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BRACE BAR W TH TABBED APERTURES FOR BRAZI NG TO A FLOW

TUBE TECHNI CAL FI ELD The present invention relates to
whe@em9es s, and nore particularly, to a braceP@HUSWOT/H77090

a reduced coupling gap. BACKGROUND COF THE | NVENTI ON

Brazing is a widely accepted rret hod for bonding two

structural elenents together. ically brazin

i nvol GRACEA Bt WITRY %BIF%zﬁPﬁﬁT‘WﬁF QRaPRAGNENEC SuF UL EYBE

of one or both of the elenents that are to be joined
TBGINIQAL.FIER® el enents t hen undergo a high tenperature

brazi ng process that nelts the brazing material. |If
t he TER @ReSILINNPRIQIDIslHet foracsriara igdiaere pagiquisly, to a brace bar

ra2| ooI s, the el enents becone
ngl dg%f a(?ul%ﬁmg(_gra nently coupl ed to one anot her.
Problerrs can exist wwthin the brazing material if the
gap betvveen the el errents is too large. A large gap
B AfeK (R bOE : 3 s in the need for a greater

uang Ly of b ter ti
by 2t WS RS effog i dndel G ] dgens
togditet! NgprkAQ bk%,?ﬁ‘ﬁ/%ﬁfes %ﬁﬁ%ﬁb&&lﬂg@%ﬁ@% thE d&IERDs of one

includé voids 1nthe brazing material, uneven contours
or hntdh afrthe klemeatsdhatreard ég bajenddt @zethgr. miheelealentsahen undergo a high
suffici ently fill the gap ﬁegvve,en the eJ enents to be
terppeyatwae biggriguracest thal 83dts fhe Braging, mPfF“F‘ fhegjements are

co@?éﬁﬂ%{%@%ép %ﬁ%g%ztrn?‘f 1al?8é%}§ %(lgs\?vg%g[‘n% substantially
peimamentigrefiplcédo bhoamdha@zi ng. Many Oorl oI is flow neters
i ncl ude one or nore brace bars towards the end of the '
f I oRreblpes capesispwitbin the beazingmgieriabddhe Bambervsan theegements is

tof a5 Lorgh b Bini<Rh thFERIhRteRule i d HRG thEp EPoaper quantity of
brdzyi)) SdtdrMl. bA@ﬂ@d%da@ltltw@f6ﬂa91wgtm&t@1/u§1qﬁ@f%a§e@ thi %hﬁndeeranperfect
ci rcunference brace bar provides a path that

bragangrilss irtchensby. alcearhples aﬁnlnpdrﬁwt bmbmgt ioclvde vonisex thecbrazing
|nt asmglevibrtlgcg(str wever, in or

maggjfal {eV6h GRRiopy s seffbBpfieaats ra?lggemt?ﬁl%lép Seigiently fil

4 05 W RELAIRRAGER KL R BUOR RO ReRIAGR, B oo
detimabiy vintdeémazd the gap bough thedteatents.

Flow meters, and in particular, Coriolis flow meters have benefited from brazing.
Many Coriolis flow meters include one or more brace bars towards the end of the flow
tube/tubes prior to a flange. Each brace bar has a center opening for receiving a flow
tube which projects through the brace bars. The brace bars are typically brazed to the
flow tube/tubes on their inner circumference. The brace bar provides a path that permits
the brace bar and flow tube to be connected into a single vibrating structure. However,
in order for the brace bar to be effective, it is critical that the brazing between the flow
tube and the brace bar is not flawed.

A problem in the past has been the ability to provide a large enough center
opening for receiving the flow tube without damaging it, but maintaining a minimum
gap so the brazing material will fill in, while at the same time preventing the formation

of voids. Once a void in the brazing material is discovered, the brace bar is typically
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opening for receiving the flow tube w thout damagi ng

it, but maintaining a mninmumgap so the brazing
woredoeoz@bs wi I 1 fill in, while at the sanme ti nmePCT/US2007/077090

preventing the formation of voids. Once a void in the

.brazin teri.al is discovered, the brac

dls&‘@%@é 5?%@3}%@&%@@86@&@&%%%@6.rﬂar} AEEe lre@%rtng‘Plsms occur with

otﬂeP %0 Eéérsgg Lﬁgegé?ﬁ nﬁ}'eﬂgbﬁ B erR6dk tIWé tclﬁ]d thgﬁgroblems and
coup process h resent iInvention overco

anhhvauﬂnﬁtMHmemzphmbbéns and an advance in the art is

achi eved. SUMMARY OF THE I NVENTI ON A brace bar is
provi ded according to an enbodi nent of the invention.

StﬁﬂﬁbQﬁgﬁﬁFﬁ?ﬂ;ﬁﬁ@ﬁ%ﬁﬁﬁ&ga brace bar plate and at | east

he brace bar plate. The brace

bar Af bat&Bir i€ PRPFileRsccdtdih@@shn emBodidkent OF BeSflvention. The brace
proxi mate the at | east one aperture and extending from

bar ¢grempriises @ Hyage i plase and at leasttonbeparswierfbinyed mcthadrasg bat plate.

t £ t ub. b
T ERG R utts” KR BRboa Rt Oby ecited BrbiBHe hiat opyaae
a &ﬂhc%ﬁ&@&kﬁ@ﬁg%hhﬁ@E@bﬁ@%b&hﬁhﬁ and at |east one
aperture forned in the brace bar plate. The brace bar

f u r AhBowaobpasssablyaincludags atdemst badb flbectabednga bxicedteis provided
. at | east aone pogrt ure and extendi n fromthe

acoc% ing|tg ap emppdimgent|od fag inyRRtiqn. ohhg ‘enaee Cpaémn%ﬁgaaceebar plate
an&v'a b8 J %E%P@ﬂuﬂeﬁgﬁ‘hecpﬂleth ‘B?e[cte"f%l??la&f WFIH@QI% 85r {ug%lgit Ehprises

race I nc ng a race ate an

at Elﬁ dnebab Bcpted\proieichadethoratidagt ére eﬁi@rtaf’@ﬁdi eﬁ&d&’ﬁdl@g friohethe brace
i nvention. The nmethod conprises the steps of form ng
bapyplajee gldic asheashprg flowdubhistnesitipngé efl%lam thpl dfleasherp aperture.

2 Tl 070 TR PR AR e oo

is proeidet aegordiy tB'aﬂte@nbo‘HHﬁEﬁtr&dhé ﬁ{veﬁﬁéﬁn THe aqetﬁmdmmses the
assenbl y |nclud|ng a brace bar and at |east one fl

stepsibbfarmimg atvicatd @naepentutic ng thedbrage bartpd@tc rpdtoqting Iﬁlee at least one
I nventi o The nethod co ses eps of formn
(b RORBRSE s | HSEP R AT B PRI £ et AR tab rom the brace
bal PGAL i ng at | east one tab proxinate the at | east one
g%erture and extending the at |east one tab fromthe
br adembtiroddbatemiihe flovt tubd afsenttihe incdwdipg b bescettae asd epleast
f t th (o t f t thint
Ongﬂo%géb@ asgl%lggg g,aggf?rgmgzgfag@p%)eodlmgr\{\{ ochﬁee 1nV\\1Aent1|0r? Tﬂe method

comprises the steps of forming at least one aperture in a brace bar plate and locating at
least one tab proximate the at least one aperture and extending the at least one tab from
the brace bar plate. The method further comprises the step of positioning the at least

one flow tube within the at least one aperture.

ASPECTS

In one embodiment of the apparatus, the at least one tab is at least partially
deformable.

In another embodiment of the apparatus, the at least one tab extends from an

interior of the at least one aperture.
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In one enbodi nent of the apparatus, the at |east one

tab is at least partially deformable. |In another
wepivosizavest of the apparatus, the at | east oneP@EDBS2007/077090

extends froman interior of the at |east one

ape ture.ln yet another enbodi nent of the apparatu

¢ he Iy dngtiet gwo HBCL GBS YU IRE 3 IPRsy 0 OB apegggnprises a
IR Fdatdt ol £8F he Rt phAldlY ALQHNS II%HHF t‘i’é{ rt
pdgt Qt?eogg%@ogg ééer%s{ya an,yeB ano ﬁrlr gn‘oo L Ras {)Weape Hre:

t he [lappadnaties ,enibbdlrﬁftntloé dst appaeattigbhsatisisaohe aibl snbstantially

confornms to an outer circunference of the at |east one

confogis fm%ouqehcv@%m%@ﬁ@m@f ey denstrene flow whe appar at us,
thetﬁﬁg at%%ﬁ‘fer% %ohﬁlqef-rft C%)Z) ?q”tuso el 184 %H?ta f &ELts an outer

eas one anot

cireiRgenRNYf thé att108st 3RO Todt thHe. t he at Ieast one tab is
coupled to the at | east one flow tube. In yet another

enb by etermothst etthedapeuodthesapparsusathe atdeast one tabeaib cpgpled to the

pl 31 e flow tube and the at | east one tab can
atf?flsut Eﬂﬁaﬁally flex after the at least one tab is

couph ?& atn‘étﬁeliJ %nﬁ;bdlrﬁ@fﬁtof ‘ﬂ[heaﬂﬂa%§ lt'l}i’eeat léa{bt BRE tab is coupled to the
enbodi nent of the nethod, the nethod further conprises

flophtmbs taeqb theef atéecets&nnie tmlg dahat kst masdllyofiex afidr the ahdeast one tab is
@ﬂﬁg o "ﬁ»‘eft‘ st one aperture. In another
co r‘i‘@ e@,p ? , the at least one tab
& émﬂg@i?tfégi@bf P%I Iﬁéth%)&‘,btﬁe ‘ﬁil iRt U@?pﬁé{{)t‘[ﬂg tep of

|nc uges t ocatin |ty

exfeadil thant 1|eaét loyie aatoﬁmh am 1|ﬁ%ﬁ0li’fbf &re anfleetshen@apdr@@@t one
aperture, l)P/et anot her enbodi nent of the method, the

net m)ancfthert odetmp? plstas matleods ﬁléqaatdﬁa% B fabramrisgs a plurality

nf, n
of gal% eer%ﬁﬁ’lgﬁ Iﬁltt{l 116”}§1%1d$ etglg tS%g) ?$ ating a u@gr.ahl%og teaps at least
paﬂﬁgwa%urﬂ 180t oPfhetab ReabBsMROberthiite met hod further
conprises the step of contacting the at | east one flow

t ubén wettamothes eatboldaaett obtiee mathod) eyeethadh irtier comprises the step
e di. t he t he hod further_.conpri
of FHBCRBHY 6P tostaite T o HastAniahL SoHaet ST RerAECay e loast
onk €8stryBRe flow tube. In yet another enbodiment of the
nmet h otg the nethod further conprises the step
In yet another embodiment of the method, the method further comprises the step

of contacting the at least one flow tube with the at least one tab.

In yet another embodiment of the method, the method further comprises the step
of coupling the at least one tab to the at least one flow tube.

In yet another embodiment of the method, the method further comprises the step
of coupling the at least one tab to the at least one flow tube wherein the at least one tab

can at least partially flex after the at least one tab is coupled to the at least one flow tube.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a prior art brace bar.
Figure 2 shows a reduced coupling gap brace bar according to an embodiment of

the invention.
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of coupling the at |east one tab to the at | east one

flow tube wherein the at | east one tab can at | east
w@aoovjozdoby flex after the at | east one tab i s POUPE®A7/077090

to the at Ieast one flow tube. BRI EF DESCRI PTI ON OF

THE _DRAW ure 1 sho rt br ce bar . )

Fi glitgire 32 ﬁ 4 crsmiesp Wﬁ&lﬁwp wlgtﬁaa% Shcbiggs bar according to
an@ﬁ%gagh&g Otfﬂ,leaﬁllvgﬂmgl nment of the invention.Figure 3a

shows

a cross-sectional view of the tabs of the brace
bar FaqeoBbishgwt a ceossapotrishaireietv of tht lnebsi of\tlebitao@ bar according to
gure 3b shows a cross-sectional view of the tabs of
an@th@r@‘fﬂa%rr@aw%@éémﬁmﬁl@nto anot her errbodl ment of the
i nvent | r
t he %go%g @Cfsfl:é\ﬁéjﬁgro%g-sg 1 91e3/ tﬁe o anoal|t)1ra¥é B accordmg to

race bar accor
an@RBOShP&Imeaf of the ihvengibhi on. Fi gure 3d shows a

cross-sectional view of the tabs of the brace bar

accd I‘tgilfﬁédlsbo\aﬁ aichess-seethom wiemt ofothe tahs dfthebiace har according to

TAlI LED DESC% TI. (]\I THE I NVENTION FIG 2-3 and the

angthey GRAPRYMERERY § t“i“('ﬁ’il Bpi ct specific exanples to

teach those skilled in the art how to nake and use the

best node of the invention. For the purpose of
DHEERMH D ESOVRITION OFi THEEINSENEEME convent i onal

mtted.. Those skill

aspec ave been nplified or ed
ﬂé %rﬁ agg fhe %@N@eg ACRTIPAION AP SDEF i GBS to teach those
S 04 S RO B A L7 pos
offteaa;hurgeﬁqxxéﬁa% ipbRdiphe @maébrbzenQMIa@pebts mavarbeemsslmphﬁed or
ways to formnultiple variations of the invention.
Orrattedssﬁh@se skiéed; lﬁ\xbwrtowllu @pmaw VATigtenstisom flacse ;%émpie@ that fall

AR S 0 AR rRAS, ST Y O TooRlhe o v

feat@Qs degcriveli W Ehe bemﬁqﬂqﬁ@cﬁl PatoukOPaysnel fed@smaltiple variations
plurality of flow tube apertures 101, which are sized

of al;]m llifl\mnaped bA@ catesept td owentipeds |11©2 llrmsedfmwtltfe slsﬁeﬁnq examples
101
derchbe SR efirer URCRi3H Sehdni wtUBlE 103 Thie

enl ar@eTedtolsSa rf)‘?fb‘?sa?@'bi/ac% &Ry kv tﬂb@@?ul%an e brace bar 100

inserted and so the flow tubes 102 are not damaged
inokinddsea pliralgyiofsfdow eédbe apertures 101, which are sized and located to accept

flow tubes 102. As can be seen, the flow tube apertures 101 are slightly larger than the
outer circumference of the flow tubes 102. This enlargement is necessary so the flow
tubes can be inserted and so the flow tubes 102 are not damaged while being inserted
into the brace bar 100. As a result, a gap 103 exists between the flow tube apertures 101
and the outer circumference of the flow tubes 102. The gap 103 can be problematic
when a manufacturer attempts to couple the brace bar 100 to the flow tubes 102. The
gap 103 can cause voids in the coupling material or can cause uneven stress points
which can result in a premature failure of the brace bar 100. Additionally, a large
amount of coupling material must be used to fill the gap 103, thus resulting in increased
costs associated with the brace bar 100. Typically, the coupling material has less
strength than the flow tubes 102. Thus, the greater amount of coupling material

necessary, the weaker the coupling.
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into the brace bar 100. As a result, a gap 103 exists
between the flow tube apertures 101 and the outer
we@2oogredoes ence of the flow tubes 102. The gap BROBUS2NT/077090
be problematic when a nmanufacturer attenpts to coupl e
t he ace bar 100 to flow tubes 102. .The
can FLGL2 8host abmes tore0E BEFATAG s dipcie dieation. The
t [ e i
br#@eci\ég?gﬁodfb 159 ﬁ%%éc%’gr 151’18{6%& dlgtlllélhgﬁ ltl;?/e’ﬁl ?ei“?(géjfseshown as a
singhoamt uiforoo U@ﬂnpﬁ@emrait ghowld beusidebeowtd etht 0 sbnk |eniHa)dlments the
a\%ﬁ? 103, thus resulting in increased costs assocj ated
plaj 2A0 tIEBISEE EVB AN MO, PAiSNE 49ingd tegesherouphe ﬁ@rtlcular method of
JOlﬁ[ﬁgetflé ﬁ%e %??nér z)%rt%r{setn gétﬁgt Pse}ﬂ)t tlrtﬁﬁalft&rgvi‘oil Hpﬁ Erese%% invention and

greater anobun mat er |

sh&186 @986 Bt the ﬂeoﬁ@éﬁkﬁk ihRitioau plrylp'ﬂ@11§| fhe MBethB@WE jGining the two or
brace bar 200 accord |g(g to an enbodi nent of the

mqrﬁ peritane hogeties villadepebdon zlmft)pamﬁplar gwterial bsedctor ighg brace bar 200.

te 206 th h
AU Srnlabnibnants ool PRGN bePaRtcrorO R AL shape and
ha AT, SIEQAHLIRN b Sifol Gtk %@ﬁ@eﬁ%ﬂ’fs‘rﬁﬁ%nﬁl% @ thfiRbodiment,
portions joined together. The particul ar nethod

Othai stiapg trhee bmophutesnmag heougeidomsl thegparhienlar $ha{p]3t is not limited to
reqTRAar, MUY bTACR EaT AP O FSBNGeat PP surface,
et ﬁ‘ﬂg pPicel CP% Qb?‘ %ncthyc?es affe OI{EDE[ iR Olofb%gjlte?%ﬂﬂ%e&ace bar plate

will epen articu terial use

206r ﬁcﬂletbahﬁbo'lﬂl&enboﬂﬁbm iamG. 2, tha“tﬁhw@% pldie 206 agduddrtwo apertures
ga ate 206 is shown as rectangul ar in shape and havi g )
20 fad&sbsheperdiag |ty angi FBPoAiRGRT at gc Myentiqly dhe apertyres geL comprise

flol] TS Spaiobe LB TRyl L oPAPECRE B TuRRR o fow wbe

apériufted @@tﬂecap@ﬁaie@rmmlrﬁzﬁ b Pfﬂdl@dd' for atdaﬁegy @ﬁaq)pm@amn{satwmle two
206 may include a non-uniftorm surface. The brace bar

ap@ooes ROl adbsaratshbwasin bHe 2pdrshondd Do urfdersted ihat tthe number of

s hp b GoRrtina 8 5epn T n 0D L iodound s the number of
apgr%‘@ég‘ghod?ﬂ: RO Hhi9hd & rgé)b@‘?of %ﬁ@ﬁl@bﬁ@%ﬂ Plrtl ot YN pefires 201 are

the apertures 201 conprise flow tube apertureés.

shdvonvay deingt dubstantigit cioculsth ohlsﬁomldtbebmdarmmb totvovdrl thwt the shape
t ube apertures as the apertur s 201 may be provi ded

of therapgrtyresi2fi \rap v anpit Heeg ewplu@upao apertures

201 g%%%% 5 RN, | J‘ﬂﬁéﬁ;b@zw s lﬁé‘e‘%té'dqn%e LY %Q&%&%%‘%Ph When the

t ha nunber of apertures can endi ng on

bragartat 200 ag c@ﬂﬁbiﬂeda’tfﬂt}@a v tfeUz05, &lﬁkecdlﬁtﬂheﬂ a@embly may, in some
apertures should not limt the scope of the invention..
embgdiptsrdpen pernef agaigeufley tpba agembly. While a flow tube 205 is shown

only inserted into the aperture 201b, it should be understood that this is done solely for
the purpose of clarity and a flow tube 205 can be inserted into both of the apertures
20la&b. Furthermore, while the discussion below refers to flow tubes, it should be
understood that the apertures 201 are described in combination with flow tubes solely

for the purpose of consistency and other devices may be inserted through the apertures

201.
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shown as being substantially circular. It should be
under st ood however, that the shape of the apertures

WwWQomozm98/ary dependi ng on the application. AsPGHUS2007/677090
FIG 2, a flowtube 205 is inserted into the aperture

201h, W h bar. 200 d h
t ubg‘hg@{ggptyl%eée?@gn% y: g%@ﬂi)ﬁi’lf]}lgc ! Rgc%r Hieg toaan em\godlment of
the\‘i\ﬁ?x@ﬁﬁ&?r} é'ﬁréto{)ﬂ&%éoﬂs o%\%?rtﬂ tlflé Biitel %R’Suﬁ?e?@ﬁ@é' df the flow

'e a’flow tu IS'S only 1nserted into

tubREOSt Whil2 GHdogperr turesi iUl ehnhizfinp defirst quaingh203 thiat & slubstantlally the
done sol el ¥l for the purpose of clari té and a fl ow
P ¥

sarpoSize i the oHewPe 245, et Bot Hilomaf Hs Aoy 85 9@113@@ damaged
up ﬁl rr}sre]r“?fo rﬁg@ﬂ%&%é fqﬁe %rs%%ggrgmg ? ?{ %s[a%tlg tﬁe sl Wze as the

under’st e aper res 1

ouf %n@ﬁﬁﬂférbﬁ@dof theCRGWI t0BE OB, et (ﬁ)eﬁtﬁifg ieh'gﬁﬁat&‘é' ﬁhge is severely
for the purpose of conS|stency and ot her devi ces

linted; nler tiebeqanso thghbrabe barp2(t and the2law Thiee a@@ mayrleeformed from

SevarisneopavhE ¢ ABER MR’ ERPLT R ahiTGieass Tous. if the
ﬂok@t’h@@ r20t5 Qﬁﬁaﬂcﬁ &t QUi BErehi FafdHFaB HRNERCO bat DR, fthORo{U4RBe 205 could
he apertures 201 can define a first

bedpemgﬂgmﬁﬁﬁmihmhxweosmﬂs@am&uah@yp@h&n&ane S|ze as the
flowt rel kthat t be 205
coullye éaqé%&@é clidgspt {eat, one b E@z at 1§ast pie tab 202 is

p0§1ﬁ5§éd @%?ﬂ%{l‘trg é%%?teffgsﬁibg@zaﬁ)@ﬁweaﬁdyeﬁ%ﬁ@% Etﬁé ?ﬁc@%ar plate 206.
In oieiabbdigndne FRewAtitIRGL angeplitilise ve tfsy202i :met}ﬁdwd?é'ﬂl Bowever it
i s because the brace bar 200 and the flow tube 2

sheydd hgrumslgrstgashihat sgrae embodupents anky lﬁlﬁlﬂdﬁ@ aanglﬁéale 392 Although

e expan n ffi.cl the f
g RGBS SRR RIS SRR B 2pg e byl i¥hor or e
ap&aire2001, ihehdrlPvbddithentd Ohe e84l @2%n@@ﬁﬁ@o&ﬂﬁﬂe@bmons of the

i ncrease or a decrease in tenperature. The brace bar
br@@@)%bb@?@ﬁ:l udes at |east one tab 202. The at | east

one .tab [ ti,one r oxi, t.he
o heA P I Bt PGS PRSI 1 g b S338 4R Fypstantially
i S | i of
ovillg GRed elihd ‘E@“@a“é@sﬁ? f Anp SafrkEe! 20 D HbR¥er, in other
errﬂabdimﬁmmhe sixedigent wargahy maycharde sabstangdlly trefor202The tabs 202
AlthougE Ee enmbodi nent shown i.n FI G fZ shows, t he t abs
capPe BRACEHE n@uef% M Fyt 81 Sprige PRRUIABEFG @ etiicobrpce bar 200,

théa{?fﬁg%, r?%%l} 121 W o atr‘@%egep(f flﬁnggéll ‘?llﬂéjtafbg 9% do not need

ce ba
to be machined or cut out and may be provided using other known methods, such as

adhesives, welding, etc. Furthermore, although each tab 202 is shown as being formed
from a single piece of material, however, it should be understood that the tabs 202 may
be formed from more than one piece.

According to an embodiment of the invention, the at least one tab 202 defines at
least a second opening 204. The tabs 202 can be configured to accept a device. In some
embodiments, the tabs 202 can be configured to accept a tube, such as flow tube 205.
FIGS. 3A-D show a cross sectional view of FIG. 2 taken along the line 3-3. The figures
show a number of tab arrangements according to different embodiments of the

invention.
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According to the enbodi nrent shown in FIG 2, the tabs

202 are substantially evenly spaced around the
w@eoveetoes of the apertures 201. However, in oR¢CEDS2007/077090

enbodi nents, the spacing can vary and nay not be

sub ntially upifaqr The tabs. 202 can be machi ned L

punﬁu@d?AoﬁhO}é’lﬁttﬂ%Eﬁ S0P FRe it supsanSATly e pgailar direction

: L her hii M.z} er, [t . .
willolespl (o e SRy IO T UBO chibodMHBRT i boR' Spening 204 is
sutmsahialigdh®sanseitizouat thenfirstayeniey poRvAtadugisihepehings 203, 204 are

known net hods, such as adhesi ves, wel ding, etc.
sulpsggntiadly nibe esamg sigeulls Bhe R0Z2aproode py 8eExedasrse gea 310 for

f di.fr i ngl i€ f eriak. [l
colfF 07 SR RUSEE, e PEBSUBna TSR gy manncr of
bohdi@f) BRIZhd, halin@NQagei- 86€ldindC Gl theg khewannetHyadi efeRttaching two

of the invention, the at |east one tab 202 defines at
cloneeatt tegedweontho pertiowdpr2oathotihel teundingowilt gppiselly depend on the

fi dt t i ce. nbadi ts,
SRS SRR B P R RE S B0 S
as QWM BUYREWLAR tabt & 3RnENAY Br&lifs $esd Bedn RBéndicular with
view of FIG 2 taken along the line 3-3. The figures

resphavio shaapdoeresol01t din thrsreartgelmeants theceoot] ogeniigg 204 defined by the
tabg :,.,?E)Eteiréggqtagggﬁjgglttgg %&%@‘i{eﬂfngeﬁgfg{#&& q'fllﬁ%perst@reg I}%\/lvs According
o RSO SREEHAD O ERRTEl 18, MO8 o

cirswfdrandel &l thy flobetubari®ssi aahRSerithwliments theopraitiog dlBe flow tube
Al t hough the openings 203, 204 are substantially the
208 appy portialy deferm dlstabe20dr ovi de an i ncreased surface

are 19-for c L in I houl d_bhe..under st ood t hat -
et ne By S ozt by TRuHRSE SR R gerpendicutar
with REpdid to HelipReturdsa®al MehidichtbodPhet IR sckBRIOpdRAS 04 is larger
of attaching two el enents together. The particular o
thamethh dutstofpeo gl A3n glnngthbodigyeintsain| whide plenthbe 202 testend in a direction
terial used for ejther or poth the ow t ube 5 and
RS B DB e 0N R ePesodRO MBS ¢hbdno s 202 e Be pressed
DAl RSvards Adid BG 1@k 2 ih 2R d REFORER e b1 The t
Orrﬁe%e%% tgvoa ?ghe %p?er%fng% Z(E)ﬁislgll n tﬁi sogg‘bodeic%eﬁtﬁl,ré,\??we ¢ tabs
203 exonble ppspedigr 2ecaet invedddyntihhey abata2Othel sutemalkdienference of

than the first opening 203 defined by the apertures
theyldaw tiecc#ftdi ng to an embodi ment of the invention, the

SEC316, PSR 0L 202k L ST 08.OH S ppcaions
it siabost egitabld he proside tthonabd 20Dewfth urtdsb811 to reduce the risk of
damaging the flow tubes 205. The curve 311 in the tabs 202 create a smooth surface for
the flow tube 205 to slide along as it is being inserted through the first 203 and second
204 openings. Although FIG. 3D shows the tabs 202 being formed with a curve 311
when they extend in a direction less than perpendicular with respect to the apertures
201, it should be understood that the tabs 202 can include the curve 311 regardless of
the direction in which they extend.

Referring again to FIG. 2, although the tabs 202 can create a second opening 204
that is smaller than the outer circumference of the flow tube 205, i.e., when the tabs 202

extend in a direction less than perpendicular with respect to the aperture 201, the flow
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205 may partially deformthe tabs 202. FIG 3C shows

the tabs 202 extending in a direction greater than
w@eoperdEul ar with respect to the apertures 2BAT/U$2007/077090

this enbodi ment, the second opening 204 is larger than

atea S 03" RTGRAC O 1A1SF U RO I CIE dhe P he aperture 101 were
smaﬁ%p@gg YRRy W JOBSPREL (L&t ReARETAMT 85 2prckoly flexive

e pressed or squeezed inwards aft
endughwtd qimetleﬂQB dePorimmaerd €hw hnl@eu Qost heirapred Une ﬂ&laperture 201.
The tabs 202 ressed or squeezed inwards untijl
Theredgrecaightongh the, gﬁbé GQE deding apppatiagsmager thaa the eyfer gisaimference

of %19 5ﬂ0':I t(ﬁ:‘Pn:§I858El%V\élb 562 %ﬁ st%?%gcbe nlg%hg nRL%e ‘ti[g)ISgW{tflgut causing

curve Sohe app icati esira

daPb gyl F@rtﬁéfﬁldr@bﬁlaﬂ%éé iwtéRpeiatiee svil nbi!- dhPagetheCow fgbe 205 as the
ri sk of damaging t | ow tubes 205. The curve 3 11 in

tabis )2t @msatzloast oty l‘éeXs moess porsgrtd aleerfcor rat¢reof ¢honge dgeveen the

orsce it 398 snin® BOCHES 205 ek 20 A b ghe e p el 202 ar

coéﬁl@&‘@o Eh'%%u?é}%cﬁ%eﬂ%ﬁéé‘&f therRdpe bpsa curve 3 11 when
they extend in a direction | ess than perpendicul ar

vv| t IAsrélspiém/ thbe 1208 iapesdartedemt® G, apdrtisb Q0N d thee tabs 202 flex and
tood.that the t.abs 202 can hncl ude the curve
pari@ S0Tn &% STGSY 9 HRRinfai eontaet WHLIRG OHECE KuURGTERcs of the flow

IR r]?nncﬂls"’}ggﬁ ! @e EhEE 20%0 ﬁ%{:‘aﬁﬂm c&ﬁ%ﬁ‘ 30 %heﬁ%etc ﬁlgcumference

create a SECOH open n Is smaller than t

of et Bowaube uoi.el(:&nﬁeenﬂjodﬁrhentﬁ,l awhtagb@oR@Sn HIGe 3C, Whetbs 202 can
the tabs 202 extend in a direction | ess than

be ﬁ@ﬂ?ﬁ‘éﬂ@l ivards uipgit they sepast thedlawmubepds upacothe, flawigube 205 is in

the ‘#élrgg?)@“%g% %1% tglgst 2(?? ¢d Ilgﬁ%ig\%e?%ltos%%{fﬁ 1,21 an%(ygt) E{é}gligee prior art
brdck ®ard, sRse 4 dp sudh & b6 PEraUss, ﬂhe%ré@b&r&@@ @€ not create such a

preferabl y f eX| bl e enough to part| ally deformas a
gap.| dhist mﬂ@cws the tahaﬁé)ﬂtra@lmtanma tighe fiapeth el tube 205. The tabs

r ef Lt hou he t 2 defi an openin
20 AP FRe Enuind@ el 1 wh o Bicantn 23 Fihued B P she tabs 202
an@% fibReubabss 2%@;@%’0&&& Y b@ﬁ&eﬁd &B?ehgér%ﬂtérﬂﬁﬁln@ O®in could be
wi t hout causing d Fur t her nore anges |
redlizag en atcipgomart] anhedanmgehet beacé [banw200 tmﬂelo%&haSOUﬂ)ﬂmg to occur

taps 202 can at least partially flex in_response
with fesepetlingamaisriah thparrgechgt e cast HeWpladdl 5m9r@othe tabs 202

allé\?}?delér Iﬂt%ﬂvfe éupw%bs'ggg %Qe'r;?:ee b;gggOf) l%glt%ﬁg %geua?éetjrtlm!npga%e variances as
thectabs Q0D eagng deRt phitlll | fuy inuﬁepéiﬁé-to changes due to temperature even
after the tabs 202 are coupled to the flow tube 205.

The detailed descriptions of the above embodiments are not exhaustive
descriptions of all embodiments contemplated by the inventors to be within the scope of
the invention. Indeed, persons skilled in the art will recognize that certain elements of
the above-described embodiments may variously be combined or eliminated to create
further embodiments, and such further embodiments fall within the scope and teachings
of the invention. It will also be apparent to those of ordinary skill in the art that the

above-described embodiments may be combined in whole or in part to create additional

embodiments within the scope and teachings of the invention.
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As the flow tube 205 is inserted into the aperture
201, the tabs 202 flex and partially deformin order

W@ 20000290981 n contact with the outer circunferePCEUS$007/077090
the flow tube 205. In this manner, the tabs 202

substantiaglly conformt .he outer cjrcunference, of .
¢ he Thiov yh eci e emRodisath g, exarples dos HBgwinyqation are

e AT R Ry ey B TR A SR sy possivle
with$n the dcbpe défHeriaderpal bd tiose shided abtheaORva@arbwill recognize. The

coupled to the flow tube 205. Unli ke prior art brace,
teaghings REREIded shaggin sarcheapriisd tpogthekitypee bprse apdapet just to the

i 4 nNet . cr . o Thi.s. yse -
oAU, U053 RR 4 PLF AR G, A RR o db iy PRGRET Saccordingly
the2¥ope dhehetinbsntd@2halildBy dddenaaePiroR0hEEs BsWidk dlamdl ck

into the joint 210 created between the tabs 202 and

the flow tube 205. This produces a better and nore
consi stent joint than could be realized in the prior
art. Furthernore, the brace bar 200 allows the
coupling to occur with | ess coupling material, thus
reduci ng the cost as well. Furthernore, the tabs 202
allow the fl ow tube 205 and brace bar 200 to w t hstand
greater tenperature variances as the tabs 202 can at

| east partially flex in response to changes due to
tenperature even after the tabs 202 are coupled to the
fl ow tube 205. The detail ed descriptions of the above
enbodi nents are not exhaustive descriptions of al
enbodi ments contenpl ated by the inventors to be within
the scope of the invention. Indeed, persons skilled in
the art will recognize that certain elenments of the
above- descri bed enbodi nents nmay variously be conbi ned
or elimnated to create further enbodi nents, and such
further enbodinments fall within the scope and
teachings of the invention. It will also be apparent
to those of ordinary skill in the art that the
above-descri bed enbodi nrents may be conbi ned i n whol e
or in part to create additional enbodinents within the
scope and teachings of the invention.Thus, although
speci fic enbodi nrents of, and exanples for, the

i nvention are described herein for illustrative

pur poses, various equivalent nodifications are
possible within the scope of the invention, as those
skilled in the relevant art will recognize. The

t eachi ngs provi ded herein can be applied to other
brace bars, and not just to the enbodi nents descri bed
above and shown in the acconpanying figures.

Accordi ngly,
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the scope of the invention should be determ ned from
the following clains. CLAIMS W claim 1. A brace bar

W@ 20029080 npri sing: a brace bar plate (206); arCT/E@82D7/077090
one aperture (201) fornmed in the brace bar plate

(ﬁg?g and at | east one tab (202) | ocated proximate
C t least one aperture (201) and extending fromthe

W@Eﬁ\ﬁﬁ: bar plate (206). 2. The brace bar (200) of claim
1, erein the at | east one tab (202) is at |east
1. par tA bdaby baleR00ebhwrisihg: The brace bar (200) of claim
1, wherein the at | east one tab (202) extends from an
i nt abirese ke plate(H10)) east one aperture (201). 4. The

Can i sogrk i SO PP I it DR T ke

at herast dRrib olz%( 1cﬂfawdrA1ﬁoﬁinﬁh% tHeRit @6asObnd Herdire (A and
one aperture (201). 5. fl ow tube assenbly,

i ncl udi ngxteadingdean thmberag¢ bav nlated26®d a brace bar
(200), wherein the brace bar (200) conprises: a brace
bar plate (206); at |east one aperture (201) forned in

2. the ThE a6 RAF (Id(ﬁtot? ﬁfa%g@, l;W}ﬁYeih RSt 1048 ohélthb((ég@? is at least

| ocat ed proxinate e at | east one aperture an
pagiallgridforgnabtecom t he brace bar plate (206); and wherein

the at | east one flow tube (205) is positioned within

the at | east one aperture (201). 6. The flow tube

3. assgggglbyacgfb gkﬂ@&dﬁ‘éﬂeﬂ SiHRedif gl%eaét lkfs@ﬁh? Eﬁgbg(t%%ﬁeextends from

(202) "exten man interior the at

an aperibtiofthé a0khstone Bpertfiteq®0t ube assenbly of claim 5,
wherein the at | east one tab (202) conprises a
plurality of tabs (202) located at |east partially

4, 8f o'ﬁlg bzr"ac%eorair %03 of %{aillnhl? Wehtereliﬁ Rt 908K BRE [anLj(l’282)( 020%' rises a
plurality of tabs (202) located at least partially around a perimeter of the at least one
aperture (201).

5. A flow tube assembly, including:

at least one flow tube and a brace bar (200), wherein the brace bar (200)
comprises:
a brace bar plate (206);
at least one aperture (201) formed in the brace bar plate (206);
at least one tab (202) located proximate the at least one aperture and

extending from the brace bar plate (206); and
wherein the at least one flow tube (205) is positioned within the at least one

aperture (201).

6. The flow tube assembly of claim 5, wherein the at least one tab (202) extends

from an interior of the at least one aperture (201).
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8. The flow tube assenbly of claimb5, wherein the at

| east one tab (202) is at |least partially defornmable.
wW®2009029098 ow t ube assenbly of claimb5, wherei nPEHESAD7/077090

| east one tab (202) substantially confornms to an outer

7. Tlhrecr#rgf gagf ! e|o$tc LS gqh%?egnfl oy %ar%?g]gé]é%a&M) comprises
*rfERY, W@%i@@%&@%?%%@%%?%% Y oo RITTAE S BAst one
apasgeifddy). of claim 10, wherein the at | east one tab

(202) is coupled to the at | east one flow tube (205).
12. The flow tube assenbly of claim 10, wherein the at

5. P08 hBRal ANy Wt cBHR By WMSardton BA5 R By ot oo

paﬁﬁﬂyfﬂefdrﬁﬁﬁle partially flex after the at | east one tab
is coupled to the at |east one flow tube (205). 13. A
nethod for formng a brace bar i ncluding a brace bar

| t i
9. P B gy BbesSEhiyy A7 cliis. Bt BRI ASRTBES BBRa0 I
su&'taﬁﬁﬁllp%ronmrﬁ‘fs &0 aﬁ%QlteJr RflinRGeidd& fahe h@l@%t 09@ ?lotwaﬁbe (205).
pr oXi mate the at | east one apert ure and extendi ng rom

the brace bar plate. 14. The method of claim 13,
ep of: extending the

Lﬁét [ﬁg[ﬂogr? égslqnﬂqlﬁp I PHRSTAR U dEALb e a@te(?bﬁ)? Gontacts an
out]els Clrgtlﬂ?f&&&cbq 04 a&l%?%tur a?ll \x;tlﬂr{)%;la conprising the

ocating a s at | east
partlally around a perineter of the at | east one
aperture.16. A method for formng a flow tube asse

11j nciThaifley arbppasants of sladmdO, wagein gieeati¢ashonraiise, (202) i8 Coupled

erein for ow tube assenbly conprises the
ﬁ\jl?at?astfoneftgé%q%g OfS} east one aperture in a brace bar

plate; locating at | east one tab proxi mte the at
| east one aperture and extending fromthe brace bar

12p| aflée flawdtubosissenanly of claire 18 wheresn theras 1¢asbond tab¢202) is coupled

o eatifhatons v QR PRt gl fpsopte B8 (365 & at teas

partially flex after the at least one tab is coupled to the at least one flow tube (205).

13. A method for forming a brace bar including a brace bar plate and at least one tab,
the method comprises the following steps:

forming at least one aperture in the brace bar plate; and

locating the at least one tab proximate the at least one aperture and extending

from the brace bar plate.

14.  The method of claim 13, further comprising the step of:

extending the at least one tab from an interior of the at least one aperture.

15.  The method of claim 13, further comprising the step of:
locating a plurality of tabs at least partially around a perimeter of the at least

one aperture.

11



10

15

20

25

30

extending the at |least one tab froman interior of the

at | east one aperture. 18. The nethod of claim 16,
wob@pe2998 he at | east one tab conprises a pl uredT/U§2001/077090

tabs and the nmethod further includes the step of:

| ocating the plurality of tabs at |east partially

around a perineter of the at |east one aperture. 19.

The . oo
165+ TR 0! KFPA T Py AME SORUATRIAERLE ChR 13 4R atlcast
onafloouibe, whereimnfoenanche dlowt tide atseheadg tompasdsttae klepwof:

tube. 20. The nethod of claim 16, further conprising

t he faapg af leagtgmeApeTtwg 189 tsagehar dlateunt er ence of the

at le | ow ' I . .

The arhe A Gt BB R BhinsFRabaiiEshisgdine from
of 1 coupklidigtatdBardflateedast one tab to the at |east one
flow tube. 22. The nmethod of claim 20, further
conpesispniggitheatsleesy oo flopowpk iwithin He aitledseant aparare.ab
to the at | east one flow tube such that the at | east
one tab can at least partially flex after the at | east

170ne TheRndiBod OERLRS 15 0futier ASmbBaARE URNEe] bEW t Ube.

extending the at least one tab from an interior of the at least one aperture.

18.  The method of claim 16, wherein the at least one tab comprises a plurality of tabs
and the method further includes the step of:
locating the plurality of tabs at least partially around a perimeter of the at least

one aperture.

19.  The method of claim 16, further comprising the step of:
substantially conforming the at least one tab to an outer circumference of the at

least one the flow tube.

20.  The method of claim 16, further comprising the step of:
contacting an outer circumference of the at least one flow tube with the at least

one tab.

21.  The method of claim 20, further comprising the step of:

coupling the at least one tab to the at least one flow tube.

22.  The method of claim 20, further comprising the step of:
coupling the at least one tab to the at least one flow tube such that the at least one
tab can at least partially flex after the at least one tab is coupled to the at

least one flow tube.
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