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WD 2005/ 052520 PCT/ US2004/ 038836 TUBE ASSEMBLY AND
METHOD BACKGROUND 1. FIELD OF THE DI SCLOSURE The
WO pwsensisen rel ates generally to tube connecti OPGT/US2004/038836

nore particularly, to 5 connecting a flow nmeasurenent

tube to a base nenber. 2. DESCRI PTI ON OF RELATED ART

The nmeasurenent and control of fluid flowis extrenely

i mportant in the process industries. Mny

manuf act ur i nNYBIC 8sSSEMBIW ANXMETHE@DuUr acy and

repeatability in fluid delivery, and thus demand that

the mass flow rate of BACKLEROUNDP ds be precisely

e ] N ed. Various technol ogies are

Loy b @giﬁ.s.w F flow. For exanple, mass flow

EAS UiheeRivh beses @ﬂeiaﬁl? fooriel icéndeotie, eddde@iore particularly, to

provi des a direct neasurenent of nmass flow. In the
COlmeé%\%%a ﬂPWtIh%aSFVH}e@hWbE&ﬁBﬁeénWe flow sensor, a flow

e ten the tube is in the

sﬂ"hpeneﬂsumnﬂnb Iandlm:DﬁtlblomﬁJﬁuld e lb(mzpreshlgvpﬁnpcﬂ“tamﬂ dh the process

that the mass flow vector is.directed in o 0S|
industgies. e Many paany a"HF*“@é?l%?ﬁssef56%‘§Fte§tr8metaﬁ@f?‘ﬁpo% I?B@tacbb‘% in fluid
dehvelr§’ QRg 1RYden]-A0 18 MPinGss Rfy rdd oSHBBEY ﬂu'fc%%%&-iée@ﬁ measured and

tTiangul ar or “delta" shaped or coiled. In'th
contrqibdm%M1m§eclmmlcgl®tmad(ghwntfglbmeastuml@gen@seﬂqw\o F01 example, mass
flow m'”taﬁ?)ue ori fOCIt¥f<\:/teCE)1 S ctIh&asurement of mass
w e e e i e sstGRO RS ¢ ke thfruemee

flow. MB$8e cdsk OMNeRFHiOAI AEidlR fércs FIBG sendbir | £AEWRBnsidd ibe, through which
- angul ar vel ocity vector changes directions since, in a

fluid flowy nsa’qomq:gas‘@ygﬂ@d] isfvifratedg Odfiep g@qmb‘ﬁlsdfl theothaps gf]one or more loops.
The l%g)asrlllg ¢ 1s S tc(;l? ’(L:hea? Iﬁllsé 1%'% ssﬂow%c’tor% dﬁ@éf dﬁﬂ)oglltmrecﬁlaﬁs at different

parts bihbe H@ﬁ:ﬁ THeowby Bﬁip@ IIrSanym tehﬁnplﬁgbﬂ ‘ﬂU” Mﬁp@@lr&@taﬂgmmpﬁ&ngular or
N are directed in posiite directions. ug
deltag rrigapesl orveqilsdi i tb%@mallcgsec%gtsﬁwghfyt %‘ff@xen@e&we sirgultaneous
angul&p&el?é{w&%ﬁ Ghat Ypd %ﬂﬁﬁlﬁgﬁ tgj‘%{u’: RhdrSr E)an‘t?seof ﬁleathﬁé) Whlle the mass
constant |y changi ng e resu I's a dynamc ng
ﬂomrnmknmnmbeﬁmgeﬂhpnkmd on top of the OSC|IIat|ng nDtlon
the t 1The mag nltﬁge of é h
OB ER B985t O in S nEPo Sip S S Feriiahgdraing system, the
dlrect}/&ll AGbla¥ion @15@%5 nﬁie r@ﬁﬁﬁsﬁﬂlﬁ%ﬂfxﬁ?%ﬁ%ﬁ&ﬁ% WBACHFiESs for@Ws acting
by routing'a small portion of the fluid 'stream
in oppasite dgbct@ns mlmmestéﬁ siasgy ﬂDWD’GCtOHefEKtﬂlfF @n@éﬂgmemﬂwe@tﬁ@ are directed
t ub

in opsBab@iigia ics ottt G obCer i FREEMY Eangine due to the

vibrafifTRRedi, Whe CATERI foRRaRWIes cotsbatly aipegiag urtheofestings a dynamic
fluid at its respective |ocatjion. The first

twisting medion being impasssromien sl leosgdaingmption af the tyke. The magnitude of
twist 1@2%0&2@%? % efh'@ Sad 8 BL& for 4 BfveR GEANG: JEITAGT at ur e sensor

A thermal mass flow instrument measures flow by routing a small portion of the fluid

stream through a flow sensing tube. Heat is applied at the midpoint of the sensing tube, with
temperature sensors located on either side of the heater. Each temperature sensor measures
the temperature of the fluid at its respective location. The first temperature sensor measures
the temperature upstream of the heater. The second temperature sensor measures the

temperature downstream of the heater and reflects a temperature corresponding to the fluid as
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tenperature downstream of the heater and reflects a
tenperature corresponding to the fluid as WD
wWQO@5/0852620 PCT/ US2004/ 038836 2 heated by t heCTres1004/038836
The tenperature difference of the fluid on either side
of the heater is proportional to the nass flow rate.
The fl ow sensing tube in such flow measurement devices
is typically connected to a base nenber, pically at
heated by ﬁé@he&tﬂe The temparature yliffereneenefsthe flluidhen teuﬁg@ sidwof the heater is

e, reli 5 operation, the tube connections
propo%{%}a gOthgg}aF‘S B%M eak-free. Typically, the flow tube

| TherfRae derdsthgt tibe RASRhNRID SlcasiBERSh VIO HISDEcally $8hhdkted to a
and | eak free connecti on but may have inferior

base menbers itprcaysit<r Agathgtalet enhpaii@dnds of e hee To provide reliable
opera %ﬁé fﬂbe cg\ﬁlegﬁ&% 1Jn st %? %1?({ Sid lggc-krgé.mf?%c%}fye fi rﬂo%‘ fiibe is brazed
Khown  pranu uring processes’and “f ol erances
to thedj‘atcememi)lee Btazitigfgrodisks a telid au:ch]ieelvﬁes adring €@t loutymay have inferior
wel ded tube connectio 0|nt eci a In,|OMFf%OMI .

COITOSIOM, TeSLS{RRCS nal 1e1w:]<?1g]i>]a1eqqI &0 f em@ 1;191 {ing iR preferred joining

teclmﬁ;ﬁ@s el D RSowd ﬁﬁnﬁ’ﬂ'a@t%ﬁﬁé Picf&\é?s% b toRISHes §ﬁ§n make 1t difficult to
ortcom ngs associ at ed the prior art. SUMVARY

achie@Fsatisfacor SELdsURbel qmmmoas@a’cst especinle inplossBeny applications, which
ensor tube assenbly includes a

fequﬂsaVSE‘/SPréiLﬁ%\N Sﬂh\}?ﬁﬁg?ﬁ rst and second generally

O MR PréteniShtkeFion ABd@FRE klitGHcOX iR dSsdcht@Lith tHeepriok art.
base nmenber, and an end of a flow sensor tube’is

recei ved in t h&BYIARY. OETHEIMSGM?%UREJ i s situated
h 0 .
T8 TR A E S AR sy e o
memHel fhahln@ efirbioaridn@ cHABL genvpIyesppoding rstifey.e Arypdnthgdedtemizdhrough the

inthe first side of the base nenber surrounding_the
base eyaheingnd ¢ pichef alloWisersgr Bivsds Kapiyedh the ﬁ@elab%nﬁr@qrénatenal is
T
sﬂuat&f"?d lt}} | cfﬁ n% ak?xkl%ﬁ 1&5%%‘%%5 Egtév'r &gatj)rat@g% Eahjt‘aﬁééﬁ g%@g?esé tglr‘é% of the base
memm de atdcht the tikese tircbdze nne1ﬁlmraaﬁh gmoee amyi hepfe(ﬁmedi imeHedirst side of
in exe Iar¥ gbodlrrents leis gefln by the .
the bgsgclgﬁlal 1 SETQndy hB a@’énﬁj@n{ﬁ’éﬁnu a Bgtscfde 0%‘?&% {léhe opening to
facilithfd! Mﬁﬁé 09& aﬁ&? TIRAER s@%bf‘ﬂlblé‘% \Q@l%d fothé B&e mdéhier adjacent the
ni ppl e rmé@13 fornmed around the flow sensor tube so as
secontlgideaifithé enemlggap To achiseq an h@plgp@hWﬁ]g 19 ﬁuemp]@ryf ¢mbpdiments, a

nlpplei ésccie?{}lgd % G%he 'é_)\eﬁgg(? Pg ﬁ #)as? )%ﬁfeg\%) b8 g orrrla dlégw thB:kness of the

parts Béin V%MvedOderﬂ%r tthid QipFtyma be Foimeelt Leurldotht MR wbeseor tube so as to
menber in the sane manner as the first end, with a
ehmmatq: ﬁéap heitveen tie opening agd thedlavysansonthee.second openi ng
t
S de ;ﬂﬂ tcﬁ:%mk}gemix} BY 1(?‘\’5?8«%{;{ Hgg‘?/g ggé(:) ?gﬁ&ﬁtg e(tl}? c{f*htielétﬂow sensor
tube. leQWeﬁ@ bﬁ die tubaihry bei cognevedddiedhe baetehﬁel’ﬁhﬂen nesrhiie manner as the

ad he sec i de_of the base nenbe
first en W1t1 a 161 mater?al %exsng s%tuated in the second openlng surrounding the flow

sensor tube adjacent the first side of the base member, and the second end of the flow sensor
tube being welded to the base member adjacent the second side of the base member.

A method of attaching a tube to a base member includes inserting an end of the tube
into an opening extending through the base member is also disclosed. Filler material is
situated in the opening around the tube adjacent a first side of the base member to connect the

tube to the base member. Additionally, the tube is welded to the base member adjacent a
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A nethod of attaching a tube to a base nenber includes

inserting an end of the tube 30 into an opening
wexasnshsegy t hr ough the base nmenber is al so di SBCDESN4/038836

Filler material is situated in the opening around the

tube adjacent a first side of the base nenber to

connect the tube to the base menber. Additional | Y,

the tube is welded to the base nenber adjacent a WO

second srdsy @fthe basepaymbs G/ sgs@tsiasade of the desrimsinder why bhdormed to the
tube ?)aél?mﬂﬁfég g gﬁg ﬂ?—:fw%%%@%@ dog? 11%? n u thlé] efu‘t? as Eé?grrtﬂ%g rl{rll'iz)’ge}fllen?aﬁons a

or med e a gap

comca)lpﬁpplﬂgieﬁneﬂ b éhettisbemehibet Brfoahed usipd eeRatatd adj8sted or swage, to
coni cal | e qgflned by the hase nenber is forned
elimigate g al&“?ﬁ Yegiciae gnsag 8id thgfubsnage, to eliminate

cl earance bgRfR§D Ijﬁqg_ BRI EF
DESCRI PTI m%tdi THEE%%AW%N%E:;I?{ Eobj ec?‘?ﬁﬁg

ad¥hen elyents afd adveniageseofithe mvention it beenapqppeent upporeading the

oo 533 B0 ) L 5l SR Bl g UPor

blFagite diisg bRk didgkiih IRstrAeh PRIt bRGT anlas‘é ﬂ@i@@lﬁeésh%ent device.
measur enent device. Figure 2 is an expl oded

pdiigpect isven wxpladed parspediiveagewntdl y tilbe asscwblbain ecasirddnce with
aspec‘cs oﬁl?f%ﬁ%%ﬁﬁﬂveﬁpﬁ% present invention. Figure 3 is an

ive view of the tube assenbly shown

[ ﬂF1§urgGr1£a12assefﬁb@dIpelsﬂedtﬁ'e&léiﬁﬁﬁﬂh@mﬁie adbeRB$ ElQWfrUﬁh Figure 2.
t|o s of the tube assenbly, shown in Figures 2 %

5 Figeig e 5eqtonal vigY b ne enrtism oh iegEbe sisnbershgrn i Bigures 2

and3'tube assenbly shown in Figures 2 15 and 3. Figure 6

IS a sectional view conceptually illustrating a

clFearafaea aditars tverw afittle pasetrh@nber ofifthe tbe dusbrablshewhliy Figures 2

di scl osed herein. Figures 7 and 8 are sectional views

of tube assenblies illustrating exenplary tube

PT$d it @GNS ars@étﬁ)‘ilhl\/ﬁe@v%oﬁcéﬂmy'mﬁ@ﬁﬁn %Qle\ﬂ'ﬁnlc@a fiter and portions

invention is susceptible to Vvarious nodifications an

oftheaubeeats.sqnbkyeimcdnsn@he1es1pec| f| c enbodi nents thereof have

t he drawi.ngs and are
nerarsy Gebery slakeRomd arY: 8 bl SR abEe MiRefde oStpiary wbe
posmblmmm td iaa&setlﬁ@nmscrl ptl on herein of specific
enbodi ments is not intended to limt the invention to

t Néhifsathe EnyRRGoN By pHsCRNtdg % aatiouspmodiications anshelterngtive forms,
spec1ﬁ31§mb élﬁﬁiﬁsotﬁelegf fleﬁltecb%\éﬁ‘ snh b%@el;}[ J&f @!amgjléc' int H],e dlil\ﬁléﬂgs and are

equl va ernatives
hereirs ﬁescnbedanﬂ demidpét souldbe undestbodrhoxeeveefthaeble Bysctibon herein of

. ended cl ai s,
specxf?cp gmgo iments 1s not intended to limit the invention to the particular forms disclosed,

and 3

but on the contrary, the intention is to cover all modifications, equivalents, and alternatives
falling within the spirit and scope of the invention as defined by the appended claims.
DETAILED DESCRIPTION OF THE INVENTION

MNlustrative embodiments of the invention are described below. In the interest of
clarity, not all features of an actual implementation are described in this specification. It will
of course be appreciated that in the development of any such actual embodiment, numerous
implementation-specific decisions must be made to achieve the developers' specific goals,
such as compliance with system-related and business-related constraints, which will vary

from one implementation to another. Moreover, it will be appreciated that such a
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DETAI LED DESCRI PTION OF THE I NVENTION Il lustrative
enbodi nents of the invention are described below In
wao b@siosaser est of clarity, not all features ofP@mnUS2004/038836

actual inplenentation are described in this

specification. It will of course be appreciated that

in the devel opment of any sfich actual enbodi nent,

nuner ous 30 i npl enent ati on-specific decisions must be
develoymmt teffoaic iight ebet hemplev @lndpelme coppaung,i butgwavld, nevstibeless be a

C stem ted.and
o SRR ot A L 14 R R B e
ROY B heephhll9AUBtratdstpotlidds dFen EPRERS bake ndshdlovs selor. For
2005/ 052520 PCT/ US2004/ 038836 _ 4 devel opnent
sake oéfsmpltmtﬁ pertiopeolbagiselosaisdre piesent wmnt@nerﬁtﬁ @ fpgolis mass
e Ullen e 0
flow ﬁg%s%?]%rgcgtts e§1<1k% h@w?{]g tzgtﬂret eg%h? nc%E?zﬁS‘uF% g;?l?l%cgglgettoh{)tget devices
requiritigs al esure. fluilitpht qube conneibnal [Fer i dxaple; ait esould be a routine
portions of a Coriolis based Ss n SO For sak
underigking t%mr@. Pylledoy theows v cobeEfibieh S dfigelosure, 10 apply the
conceﬁ%eaﬁm)géa s ddtl'i@l AR RS urdnéht COLViQs] SudPSE a ShEOW mass flow
asurenent device, however, the present di sclosure is
measua@peinteiebice. t o ot her deV|ces reqU|r|ng a secure,

fluid:tight tu conne
= ThE S hBS A dPVSRRTG ToSRan e danphdrng R Snd6t tube 12,
with D@NNELOE] bﬁﬂﬁtédtreﬁﬁvé Fﬂe?etéi 56 @b @S Vibeate HR tBBOLY. 1P|it§k off devices
concepts disclosed to other flow nmeasurenent devices,

16 ars pohtxamedareﬂateprtalthms}s 0 sqvas ﬁ@&m@ﬁ‘@ﬁ”éh@ twist i ghe fube 10 due to

CoriofSrGhoa %k o837 Bt GV SEDE Yo' FORGA, L EHGS, hogoor
situatdefinSd basahRdsih el 8 tihat evdulté@it#in Sl wldeQnLet biidabelet hemtdrttwns The
12. Pick-off devices 16 are positioned re

|
exemply flgtescneprsiobad Ot omBaBUFEURNS it PR, U%teslh\éaw; thepgh other
shape?,%@cﬁ% decl:etrshg}%édstefc &Qﬁar -EQ e £ BHSA n%lttttﬁt%ﬁﬁﬂagfvﬁlm%‘éd

are dched®”to’a aée nme
siFigia¢ eds an eaplbdskpdigesiingvit® dfiet exeoplaty dlomt sEnsort thibe assembly

device inlet. and out]. et connections. The is ex I
100 if j26GPrdhESONIt: FBBCoTD o8 SWRIEP T ARYTIRNY 180 GRIET AfHe ASsgbly 100

includl %Qﬁge m%ﬁt@Hth (Pid@iee[ flow RERSS rubdUaD. a%e Baid BeBAPEID has openings
rectangul ar, coiled, or straight tubes nay al so be

114 em!snding Fhqyethmugh rthat saveig phdslebt péltosvp@ctm\i@bwl 1&w G¢negglly, one end
R

can b@SSeRIh¥d 10the fldie kétdestude Hag go mRaARRE tHelfowmngiea Ffiétﬁwi% shows the
sensor tube 112. The base nenber 110 has openi ngs

20,
flow sengorefuberagsaneply HOP evith dhrypndshelft the diqsy wenseh dibeot I4 preeived in the

flo jSensor tube 112. Generally, one end of the flow
Opemg%shi_ﬁor tube 112 is the inlet and the opposite end is

t Feo et Bta seetiohalthat shbwing the ewds ofithebowe stilsdbll 13 hi&:élved in the

in the flow sensor tube 112 to neasure the fl 8
openipgyy L imtherheng member 110. A filler material 120 is situated in the opemng 114
surrounding the flow sensor tube 112 adjacent a first side (top side as shown in Figure 4) of
the base member 110 to attach the tube 112 to the base member adjacent the first, or top, side
of the base member 110. In exemplary embodiments, a low temperature alloy material is used
to achieve a brazed connection adjacent the top side of the base member 110. Silver braze

alloys are suitable filler material for the braze joint. In other embodiments, solder or an
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fl ow sensor tube assenbly 100 with the ends of the
fl ow sensor tube 112 received in the openings 114. 25
wWOo@ans2s520 i s a sectional view show ng the endsPof/Us1ve4/038836
flow tube 112 received in the openings 114 in the
base nmenber 110. A filler terial 120 is situated in
t he opening 114 surrounding the flow sensor tube 112
adjacent a first sid t op, si de as shown. i
adhese SUEh @S 1SREWY AR 191 ((Bhft gﬂgﬁ patepal FPea?%fBe‘fﬂi ﬁz;\’*f sel%SﬂL tube 112
adjacéﬁ@ﬁ%ﬁ@m&roﬁﬁéﬁgs%%elﬁm1f10r3t or top, side of the

base nmenber 110. I n exenplary enbodi nents, a | ow
t & i €loat weoratulb@ymma@m ca)hmecgedjt;)ethe dasetwerabéri debyaa second joint

122 RSB S e D RS o e s

memHb¥RY €0.1 The HQ41 jbie at@[o@ﬁ@ni 6f ik flokNsebdiatbe MDY 1B bhse member 110
sol der or an WD 2005/ 052520 PCT/ US2004/ 038836

providegessicyis, leakfireg sitaghongat.arlbe (yedd aftaphmenk 133 pmérrdeg a fluid seal, and
the br?%etd {g n?ll%d grog (feg‘%tlljﬁt%ﬁglb t agﬁ\fn&?rrgsor tube 112 adjacent

ase nenber 110. The fl ow sensor
tmrbe:x&ﬂa@lalrys cahimdimeans) etheecpening 4 Has etwoe ségmentd A 18y amd 114b
econd joint 122 at the sec nd Si (bot t.om ﬁl de a

definige SuH a4 ¥ @a@yterwpectw@ 3 Tl e O e s gement 114a is
greateqmetﬁe $d8nd Eﬁ%e@éfaillélb qb ot 1k E?&ﬁﬁl@%% iOfortBg afduﬁ&’the tube 112 to

nsor tube 112 to the base provi des a
prov1daﬂpacefor Iﬂwﬁﬂérrrea&emltlaﬁh e ortaiil htabwhimnmtusmgmiﬂme 22 material,

inducﬁ(l'rnb&e%gé 1%111];I %%glﬂfggrﬁmomti %%ée;‘ %ﬁr&?gﬂeg’ %gequate local heat
and d@%'d@ﬁﬁt&he ttthfé aperntgcitde liasblavBg PR tse HbhAddeadihe base

defining first and second di aneters,
membeg d p@ defines Iawlrcmhegl@pawéi(éto weate heaisadrhoss s2henallopasplacement of
. 4’5. 1g a]gire%t% %anvt rseé: ncljntdl ameter 1 14b, such
an 1y uﬁ‘é’( I 3§i%ﬂ 455 Pr?% $F6und the tube 112 to
P IVPNdrC e RIRAS 6t ﬂchiesiliaﬂfBe fd haesh t[’(attlﬁblklﬁalss bﬂﬂle tlvﬂ) pzﬁfst lﬁ?élﬁ\g welded.
enbodi nents using a braze filler

The baesamiepper §1Qisetypicalln cppsadesatly éhlﬁkeaztb@rl fh@. tipe 1%2»rfcsaeclally in low
flow %ﬂ)‘ll?%tg({ng\ﬁﬁﬂg 2, bge%ﬂ@ laofeig %?t@gotseé@t t&ig@g étlﬁ‘igféness of the plate to

the thpﬂmess&ﬁ" thd base tnogintssir &0 od tiehealbaSthe tutenti@r a hippla BO Iséermed into
circu roove 1 Create a rajsed bos

the bGTBE BF FERBIRITST 1195 BTGt £ SIoHe AEPAG B NeY g1 the base

mernl%g hiy @‘éﬁ‘?vhﬂg gllfér Iﬁﬁﬁgs 190 Nine oMy ®seliRehbet 110.S

sirab ch the thickhess of the two parts . )
bén ag ewehple: ﬂowrmbdo@s@ntﬂefnﬁ@rbammen@et YHi isadbloyt 0.330 inch thick,

|derabl er e tub pe |aII
and EEBEHEREEPL ! TS o IR B b Brcmptry
embodRfiét,Che 28k Yof AR ﬁ%ptehgot &k e 2bo@fo. @Guem@h@st @aﬂh@ as tthe tube wall
thi ckness of the base menmber 110 to the wall of the

‘tthkltﬂéI@eWhm is whenepht welildo performsdned i nto 20 the bottom of

¢ Iilé ﬁ%@]‘?uo%lntg Iggtéléiili% Qhe 't:liling{egs Bf itP?e Sargoﬁéif?m%eﬁp Gkl ﬁ?gferable to
reduce the gap between them to about 10% of the thickness of the parts. Manufacturing
tolerances between the second segment 114b and diameter of the tube 112 may make it
difficult to achieve the intimate contact required between the flow sensor tube 112 and the
base member 110 to achieve a consistent weld and a fluid-tight joint. In the case of the
exemplary embodiment cited above wherein the tube 112 has a wall thickness of 0.001 inch,

the acceptable gap would be 0.0001 inch. However, a typical tolerance for the outside
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menber 110 showi ng the nipples 130 defined by the base

menber 110. In an exenplary flow tube assenbly, the
whaws/omseher 110 i s about 0.330 inch thick, apdI/Um®04/038836

fl ow sensor tube 112 has a wall thickness of about

0.001 inch. In this exenplagy enbodi nent, the end of

the nipple 130 tapers to about 0.001 |nches (sanme as

the tube wall 25 thi nes ere .the
diamejes QSPF GBI WORITF OFOTG Mt iy ke HRFL KRELSgHt in an
unmm%ﬁgﬂ@g@b§4p§h%gpmelded it is preferable to reduce
he gap between themto about 10% of the thickness of
t e aghdetesthe mmeftac@rumtrdgsplteon@rumgmgﬁem@m iffer insertion of the

e 955 R B 0 0543 P 408 e e e

betweéiEfditiigd] einderBotd@ghleaiv Bangake bpﬁ@mglﬂlﬂ angl slid'vﬁl #0Figure 4, a
base nenber 110 to achieve a consistent weld and

portion |ofijthe spognd spament, 114% ehhecopsaingt 1 his s@ﬁ@ﬁrpmathg, ipple 130. In

e 3R P RSNG4 IS b, et 1o

with d0cddOlled fierbe tdHolsy any gap bytpicedlthe opeairentiel il tlterﬂaow sensor tube
out si de WD 2005/.052520 PCT/ US2004/ 03 836 g di ane

112, uifeconpei A Bhobria b WA ares uiage base fapmber 110 around

the tuly@l Pj‘mcé?lué)%nfg@a?&' libel d3s@Ably UTRGEEBIABNE tﬂ% ‘tQa@QﬁlehﬁBéh 110 inverted,

To ac ve' the inti rrate contact despit
s0 that‘rﬁna wippde 130 fogmed bg rﬂambfﬁmm sifie of therbgey mmhelofl(l isgointipgarpwards
o, t he o

s viey i il Uemiin S A e oG L bt 10 Rk Sany conical,
definidfd t§R6 QPAbSEHRNITHEcIdRaiRE adfiftcPNB0hAY akdgbr 1AS oF BB 60° that

in Figure 4, a portion of the second segnent 114b of
mterfetrwewdg &l mgpl_tzlwou wheyy 2 {raeeets appliehto the siraenegadjuptr 140 to swage
the opi&%ﬁhga%)unn&egmg@?{ﬁ tell,%ﬁm%tﬁ a@? §§6ﬁgéeut?x%1%{)etg%% f \glfilgg q

f BloieestOarkdl HRisaNY sg/R di)ﬂ&m&tembé pesitpshield gédmetaiesl ThBigure 7,
fl ow sensor tube 112. Fi g ncept ual |

6 ) ;
the tupg |l i iy sifuatedsuehdlatibe prd Shihe whe 107 i EETNSRoewih the nipple
130. Mlﬁﬁuﬁ&gﬁe LAR Jv&ﬁa b%ld%ﬁé Qo] 8 9{9%@5 Yo tR€ 110. In Figure 8,

asse y. S

igure 6 ase menber 110 1 nverted,
the tubs® 1 thpdotriies fndipphebdBanémberdd Obyn thie sibstibonths ivedd wfould be done
base nmenber 110 is pointing upwards as viewed in
atanqnlgge drawing. In the illustrated enbodi ment, the nipple

1€fﬁe kl)_ *tlg@lﬁleéﬁbédim%%'d%losed gedvie "étké"ﬂluﬁrzﬁﬁ@%‘iﬂ}ofas ﬂiéqm'entlon may
he clearance adjuster 140 has a taper 142

be modbiﬁqlt ang(pradiimed in diffsrdn busequivalent manngp @pbarmao\x}#@ﬁ skilled in the

art haxfél\%rg e beyg? F ﬁtlethsg FW&S 1?[1%}12 ; Ouallﬁ %Fr{lﬁrgj 1? {%&ﬁtﬁé% a{rg intended to the

detail£bf SOnB@GdtIdA oRA¥siSh ﬁéli’eﬁﬂslﬁwﬁ]h@thabtﬁhﬂ\l@ﬁdescﬁbwh&ﬁe dlamndbelow. It
8 illustrate sone different tube paositions/we

is theg@’@mwlﬂgg thpty g geitievtpr embedineentie disglosed agq)‘feu maé(dbe altered or
modlf% Ch teﬂggurc]:?lggl 12{4911 Ofre eBEsiitRE whhth #:2 sgg&eélﬁi éﬁfrﬂc L8R invention.

Accordingly, the protection sought herein is as set forth in the claims below.
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130. In this situation, the weld would be done nor nal
to the base nenber 110. In Figure 8, the tube 114
woe@snsafes fromthe base nmenber 110. In this sSPCT/EB10041038836
the weld woul d be done 20 at an angle. The particul ar
enbodi ments di scl osed above_are illustrative only, as
the invention may be nodi f{ed and practiced in
di fferent but equival ent manners apparent to those
skilled in the art havi R3AIMSbenefit of the
chin in. Furthernore, no limtations are
WHA&S%C& émﬁiie details of construction or design
her ei NASTAWEans6OLt 11BE adsbablyasomgsdiig:bed in the cl ai ns
below. It 25 is therefore evident that. the particul ar
eaberdimanber havise fegand serovd crpsralbeornoswgstiiesy
nodi f | .are considered within
t%o%en? &g%éﬂgp cgl;{éit{;dﬁéelh}e%{/%ﬁt ion. Accordingly,
t5]ﬁowsahmtmb@mamlggimtenﬂee@mdmstlasopseltngf orth in the

D
assemblyy sﬁ@@?fﬂe%a@@meﬁib@laﬁﬁd”e”ber having first and
second general 'y opposing sides 5 an openin
eftfeciiol Bensohtube @hmgh’eel@@ls‘re thehdse rmenabquadwcgléﬁgwecp% gide of the
having an end received in the opening; a filler
mat er | 3PS°P¥Hed in the opening surrounding the flow
sensor thy %v@%l@@ﬁﬂbe tabRmbly b5tlafh de whbreih Eheb@ﬁﬁmg has first and
menber; and the flow sensor tube being wel ded
secon&basgﬂﬂéﬁﬁeﬁlﬂaéj ﬂi@’%md sdsend dipiriers; @épe@flv? Ijjethes! sbggtgleter being
w sensor tube assenbly of claiml,
@Bm%ﬁmﬁdﬁﬁﬁ?ﬂ%ggﬁ%ﬁ%ﬁg has first and second segments
def i ni Myeffld$tseasd wbe asshntilpndt daisy 2 exlpeeini thel fillert eterial is
first dianeter being dgreater than e secon

{
situatey] imrfhe &pst segmepth oF theQReRBA SPFOUdHS the 8%9506?“*’& aim 2,
waer ei Rl iR één%&r BB L&EMB] Ly dfSlaitdl %Ltth@tc%ﬁlﬁrﬂamtg%npple defined

fitst segment he opening surrounding the f
bythessmsmmtiehjbﬁthezbaseThembémw sensor tube assenbly of cI aim

é iS5 dfeug]tcThlg rﬁ@%@ I S/ H%g%eﬁgﬁp Glfﬁcéeggqlf %ﬁgléeﬁgc\é)pp? %eacﬁﬂgle defined
by th%s;e?Sﬁ@ %&ie of th(éltﬁbé"h%mbfsf‘ RhRRin §R¥BEINSI s8Emantufiiie epening is situated
I ne

by the second side of the base nenber,
at leastipart@illy it He pglond segnent of the opening is situated

6. The flow sensor tube assembly of claim 1, wherein the second side of the base

member adjacent the opening is formed around the flow sensor tube so as to eliminate a gap
between the opening and the flow sensor tube.

7. The flow sensor tube assembly of claim 4, wherein the nipple is formed around
the flow sensor tube so as to eliminate a gap between the opening and the flow sensor tube.

8. The flow sensor tube assembly of claim 1, wherein a portion of the flow sensor
tube extends from second side of the base member.

9. The flow sensor tube assembly of claim 1, further comprising:

a second opening extending through the base member;

a second end of the flow sensor tube being received in the second opening;

a filler material situated in the second opening surrounding the flow sensor tube

adjacent the first side of the base member; and
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20 at least partially in the nipple. 6. The flow
sensor tube assenbly of claim1, wherein the second
wG@r@e/ 05526 he base nenber adj acent the openi ngP@BUS2004/038836
fornmed around the fl ow sensor tube so as to elimnate
a gap between the opening gnd the fl ow sensor tube.
7 The fl ow sensor tube assénbly of claim4, vvherei n
he nipple is fornmed around . 25 the fl ow sensor tu

s 8lea9§0@r§1 14 of thaflewasegans thlea hetes welded &9 & bage wheh édJ acent the
flom/sggﬁvgSk%Qgﬂkﬁxwgﬁgnﬁ%pMIsensor tube assenbly of

claim in'a portion of the flow sensor tube
ex0endfht flom sacardbesisdaniafy of kirithds &urthembenprifing Flgepove defined

f . . .
in thecérg%vpa are ‘tt)agg o senbl f§cég{og)1ﬁéipg é:re(ah?lg lrggrﬁls{:qi] goss adjacent
theo};@ﬁﬁn merrber 30 a second end of the flow sensor tube
bei ng received in the second opening; a filler
mater i Shesflowasendol fubehesssmbbndfogeim nly whereuies fijler material
sor, tube adjacent the first side of the
Comp%éé"‘%ﬁ%%’é? eiglhd WO 2005/ 052520 PCT/ US2004/ 038836 8

t he. sequadfieRdséisol ebef lhemdENSIT clbiupel, bahe@invehe eillel Omaterial
t he base nenber adjacent the second side of the base
compyigastselder.10. The fl ow sensor tube assenmbly of claim1,

L#Et herrhg OHB\;v' ?%rfggr Fuis ggs%glbgﬁfo'f ”891111 I %@raﬁﬂ rt?é fﬁleg material

t he ‘basé nenber surroun the opering crea
compfigdssa@dpbogrs adj acent 5 the openlng 11 The flow

sensor t ub enbly of Ia| ein the filler
feri éme@eaﬁ?ﬁ%én% ik Ssel?%}vebel=1cz>mprﬁgﬂgf| ow
S ‘ﬁ%ﬁfng {4061 33 SRTRbY 111@(} a PJ)ﬁEnmgjextéMaﬁ{ utgﬁ ¢hd bdst Rlember;

terl conpri ses so e f1ow sensor
t sheatigseiitymeferiel aiommd thantube én the bperfii hdjrcambnefiistaside of the

conpri an 0X 14. A nethod of attaching a tube
to a bi? H%WE%raX%omrisi ng: inserting an end of the

t W&’dm@ HR tAbe PRBOLAE reerhiRN difaberk A side@SBase member.
menber; situating a filler material around the tube

i 15t he Thpansthed afirkirerid, sherein thesongaingf hasHarst and gngerd segments
deﬁmgg ’E’&f a d’in&o% (ﬂ%ﬂ&elgé?esﬁé@%efyo tﬁehﬁrs#.) %@eg?mahg greater than the

secon base e
second d1amete1 whe1e1n situating the filler material includes situating the filler material

around the tube in the first segment of the opening.

16.  The method of claim 14, further comprising swaging the second side of the
base member to the tube.

17.  The method of claim 16, wherein swaging the second side of the base member
includes swaging a nipple extending from the second side of the base member to the tube.

18.  The method of claim 14, wherein the tube is inserted into the opening such that
a portion of the tube extends from second side of the base member.

19.  The method of claim 14, further comprising:

inserting a second end of the tube into a second opening extending through the base

member;
situating a filler material around the second end of the tube in the second opening

adjacent the first side of the base member; and



15. The nmethod of claim 14, wherein the opening has
first and second segnents defining first and second
welr@sesses, respectively, the first di anmeter bBCTYS2004/038836
greater than the second dianmeter, wherein situating
the filler materi al |nclude§ S|tuat|ng the filler
mat eri al 20 around the tubé in the flrst segnment of
16. T hod _of cl ai furt
ca\w}fﬁﬁ%t gwégffl tﬂF’F‘et B&u1HG bascaegpen WéaceafaTE‘% seroRf gide of the
to thebgggﬁmng&_ The nmethod of claim 16, wherein
swagi ng the second side of the base nenber i ncludes
s@égi n@ ha mﬁﬂmﬂ ef céadmeh’d mgrefin the fillee newariah dommpuisss afbradeenaterial,
to.the ¢

the 33T GHBRE Fomplabe b iy Rl o P eRe spureng: Trpenine

t hat @xﬂ@%&b&ﬁr@&w%ﬁ% %oﬁ%h@ﬁ s from second side
of the base nmenber. he net hod of claim 14,

f @rbasrmeRmERhavanEgEst m}ds?@mndrﬁjnaraﬂﬁ@emsl@md@t the tube

i hrough t he base
n@%@g??ﬁggﬁgﬂ?ﬁgﬁﬁh Jﬁgﬁﬁﬁer material around the
sadhdseanet tabe hindng abend mecditel meh@nphnmgeni ng adj acent

the first S|de f the base nenb d WO 2oog 520

PO RS APD SHETEE e VAP e g dbin e erteR acent the first
tube t @%ﬁﬁ c Wb 4ad) acent the second side of

t he gg%qﬁé er. 20. %ﬁg met hod of claim 14, wherein

t lecohid | theansnfiat extacling drqaﬂowesnam btube ¢o ribe baseamembtslh edjacent the
met hod furt.he rising.inductively heating the

braze MO8 éf{ 0&%@%&9881 ?‘H’ t'he opening. 5 21. A flow

sensor tube assenbly, conprising: a base nenber having

first and second generally opposing sides; an opening
extendi ng through the base nenber; a flow sensor tube
havi ng an end received in the opening; first neans for
attaching the flow sensor tube to the base nenber

adj acent the first 10 side of the base nenber; and

second neans for attaching the flow sensor tube to the

base nmenber adjacent the second side of the base

menber .



