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WD 2005/ 052520 PCT/ US2004/ 038836 TUBE ASSEMBLY AND
METHOD BACKGROUND 1. FIELD OF THE DI SCLOSURE The
invention relates generally to tube connections, and
‘,Vg%(ﬁwg@_,rﬁ gcularly, to s connecting a flow meagyresmeoto3sss
e 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 acturi ng processes require extrenme accuracy and
repeat abil ity EP?\TD?H:E emand t hat
the mass flow'ra iejo r}?r'lg%%%g Eﬂp?g:jl sely
nmeasured and 10 controhjg{gl[(clmmps technol ogi es are

knovvn for msasurl ng Mass flow. For exanple, mass flow
0 LHel Coriolis force effect

'@queéetnﬁmg'rﬁ es @Mf)ﬁ ':fgnttu OF coBh onE' QWA thbre! Iibﬁrtmularlj,f, to

0) rirolrs OTCG | ow sensor a

comﬁétﬁ@aﬁ!bvﬁh!ﬂ@smdnﬁdﬂﬂ:@h to/aibabe médobérd flow is to be
establlshed IS V|brate. (Xten the tube is in the
RESCRAPEHANOF REIALELAR. The | oop shape is such
{nlggsu{@ﬁ t ?V\‘;o\ﬁﬁ%l QF flufd Howess! éﬂrdn‘ibl? RRP6ithe in the process
|rec ons a ferent 1s parts of the |oop. The tube

indudtep S’M:ﬁfgymmﬁﬁicn&mbeass@a‘equn‘e eapeRCouecy gm:bmpgatabxhty in fluid
del ta

ct ok el Rt o B Bty messe and

' Smhieflow/ For example, mass
°°ntr§%| nc{’gﬁs“@ufté %%Wﬁ%@og%ﬁh??égﬁ?{e tubeovvhl l e thejp
flow fRasurerhibin Wasedcdrothei Gorialisfore effeet provides p slirectmmeasurement of mass

flow. Sﬂ%ﬁégésg\ée'gf&t oGt ?{sggrrég @}g%ﬂ%e%ﬁbﬁgﬁ%ﬁggﬁ%e fhpm?gh which

finid @O@qgﬁsbe %ﬂﬁlﬁh%ﬁ ufstwﬁriteﬁ hffien Fe 1B isTh IR ?%f ohid\er more loops.

orce 15 acting in opposite directions where
The Ibdieshaps & sitlotiiay Grtmass flow véetords dnecied mmw diyectiogs gt different

d t ed di
paxts 4 alen. vE1edeba [popb B o exesaeiSe by SHARRrGP HATERE fipngnlar or
“deltan o ..d.m‘ﬂ @{ éb‘ﬂ' 9 Iﬁ>£ﬁé ?ﬁEﬂlelﬁﬁseQ?F 4 rdight’ @Ib6 Sthefe a’estﬂro simultaneous

anglng result is a dynanic tvvlstlng[h

angulﬁowmwbmcms thap areecbincidem o die ashonpeinty of theuhe € mass
of the tube. &6" magni tude of 25 twist is

ﬂowmcwwwcﬁﬁwe 88 nass flow for a gi ven angul ar

V%Q @;ﬁta: %aciogﬁg”féadiﬂ SifanfzbOirbdtivhs LR ifiensibreting Ispstem, the

rou portion of the fluid stream
duecﬂdnrcfugrhnan élhangessdﬂlswcﬂg;ﬂttwﬂm, atiemy given isps, tkegCariolisforce is acting

m dpoi nt, o he sensing tub
in opmGHL Grestioe whas o e e YEfaps Ok SR SpRPH Bectors are direoted
gt saistantly ah due to the
n ook JBLE, SHRSOe MY ook Cgrtsnty ot
vibratingngysteat, ihe Cosnkis tfom as @lsescopgtanthe

.athhecresult is a dynamic

t\msm,'tligggtg{g,&g u?é gxtlglo%c p of e %sc?ﬁaﬁﬁ@qn&%fpﬁf {RL Hite. SHRRdgnitude of

twist is proportional to the mass flow for a given angular velocity. |
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:



010

15

20

30

tenperature downstream of the heater and reflects a
tenperature corresponding to the fluid as WD
2005/ 052520 PCT/ US2004/ 038836 2 heated by the heater.

va_(?‘i‘uot;fﬁ. xgfature difference of the fluid on ei t@efySioiBosrsse
of 'the heater is proportional to the mass flow rate.

The fl ow sensing tube in such flow neasurenent devices

is typically connected to a 2base nenber, typically at

or near the inlet and outlet ends of the tube. To

heatf BY ttlehéRrl aleStenDe2BRE AlfFbnceldTehé UBR 60 BIHIRS SIARNGY the heater is
must be solid and leak-free. Typically, the flow tube

propogidpebtodhe mess fiew bdee nenber. Brazi ng produces a solid

ang, l eak fr nnect i pry but Ay h ' i QL
coﬁ%gﬁ) 4 g‘%ﬁs O%Gn]élesu\ﬁ/ﬁ 2}9 Ve BirpEY %Hgi{?e##éﬂsutg@cauy connected to a
baseRéiEbera kypiddblly it BF nk&r the Rilef &1d awtlek ehdy olthettalnnTo peovide reliable
wever, known manufacturing processes_and_ tol erance

Ho .
operghiare thefikecomneghiqns maust be salid andfeakofzes; ok yri¢ally: e flow tube is brazed
o 0SB SSUANE B AGd £llm158 Lot ) Bk neror
corrcsimS tesiFtanud eshen Toeparedswnthei tabe material a d(Wekkingis a preferred joining
tec sho%iﬁggpn S, assoc!mqﬂtfed W t heéqt;g?;?arnhﬁéleart . eqﬂseg%@{t tifficult to

. di . . v i l s . .
achiye SaA3H0 widhd e SERtof s TS0ATIin 1% P Bprhications, which
requing peryisngplidficbe sensiAp talgsni ng ext ends through the is

base nenber, and an end of a f) ow sensor, t.ube is

¢ oLl TR HiYeRROTA AR, SRAMFOITINgS 253ariater ayith the BROR Aff-o

in the opening m\iﬂégﬁj; oRTeE tube

adj acent the fi?st si de S%I‘?‘Eiéﬁggﬂé’%}{a menber to attach

t Ha dnebaspeat dftthe presentndisdbasure, A fipvo sensomabelrssagabily mgludes a base
I.rst side t he base.nenher surroundin

in the f f h
memiy Javing FtsE A gocand geutally, QEBosing Heeh, A pouRg Rl farough the
A . . 0 o
e 85 S0, 5408l B ey Al i
situated dee theé opéming sseoundingethe v aerisortnbe sadjacant: the Sustvaidel of the base

e 5 e B A BB B o o
the bhdd FIERARF stfroddiing BRM 51?%;1&@ ftﬁm!@é dedised Wokd 8djacdnfehe opening to
ormed around the

ni ppl e may be | ow sensor tube so as

facilitate 2 biazingivperation.qEhe Hewwensor tihs inpelded to thedesemembenadjacent the
second 3L Gt e SR docRLeg o FEPHVER el PERplefy prpbodiments, a

nipplel {¥ defBRd 19thé Baohd BRIeTRthd Bade GRAEBEra0 Vefted Mgtch Aethickness of the
-menber in"the same manner as the first end, with a

parts beihg oveldet cFurtter,tbe nipplt masithe formed sround therflow sengen tibe so as to
. .surrounding the flow _sens jacent the first

climit B4 Sen B onodi sBE Mt Yipod pBSQARBECCT 100 {1 T

f 1A edoRE Sipening UlSy Beipigvided €eteckivetthe oppesiterandbef the flow sensor

adj acent the second side of_ the base nenber-.
tube. This end of the tube may be connected to the base member in the same manner as the
first end, with a filler material being situated in the second opening 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
ext endi ng through the base nenber is al so disclosed.
wobbBfossgerial is situated in the opening areumushen3ssse
tube adjacent a first side of the base nenber to
connect the tube to the base nenber. Additionally,
the tube is wel ded to the base nmenber adjacent a WO
2005/ 052520 PCT/ US2004/ 038836 3 second side of the

secdud sidenefithe base Heentsse.c Ghel ssictd side dafithe bassenerabdyanayrhy foyeed to the

formed.to the _tube to elim nat tween the .
tubeo ekt SfhBCHGRR 19 APEERG and, tﬁ%‘ﬁ"%gngﬁ‘t aﬁfﬁbfh yniplgmentations, a
confeAHisAk d@fl'uﬂ’efal By tH@Eb%ﬁHmﬁb’erti? CorBRYisiR G Earhicel 4 Rel, or swage, to

~using a clearance adjuster, or swage, to elimnate
elimiriapemelaarencelietwoen thet drenimgemid the thel t he tube. s BRI EF

DESCRI PTI ON j

advant ages oFRIR DI PN TEEBRATINGR. ot upor

r eafhd?®bidde anfl Al RiMges of Hedinl @iod efill Hepdhe apparentuypon reading the
reference to the drawings in which: Figure 1 js a

following detailedgieseriptiph and npan Ieferensetts Sregirawings imwhicht ow
measur epent, .devj.ce. .Figur.e 2 | e :
e BHEE [ TR 8kl TR Barkpf b SRS mossreropt device.
O BRuas Dot Qldded pRipeeide ViRwenf aoibe Rbguitdy Ini scardance with
assenbl ed perspective view of the tube assenbly shown
aspe¢tp ofthgpresent inveptignr e 4 is a sectional view show ng
pogtions. of the he a . ' ' : .
B Fiah i B ol led BRI o PE it ket sBovon i Fifure 2.
t UuliguRSSR HdeMionRoVIBwisRoWingoeSomd ofitlse tabel ademiblygsiroawitin Figures 2
is a sectional view conceptually illustrating a
and%| earance adjuster and portions of the tube assenbly
di,scl osed herein. Fi 7 ' ' :
o BN BaLEHEh Hea? bPRE Blse lnBlber A EBE BLSARE st Figures 2
and 3positions relative to a base member. 20 Wile the

invention is susceptible to various nodificatiqns and \
alRigme £t s wsestipnakview saneapiually dipawiing A clearance @diusteg ¢ad portions

e ho ' f. exanple in the drawi ngs and are
ofth%gﬁ%ﬁexgﬁ@aﬁ%’%o\gggpﬁg%t ail. It should be understood,
hay@ues 7 doda8 afehecti@st vigs of hiter skembifes itipstratingcexemplary tube
_.enmbodi ments_is not intended to limt the invention to
positippgerelative te 4 bage meses di scl osed, but on the contrary,
b o i s t . i : | ive
LML RSNl b bk cnd st oms
specifiémbbdiaiedts Shaest lofve theen Eiovem by weyest etafnpleih the driwings and are
~appended. cl ai s, . .
herein described in detail. It should be understood_, however, that the description herein of
specific embodiments is not intended to limit the invention to the particular forms disclosed,

but on the comtrary, 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
Ilustrative 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 descri bed below. In
the interest of <clarity, not all features of an

c | ementation are described in this perws2004038836
“g)pié)g% %{:Fl on. It will of course be appreciated t

in the devel opnent of any such actual enbodi nent,
nuner ous 30 i npl ement ati on-specific decisions nmust be
made to achieve the devel opers' specific goals, such

devel%é el n?%%/\mb% rbo?&fﬁ L Ihd ¢infd-Sshsamshd) buk Resifid frﬁ'lvaﬂtlﬁiess be a

vary fromone i rrgl enent at |
1 outma]JIE]Bﬂhhﬁg forthosead erd1na1 ¥ skilllih theearhpiiegihg é@ﬁttﬁtﬂ“?, E}@ﬁlosme

2005/ 0525 S2004/ 03833
CATGHE eaEPRB % EER BRACD Sh ATl i Bar hot sgnsor. For
sake BPéiﬁfpﬁl'Bﬁif eﬁﬁtl&ﬁ of thel &H&lb.ﬂ@e bieGREdedtedng nixplen‘tchtcslen(af(}mmhs mass

ordinary skill in the art havi na}the benefl{g&fb ?h d
flow dicsstmsment deviet, dhowever, b degsent Hisplosye s (gppligable to other devices

rtions o 4.0 S S a routine
requiif # 3PSy i hipE, PERERIEE ey QRARESE Wit be
undefk@SE Fore en@ ekilleP lie e aftd hiving the ibendfitsofiniss dislostmevto apply the
measur enent devi ce, however, the, present d| scl Slf-ﬁagl .S flow
conceppspdisslised 100 0tben Slove ansasusment JgVicrh osush 2 mass
fluid- ﬁa‘ght tube connection. For exanple, it vvoul d be
measyremehit $EACE- inder t aki ng for one skilled in the art,

hel‘ﬁer@oﬁélas ﬁ@él,%eﬁdvg sé@soi h?qshcd)]tcn]sm Bipuree] incdudes @i ﬂow lsensor tube 12,

concepts di sclosed to other flow

with 8 deiwe ggvxae drsiwaied rifiverthagio s0eida rVS‘?FE{?etHEg\LHGS@ figioff devices
{he Sipf r 10 d

16 arg .PSF{%@’ g g&lﬁ?%&tcb e (1% ?ubeq{f é’omé\n : tHetwidt G4 e dube 10 due to

oW sensor a drive device
Coriolié feickUaligdends! oftthe ﬁotvhsmearotube 18sare ettachid 40 @ base mmher that is

12. Pick-of f devices ar e, siti,oned  rel at
situatodin + bisee 1Hsing LE4ott vorn conain he dpvipe piet i st ossfgefions. The

eyt g e e
shapes, st ae deljtmslﬁpéahmtdmguhr,rcgﬂdsﬂ or traightoubes masnelae ke persl.

¢ Figirs 2115 o0 ¥Eeq BOISRRHS PFEPLH BXeFR G JUys epy i assermbly
100 Jﬁt‘ﬁ an{@ W@has?{c(ﬁ? bf tﬁ@ R%&rc BveitickS ThE ls@nsdR &ﬂ‘ﬁ’éj assembly 100

rec angu trai ght tubes may al so
includés @basé ngmiber 210 mcbmﬂewmenma dubpek 19p Skhei hage membebi IQahas openings

114 e%xeﬁﬁx'aié%s{%%ﬁfﬁé&hvé“ f%‘fﬁvﬁfﬂ\%’ aspRSEbl LEE S BRGNS, one end
of the®ove Bhsh f%fi&h%%@ nd’id Geattlier) shtlothiat fluid flow
tube 1 ase rre s 20

sensor er 110 has openl n h
can bd éstaleliched di i mm:esmsmnupgmtzrtamaéwe.the Wcateor Figype 3 shows the

flow fgelggélvbs Slﬁ%réentiltiiﬁello %ener %H]eo ) op?sor?{leé zgz fré&‘l‘(red in the

opemﬁ%kelt utI et, such that fluid flow can be establi shed
1heflowsensor tube 112 to neasure the flow rate. 4 in th
FFigure 43isshsaotiondieview showing the ends of the flow tube 112 received in the

openings 114 in the base member 110. A filler material 120 is situated in the opening 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 embodimente, a fow temperature alloy material is used

to achieve a brazed connection adjacent the top side of the base member 110. ‘Silver braze

alloys are-suitab_le 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

Figure 4 is a sectional view showi ng the ends of the

‘{,b%yﬁ;og‘ 0112 received in the openings 114 i npdhBs2004/038836

base nmenber 110. A filler material 120 is situated in

t he opening 114 surrounding_the flow sensor tube 112

adj acent a first side (top sfde as shown in Fi gure 4)

of the base nenber 110 to attach the tube 112 to the
adhdsheesuok b epogdiacesed fonthef fillest material opattagh dke flgw peqsor tube 112

. bas nbe 0.. In _ex y enbodi nents, a | ow
adJﬁ?@ﬁﬁ&%?&ﬂ%é@%@FSﬁa%ﬁggm-s used 30 to achieve a
br gge %o%%‘(é)ﬂﬁ% N 124k 886 RbndddRdltoRh&bate nimlichd 10&yen second joint
menber

. Silver braze alloys are suitable fi IL:‘er he b
122 mhther seabnd side (ottobr side af shown in Figirad), Wheedt ieirplded fo the base

ol n, WO 2005/ 0525 P, ber 110
e 5 e B e AR A VPP ASIRRE e membe
provitRt @rseaie,t lealefitegttachivent | Tive weldsarachméxe 122 providpsme Swid seal, and

the first side of the base nenber 110. The fl ow sensor

the bragigd jainpl 209 revides stvpmed eberhentne base nenber 110 by a
ond jgint 22 t igd t hde 4
(e S 55, SHRRE T gy e s 10
defiriRyTaes add Secold Giathetdrs | ebpattively.adhoetwmaiér ofithe firgtsegment 114a is

sensor tube 112 to the base menber, 110 provi.des
greatsetban the seearid-ditaetont 1bo HIFB Aba: aTRBIZL @RS SEIATRI the gube 112 to

i d i aal LA .
prov rf’gé':“ﬁgér tgf’ Mgﬂt%fﬂ%‘ﬂa %Oggﬁ WC%%@E epﬁ)%exerrpl ar yg o Bfhze filler material,
indu@iohadafiENisused Readieeithe biakdd fuist, sinoe dig peavidesiatsquate docal heat

114b defining first and secontg gi apeters, . £ the bass
and does petdiswpl {he tiwel 12 ahe fasilitge the brapmedrocsisy b fom $45 ©
mem grrléé?lgﬁﬁegsge}pc%rcgfap gg&%’&@ 1566°4 at:? hgﬁtﬁ%ﬁﬁos} 14Pthat HEbwE PRcement of

med “ar oun e 112 to provide
an inGRAGR hbfnglthel th hétlieve thebmredjoir20. In certain

O v Mot e gt e of i o AL by welded.
o 15T RSy M s 17 cpily o Lo
flow ﬁaiipgflé?%fﬁlls ;%iilg raf)vgg; mi%gmtbg l(i:‘l;.l Zadrgshascrﬂg?mdr tt]):lgfsllc%@ss gé the plat.e to
the thigkesscothebasfarambsF 119 10 e gbendd, 7 PrE’H‘%gf” jefBhmed into
e L 1L I 48 g s i of e b

| memiegilng sttt ol [5eietmodby theluee imsmbspl Kl | y

Cqre er e AL e e 12 RS o o
and tHEH Céeﬁs%?'t%{bﬁfefgag D GydlNinsR s SofOAbokut16.00l héh.t On thibexemplary

ness o ase nmenber 110 to the wall of the
embodiaket, 32 end oft theptipplt A30itapers tovebbut . QP 12ipchasdswpe @8 the fube wall
the base nmepber, 11Q. .Figure 5 is a bottom perspective
thicknggs),ywhich iswhasg the weld is pe%ormeg. Persp
In addition to matching the thickness of the parts being welded, it is preferable 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 1o 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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40. nmenber 110 showi ng the nipples 130 defined by the
base nmenber 110. In an exenplary flow tube assenbly,
350h8/083886 nenber 110 is about 0.330 inch thick, and
the flow sensor tube 112 .has a wall thickness of about
0.001 inch. In this exenplaryg enbodi nent, the end of
the nipple 130 tapers to about 0.001 inches (sane as

gt PR s TRl ARG B RS o
ulﬁb@pp@j]égdggun@cw\%{pjed it is preferable to reduce

the gap between thémto about 10% of the thickness of
t he ]Emactmevel\xhn intiroaterdontpct despite amrnedadieing thleranees, after insertion

Bt 13 denhe gpemg 114 b te thetiper 1 ey Bo e ™ climinate
th% g%‘béﬁ%eﬂ SHEBE 19D n |s@¥$1ﬂe§%§ﬁ1;?nf YPg JfliRe % 811{1%61 120 As shown

nmenber 110 to achi eve a si stent wel
infRignird -4 a gpbttigrodfithe s¢condhsegmaste] b dfithe opaenglla4 ys situated in the
enmbadi nent cited above wherein the tube 112 has
nipple dSHe;l,% ezs?mnl.aaoqmbﬁ@ment&, RelepEnssAdBIStEr g RIS WRESI l&%@ﬁ pressed

T T
mﬁdﬁ@ﬂé&&eﬂ&bﬂ tdb@@l@ P%Q?e b @@ﬁbep‘ﬁiﬁl%llﬁﬁtkﬁt@s 4 Swhgihgl lpBocess to
| 0

an unaccept abl e nch %h£ achi eve the
formtharbase m@andl%mrgmd thertubei{ b tnuan exgropler tahe essembly. Figure

o s BEUbEPen o intGred %5 padnd Bishis 10 RETIIHY bf bottom side

of YRPbARINERPert f‘l@ is %&tﬂ%ﬁ:ﬁl{i{d@ SCORAed 99 R rawind aInCﬁle illustrated

the opening 114 In Figure 4, a portion of
embudimento tict mpgluelr?o() i4 gdieroally tomcaipdefiming i 1dpdrof aboutai2éd The
in the ni ppl 130. In exenplary enbodi nents, a

clearange adiusterd; shaéla AR @beuip0° thatjpiextcaes With the piggle 130
npaofo?célﬁ%g 13&‘ t@th%%Téf%ﬁweeagl_]L[ Jrol%Ottg s@ags oreaéyegﬂ?ghlzﬁl around

tvveen openi n e flow se

thd?ug;urlq26e1¢mﬁfaﬂaglaﬁylcleardﬂcuﬁhéramﬁre@ swagi ng process to
10 form the base nenber 110 around the tube 112 in an

exeergl@ney Trapd S Hyseatosomemdieneat tube ppsifions/weld gemmetries. In

FiRE i bty JTAE SBieradch 8 dladpPBedufe 4 R Rty flush with
thélﬂl\fﬁ[éjl% (ﬁsln\’thﬂvﬁﬁahéh ttﬂ@“/éldﬂ%ﬁm bd dodeforial H5theMagmember

mbodi ment, the nippl’e 130 is generally conical,
1 lﬂeﬂn ﬂi’nglge 3 thetebe bi4 ptmmdeﬁﬁroni' the bas¢ emmzbec d lﬁdjlmlﬁnemtuatlon

140 %é; er 142 of about 60 that interferes with
the wgl Y"BB]I et an@Bglea force is applied to the

cl eai“h%gfa?tﬁ.gbﬁéﬁﬁédli’n tel s UG b%U@ afbol‘ﬁﬂ Jeﬂ)oﬁ}ﬁea%%ﬁg

the tu m nating any c ear ance
vention may be modified and practiced in different but equlvalent manners apparent to

those skilled in the art having the benefit of the teachings herein. Furthermore, no
limitations are intended to the details of construction or design herein shown, other than
as described in the claims below. It is therefore evident that the particular embodiments
disclosed above may be altered or modified and all such variations are considered within
the scope and spirit of the invention. Accordingly, the protection sought herein is as set

forth in the claims below.



Figures 7 and 8 illustrate sone different tube
positions/weld geonetries. 4n Figure 7, the tube 114
350454308at ed such that the end of the tube 114 is
generally flush with the nipple 130. In this
situation, the weld would be gdone normal to the base
menber 20 110. In Figure 8, the tube 114 protrudes
fromthe base nenber 110. kﬁﬁ%ﬁ%g situation, the weld
woul d be done at an angl e. rticular enbodi nents
WHASTISEOAMNDYP I8t € il lustrative only, as the
—i1nveniton may be nodi fied and practiced in different
but lequi Valflemt semaemimbe assspibly (t00) ocomprasieg 6 base wgrmber (110)

na{i sl 5 SOy SSeraf b b 8tek o6 ReeB B BT lzed by

det ajl; f [N [ | er

£ har MEPRULIONRAHE Lo SEcchAIALIIRE Bl HEMBEr (190}

t heraafopening\V(il dénéxtedding througiatiel leasé arensben ¢l Oyeamtishe nipple (130);
di scl gsed above rraizbe altered_or nodified and all

sucH AW ifsaasoa Habed1 421 biang an gud vroeried in threorcin(1Ad
soudrlfhapiPFal Q2805 B0e fPRAIAL LI NEmRLAYEE Ih P flow sensor

35015/ 03036e {1 12Padjabnt tlHATst ke @fAhdFRelrRemBer; And | ow

sensor tube assenbly (100), conprising a base nenber
( 110he ﬂhwengorftub@belagdveééegbmhg@nml@fm opposi ng
sides, the assenbly characterized by: a nipple (130)
defined by the second side of the base nenber (110);
an openi Nehel fldt serfobt I dierhbly e ikl 1 M?c?@in%%?énin has first
(110) and the nipple (130); a flow sensor tube 112%
(1 téajiand secoreln(d 14ecseiguedts definieg fipst and gedohd4iametefs, késpectively,
terial (12Q) situated jn the opening (114)
thggfsﬁémtﬁgbftlﬁ%gma&ﬁx/t@éﬁ%ﬁecom@éan(tqtirz) adj acent the
first side of the base nmenber; and the flow sensor
tube being welded to the nipple 130. 2. The flow

sensor t Uik fiws seitloy hife 3k@hbiylof cidigr Biwhdrb the fillenthaterial is
_has first_ (114a) and second (114b) segnents defining
sitpated in Hiedirsbsagmend pﬁﬂ@tcmemngr%@w@dmgéﬁf; flowt seaser tube.

di aneter being greater that the second dianmeter. 3.

The fl ow sensor tube assenbly of claim2, wherein the

fillger metRrA®RL séfsor ﬁlﬂe%&éﬁbl}yrbftcﬁﬁnf 2 "tkerSRAAAE Bcoll segment of
t he opening surrounding the flow sensor tube. 4. The
thd bpeninessiuatediat leasspartibNy of thelmappte2, wherei n t he
second segnent of
5. 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.

6. The flow sensor tube assembly of claim 1, wherein the nipple 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 1, wherein a potion of the flow

sensor tube extends from second side of the base member.



the opening is situated at |least partially in the

ni pple. 5. The flow sensor ‘tube assenbly of claim1,
350h®0809Gt he second side of the base nenber adjacent

the opening is formed around the fl ow sensor tube so

as to elimnate a gap betweeg the opening and the

fl ow sensor tube. 6. The flow sensor tube assenbly of

claim1, wherein the nipple is fornmed around the flow

sensor tube so as to elimnate a gap between the

opergNg e AR sélsoubreRS@hblyWIRIaith 1, Fighér @M}i@iﬁ%ﬁf

tube assenbly of claim1l, wherein a potion of the flow

senseeconepammngexisnding throogh tht wsdenayhbarhe base

menber. 35015/ G 8 8. The.flow sensor tube .

o P EATID PeTPHLDE LEtgTeCangs in e Secpppening

openi i r: dife SRCPRM

e e A s¥alel 1 W e DRGSR Binifly ARG sensor wbe

second opdjucent the firstisider ofitht baseamesibeyyandd i n t he

second openi ng surroundi ng the flow sensor tube

adj dhesacond end pf the oy sersor type being welkiedde thepigplene

second end of the flow sensor tube being welded to the

nipple. 9. The flow sensor tube assenbly of claim1,

further gMEPldw REsd @HOAYEmMISI¢TdMagin N, ilehdri doriprisifiea groove

of the base menber surrounding the opening creating a )
defingd édthenfiest sig) efcthatbase encoplesti sugrounding Tthe operingswpating a raised

tube assenbly of claim1l, wherein the filler materi al
bogs, ?qegliﬁqeao Y% material. 11. The flow sensor tube

assenbly of claim1, wherein the filler nmateri al

conprises solder. 12. The flow sensor tube assenbly of

cl aild 1, Theeflewnsenker fulbel assembtyeof alainc dywtiesein the filler material

epoxy. 13. A nmethod of attaching a tube to a nipple
copprisese breze mpdedalenber to form a flow sensor tube

assenbly, the nethod characterized by the steps of.

inserting an end of the tube into an openi ng extendi ng

thrqugh (e fbwPiedsor SiteUadsemblya of icidiar 1/witRkdiAlthe filler material

around the tube in the opening adjacent a first side
cogpriseedlderse nenber; and

12. The flow sensor tube assembly of claim 1, wherein the filler material

COMPprises an epoxy.

13. A method of attaching a tube to a nipple formed in a base member to form
a flow sensor tube assembly, the method characterized by the steps of:
inserting an end of the tube into an opening extending through the nipple;
situating a filler material around the tube in the opening adjacent a first side of
the base member; and

welding the tube to the nipple.



wel ding the tube to the nipple. 35015/0305G 9 14. The
nmet hod of claim 13, whereirn the opening has first and
350e6/080SGsegnments defining first and second di aneters,
respectively, the first dianmeter being greater than
the second di anmeter, wherein gituating the filler
naterial i ncl udes situating the filler materi al

150 e ol taad orofiar 512, RRFRET S ppefien B A ape second
€nt§e&‘é¥ﬁﬂn§'fﬁ'§t ehd s’é%&’ﬁ%ﬁf@x@b%spﬁé’tﬁéﬁﬁeiﬁbﬁmt 1cﬁameter being

he nmet hod ©of claim 15, wherein swaging t second
gredteietheh thésedoad eliameteh ewhéreinl sitleting Weyfiler thterial ppdledes situating

endi n con si de of the ase nenber to

th?ﬁ er pgistia 9*0“‘1*1&51?@‘?’ leréF sagment of {IeRENIE he t ube
is inserted into the opening such that a portion of
the tube extends from second side of the base nenber.

18. IBhe rEtennethodl of ki 1B3 further tcbatprismgmwaingthe second side of
inserting a second end of the tube into a second

the bassiragmbsa terthe APet hr ough the nipple; situating a
filler material around the second end of the tube in
the second opening adjacent the first side of the

bas g 6re MbEe; methdd W cIHifd 5 kel Qﬂggﬁg‘ih@éecbh@ sidesT th®base
the nipple. 19. The nmet hod of claim il wherein the

mémbérancludessswaging thepripplesxtendingzfromrthe eeqoald sidenef the base member
Eﬁet hEd further conprising inductively heating the
to material situated in the opening.

17.  The method of claim 13, wherein the tube is inserted into the opening

such that a portion of the tube extends from second side of the base member.

18.  The method of claim 13, further comprising:

inserting a second end of the tube into a second opening extending through the
nipple;

situating a filler material around the second end of the tube in the second opening
adjacent the first side of the base member; and

welding the second end of the tube to the nipple.

19.  The method of claim 13, wherein the filler material comprises a braze
material, the method further comprising inductively heating the braze material situated

in the opening.



