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tubes are al sQatdHAMlows into the flow meter from a connected material source on the
inlet side. The material is directed through the flow tube or flow tubes and is
20 delivered to a material receiver connected to the outlet side.

A driver applies force to oscillate the flow tube. When there is no material
fldw, all po\ints along a flow tube oscillate with an identical phase. As the material
begins to flow, Coriolis accelerations cause each point on the flow tube to have a
different phase with respect to other points on the flow tube. The phase on the inlet

25 side of the flow tube lags the driver; the phase on the outlet side leads the driver.
Pick-offs are placed on the flow tube to produce sinusoidal signals representative of
the motion of the flow tube. The phase difference between the two pick-offs signals
is proportional to the mass flow rate of the material flow.

It is known to use flow meters having different flow tube configurations.

30 Among these configurations are single tube, dual tube, straight tube, curved tube,
and flow tubes of irregular configuration. Most of the flow meters are made of
metal such as aluminum, steel, stainless steel and titanium. Glass flow tubes are

also known.
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teaches nothing beyond the abstraction that plastic can be substituted for metal in a

Coriolis flow meter. It does not teach how a plastic flow meter can be
20 manufactured to generate accurate information over a useful range of operating
conditions.

Perfluoroalkoxyethlene (PFA) is one type of plastic mentioned for use in a
flow meter. U.S. Pat. No. 5,918,285 to Vanderpol discloses use of PFA for a flow
tube. This suggestion regarding the use of PFA is incidental and the patent

25 discloses no information regarding how a flow meter having a PFA flow tube could
be manufactured to generate accurate flow information.

U.S. Pat. No. 5,403,533 to Dieter Meier discloses a flow tube lined with PFA.
Unfortunately, the flow tube material and the PFA liner have different thermal
properties. This causes the PFA liner to disengage from the flow tube creating

30 leaks and performance problems. The manufacturing process for lining the metal
flow tubes with PFA is also extremely costly.

PFA is very chemically inert and has very low surface energy. This makes

PFA very difficult to bond to other objects using common adhesives. One way to



PFA is very chemcally inert and has very |ow surface energy. This nakes
PFA very difficult to bond to other objects using comon adhesives. One way
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posi t i onetheodrivichantlitbevpiokbeffs diteca magnet—cou! configuration. The driver and pick-
20 offs are affixed to the flow tube by joining the magnets for the driver and the pick-
offs to the flow tube. The driver and pick-offs can be easily and accurately affixed
to the flow tube using current welding technologies.
Unfortunately, there is no easy way to affix a PFA flow tube to a manifold,
brace bars, and the like to support the flow tube. There is also no easy and
25 accurate way to affix a driver and pick-offs to a PFA flow tube. Traditional welding
and brazing processes cannot be used for PFA flow tubes. Also, PFA is soft and
flexible unlike metal. This can make working with PFA a difficult task compared to
metal. To accurately measure mass flow rate of a process material, the driver and
pick-offs should be accurately aligned and positioned on the flow tube. The
30 difficulty of affixing the driver and pick-offs to a PFA flow tube makes accurate
alignment and positioning of the driver and pick-offs very hard.
Manufacturers of PFA tubing generally produce the tubing in bulk. The

manufacturer uses an extruder to produce the tubing. The tubing comes out of the
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adhesi ve openipngs jachi ned,, intg the base, aof, th | qw. net er,. i ich to

i nject an adheﬂ%/%b?"c? ol atr}eﬁ@r‘ﬂ?lﬁwst%ﬁéow 8%’5’5?’}1.88)5%@% %fnégg\g%esi ve
openi ngs ZdHidud 1) tHeepreSentGRVERRIBAWRIEh Aidctigdls Aieinimeved Rewimewriughg @#nd the
base, which produces a stronger bond. The adhesive openings al so nmake

manuf act flawmtpbemade efarfluosepalymensukstange adbdurerarparatus foe mapptaciiing

advant.ageoysl t fi ' i cturing.
v g o nPEE HaRBa kB (a8 Rudiorolifiersichiodtd BlReMBRC 11 o
met er manyhagfadti@ingtSraighitdlosatbey nadde of 4 fleofdpolyntertsutistaridecahdge of the
flow meter. The fixture apparatus al so eases t_hea%fask ﬁf adhering drivers

and pi ck-methog afdesting theqlignment ofadrivesangd @ Righatf AN awdddeel ps to
correctly ali gfhd ffordlbd Abw meter advantageously has adhesive openings machined
into the base of the flow meter in which to inject an adhesive to bond the flow tube
20 to the base. The adhesive openings allow for better coverage of a joint between
the flow tube and the base, which produces a stronger bond. The adhesive
openings also make manufacturing the flow meter an easier process.
The fixture apparatus advantageously secures the flow tube on a fixed axis
during manufacturing. Having the flow tube secured by the fixture apparatus allows
25 the flow meter manufacturer to more easily affix the flow tube to the base of the
flow meter. The fixture apparatus also eases the task of adhering drivers and pick-
offs to the flow tube. The fixture apparatus also helps to correctly align the driver
and pick-offs on the flow tube. The fixture apparatus also serves to straighten the
flow tube and minimize or eliminate curvature in the active or vibrating portion of
30 the flow tube.
The method of testing the alignment of a driver and a pick-off on a flow tube
advantageously provides the flow meter manufacturer with a quality control check.

The flow meter manufacturer can easily and conveniently determine how accurate

4
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the tube opening of the first leg and through the tube opening of the second leg.
The tube opening and adhesive opening on the first leg intersect in the first leg and

20 are on a similar plane so that the tube opening and adhesive opening of the first leg
can be positioned horizontally at the same time. The tube opening and adhesive
opening on the second leg intersect in the second leg and are on a similar plane so
that the tube opening and adhesive opening of the second leg can be positioned
horizontally at the same time.

25 The tube opening of the first leg has a diameter slightly larger than the flow
tube to create a gap between tube opening of the first leg and the flow tube. The
adhesive opening of the first leg provides access to the gap so that adhesive may
be applied to the flow tube and an inner surface of the tube opening of the first leg.
The tube opening of the second leg has a diameter slightly larger than the flow tube

30 to create a gap between tube opening of the second leg and the flow tube.

The adhesive opening of the second leg provides access to the gap so that
adhesive may be applied to the flow tube and an inner surface of the tube opening

of the second leg.
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second tube opening portion on an end of the second section. The end of the first
20 section and the end of the second section are configured to fit adjacent one
another.

When placed adjacently, the first section and the second section form a
fixture block. The fixture block includes a tube opening formed from the first tube
opening portion and the second tube opening portion. The tube opening is for

25 holding the flow tube of the flow meter during manufacturing.

A securing means secures the first section and the second section to the
base of the flow meter. The securing means aligns the tube opening of the fixture
block with the tube openings of the base of the flow meter. That way, the flow tube
can be secured to the base of the flow meter.

30 The fixture apparatus also includes an alignment means for affixing a driver
component and a pick-off component to the flow tube.

One embodiment of the method of testing the alignment of a driver and a

pick-off on a flow tube of a flow meter is as follows. To test the alignment, the
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opening portion and the second tube opening portion. The tube opening is
for 25 holding the flow tube of the flow neter during manufacturing. A
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For " nanur TaPRNGeT SHOPRUERE HRUed elon. TheuBradaryies Sates dawtioe
pr 0V'1@edT1ﬁg'hﬁﬁoeﬁfl§%ﬁ@§y§téﬁﬁ UFIRS ISVt RSmadé e h4iBropbilyrhersuissiased, r udi ng

system w € 1S made froma fluoropol ymer substance, such as PFA
The fl ow sucheascBRAs The flay tubieecames oubof the extiudepat atemperatiare thet ishi gher

than room.te rature., The nufacturer cuts a section of the fl t ube.
The manufgbeh BP0 e teaBEraCTs hahe Sotfctifertnl S sl oL teTom b he

| ongi t udi e manifRGuiet thdiPssRFbs tHe SédtRinddTithefloivitabs &5 hblinthedengitudmve. \Wen
the flow tube has 15 cooled and is straight, the manufacturer packages the

section ofhapecf thaisectien stizight as the sectionraiofhdownaiéher thenfowtuhe bae  The
el ksl 48T SRR R BoRRRTElT phERAd B RETnggh M o O spec
affixed tpapaaifl the straighbshapy ofihersddtion. sai d fl ow tube; and at |east one
pick-off affl X‘Ielge itn(\)/eﬁ{’:ilci)rgj ir:ccllu%vt\alstountzaeo;c r?\rored Sé;?gété ?hgat r;?é ip(r)c;]vic?éd below.
One aspect of the invention is a flow meter comprising
a flow tube; '
20 a driver affixed to said flow tube for vibrating said flow tube; and
at least one pick-off affixed to said flow tube for detecting motion of
said vibrating flow tube;
said flow meter being characterized by:
a base comprised of:
25 a first leg,
a tube opening extending through said first leg,
an adhesive opening extending from a surface on said first leg
and intersecting said tube opening of said first leg,
a second leg parallel to said first leg,
30 a tube opening extending through said second leg coaxial to
said tube opening of said first leg, and
an adhesive opening extending from a surface on said second

leg and intersecting said tube opening of said second leg;



said vibrating flow tube; said flow neter being characterized by: a base
conprised of: 25 a first leg, a tube opening extending through said first
| eg, an adlasiov@sdpeni ng extending from a surface on sai dPdrmsn2/B®m32 and
i ntersecting said tube opening of said first leg, a second leg parallel to

idfirst leg,, 30 a t ' t endi t h said i al
7o “sai o tube Wpemmgedov ettty BipudhendiShiRegRod oSSR s! B3 cnd ng
froma sgélrﬁfpﬁgggﬁg%qggf%%@qm?lcﬁgaﬁpge&dﬁoq@gecti ng sai d tube opening of

sai d sec VO 6487 PCT/ US02/ 37032 wherein said flow tube
ext ends t hr ougiherginisaidiftovotubeiisgnasde ama flueropolysipr suhatangeough sai d t ube

openi ng of sai econd. | eq. er ei i d f ' m a

f I uor opol yner g(?i%r §ﬁcgﬂ.'e HWX@%? ?b'ﬁ??gtqﬁgehﬁ’\g\# #Eﬁgeﬁggﬁgg%ﬁéf _

per f | ypr oal koxprifkria®Re thdbAse is hale of etailbys stdee base is made of stainless
steel. Preferably, the flow neter conprises a Coriolis flow neter. Another

aspec'é :s a ][rele_s@ra@fy,me flow maeter amprises aferrialis flosy aetstr st 1 eg and sai d
seco i Af -
nd 'eg o dﬁﬁ{)}ggﬁ L,OYE 58 S'methBE éﬂ%}'f!}gfb ﬁge'igrf%g;aﬁfgbgggawmgpf’egsérﬁp%ﬂ; :

orienting sai openi ng of sal , hesi ve opening o
said 10 §édosid lbgof sakidiovaidtéd, the meltlrodoharabterized yahe stapsaf: posi tioning a

tip of an adhesi ve applicator in said adhesi ' f jd first |
to access a ga@'%ﬂﬁg{)ﬁ‘p eoQR“éT‘”%G# §%@3|r§tfsliaég§§8%%a§y§gg?aafr@g %fﬁ;lalr' nereg

sur f age Oﬁrsmgsi hY8i ik Oh a 'rf%of{tan?iar{e?g; i ntroducing an anmount of
P g gap bet

adhesive Iin s ween said outer surface of 15 said flow tube and
sai d i nner surpesitoring stipdoftarbadhgsive applifaterdngaid adhedivgopeningof saig sai d

and sal d FSbleGTEoGRS S44P PENFEB A ruUBr SpBscsebraR S gbe aNE 4 BReF sai -
adhesi ve gpPAdeCatid lubeSepéhingBesaidgiraegi ng of said second leg to access
a gap between said outer surface of said flow tube and
introducing an amount of adhesive in said gap between said outer surface of
15  said flow tube and said inner surface of said tube opening of said first leg;
orienting said tube opening of said second leg, said adhesive opening of
said second leg, and said flow tube on said horizontal plane;
positioning said tip of said adhesive applicator in said adhesive opening of
said second leg to access a gap between said outer surface of said flow tube and
20 an inner surface of said tube opening of said second leg; and
introducing said amount of adhesive in said gap between said outer surface
of said flow tube and said inner surface of said tube opening of said second leg.
Preferably, said adhesive comprises a cyanoacrylate adhesive.
Preferably, the method further comprises selecting said adhesive based on a
25  viscosity of said adhesive.
Preferably, the method further comprises controlling a relative humidity of an
environment surrounding said flow meter to cure said adhesive.
Preferably, the method further comprises controlling a temperature of said
flow meter to cure said adhesive.
30 Preferably, the method further comprises etching said outer surface of said
flow tube prior to introducing said adhesive.
Preferably, the method further comprises etching said outer surface of said

flow tube using a sodium naphthalene etchant. .



20 an inner surface of said tube opening of said second | eg; and

I ntroduci ng said anount of adhesive in said gap between said outer surface
of said fwowstuwdae7 and said i nner surface of said tube opemcmgsot/3mat d
second leg. Preferably, said adhesive conprises a cyanoacryl ate adhesi ve.

Preferably, th thod further conprises selecting said adhesive based on a
25 viscosity o?reg%iagﬂfamﬁeg : d EFAmPYISee ﬁéaﬁﬁgh%dpb'ﬁ?rﬁé'rﬁa% : PAes
control | 'M%H@ﬁﬁéﬁtgﬁnm&‘l ¥aidfadhBsiv@nvi ronnment surrounding said flow

meter to cure sald adhesive. Preferably, the method further conprises
control | i ng a Prefgrably, themsthathfuithef comprises roughaning:saidiitneighisiace ©f 30

1 ow ¢ abesdit e BREMRG o Said et B8R HE L 2LdeF Bf SRRYLEE pBhbBis, > ' °
furthe ced@ises6sd RICHiddo SatrétiuRinesaig wdhasiweof said flow tube using a

sodi um napht hal ene etchant. 8 WO 03/ 046487 PCI/ US02/ 37032 Preferably,
met hod f ur t her Predengbiys dhe method fwsthearamerises claaning-saidinnaysyrface @f saide

Compr i ses PEURETIGEY S8 Art WEAM e ThAC ChitRick of oy IReri 6094, 4 1,1

| eg and sgéabndriegpristtd imtredatingaiaitl adhesiveneni ng of 5 said second | eg prior
to introduci ng_said adhesive. Preferably, the nethod further conprises

cl eani ng said '?Fﬁﬁ%ﬁab;%lﬂ?%ﬂﬁtmd hgr cp @sgﬁg.}gw%spaigéri\rberﬁurfgge eE§2i9nd
sai d 1£”e{ub§%£e3ﬁ§ dﬁlf sé@'ﬁ%ti&%@?n@@ 1l iRfeCSurkRictor QU &5hiky bPsaill 0

I ntroduci ng sadl esi ve. eferably, the metho urther conprises

cl eani ng secahdi lagdy wastineg saidfinsern sirfate dfsaid tuberdpening ofsaidififstleg anég and
said inner_.qurface of said. tupe openi ng of, said ecand | by washing said
i nner sur $AE 4G Sé‘épia&etogﬁ@'dotﬁgﬁioi‘? nipo & Faid peeid %Qd'v'g'hﬁceetgﬁ?ﬁ?'ﬁner
surface ofyadbsicibde opening of said second leg with acetone in an
ultrasonic bath. Preferably, the nethod further conprises selecting a size
of said gap 15Pteferabbn theymetied Burthen compsises sekacting lacsize aberid@@rsai d i nner

sur f of said tu openi ng of .S .S ' i1y of
said h e@?‘v"&enasaé‘g 5%?5 % “@J ﬁ(é? 8§ S%'ﬁ qﬁfog'a{ug eo%nde%’qg E&feigsé’?@f: 859 \glh%ﬁ?[ ﬁ%év t ube,
and a surbpéfingdeEald fét Iegibhsbddera sisEdsigeofafaid adhesive, a surface energy of

said outer surface of said flow tube, and a surface energy of said inner surface of

t he

said tube opening of said first leg.
Preferably, the method further comprises selecting said amount of said
20 adhesive based on a speed of curing.
Preferably, the method further comprises applying an accelerator to said
adhesive to accelerate curing of said adhesive.
Another aspect of the invention comprises a fixture apparatus for
manufacturing a flow meter comprised of a base, a flow tube made from a
25 fluoropolymer substance, a driver for vibrating said flow tube, and at least one pick-
off for detecting movement of said vibrating flow tube, said base having a first leg
and a second leg that are parallel to one another, said first leg having a tube
opening extending through said first leg, said second leg having a tube opening
coaxial to said tube opening of said first leg and extending through said second leg,
30 said fixture apparatus characterized by:
a first section having a first tube opening portion on an end of said first

section; and



said tube opening of said first leg. Preferably, the method further
conprises selecting said anount of said 20 adhesive based on a speed of
curing. PwefeenadaBy, the nmethod further conprises applyi ngpram/@oreiodzr ator to
said adhesive to accelerate curing of said adhesive. Another aspect of the
I nvention conpri ses fixture apparatus, for manufaciuring a flaqw neter
conprised of & 533@)&6?%\?‘@%&@3%8@ b epesng pg ¢jole] 3'&1§Pdéﬁl§§ nce, a
driver fagednlrchiBe, S84 Enll! ¢t Wald®ondiéclibn LBapiedBSit RidfdeenPid sdi@end
detecting novenent of said vibrating flow tube, said base having a first

| eg and of said Girsd skeetion teaformr afidareabloek, said fiare hipckdwavinglubefopesing eg
havi ng a tube, .opening.e ndi ng.t hrough sai d.first i | eg
having a f%’[mgd(;f%'ﬁisﬁbigmég@f’aqpe%@gs%?rﬁg? &B@S iﬁ???&doﬁggaqsp%nﬂ]q?é&%pgg and
ext endj NOsdil FIUBE bisHkdadepted b fitsbtwaln saidckirbi Replire SeaeabnG ey d er i zed
by: a first section having a first tube opening portion on an end of said
first sdeaseon; and 9 WD 03/ 046487 PCT/ US02/ 37032 a second section having
a second tube ' j l.d..second section, said end of
sai d second se@&?%éﬁ%gld%%{oteﬁfap?o&?@pg@%%gé@t?%g%ai d end of said first

section to foradevér spering ekendingsfeord o surfavecoftaid fixtaee blogktamde openi ng
formed fromsaid first tube ogpeni ng_ porti chn zigd sai d second tube opening
portion, iBtesapeling saidtebeppening @hpaiddiyenlock;@deen said first 1eg and

sal d gpeond | eg @hstseHdlpicRatondiiitt] SkiBRking fRfth Sald Sirtice O LAk kFe BRIcK
conprises: a driver opehing extending froma surface of said fixture bl ock
and i nt earscbirtténrsgctiag daiditbbe openingepf shidsfaitdref bhirckir e bl ock; and 10 at | east

i ck- of f i t endj ng fr i f f said fixture plock d
"htersect tng SBrierDNG SRBaITY s Bt Posk [ ittt ismalerbid istinteengt
of said fl?é‘tWébﬁéH%%r Fﬁrféél;béfé’él@l firdtleg ShdahakndisfabessfangEsediridregn an

I nner sur ' Irst leg and an inner surface of said second | eg.

ace of said
Preferably, saPreferably,fsaid base furbeninsiudessrsesuring means adapliedda sesukecur e

19 g, R A BT R STl FO e e 0"
openi ng ofaig dilse bpehihgl FSarfikture block with said tube opening of said first leg and
said tube opening of said second leg.
Preferably, said base further includes a driver opening that extends through
said base and said securing means is further adapted to secure said fixture block to
20 said base to align said driver opening of said base with said driver opening of said
fixture block, and at least one pick-off opening that extends through said base and |
said securing means is further adapted to secure said fixture block to said base to
align said at least one pick-off opening of said base with said at least one pick-off
opening of said fixture block.
25 Preferably, said fixture block is comprised of Delrin.
Alternatively, said fixture block is comprised of stainless steel.
Preferably, the fixture apparatus further comprises a fastening means
adapted to attach said first section to said second section.
Preferably, the fixture apparatus further comprises an alignment means
30 adapted to fit in said driver opening of said fixture block and extend from said
surface of said fixture block to an area adjacent said tube opening of said fixture
block.

10



sai d tube opening of said second | eg. Preferably, said base further

I ncl udes a driver opening that extends through said base and said securing
means i s WoroBhesssadapted to secure said fixture block to pe@/Esaz/siobase to
align said driver opening of said base with said driver opening of said

fixture block, and at |east one pick-off opening that extends through said
base and sai & r§%‘€@|‘?’b’n§a' : ﬁgmeg?ma@ﬁéfﬂda@%%?ég_%o%eﬁ g‘agé‘f [?rg?rl;,? ure |
bl ock to sghd thiifq@}ér%f sald @rri\/e?%;fénﬁg beRdd filee ?lo%K;é?é& lipRRRbREY ©f ald d

i
base with sai east one pick-o0 ~opening of said fixture block. 25
Pr ef er ablsaid abigninémtrneaes to extend dntosaid deet apfening @ cartaindistengat i vel y, said

fixture block js.conprised.of stainless steel P a , 2 fixture

appar at us furtwh%’%ﬁ\i%% 'P&%’?‘é% %@n%%%sa %&%&igf P%hétstayg@dé?l(d first
secti gn tgppupatts 16 aANGsAE Abivtlbe t6 Shidl sd¥eyof saltPfléw xiater thopesthdbds furt her
conprises an alignnment neans 30 adapted to fit in said driver opening of

sai d fi xtahesagpaad bynthesteps®ffrom said surface of said fixture block to

T/ Uso2) ar0sanonty St ARG 8 1o bCAAG of BaRdtst X0 A 2 ond

that is ltabg@pehingrofaaitl seedreylegf sai d driver opening of said fixture
bl ock, said |ip adapted to al] ow gai d ali %gmenﬁ me?ns to. extend int? sai d
Seten 8 o

driver openi ngligntgraid ﬁf'%!i%?ﬁ?f&@f‘_ ARkt $RGO S@igéi)qq{gép[q%%tus
COMPrS eSorit SRS A 1B 1B BENIBEA shidfirs tBibe BpBARRY Rirkion BAdRald Secdhie 1! ow

tube to sal ase of sal low neter, the characterized by the

st eps of :tubaopeninggpostont f 1 ow t ube through said tube opening of said first
| eg and said _tube. openi of said second leq; aligning said.fir ection
and sai d secorlgS€a{g $ad 5?5@59@0'? f%%fﬁéeam‘ig%‘t?é‘ @g‘]onﬁéa&ﬂ%tageeg@gﬁd f1 ow
tube between s@iclrihd sald iR BIBERdSaiBY=seoN and said second tube opening
portion; fastening Said first section to said second section to formsaid

fi xture bl ock;intreduging ag asaeuntiaf adhesivelinelgapdaeiwean wasauter sirfagauef sfid an

S o BT 40 TS DR g LG i 'S, [ o e
introducing said amount of adhesive in a gap between said outer surface of
said flow tube and said inner surface of said tube opening of said second leg.
Preferably, said adhesive comprises a cyanoacrylate adhesive.
Preferably, said flow tube is made of perfluoroalkoxyethlene (PFA).
20 Preferably, said base is made of stainless steel.
Preferably, the method further comprises selecting said adhesive based on a
viscosity of said adhesive.
Preferably, the method further comprises controlling a relative humidity of an
environment surrounding said flow meter to cure said adhesive.
25 Preferably, the method further comprises controlling a temperature of said
flow meter to cure said adhesive.
Preferably, the method further comprises etching said outer surface of said
flow tube prior to introducing said adhesive.
Preferably, the method further comprises etching said outer surface of said
30 flow tube using a sodium naphthalene etchant.
Preferably, the method further comprises cleaning said outer surface of said

flow tube prior to introducing said adhesive.
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I ntroduci ng said anobunt of adhesive in a gap between said outer surface of
said flow tube and said i nner surface of said tube opening of said second
| eg. PreWweramabhess7 sai d adhesi ve conprises a cyanoacryl at e PadheEs2/8m32
Preferably, said flow tube is made of perfluoroal koxyet hl ene (PFA). 20

Preferably, sajid_ba .S made tainless steel. Preferably, the t hod
further conpri @ée@zﬁfe(t,l?‘? H@%%‘%‘@l?ﬁ@gmpé'sﬁﬁé%%%w% S@'Fé‘&'@). i%r'}éfi?%gaiq
adhesi ve. sl @5 89éning 'of 8aidEfirsordgfadt $d iIfHRITBUIAES of 941tAbé bPeniagictl at i ve
hum dity of an environnment surrounding said flow nmeter to cure said

adhesi ve. s@8 secend legoprqr te firtredudingisaidradhesiveonpri ses controlling a

ot hod  ur t her PESHPIYs J38 afRgd i rthel KoRePSeS AP Yy e ARG Y saleC
prior 8o tuberspdniiger seid draaddeand eaidinaéeswrtdoe, oftdatd tatidhsskring bheaid

conprises etching said outer surface of said 30 flow tube using a sodi um
napht hal eseconddaareior to istregeing saihadhesiYRyd further conprises cleaning said

out el oarface Blerddbfly cldaMihd L8 ifid:Yurae df shRAUBL R A bR RS fog 11 VIO

03/ 046487 PCT/ erably, the net her “conpri ses

r ougheni ngnd aaid inmevesurfacefafeaidfubsopkningef said seagndfegseaindpriisasswasdhéng and
said inner surface of said tupe opening of 6 _.said second.le rpor to

"t T oduc FIA4nS SuREe o) SSICHBR SPBRINg O FSE A e P Aptace ey

cl eamgg §éiu(iu¢é'86éni§§rdf§ Rl comdii€g wathtaeeeorRPRNAMditesoRRihthi rst | eg and
said I nner surface of “said tube opehing of said second leg prior to

i ntroduci ng saPreferdiblys ithe methed furtiter comprisesisalpcting @ sizmef saidigaace of sai d

t ube openjing of said first |le and. saj d i nner. .surface of said. t openi ng
of said sPEBRFN S oy PP@@%%‘Q?{ Wlolbe S Wt °_8f°?§§'ida‘HB§be

openi ng oppérmhd of Laidtfirstleg daded dnth LiBBESitySor Jas AdRésiVe) §§mﬂadel&$ergg©lﬂi ng of
sai d second Ieug@vmth acetone in an ultrasonic bath. Preferably, the nethod
further ceagouersustacesfisais Bowituke, eNdshserfaggeneray wésaidsianer siirfase fur f ace

of Sa4§e;£%§'g§l§g§ﬁ&ﬁﬂgﬁﬁ§§idfﬂ@ﬁe surface of said tube opening of said

first Sity 6P sai d adhesi ve, a surface energy of said
outer surface Pfefembly, themethbe furttied conpuisteceleeting gpiddmoeantbfisaier surface

of adhesive based on a speed of curing.
Preferably, the method further comprises applying an accelerator to said
adhesive to accelerate curing of said adhesive.

20 Another aspect of the invention comprises a method of using said fixture
apparatus to affix a driver component of said driver to said flow tube of said flow
meter, the method characterized by the steps of:

attaching said driver component to said alignment means;
applying an adhesive to a surface of said driver component;

25 inserting said driver component through said driver opening of said fixture
block using said alignment means; and

contacting said adhesive on said surface of said driver component to said
flow tube using said alignment means.
Preferably, said adhesive comprises a cyanoacrylate adhesive.

30 Preferably, said driver component comprises a magnet.

Preferably, the method further comprises allowing said adhesive to cure and

removing said alignment means from said driver opening of said fixture block.
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15 said tube opening of said first |leg. Preferably, the nethod further
conpri ses selecting said anount of said adhesive based on a speed of
curing. PwefrsnadBy, the nethod further conprises applyi ngpram/isozgtodr at or to
said adhesive to accelerate curing of said adhesive. 20 Anot her aspect of

the i ti ' t h f ' id fixt . ffi

o dri ver | compoRENEraBH: 126 ediet Lpihes CIPHSFs Sariled Breleba oty hEesr,

the met hoghGlA& it RUBaAdRY SaRPIGH PRétePly civel fidbBBegined driver conponent

to said alignnent neans; app;;%/ilurv]% an adhesive to a surface of said driver
e

conponent ; 25 Prefenablynthe mieth r compoises contieling B teenpgrature et saigeni ng

of said fjxture Dbloc sing. said ' . . and contactin id
adhesi ve %Wg%ﬁ%agﬁf’?@cdéngf 89%%8n8ﬁ @%%ﬁbﬁ@g&\% said flow ?uzgl usi ng
sai d @ i gnnent pratamnbdly, tiehirtidd furtheaicdmprises etchinpsaidicigsr surfacersfaaid/| at e

adhesive. 30 Preferably, said driver conponent conprises a magnet.
Pr ef er abl flow tuke pEeHeRAPIiRtheRIdasesIVees al | owi ng sai d adhesive to cure and

renovi ng said | ' "yl | ' [

b ook, 32 v 0IHERE, PR REKE SoMprsp ey cblenifack of sl
conpr i sesfl®omibseptiomy applyh@saideadhesivai. t y of an environment surrounding
conpri ses. cont PeerRY. e BeuRtiiner spiessas claslia T SUHacs of SAEThEr

conp nt ' ' i rably, th thod furth [

et chiofrgg s%érﬁpgﬂ%@rp??ﬂr@? ggg&@@%&? %dﬁéﬁgg} tub)é pri gr rr;so gppl ;r ngega?:grrprl °e0

adhesi ve. Pr ef Bredetaply, the methdobturther chmprisesppplying an eceelatptertodsaidt er

surface of ,sai.d . flow tupe prior, to applying said adhesive. Preferably, the
met hod fu?qu’f"esr“’ec%?qeéﬁép%ﬁ’@m Qfgsaé%laaﬁgéy?'ace of said driver 10 conponent

prior to appl yARStheRaSpact e e/ fveRticrh & @ athod BEUSTRG ke fixtuid@pparatirrtoses
applying an accelerator to said adhesive to accelerate curing of said

adhesi ve. affsat piek-ofgomaponent ohsaidal deast omeipickothie rald flow tibieref said Howi xt ur e
apparfaé usmte?er, the method characterized by the steps of:
attaching said pick-off component to said alignment means;
applying an adhesive to a surface of said pick-off component;
inserting said pick-off component through said pick-off opening of said fixture
block using said alignment means; and
20 contacting said adhesive on said surface of said at least one pick-off
component to said flow tube using said alignment means.
Preferably, said adhesive comprises a cyanoacrylate adhesive.
Preferably, said pick-off component comprises a magnet.
Preferably, the method further comprises allowing said adhesive to cure and
25 removing said alignment means from said at least one pick-off opening of said
fixture block.
Preferably, the method further comprises controlling a relative humidity of an
environment surrounding said flow meter to cure said adhesive.
Preferably, the method further comprises controlling a temperature of said
30 flow tube and said pick-off component to cure said adhesive.
Preferably, the method further comprises etching said outer surface of said

flow tube prior to applying said adhesive.
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affix a pick-off conponent of said at |east one pick-off to said flow tube
of said flow 15 neter, the nethod characterized by the steps of: attaching
sai d pi ckwofoBoeasponent to said alignnment means; applyi ngcamsezismesi ve to a
surface of said pick-off conponent; inserting said pick-off conponent

t hrough said ppck-of eni aid fixture block .ysing sajd alignpent
nmeans; and 20 é@ﬁ?r Wﬁge g}%rt]lgocg r $RMPHISES Cleating ﬁ%é %'F&s C&OfS8lkt one
pi ck-of f &R ISBRLY th lifa EhfevadHelmeusi ng sai d al i gnment neans.
Preferably, sal dsadrhegpwlﬂ%rrpri ses a cyanoacryl ate adhesive. Preferably,
sai d pi ck-of f Erafpabbnthe orgthod fsther campeises pleaningdaig surface o saddick t her

conprises_allown ai. d .adhesi.ve 1o cure. and 25 renoving said alignnent
nmeans fro §8W°§gnf%ré%rttocﬂ?g?ybﬁl%ﬁg@f?&ﬁgggﬁr ng of said fixture bl ock.

Prefermbly, thprdfetdbBd the!ridiedd ARtRTicBRfriees applying'gn acteleritor® duidi dity of
an environnment surrounding said flow nmeter to cure said adhesive.

Pr ef er abl §dhesie icacnsieratn ewing elvaid pdBasivent rol ling a tenperature of said
Soe ot hoHRBuRP RsPELLINE i Bhliof B ANARbA bPniiufaciahih AGIRGBIEmaTRHERR D V.

t he net ho rises e g Ssaid outer sur e of sal | ow t ube
prior to afpbypolyrmer sibatdes that adssuiBtaRilly643igHRCThe&ISI? A3I008RIbe is

Preferably, the pethod furfher conprises cleaning, said,outer surface of

said | obkeuARD PTG PXuing SYSiETs dheimedhed PharaCiaZed NG SeRohet hod

furt COWP“é@ﬁng'a%aé&tiaﬂo?@é@ ﬁgfe‘?wﬁ\feréﬁ's%id)ﬂ%‘tuﬂéf1a§(arf8ﬁib%§‘étu%'Or
adhe 5 Preferably

to appl ying sai Sl ve. , the nethod further conprises
appl yi ng abovemeineterhperatwresai d adhesive to accel erate curing of said

adhesi ve. Another aspect of.the inyention is, a nmethod.qf manufac ' flow
tubes made froffCYNGIR Bﬁﬁtfmfrs%%ﬁngéHQ% 1 Hgltdwﬁ?es féﬂ?ﬁ’éﬁ%’?ﬂ'ﬁ“&fﬂ%‘,%?ﬁ% ght,
wher ei n aof QW seelién bfsai@bwitisd sftrraQ{Ht A8 sAd setiondcsals Hewn fidhe sart hod
characterized by the steps of: 10 cutting a section of said flow tube,

wher ei n stenpérabwer amk has a tenperature above roomtenperature; securing

said gsection of sal d ! LOW JuhSn 5P 50w {iBeth mibiftdin N BhGHIARE! stipePst

said section of said flow tube.
Preferably, said flow tube is made of perfluoroalkoxyethlene (PFA).
Preferably, the method further comprises etching said section of said flow
tube before packaging said section of said flow tube.
20 Preferably, the method further comprises storing said section of said flow
tube to avoid exposing said section of said flow tube to light.
Preferably, the method further comprises storing said section of said flow
tube at a constant temperature.
Another aspect of the invention is a method of testing an alignment of a
25 driver and at least one pick-off on a flow tube of a flow meter comprised of a base,
said flow tube made from a fluoropolymer substance, said driver for vibrating said
flow tube, and said at least one pick-off for detecting movement of said vibrating
flow tube, said driver and said at least one pick-off are affixed to said flow tube with
an adhesive, the method comprising:
30 vibrating said flow tube at at least one frequency using said driver;
receiving pick-off signals from said at least one pick-off, said pick-off signals
represent a vibrating frequency of said flow tube;
the method characterized by the steps of:
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of said section of said flow tube straight as said section cools down from
said tenperature; and 15 packaging said section of said flow tube to

mai nt ai n wWioasloasg7 t udi nal shape of said section of said frcawSHbm32
Preferably, said flow tube is made of perfl uoroal koxyet hl ene (PFA).

Preferably, the method furt ' t chi i J sect | f, said fl
ube bef of & pdtREFIEN SAKPISEEBHIA 303 SHAL P GRnG 8 SASLST the

met hod f j S hdfdqu@nepréspupieki aRd of said flow tube to avoid
exposi ng%s%ﬂhggn Jetertting o d (?I gwﬁt ube to light. Preferabl E/f t he net hod
€8

séction of sai
further conpriisdicatingannmasaeptablecalionmerit of saig driverandagid at leastomst ant

t enper at ur.e,. ot her, .aspect . of | ' ' hod of testing an

al i gnnentp'Sl_f'o %S%'pi@&?tugﬁ(?agf& P’g‘%{w?&éh%ﬁ%\{feéﬁP Hgén a flow tube of a flow
net er sconpri seprebérably) #semettscti firthep voinphigeshtiicdtingrarfuhacoaptatoé vkl
substance, said driver for vibrating said flow tube, and said at | east one

. er 1t : g ! .
pi ck- of f alignmrntef spisydhines andraaidat leastions picktafti said| frrauansy respansedr i ver
and said t | CKe e affixed to said flow tube with an
adhesi ve,'ﬁ%wég%ﬁ%ﬂg(@d@g‘rﬁf@ﬁgaé% vibrating said flow tube at at |east
one frequency Psiferabbaitise chethvat furthec ebriprigepindicating an gnadceptabdenlatarall at

| east one pick-off, said pick-off signals reprgsent vi brating frequenc
of sai d {HIBRMAIE! SeREIMEY DY <AhAbleasr 3R aIhPT R oAk Ealegicy resibring 1"
03/ 041@487in5)|§1&é§’§3‘%?’t%?§18n mfeessi ng said pick-off signals and signals

at

representing sai east one frequency to determ ne a frequency
response; and indicating an Descrigticabobthd Dyawings of said driver and said
at | east one | ck- of a f.r eqyenc ponse.

f i d fl d i d
S prereranly, Thess Snd ol efiAnboRs abrieal s fr B rtascnt i ie B ek ERO T a
al i gnment p&ferSHderstobd o cé&%&iagq’viﬂi a Irﬁae’tﬁh%@nmdwoﬂbwﬁfgfdétfailédaadsdrr j@Hency

response includes a second bendi ng no referably, the nethod further

conpr i sestherefifdacongectionuitie hepdrawirgs intRIGS. 1-85i gnnent  of “said driver and
sald g | east ope PhkKoREL a'derSPdtvE VAW B SNoWRRRINR an'Bedrfifib dffR 2 11 7St

t or si oh node.
invention.

FIG. 2 is a top view of the flow meter of FIG. 1.
FIG. 3 is a front view of the flow meter of FIG. 1.
FIG. 4 is a cross-sectional view taken along lines 4-4 of the flow meter in
20 FIG. 2.
FIGS. 5-7 illustrate a flow meter having adhesive openings in a base of the
flow meter in an example of the invention.
FIGS. 8-13 illustrate a fixture apparatus for manufacturing flow meters in an
example of the invention.
25 FIG. 14 illustrates a method of testing the alignment of a driver and pick-offs
on a flow tube of a flow meter in an example of the invention.
FIG. 15 illustrates a method for manufacturing flow tubes made from a
fluoropolymer substance in an example of the invention.
Detailed Description
30 FIGS. 1-15 and the following description depict specific examples to teach
those skilled in the art how to make and use the best mode of the invention. For
the purpose of teaching inventive principles, some conventional aspects have been

simplified or omitted. Those skilled in the art will appreciate variations from these
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Description of the Drawings These and other advantages and features of the
present invention nmay be better understood in connection with a readi ng of
the fol | owogoe@sai | ed description thereof in connectionPETIUS02/B®3ZIr aw ngs
in FIGS. 1-15. 15 FIG 1 discloses a perspective viewof a flow neter in an

1) Skl b FIBAAE S b3 R R RO R 1
Cr 055~ SeghbaNalte thaihb s atirad 8dkribelaRidn tanbel tstbihowinroamsus aye® FI G. 2.

FI GS. 5- | Tustrate a w nmet er having adhesive openings in a base of the
f1 ow net éorm multiple varipliansosf thdnventient iAsna reauttstheginyention isqtatdimited toj xt ur e

PG 14 Mt Seeqts Seampifndhbenbhd pREM. e bRyl SRl Wi, Lo o

pi ck-®f f squRAlents] ow tube of a flow meter in an exanple of the invention.
FIG 15 illustrates a nmethod for manufacturing flow tubes nmade froma
fl uoropo I elin an exanple of the invention. Detail ed

d
Descri pti 3 | ] leQwi o . .
exanpl 65 Lo ¢ 18N T poelshatfife iy bPa it e RS SIEAblaR cfitafhefTthe 0
nmode of Iil’matri:tibkn@:ﬁdi diﬁclotEeH?]ﬂbhemptam@@maylﬁng a&lgw’ tobeil®2dnsented through pl es,
some conventional aspects i if i :
1 the alegsil 11, Hishelkase 10 -pickoohEDATEHRCh ebg SR & coupln o ol | o
PCT 190240 382, FISIRer 108 tededs abldtels ioRaIRSY b Sl . Those

: (? ; (—flér
skilled irn"the art wl appreciate that the features described bel ow can
be conbi med éxtends theufowttreugly connectoni0d topllew yube 402.0Rsiver Drvierates/ent i on.

o PR e ol _ s
doscr | bedowbiube 1074 fesSns TrAuemsy wiFmbtarich fifws Picq s o A9 R0
Descri pt 'd%rt‘en(gfthg\’é%ultjrn bt@rioﬁs H&flettibAs SREGPpKEsIYhEN repredehting thepCasiblie e

exenpl ary enbodi ment o he invention and discloses a flow neter 100
havi ng a deflentionsheverandustors dd2w@ndolighto meter electronics 121. Meter

15  electronics 121 receives the pickoff signals, determines the phase difference
between them and applies output information pertaining to the material flow over
output path 122 to a utilization circuit not shown.

The material flow passes from flow tube 102 and through tube 106. Tube
106 redirects the material flow through return tube 103 through connector 107 to

20 exit tube 105. Exit tube 105 delivers the material flow to a user application. This
user application may be a semiconductor processing facility. The process material
may be a semiconductor slurry which is applied to the surface of a semiconductor
wafer to form a flat surface. The PFA material used in the flow tubes shown on
FIG. 1 ensures that the process material is free of impurities such as ions which

25 could be transferred from the walls of metals or glass flow tubes.

In use, flow tube 102 is of a narrow diameter approximating that of a soda
straw and of negligible weight such as, for example, 0.8 grams excluding the weight
of the magnets. The magnets associated with the pickoffs LPO and RPO and
driver D have a mass of 0.2 grams each so that the combined mass of the flow

30 tube 102, the affixed magnets and the process material is approximately 2 grams.
Vibrating flow tube 102 is a dynamically unbalanced structure. Base 101 is
massive and weighs approximately 12 pounds. This provides a ratio of the mass of
the base to that of a material filled flow tube of approximately 3000:1. A base of
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| egs 117, 118 of base 101. Pickoffs LPO and RPO and driver D are coupled to
flow 10 tube 102. Flow neter 100 receives a process material flow from
supply tuWwe 0304648and extends the flow t hrough connector 1@8Ttusot/bmse2 t ube
102. Driver D vibrates flow tube 102 at its resonant frequency wth

material Jow Pi ck Q.an tect iolis

defl ecti '§ A ':?p%ﬁ{f:'%n Raﬁbs%&é}SRE 'QHS e{%ggegqﬁgld&bgrq\ac%&ect I ons over

conduct Orlﬁ‘]bb%@aqlon\J-ﬂJMMQﬁ nedtesalflow.cs 121 Meter 15 electronics 121

recei ves the pickoff si %{7:108 determ nes the se difference between them
t'Fen

and appl i es oEginedtersd 1%?@@”’69@@”?60‘&499%’&9&?% apd d@Bdedhe out put

th 122 t f
P Pow t o Hspribl (BB BN FeitiuBeU0RT MEse CHRERIES of% shodiirPasafi® | (O
t h[)ou%gglgeimn Ihd)ﬁ]rir%tc?rbr‘rmvlgm ?b@dl’;?ﬂtlon 1mithannlcl?lde?mmadmbmm'ﬁe Exi t
t ube elivers the eria 0 a user i cati an. | ser
agm i cat i"™BAVaRG PREIOD %e‘?ﬁ%@ﬁ%ﬂjét18?v¥ﬂpcﬁ!8§5 efaito maje ?Wr%é P?éi
materi al ?Hﬁi&c@l‘ﬁeﬁ' r?@?é&%%ﬁé&fo Uiy BUHXQJT thé c@ﬁrﬁ’édt@ﬂoﬂﬂhu&ﬁ@hé ﬂf(édice of
uct

a senicon to forma Iat surface. The PFA material used in the
fl ow t ubgmriorim1 isma parG Thesensannestors fundtine upnacmeelmerrmmdar talthewvélk ee of

i it h be t

et al s orngMiceoRtes e d8red pomnegote o APnbed 1an8" B8 10LEN, 1P5 P shler o
appr G|>0i ”Bdf'flibgl fupat10Y arid R0 tubbr®8, aVétand ratpElingithe eonrédbis aredlrtass f or
exanple, 0.8 grans excluding the weight of the nmagnets. The nagnets

associ at exhoxirtin filGe 4pi toperatureceasar RPD @mgctSdhe\t@np@'aﬁw\se@faeM@éulzﬁ 0.2
Tgnet s s ok t3heiniS ST Apledingihe Hefectadtérierallll oWBPoaf aid 1170,

t ube 102 méteaequm@auw unbal anced structure. Base 101 is masswe and

wei ghs approximately 12 pounds. This provides atio of the t he
base to that dPPeniRgs é?‘pdlasﬁlf'lol"éé SPﬁ@ﬁPlol’j'Hﬁg 6f17ééi9r'~’89itﬁﬁlpé@1 ng%@% al"d A base

of 16,0 4 e
Vi br 8 ortoHn Gl Hestp (R vt o g WIS fog SORERIGS SR okl BRSMIC .,
mat eri al placsvto iﬁmuhedheswel@éfﬁ)dﬂlﬁv tlm@:maﬂmb le§)6 1d@riiect A sebsgrewiepbuld 05 and

106 to the ends of flowt r .tube 103. These connectors are
shown i n $FEeWEY Nt openinas, to%ﬂﬁdg ﬁHE?gpg IRRIACE, fixed portion 111 that

i ncl udes E@é&@ép%ﬁ‘ﬁGTﬁe movabl e portion of connectors 107-110 are

t hr eaded eads 124 to
In FIG. 2 is a top view of flow meter 100 of FIG. 1. Pickoffs LPO and RPO

20 and driver D each include a coil C. Each of these elements further includes a
magnet that is affixed to the bottom portion of flow tube 102 as shown in FIG. 3.
Each of these elements further includes a base, such as 143 for driver D, as well as
a thin strip of material, such as 133 for driver D. The thin strip of material may
comprise a printed wiring board to which coil C and its winding terminals are

25 affixed. Pickoffs LPO and RPO also have a corresponding base element 142 and
144 and a thin strip 132 and 134 fixed to the top of the base element. This
arrangement facilitates the mounting of a driver or a pickoff to be accomplished by
the steps of gluing a magnet M to the underside of PFA flow tube, gluing the coil C
to a printed wiring board 133 (for driver D), positioning the opening in coil C around

30 the magnet M, moving the coil C upwardly so that the magnet M fully enters the
opening in coil C, then positioning base element 143 underneath the printed wiring
board 133 and bolting these elements together so that the bottom of base 143 is
affixed to the surface of the massive base 116. A system and method for affixing
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connect their respective tubes to the fixed body of the connector of which
the fixed portion 111 is a part. These connectors function in a manner
simlar twotldm4ewet | known copper tubing flared connector ®crawsonsmezrt t ubes
104, 105 and 106 to ends 10 of flow tube 102 and return tube 103. Details
regardi ng, t connec her El rat.ur ensor
RTE et odbe SFer Dt PamifkSts LPE S RFS R el sftgiod s dSReal EigS

repr esentizngz biplet ected tenperature over path 125 to neter el ectronics
121. Openings 130 pass froma surface on | eg 117 through to flow tube 102

and 15 from alhaumpletreads s Qﬁ@ﬁﬂﬂC&IQHOFd 1 % Q"iﬂyen o0F1GBedhBgs 130
could pr cf%ﬁéglﬁqéan@lﬁa&fcht Oth@l;c?%fen?eg‘h ¥r?ov5|90ﬂfﬁlbx4fl o h%ﬁ%é%%éi d egs

117-118. SCrew cou Screwe peni ngs 130 ube 102

i n pl 8ce.copesctorptin@nt 18 ard G142 Me‘teFe@ctranllcs 1a1to:i|tFI(B| d\is 0bt $hown opFHG. 100
of FIG 1. Pickoffs LPO and RPO ZP@and driver D each.in hg?ﬁ’)a coil C.
Each of thiss@iNiMizaHieyingcomplexitne Foueves it isfo he undaestoq &ed to the

bot t om pq{otn'd?j o 1f1%°’f“lé HRE 1*Q%xﬁﬁﬁﬁ¥M¥bH Spénify 126 arﬁ%ﬁh@lf ektBR§ BvEF EMENL 'S

further |nclu €s a base, such as driver'D, as well as a thin strip
of mat er ipth 120cdf FAS. 138 niater eecvenic®12Tiof FIGi h. strip of materl al may

conpri se {% gr] nt ed EEIEI gg board to which coil Cand its winding termnals
are 25 af tioR,0 LPO and RPO al so have a correspondi ng base el enent
142 gpd 144 ane 3 dHHWS Stk I1PE RPA ahddriver €dad @oﬁnbﬁsfhgl% phghéEmbase

element. This arrangement facilitates the nounting of driver or_ a
pi ckof f taffixesd tactherhsitiosmpdrtiop of flpw tebepd2undya @pw@: affi ma@ tethenpase afhe

under si de_of PFA f| coil C to a printed wiring board
133 (for &a4 '\/%fr '?55“ Rgolsﬂ?e% Qﬁéht ¥‘5P§em ng in coil C around 30 the magnet
M novi ngjégtﬁlpq@hlof@@pwardly so that the magnet Mfully enters the
opening in coil C then positioning base el enent 143 underneath the printed

wiring board FIG3 4da@ ssstipnalyiew dakercalepg fing 4-4gEFHar 2551 hdisclosep @il om of

base 43 e Otga??ed system and

met ho f&baa %ébﬁg&ﬁ@&%ﬁ@%@e@@ﬁ f@)%%%g t i(?i&velr% Eﬁyand t he

pi ck- of f SultRer disdioBEO openihgs WOR wne 4MBRin lsascdai HusThe tomofedeh of th@sd 3 bel ow.

The mal e threads 124 of nect or 107 are sh I 2. ., The inner

detai | s SPEEURGS %’ﬂeﬂﬁ%%%@n@W@ﬁF e %h a5k G (w%s%,ﬁ%%arﬂgrygcel ves
D. The coil C and magnet M associated with each of these elements is also shown

on FIG. 4. Meter electronics 121 of FIG. 1 is not shown on FIGS. 3 and 4 to
20  minimize drawing complexity. Element 405 in connector 108 is the inlet of flow

tube 102; element 406 in connector 109 is the outlet of flow tube 102.
The fixed body 111 of connector 108 includes male threads 409 which screw
into mating threads in element 401 of base 101 to attach connector 111 to element
401 of base 101. The fixed body 111 of connector 109 on the right is similarly
25 equipped and attached by threads 409 to element 401 of base 101.
Fixed body 111 of connector 108 further includes a threaded portion 124
whose threads receive the movable portion 415 of connector 108. Connector 109
is similarly equipped. Fixed body 111 of connector 108 further includes on its left a
conical stub 413 which together with movable element 415 acts as a flare fitting to
30 force the right end of input tube 104 over the conical stub 413 of fixed body 111.
This creates a compression fitting that sealably affixes the flared opening of supply
tube 104 onto the conical stub portion 413 of fixed element 111. The inlet 405 of
flow tube 102 is positioned in fixed body 111 and is flush with the outer surface of
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5 conductors 112, 113 and 114. Meter electronics 121 of FIG 1 is not shown
on FIG 2 to mnimze drawi ng conplexity. However it is to be understood

t hat the woaaswesprs 112, 113 and 114 extend through openipeg/usés3asz
further extend over path 123 of FIG 1 to neter electronics 121 of FIG 1.

Descri pt i f FLG.. 3 10 FIG 3 sh i ckoffs LPQ  RPQ dr
compr | o1 b g RY R MaeTs. fae ProstonenBE GBI BhoeRPFtons 105 102 and a
coi | C afrbieigsy E? gﬁl@f?(’g?gﬁﬂ(%ﬁ_tutﬂ';a¢02.0ffh6|p%wsfs&nbt@@alﬁiﬁ%wd\eﬂﬂigmer D.

Descri ption of is a sectional view taken along line 4-4 of

Fla 2. rhaugh foiveteibesEl? tl fixedi vl teofcemnestos s OB vhers thauilet 40Ref detai | s
of connect 9 0 o f - :
i n base @T’r Pu?%eﬁzgigqlbj% R&ﬁ%ﬁg‘eqﬁnoefssgﬂg gg%n?hg%géée%;?@x%w g'}ﬁ %ee%ﬁtz)l‘v@% 104

surfage Qqfibé hoehesennéctor thobhd td B oitRD48Bbf dioimteibe 102. Thee othier C and
magnet M associated wt

h h of th I ' I )
Vbser el GOnPaAoRs 103 Bner 18 a8 FIB. 1arm dlenialie sk feacriaedios e dgbdpol
mnimze c%&ﬁgg{&gs ¢68m §x1i an |E|(g:.n;pnt 405 in connector 108 is the inlet of

flow tube el enen 6 i n-connector 109 is the outlet of flow tube
102. The A Fiownistehywiti AdbEsiverOpmartings 1 G8G8n8{7udes mal e t hreads 409 whi ch

screw int ' t ' I t 401 of . b 101
R | E PO T MR AT b A
righypi s i@\'iéﬂtioﬂ IBlo %%FBDGQQC@!WN%G apb%aggdtd@rs@m,ﬂ@& tube®oanent 401

of base 101. - Fixed body 111 of connector 108 further includes a threaded
portion XrwerBhasd pick-effisltPCrard RPQ ke showalin E1GoP+ Fontheimventien dlect or

108. Connect or_.10 is.sinmlarl i Ei b f t 108
Furtner ctendQl dBrsinet el ¢8 Inolu G RRBEn e oot il spBRae
movabl e qhalBE Vbhapéd Basdsd ar bhpbthdritjie obdse, hidpaceall Within thbtscopd of

| nput tube 104 over the conical stub 413 of fixed body 111. This creates a

cogpr egsierih(P inventign+ riaw tuha 501 s made ey & feorapahdneopdistaRfest suppl y
t ube ,104 ont ' i 4 ' 1. The inlet
L6208 PR DD AR RS PN T 1
?ﬁt er SUrﬁdﬁetr?fluqrblétﬁﬁwZn&’tﬁﬁbnltijﬁﬂéd gﬂﬁwéne polymetIBEPRy Whi s neans,

e process material_deliyv t 4 | ' i nl 405
of | ow (SiBpestEse iZ Gl Beanadd of Hadssatech Pives T ppfiprok-sts Eéo and

RPO are affixed to flow tube 501.
U-shaped base 552 of flow meter 500 is comprised of leg 517 and leg 518.

20 Leg 517 and leg 518 are parallel to one another. Leg 517 includes tube opening
502 and adhesive opening 504. Adhesive opening 504 is shown as centered on
leg 517, but adhesive opening 504 could be positioned closer to one side or the
other. Tube opening 502 and adhesive opening 504 are positioned to intersect one
another in leg 517. Leg 518 includes tube opening 512 and adhesive opening 514.

25 Adhesive opening 514 is shown as centered on leg 518, but adhesive opening 504
could be positioned closer to one side or the other. Tube opening 512 and
adhesive opening 514 are positioned to intersect one another in leg 518. Tube
opening 502 and tube opening 512 are on the same axis.

Flow tube 501 passes through tube opening 502 and tube opening 512.

30 Tube opening 502 has a diameter slightly larger than flow tube 501 to create a gap
506 between tube opening 502 and flow tube 501. FIG. 6 is a cross-sectional view
of leg 517 that illustrates tube opening 502, adhesive opening 504, and gap 506.
Adhesive opening 504 provides access to gap 506 so that adhesive may be applied
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t hrough fl ow tube 102 to fixed body 111 of connector 109 where the outl et
406 of flow tube 102 is flush with the end of stub 413. This seal ably

af fi xes twe snds4408 of 5 tube 106 to connector 109 and toPchaisozsioar 406 of
flow tube 102. The other connectors 107 and 110 of FIG 1 are identical to

th d i bed f t ' t 0 9 . 4. A
Fllow et b e UAREd Deotaoati et fiREaner Sytaqe 08 By oy i,
exanpl e ofye &déran §12 2P BIG N5 das exdigwleterafighthelardér tham @i tabe 561aw net er
500 is conprised of U shaped base 552, flow tube 501 driver D, and

pi ck- of f Scredte agep RM®betveeniwbe ppening 552 apd flomnabeifdntAdhesive GRENIRGL er

500 does t ve to i u . | ;

ncl ude G- RATEs eblfld0d 318 3Bk PR Rpy B AL onlth £RCE 1 |
t he sgope51008f flowetubeVsot diedh inrfer eurfacd 61501 tubee opatindg 660 T heladhesivel yner
substance. 15 Exanpl es of fl uoropol yner uEstances e ,

perf | uor dHanes,fut WoerR0 1 lerper sustacs 208 off s opening Sizandieey suace

fl uori nat I r (FEP). U shaped base 552 coul d be nade of
st ai nl ess%‘gftetp?‘é%??@ fﬂgmd pi ck-offs LPO and RPO are affixed to flow

tube 501. U siédpedndtes 606 Bpecdtes Isabstantially theGame as flpwimeterd00l eg 517 and
leg 518. 20 leg. 517 and | 518 ar aral.lel to one another, L 17
i ncl udes q%@%‘g&hﬁ%g gﬂféﬂW 'Hﬁﬁ‘?égpﬁée%%\é‘?‘ﬁ Adowd PrageRsngter g-r';ﬁﬂg 504
| S SREWN G8cEQNhataI %vel%ﬁgléoﬁjgrﬁﬂonub@CﬂIﬂs.i DAvEHD NibhateB Grbweveddaeat a

positioned closer to one_si the other. Tube opening 502 and adhesive
openi ng Segonand fresgiencynPick-offs hPErautRPEhare 2lpe affiixeditn flowgtubeB01Leg 518

i ncl udes tube in esi. ' ' ing 514
o shown RERRIREER AR RTQRRd CaT HanBER B atier 1 B HOREY 0B "
posi ti onafadrasRrfidwtiRes®i dad genthee eighals indicating tendeleclibAs aie- adhesi ve
opening 514 are positioned to intersect one another in |leg 518. Tube

oEeni nﬁ Siinn%{ﬁéfQ 88Rt topeelen glectrenigsdnehshann)dhaePRLrss the $andiibe 501 passes
throygh tube gﬁfe%ﬂgwg@ﬁ@ﬂgar;bg%%eﬁﬁggﬂgﬁﬁfamﬁé)cﬂmn&ymfag GRS 2

di aneter slig y lar ["ow 0 create a-gap 506 between
t ube opentubg 59420 auitse dpemingHOR drdiltubEldBenthg 512incilave sietech0@nBirstytrey  of
|l eg 517 that jllustrates tube openjn

o L et ok St e PR 2una Ve S el M B 270,
be appl i egh118n WRIPB6AP pRhe" RéfERTT 71882 7, the manufacturer positions a tip 724
of an adhesive applicator 722 in adhesive opening 504 to access gap 506
20 proximate outer surface 510 of flow tube 501 and inner surface 508 of tube opening
502. Understand that adhesive applicator 722 is not vertical as it appears in FIG. 7.
Adhesive opening 504, tube opening 502, and flow tube 501 are on a horizontal
plane, and therefore, adhesive applicator 722 is inserted horizontally into adhesive
opening 504. One example of adhesive applicator 722 is an EFD micro-dispenser
25 model 1500 XL-CA. The micro dispenser is set to 3 psi and has a 3 ml syringe and
a 0.006 inch Teflon-lined needle that is one-half inch long. The manufacturer
introduces an amount of adhesive 720 in gap 506 between outer surface 510 of
flow tube 501 and inner surface 508 of tube opening 502. Adhesive 720 could be
an cyanoacrylate adhesive (CA). One example of CA is Superbonder 420 from
30 Loctite.
Due to the surface energies of outer surface 510 and inner surface 508,
adhesive 720 is drawn into gap 506 due to capillary action or wicking. The arrows
in FIG. 7 illustrate the wicking action. The wicking action provides for nearly 100%
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to outer surface 510 of flow tube 501 and inner surface 508 of tube opening
502. Tube opening 512 of FIG 5 has a dianeter slightly larger than fl ow
tube 501 wo 0304@ste a gap 516 between tube openi ng 512 anacfriusez/sobe 501.
Adhesi ve opening 514 provides access to gap 516 so that adhesive may be

applied to outer urf 510.0f . fl t ube.50 nd,.i nner_ sur

t ube open‘F‘?Yg?"@ﬁ% ggghggﬂpé't'oﬁ'ﬂ?ﬂj IQRﬁ"t' lﬂ)éogﬁf}eé'venorpeqm@sﬁ %nqSOS of
tube openjdig uﬁ%%@ﬂﬁlohim&u;ﬁ aghasife ﬁbﬁs pbt subjectedasihyardstatic fresvureet er 500
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Fl ow net eFhaeforecadhesies 820 filsngan 5@6&%@@ wigking jagd.is mﬁtaaffqrée@ PY¥cess

material fr veI throu 501 at
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P e rove s e Uhecbpening 102 sineliBe aneBing D ediohe Jnde BPHOF G
adhesjye gephi Gf Lmd &k, ”FI@H\%%UV&t%? BbQﬁoﬁQﬁpWﬁﬁ%&sﬂél@p’iﬂ@at@ﬂ

proximate outer surface 510 of flow tube 501 and inner surface 508 of tube
openi ng B22in aihisie amhlnguéﬂ4ddlaesewga@|5l16M@&ma'@QUtG£SHHﬁCQ'éﬂQlQEaI as it

appears i Adhesi ve o n 0 w t ube
501 are oh° t'ﬁ?ﬁ rz’%ﬁf@a" 'BP%n%&f%ﬁdﬂigé@P%@%ngﬁnQL? \%—eh%alﬁs ?@%@FP?ZZ is
inserted poduess ahlamdumt of aehégvyezowgaprmewwe@aeueewwﬁaeemOa;fhes| ve
applicator 722 is an EFD m cro-di spenser 25 nodel 1500 XL- The mcro

di spenser flow tale 506 apdirnersvifaga s 15 of tipe W?PW@e’S"@ncpu%ttQ)ter%@h

Teflops 1 i ned. fee

i nt r otilice§ gr@'ef'n’gﬂu@tép@ﬁdﬁem verh@k{? er@ﬁﬁa&é’ggg %@%ﬁ?‘%@%&%ﬁ ace 510
of flow gape18ueantapiiagy action arowickDig. cBy positiomipg il opeaing AdRBesi ve 720
could be an cyanoacryl ate adhesiv i s Super bonder

420 from 8dhesive ppeningd4; and ﬂ@WstHP?(a?@é '?é?\'@PBF’Z'¥ %&%‘feeﬁ\@lﬁ@%ce 510 and
i nner sur fag ,gﬁt‘ag% hﬁ%&?ﬁ ﬁrezg&e' ﬁlafréme zftﬁr'fés@mﬂﬂﬁuéig@p 596 ¢@Bitb! ary

action or rrows strate the W cking action. The
wi cki ng awicking pm«b\s mtﬁsafﬁeoted*lmhMro%ﬂ%pressure When adhesive 720 reaches
20 the ends of tube opening 512, the wicking stops to form a uniform and symmetric
fillet. The manufacturer allows adhesive 720 to cure in gap 516. Set screws may
be threaded into adhesive openings 504 and 514 after applying the adhesive to
further hold flow tube 501 in place.
Adhesive openings 504 and 514 advantageously provide easy, convenient,
25 and effective access to gaps 506 and 516 to adhere flow tube 501 to inner surfaces
508 and 515.
Bond Strength
The strength and quality of the bond between flow tube 501 and tube
openings 502 and 512 depends on the type and amount of adhesive used, the
30 preparation of the surfaces being bonded, the humidity of the air when the adhesive

is curing, the temperature of the surfaces when the adhesive is curing, and the size

of the gap between the surfaces being bonded.
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20 WO 03/046487 PCT/ US02/ 37032 coverage of gap 506. By positioning tube
openi ng 502, adhesive opening 504, and flow tube 501 horizontally,

adhesi ve wWd03i0s648Dt subj ected to hydrostatic pressure. Tremrafsor/a703adhesi ve
720 fills gap 506 due to wicking and is not affected by hydrostatic

pressure. &en igﬁesi.ve 720 reaches the ends of tube opening 502, 5 the
wi cki ng .'V e a uniformand symretric fillet. The manufacturer
al | ows adhesi \"Fhe7r%9nﬁfécﬁ#éﬁcémclme]&?peﬁf%d%wb&ﬁm&fn tdeicosityeMas es
t ube openi ng 512, adhesive opening 51 and fl ow tube 501 on a hori zontal

pl ane. Thisscosity obthe aghesiuesaffasts howithe aghgsive nickelaaapss?06 aad 516hé openi ng

102 and t ' . IO 0 sanme
time Tho RERTREI ORI Fn o 3o RES T4 %0 1 18 Sehtiofise o THR arfourt R 257
adhesgve Riperivediseliddpends oathe 3apngtttngsded fontiee bond;the spead ef baingf fl ow
tube 501 and an inner surface 515 of tube opening 512. The manufacturer

i nt r oduc @dtheaasenf reanuAEEENge 720 in gap 516 between outer surface 510
of flow Pbnafdiginner surface 515 of tube opening 512. Due to the
surface %@Hout er surface 510 and inner surface 515, adhesive
720 is drawn iTd creatmp siahg thoads autenpuiface §1a.of flow tobe BDE kinngr sBface

posi tioni t ube openjn 12,  .adhesi ' 514 f 501
hori zont ﬁh%o PtHEﬁ@QPV@g _ , pBd igier Séhrt\éjgggiqggéfﬁﬂbﬁ?%a@‘a%ﬁécdwﬁ"@@5%r e.

Ther §for &g Qﬁﬁf@r ®0shiithéss 9AP 5080 aft S 150areWrepsared atord adhivivedikf ect ed
by hydrostatic pressure. Wen adhesive 720 reaches 20 the ends of tube

openi ng Swliedhdssstaledrip the backgroundrflavatube &t thakisamedemed arflupropglymer .  The

manuf act urer  al | ows ,adhesi,v 0 to re ¢ : r. be
t hr eaded ﬁlﬁéba%&hég?%s Egléh?’ﬁéé %léﬂasgﬁe %ﬁ? @S’lgfohdgﬁ ankgje%t'ﬁye&Xd e('jsi ve to
further Het dnfddaesive e boRd té flowltalse 50Ad TR fekowipgmhebed=Méwsnd 514

ovi de easy, convenient, 25 and effective access {0 gaps

d t |
%o\éagngigﬁgﬁuécgm@ﬁoecreaw stiprgesbonddoiauter swiace R sof finystubep&hsThe gy g

t rengt ' d
Sube 190pd ARy RChRaCnBCty R Shirhs 810'of Rorilbe BRI 10 aBtermblith A 2N
the 30 prrapr®&000THef mbheafasturéacas etobi ougebsurtd, 5tthesingra sbdiymof the air

when t he adhesive 1is curing, the t t
adhesi ve rpagptﬁhalpﬁ@ ptcé}@at.t ﬁég@pkgeof s% uen'rl %ag[\ﬁ'\a e]:net gt%thtrsfaargeEihmﬁg the

Glycol Dimethyl Ether, Diethylene Glycol Dimethyl Ether, and Tetraethylene Glycol
Dimethyl Ether. Those skilled in the art will appreciate that the supplier of flow tube
20 501 could etch outer surface 510 so that the manufacturer of flow meter 500 would
not have to. The manufacturer then cleans outer surface 510. The manufacturer
could use an alcohol solution to clean outer surface 510.
Inner surface 508 of tube opening 502 and inner surface 515 of tube
opening 512 are also prepared. Assume for this example that U-shaped base 552
25 is made out of stainless steel. The manufacturer roughens tube openings 5§02 and
512. An optimized surface roughness could be about 64 microinch RMS. As is
often the case, when the manufacturer machines tube openings 502 and 512 in U-
shaped base 552, inner surfaces 508 and 515 have a surface roughness that is
adequate for a strong bond. The manufacturer then cleans inner surfaces 508 and
30 515 to remove machining oils and other substances. The manufacturer could clean
inner surfaces 508 and 515 by washing inner surfaces 508 and 515 with acetone in
an ultrasonic bath. The manufacturer could also clean inner surfaces 508 and 515

with alcohol prior to applying an adhesive.
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of the gap between the surfaces being bonded. 21 WO 03/ 046487

PCT/ US02/ 37032 Adhesi ve Sel ection The nmanufacturer can choose a type of
adhesi ve wavsa4@B7its viscosity. The viscosity of the adiresiusez/afoBects how
t he adhesive wicks in gaps 506 and 516. A preferred viscosity range for

adhesi ve is.d to 1|10 centli BOi se. The amount of 5 adhesive used depends on
t he strei@iﬂ—m LHa[—bond the speed of curing, and the ease of
nmanuf act uri ng Htﬁhiﬂftg‘(éﬂdl?éﬁibéfaﬂw@éﬁé@ hewedr adBesiVé en@shorgicreats ar surf ace
510 of flow tube 50 i nner surface 508 of tube opening 502, and I nner

surface 5irenger bomd thesmamigaciuersrsld epnieol trlQ)eBY'B?JEW@/t i mdich floW reglef aces
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T h@ét"@

manuf act @erd 1oofdrbgapenings 7 and B4 Wf%@ PEQRETHE 1 ow t ube
501. The m{%%ftﬁn%m%ﬁgaﬁh%uﬂﬁ trot thd AdStIVLRUA dﬂ@/'d?‘fhé HRGiIrctet i Or to

assenbl i ng acturer can etch”outer surface 510
using a $udnund|n|gafmw hﬁtmﬁowwhﬂaadheﬁxaﬁfﬁ%scwﬁng;oahamelatimhumcmye

et chants ar Iene t her eth n Di met hyl
Et her, ar?&” P%Qﬁt&/ﬁgng%}ﬁl&/m B&%PHEPS'E?REB'S?H@% ?QE‘F?@ d9Y% t he ert
wi Il 1@ppfrﬁ1%|éﬂ)¢|stt66tlo¢vh§n %@ﬁ@éwerac@élefdtemedm@@ea%e@% Ml bdrecidhesig er
surface 510 so that the manufacturer of flow neter 500 would not have to.

The manuf726t trhe mangfacturesceuldialse central dke tamperature afdhe eavirQmaent coul d use

an al cohql sol ti t I of tube
openi ng $9zoand ot e Fa 8eb St the REoelailne. o ¥4 ootipbAERs IR Oy Lo
Assune f grietePB60 ®eRiPbenddtht The smpedtlrasoultbBe sébat sbon@S degreed st ai nl ess
steel . The manufacturer roughens tube openings 502 and 512. An optim zed

surface rERlgHRess coul d be about 64 microinch RVMS. As is often the case,

when he urer machi nes tube openings 502 and 512 in U shaped base
552, % a—séf-%@es 508 and 515 have a surface roughness that is adequate
for a strong iedsizd begapslst)e@wdrsare ¢arelve (rhpmtﬂntitomm stremgtacmh@bandu.nd 30

gﬁgaﬁlo re'rrh%"sﬁzg%?géé”s ré%G(?:1In|ds516(\>n|g s%}ec?éd [S)agesc; on he vnscosnynefr}H dwégi% coul d

being used, the ease of application, the quality of adhesive coverage, and the

surface energies of outer surface 510 of flow tube 501 and inner surfaces 508 and
20 515 of tube openings 502 and 512. Gaps sizes that are acceptable range from
0.001 inches to 0.02 inches. If the gap is too small, the wicking of the adhesive is
suppressed and there is insufficient adhesive coverage. If the gap is too large, the
adhesive may not wick and may not fully cure. An optimal gap for gaps 506 and
516 would be around 0.0035 inches to create a strong bond.
25 A Fixture Apparatus — FIGS. 8-13
FIGS.-8-13 show a fixture apparatus 800 in an example of the invention.

Fixture apparatus 800 is configured to secure a flow tube of a flow meter, such as
flow meter 500, during manufacturing of the flow meter. Referring to FIG. 5, fixture
apparatus 800 could be used to hold flow tube 501 in place so that flow tube 501
30 can be bonded to tube opening 502, tube opening 512, driver D, and pick-offs LPO
and RPO.
Fixture apparatus 800 is comprised of a first section 802 a second section
804 as shown in FIGS. 8-9. First section 802 and second section 804 could be
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I nner surfaces 508 and 515 by washi ng i nner surfaces 508 and 515 with
acetone in an ultrasonic bath. The manufacturer could al so clean inner
surfaces wW0Od3amdsb15 w th al cohol prior to applying an adhediser37022 WO
03/ 046487 PCT/ US02/ 37032 Humi dity and Tenperature Hum dity and tenperature

Courd coRted TOMUSBH G GXHBRES HRelnF B STRTALIRCuggD & st U anr 1 <!
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t he surface energles of outer surface 510 of flow tube 501 and i nner
sur f aces rb@gufaoidiring. Tideaipening:1 thkisi sigbtlagtareadtf@nzhe@aame@r,@éﬁowr]at are

bl ,
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adnesi ve t
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0. 0035 i ritisteBce between an inngr suace ohieg _anqt?;at'm%%f&&%’cf 189 91&| Gs. 8-13
FIGS,g 8-13 Sgﬁ%\’g%%t}@r‘éﬁ@%g@@ﬁb&téﬁ? mﬂldés%rﬁéarﬂgér% ?Ecbﬂ‘(%”t i on.

Fi xtJif’e appar 0 secure a Tlow tube o w neter,
such as rheans mgec@@@ firslwdclign 802 wnalcseoondseation 864 ftd blashapiest badeeb82 ri ng

to FIG 5, fixt
of flow meter 500. Securing means 806 aligns tube opening 1101 with tube
openings 502 and 512 of U-shaped base 552 in FIG. 5. Securing means 806 could
be a bolt, screw, clamp, pin, or any other fastener.

20 Fixture apparatus 800 may also include fastening means 810 that attaches
first section 802 to second section 804. Fastening means 810 could be a bolt,
screw, clamp, pin, or any other fastener.

Fixture apparatus 800 performs the following functions. Fixture apparatus
800 forces flow tube 501 to be straight, taking any bow out of flow tube 501.

25  Fixture apparatus 800 positions and holds flow tube 501 so that flow tube 501 is
aligned with tube opening 502 and tube opening 512. Fixture apparatus 800 also
positions and supports flow tube 501 so that driver components and pick-off
components can be affixed to flow tube 501.

FIGS. 12-13 show another example of fixture apparatus 800 in an example

30 of the invention. Fixture apparatus 800 includes a driver opening 1202. Driver
opening 1202 extends from a surface of fixture block 1000 and intersects tube
opening 1101 of fixture block 1000. In this example, U-shaped base 552 also
includes opening 402. Driver opening 1202 is on the same axis as opening 402 of

24



apparatus 800 could be used to hold flow tube 501 in place so that flow
tube 501 30 can be bonded to tube opening 502, tube opening 512, driver D,
and pi ck-wbfos/id2€® and RPO. Fi xture apparatus 800 is conprcsason$7ose fir st
section 802 a second section 804 as shown in FIGS. 8-9. First section 802

Boi i or Ushapat Base 825  Sedryimeans FoR S e IR AOSK {99 shABEFcni g
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second tube openi ngw&ortioﬁéQM on al(ri:&;end 915 of second sgctign 804. End

913 of filixtare bleck 1600802 and end 915 of second section 804 are configured

to fit adj , [ 2 L '
posi ti onetl ad) GG S0ea Saaeleeraikes P Bbhings 1388 e 3 o,
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bl ock 1000 i ncludes tube opening 1101 fornmed frqomfirst tub [
portion 9apening 148 ohHixture BlaskcioRy Ipdhis cxampier '§L§H%é\ﬁag%gﬁ?cé?3%gl. n%o Tube

openi ng 1104 J.s _Pfggéﬂgglzfmngﬁ%%‘{f c?és’é?fs?rlw%ﬁzdﬁ afd &H‘&H@éﬁe 243 SL6Hdkings

manuf act uri ng. eni n ting | arger an the dianeter of
fl ow tub40b6fU-drapedrbmsel 55X 360drirgsmeans Boéisedutes fixtyreddocket000 togU517 and

l eg 518 of U- sh . 552, Fi xt k 1000 h l h that i
subst ant | ShARpcbRaRe a2 FoAlen cperiad 08l Lesores tamieroDHiF BT | eg 517
and aping niﬁ&%g%@?gf’fixthf‘egb%ﬁ-W@)@. Fi xture apparatus 800 may al so include

securi ng ans ecuring neans 806 secures first section 802 and
second secti onFIGBL 12 18sbhwpdrivepapentig2! 202rard pigk-edt epertngs 12¥0Riang neans

806 align ube. ppend 1101 wt . i . d

pase. 559 prtaPadES e dhmprabis dd O3 RN E 207 R ekt Bpedh 30
or any ot heo4 hgt KitRlopeAthdsi402Ua18d 209 aF Bt $tfapdathasry551. SDrivércdpeting 4202ni ng
nmeans 810 that attaches I rst section 802 to second section 804. Fastening

means 810and/ar gickoftopenings 1204 eauiddeam a tpp sidendf fadyreAnRaratug $0ndp

500 111 ool Fate. sttt oo Bz attiud Bl AAdfh AREbpdies T07 b agipuR; Ui c°
501. 25 Fi xt ur Eixare aipparstud 800rso inchuies alignimeint smddnsvi 206beAlighimend t hat

flow tube 501 is aligned with tub ' 50 d ' :
Fi xt ure aﬁp@pgt@gmg@gggﬂi@ged to fit into oggﬁi% 102 of%J-%Rapé&I Bgsg B52'and ir‘rftlo2

driver opening 1202 of fixture block 1000. Alignment means 1206 extends from a
surface of fixture block 1000 to an area adjacent tube opening 1101 of fixture block

20 1000. Alignment means 1206 includes a lip 1208 on one end that is larger than a
diameter of opening 402 or driver opening 1202. Lip 1208 allows alignhment means
1206 to extend into opening 402 and driver opening 1202 a certain distance. Lip
1208 stops alignment means 1206 before the tip of alignment means 1206 comes
into contact with flow tube 501. This prevents alignment means 1206 from

25 damaging flow tube 501.

The following is an example of a method of using fixture apparatus 800 to

hold flow tube 501 when bonding flow tube 501 to U-shaped base 552. A
manufacturer inserts flow tube 501 through tube opening 502 of leg 517 and tube
opening 515 of leg 518 in FIG. 5. The manufacturer aligns first half section 802

30 and second half section 804 on U-shaped base 552. The manufacturer abuts end
913 of first section 802 to end 915 of second section 804 to enclose flow tube 501
between first tube opening portion 912 and second tube opening portion 914 to
form fixture block 1000. The manufacturer fastens first section 802 to second
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positions and supports flow tube 501 so that driver conponents and pick-off
conponents can be affixed to flow tube 501. FIGS. 12-13 show anot her
exanpl e oWofiniase apparatus 800 in an exanple 30 of thePCTUES0L/B62
Fi xture apparatus 800 includes a driver opening 1202. Driver opening 1202

extends from a rface of fixture block 1000 d | ects.tu enin
T101 of f9SFh0R 8001 Joe manulact et My sedieoat e perk o0 LB ShaggdhaslP e "
i ncl udes meu@ingsée@rm %A 80BEMNTHEOMARGR ClFePiMtroBBcsaaR amdunt 86 openi ng
402 of 24 WD 037046487 PCT/ US02/ 37032 U shaped base 552. Securi n% means
f

806 securashesivetinigapfiQichetneeo ausernsusfaged O offiow Bibe 51 and ifmeps setaedy 402

of U-sha se 552 wt I M EeI-.5Pp6R].N i ne ock 1000.
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bﬁse 35_2 imherfsmfgcle-ﬁﬂfﬁzof;mbegmnm?1f]e$®f4legf5118i.xture bl ock 1000. FIGS. 12-13
show driver o in a - [ 1204 b id f
fixture appara _n§ "&36985ﬁx38?&19§@¢gﬁ'@e g%g'!sg%sfﬂ%&d g{lp%gﬁg%[at Enansglfﬁ84o

al i gngn t%@% k HESSbER2aVe, 4R Paricutérs PRt IS furtHarin@id®ssBtgy 1202

and/ or pic openi ngs 1204 could be on a top side of fixture apparatus
800. | n ItBettypesandseount ohaghesivayeed,Jrepaiingiohibe swtages beinpkonsiedhi ngs 402

and 404. Fixture, appar.atus, 800 .al so_i,ncl ' 06.
A+ gnnentconiioling th3BRRTE B AR P wE%h U PHRESYS 14 LT 5olfBBEy ¥ chape
base 552 @atheraufe ofthieVatirf4as Wit the@rinekivie i¥ curieg AL 4eld€iHy arfbpnaknt
means 1206 extends froma surface of fixture block 1000 to an area

adj ?cent gameizepeni ng 1101 of fixture block 20 1000. Alignment neans 1206

i nc s ali e e t_ci thane @515 eni ng
402 g'%edr! ver%’#ﬁ%ﬁﬂmgfn %%p*@gﬁagmkg{&%ecgﬁb& rg)?\(%'re?rée nsgﬂfzs(yé){tgg ext end
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i nto contaitachgsdiiver eqmpapentstAl2 mmlgnm%@ﬁ@%%réﬁe%}ﬁé B om

does not mean that the driver component 1212 is necessarily secured to alignment

means 1206. Driver component 1212 could just be set on an end of alignment

20 means 1206. The manufacturer applies an adhesive to a surface of driver
component 1212. The adhesive could be a CA. The manufacturer inserts driver
component 1212 through opening 402 and driver opening 1202 using alignment
means 1206. FIG. 13 shows alignment means 1206 fully inserted into opening 402
and driver opening 1202. The manufacturer contacts the adhesive on the surface

25  of driver component 1212 to flow tube 501 using alignment means 1206. Lip 1208
prevents alignment means 1206 from pushing driver component 1212 too far and
damaging flow tube 501. The manufacturer lets the adhesive cure. The
manufacturer then removes alignment means 1206 from opening 402 and driver
opening 1202.

30 This method may incorporate the factors considered to produce a stronger
bond as described above. In particular, the method could further include selecting
the type and amount of adhesive used, preparing of the surfaces being bonded,
controlling the humidity of the air when the adhesive is curing, controlling the
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25 damaging flow tube 501. The following is an exanple of a nethod of using
fixture apparatus 800 to hold flow tube 501 when bonding fl ow tube 501 to
U- shaped waya/05827 A nmanufacturer inserts flow tube 501 wroTasgli3tabe
opening 502 of leg 517 and tube opening 515 of leg 518 in FIG 5. The
manuf acturer aligns_first half section, 802 30 and secpn | f | 804
on U-shaﬁ@ﬂ"ﬁ%@%ﬂ%gﬁﬁmfﬁﬁhﬁﬁﬁ&Fﬁ@ﬂb?éﬁh§BW9ésgHHgb@ﬁgp%gegﬁF%?ﬁgé@#?gn 802
to end 9 Eizeecond section 804 to enclose flow tube 501 between first

tube opening portion 912 and second tube opening portion 914 to form
fixture block Tustpllowng isemexamplesf armethedoffusing fixdute appargts 849 Yecond 25
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in gap 51e bet ovean endiofalignmeat meahs 12061 IThw mabefastirenappliesrarcadhgsiveice

consi der o8 2 SORReRIdHRCkOR TRt 18180 e AdhasyE MBS BRA TRy "€ T ACt TS
par ti@ul afantiiRtdrel MRErs pitkdoft édé@h@haﬁtﬂ@é%@ﬁjtﬁ@%émgg abhendynek-afid anount

of adhesive used, preparing of e surfaces bein onded, controlling the
huni di ty openihg 1204 usingraligheend ineeanse1208. dtlG. g, s alignreny rpeans 120

tenperatu of t surfaces ' [ ur- cting an
opt el (i TeserlER Bl orREiie APE Al o GOt BBE g, fartor T meibg R P U 1
fixture agpiasisife d@Aesive onfthe suass of pickaingumpomertt2224ab fidwi tube 501t o fl ow
tube 501. The manufacturer attaches driver conmponent 1212 o alignnent

means 1206singialigamentmeans 1286 s & 8208 grayents alighupentaeans 208 ﬁ%}
t Y - i Dr i
P Pd9T60 pRATFEABS A AR o Shd sl oW RARSSGE One O et

conponent jus on anh end 0O nment means 1206. The

manuf act ufainufguliree et thesalitassiveecire. heumbaofactfredtiencemavesatigement212.

The adhesive coul d be a CA. The nmapufacturer .in 6%5 driver conponent 1212
AENPR 1604

t hrough of&aNad 286rom araring&lo4 “ORReNg | i gnment

Driver component 1212 and pick-off component 1214 could be magnets.
Driver D and pick-offs LPO and RPO are commonly magnet-coil systems.

20 Therefore, alignment means 1206 is made of a non-magnetic material, such as
brass. ' .

This method may incorporate the factors considered to produce a stronger
bond as described above. In particular, the method could further include selecting
the type and amount of adhesive used, preparing of the surfaces being bonded,

25  controlling the humidity of the air when the adhesive is curing, controlling the
temperature of the surfaces when the adhesive is curing, and selecting an optimal
gap size.

Method of Testing Driver and Pick-off Alignment — FIG. 14
FIG. 14 illustrates a method for testing the alignment of a driver and pick-offs

30 on a flow tube of a flow meter in an example of the invention. This method could

be used to test how accurate a manufacturing process is in affixing driver
components and pick-off components to a flow tube of a flow meter. For instance,

after a flow meter manufacturer uses fixture apparatus 800 in FIGS. 8-13 to affix
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means 1206. FIG 13 shows alignment nmeans 1206 fully inserted into opening
402 and driver opening 1202. The manufacturer contacts the adhesive on the
surface 26800B/0de8vVer conponent 1212 to flow tube 501 usi ngcalisgma®a: neans
1206. Lip 1208 prevents alignnent neans 1206 from pushing driver conponent

1212 too far and da ' flow tube 501. Th nu turer.le t he
adhesi ve %WPEPOWHB?G&Z‘%}%@%P'@F" hC@ﬁm?m%gzg?it%ﬂﬁ&&f'Bﬁéghsﬁ%Z% from
openi Ng 4Q2nFA6tuRsH AsRld USP B RetHed® tedPthENdualiebhfdureappararisBonat e t he
factors considered to produce a stronger bond as described above. In

parti cul &eferanserminierrs doUFIE. fidramedn pRrRNtDERS belavéti ng the type and anount

e v 1 B esPa SRR hBbs g R FHEARS SRR e RAN Bt afH StpbHT e

hum dity of th hesive 1's curing, contr
03/ 04§48 driveFfddueAtidgUdthg thendriveal 1402)oThelmasufatresmalaibratecthedlossi ve i s

curing, and selecting an gptinmal , gap size. The foll ow ng |s exanpl e of
af met hEd talpe Qyehg spe flm"@férﬁﬂbl?'&@'ﬁg tcgg@h@ﬁe mare if§<V%[a§Eecf@gH{‘$- igﬁpongﬁt 1214
of pick- P ; : : Ff‘%"b’rj idlaches

pi ck- of f qﬁ%ﬁrr%fgg@ﬁ?ﬂ%ﬁﬁ }é)%g%lgﬁlﬁgﬁt?ﬁ]ngg%geﬁg)& Rt t (I;IC ﬁgﬁﬁﬁﬂhte ﬁéi‘asense
does not ofisan40hnt Thépickiafksighdls cepnesasha vibedting frequeruaysafdhe Flgwdubeér ed t o

i 1206. Pick-off ' .
of a1 gniidiR PRESRENG SyBePRCRSHEY BBTUREP T SEbASana e8Il face
of phgk- erfve‘?%@@?‘n%ié% té dtfermifg adriithk e réspdnde 12406 CAThel pRocéSsiignuf act ur er

inserts pick-off conponent 1214 through” openi ng 404 and pick-off  opening
1204 usi rsysten identifies npaeceptalle alignment of thealkiyes ang the pickneftsen theollow t ul 1y

i nserted.into _openi 04 an | ck- ning 1204. The manuf act urer

contact s ti’ﬁ%_%éﬁ%igp\?ﬂeﬁ'ﬁqyﬁ@&é%sﬁéegé E)“bgj'ck-off conponent 1214 to flow

tube 501 usi rEbrahdtaNEE it theRAgAMbADBF thiel driver @Rd he piokt offsaisi gyokle tHentbans

1206 from 15 pushi ng pick-off conmponent 1214 too far and da ifp fl ow tube
r

501. The frepuancycesnanselielydeneniydhedrsi @anddhied bereinggRades f Yhen
e Tod8°  SHpenTe oo RIS 8 oo el DTl 201,
D and pi dlowofifte, kA thidinBieGtes @ poonaxial gligmegmtof e drivyrstrehthe pick-otier ef or e,
all gnnentThneegrnosce%gigg siygterr%a\(/jv%u%fingicg?ent-oqﬁ nner;[\ri\u a%&grrthg{ theselljxclen a(’ﬁ%nment
is unacceptable. If the frequency response includes a spike in a first torsion mode
of the flow tube, then this indicates a poor lateral alignment of the driver and the
20 pick-off. The processing system would indicate to the manufacturer that the lateral
alignment is unacceptable. The degree of misalignment of the flow tube, driver, or
pick-offs is proportional to the leakage onto the second bending mode and the first
torsional mode. Those skilled in the art will understand what the first, second, and
third bending modes and the first torsion mode of the flow tube are. Therefore, an
25 explanation will be left out for the sake of brevity.
Based on the information from the frequency response, the manufacturer
can determine the quality of the flow tubes being built. The manufacturer can also
use the information to change fixture apparatus 800 or some other component of
the manufacturing process.
30 Method of Manufacturing Flow Tubes — FIG. 15
FIG. 15 illustrates a method for manufacturing flow tubes made from a

fluoropolymer substance in an example of the invention. As described in the

background, flow tubes from flow tube manufacturers often have a curved shape.
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brass. This nethod may incorporate the factors considered to produce a
stronger bond as descri bed above. In particular, the nmethod could further
i ncl ude swibasiidg? the type and anount of adhesive used, mpcapsor/sm3nf the
surfaces being bonded, 25 controlling the humdity of the air when the

Sahoat v T il igk rERadurert fa USn oS FRARY ¥ Brtluchdtralall R PR, | ne
Driver armefréicedhimbPeisdBrEIG. 15 beGn patefthEsislbelow) ustrates a met hod for

testing the alignnent of a driver and pick-offs 30 on a flowtube of a
flow meter in meaawfﬂcéur@r extiedesa dawi tohe from anexirdgingcyistam (he02)sed t o

test how 'ﬁfgcﬂé\ﬁtt |S%QH{3 fﬂ%r%@grﬂéﬁsu %ﬁbéafstj{:ﬁ'ra-QQD 1 YRE flogPponent s

and pi ck- conpo ent ow'ne or instance,
after sa ftubwwﬁtesroutmim@emn@er atgeteniperature thegt pshighestté®room FI GS. 8- 13 to

affix 27 WO 03/046487 PCT/ US02/ 37032 drj ver onent ck-of f
corr;:))(;nent tempefaturg, Fh%\ﬁ“%’i}gﬁc tHeer cuts,a sertion, o E@F%tt@GﬁééékaP ‘FIPIS met hod
Lo test LRSnGiRldrbY ik Sdoitdy eas%%ﬁbﬁto\"?q%tuﬂ%efoeﬁcﬁﬂ% @émaf or FIG

14 are in parenthesis be 0 test ow neter, the manufacturer
vi br at es shwefcbfdhetsabmorastralgbt as theosectiob adoisvdown étﬁ%)cﬁ% !mﬁamﬁ tthe driver

1402 Th b he, f.| O b
grequ)enm’@gni’% acé&agm’@gf%ﬁééiﬂ%et%é@ﬂlﬁacq erﬁ'\éﬁiﬂﬁg}eﬁf %?es a

Pr oCegsi Nphé MidintfadiGrer @68IdvAls® paktHel flovs tubedh oMb lut nidla ko strbightérd 404) .
The pick-off signals represent a vibrating frequency of the flow tube. The

processi ﬁgesﬂpw abepr\Wbes the flowdulpe bis §ﬂ0|e§|@ﬁ¥alﬁ§tf§lﬂﬂ\t shgmaarufpeiireisent i ng

the 10 driv requen The

br ocessi ipckapes B Pl ool ool eiisin o AL SRBR e 3880n 213 ¢ e
pi ck- of f 5(1808§."Ehé nterufastbrervasRiipethe iew tubg ue somertgse of pacKaghigmoldror
instance, if the alignnment of the driver and the pick-offs is good, then

the fredQdirep th@i'@@h%@ﬁﬁ?@l‘ﬁlﬂé%‘”ﬂﬁls}orﬁﬁé oriSPPPINghd third bendi ng nodes of
the fdow 15 tgfﬁ% H*afnuﬁﬁuier%gﬂfar@% ﬁ:‘fﬁtﬂ@%‘%c (0% bre5a rw bk g2 Second

bend| ng node ow tu 'S Sondi cat es - a poor axi al alignnent
of the drpaskagimrthersectionk Thisf could Peerepy comesiiery ferytheanamafacturendfitbat e t o

F r eqoncy O SHAG 6T F B1aRMACtuTes DM ATt SEEH0F 6 B9 Byiip dia Spebiar kind
of packaging to avoid exposing the section of flow tube to light to avoid degrading
the etched surface. The manufacturer could also store the section of flow tube in a
20 controlled environment to keep the section at an ambient temperature. Both of

these steps help to maintain integrity of the etched surface of the flow tube.
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of the flow tube, then this indicates a poor |ateral alignnent of the
driver and the 20 pick-off. The processing systemwould indicate to the
manuf act uwerosph@s7 t he | ateral alignnment is unacceptabl e. PChaSdesmse of

m sal i gnment of the flow tube, driver, or pick-offs is proportional to the
| eakage o, 1 he secgnd bending node and the first torsional node. Those
skill ed S&h?hbs é'ra('"\ﬁﬁl'ﬁ' understand what the first, second, and third

bendi ng nodes @ang fibyembier $500)0cohphisigde of the flow tube are. Therefore,
an 25 explanation will be [eft out for the sake of brevity. Based on the

i nformation fraoflow hbef (58Jkiency response, the manufacturer can determ ne

the quality of_ the f i il HDE - al so use
the informati &&?Voeréhg%%%aﬁétsgﬁeﬁ%%B%Bréatoﬂglggmgﬁém{% ﬁé%ﬁagonponent of
t he mgnuf act urdtmneash bne Pick-off (LMD, RED Jadffindahte’ suid Howrtgb&fovdetettesy - FI G 15

FIG 15 illustrates a nmethod for manufacturing flow tubes made from a
f 1 uor opolpetien el said vipsatindhfl tebginpl e of the invention. As described in the

shape. 28 o BRI AP ISR £ ol Tube mnuf act ur er s can use
this method to produsases(552) gomprisesvof:ubes. Reference nunbers for FIG 15

are in parenthesis bel ow . The acturer extrudes a flow tube from an
i ThEoBal.

extrudi ng system (1502) afi tube is nade froma fl uoropol yner

subsygnce, such as PFA. jiiBeldpRWing’ (502 exemimy tﬁkﬁuﬁiséibﬁrﬁﬁ uder at a

tenperature that is higher than roomteénperature. e manufacturer cuts a
section of the flow tuban(dd®sjve apeningrédid)extending fraema sudaeesntshid sect i on

of the flow tube t.o hold the.|onaitudinal the section straight as
t he sectifg\# legand'i t&\ﬁ?#‘?ﬁ@@j‘! P@%ro‘?%'?gaﬂfc%aﬁgﬁﬁsg Ié)émnuf acturer could clanp
the section to a flat sy daemdtieg$518) gHrame td Baid firsttegyube. 10 The
manuf acturer could al so put the ?Iow tube in sonme type of nold to

s':]r ai ght fen the flow t ul?et.Uaniﬂ%(ﬁﬂ%ﬁ;(ﬁﬁ‘g@ng%W@G sgRend kegs':]r ai ght ,
i rangn: G saBRiBEgBEn b DRBEHIRRIEE ahnR £ 20% 10 Toul d put the f1ow

tube in some type of pacegihegsiveodpenihg (kebextdraing front alsarfate anglaid dur i ng

storage or shipping. 15 The manuf acturer, (égﬁl daieﬂl so etch the section of
sai d fl ovwacqpe legpad intersgsting sald tWhe 0PSRINART SahSRCAWUEE: be very conveni ent

for the manufact ur fhQhint dfd flow tube extends through said tube opening of said first
leg and through said tube opening of said second leg;
20 wherein said flow tube is made from a fluoropolymer substance.

2. The flow meter (500) of claim 1 characterized in that said flow tube (501)
is made of perfluoroalkoxyethlene (PFA).

25 3. The flow meter (500) of claim 2 characterized in that said base (5652) is

made of stainless steel.

4. The flow meter (500) of claim 1 characterized in that said flow meter
comprises a Coriolis flow meter.
30
5. A method of affixing said flow tube (501) to said first leg (517) and said
second leg (518) of said flow meter (500) of claim 1, the method characterized by

the steps of:
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flow nmeter. The manufacturer could store the section of flow tube in a

speci al kind of packaging to avoid exposing the section of flow tube to
| i ght to woasw4adeyr adi ng the etched surface. The nanuf actramarsozeuwdzl al so
store the section of flow tube in a 20 controlled environnment to keep the

ti t nbi.ent e, h.of . &h ) hel i nt ai
Tntearity of taETAGrsaln Lopranety (R of Beif IrbRS. SyTRRaSHE scRal® M "
PCT/ US02/ @6@3% _séﬁgarésthég,%@i $Ed ﬂFw tube (501) @varririgontabphe; conprising: a

flow tube (5 a driver %D) affixed to said flow tube for vibrating said
f1 ow t ube; andPasitigningadip (§34) of ax adhesive popligatey) (722) inkeaid @gdheaive f | ow t ube

for detoct i Conof sald i . et .
char act or Poaing P840 ke B oot/ Sadp BB an et S0l TS BT 0P T 10,
Opteni drfg (ﬁ?la)‘lomhbétiﬂcndgartihheug_h}gaﬁi @08{) blfstaibagze_@pfaidb&ﬁits‘_am firseleigng f) 504)
extending froma surface on sai irs and i nter , t
openi ng gf sai iptredueing paameund &f gHhesivg (Zg&'ﬁ%%g@%ﬁ’:@l@g@'aal i rs'tj Feg, a

tube opend e {2 Qai ORI Ind BERUBReS &ifh REGOMId kit ofenif@ B s Al firgt sai d
g I'rs ?eg ang @qj4§<

i
t ube opening of said , an adhesi ve opening ( ext endi ng
froma suegace on said second leg and intersecting said tube opening of

of sard first oieynaRad bserud o B SBEopedeS i ShtulkiioPeghen, "

wher ejgn Sgﬁd%tak 9XidtdelEnd fedlBAE SHiPAbR thbe EENUrYE@E harBshtansiane2. The flow
meter (500) of claim1l characterized in that 'said flow tube (501) is nade

of perf|l uor oal kesitjening eaid tipref/said aghesivaiapplicalor inggaid adbesye epeaingiah 2

characterjzed in at, sai se ( i f . stajnl -4. The
llow et eFa SEBIn St oot Bran@e) poivedTh o ddistfeBay, saliw ioe
conpri sesafRd gANhMdr surfate\6 Tt dfrsaid tube opening of said second leg; and

introducing said amount of adhesive in said gap between said outer surface

15 of said flow tube and said inner surface of said tube opening of said second leg.

6. The method of claim 5 characterized in that said adhesive (720)

comprises a cyanoacrylate adhesive.

20 7. The method of claim 5 further comprising:
selecting said adhesive (720) based on a viscosity of said adhesive.

8. The method of claim 5 further comprising:
controlling a relative humidity of an environment surrounding said flow meter
25 (500) to cure said adhesive (720).

9. The method of claim 5 further comprising:
controlling a temperature of said flow meter (500) to cure said adhesive
(720).
30
10. The method of claim 5 further comprising:
etching said outer surface (510) of said flow tube (501) prior to introducing
said adhesive (720).
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30 5. A nethod of affixing said flow tube (501) to said first leg (517) and
said second leg (518) of said flow neter (500) of claim1, the nethod

char act erwpad/olas7 t he steps of: 30 WO 03/ 046487 PCT/ US02/ $C@AK02/6T0BENL | NQ
sai d tube opening (502) of said first |eg, said adhesive opening (504) of
said first leg, and said flow tube (501) on a horizontal plane;

positioning a tip (724) of an adhesive applicator (722) in said adhesive

openi ng of saih fTheimétR8d bPcRIadFuRhERSompASIhghet ween an outer surface
(510) of 5 said flow tube and an inner surface ?50%)@ of said tube opening

of said first ¢tehing said puiensurfgcad thwiisaidfiow tites(50d) using)a sodidam d gap
bet ween S%ﬁ%"t L altgé_{tace of said flow tube and said inner surface of
sai d tube ﬁﬁ (ﬁl d first leg; orienting said tube opening (512) of
said gecond | eg, said adhesive opening 10 (514) of said second | eg, and
said flow tube (501) on said horizontal ane,. positioning said tip of

|
sai d adhesi ve hopllheamethod ﬁf§'&ifﬂ 1QJHE§P(/E°'BBE!#PHQ of said second leg to
access a gap Q?é?%ij\ﬂ?@‘f@&']’tg??bﬁa%‘{)ﬁro)%g%%@%v@ﬁ:b’éé{“swfbll‘?%‘fgtbqgﬁgd@@ﬁ'g an

i nner surface sal ube openi'n sal d second ;

i nt r oduci sujd @alhdsigeqvi®0). of adhesive in said gap between said outer surface
15 of said flow tube and said inner surface of said tube opening of said
second leg. 6. The nethod of claimb5 characterized in that said adhesive

(720)4g conpri sgs FheYAERBE oY bRM SARAPSH ¥6mpAGing: The nmethod of claim5
further conprising: selecting said adhesive (720) based on a viscosity of

sai d adhesi ve. roughefming said inper stirfacen (908 of gaidHiebe OPRPINGSOAG) oterid fBstl i ng a
relative hunidi f _an envirpn i j 00)
o ouro SABI5GHERT valinag BTSSR Cpathg S 1N REI heodd g
control li rieFREMGbYLEINE sakPadhddi er (500) to cure said adhesive
(720). 30(raigfyp‘l'lhe rrlet hod 8? Sgl aim SIﬁ\(rmr conpri si ng:
15 14. The method of claim 13 further comprising:
cleaning said inner surface (508) of said tube opening (502) of said first leg

(517) and said inner surface (515) of said tube opening (512) of said second leg
(518) prior to introducing said adhesive (720).

20 15. The method of claim 14 characterized in that cleaning said inner surface
(508) of said tube opening (502) of said first leg (517) and said inner surface (515)
of said tube opening (512) of said second leg (518) comprises:

washing said inner surface of said tube opening of said first leg and said
inner surface of said tube opening of said second leg with acetone in an ultrasonic

25 bath.

16. The method of claim 5 further comprising:
selecting a size of said gap (506) between said outer surface (510) of said
flow tube (501) and said inner surface (508) of said tube opening (502) of said first
30 leg (517) based on a viscosity of said adhesive (720), a surface energy of said
outer surface of said flow tube, and a surface energy of said inner surface of said

tube opening of said first leg.
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etching said outer surface (510) of said flow tube (501) prior to

I ntroduci ng said adhesive (720). 31 WO 03/046487 PCT/ US02/ 37032 11. The
met hod ofwolgiowa4d® furt her conprising: etching said outer pearfsazea706510) of
said flow tube (501) using a sodium naphthal ene etchant. 5 12. The net hod

of claim 10 fycther conprjsing. gleanin I )uter surface (510) of said

f1 ow t ube (505?- Bﬁi‘%?“eﬁgod ﬂgta%ﬂhgif@erscg’l"?ﬁg‘g‘?ésive.(720). 10 13. The

met hod of cl ais@ldetihg'salttameaPsh sHid 8dhésiug (E20)Hhsedich & Bpéed sticdraee (508)

of said tube opening (502) of said first Ieg (517) and said inner surface

(515) of said tube opening (512) of said second leg (518) prior to

I nt roduci ng salig(;l 'ﬂgé]ﬁ%'ﬂ){ogi &7&5}&“ S}L?r%tﬂe%'co é%m%hod of claim 13 further

conprising: cleaning said innéer surface f said tube opening (502) of
said 6irst | eapplyiig hnaicdeleratdr ionsuid aghesiae ¢720)16)acstlesatecturingof spiehi ng
(512) of said second leg (518) prior to introducing said adhesive (720).
20 15. TIEheEWBod of claim 14 characterized in that cleani ng said inner
surface (508) of said tube opening (502) of said first leg (517) and said
i nner surface (515) of said tube opening (512) of said second |l eg (518)
conprises: wasli§i. g fistirel appamtuss (8003 fer mansfacturingseflowenetary(&0)sai d fir st

| d said i f fosaid t ' f .said d | i th
acet one. CAMRNSEAAT A Ae 502 BITK hs R R 1o8eRe et Hipeflet.
CONPApSI réﬁdr_i@é?'(f@?‘férr\gbr%tiﬁ' %gi@ﬂovsﬁjtsé,%a_e{t@@t oh@tmaeaf(fglgpg, RIGfosur f ace

(510) of said ow tube (501) and said inner surface 3) of said tube
openi ng (@&tatingfmeuement efsaid Sibrating flox ybe; seisibase having adust!eg §$18ai d

and o suriceerdhd o B8, AT P pital B b ditngt gt fislleg e 2 Bbd 27G
first | edpedthd/B023Rtrdiihg tREFUJHSERAA 313y, said second leg having a tube
opening (512) coaxial to said tube opening of said first leg and extending through
15  said second leg, said fixture apparatus characterized by:
a first section (802) having a first tube opening portion (912) on an end (913)
of said first section; and
a second section (804) having a second tube opening portion (914) on an
end (915) of said second section, said end of said second section adapted to fit
20 adjacent to said end of said first section to form a fixture block (1000), said fixture
block having tube opening (1101) formed from said first tube opening portion and
said second tube opening portion, said fixture block adapted to fit between said first

leg and said second leg of said base.

25 20. The fixture apparatus (800) of claim 19 characterized in that said fixture
block (1000) further comprises:
a driver opening (1202) extending from a surface of said fixture block and
intersecting said tube opening (1101) of said fixture block; and
at least one pick-off opening (1204) extending from said surface of said
30 fixture block and intersecting said tube opening of said fixture block.
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17. The method of claim5 further conprising: selecting said anbunt of said
adhesi ve (720) based on a speed of curing. 18. The nethod of claim5
further cwopsioséssy: 5 applying an accel erator to sai d adhesiesot/Fa6) to
accel erate curing of said adhesive. 19. A fixture apparatus (800) for

manuf act uri ng .le.ow.rret er (50 el i'sc'ar91 f HarRas (? 5 ef-A 0tfu_be
(501) nade fr a ti“l’ HEW"(S%@P % ge! ¢ FUe * |J rating
sai d fl owdidRRuré BbcRl(106@5ikE saBstaptiaky sifrilat tPPdidthsde betwedetatinneg nmovenment
of said vibrating flow tube, said base having a first le 17(%) and a

€g

. . . (5
second | eirfased) saithfirshleg (547 pné pniivnes fairtacstal said %%ﬁ%dﬁeg %1 havi ng a
tube opening (502) extending through said first leg, said second |eg
having a tube opening (512) coaxial to said tube opening of said first |eg
and ext endi ng 22r Phgffixtlive appdrates(@00) loé glaim@0dfufthet corapegipgr at us

characterized by: a_ first i 80 havi a first t i ti
(512) on an erieaing mepns J60PPBIEC BARCHE SaRdIrs! Seatbhdoeerambhdithoa O

having a s%%gagﬁgugfg(mgb%i@eé ésggtzg 81 43igMPwAet& 1800 PbaligH said tbes econd

section, sali sal‘d secon on adapted to fit" 20 adjacent to
sai d end agersmag (1 101 of saiddfixtaone block (H0P0xwithxaaid tubiel epsoind () of saiddirst xt ur e

bl ock havin be eni.n 1101 fromsajd fji t ube opening
portion a{ﬁg?si %P(gg@aﬁﬂg‘? gﬁgn'ﬁ‘ééﬁiﬁ)ﬁ%é P%‘ﬁ?ndslgpdbﬁgi(ture bl ock adapt ed
to fiqig between said first |leg and said second |leg of said base. 25 20. The
fixture apparatus (800) of claim19 characterized in that said fixture

bl o](c:k (10?0) f%ﬁ.tﬁbﬂ fim:apga@tua(m)@écladm&a ¢hpraatedzgd xthetidi ng from a
s . . ALY . A
am 0 Tixture AL RASH o2 BReR PRl RS bpBHr sl RESRRFRL MUBRTY 01

said surfafi@bakesaid 30 fixture block and intersecting said tube opening
of said fixture block. 33 WO 03/ 046487 PCT/US02/37032 21._The fixture
appar at us ( 80052iéseeyurNGMERNsKBPGIIS &yntheradaptedio sepure sgtdfiodredloek i xt ur e

D 5k 8bo) b SAEERRI A I TARE hBngSERSRSGINER B er,
(518). 5 @knifhe120Rtafsaiddfdpareablock;( 800) of claim 20 further conprising:
said base further includes at least one pick-off opening (404) that extends
through said base; and
said securing means is further adapted to secure said fixture block to said
20 base to align said at least one pick-off opening of said base with said at least one

pick-off opening (1204) of said fixture block.

24. The fixture apparatus (800) of claim 19 characterized in that said fixture
block (1000) is comprised of Delrin.
25
25. The fixture apparatus (800) of claim 19 characterized in that said fixture

block (1000) is comprised of stainless steel.
26. The fixture apparatus (800) of claim 19 further comprising:

30 a fastening means (810) adapted to attach said first section (802) to said

second section (804).
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a securing nmeans (806) adapted to secure said first section (802) and said
second section (804) to said base (552) of said flow neter (500) to align
sai d t ubewowmpsemisgy (1101) of said fixture block (1000) w rhT4ambn3tebhe

opening (502) of said fi rst Ieg (517) and said tube opening (512) of said

second leg (5 0,23 X S m 22

characteri zed]f)n Tlﬂ%{'xélé% léé t@é;&)?% :‘?gfuftﬁg?%%ﬁénghgjrl ver opening
(402) that extméﬁgﬁmémuaban§mzbég&siepteaabdnsesasdldngenapmng$m2)ucﬁ further
adapted to secure said fixture block 15 tg said base to align said

driver op%aid fiytuse b&&“’ikdm@@baw extend;fpny ﬁ?‘@e’?“rfaé‘ﬁéﬁ sAll doedlogs tasan d
fixture b%l%(ékc{d é%,' pﬁﬁﬁbw el Q%H)JG@ Sai@fixduf@Blockne pi ck-of f opening
én S roug sal (9

(404) tha ase sal d securing neans is further
adapteéd to secure said fixture bl ock to sald 20 base to align said at

I t k- of ' . I d at .| east . pi ck-of f
openi ng. ( 120426 TEaRAts apaeates (i) ShelEmiar Tatedpe-ShLnal sl 800) of
claimil9 g mw&{t%é 1206} n%iuo%'éjhﬁ ®n dHesHd hERROhrder thaRr i sed of

Delrin. 25725. The fixture paratus (800) of claim 19 characterized in
t hat sai ddiametenaf said dn‘ker(oxmml])g (@%nﬁsauéémm biacki (1068} seidlip adagedThe

fixture par at us claim 19, f a

reans. (810 ARA-sRdaRRMER mepnsdp sxeriibCtad AR Gisdihg 3 el SbESH
sectiqgn (804). 34 WO 03/046487 PCT/ USOZ/ 37032 27. The fixture apparatus
(800) of claim23 further conprising: an alignnent means (1206) adapt ed to

fit in sal d dr2eA ropibedf u@_r[m)g:)ld@f(tur@gpga wg (09) of slaim (1do@ffbasRidext end
oo oo CYSGREBAS S s, B kb ler 609, B ReE 00 (Ut
claim 27 elmactetieed bgdheé stepsadf: said al i gnment neans (1206) includes a lip
(1208) on one lﬁggm%S%taudl fSIko?Lrlge{hrwgh said tube opening (502) of said first leg (617)
15  and said tube opening (512) of said second leg (518);
aligning said first section (802) and said second section (804) of said fixture
apparatus to enclose said flow tube between said first tube opening portion (912)
and said second tube opening portion (914);
fastening said first section to said second section to form said fixture block
20 (1000);
securing said fixture block to said base;
introducing an amount of adhesive (720) in a gap (506) between an outer
surface (510) of said flow tube and said inner surface (508) of said tube opening
(502) of said first leg (517); and
25 introducing said amount of adhesive in a gap (516) between said outer
surface of said flow tube and said inner surface (615) of said tube opening (512) of

said second leg (518).

30. The method of claim 29 characterized in that said adhesive (720)

30 comprises a cyanoacrylate adhesive.

31. The method of claim 29 characterized in that said flow tube (720) is
made of perfluoroalkoxyethlene (PFA).
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di aneter of said driver opening (1202) of said fixture block (1000), said
lip adapted to allow said alignnment neans to extend into said driver

openi ng awoanstaid? di stance. 10 29. A nethod of using sai @CTIGHBM32
apparatus (800) of claim19 to affix said flow tube (501) to said base
(552) of said flow neter (500), the nethod characterized by the steps of:
inserting said flow tube through said tube opening (502) of said first |leg

(517) 15 and 332iThd Hiethabentlaen 06 EhhravtesaidintRasuld bage (568)is neddegsfi ng
said first section (802) and said second section (804) of said fixture

appar at usstaiplesgstesle said flow tube between said first tube opening portion
(912) and said second tube opening portion '(914); fastening said first
section to said second section to formsaid fixture block 20 (1000);

secur isng sai d 33. XThe mdthad bf ¢lains 20duttleerscomprisiogtuci ng an anount of adhesive

(720) in a gap (506) between an r urface éS % of ,said.fl ow tube and
sai d inner surs¥® "9@@@ g@'ﬁ‘*%‘éﬁ’ ﬁfz(%gé‘sﬁéé’ﬁ‘iq\&'sc %é’ f s34d §§'=‘?F“f‘?'rst | eg
(517); and 25 introducing said amunt of adhesive in a gap (516) between
said outer surface of said flow tube and said inner surface (515) of said

t ube openi ng (B1Zfhemetised df dato28 fukher@r8)risid@. The net hod of clai m 29

characterized in,that said.adhesive (720) .30 comrises,a \ te
adhesi ve. 31. GPHEOH’QQ%'@I%W%I‘%{PW%Q éﬂﬁyg?amegggurir%uqqﬁg %é@:}@%% t ube
(72010 s (5087R @lreRaid hdinsspad ethlene (PFA). 35 WD 03/046487

PCT/ US02/ 37032 32. The nethod of claim?29 characterized in that said base

(552) is made of stainless steel. 5 33. The nethod of claim29 further
conprising: s ' ' [ on a viscosity of said
adhesi ve. 34%§ﬁtﬁ%qi@%ﬁjSf&gﬁélbéﬁgéﬁérgc%qrﬁ@ﬁﬁﬂ nprising: controlling a
rel ative hum diontroflihgantednpeératureon taiglow tetem@0oatalciresaidradisegsivel0 ( 500)
to cure said adhesive (720).
(720).
15
36. The method of claim 29 further comprising:
etching said outer surface (510) of said flow tube (501) prior to introducing

said adhesive (720).

20 37. The method of claim 36 further comprising:
etching said outer surface (510) of said flow tube (501) using a sodium

naphthalene etchant.

38. The method of claim 36 further comprising:
25 cleaning said outer surface (510) of said flow tube (501) prior to introducing
said adhesive (720).

39. The method of claim 29 further comprising:
roughening said inner surface (508) of said tube opening (502) of said first
30 leg (5617) and said inner surface (515) of said tube opening (512) of said second leg
(518) prior to introducing said adhesive (720).
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35. The nethod of claim?29 further conprising: controlling a tenperature of
said flow neter (500) to cure said adhesive (720). 15 36. The nethod of

cl ai m 29 worislensTonpri sing: etching said outer surface (PCO)USot/3®atd fl ow
tube (501) prior to introducing said adhesive (720). 20 37. The nethod of

claim36 furth onpri.sing. .etchj sal d surface (510) of said flow
tube (501) us!‘ﬁ{; ﬁhgﬁzﬁtﬁ?ﬁ 8&3’8&5‘&‘?}?3@% ereqoéﬁ‘grﬁﬁ%g‘%. The nmethod of claim 36
further conprigéatihg daidihRansitaceA508 Yot id 3utséd apening 1602)06f swid first legw t ube
(501) prior_to introducin sai d_adhesi ve (720). ?(;9. The net hod of cl aim 29

further c(&ip)aedsgid inaagﬁgfﬁmag(%é) af said dubesopering (P AR s3fd segand l6ge
openi ng ((%qgi H(f’”%qéﬁ éﬁéiﬁé Sa%o c]hpeglv(eg%’?b _and said inner surface (515) of
op PII ng ( 3 of oa eb

said tube sald secon (518) prior to introducing said
adhesisve (720). 36 WD 03/046487 PCT/ US02/ 37032 40. The nethod of claim 39
further conpri sj nﬁ.'ecl eﬁni ng sai 29i nner . surf a of said tube _opening

ce %?08)
(502) of said 41-rhe mgihod gielpim4Q charaeterizrd indhat dleentngsaid Bines 3 be
(750) %5 G08) gfailtibe BBEARE (509) ofsakphrsbled 17 anl st el At et e
i nner surdfeaid tubEO)eruifg £512) of sbid sgeend e (S1&))coomprisgisd first leg (517) and

said inner surface (515). of said tube eni ng.(512)_.qf | | eg
(518) conpri se¥aSHBd {PIFYNBg, %’?e?fsgﬂﬂ% eoq#“é%f)ﬁg?'a%agégﬁﬁﬁég sai d
firstyg eginagdsgPdcd dilsdid Ate é;%r‘fiﬁ??@f &4id satond WWipwiR erktithedh apailttassiiond | eg
with acetone in an ultrasonic bath. 42. The nethod of claim29 further
conpri si nathsel ecting a size of said gap (506) between said outer surface
(510) of said 15 flow tube (501) and said inner surface (508) of said tube
openi ng (502) of said first

42. The method of claim 29 further comprising:
selecting a size of said gap (506) between said outer surface (510) of said
15  flow tube (501) and said inner surface (508) of said tube opening (502) of said first
leg (517) based on a viscosity of said adhesive (720), a surface energy of said
outer surface of said flow tube, and a surface energy of said inner surface of said

tube opening of said first leg.

20 43. The method of claim 29 further comprising:
selecting said amount of said adhesive (720) based on a speed of curing.

44. The method of claim 29 further comprising:
applying an accelerator to said adhesive (720) to accelerate curing of said

25 adhesive.

45. A method of using said fixture apparatus (800) of claim 27 to affix a
driver component (1212) of said driver (D) to said flow tube (501) of said flow meter
(500), the method characterized by the steps of:

30 attaching said driver component to said alignment means (1206),
applying an adhesive to a surface of said driver component;

inserting said driver component through said driver opening (1202) of said

fixture block (800) using said alignment means; and
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| eg (517) based on a viscosity of said adhesive (720), a surface energy of
said outer surface of said flow tube, and a surface energy of said inner
surface oWogaiogb48t ube opening of said first leg. 20 43. TheTnsSohaw3nf claim
29 further conprising: selecting said anmount of said adhesive (720) based

on a speed of curing. 44. The aj . I SLNg:

appl yi er])g an a@@é?é&%@oﬁﬂ'ﬁgdgﬁ%ggh%& g@{#ﬁ@%@@%@&gﬁ%ﬁéﬂg&é ?%@gof sai d
25 adhesifiy tube. usindgrehidogligmertiniansai d fixture apparatus (800) of claim 27
to affix a driver conponent (1212) of said driver (D) to said flow tube

(501) of said flow neter (500), the method characterized by the steps of:

30 attaching sgd il dhod BFBAMRAS chdrddbfizdl ndREPLHid HaABSIvE Eefprises a

appl yi ng an adheési ve surface o ver conponent; inserting said
drives cayaaoactyldtémadhgbiveai d driver opening (1202) of said fixture block
(800) using said alignment neans; and 37 WO 03/046487 PCT/ US02/ 37032

contacting said adhesive on said surface of said driver conponent to said

flow tube using sehd nfdthed O Blair @8 thardQerizdtein'Bhhesld rivet 8bmipdhent

characterized I1n that salid adhesive conprises a 5 cyanoacryl ate adhesi ve.
47. The ndghdpcarhpdses smndagrefiar acteri zed in that said driver conponent
(1212) conprises a magnet. 10 48. The nethod of claim45 further
conprising: allowi ng said adhesive to cure; and renoving said alignment

nmeans o 1206) f4gnTREInsbtHbd bE ElafR @8I faahérllddtaprisihg: said fixture bl ock (1000).
15 49. The nethod of claim45 further conprising: controlling a relative

hunmi dity of arglieming saigeadhesivertounde;r@dNdsai d fl ow neter (500) to cure said

Cemper ot ur o of bR PR fapfieft Figens 4208 o ARERL bR bactihd D70 "0 7

cure sai Gszid firteire ®lock (1000).

15 49. The method of claim 45 further comprising:

controlling a relative humidity of an environment surrounding said flow meter

(500) to cure said adhesive.

50. The method of claim 45 further comprising:
20 controlling a temperature of said flow tube (501) and said driver component

(1212) to cure said adhesive.

51. The method of claim 45 further comprising:
etching said outer surface (510) of said flow tube (501) prior to applying said
25 adhesive.

52. The method of claim 51 further comprising:
cleaning said outer surface (510) of said flow tube (501) prior to applying
said adhesive.
30
53. The method of claim 45 further comprising:
cleaning said surface of said driver component (1212) prior to applying said

adhesive.
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51. The nethod of claim45 further conprising: etching said outer surface
(510) of said flow tube (501) prior to applying said 25 adhesive. 52. The
met hod ofwolmiowa481 furt her conprising: cleaning said outercaurshasm3t 510) of
said flow tube (501) prior to applying said adhesive. 30 53. The nethod of
claim45 further conprising: cleaning said surface of said driver conponent
(1212) prior to applying said adhesive. 38 WO 03/046487 PCT/ US02/ 37032

54. The met hods4f Tk Aathd®of Halrhab fGaRET dsthigsingPpP! Yi ng an accel erator to
sai d adhesive to accelerate curing of said adhesive. 5 55. A nmethod of

usi ng sai d fi anphinappaceelesatostipyaigfadbesivanto Aaceelegateicuring opsakd. of f
conponent 0&‘\%‘@ of said at |east one pick-off (LPO RPO to said flow tube
(501) of % Fow neter (500), the method characterized by the steps of:
attaclgi ng said pick-off conponent to said alignnment nmeans (1206); 10

appl ying an adhesive to a_ surface, of said pick-off conponent; inserting

sai d pi ck-of f Qﬁanﬁ@h%thpdtqﬂﬁlélﬁ'@rﬁ%ﬁﬂuéﬁ aP%%@fu%&@%PgR'%?ﬁgdaéﬁf?% (1204)

of said fixt i i i t j A hé g

cai d adndi B oot ) O e O e oo, e
usi ng sai(804) ofysaie fiowmates (508), & methodehdradtenized byithe SBpsiafr act eri zed in

that said adhesj ve. i | at e adhesi ve, 5 e nethod of
cl'ai m 85 char SHAPINGRAR pidof cafPEnaRdR s5H SENBERUAEanS 612081 4) "conpr | ses
a magpet . 58. JUHiAgbRediHekivel Bl sifadelsfi Pféﬂrmf&cﬁhﬁ@ﬁent,al | owi ng said

adhesive to cure;” and renoving said alignnent neans (1206) from said at

| east one pi ckinedrting said pick-off component through said at least one pick-off opening
(1204) of said fixture block (1000) using said alignment means; and
contacting said adhesive on said surface of said pick-off component to said
flow tube using said alignment means.

15
56. The method of claim 55 characterized in that said adhesive comprises a

cyanoacrylate adhesive.

57. The method of claim 55 characterized in that said pick-off component

20 (1214) comprises a magnet.

58. The method of claim 55 further comprising:

allowing said adhesive to cure; and

removing said alignment means (1206) from said at least one pick-off
25 opening (1204) of said fixture block (1000).

59. The method of claim 55 further comprising:
controlling a relative humidity of an environment surrounding said flow meter
(500) to cure said adhesive.
30
60. The method of claim 55 further comprising:
controlling a temperature of said flow tube (501) and said pick-off component

(1214) to cure said adhesive.
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25 opening (1204) of said fixture block (1000). 59. The nethod of claim55
further conprising: controlling a relative humdity of an environnent
surroundi wo saiscsf | ow neter (500) to cure said adhesive. P8Q/&02/378e net hod
of claimb55 further conprising: controlling a tenperature of said flow tube
(501) and said pick-off conmponent (1214) to cure said adhesive. 39 WO

03/ 046487 PCT/ US02/ 37032 61. The nmethod of claim55 further conprising:

etching sai d @ ethewidise of Bt BffurRbAcdhpHsihgbe (501) prior to appl ying
said adhesive. 5 62. The nethod of claim®6l further conpri si P% cl eani ng
Y

sai d outer surgtabiog(idputer sueace (316 of saisl flaw iybers0d) Pf'@r@pﬁﬂ ing saihi d
adhesi ve. cill'g . The nethod of claim55 further conprising: cleaning said
surface of "pi ck-of f conponent (1214) prior to applying said adhesive.
64. The method of claim55 further conprising: 15 applying an accelerator
to said adhesive to accelerate curing of said  k adhesive. 65. A nethod
(1500) of manlécibeimgihed shclaiméd f H%B@"W"Bﬁf'%!ng;fl uor opol yner substance

that are Sumt&é‘%r’nﬁé'st)éh 6ut@ ghgac%q@og'oﬁ said' Jb‘éb(goﬂfpn@roto d from

an extrudi ng sys terlze y the steps of: i ng
(1504) a saidtdbesigé. sai d fIOM/tube, wherein said fl ow tube has a

t enper at ure above roomtenperature; securing (1506) said section of said
flow tube to hold the |ongitudinal shape of said section of said flow tube

Stfa'@ht as sggl ?ﬁétn'\étﬂoé%@bﬁmﬁ%‘fuﬁh@ﬁb&ﬁbﬂs@é tenperature; and packaging
(1508) said section of said flow tube to maintarn the straight
| ongi t udi nal wiamngmaghsmfwﬁsard picksAf eornpenenti(dd14) prior to applying

said adhesive.

64. The method of claim 55 further comprising:
15 applying an accelerator to said adhesive to accelerate curing of said

adhesive.

65. A method (1500) of manufacturing flow tubes made from a
fluoropolymer substance that are substantially straight, wherein a flow tube is
20 extruded from an extruding system, the method characterized by the steps of:
cutting (1504) a section of said flow tube, wherein said flow tube has a
temperature above room temperature;
securing (1506) said section of said flow tube to hold the longitudinal shape
of said section of said flow tube straight as said section cools down from said
25 temperature; and
packaging (1508) said section of said flow tube to maintain the straight

longitudinal shape of said section of said flow tube.

66. The method of claim 65 characterized in that said flow tube is made of
30 perfluoroalkoxyethlene (PFA).
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66. The nethod of claim65 characterized in that said flow tube is made of
30 perfl uoroal koxyet hl ene (PFA). 40 WO 03/ 046487 PCT/ US02/ 37032 67. The
met hod ofwoloaioma48b further conprising: etching said secti @aTafSoxaiod2 f | ow
tube before packaging said section of said flowtube. 5 68. The nethod of

claim65 furth onpri.si ng. stori ai d sect.ion of said flow tube to

avoi d exposi ngeeéaﬁaenglﬁﬁ?%ﬂf Blplrgg!‘riggrtﬁgr()WTB%%ng.O. light. 69. The method of
clai m 65 furthaehirgreaid Sédtidn dfdakd MW MebeS Bedrs patkayin@baidajedtibh onsaidbe at a
constant tenperature. 70. A nethod (1400) of testing an alignnment of a

driver (Djowatubeat | east one pick-off (LPO, RPO) on a flow tube (501) of a
flow neter (500) conprised of a base (552), said flow tube made froma
fl uoropol yner substance, said driver for vibrating 15 said flow tube, and

said & |east ggeThé ehethdd of elaird@baaithegcomprsingt of said vibrating flow
tube, said driver and said at |east one pick-off are affixed to sai.d flow
tube with an o3AERY said sectionsf rald flavnjibedoRyoid exosing8aid 82699n 8559t | ow

t ube at frequency using said driver; and 20 receiving (1404)
pick-offaﬁs‘?"lénmaﬁasmq[bg‘rtﬁ said at |east one pick-off. said pick-off signals

represent a vibrating frequency of said flow tube; the nmethod characterized
by the steps of: ocessin 40 {d pick-aff signals and signals
representing s@ﬁ’-dﬂ:‘%ﬂ“?t ﬁggf é‘%&“%ﬁ&b%g‘)%"ﬂe%rm ne a frequency _
respofise; and ggrihgdhkiPddchion ffé%)ﬂowmuwe@ﬁd%m@mp@mm. of said driver

and sald at |east one pick-off on said flow tube based on said frequency

response. 71. The nethod of claim 70 further conprising: indicating an

R RN S L R P AR s Wk
nmode. 41 Nk ¥ QAARPELIA ESRRY Bie3B01) of a flow meter (500) comprised of a base
(552), said flow tube made from a fluoropolymer substance, said driver for vibrating
15 said flow tube, and said at least one pick-off for detecting movement of said
vibrating flow tube, said driver and said at least one pick-off are affixed to said flow
tube with an adhesive, the method comprising:
vibrating (1402) said flow tube at at least one frequency using said driver;
and
20 receiving (1404) pick-off signals from said at least one pick-off, said pick-off
signals represent a vibrating frequency of said flow tube;
the method characterized by the steps of:
processing (1406) said pick-off signals and signals representing said
at least one frequency to determine a frequency response; and
25 indicating (1408) an unacceptable alignment of said driver and said at

least one pick-off on said flow tube based on said frequency response.

71. The method of claim 70 further comprising:
indicating an unacceptable axial alignment of said driver (D) and said at
30 least one pick-off (LPO, RPO) if said frequency response includes a second

bending mode.
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72. The nmethod of claim 70 further conprising: indicating an unacceptable
| ateral alignnment of said driver (D) and said at |east one pick-off (LPO
RPO) if swbDd3fs@guency response includes a first torsion PETMsAZ37042

72. The method of claim 70 further comprising:
indicating an unacceptable lateral alignment of said driver (D) and said at
least one pick-off (LPO, RPO) if said frequency response includes a first torsion

5 mode.
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