclose the details of a flowmeter comprising an
alternative embodiment.

Fig. 17 discloses a Coriolis flowmeter embodying the elements of Figs. 5-7.

25 Detailed Description
Description of FIGS. 1 and 2

FIG. 1 discloses a cross section of a prior art flowmeter 100 having a case
106 enclosing a balance bar 102 and flow tube 101. The ends of flow tube 101
project beyond the case ends 107 and 108 to flanges (not shown) which enable

30  flowmeter 100 to be connected to a conduit whose material flow is to be measured.
Meter electronics 125 is connected by conductors 122, 123, and 124 to flowmeter
100 to control its operation and to receive output signals from pick offs (velocity
sensors) LPO and RPO. Meter electronics processes the received information and
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enbodi nent of the invention. FIGS. 8 and 9 illustrate a parti 8/Marco2605
sectioned view of a flow tube, a connecting ring, and a bal ance bar in
accordance with a second possible exenplary enbodi nent of the invention.
15 FIGS. 10 and 11 illustrate a partial cross sectioned view of a flow
tube, a BRMIS RYtpus infgrmakien represantingithe majarialftaw buer conduntor 2B ¢eawi t h

et anot hggrn alp r | 0 l.nvention. Fl 2
éi scl oses%lﬁgggi? gle]ugng? ﬂowﬁaﬁﬂﬁgg'%ﬂ;%s%?%{%cﬁw%WF‘EPaﬁb %f‘} iJIQt ur ed
prior to dringsD iwbich intaowall knewnmganmevibefteE flow &bei Gt ?ga‘t}zaééﬁ@e gﬁFl gbés of
, an

the flo ter of FIG,12 a'tter. rtial assenblé. FI GS. : ,
di scl ose PHENAF&CRPOSItGP. JThe {s eiofipw tuhe d 04 withamatemiaitfloneinshisediarent .

Fig. 87 di PINR t i | ts of .Fj.gs. 5-7.

s et ai | g eeep Ol o fute T 3o AT B LR R 35 iidiBye

cross sedfitoa reatedalflavoandiis detemient berpidioBffisaF®and RREE PitRGFRNGPOSAHMY 2

bal f fube 101. T d f fl tube 101 | ect

poyond t N8 QiU skiaTs, Oy nashe (hkead (1RO dmelan pletiaricenss) e 30

fl t j ' j al o, f 1S 1
ownet ewHiBR deterifnEPHE &b éii@fe?eﬁ&é‘BHM%W%O%QSé@S#SS&ﬁ%é t%\@z;gicg ©

neasur ed. Meter electronics 125 1s connected and

124 to f|%Eethis phase differenes ispropostiopaitathe floanctéo recei ve out put
LPO and RPO.- Meter el ectronics

ot 0cBLses e G2 APrPH SFTHANeSER KB Of 5 AT Rt BoUmEeE Ak RoRIODD!
i nf or mat ilinas 2ePLEFRBL 1.NGakke amé@fm%dsf hBMIOMEAIaR 08 %Fl?%b »&r%ﬁg}:@ tdp., sath

utilization circuit not shown. Meter electronics applies—sig
123 to @&Hreendpfiawituheil®la Genmedtingwingrd68ds ani dnrallarselehwnt halingl@1 and

lrjrglt 2??; E?ﬁ%%rﬁlﬁrgg’gﬁ é@lﬂgﬁ RoRPRBR! 4 d103fojc;r s. Vllhbergfltle?rc]xsrcg;nférle%\geto%be 1oL with

connecting ring 103 is coupled fo the inner portion of balance bar 102. Connecting

15 ring 104 is similar to connecting ring 103.
Description of FIGS. 3 and 4 )

FIGS. 3 and 4 disclose further details of relevance to a brazing operation

between balance bar 102, connecting ring 103, and flow tube 101. FiIG. 3 shows
gap 301 between connecting ring 103 and balance bar 102 as well as gap 302

20 between the connecting ring 103 and flow tube 101. These gaps are

approximately .005 cm and exist for several reasons. The tolerances of the

machinery used to fabricate these elements requires a gap to facilitate assembly,
The gaps are also used in the brazing process to wick the liquid braze material into
the joints. These gaps are exaggerated for clarity. They are in reality barely -

25  discemable to the human eye. _

The gaps shown on FIG. 3 apply to a Coriolis flowmeter having similar
materials for the balance bar 102, connecting ring 103, and flow tube 101. When
such a meter is heated to brazing temperature, the gaps remain substant:ially the
same size because the elements all have the same thermal coefficient of

30  expansion and expand at the same rate. The gaps 301 and 302 remain at a .005
cm for all normal temperature to which the flowmeter may be subjected including
brazing.
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5 Coriolis response in flow tube 101. The anplitude of Cori ol 8BMaresp0dSe i S
I ndicative of the material flow and is detected by pick offs LPO and RPQO
Pick offs LPO and RPO transmit output signals over paths 122 and 124 to
meter electronics 125 whi'ch determ nes the phase difference between the

out put si gnal s biisgap is wonpistant wifHf matTéqmerhéb?éﬁﬁgﬁﬁ&és% pfﬁﬁi‘éférleona'
ross sectioned end vi ew of prior art

?Fowgtfequﬁvﬁg'%@%*ﬁfaftﬁg 5 o S‘E"E\"”Fﬂ grials, C&Da@@dlimbeshnarzednds t ubul ar
bal ance bar 102?1@14(19sirﬁ:léMbrFl@lsféQéaljﬁhét'|P¥h6ﬁ§9&%8ﬁpﬁ&?qf}”ec%'£% LLing 103

is an annular el ement havin cent t hrough
proj ects. GHeeHmlvEs faria qu‘)lmr ﬁmmeﬂér hawngedﬁa!agcé bagwith% highepubbaRidif t he.

connedti ng! PRRAMG e Bt Ssmeise tee ngeaégoéﬁﬁﬂéqie'téaééﬁ‘rﬁ Gihmse
further despslcf 005 eel awaaﬁetérﬁpéré?ur%z'mgg%%fég ogm‘“ﬁeg? YN T

102, connecting ring 103, and flow tube
connect i n&”iﬂﬁ%nfg@&ﬁﬂgﬂﬂ%weeamamm he m@:ﬂé ohtitagium AR BaBef een the

|y 005
and o st 0T coRfie ot eBliahiah. HelparaRat 1020 riade ofk materpl sikes o

f abri cat estdiniess ele@irBatingr£H The, gaps
are ﬁ’) ga&d in, the braz.ﬁ?ﬁ%ﬁ%@@f@am’c{m&ﬁ“ Pﬁ%ﬁ’%‘?ﬁ?ﬁﬁﬁ? :|%ﬁ into
I nt

t he TREinspRldts norainat a@@t@r@i 805fam siricerthelowube 10 +£ahd doﬂalet:ﬁry
barely 254 r n hown -on FIG 3 ap 0 a
Cor i 0I>/| s Tl \S/iv?rg)tzgré Sg\l‘/dl;n(r%gﬁit @e[?é]ﬁg&' e?f-ll-g"l"%'%f"gﬁné ﬁ’épaaﬂzﬁﬁé'@"bby amequa!

IH
br azi ng ?Q"Jgﬁiqgf o ne cape copa b atebal ¥h8 S bRl 33! flbranse

the el ene hetitaiunm Sowtuber i ard cooaecttmgnmg 103 athnsnaa@@s §ap 304
expand atgnt 1 and 302 cmfor al
mor i+ eopnereRRB A ne I el B s hR ot es Bar 2021 andPharay

br azifng. tzaconseaanangeazoazsrmagﬁn?Ib?aﬂﬁ@%»ssts%nbw.hhrléh%} Agggigred for the
t he fl owret er of made " of ml ar

brazing p ess ere
mat eri al sbggﬁ'ﬁ‘ @am*h ‘S'BF%FOJzaeafamqpparaﬂgng isir desthet capillaBy aftractiorpis ridtat - i t

h th f lis fl t
havi ng ﬁ&gﬂ“’ﬁﬁ‘é@“ﬁ‘iﬁ’%m‘h bafoReadidto HETPHSMS ra%ea%&ﬁéltﬁ%bénaw"m o
ot her eI @nshireld tfrllﬁlereretnate@cﬂ theGrade rhatstat fiks gheﬁém%a%d A \A7 rarg% 003

1 t ube

cm at ch@; e floweter of FIG 4
connect i Ng r% ‘i’g’oali%?%e Eéuﬂgﬁ 'PBV%PﬁﬁwS&metSa!ﬁﬁaGﬁsmbmzaﬂhandi I ow
20 results in a defective braze joint.
Description of Figures 5. 8 and 7

FIGS. 5 and 6 show Coriolis flowmeter structure embodying a first possible
exemplary embodiment of the invention. This structure enables a tapered titanium
connecting ring 503 to be brazed to a titanium flow tube 101 and to a balance bar

25 502 formed of material, such as stainless steel having a far higher thermal
coefficient of expansion. Flow tube 101 and connecting ring 503 are
advantageously formed of titanium or other material having a low themmal
coefficient of expansion. Flow tube 101 is comparable to flow tubes 101: shown on
FIGS. 3 and 4. Balance bar 502 is preferably formed of-stainless steel or other

30 material having a relatively high thermal coefficient of expansion. Surface 505 of
balance bar 502 is tapered and comprises one member of the junction 510
between the inner surface of balance bar 502 and the outer surface of connecting
ring 103. With this exception, balance bar 502 is otherwise similar to balance bar
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thermal coefficient of expansion. Bal ance bar 102 is nmade of & Matle2Do5b
such as stainless steel having a far higher thermal coefficient of
expansion. In FIG 4, gap 10 302 remains at its nomnal width of .005 cm
since the flow tube 101 and connecting ring 103 are assunmed to be both
made of t POAMRIHE@ angdnditeaitimiconnbytinm ring 03 hasman vuterwerTerefkta

£l Cani om PrOACT Cng 105 SARReY frBBATE Fadig wlstertaher oA Bednagn s atace 565

i ncrease diithg o dréivg &f bhley B r . 301
may 15 be,gcggrre %@mﬁ)rge at .02??@%?19??%’ raéz)li)ﬁggggﬁi?{y Qﬁg\/\%%lﬁ !gf%rag_ A

gap of . 09YUEE 8ssbewafior the Eoriglis Bowmetengf Bigaratl7 arsmay atterriigefope | 1 ary-
ttracti Ofag Lcien ith the | to draw the b
mat ors ol Pak O ialafits bt hadhu's BLEARY of heduents sSdtatel R Shring stivetire ol
flows unesembsrabie torejement 0ol the CHEI AGWmeRs: Qﬁivﬁi‘%fF@?ﬁ-es Tgiashd F3ves
efe

portions of th éurfaces unbrazed and 20 results in a d I ve braze
joint. Descri E;[;. oR TEPTESEs the ©ogn temperatuesstate thesetelshmnt€oOovnisstin

f | ownet eryj ; S ran e | I,bl e xempl ary, e di rent of the

i nventi onr.ﬁdrﬁiggt'ésl{rr%t?ct ure eﬁ%@&éégbgﬁﬁﬁﬁgﬁpﬁ“ﬁ%%ﬁh@gg i RGehBas03

to be br &Y ﬂ'bedapémmwfadelm beenridttingnthd Qospéﬁ-hﬁ@t%ﬁ%eaﬁne@rﬁwgﬁﬁ

for oft r’Baterl I uch as stajnless steel having a far higher il

coef 1 ci efft %Pséaﬁgr@wafﬁ!yowutﬁéowensalﬁacwﬁﬁéeat agasition B0Ghizhdhe

advant agefissd ' | rg.al, _having a | ow t her pal

coef fi cigent S‘é %%gﬁg?@ie.éﬁgbgvﬂdqjﬁ%%Eﬂﬁlgﬁn%ﬁgﬁ%e@gﬂ%%wqﬁﬁ%g%1 7

shown on offhatmce3banB02. PBat tmheatirey eﬁ@%ui‘i%cérmﬁéﬂdhécﬁhg‘?ﬂgoggﬂé‘i nl ess
c

t eel t her, 30 mateci al _havi lativel'y high th f t of

cxpansi ot U aEEEYHTaE S05pkReEnGaPas305 sAlsaphedoweendanpicecs0 06
mber of i G ' f bal bar 502

and the Gt o ouNg BhoTIRIAS Spanel #hah frolf 15BRGin BHp WG fepBediifen bal ance

bar 1802 iPosBiandowkish siunfaicers 0doofirairmecting 2ingl503 MudhbeimdfPabBraza F! GS. 3
d 4. Titani ' ing 503 h t i rcunt tial f

512 ¢ hat "TEPEIRHRERS BiatsR deniachg Endiouien aze syelace:b 12i6 filknengaged ace

505 of With theriedanes bhPmrel MBkaRtfiaBe50a)2RaRALANES1P3L AR BN DE 2

single intrg%ral structure as shown tor the rrolnrs i gure 17
or may alinstieaiqfibe puier Sirfrce: 517 obctmiasting rirg 502antighs tapered inhir of

segnent s r tructur C argbhle to el enent 1240 of the
CO% él i ssﬁig%pgﬁbf?ﬁgv%\n% doél lﬁﬁwﬁeeéaﬁ%%n%%@&uﬁ@aomg eevassmihe flow 1 oom
t enP@r at tulre i eded tHeseneé@MgNity SEPR ﬂo&ﬁgé' [ | 'é}gg{g%
downwar dl % as_sho bet weenm?I or\% t ube ﬁﬁﬁ an g&?ﬁgcrg?ré . ﬁ-ijrhe t apered
surface 8 %%?fagﬁfnﬁw Pyigapi3}] opBIGS, diand 4.1Ehe gapdetvegn thegonadcting be
i nsert edrigdgwWonedd b ed - f. 504 i f a position in which
the surf acg 512 ofth(%lﬁénlgt‘%g? hér k‘sleggé g%ﬁ“@ﬁ%}?"%&bﬁ@n% af gbér‘%d i nner
sur f ace BOPPOrGng kbe aoneedling HIOG 508rdlerg tils ReAaLET TPRhEYE MRS riaPit %%sily
connec;tmiﬁ,‘(ij| %ﬂ\g% 03 1s, .above éhe end surface 509 of bal ance gar 502. “Al so,
the Io K _ & pesiginiegap beanse thegcaniliayy foeigpesap ad thegap f r om
| 0c28 | ordedteasbs.C VP REGRRDIS FIBS. 5 and 6, the .005 cm spacing between the

connecting ring inner surface and the flow tube outer surface is not perceptible to

the human eye. However, it does permit braze material 508 to meit and flow during

the brazing process to bond the inner surface of connecting ring 503 to Suter

surface 501 of flow tube 101.

30 FIG. & represents the state of the elements of FIG. 5 when they are
- subjected to a brazing operation in which the temperature is elevated to
approximately 800°C. As the temperature rises, stainless steel balance bar 502

expands radially far more than do titanium connecting ring 503 and flow tube 101.
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15 position to which surface 504 of connecting ring 503 nust Béaroh280at

brazing tenperature so that the connecting, ring outer braze surface 512

is fully engaged with the balance bar inner braze surface 505. Reference
of the outer surface 512 of connecting ring

- h
303 and + 0% Bpuiaion ARsipTS s pul BStsmsedvanatz el away Si9d Coaneal ritge
actual spaOBHRIWREe 1D¢, HaWed, hybaihith t?e(&}d?éé‘% §>§6@8@s thE %582 d;

approxi mately . 005 cm as shown | exagger ate orm
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of the fl ownet ers ier%eﬁlgﬁsr% g U%H‘Gf bél%ﬂégﬁagﬁ% &gﬁ'@@g’ ?CJ%8 %”:’%@Q

The 205 cé@shad ilaesmﬂé’wcbm#mnﬁea?x é‘rhebeaiafcgnamaréoe*@ggé}atw 502 to

i npose agdarge force.o necting, ring 503 and flow tube 101 as
the stai rﬁlgsg Q}F%W@gyaﬂﬁgghgﬁf, ?Dldgrﬁﬁtsa verely effget theprecuraay of he

titani umopeemtidnubethen@ligsityastthe flowrha@r. Thi s force slightly deforms the
flow tub 101 I nwar dI al ong dashed |1 nes 703 and deflects the end tapered

porti ons=5=Hal@nBb Ik, -tvvardly as indicated by 20 dashed lines 702
and 704 in FI T, re.ex din, FIG7 reality
they are slight ang %ﬁfﬁgﬂgﬁoé/g?@kﬁ r@!t‘"?‘ﬁ%?é@éﬁ?aﬁ?béf Bogp@rflﬂw on or
t he2bel i tubid 10y anll 4 benridANGRIR) so%ﬁehheaia@@ ti% bitaeebat Hhdlow tube.
The structure of Fig. 8 is similar to that of Figs 5-7 except for the addition of step
element 808 to the inner surface of balance bar 802.

FIG. 8 represents the room temperature state of these elements: before
brazing. FIG. 9 represents the state of these elements during the high temperature
30  brazing operation and subsequent cooling. Fiow tube 101 and connecting ring 803
are of titanium and have the same themal coefficient of expansion. Balance bar
802 is of a material having a higher thermal coefficient of expansion such as
stainiess steel. Connecting ring 803 and balance bar 802 have matching tapers
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FIGS. 8 and 9 show a partial sectional view of a balance bar 80rcta2®0sow
25 tube 101 and a connecting ring 803 internedi ate the bal ance bar and fl ow
tube. The structure of Fig. 8 is simlar to that of Figs 5-7 except for

the additi t.ep .. el g 8 to _ihner surface of bal ance bar 802.
FIG 8 reaﬁ’d‘l@heiwvﬁ@%%@’%né%ra@m%@&w Jgnction betweendhe somegdling
brazing. hingarfd the@owsfilbes the state of these el enents during the high
tenperature 30 brazing operation and subsequent cooling. Flow tube 101 and

connecti ng ri n§l@o8 repiesentsttheaabimtemplertadue state shthesshalenmnts pabf icci ent
of expansion.: . Ba IS O terial havi a hi gher thermal
coef ﬂoci em’ %‘?&iﬁﬁ%’%"ﬁﬁ@\?@ﬁgg'ﬁgﬁ%ﬁ Sﬁwwg&ﬁﬁaﬁk‘ﬁé ?indo $v3 and
bal ante. bposifiod shave, imaiifith itk tAPSkad0B0P drthe BoARES ARg i§ BBbe LHAC! | O

at 805. Elenent 801 .is the junction between the connect rrng an
f1 ow t ubeSUERes 8@9 of thabalanse brs. Adsmn therhsitomn sucfase 804 of thelmsweetingent s

: . : i ] d dl -
Dty o ¢ [0 R abile 4306 806 SOHALY R A i s it etbagnea e b2 Btep
connect i n§08 idenés treblimit t6 whichicbARECRRPrING _sbbebd?ﬁ:lr@%%mﬁw%ﬂlifﬁoﬂ% e g

bott om surfaﬁe 804 of the_connectin ring i s above a step 808 nmachi ne
into the PAHHEPD 88shawe ¢t FiSa) &ndunption 802 deSines a gap hawingha sadinbwidtiviof t o

whi cgcon | ' C | om.its - position _as own
on I ookt 003t e B gt ARHER 505 £otde e ipesting 5io &0

appr oxi neand the balancebal BO2 gnpegligblebécancbiR l@ﬁbh@@'ﬂ;a‘i‘"&@%@%itﬁg ring
803 and the bal.ance Db %82 IS negl_l i bl e because the bal ance bar"80
supports THHE Bﬂﬁ'élgtqadﬁg emgnba3d ix red Duter eirpsmofgsential suofaee of

ci rcunt er @Hde2bing i Y ' El.ene 816 .is the tapered
I nner ci rcunfegpggl?l F‘Q@ﬁ%’é‘%ﬂgg q:gtrllé ﬂgehfjéﬂpég?g?@merocf'%ﬂi'gpnftgﬁ%'ih%gpr%@? .Otf fg
FIG 9 sheivbportionsafdalande bareB@2.el enents during the high tenperature

brazjsng operation.., The heating of these el enents causes the stainless steel
bal éLéc]e bar 8(5'%?(? mﬁ‘e@ﬁﬁgﬁa?hmﬁﬁlﬁ'@”ﬁﬁ% dyges the digh tempenatwennect i ng
ring 80%ragiggt lidni t ' | the ai nl ess
st eel bal arnceg dt?aérréﬂé%rg Etggﬁetb gwggggﬁ%%&%!)erﬂ%(‘: |‘%§%§?§BQ%6%EI‘*&S%€ downwar d

until i é Pajencohars0to ﬁmlcﬁout\mfgfgge?r% ﬂw; aaa.?3 tbé% tiﬁ}nmﬂgﬁ?&m&l&ﬂﬁg iring

ring s . S en S , e bal ance bar

contg i nue?at?s\cl)\s@(jB{agg{st%%%’ntﬂgﬁaﬂ]ﬁe{-ﬁﬁrﬁ%anégﬂ ﬁ&rﬁeﬁﬁ'rﬁ?%&ﬂﬁ&' balapeeat ur e
a gap of tepBaRerHiitd!tapstiehodtinediB g 593 16 1Al dow F@ragmjfiﬁ#f?éﬁéﬂna' 806

S |ted and i s drawn downwardly e entire ctrons 802

and “8b1. stReee S0 ragagesisiep 808 After thecrornentingatng’sdawnivard avation i

br azi o, T, i ol i t | ts of FIG bj ect
Dot ho s RRN3IRE oy NBpTaE, he Bl B arin TR dhePangi with femmoratireha o
the sane unithat thdquaksisiaging téRberhturbe §a of oplinkim %fi%hf é%% %y beoped igave

t he same strgs defl ections 702 and 704 shown on F . These stresses
oﬁ-hei

are not SIRAMR regp snaierat g8 isneitediand isndrawmdownvardly @sfill shand 9
since thentifdt} of RIFLEEAL'8B2 and 801. This structure is cooled to room temperature

25  following the brazing operation. The Coriolis flowmeter elements of FIG. 9 are
subject to the same stresses shown for the flowmeter elements of FiG. 7 and have
the same minor depressions 703 of the interior of the flow tube and have the same
stress deflections 702 and 704 shown on FIG. 7. These stresses are not shown on
a separate figure for the embodiment of FIGS. 8 and 9 since they are comparable

30  in every respect to those shown on FIG. 7. A partially assembled Coriolis flowmeter
embodying the elements of Figs. 8 and g is shown on Fig. 17 except for the lack of
a step element 808 on the inner surface of the balance bar of Fig. 17. If desired,
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30 in every respect to those shown on FIG 7. A partially ass8rddreti2005
Coriolis floweter enbodying the elenents of Figs. 8 and 9 is shown on
Fig. 17 except for the lack of a step elenent 808 on the inner surface of
t he bal ance bar. of Fig. 17. If desired, 21 8 March 2005 fhe bal ance bar of
Fig 17 co

adapted to.inclyde a step el ement 808 on it's inner
sur f ace. &%Egﬁﬂfﬁi{%r@?éﬁ cﬂﬁﬁlghﬁ adeptedta nshkidaia stemelement 80Ggn 1303 can
be made ofnndtsgffage, having an 5 expansion coefficient that falls between
t he | ow expansi on coefficient of the titaniumflow tube 101 and the high
expansi onwﬁbﬂ(jw nl ess steel bal ance bar 1502. Such
mat erial could 11 d steel. hast oy, or an austenitic stainless steel
such as a gradgngégpé%eg??ﬁmnggémg %éq %@“ Redpade af imferirhbavingiang an '
i nter §edi exparsipRBoEMRIFThAL RIS Bt SOM idls L4 ference
in 10 thermal expansion coefficient sé%@ﬁﬁf@@g r'ggéajggﬁh%nqioﬁ}ll%v\er: ~

Thi s resulf@8ium fipwieber kit aodiths higisexpansidrecastfieidnt vf did sfaifeagspe) FI GS.
10 and 11 lary enbodi.nent, of the invention having the

connect i n%élraﬂﬁ%gg(r)ﬁ éggphg%% ré’lg??{éﬂ}iq%'idahe r"‘rﬂ"ﬁﬁi steflahastefiey, rnarcapstasition

coef fi ci estniniddy stebhéuch a5la0sHaaR Y 3SR f |ional
15 el ement cal l ed a tube ri_ngaloo7_0;urrg%%§|§tr?%['t Hgﬁﬂt%?vs{’ﬁ'gé‘?”ﬁ%@ggﬁmg
connect i rief? Migignadiate expansien soeffisient 9advaritageous becalde #ns diffepende mg 1007

are ot h ' ' e the sane therpal coefficient of
expansi onﬁ‘g@ﬁﬂ%ﬁqrﬁ:}éfﬁgﬁf% ?‘?‘%%ﬁ??&&%ﬁ@ﬂ@@@%ﬁaﬁmﬁ @sdiltsirel and
has a codbWwecresidualfst@ssdn he asbesibg/ aft&ia) t of the’titaniumflow tube
101 and tube r Ig% 10D7, but |ower than 20 that” of bal ance bar 1002 which is

made of 304 al sthang ddsshave an.exemplaryrembodinbent afehe inventionseivisg f or
the diff T ' . bet ween t.he bal ance bar 1002 and the
connect | nge cRneRiERAES oP 8 hafdiial BiVBE Brlnfsrmiedtiinsaabarrriniont Fics. 7

and 8. Thosffidientd Tnid thirdrentbotiifhiat sompased BFiow hife $6Pl g@ﬂtt@pgpf‘r’]"g‘r’]eabe
S

in that the connecting ring material expands at a great'er

t he 1?? t arﬁ'%rﬂ?ﬁ{]%ﬁfeﬁﬂ)&%mng ﬂrQQ?oﬁurf@msﬁng thie fowdube dapbedeemedting ring
connect i RY20i4HY & c"érlga t | Lt,with jnfhe sane way as the
differential expa(r%@on eﬁj&% Egﬁ%% ?1@1 gﬁﬁé”&%f’ﬁ'%@%ﬁﬁ% %ﬁb feaned ¢do2.
The i nnefitaniumere hoesthe samenthetinabcséffigieAP8Beisdndoh 2BYnnetting finhhe out er
surface q have a taper 30 wi thout an exceéssive

thi nni ng ppé?ﬁﬁ%&%ﬁ@ %ﬂéﬁ%&%p.@mt .aﬁdrhqs a8 igeeffigentrafraxpbosioni s -
oot ow L) b bl the FLATmaR R S 7oy RpRIRRE Y ool nunidnddfian * © °°
t hef8f or thajef ba!awegbm&zmhhh isrnade 0fiBO4rdlloy stAiflesiatedl. U RS HREY Out er
di amet er o iRNirhi8h! ESRBRAZates for the difference in expansion rate between the
balance bar 1002 and the connecting ring 1020 in the same manner as the second
embodiment of FiGS. 7 and 8. This third embodiment differs from the prior
embodiments, however, in that the connecting ring material expands at a greater
25  rate than does the titanium flow tube 101.
The differential expansion between the connecting ring 1020 and flow tube
101 is dealt with in the same way as the differential expansion between cbnnecting
ring 1020 and balance bar 1002. The inner surface 1008 of connecting ring 1003
has a taper. Since the outer surface of the flow tube 104 cannct have a taper
30  without an excessive thinning if the tube wall, an additional part, the tube ring 1007
is required. The tube ring is made of titanium and expands at the same rate as the
flow tube. The gap between the tube ring and the flow tube can therefore be set at

.005 cm. Titanium tube ring 1007 has a tapered outer diameter that corresponds
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22 8 March 2005 to the inner tapered dianeter of the connect BiMgreh 8¢05.003.
Connecting ring 1003 al so has a tapered outer dianeter that corresponds to
the tapered inner dianeter of balance bar 1002. The tapers on the inside
and outside of connecting ring 1003 are related by the differences in
expansi on efficient. |f the difference in 5 expansion coefficient between

C .
the bal ant%‘?'ﬁdiﬁn%fﬁapﬁfﬁéi diameier phihe cerpedtingaing 1 008arCenneding fimgetios

bet ween t ' e ,outer taper w.ll have a

gr eat er aﬁ@? gﬁtg grr?tplte E%d Phﬁrﬂggggéﬁh%tgx\ﬁr%%@fnda%ﬂ) s e{%%g’lneé%fe@pe&r e

rel at ed bofhalendenbar 1002. AbeHagepsoatite Heidy ahieditdidetdfeoPRBEBLRY HAG 1003

transl ation Ol?éth (i nnecting ring. The provision of the titaniumTube ring

1007 and $1%d® %d%as Q?Qﬁfﬁrégge%ﬂh RSN craficientadithe difecenrcain that it

provisles agin i ff.erences in

t her mal expan?ﬁr)]_r\&it)éefgﬁ\/\ggtnbfgﬂe tlfthaetr#ﬁzranﬁ{:é g)\%v?? ﬁgéﬁékﬁﬁ%t}ﬁ%g‘ngdﬁh@ﬁf nl ess

st eel balt@Aodhedifference betvaen the epnesatingsindiand thd fikatudeothd beRe tapanent s
onnecting ring 1003 is above surface 1016

in which 020
IoP ba: gnc‘&mﬁ‘ﬁﬁ’gpfo@’%?‘{%gae@ ﬁ&?%’? }‘if‘%clftf}?é 3pR% othe Meg@ndauter Aparangies argy

ri ng 1003eised pages oldatdrmi r - of tube
ring 1007er eest 390[1 gﬁgﬁﬁaﬁﬁmr@sﬁggr mat éﬁﬁwe%%éﬁgéﬁ’%o%@g’?@%%%ﬁ ?‘f)ned
pr oxi mat dhg ¢rEReding ring1 Thequseyisiordoflib@ditaniupm éylss AhyolDO7aindtHe 40 ng

opergd i on.,k; [ he br.aze terjal is.nelted. FIG 11 represents the

slto at@ of %tt%@!segggﬁgﬁéﬁ@%g pSdy gBYﬂﬁgagéﬂHﬁt"gﬁiﬁtét RiYyidgs @_’P\@@EE?@@@@KQ state
i N whi ch ghage theagite R eI : L n be
seen on FI G, 11, the bal ancgﬁf)%ag%éan S lbgglégﬁﬁ'yégluﬁ M%B%m?éﬁgﬂfeﬁe

brazi ng diEaniam fiaw tuberl 81 iand the@Abstaitesostesl balaricet Irar 108ect i on ring for

cxpands. ot 4o 10 PRbReTES ol Sl AHIRGHS slimbniy Poumich ihe fas S9ase de
for the doaoafidongecinigring oSG8 abovB!surfalces| P bPERRHEE 267 hbd2 engages

ste 111]§i Th steg 1111 and the tapers can esi gned so that” at brazing
temaér at iRilahe the Rettam sufacetd1Bef koopetting ringrl QUBis spaeead aparifeomg

brazed. TUAR" di scl os oom t enper gt yre state of
f 1 ownet er %2&)13&a@ﬁ%g’foggjhgﬁg#éﬁgiegg#%&w&%Iné‘gtﬁﬁﬁl'éﬁsr%P”g@?%%%6' &Haza1
prior tomateralzleyente1006 ane pBsitioned groxinkR83umktidi<Croo .01 quad ahd 1004
corresponds to hal ance bar  segnents 1002A and 10026 of FI'G ™ 12. FI 12

further ghgﬂﬁgaéﬁqtﬂna éafﬁa@tzm%omﬁpném wiich thesbrageomaterialli oieltetle f1 ownet er
may be positi pped freprebbnfStnd MEIH0 theda bidhbRiy gtgbrazing temperature and

20 the subsequent state in which the braze elements are returned to room
temperature. As can be seen on FIG. 11, the balance bar exbands radially
outward during the brazing operation to provide room on the outside of the
connection ring for connecting ring 1003 to descend. Simultaneously, the
connecting ring expands outward (although a lesser amount) providing room on the

25  inside for the connecting ring to descend until its bottom surface 1112 engages
step 1111. The step 1111 and the taperé can be designed so that at brazing
temperature the brazing gaps are both optimal for the materials being brazed.
Description of FIG. 12

FIG. 12 discloses room temperature state of ﬂOtheter 1200 having

30  elements comparable to that of FIGS. 10 and 11 prior to a brazing operation.
Balance bar 1002 of FIGS. 10 and 11 corresponds to balance bar segments 1002A
and 1002B of FIG. 12. FIG. 12 further shows a braze fixture comprising a base
1252 on which the flowmeter may be positioned as well as a weight 1251 which
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8 March 2005 nay be positioned on top of the flowreter prior B8March2008.
Wei ght 1251 provides the force required to push fhe upper tapered
connecting ring 1003 downward with respect to bal ance bar segnment 10026
during the brazing operation. Flow tube 101, titaniumtube rings 1007,

connect i ngnay bﬁg:psmmd amtop bétrenfowertéansorab Brabi .r\%ildgﬁrﬂgq(ﬁovi es
correspongyl @, Q I.I;[1| [ 8 i gnated el enents on FIGS. an . E
connecting Ti n'é %6@%' %ﬁ@o Bé§ gﬁ%gBBebF%e‘éIC@ﬁé‘ﬁpﬁng singHORS downward withend
of the balreswecthtebaff ) gé&}g - : fi..sl.mlarlyv. designat ed
el ement s irs sh_ovvnbgn the%rottomég ﬂa:%ﬁggﬁgg}rﬂg?gg@t&fﬁ%ﬁ}ﬂ'Sﬁ:ﬂﬁ?ﬁﬂ“@\ﬁer end
111 of {1 d#s Hireiury tubgiringss! 00T, connectiremiings i100BaaAd 175 3nd Korildies gpper end
112 ofg f1 (S .] t ipto .a.center [ [ i ght 1251. '
vei gne 12 HHShBDIR e B0 o RorGihdcioeianared Pikments an Bi59410 and
tionit dt i | | | | ded b
The. radial - expane on o L anoeniaSheidRl patd deh 8ol IS B L& oG 1 i

t he radi al expansion of bal ance bar Oﬁ’g ring
1003 nove&” &anhh%bala,m@rharlsegmemto‘tauﬂa.sAnb&m sotgdghailatyeds edThe

d d i ded | ght 1251 | t h ght of th
£ ownot or SREAEET BBy R 0GR Y siRne Ak seamgnt 10624009 | nio ¢ he
space provi dedThg Iower eadital1 Wﬁitﬁé’wsj ﬁ?géﬁdbcﬁt&sﬁ t@%ﬂg}f@;{g b%%%f%fht hat

| ower connecting ring 1003 fi engages in

th d
baleaﬁ@e giheé@aﬁ’éﬁﬂdlﬂo?m @ talpre 40 as insegtednintd 8QRGiersops intweight end
1236 b - i ' 1260. The s¢ te b b
seqnent s Tate et £35 bR e UOWEWEGS orek igadieq cling the Boazng

i nt er medi eperatioe té press amcbmﬁéttihilrﬁgﬂ)d@rnté %‘E?Ec&@%ﬁdﬁ]g&ﬁg upper

end 1237 of Eaial ance bar segnent 1002 his spring structure axially
and accorfdifiF¥Ransien-ofibalanse has 1602t Ake uppamtapdied ognridigtihg ainightodeet ween
bal ance : L eSPrIiNg struetur 240 and its _
supp1ot_;] ti %gb‘éléﬁrg}eaﬁ’?g@régﬁﬁ@éﬁg%ﬁé@%%%@e fﬂaégﬁﬁis éi r i15e doynwaridons of
t he 1hnerfoeca plovished: byintgigist 12536ag 01l BaXh 1002A and
10026. Thi_s ﬁ%ﬁi ng |?\tr ctgi?e 124?) further eﬁ?\%@ﬁgggﬂ?p%\Q%WS 1238 -
each of IFHEHHARUY e?ﬁ?\%té'vﬁfoc%ﬁcﬂ@ g Hiidhinto thaspadslgravivechby ¢ er end
af fi xed trgg I ' S t a driver D and '
associ at ed %Fﬁ%@éﬁ(ﬁ%n I:Ei%ﬁ%ﬂm%ﬁgg{hﬁﬁmﬂém%port wei ght
1240A ( Fleannegingiring H 003 firselyl engadysaie etdg ¥1 ¢ Wil bﬁﬁhéé%%rkaﬁ[r%?s of
driver Déﬁpgglgé%. I—blgg__,z 1261 and 1262 receive pickoffs RPO and of FIG
13. 24 e P2 805° B2 SPERG ! WL Brs suppertsiloairensh123&by partafdhel enent s

whi @0 ar eradihg firthré dddpowret er 1200 of Fig. 12 subsequent to the brazing
operation. These elenents include driver Dwith its coil 1244 and nagnet

1246, |eft pi dibedtaparate balancedtar segmenis f10BRE ahd 00DAIdre 2epaidisd Byand
TRGNELS: sfhig sHBLRIE ) 24 htSHSHite 8 1owaT end 1236 of balanc bar segment
1002B and the upper end 1237 of balance bar segment 1002A. This spring
structure flexes axially and accommodates the axial expansion that occurs during
25  brazing between balance bar segments 1002A and 1002B. Spring structure 1240
and its supporting elements include support bars 1242 which comprise extensions
of the inner axial extremities 1236 and 1237 of balance bar segments 1002A and
1002B. This spring structure 1240 further includes spring elements 123:8 each of
which has an inner end affixed to support bar 1242 and an outer end affixed to
30  structures 1241 and 1241A which support a driver D and associated coil as shown
on FIG. 13 structure 1241A further support weight 1240A (FIG. 13) which is used to

dynamically counter balance the mass of driver D of FIG13. Holes 1261 and 1262
receive pickoffs RPO and LPO of FiG. 13.
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el ectronics 1251 which is connected by conductors 1252 and 12%Maroh p0ek
of fs LPO and RPO and by conductor 1253 to driver D which drives the flow
t ube and bal ance bar in-phase opposition. The output signals provided by
pi ck offs LPO and RPO are extended over conductors 1252 and 1254 to neter
el ect r oni Exstapiorl 6f MGCH3 processes these signals and generates nateri al
fI;owinfornati%g]&that S ‘zmglied over path 1255 to a utilization circuit

(not shown}. APSGWILEN EHGwh3 Are eleraentsiwhicbare affixed tafloemetdet200 of i on of

GS. ' I ' di f th
nventi on' 1 15 urr e T2 taf By BpREMEIC TRef bReeuh oGl dBver Dgfone
out er sur ftaceil 4244 amakmaigngt 1246 147 PRl LIFT dnBight Btk 61 RFD Wil diage bar

segmagts 14@% %g 1402%3 i; opposite fromthat shown on the enbodinents of
FI Gs. ”5 t H?! éh"' Mmagngss. 1alsg;copipipsbte Sowmeier 1220 abthis imsus moetedi ng

bal ance b ' I r t 140284. G
12 al's0 S ARFs SEEREed BYGhARoR {74 B3 37 5H dhniid ot LFIG
1403 bei ngnd RQ @nddry condiadtomt25Dty deeg® whidd @ddea itk ABR thBdangconnect i ng
ring 1403?%'§hn surroEnded bg hal an%e bar segnent 14026. El enent 1404 is

t

the junc b in-PAAss Qapesitien. dheiiput signala provideshy pick efisnidROi ang

rings 1l408PQ ik éhendad ' | | f .ea al ance
bar segment. The ax]iqal %&Fgﬁben tgfs' L%gé%bﬁgﬁﬂr?c@gg&féf{%é%% %§§€2
i ncl IRes whishmsacessespbesesignaid and igenegiteshhaterbl fuwtitfeembdan BRatisudes.
The i nner i I f this aperture is elenment 9413. -Voids 1411
defi nes t?ﬁﬁ%g:‘%’&?ﬁéﬁﬁgéﬁgﬁﬂ@ L&i'@ﬁoﬁﬁt@ﬂm Epetrshawn). dilse sohshewngreithgs
1403 and rhbteragsalandMeigeaxtremty of surface 1412 of void 1413. FIG 14
represents the state of S%he bal ance bar segnents, the flow tube, and 30 the
connect i rie DHOR TdndSang Bhi ng of the brazing prOﬁess. El ement s
1406 are braz i_al ated at the junction 1404 of the surfaces common
to the connec??lg%st &%ﬁg‘dlﬁé'sﬁf?&et%alg%"}éﬁgﬁ gmbodigant of thainvaslion iy at t he
j uncii on W3R tieskopa dfahehapsr GIGURE ' ing rings
S0P Bpéil SUALRIEIAOR HRHITARESO Al SRRICEN

1403 and the exterior 25 rch 2005 surface | ow 't Each ri ght
angl e el &RBRECUND NG 4403rand e insetedTace ohbarcerbarsegmdras d402Afdedv t ube

101 and t { QL L, an_axi al _extrem 8 of connecting
i nge 1403 02B REPpsSfe HPR A b of i eniSiditRol af Bt & dravan gk the
di scl oseflG. eheissiosesa flow Loe! 101 burtaidig Baidri® ity ReHkon- The
el enents are a ed prior to brazin i hserting upper tonnecting ring
' ¥ JeAgha Mt 50881 iGe 16 g

1403 i nt SEEAEN adewensrament H02B) &iGe 14aisa shows twa £62Aecting
connect i Rags 1A93X4iB9 A ' ted | .open_end, 1418 of the | ower
bal ance bar segnent 5“4%5@!.)&%&}%%%@5 q'gr?g{ ‘fﬁ%ggk“%%f‘?qftﬂﬁ%‘f%kg@ﬁfei "t hen
i nser t edsegment (40248 raret thedewiengonfiettirg ring 1403 being surrounded by balance

bar segment 1402B. Element 1404 is the junction of the tapered outer

circumferential surface of connecting rings 1403 with the tapered inner

circumferential surface of each balance bar segment. The axial outer end of each

25  balance bar segment 1402 includes a circular aperture 1413 through which flow

tube 101 protrudes. The inner radial surface of this aperture is element 1413.

[elalivilcy

Voids 1411 defines the space between the axial outer extremity of connecting rings
1403 and the axial inner extremity of surface 1412 of void 1413, :
FIG. 14 represents the state of the balance bar segments, the flow tube, and
30 the connecting ring prior to the beginning of the brazing process. Elements 1406
- are braze material located at the junction 1404 of the surfaces common to the
connecting ring 1403 and the balance bar segmenf, as well as at the junction 1417
common to the circumferential surfaces of connecting rings 1403 and the exterior
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10 upper bal ance bar segnent 1402A. Flow tube 101 is further Bidach 2005

t hrough the center of upper connecting ring 1403 until the horizontal ieg
of right angle el enment 1407 engages the bottom surface 1418 of upper
connecting ring 1403. The horizontal |eg supports the weight of connecting

ring 1403sutfacd of flonctube 1@!.%&1?%t4§.ﬁl>§5@rém%@%oﬁast$ﬂéléd fBlddd) 3ﬂ~'.8i d

1411 remains and the top surface of upper connectingTing 1
remai ns sBXCEQr spErEeof SantiHbe1®deand the othes leg sappalting anakiat extrédtyof

bal ance bqﬂiﬁ‘?ﬁ%ﬁﬁe%@?‘ S;I’Qggfgnti re upper assenbly is supported by the

flow tube via angle 7. The el enments shown on the | ower portion

of FIG 14 areFH3st4idistibses thedhithl @romw@?géraftﬁfeﬁs{aﬁé@rﬁ%gﬂlﬁ%ﬁééaé ring
ng (6] e ower al ance ar

1403 jﬁs iné%getrﬁd- int? t he, ¢center opening _ _
segnent 19 APTIE 19 Hhe indial @ brazingeonssstien.omherejaments Boser porti on
of FIG 14ac : 1402 | f tin ' 1403, recei ve
Phe | over sbRAGHCIAD K EARERY hScHio Wb R HoIdAD R D68 s e
2792, odicrheant et sop HGA b evgingmerliosi oo,

el enen . rce a is ri angl e elenent s due to e
wei ght of'n§§“?aﬁ86§§r°p§§££’?éﬁg1 %)ﬁl?éfh%ngargwlaaﬁ%bam@gm@ngH140f28r. cERe | ower
connecti ' kL T | ower
ol ance. popperhd 499 AENEH 1a0S 901 E AT ot B The PemePoptiing SFhers c
12. 1 tHipparibalancenbaysegment 14024niFhsw diibe d Otihe fenhesinsbaed thbughathe! ower

connecting ring. 1403 is spaced, apart. fromthe end 1416 of -surface 1412 of
the cent AL MRPAACITIECTg rpdl TR UBthe dipvizental lep of righbaegiecelemieat
1406 is thEyY ap@id ' ) 4] | | [ 1404 and
1417, The ot entd S pd RSB0 & sty e hatind MAE8. 38R 'on. 26
8 March Jupizoptatleg supperts tseweidht of caheeoling hiegf1408whith SUpp®ty Salance

St ructar darspoknt BIFAR,"Be BE ifien it yoROHAE1 iemainscand he fop sutieen 4444
st eel5 baldinme@%bnﬁégmtiigﬁ ﬁag%}e%#néégééea ApBHATIH ltgggm%}\énﬁﬂmpt@”

does titaniumfl ow tube 5 connecting rings s differenti al
expansi o@Niedan sufasg Mhtdobhalapeg bansegis? 140240V Ehadntite yppenassembich .

th in; . | | ed, by th ht of th
asserl y = BAPEARE B e LibE i BBl tertenEidtioditi on shown on FIG 15,
At this tine, ThHeekmeltsehdwion areloberbdliof IFEC! HAGEIgeniI83 i£8gages

the notch.formed in the axial outer end of the balance bar segnents 10 and
the axi aP'MideMagRer.ethejower senneting1ang 1468 ds inseirteidainty theocerster egeningd t o

rovachal oA Riie ARG b1/ G8AraHL bap APPSR MBS BB i o
12. Thi s shweivghen lkwersortiba of F1GY ¢4. Bakndaibar é&%méﬂtﬂh@?Biénd RS benASAIp!
the 1oP ' it etk the Towar portion 175 3F Row fube 101 o that the horizontal leg
of right angie element 1407 bears against surface 1418 of lower connecting ring
element 1403. The force applied by this right angle element is due to the weight of
25  the upper assembly and the flow tube. The weight forces lower connecting ring
1403 downwards to the position shawn on FIG. 14. The lower balance bar
segment is supported by a fixture 1252 similar to that of FIG. 12. At this time, the
void 1411 remains since the end surface 1414 of lower connecting ring ;1 403 is
spaced apart from the end 1416 of surface 1412 of the center opening 1413 of
30  balance bar segment 1402B. Braze material 1406 is then applied to the axially
outer extremities of junctions 1404 and 1417. The structure of FIG. 14 is then

subjected to a brazing operation.
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15 wei ght forces the bal ance bar segnment 1402A downwar ds agai @Marth20@fpwar d
forces applied by right angle elenent to the |ower surface 1418 of the
upper connecting ring elenent 1403. The required forces may be applied to
the | ower elenments shown on FIG 15 by placing the | ower end 112 of flow

downvar d f or o8 £ B SeTHE e ar B dyinsten dpuitits BUpOBRiaHN Bao
The resubraaing dperationd Dosing thenbrapied opegdtiondihe! tneltereedrelddhteiasces 1 ow
t ube 101 dommarg%ﬁﬁﬁgéeat t.he horizontal surface of |ower elenment 1407

forces t ABPISHRER i gl FAYsSasit®e alRimaes atadd balngsolar segimentswn on
FIG 15. I I : FFeYete i th
net er el ggté %gnelﬁcds 4?%%%5%@%%%5%@ ﬁﬁgﬁlﬁ’% Sf%%@%%g&?’ttgggs@gcﬁ ed
el enént scofhestingorings1483.uThisr differehtial expapsiehpandtsdmilbacabar 8&fimesds t 0

bal ance 52 egnment s .140@a d 14026, after brazing. Spring structure 1240
and mete Q?Z‘E&‘%‘fﬁ 2dally %aﬁfe@f: thﬁé"’bﬁﬁ?@"ﬂﬁﬁégiﬂ@lgoréﬁ @ppjied dydheped
for the i Pl hgy", ' i

(5ol ose LT uBbef alSeridly. BoIRESTEP chifatts TBY ol 10 kb bydn )
wei ght 1giBawamd bis.el 51 280thid tifieGthd axialbnd duafazeckt BBhof ddfieatihghirgisl7 is a
single i ral _unit, as distingyished fromthe s nt ed bal ance bars of 27
5 Warch 3508 <Pgates e iptchiphRAgia die el Gulerceid 8 e SalaRes hat SEERS t he
Cor 191 | sahil ek iffer Bitedfty BnsUrnRcufipn 2 step el ement 808 as shown of
Figs. 8 an 9 or it may be devoid of a step elenent if desired. The

structure of Fheadditioral foneelrequired thmovef balagce bar eegaEnt A2 Asaiaihy
t t G 12 h b .deleted f Fi 5 17. Also, .th
seqnent eMETEa Rty bePraded By AR DUEBIE aans SUBH a for.Sapler® BMe  si ngl o
i nt egr al sikillan s eldmentoDss Pof FIGS 124 7T ﬁﬁé@k%éfﬁﬁ@!ﬁe&@%’mh]%e y be

I ergo localli zed

Th
used with the ends of balance bar 502 and™ | owtube 101 un
heat i ng Yuthatdt tests againshihedppraarifase. 1408 ot baladich diatsegnents14024s hohis on

[l olfret FeGE RREH IS BURDbL SR ol @n AP U8B WS Buainat e SRl o,
spring sforess applis?BP right asgleidi@fehetd SN dIRERIRPIT bRiRAuNHEM the

differential coefficient of expansion between the flow tube and the
segnent kPTHRCERIdINgRIemant 1483t 0 be expressly understood that the clai ned

| nvention is g 5%@#@3%56@%&0 fithy! B BBBIST S LW} ibmihfs BREMR'SFRIG. 15
by piacing the lower end 112 of flow tube in a base such as element 1252 on FIG.

20 12 and by applying a downward force to the top end surface 1408 of balance bar
segment 1402A. The resultant downward force on upper right angle element 1407
forces flow tube 101 downwards so that the horizontal surface of lower element
1407 forces the lower connecting ring 1403 downward to the position shown on
FiG. 15.

25 _ FIG. 16 shows the flowmeter of FIGS. 14 and 15 equipped with meter
electronics 1251 and the spring structure 1238 and its associated elements. This
spring structure and its magnets and coils are affixed to balance bar segments
1402A and 14028 after brazing. Spring structure 1240 and meter electronics 1251

performs the same functions already described for the embodiment of FIG, 13.
30 Description_of Figqure 17

Figure 17 discloses a Coriolis flowmeter embodying the elements of
Figs. 5-9 as well weight 1251 and base 1252 of FIG. 12. Thus balance bar 1002 of
Fig 17 is a single integral unit as distinguished from the segmented balance bars of
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15 nodifications and alterations. For exanple, although the pBdsaah 2005

I nvention has been disclosed as conprising a part of a single straight #ube
Coriolis flowmreter, it is. to be understood.that the present invention is
not so limted and may be used with other types of Coriolis floweters

I ncl udi ng,,Si gl. .Oﬁ rrulti'pl tube flowneters of irregiul ar or curved

confi gur ameoq "‘%f’f’e W nates %&'Hﬁs"%‘é@m the balansg henaf the Cariglis doxansterofie
fl ow tubef nﬂzﬁ@gqﬁ ' | ' ' ' - YGS i ng
st ai nl ess ?t eel . Thgﬁ{%%ﬁlgﬁéﬁﬁﬁé&ﬁgdﬁ)&%ﬁgﬁc |F§§§ étjg}i]ng oF ﬁ‘géry lr%ét;teri al s
wher e t hedetid phin stepfelémicahif defsired pdingi structfireé bEFIG Bhisesitilar iostidit bfer ent

Hing. 26 FENZEReG88 Pt Skidia 1230 ok Mgy 11oihas heaniisietsd Ram RIS. &
f1 ow g ube1t 18ko ' crée@égsl gﬂ% ' nf er
ope\rllvi n; thf oﬁ?ﬁ’ éﬁ@v\hgl@gﬁ{ésd;%@aﬁw t ube %@gﬁgé?ﬂgﬂzﬁ ul ar.hl?é%%xg@l‘%%bt ?%02,
14024A, 14bgsjngedntegravbalaneaibdr 602wt Bl HhdAssingleunidgra) baaros bhr paiyt | on
f said f . said bal ance bar h ter thermal, coefficient of
oxpans or% Hegd Wit Shd¥ pEFBpEE bar 8023 foktlnn dBamdesas ieastigpdor “sai d
oAl Hesatimaadd ; 5 . ;
connect i ng g P tiiig e Draafih Sperdten:! SefbnttPBhiaich8als 19 sBbwERIPFIG, /)
of said cotha@ddvaptagagusivarseddowgpplidationsin whichrtheientiverflowemdtenstractutace
f said f - i-al out i_rcunf tial fa 2, 14D4) . of
oai d b onie EridP B BaRa, INsBen EasPEraTIERsathe Suelie 200 % milieal
first di reducostrabs assesBesd with th@%i%ﬂiia%ﬁ?iegg oﬁ&%@%&%ﬁ fhe

radi al inner circunferential surface (505, 1404 sal ortions of
sai d bal gmétuﬁ’éfra%&%lsl?ﬁlfﬂl@ﬂteméalamecbﬂs. said taper of said connecting

ring means:  sqf f GULEbIIY LidbrEREY AP 15 SRiRSd ifvattioR 3 hotts te itad ©¢

to the description of the preferred embodiment but encompasses ather

15 modifications and alterations. For example, although the present invention has
been disclosed as comprising a part of a single straight tube Coriolis flowmeter, it is. -
to be understood that the present invention is not so limited and may be used with
other types of Coriolis flowmeters inclUding single or multiple tube flowmeters of
irregular or curved configuration. The invention has been described with reference

20 to the flow tube and connecting ring being titanium and the balance bar being
stainless steel. The invention may also be practical using other materials where
the thermal coefficient of expansion of the balance bar is different than the flow

and connecting ring and/or any other elements such as a tube ring.
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20 sai d bal ance bar prior to a brazjng operation and then ful 8arcs200%d

I nto said bal ance har during said brazing operation as said bal ance bar
expands in diameter .... nore than said connecting ring; said tapered inner
circunferential surtace of said end portions of balance bar is adapted to
be affixed by braze material (806) to said tapered outer 25 circunferential
surface oflsahdﬁgonnectlng ring neans at the termnation of said brazing
operation BINREaMBPiolis flowreter of claim 1 characterized in that said

connecting ring MERTori8BolWwiester RQviggf | rst connecting ring (503, 1403) and
a second connecting ring (503, 1403) each adapted to be brazed to a

di fferent end ofafﬁanlﬂ-lb:ﬁa(%(}.e bar; 29 8 March 2005 a tapered radi al outer
conn

circunferential urf 1404, 5 LISt

adapted to be bf EBG é%ﬁ Hﬁ%’ﬁl@éﬁ ﬁg@? ﬁ({?ﬂﬁél‘”n@l?% %f' tg"%tﬂﬂf? ace
of a figst Mgﬁ,dwtl}b@@fggﬁdgpar during said brazing;, a tapered T adi al
outer circunferential surface (1404, 51 D) of said second 5 connecting

ring i s adaptedatigbular belanse bas ( 5@2.d14%r161@2|3)t¢9ﬂxm| withrefaiol Bowitebe apar f ace
of a secon r sai d brazing operation. 3. The
Coriolis fggﬁﬁrﬁrt"@bg@?‘ %’f%ﬁﬁﬁa}ﬁg%ﬁg 'éﬂgq' | n that said first direction
defines a tapersé@@laﬁé@bahﬁéﬂéﬁéﬁfe%ﬁérﬁihfh@éfflé&ﬁt%@kﬁﬁnéfﬁﬁ ﬁéhe'oesentef
.of .said .10 flow tube. 4. The Coriolis flowreter of claim?2 characterlzed .

in that saf@idfflovetubsirection defines a taper (1404) that has an increasing

d d .  al t f id fI t b I
T owmstthr of ol aAl 84 RarkRBBPoLy sAB ltRAnEhar el WiPian Suarppdinot,
first (100@4kt apdrifors6Esdid cohREdihg BRY a—qg‘ae,sbar segnents havi ng axial inner
end portions (1236, 1237) coupl ed%o each other by spring neans (1240) to

accommmodat e a daf a@ablnnﬁactrmarenwfsurﬁaperiﬁobf143 aisashctrnesdiog g d 20
flow tube ﬁlﬁgn§%'oﬂp%?il t%rh(f'lec&%‘: circumferential surface of said flow tube;

a radial outer circumferential surface (512, 1404) of said connecting ring
15 means is tapered with a decreasing radius in a first direction with respect to the
axial center of said flow tube;
- a radial inner circumferential surface (505, 1404) of said end portions of said
balance bar has a taper that matches said taper of said connecting ring means:
said connecting ring means is adapted to be partially inserted into ends of
20  said balance bar prior to a brazing operation and then fully inserted into said
_ balance bar during said brazing operation as said balance bar expands in diameter
more than said connecting ring; S |
said tapered inner circumferential surface of said end portions of balance
bar is adapted to be affixed by braze material (806) to said tapered outer
25  circumferential surface of said connecting ring means at the termination of said
brazing operation.

2. The Coriolis flowmneter of claim 1 characterized in that said connecting
ring means comprises:
30 a first connecting ring (503, 1403) and a second connecting ring (503, 1403)
each adapted to be brazed fo a different end of said balance bar:
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6. The Coriolis flowreter of claim2 characterized in that saBddehao@® bar
conprises an integral elongated nenber (502). 25 7. The Coriolis flowreter
of claim2 characterized in that said radial outer <circunferential surface
of said flaw tube (501) is affixed by braze material (506) to said radial

i nner circunferential surfaces of said first and second connecting rings
(503). 30 8. Thea@ﬂﬁér@d‘r%dfdl@M@F&{cuﬁ#&@nﬁh%dﬁﬁ?{ﬁ@ﬁ%ﬂQ?Qf &idt sai d

bal ance bar has a thermal coefficient of expansion greater than that of
sai d first GABNRAERSTING s@AHaRted fybe brageddedsait tapasad dadipl neaciicoméenential -
connecting g4 ey f [ .to that of said

fl ow tube. g%ﬁﬂge %?Rﬁfgﬁg&gﬁ#ﬁgh&gglbﬁ?@pég\%ﬁ@eﬁgréﬂ-l(% claim?7 further

i ncl udi ng a st epa(38pdoadmhpdiaraifcamieénental samficef(1484 d51B)pet sald second
circunferentjal surface of, sai al ance har 5) that engages an  axi al
Cner e (e ce Riede Aebitdinb Bk B s Berty Rl St e e | i
t he anount dyfade cta satshd endtof aaid tntsordbaodinetd $416 braFieg cpatatien.axi al ly

inserted into said bal ance bar. 10. The Coriolis flowreter of claim?2
further conprising: ~ ,.. first and second annul ar tube rings (1007)

coaxial with andsepRErCaidle f¥inibtet B BRI i28farabteabd if b it irst et Al

portions of said radial outer circunterential surface of sal

(1004) ar e ¥ERattaper bF H)dhahbay B sec(erEig radiuy tvars ithe exial ceoterfofrsaid i al

surfacgg Ofﬂait@ft?hefi rst and second annul ar tube rings; a radial outer
circunferential surface (1008) of each of said first and second 15 annul ar
tube rings is tapered wth an increasing radius towards said axial center

f id fl t ubg; ' ' ' ' nf ti.al f . jd first
and" second connekt T KRGS TRy gBr G Sy BEraradteridee e SRl et Bsgstcs
sai d first defiesacapdr aryn4d) anatndean intgsasingl rdtigs fovhAERhEaxidldentidreases
radially toma%ﬁs the axial center of 20 said balance bar; .said radial

i nner ci r cOMEFRNARE surface of said first and second. connect i ng rings is
adaptegsto be affixed by braze material to said radial outer

circunferential surtace of said first and second annul ar tube ri-ngs during -
sai d brazi ng opér athekoriolis flowmeter of claim 2 characterized in that said balance bar

comprises a first (1002A) and a second (1002B) balance bar segments having

axial inner end portions (1236, 1237) coupled to each other by spring means

(1240) to accommodate a differential axial coefficient of expansion between said
20 fiow tube and said balance bar.

6: The Caoriolis flowmeter of claim 2 characterized in that said balance bar
comprises an integral elongated member (502).

25 7. The Cariolis flowmeter of claim 2 characterized in that said radial outer
circumferential surface of said flow tube (501) is affixed by braze material (506) to

said radial inner circumferential surfaces of said first and second connecting rings
{503).

30 8. The Coriolis flowmeter of claim 7 characterized in that said balance bar
has a thermal coefficient of expansion greater than that of said first and second
connecting rings and that said first and second connecting rings have a coefficient

of expansion equal to that of said flow tube.
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25 11. The Coriolis flowreter of claim10 further including a8daphddsl)
on said radial inner circunferential surface of said bal ance bar that
engages the axial inner end (1112) of said first and second connecting
rings tolimt the anbunt by which said first and second connecting rings
can be axially inserted into said bal ance bar during said brazing
operation. 30 12. The Coriolis flownmeter of claim1l D characterized in that
sai d bal ance bar has a thermal coefficient of expansion greater than that

of said first an ; i i o kst d
connecting ri ngsg'hmqg&tmﬂ%r ma gfﬁ%c@rﬁcﬁ%?@%gﬁbgé g\ (g?@zggﬁ)}?\agon
great er t haradiglannerfershofisdid taperad tircaoderendahsuréace obsaid bafgweabat (808) of

id fl tube. 13, The Coriolis fl t of claim 1D terized i
that said 1TPLENGAGES 81 QHEbIING: GRAE0RTGT $3iR Jstcan serand porateciing Hifond
annul ar g ub(cwaP B9 Bmitee %?ﬁc?hn%%'@tﬂﬁﬁ SHRY firSPNRd debbRd BBAnd AR Bhgs can be

coefficients of expansion. 3
axially inserted into said balance bar.

| 10. The Coriolis flowmeter of claim 2 further comprising: S
first and second annular tube rings (1007) coaxial witﬁ and encirc‘iing. axial |
10 portions of said flow tube;
said axial portions of said radial outer circumferential surface of said flow
tube (1004) are affixed by braze material (1008) to radial inner circumferential

surfaces of said first and second annular tube rings;
a radial outer circumferential surface (1008) of each of said first and second

15 annular tube rings is tapered with an increasing radius towards said axial center of

said flow tube;

said radial inner circumferential surface of said first and second connecting
rings has a taper that matches the taper (1008) of said first and second annular
tube rings and has a diameter that decreases radially towards the axial center of

20  said balance bar;

said radial inner circumferential surface of said first and second connecting . ... .

rings is adapted to be affixed by braze material to said radial outer circumferential

surface of said first and second annular tube rings during said brazing operation.

25 11. The Coriolis flowmeter of claim 10 further including a step (1111) on
said radial inner circumferential surface of said balance bar that engages the axial
inner end (1112) of said first and second connecting rings to [imit the amount by
which said first and second connecting rings can be axially inserted into said
balance bar during said brazing operation.

30

12. The Coriolis flowmeter of claim 10 characterized in that said balance
bar has a thermal coefficient of expansion greater than that of said first and second
cannecting rings.and that said first and second connecting rings have a thermal

aq
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coefficient of expansion greater than that of said first and second annular tube

rings and that of said flow tube.
| 13;" The Coriblis fImeetér of claim 10 éharacteriéed ih that. sa;d flrst énd

second cannecting rings and said first and second annular tube rings and said

balance bar have different thermal coefficients of expansion.
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