25 May 2006 MANUFACTURI NG FLOW METERS HAVI NG A FLOW TUBE MADE OF A
FLUOROPOLYMER SUBSTANCE Field of the Invention 5 This invention relates to
flow nmeters, and in particular, to manufacturing flow neters conprised of
flow tubes made of a fluoropolymer substance. Problem It i Mpewd o use
Coriolis effect mass flow neters to neasure mass flow and ot her

I nformation pertaining to materials flow ng through a pipeline as disclosed

10 in U'S. Pat mARGFACTHRINGILOVSMETERS HAVING ATFLOW PUBEIMADEIGR-A 1, 1985
and Re. 31,450 to J. E Sm tg  hrOPOLYMER BB SsTANGY Meters have one or

nore flow tubes of a straight, curved or irregular configuration. Each
flow tube has a set of natural vibration nodes, which may be of a sinple
bendi ng, torsional, or twisting t&iséd of theckavagtierial filled flow tube is

driven ta;oscill g ﬁbeﬁt%?l(}@%gsﬁﬁg@wﬁ%te%. &’Eﬁﬁ?ﬁ&éu@ﬁttwn?é&m%gow he

natural vibration nodes are I n part e conbi ne mass

fl ow t ubes amétarseomarsad offlowitubesmade of Rdlworapiebsner|substenee.ed, a fl ow

nmet er need not be driven at a natural e Material flows into the fl ow
nmeter froma connected material source on t'ﬂe inlet side. The naterial is
di rect ed t hr ough ltis&nbwoup usshEodelist ¢ftaet mase flowrmdeters tiRaneRsure masd flow a

material rec - 1 L de ' [ [ . to
oscillate th%@ﬁé\?f@%@%‘@\ﬂg%ﬁ?'hggégﬁétﬁ%&l% ar Pgrl'rg['#ﬁ{g\ﬁ[&iﬁ% a%alg;?&s%gl ong
a flow tUbe iodtBl Pat dlogi 4496025 issned dall. pHamith, eAsl. ohdamelt, d0Bakbnditegi ns to
flow, Corioll e Welg! u in n.the flo u L ve a
di fferent ph%@é%q#ﬁ%w C?Qf Ffeg). i?hgfﬁp‘;o@ﬁvé%%rstﬁ?gsﬂng\ﬁwt%%g?lmf‘ﬁ‘égg ase on
the inlet 25ofs sleniglit, tureed boiwetulbecdrafgtirdtion. dachdiow tube hphaset oindtimal out | et
side | eads th river,, Pi.ck-offs are .placed pon the. flow tube t.o produce

Sl nusor dar SV s JiFs TR Gesifel fend, Wifiohab St i e The
phasef ;:Ii f f er Eacgtembtiriakfiledtfow t::m?{spdlrmenctbb%iﬁétgmi'&onhﬁc@ihml dfitioesal L o the
nmass oy rate of the eria ow, It i.s kno tg. use w et ers havi ng
T or el | Pl plodgsn he Dhtiral igatonynatias 54 ddioes L astt by i SaHEned o

si ngl e tube, mduabf the Mew telbdsrardthe ridi@rialoMitine thel Adetubedn(f debipwd, lafee  of

i rregul ar configuration. Myst of the flow neters are nmade of netal such as

al um num st '®&fer nged nat haydrivenatia ngtyral ME4Ri um Q ass flow tubes are al so

known. 1 Material fiows 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 havihg different flow tube configurations.

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

also known.




25 May 2006 Positive attributes of Titaniumin these types of flow neters
are its high strength and | ow coefficient of thermal expansion (CTE). A
negative attribute of Titaniumis its cost of manufacturing. A Titanium
flow neter is difficult and expensive to produce. 5 The pr5dawy2ddséal so
suggests plastic flow tubes and plastic flow neters. This includes prior
art where the entire flow neter is plastic or only the flow tube is forned
of plastic. Mich Rafsitivhiattriputes of itaniomrie thesedypes of floarmateseangiitsrhighat a 1 ow

nmeter may be nade of  various.nmateri al I Nl ass |,
titani um or Stﬁ"&@l and tofocoﬂmscée P?mﬁ%ﬁk%%nﬁ@ﬁ (éiﬁgnéin\gégﬁs% ?qgﬁmgésgfgoncer ns
t he di scl osurieanifm & i @&t bEmaBofacturing. A Titanioeh dowtneter isakiffi@dtandat el y out put
i nformati on over a ran in operating conditions including tenperature.
This prior a#PeNEVALR p&%ﬁ’@?‘rsi ve so far as concerns the disclosure of

manuf act s i ng a Guvel pHor artfdisysugriests plastic flbastubephad plastic lowmaiéns. Thie nere
substitution of a plastjc flow tupe for a netal flow tube am |l produce 15
a structure PRYEeS 8‘39(53'1 Yvh%reéw? PB&GM'F‘?‘%&@%‘F{ o::[cth &er &&L}PE R 11 not
function as gméd erpIEEicMuch BEARI Hoe aftGaereht contiihPan assdrismiiat afloaver a
useful range of operati ng Eondi’tions._ The nere azsgar.tion thﬁ. a.flow neter
coul d be rmd@elsimayrbgymade of varqus materialssHEm gs SIaeh fipinlaEs Siget MR ¢ hat
plastic can Qgsigubstituted for metal in a Coriolis flow meter. It does not
teach how a plastic flow nmeter can be 20 nmanufactured o generat g}%cur ate

i nformat1®n over BiRRErAM iBAYEXtgNsivY &0 FANasFoneeRg; the Sﬁ'&'_"g“re ofapla
Perf | uoroal k%ééé&k@gfﬂﬁﬁ%?ﬁ@t chg 0BG atanpsutslit informblicn HWittd @RGE irf Gpertfiey i N a

flow neter. 5,918, 285 to Vander pol discloses use of PFA for a

flow tube. Gundificssdrpudingterpajatus. nbhis REOYAR IotBriensyesRERIRSHEAICCHIY t he

patent 25 di g‘.'%gf?ﬁﬁo;supé’of @ER& gﬂggr@cﬂﬁsmghaa QY thal haya PRISAE nBRVIEE a PFA

flow tube co manufacture ?en_erat e accurate flow information.
U.S. Pat. No. 5, U8 586 substiutorof vplastic fpwdulssies aametabiew tube will Rerduget h

PEA.  UnEr ugi el bBod 0 4 3 e ot ik b6 BER W fiREn as o

different™ t hernma rties. I'S causes € I ner to di sengq%%e from
the flow t ubflow meden to gedeorate atsuratedutrut informeation qyeoslusakl range orgRemf@IBI ur i ng

Drooes® ey ki e R assblH ARl Tl 1 ABg R OIREY ot !
PFA very di f fdachkd ndthingdregond thet dbstractijrethias plasticcarchernubstitidet for vestal imge way
to 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 {ining 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




2 25 May 2006 solve this problemis to change the surface chem stry of PFA
by chem cal etching. Etching the surface of PFA provides for nmuch stronger
bonds usi ng adhesi ves. However, even though etching provides a stronger
bond with PFA, bonding PFA to other objects nust be caref gliMagoom to
create a strong bond. The following 5 considerations should be taken into
account to create a strong bond: the type of adhesive used, the gap between

the PFA and gngd ipﬁsrpreeleﬁﬁs to\ﬁ’ﬂﬁﬁéhefhetshuﬁéé‘e bﬁem&mlf Prﬂ m@h@g@em@e gap

with the adhesive, whether the adhesive cures 5 t he condition of
the surface Bichingdhesufacerf RFfepioyidesforgRueh S‘t“HEeé PT‘%BS'BQ adhesivest ner

obj ect. Unfort unqﬁ&heg,ertéa%hefha;@w&ﬁ.ﬁgrpwd& &%@yr%hdw AFR, BeRgingFA 10
to other objects | ow neter. Typical Coriolis | ow neters as

descri bed abBEé tapherabigetacnustde eefuly dongtogreatya %ttonigsbornér rlihe fellowing o

manuf act ug e ,.[Pmol A

Cor :Jol | su I o}\?véﬁﬁgegé:tlo:ag Sgg{r;rlg?jlgstgg@'gp wo%%%g?p%o?%&%% o | ow ttﬁ%ggé 0I{r/bst

Coriolis floadhasiverusedcltigigap hetween e Rithiand anather @Wet:tub@eﬁ@f theerifsed to 15
hi th f gihe fl

achi eve the gggi IFFédcﬁ@?éga%@o?t %‘gﬁxﬁytﬁ"tﬁé%&%w‘é memewgatséag&sm%%l dg ow

tube is genera position at its en mani brace
bars, or sormrocpeﬂ}erthe sondiiitruefdhe udadd ofithe FF&. ﬂedwém(@dlmf@mﬂfac@m by

artixed to the St cUnERundRl), v is oo, SR RLRN AL BRI 20,
a magnet 1@ oi to atberfobjrotaita uild arfiew dheterer and pick 20 offs are afflxed to the
fl ow tube by joi ets for t Helehodl h | to the
fl ow tube. The dﬁy\?&a gﬂﬁgi%gf@% g\eiegs ggﬁggcgt{ @gsqqoge%ﬁ%mg&a{@%g{reﬁ? ts?ff i xed

to the flow trets. N&t&@ia&lyrmtmmf@turemhmm an*rermniaa:htlmgaarmi y, there

I S no easy Ué Fo aéf : Eéé E\/ﬁow o 2 man o br race bar and t he
like to supp¥PHINGHE *i"} ?}9% ofRlis dow elgry 8°ﬂ'3'p5§§ e ImaeIIPEl BWay to
affix a drivebeanopt Chridlisiow Mmeter®Fayuirk ehattthid endd obdl fiow aitsd besdaliredito and
o o o BRSBTS G shchuile S aipe i el ™™
conpar ed t o gémdraly. hel®ineg ixdcPpditionEas Wndls ByIhadifoldy, bice tRirs, dr pomeasiser
material, the driver and pjck-offs shoul d be accuratengl aI| ned  and

pOS|t|oned oﬁnf%eﬂaﬁﬂpw@beﬁﬁffw t9i 3 mapiield\pyyrelding £ A& er and

pi ck-of fs ton@nifbid Al fieF HRe picRloHs a@@‘éléb@l‘ﬁﬁced%'tlﬁﬁ‘ﬂ@ﬁlub@ncbrli@&dm&ébﬂg of
the driver andbfl ck-offs very hard. Manufacturers of PFA tubing generally

produce the Hhelriver and mm{ck-qqt%are a magnet-coil 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. Traditionat 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 butk. The
manufacturer uses an extruder to produce the tubing. The tubing comes out of the

3



manuf act urer uses an extruder to produce the tubing. The tubing cones out
of the 3 25 May 2006 extruder at a tenperature higher than room
tenperature. The tubing is wound around a spool so that a large | ength of
tubing can be easily handled and neatly packaged. The tubiRgspgdes on the
spool . When the tubing is later unwound from the spool, the tubing
typically has a curved shape. If the curved tube is used as a 5 fl ow tube

for b? fl o¥v n@ttﬁrde:: ?thermrérlgi@ﬁe?mfantrdstﬁn}eltrﬁyeﬁaube. THE taihG B waleidr acy

pr ool ens or thne ow neter er or.e, g1 ow t er, manuf act ur er st

D Dot ohten. 2und poapeL et f715¢ Fadh aiikins Son HE L asty BLES ULTeatn  tur i ng
manuf act ur i ngack@ged.ari tubinggsts ah the SPRAE Whbh fite fubiiy it RRemduatiftorer at a
hi gh cost. Unfortunatel

. .there is currently no conveni ent solution to the
above probl g SPSk ertebing SYpleall e arginvesthaner 6P cLREdUbeh YReAcH 2 The
above ands otfiy tubedd! £5wddtes Me/ Qihvad Shaie FINANGR tibk Edifcalsk dcsuraepi eved
by the present invention which disclagses an inproved ow neter using a

fl
f1 ow t ube neEbigMmsIoF ihgdloupmriate Thetsfareqm few meter panviackipranuststraighien

manuf act uri NGe fbw tabé, HH tHRIRw IBKINE shalghPYbditidedudanShurhbtufh el ymer
subst ance, a nmethod for manuf acturlllr';g st rai ght fl ow tubes nade of a

f 1 uor opol yneRcairB$Pasialy made tubingfremdie pra turagat high icpgh nfertgratelydr i ver
and a pick- ] ' has
Adheai ve_ opanrias Cbhihs Eenef sHTRSELAR, bRk PRERmE ML HARPHEIS, o

i nj ect at? agnasufaetures faeasd the flow tube 20 to the base. The adhesive
openings allow for better coverage of %&f"-‘ﬂb t between the flow tube and the
base, which produces a stronger bond. e adhesive openings al so nmake
manuf act uri ng t hd'helabeveendother prelisine arpsaleed and ahadvangeindhaph i at us

advant ageous] y.. Ll | | - uring.
v ng che. ISR ihe blitseht fehdhSuth BiskblES of thorovdd oRIdBANAE LY
met er nmanuf diwitube nadaoirefliewaepdlymef Substarce, 4 fivtwre apgraratustforrmbadactafing he

(1o e oy a0 A %8 ARt e MR v
correctly almgnufableriog siraight fowltybies knanfefof adffuotdpifreaveubstamceldel 4 i xt ure
apPar At USSR R SRR B A A SR ES BT o
tube. The net hod Tk inpsdveddlodeRlriagranajecuislychadrddhesiva dpenings elachinedon a
flow tube into the base of the flow meter in which to inject an adhesive to bond the flow tube
20 tothe base. The adhesive openings allow for better coverage of a joint between
the fiow 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 fiow 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



advant ageously provides the flow neter manufacturer with a quality control
check. The flow neter manufacturer can easily and conveniently determ ne
how accurate 25 May 2006 the manufacturing process is. The flow neter

manuf acturer can also identify problems with the manufactups smypoogess and
determ ne what adjustnents need to be made. The net hod for nanufacturlng
straight flow tubes nade of a fluoropolyner 5 substance advantageously

hel ps the fl que midp@AERMA g%ﬁééﬁs‘%ﬁs pm@ﬁ&ﬁ nfet8h8nufaSierRhf didPrensler . Wen
a straight flow tube is desired e flow nmeter manufacturer can easily

and conveni erffpRlemsvdththe QW@W"'EI RIacessres datermning what agivstmests nesd toube
manuf act urer fymy@e king with the supplier and defining a straightness

requi renent on the flow tube specification. The flow neter manufacturer

does not 10 need t'Hesnethodforanufrctyringstraight owdakasemade of afrofopalymeie f1 ow

meters. The féuB‘é‘tanE@E&ﬁarﬁﬁéB&Eg HEIR | hb%omubé gﬁﬁﬁg el ;S.Jaa Q'rﬂrﬁege of

building a flow neter wt curve w t ube. odi nent of
t he i nproved accuiateow meatey. :Wfle@)wsﬁ’ﬁmt flew ihei is dasiedd, she ﬁtasmet@r fl ow t ube,

a driver, anq,pl K=o Fﬁ?n -'égﬁfjédd\’&f v@ﬂgnﬂv r%léegéfsﬁ'alﬁhfﬂ&t dt?%%qjureeté); ﬁgrg 15

fl ow tube The base o ter 1sco
second | eg. Theflpwtee megufaﬂwmrdwﬂ@rkmbmﬂdbelsuptylealadddaf a&dgesatmlmnﬂsm ng

low tube. pacsadfiert B0 HE RO il B ARl o i et 1A G GRTURE bl e
t ube operliing rekdithstraigbiendhé¢ Sow tutiscefuieanampdadtuingihe fbdhmetevsa Bhefliowg on
that the t ubdneBhMRGRE G ABLRGET b §hiende f fullhe’s BV mds futa° *°
posi ti oned hmarlmﬁm:aMeyl flaw tube. sane tinme. The tube openi ng and adhesi ve
openi n onthese ndle t se are on a,sjmlar
oPane 20t har & nOMRRUSEBANT R ek fol Ris ndueies Swbtsl $14) can
be ‘posi ti onedasbod ﬂawm&d lydriger, Bhe piekaafist i THe drider EMpkMSWQﬁ&ldﬁthbhe

| ar er than the flow tube to create a

gap bet wddn aBBEennA b5 offe Ny Bpt s RSP " # R, e B 2 PRES LidRes  ve

openi ng of t henefﬂrmég Ineides atube Bpéiag aRd kA alResieRBpsing BAd ttﬂ.dif@:%hu fedraY
be applied tog t qufl%gﬁtube and an inner surface_of the tube opem ng of the

first Ieg. FBlUSE ORERGI AN anadheslyr @PraIn dbe flow tuha passas thawahy

| arger than ttl'i@tJbe:}f!ehM@QJftﬁé)flrfspiegra‘iﬂttﬁro%gﬁﬁlé @Sé%éﬁun{;%%@%hﬂ%@f the
second leg and the fl ow tube. The adhesi ve openin he second | eg

provi des accdd€ tvbe pprning and gdpgsiye opening on the first Ieg 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 teg 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.




adhesive may be applied to the flow tube and an inner surface of the tube
opening of the second leg. 5 25 May 2006 The followng illustrates a

nmet hod that a manufacturer may use to build the flow nmeter described
above. First, the manufacturer orientates the tube opening 2fMaf beod i rst
| eg, the adhesi ve opening of the first leg, and the flow tube on a

hori zontal plane. The manufacturer positions a tip of an adhesive

appl i cator in therRgffshng .aﬁlsqaraglaﬂ.g.emodttha Janaﬁafah@ﬁertrﬁaﬁggsmmda%gap
proxi mate an out er surface of | ow tube and the inner surface of the

tube openi ngflew meler descgbed @@overrfamﬁéh@ﬂ@@vmxer wmt%iaﬁ thastubg opepingtof of
adhesi ve in Eﬂéerrgﬂe% tPH%dEé’sn\Fé"E?érHﬁé aﬂﬁefﬁ&ﬁ rléljb%ﬁd the A tu&”&ﬁé h?HEérﬁEie of

the fl ow tube an e 1 nner surface” of e opening of the first |eg,
t he adhesi veM@%ﬂ’&Wﬁﬂﬁf@WﬁéP@%ﬁomﬂm @f@%ﬂmewmﬂl@af@nl@hem@w@ When

the 10 adgesixeihgAEMesiniiy R1utzen! trid Gar ORrRRE 3h Bter sURaUA sih8doRt 0PS and

nd symetric Ti acturer t
adhesi ve to tubeand thadnnenaufacs ofithe tqb@rﬁmnm af ke firshlego Jdeanponfactyresf f | X

the fl t ub ' _
provi de. an e DuPutdiad Byt SBhaty S n hlGepr ERts (R syuhe dHiiges bPuanen, 1as
flow neter. ototeOnarfarehediheriow tulfe antbthéiimamserfaqcmefrthe tebecopgning efthe fifgtr st

section and e RRCRILREH 48 dBSHE EXDULE RAEAL WRNIR oF SRR Wik i

secure a flo oW e tar "OwW et er .
The firsti0seatiheniva reathecthe @nids némettubeoperpaguthgwmng siupmandtformsch of the

f Th d I
on' an end. of UpERPCARERANBRTE TN THedRaNERuRy i ARk BB SRR FeRE | o
end of the sé’bemhmﬁdturempafcﬂfn’sdhé s@ueagpetationitd aﬁidjtmﬂm tatneto thatabeer . When

| aced adj acent| d th d. section f fixt
bl ack. he 1 PRetis ol B ercoRiedabeganaBte BIEHRGLP RN P THPARET st t b

openi ng por_twapt@bdndh@fmmadtd b zpfthwficvhietern. The tube opening is
for 25 hﬂédl ng th flowtube of flow nmeter durlng nufacturlgg.
o the

A- securi means SBEgMbedimpntof V‘?trhxgﬁétaPBﬁ'a&f‘?ocW% t sgclien g

base of the tbsyMdERCBSn. THEMAGRUIPPAEtI® A ONALILE 3o 68CUrk W WRRIJTA floly t he
fixture block with the tube openings of the base of the flow nmeter. That

way, the floffetefisiiing manwiactuigrafdhg ow metefaskhedirst srstien Bgludgsat irstdibene
fixture appapgénifg pbtienicRGEnUsiRSofafe Atst SEVTBAT TRBABSoMPSediohiintditdes?a dr i ver

second tube opening portion on an end of the second section. The end of the first
207 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




conponent and a pick-off conponent to the flow tube. One enbodi nent of the
nmet hod of testing the alignnent of a driver and a pick-off on a fl ow tube
of a flowneter is as follows. To test the alignnent, the 6 25 May 2006
manuf acturer vibrates the flow tube at one or nore drive frggygpenes using
the driver. The manufacturer uses a processing systemto recel ve pick-off
signals from the pick-offs. The pick-off signals represent a vibrating
frequency of the flow tube. The processing system processes the pick-off
signals and signals representing the 5 drive frequencies to determne a

o gnment of ¢ nERRE R e ISR B fhublE BEong e R I alroc o 4808 Tapr ¢ he
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tenperature. The manufacturer cuts a

manuf act ur er t hid§ntigsynasceniable aignment offthe friver padithewriek-afts andhe fiewdube

| ongi tudi nal.  shag®l o tht AeqeaY/Irédpoitd. ai ght .as the section cools down. Wen
the flow tube has 15 cool ﬁgq“and I trai 8?{;7’@1P|’=§nhe manuf act urer packages the

S S
section of flow t ubeXHempadmentof e, ufasiineo dpwivkesJderds Hpm aThe -

| nventi on | ncl ufkgsopsigmer sulstaBcaBprelided deRiv, aTiRe r;ﬁé!lil}féﬂfﬁlér bathes a@dey Beect
IOl S ow. neter

of the inveptiopn is a t.hod qf assenbli a_ Cor

conpri si ng; 20 ﬁ%ﬂ%ﬁﬁd‘é}gﬂ%ﬁﬁﬁsﬁg‘&%& mege 20 & fueroppldmersilstange.) egs,
where the two $uhsasdtiA. aThefidvetlibe combe olttas theomdrudecatiatempepane thapar t

rel ati onship, t Vi cv]| ] i openi pg t:hrqugh the

| eg, where the ﬁ%&%ﬂk ﬁog’?'? %:egﬁﬁp%%gh?ﬁgg% gﬁéc{gP&chgsgg f%ﬁgﬂggﬁg?%pﬁu&.

rel ati onshi p; pFlaMmanuigcturdriting segueesithesastiomof the flew tutiedodbpldrthe langitedindie
outer dianmeter ¢ Heddch i [ ed oA | ' ni ngs
in the two | egséf\%ﬁia%ztl eaﬁﬂvétggg%?gyghégg&dpﬁgﬁdm’f acl .né'l' %r{%gfohﬂgb\? ?gﬁe into
the two cyl 1%hdraoisd s skale rreanfactures gackadesthe seqtiop ! fawtubeteends

bet ween the twombisin thatrahesifapeltf tHel @Middibe creates two predefined gaps
between the _OUt er diT%e rg\gntigr]: Ingmg'esf :l:;r%vgirtngljobrg agggcté t?gt ;rg%%v!c?eidabrggv&r
One aspect of the invention is a method of assembling a Coﬁolis flow meter,'
comprising: ' .

20 . providing a flow meter structure having a base-and two legs, where the two
legs are attached to the base and are in a spaced apart relationship, the two legs
each having a cylindrical opening through the leg, where the two cylindrical
openings are aligned in a co-axial relationship; _ '

providing a flow tube having an outer diameter, where the outer diametex; is

25  configured to fit into the two cylindrical openings in the two legs while leaving a '
predefined gép; o B . : ‘ . .

placing the flow tube into the two cylindrical openings where a section of the
flow tube extends betwsen the two legs, and where the flow tube creates two
predefined gaps between the auter diameter of the flow tube and the inner diameter'

30  of the two openings;

Inserting an adhesive In the two predefined gaps. ' .
Praferably, the method where the adhesive is inserted into each prédefined
gap through an adhesive opening in each leg, where aach adhesive opening

7



30 of the two openings; Inserting an adhesive In the two predefined gaps.
Preferably, the nmethod where the adhesive is inserted into each predefined
gap through an adhesive opening In each |eg, where each adhesive opening 7
25 May 2006 intersects and is perpendicular to the cyllndrggqhap@@n;ng in
each leg and where the axis of the two adhesive openings are in
essentially the sane plane and where the adhesive openings and the
cylindrical openings are held in a horizontal orientation while the
adhesive.is inserted. 5 Preferably, the nmethod where the outer surface of

the flow tube |s.bGoaRk k}erﬁénd{cﬁ\%ﬂoiﬂgm%rl@ai Bbéﬁlﬁé intéécﬂﬁeglaéﬁd%ﬁ%@ﬁ areas

wher eby an attachnent area I's an area ere s attached to
anot her sur f ac&xis pf kedwva prlesivarrenigh gt ‘ﬁﬁé?@tlﬁlﬁéh§§6%’?r%?”?§"§dmer%§1%g a

sodi um napht hﬁﬁl%b@vt—ﬁ‘dp%ﬁﬁ@& ané—ﬂle%yﬁrﬁcﬁ‘i’baltﬂp)éninéé@rerf@dmch MéRb6tal difngfiohi on of

the fl ow tube eﬁﬁ d|n het ween he two legs Is held in an essentially
strai ght confi ¥tt% G\ﬂY‘F@"EsﬁéteT’nserted adhesi ve cures; Preferably, the

met EOFIdwher B the s elerhfa;bafblﬂfthé hﬁtl’bHQNMet'e:chhe 0@tk sitice®f kel fvvetnbe tdwa%:hswml egs
is he in an e tia t . confi,qurati,on a fixture 15
S olack vhero BhBOREAST Y RuraR) e E AR e iR ar i athBa 41 of
section havi ngamafwhemthmﬂmwtobeislamgcmmmlamthemwface.nd of the first

section; and provi c&r?@rﬁ:l%%é)ﬁg’( &hgakgg\gdgd&}c% peni ng

portion on an end second section second section
adapted to futn@m}ﬂaaimatslnantzo said end of sal d first section'to forma

fixture bl ggk, sal trbleddl, hheba Wt e bl gpﬁ@ﬂagnheé Bﬁﬂnéiﬁ&ﬁbﬁ%‘eﬂ

first tube opening portion and sald secon openi n E t1onh, sai
fixture bl ock Bgayedagsiphelddn %@%ﬁ@éha"mtra!ghﬁqogfgqréf@raﬁmlsg g insgdednd |eg of
sai d base. Preégfe%weyouréshe met hod V\/nere providing the fixture block further
conprises: 25 provid a driv 0 ext en fro a surface of said
fixture block and HR Eﬁ%é)é(':'?‘? WB%QQ"'@' Sﬁ‘ﬂi@ﬂl"ﬂﬁ‘e WstH B e¥ieRing eeiega
and provi di ng thb theass ioheld i skeschtisiyetbight exfignatiorgy prowdisgiadixauref ace of

E?l)gk f|xtjrge_klﬂ agwhe%'e%rovﬁller ec}.txi gb%gkglontl&ge opening of said fixture

_ provfdlng a first section having a first tube opening portlcn on an end of the
first sect:on. and
providing a second section having a second tube opening portion on an end
of said second section, said end of said second section'adépted to fit adjacent to
'20  said end of said first section to form a fixture block, said fixture block-having tube
opening formed from sald first tube opening portion and sald second tube opening
.portion, said fixture block adapted fo fit between said first Ieg and said secand leg
of said base.
Prefarably, the method where providing the fixture bidck further comprises:
25 providing a driver opening extending from a surface of said fixture block and
intersecting said tube opening of said fixture block; a‘nd'
provfding at Jeast one pick-off opening extending from sald surface of sald
Tixture block and intersecting said tube opening of said fixture block.
) Preferably, the method where the providing fixture block further comprises:
30 providing an alignment means adapted to fit in said openings of said fixture
' block and extend from sald surface of said fixture block to an area 'djacent said
tube opening qf said fixture block,



Preferably, the nethod where the providing fixture block further conprises:
30 providing an alignnent neans adapted to fit in said openings of said
fixture block and extend fromsaid surface of said fixture block to an
area adjacent said tube opening of said fixture block. 8 25 Nyay2@@06
Preferably, the nethod where providing the 'fixture block further
conprises: providing a securing neans adapted to secure said first section
and said second section to said base of said flow neter to align said
driver opening of said 'fixture block with a driver opening in said base

and to align said atplRagily, aREmBiel whbis prov@RE M BURE bk furfrieX EshSndock
Preferably, the nethod

with at | east one pi Ck-‘ﬁzfﬁf openi ngPl n sai d base. . )

where the flow tube RTRViAR @ SEFUNNGNRANGGHBRIPR IRSRIMF SAETEERSAYIoN BRE FRIF ab v,

t1 g ePrre]'E hodb\llvher sdaing séﬁtmév t&ﬁﬁe ,ba'sf] omateﬂh o meRotydiighisald &Wé@ﬁﬁéﬂﬁﬂg&ﬁl%a(dPTFE) :
referably, e netho re_the. adhesive €0 | Ses a, cyanoacryl.ate

adhesi ve. Pref e{i)ﬁlﬁqeﬁaqk%thrﬁfrwgﬁoggﬂquﬂgrsalggyﬁﬁ? ?E%){?gai'gﬂrsﬁ\yi%%ﬁ?%"%?'gﬁ'ﬁﬁfi ty

of conponént8 copeningiofeshid fixtae bick witb at least vee tpickivfiafpening in §aid\asalbe

ext endi ng between t X LA lurality of conponents to

a predefined set: of %‘%ﬁ%l%??n&?%ﬁgwthh%%?ﬁ%‘év“ﬁ?ﬁ%&'ag?togchi ng the plurality

of conponents teerflugrostkoyetniane (REAhg t he adhesive. Preferably, the method

where at | east one @ bt | iIri ves.. 20.
Preferably, the net h(gg&\fﬁéﬂ%ﬂéﬁé(”lﬁ%@&gﬁ@ of t eﬁ%i“%‘rigﬁjty of conponents Is
a pickof f. - Prepdytatsaiuoreatiaylenst(RABEL ur t her conprising: testing the position
of the pluredity of Fre@RANEHembMod WAERIthe SdHdiRe coRpribeds cydtvhBgiand | east
one of the pl UL%J”& of conponents to drive the vibration and using at 25

| east one of t P}?P Pality of components to sense the vibration of the flow

tube. Preferabl y, t rwemlwdqefmémb@fumnwnhﬁism: adj usting the predefined
L ocatlons or the Pluthig ¥ pRfark P dRSAREhS BS5u to bRSer b bocton b e
| flow tube extending between the two legs; ' 3
15 aligning the plurality of companents to a predefined set of locations along the
flow tub'e; | ,
attaching the plurality of components to the flow tube _using the adhesive.

Preferably, the method where at least ane of the plurality of components is a

driver,
20 Preferably, the method where at least one of the plurality of components is a
pickoff. - ‘
" Preferably, tha method further comprising: .
testing the position of {he plurality of components by vibrating the flow tube
using at least one of the plurality of components to drive the vibratiori and using at
25 least one of the piurality of components to sense the vibration of the flow tube. |
' Preferably, the method further compnsing: , '
adjustiﬁg the predefined locations for the plurality of components based of
the result of the tested posltions. |
Praferably, the method further comprising: ,
30 manufacturing the provided flow tube by extruding a section of the flow tube-
wherein the extruded section of flow tube has a temperature abova room
temperature; -



Preferably, the nethod further conprising: 30 manufacturing the provided

fl ow tube by extruding a section of the flow tube wherein the extruded
section of flow tube has a tenperature above room tenperature; 9 25 My
2006 securing the section of extruded flow tube to hold thezd prgizoosli nal
shape of the flow tube straight as the flow tube cools. Description of the
Drawi ngs These and ot her advantages and features of the present I|Invention
may be 5 better understood In connection with a reading of the follow ng
detail ed description thereof In connection with the drawings In FIGS.

1-15. FIG | discl osgs. ' i . n, exanpl e of
the invention. FIG Q«%c@g&ﬁ{ei&@@%ﬂe%’v@#u ﬁe‘eﬁhtgeé k&ﬁé&r”&%ﬁéﬂn&d i?i%l.s aﬁg.g*:l G 3
is a front viewts flawtube|staightasdthe §ewrbgcotls. FIG 4 '|'s a‘'cross-secti onal

vi ew taken along lines 4-4 of theﬁgls%ﬁ@@fthb'braﬁnﬁs 2., FIGS. 5-7

Illustrate a flow nmeter having adhesive openings In~a base of the flow
meter in. an exanpl el tRSeaRd othey advantrges eod faatises of the praseptinvention mayvibet ur e

appar at us fob nmpatbragidersti th cenHeERERNEh & Feadl _cﬁwmhcw@é détffed dBEEALIOAN-
FIG 14 illustr t'he algl nnent of -a driver ang

tes nmet hod of testin
pi ck-of fs on aﬁ?elr%%?'fﬁ%e °rhwﬁh®ﬁ/df?é’8’éqsmﬁ'% sl%npl e of the invention.
FIG 15 illustrates BGmtdueibstoa pampedtag viei oTa flolvaneteripesm dadpid sapea 20
f I uor opol yner ?%R,g& ce in an exanple of the Invention. Detailed
Description FI G5 "1- and the follow ng description depict specific
exanpl es to teach tFGs@ iskidp vigw dfthe fiew arcterbRiG.diake and use the best

node of theqpnventi ) ' Inventive principles,
some conven??onal a?ﬂgéﬁig%Q@@Q’E}@ﬂ%ﬁﬁﬁﬁ%ﬂ"ﬁeﬁﬁfﬁgﬁgf omtted. Those skilled
In the art will, apgriGe#da@cras-seationalyiew laken dlosginks 44 ofthy fie0beter in

Preferably, saigygld gnnent neans includes a lip on one end that is |arger

FIGS. 5-7 llustrate a flow meter having adhasive openings in a base of the
" flow meter jn.an example of the invention.
15 FIGS. 8-13 lllustrate a fixture apparatus for manufacturing flow meters in an
* example of the invention. - _ R e
FIG. 14 lllustrates a method of testing the ‘alfgnment of a driver and pick-offs
on a flow tube of a flow meter In an example of the invention. N
FIG. 15 illustrates a method for manufacturing flow tubes made from a
20 fluoropolymer substance in-an example of the invention.
. , Detailed Descrii)tion
FIGS. 1-156 and the foilowiqg descripticin depict specific-examples to teach
those skilled in the art how to-make and use the best mode of the invention. For |
the ;iurpose of teaching Inventive principles, some conventional aspects have been
25  simplified or omitted. Those skilled in the art will appreciate variatiﬁns from these
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than a dianeter of said driver opening of said fixture block, said lip
adapted to allow said alignnment neans to extend into said driver opening a
certain distance. Another aspect of the invention conprises a nmethod of
using said fixture 5 apparatus to affix said flow tube to sajfybase of
said flow neter, the nethod characterized by the steps of: |nsert| ng said
fl ow tube through said tube opening of said first leg and said tube

openi ng of said semdblyegaldalig@ynémgnsaisinélwﬁamohicme emucthaiaisd:hrgercond

secti on of S|df|xture ratus to, 10, en ai,d fl
Sorh T st ¢ Beih by SBRE Byl ahung or S BRER DBHE salih ddhRiePE AR
fasteni ng salsdudfahgameﬁmtemmtdmsm datcswaudvaeprnmgamrtm msmmé fixture

bl ock fixt K id.b t d t of
adnesive i n a gaphBubeEespathoubedverlifs BRbrRRoSma e oy B el 0o o

i nner sur ac epphrafid td affisaid peRitis: R sakbbsbd dffsald ﬂo@@meae?dthelméthcducu ng said
anmount of adhesive in gﬁ&aé%{bet\é\ﬁen said outer surface of said fl ow tube

and sai d i nnéhadglanzed PBS Plibe openi ng of said second | eg.

Preferably, said ﬁﬂbmﬁg\ég.dqumb&qsroaﬁﬁsamaﬁé ypetiing aras firseleg dridedad abl y,
said flow tube is nmade of IJs)erfl yor oal koxyet hl ene (PFA). 20 Preferably, said

base i s made ¥e Qrening Fsgicserond ‘Fgeferably the nmethod further conprises

sel ecting sai d adhRfinesdHRt seftion and SHiPSddond bctich 6F ﬁmm&uw&apdamnst@bl Y,
t he met hod further conprises controlling a relatjve humd of an

envi ronndft $HFlosR sA rﬁ'QWsth@I befwagnRaidfirst ybe Gpﬁn’ﬁﬁlp&“ﬁ’&f?ﬁ’l Vﬁd seepnd
Preferably, the sRiiRfbdriss;her conprises controlling a tenperature of said
flow meter to cure sald adhesive. Preferably, the nethod further conprises
etching sai d out efastanind:eaid frst sestion toisaid segbed pestion te pmsaid fderagloski d

adhesi ve. Pr efera%dwpgggl hedhidduh Relg c}fagg'prl ses etching said outer

surface of said e using a so m napht hal ene et chant.
Preferably, the nﬁﬂmdmlﬂwﬂnmomﬂgadlw@yecm egaphgtwesriamouter syriagesefsaist

sai d f'%’t;hﬁ&tﬂﬁ ﬁd&% &Lr%ﬂ”ﬁb@&%%b@%&ﬁ )r.’)%fs;l%fﬁg“%@‘ 006

Pref erabl'y, conprises rou ng said i surface of
introducing said amount of adhesive in a gap between said outer surface of

said flow tube and sald 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 fusther comprises controlling a temperature of said
flow meter to cure said adhesive.
Preferably, the method fusther 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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said tube opening of said first leg and said inner surface of said tube
opening of said second leg prior to introducing said adhesive. Preferably,
the nethod further conprises cleaning said inner surface of said 5 tube
opening of said first leg and said inner surface of said tuybBaippesjeng of
said second leg prior to introducing said adhesive. Preferably, cleaning
said inner surface of said tube opening of said first leg and said inner

surface of said tpREARFHEM&hod RirtheP 8SARLESTIUGRIFING S48 intas Birste otai d
i nner surface of said tube opening of said first. |eg and said |nner surface

of 10 said 8aifdubseaaning fosaﬁchf gt l@@@@ﬁéawé@n%%qﬁfaa%et oaid tube epening ¥fasoni ¢
bat h. Prefer alli¥ecdif ;,Bpg ,ﬁ%&%ﬁ.{ﬂ ShdRihsRe. sel ecting a size of said gap

bet ween sai d outer sur ce of sal ow tube and said i nner surface of said

tube opening of Rrgfasably toe methodfustber epmerisgssienningsaid inhgr gudanecfisgid, a
surface eger ﬂ%ﬁ)e‘?i;?enﬁﬁ dis ?Htfﬁét I?d;' éﬁg‘éﬁid% Bﬁaéé SNd RS o?@ﬂm@ of gg,{,ace
ner ~sur

ener gy of ace o sal e opening o 1d™frrst |eg.
Pr ef er abl y, serenddedpdorfta intrasiucingrsgid aﬂi@Slyél ecting said anount of said

adhesi ve based o dlni Ll ShndP 6Bl S1AY otid B8 ofBhg e Cutblahe

conprises applying an a era or to sard adhesive  erate CL?I’I ng of
sai d adhesi vend 2aid koner surfacesefeaid tbbetdnenmwéaald@ﬁmbgmemnaemﬁmdg of

using said fix ; N river to
ool o ow t ubg0 s SRR Gkl hBeBpbhif B Sk KK IO IRODEM It saface A (1ET
of : att athi ngaid dilek ajranirg ofsaithsstentl legwitlaacktahé grarevitraswdo bath. appl ying an
adhesi ve to a sur aid L Ve com nent nserti aid driver
conponent through'grgg rﬁ&artﬁvg?etg%%mnhar 5""68 sfefe%}r’ﬁégngl ?{%%“ﬁ%ﬁ ng said
gl i gnnent rrelaets-i,ee?rsdldanne_ mjﬂlal ngtosﬁald ﬂaﬂhmamdsaldﬁmedse?adeanfesam tlgba:cd o

ri ver conmponent. to, sa W e usin nmen ref erably,
SR o adnosr v B5eing Pt i st e sl R0 Aadtn Bt S at RV o SRS By otaR of |
driver conpossidioutpsprfacest saidfaneibe, Bnehaudbtey endrhg ofredid Grthek guitfiicer of

conprise aIIQ said a hes e to cure and renoving said alignnment neans
from sai dr?@‘\é\nﬂ%p‘@?ﬁ fa leBxt ure bl ock. 12 25 May 2006 Preferably,

the met hod furt heprefpamy| tﬁ§$neﬂﬁd§‘d fupthkt 8smgrises| saldcieg Baidiaidunt of sAd
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 étignment 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 ailowing said adhesive to cure and
removing said alignment means from said driver opening of said fixture block.

12



environment surrounding said flow neter to cure said adhesive. Preferably,
the nmethod further conprises controlling a tenperature of said flow tube
and said driver conponent to cure said adhesive. 5 Preferably, the nethod
further conprises etching said outer surface of said flow pgeymooer to
appl yi ng said adhesive. Preferably, the method further conprises cleaning
said outer surface of said flow tube prior to applying said adhesive.
Preferably, the mRrbfetabilythémetodprtheaongisasicogtrallingla selativedeingifiitsal ah
ef erably, the

driver 10 conponent prior to a I n ai.d adhesive. P

net hod furt hef .V“?BWSF‘F%‘E?”&BBP?%WO%'%giecfé?8\’" BY ?‘ghessé\fred adhesi ve to
accel erat e curi ng Fakfesatityl thel egiodfurtieraddneprisas gontrolliig 4 kemperatemne bbsaid s a
met hod of usi id fixture apparatus,to affjx,.a pick-off conponent of
said at Ieast#‘gﬁg‘%ﬁi‘a@ﬁ'-s&ﬁdf" rEANBORS WFWﬁesa&Jfa@}ﬁS@eflow 15 gt er, the
met hod chag act er i Zudfepabiy, ke Fletigl foftheraddngnridied @tchdtigsaid oltepblifarengfeaht to
said alignnent neans;. applying a 8hesive to a surface of said pick-off
conponent; in N%ﬁd)r@ékﬁg‘ﬂi{ﬂ'ﬁ,ﬁ'aag #P¥tent through sai d pick-of f opening
of said fixture IpBfrkabiyithgnficd fakthg oiinse® araningdidoutepsirtatkiofgaigai d

adhesive on said surface of said at | east one pick-off conponent to said
fl ow tube usify WhePsr lARRRYAY $39d 3dhes¥ef or abl y, sai d adhesi ve conprises a

cyanoacryl at e adheshipably, the hriRtid Mith&rddoinitisels cRihingWERPaGRice &P BBkl F®Rsr a
magnet. Preferably, the nmethod further conprises allow ng said adhesive to

cure and 1®5 ¢asmpANeRlpaerte applyigarait adnesis: from sai d at [east one pick- of f
opening of said fpxfdu y.%%’ﬁi{éthdﬁ}[fﬁﬁﬁé@éﬂrﬁ/pris%g%p BQfh dddeldfor foPdE | Ses
Umdity of an S

controlling a relative y. ~environment Surrounding said flow
meter to cur eadEisiyede pecsierate primpaf spidyadhep¥enet hod further conpri ses

control ling a te”'gﬁ{o%é}{g‘rggg&o?gie‘jinv%ﬂiohliQWrﬁééﬁﬁ Fﬁ!{‘iﬁsér?g”"ééid Rikieiks SpparsRERenent

to cure said adhesive. era Of/ ‘the nethod conprises etching
sai d outer suaffinedicktofbesraporieantof saiat ipastametpickaplblo/said Newitdbeahraid flaw 13

25 May 20 P&gfe‘?rtﬁgln¥eth$$81§?§ét@%dfﬁifﬁ1g%ﬁeﬁ§%ri ses cl eaning said outer
sal ’

surface o
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 cyanocacrylate 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 retative 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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flow tube prior to applying said adhesive. Preferably, the nethod further
conpri ses cleaning said surface of said pick- off conponent prior to

appl ying said adhesive. 5 Preferably, the nmethod further conprises applying
an accelerator to said adhesive to accelerate curing of sasdiadhesi ve.
Anot her aspect of the invention is a nmethod of manufacturing flow tubes
made from a fluoropol yner substance that are substantially straight,
wherein a flow tuBmfémblymbmmmmnMasmmgsmu enter shdacethsaid
characterizeﬂ g t he stl 5 | tting a section of said flow tube,
wherei n sai d"'¢Y W?%@I % Bpﬁ'”géﬁ’ﬁ’e? F3M&” above room tenperature; securing
said section of sRreferablgytheulrethdd friblet corprisdsraieaing said gutfack oldaidhiske  of
sai d section gf said flow B):be stral ht, as said section cools down from

said tenper SH $PEPOQRY Pligr %‘PPA’QW@E“ ZBeHYt i on of said flow tube to

mai ntai n §he | ongPigishabiRl the metRod furthentemprsds applyiig s adediéaterito baid
Pref erably, a d.flow tu@e I s nade, of g@gf | uor oal koxyet hl ene (PFA).
Preferably, BAReSHR ioApceisrats cvrng piaidediesiveni ng said section of said flow

tube before paelfgassectof mesmtnh@ﬁ |s05 mmdéidflnwmtfathenng?ﬂb\ﬁ’tmfe@rméde/from he
met hod further, conprises storlng Zectlon of 0 avoid

t
exposi ng sai 8 T&gEaRChMessuUBsirRCY SiaGt'f’lng?ﬁfa'g ‘@’F"erfeﬁb"l' Qowt?lﬁ?-? Fet hod

further conpeiggfedstdth 'aﬁ%xﬁﬁdjlﬁlg %Zﬁbhpfhe(ﬁmﬂ}l@U @hﬁ}d@‘t’énzbﬂlb? thé spgonst ant
tenperature. Another aspect of the invention is a nmethod of testing

al i gnmenfl®of a ZSCléfPf‘Q/éﬁe%FWd' o saiddlewt tubReviprein sq Nl tubg has,p twrawr% f1ow
met er conpri §egvéfooth AfRratugdl d flowtube made froma fl uoropol ynmer
subst ance, sal d dl’ol ver for \l;l brating said flow tube, and said at |east one

pi ck-of f for det esequigd raidaeetinn ofsaikilow ibsrtaholttherstraight lopeitudinal shape v er
and said at |,pagl s@@ﬁ:n@f%ﬁadoffo@v l%g 8&%{9?‘5‘93&8 sSéjdh ﬁo‘i&’%\}e’ﬁﬁom ddly an

adhesi ve, the nethod conpri sing: rating said ow tube at at |east
one frequenc&emmrﬁt}lf%eﬂﬂd driver, receiving pick-off si gnal s fromsaid at

LS TP oo PR LA SR il BebSRARAARLETEY
said section of said flow tube.
Preferably, said flow tube is made of perfluoroatkoxyethlene (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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processing said pick-off signals and signals representing said at |east one
frequency to determ ne a frequency response; and indicating an unacceptabl e
al i gnnent of said driver and said at |east one pick-off on said flow tube
based on said frequency response. 5 Preferably, the nethod?2fwihBE506
conprises indicating an unacceptable axial alignnent of said driver and
said at | east one pick-off if said frequency response includes a second
bendi ng node. Pr girecasising, sdidgickreff Isighafsuardndgnalorepreseating sail aélaasboren
unacceptablqglatera said driver ;and said at |east one

|.i gnment  of /
pi ck-of f if "SEG"FY qﬁ%ﬁﬂﬁ'“Fégb‘*&HSWffép?'hscﬁ’ 88ds a first torsion node.
Descri ption of t hedi€xtmg argenatbestableatigomber ofadidadrivegasd aaid at éaistioss of the

present inventiop my. tter understood in connection with a readi ng of
the fol | owi r@%@&&f‘l‘éﬁ@%@&’f*é’@ﬁ%‘ﬁ°“Fﬁ@rfg‘%ﬂ“ef‘ﬁyEeéﬁﬂ%%eri on with the draw ngs
in Fl IGS 5f1 15. 1Prkfefably, tHe artisfarthenempises indicatihg wnainagcdtable aRbEr in an
exanpl e of the

i nyention.. FIG, 2. js a top view.of t. flow neter of FIG
ARG %5 1 doameb et s49 Biesniisaic st Ehe Pefrorel esid Teapetsy Taominsg
cross-sect i gRaludyd 8 etaEberdir)@olénes 4-4 of the flow neter in 20 FIG 2.
FIGS. 5-7 illustrat fl ow met er. havi ng adhesi ye openings in a base of the
flow meter in an Pgﬁéﬁ%?'&ta? mathod fHﬁE?ﬁ‘?"%'f‘P“PP@'“@&@"H 8%?'?‘%&’%%&9'15! xture
appar at us f oglighRieat 8céaid dRgeridnaWaltPites st bRe ditk-c¥iRe@l FeqliendyaesppraBt i on. 25
FIG 14 illustrates a nethod of testing the alignnment of a driver and

pi ck- of {9  JRclgdes afirst dysiopmader | ow neter in an exanpl e of the invention.

FIG 15 illustrates a nethod f(y’esEﬁFHBﬁ(Hflﬂl"é Baviingy tubes made froma
fl uoropol yner substance in an exanple of the invention. Detail ed

Descri ption 30 Fildsse @"QS’“&E@W%?@QE anshieatyrereaithe prasent mwpntion epwbefi c
exanpl es 10 gARe InddlRA if Ebhidiion Rith BeBliing B el BITHKE dBllod 88sdridforPeS!
node of the Invention. For the purpose o eachi ng 1 nventive principles,
sone conventtheresf inenseeckomuithethestsawings ipFiGS.dd1®r onitted. Those skilled

inthe ajg will 30EreeiddidRey Qrﬂe?stdeeﬁ% Vb3 BRRAmdtRr in an example of the

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 Des_cription
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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25 May 2006 exanples that fall within the scope of the invention. Those
skilled in the art will appreciate that the features descri bed bel ow can
be conbined in various ways to formmultiple variations of the invention.
As a result, the invention is not linmted to the specific examl ame
descri bed below, but only by the clains and their 5 equival ents.
Description of FIG 1 FIG | is a perspective view of a first possible

exenpl ary eﬂBQQJng%@t:h&ffau RBhinithY 8EdpedT thd veahtioH. CRRseakiilbdm thetat will00
having a fl ow tube '

e 102 inserted through, legs 117 18 of base 101,
Pi oot f 5 LPOSRREPORITIION Ieryies S5 S bod beiBFaanz arainadin YiERas 595 9 ou
neter 100 re¢&iVRRIBISMRE6Ss SBhe ih@htidn.ons hresuls thihyeritiobds h0dimiteaido
extends the flow through connector 108 to fl? ;E\t‘gﬁe 102. Drjiver D vibrates

flow tube 10thesrediis eamplesdescriged Beley. fvtan gimsiasd heF cof £ s LPO
and RPO gdet eglivhlsptg esul ting Coriolis deflections and apply signals
representing the Coriolis deflections over conductors 112 and 114 to neter
el ectroni cs Descripiongf Fi@. | ect roni cs 121 receives the pickoff signals,
determ nes the phage fisfd ﬁérﬁﬁ&fﬁveQ%Wﬂ&hﬁdgsﬂi@e%ﬁﬁlh%rﬁ%dw@nt of the

i nformati on pertaini ng to the material tlow over outgut path 122 tg a
d JOg

utilization divestion anddisslesama flowamelgr 409 having gflow-tul Rserted feveihe 102
and t hr ough g%‘;"n%o%%rbﬁse g@ﬁtgﬁ%ffosel.qi(f?aﬁ&‘RPﬁBéfﬁrdrﬁbr blpu/chisley @hngwet ur n

tube 103 thr connector 1 ) exit tube 105. Exit tube 105 delivers
the natenDal tibetD2.oFlewimeter 40P receives @nromassnaledal v iromHupsly tueg/ 18k a

e et S SRR IS oSl PG TS 0. ok e

sem conductor slurry the surface of sem conduct or
vaf er to for row tubatio? at tmesonantdremencinith materiad Bawi Rickeds LPBRWNAUREL shown

on FIG | ensur t . C erl 11S o , ' I Sgich as

"ons whi ch - 3848 dref bty GoBOR AR apriy FRSE rérot Bl the ERodter, O

t ubes. |rr usalefibttmnstavbecddiRictoss 012 anthan 4 bwmeltenmigatronigpj2dx iMeiei ng t hat of

a soda raw, and of i qi bl i,aht . h e, rans

excl udi na t h@"?/ﬁg'i'oﬁfﬁs &gge?%éeshﬁﬁ\ﬁ?kgﬁ S'ﬁi‘éFsﬁgg%gp Lr‘%%gg%@%eeﬂﬁ%eﬁ ﬁgt he

pi ckof f s LPO hetwedtPReanahd appliee oufpub mfemeation perteining. ta tige enatereh 8ow owert hat
the affi xed nmagnets and the

fo:]gcggrsmlrrgtegrq S”%ipgrb @I@lf ﬁ@l'lzgﬁ(')?ﬁ %ch’iti}%gsho"(ﬂ‘br ating flow tube 102 is a
dynani cal | y unbal gneegbtefisdlWloWmpseSacm ditubs 10dasditireugh dubwel @ sTube
Chat Cof 5 metioR et iampleBal labbrorerisrb raled rosBoernesio 1T ST 1
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 siurry 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.

Inuse, 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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16 25 May 2006 this mass is sufficient to absorb vibrations generated by
the dynamcally unbalanced flow tube 102 with nmaterial flow Connectors
107, 108, 109 and 110 connect tubes 104, 105 and 106 to the ends of flow
tube 102 and return tube 103. These connectors are shown insdghaidogsin 5
FIG 4. The connectors have a fixed portion 111 that includes threads 124.
The novabl e portion of connectors 107-110 are threaded onto mal e t hreads
124 to conrtbastmeld&ea’; suﬁf‘elepemaibserbtmilbleﬁonagedwaiiadmahdadpj}ardfzaityhe connect or

of which the fi i.on 1. These connectors function in a
manner sim |Lg‘baagc?q] ll'tfe1 W%%@g%%ﬂ]&tubl ng flared connectors to
connect tubes 10€onh8&tomntD7] 468} %eardis1 0caminetl tabes ube 1062aramD6rtottor n t ube
103. Details re ding t co n(?ct(?rs .[.Hrther ho ilﬂ qulélt..
Tenper at ur e eé'@ﬁggho‘ﬁ%’ed@?%ﬁ?@retwg ‘t'%ehiif Nint %}nnpélp[ﬁm%etsuggm getell iy
transm It $ SiPGaks TheRbasENbisTavE efixde periond 1tiethplincludeetheasds 24t The25 to
nmeter el ectroni ? OPenl n S f{o surfac nle 7 through
to flow tubé"‘i %ﬁ?ﬁ'oﬁg %f?r%i&fi agsthfeaged @giq Hia tg‘ﬁeat g‘fz%'(])tﬁl t ube
102. Qpeni ng@nihaa tBsit tedppetne tdBesio the Akel Ibcidyidiﬂtﬁ@bomﬂmwwhtoh_théfrmdf | ow
v e © LY s TR o AT PR oo o
of flow net Q(nom(bogbeﬁh@ngjﬂaréﬂ Edrinetrd BRorNECtMGbs Ak, 408 e 108Ito ndgch

i nclude a coil hese eI enents further. i ncl udes a malg@'rt that is

af fixed 1 tafdondubeidpand reumdube 18, Paiss iegardiod dhe,eennertons e Withezach of

these el e”erﬁh%wfn%TFiGM ' 'Féthé‘t%ﬁxré sBRS? RTIVAbteds tﬁéﬁerﬁﬁb’rad{ré Beletdon tatse el |
as a thin strip mat erial, such as 133 for driver D. The thin strip of

mat erial may! 03c%‘t¢dfﬂ"§€"%i signalg @@f%efltlﬁﬁgths&&ﬁf%?t%tqmﬂ%ﬂu%wef@a&h3125 fos

wi nding ter ”Eh@'%t'éle@fr? o184 fixed. Pickoffs LPO and RPO al so have a
correspondi ng base elenent 142 and 144 and a thin strip 132 and 134 fi xed
to the top of th@mwséﬁ@rﬁasﬁ fromha surfageramigaridAthmoygh ke fow duber {2 aslint i ng

of a dri I

magnet I e un egtglgg lédﬁ*@,@ %q ggvh{}ﬁggge@ UI ngs"‘ﬁéggg? Poud p%\}?&?e %r. nt ed
Wi ring boar cpla@sto(inject afthesive t@)ifﬁxpfbmltlbe)m)&@ tege 13pdiBnd sat S@@W cc(glth ound
30 the magneg. M.4myd 8 ;ger{nhlf& @Ultb h%ld’ﬁBWﬁf%WOi%bL&%s p the magnet Mfully

enters the ‘opening 1n en positironing base el enent 143 underneath
t he print ed Besdription &I 2133 and bolting these el enents together so that

the bottom of bagertd3 S 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 comresponding base element 142 and
144 and a thin sth'p 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 fiow 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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affixed to the surface of the massive base 116. A system and nethod for
affixing 17 25 May 2006 the driver D and the pick-offs LPO and RPOto flow
tube 102 is discussed in FIGS. 12-13 below. The nmale threads 124 of
connectors 107-110 are shown on FIG 2. The inner details ofnackopef these
el ements is shown on FIG 4. Opening 126 receives 5 conductors 112, 113
and 114. Meter electronics 121 of FIG | is not showmmn on FIG 2 to mnimze

drawi ng conpligiiiyer Hang uRy pibk-offSLIPO di@ RIPOES 56w dsbd 16T istdiszussanid RGS! S
112, 113 and 114 eétend t hrough opening 126 and further extend over path

123 of FIG 1 to'$HRe'eW el ectronics 121 of FIG |. Description of FIG 3 10

F]Ic fG 3d8[10wts ) pi gk ?‘E\E%é&ﬁ’@trgm ?nﬁ déhht&agrsal@%? ﬂpﬂn@rsjhawhgaﬁ@fgnqhglvlt .
a | Xe (0] e (0] om porti o (0] ow tupe a | Xe (0] e
hhee of | oaciit detaimal cach poteHeaais SORN on HiBads ORENGA 126 reeaNess Fi G

4 is a segti Qﬂaﬁhuétb%V\HZaH@S‘aﬁHQﬁ@ Me'ﬂﬁe‘fedroﬂfcsﬁb@of?l(;':i fe not sROWS bAFRS. al |
15 the elenents of FIG 3 and further details of connectors 108 and 1009.

FIG 4 furtr?etP‘H'F‘Q’('!'F%9@”‘%§Wﬁﬁ§m&°‘%‘@rlﬁdﬁmWHB@%’S‘:PG?L hatithe t op of each

of these Op%haaéton%xi‘@%shﬁdtﬁ-@ekt@\‘\ﬁ%r’éﬂ{;ﬁ 85&niRG 156 8nd AithePbxtBhd b0 S
LPO RPO and driver D. The coil C and magnet M associ ated with each of

these el ementPath %2%956'@5Hdﬁnﬁ"etﬁ'"ne‘ﬁtgn'%.13\7é1fé:r|GeF~ect ronics 121 of FIG 1 is
not shown on &sﬁu&, %EIGA{?J 0 20 minimze drawi ng conplexity. Element 405

i n connector inlet of flow tube 102; el enent 406 in connector

109 is tHE outl et Fi3. 3 slawa pipkoffsd 0, RRY andaivepBags comprising@meeneid 108

i ncl udes nmal nt 401
of base 101 %gﬁ%{ﬂﬁggﬁe é%%m\@?@ren%ﬁ&%ua eneér@}é%'iéo aselu]%’oqé [me fixed
body 111 of cachefelemerntoLiod, RPRand dfiverils similarly 25 equi pped and

attached by tsdg‘[: %ﬁgionllgf%lb%el enent 401 of base 101. Fi xed body 111 of

connector 10 des a threaded portion 124 whose threads
recei ve the novabF5pbista sectidaa vigw taan atongriing @84 of Blith&c tRIG. 4diclosss all

Tert a8 daf Eharts A8 G B ha T sR AT oMk 408 PRAdRe BIGETRe &
flare fittinduttiersisdases@pbhiags 102 andA04 af basepl(?. t Theetop @4 eacteof these coni cal

Sealably af fOPEEMEREXAHP bytng oG BRe BT 7SI BRROATLPG, KA dnd G

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 fo 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 aver 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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tube 104 onto the conical stub portion 413 of fixed elenent 111. The inlet
405 of flow tube 102 is positioned in fixed body 111 and is flush with the
outer surface of 18 25 May 2006 stub 413. By this neans, the process
material delivered by supply tube 104 is received by inletys4dp; adoef | ow
tube 102. The process material flows to the right through flow tube 102 to
fi xed body 111 of connector 109 where the outlet 406 of flow tube 102 is
flush with tétebdns. Bf this ufeaﬁé,&he‘ﬁhzxassawt&rtﬂ;leliybf&d@ssswmym Wags of 5 tube

106 t t th
connegt gfgn%%‘fo&ﬁ%g{@q%% wfl?%er i&% dé%t @é‘?&t'ﬂw{ehggﬁoﬁsg%cu?%@gapf orer t he
details of mugadtowrtabéﬁez mﬁkemﬁ)dgrnﬁlo&omecmrﬁlos\mmetne outlet 408 oEsi ve
Openi ngs Fl GS

an exarrpl-e offov fube 1%8 ﬁ:‘%h Fbﬂ" lellf\u ﬁ@t e@nggﬁg%&g%gﬁﬁggyé@ﬁofaped

base 552,5f | ppetiobéo &%ecmlrmsahdlibttwmxtlptwemﬁffosvuuema)ad TRE®tkar shown in

0 shaped basepesiorel iy, it 19 SEGd i wenrodt K heo8 cos @it bALII of

ot her type oéo.-p@a@rsmm mgaonFIGvuthl n the scope of the invention. Flow
tube 501 is .15 Exanpl es of
fl uoropoly vl | ene (PFA),

pﬁl yt gt lr3 af | ugfr5 getmmlbgsﬁr .am.a@ an aﬁflnﬂb:wﬂdmee&l a:tdgslmamwlwmhe( EEP]Z f U-
shape ase cou e made of stalnless stee [ ck-offs
LPO and 1GRpGmyentioss fFigws meter 50045comprsasiof U-shaped hase @?eﬂ%‘g%ﬂf?f&#"l 'ow met er
500 i's conprisre p0hnd BlkDHS LPTah®RPTLES shodh ihFIGDS./ Fanthel if@ritidR, ffwe
parallel to one anot her. Leg 517 includes tube Oﬁ ning 502 and adhesive

openi ng 504. Mak&9P dees pettiavg tamelyde Urhapedase r'ﬂqute'r J but
adhesi ve Opeﬂgfgge%%s%d%é%@dla?§h§ b@\'&?%pﬁ'd?ﬁﬁe %l&ﬂ&e%lﬂﬁitr% tHehgeopet her .

Tube openi ng esl ve ogenlng are positioned to |ntersect one

anot her in I efthsiwentiery Bow b sQtisgmadeieors gdliorpolmer:spstaiitesi ve openi ng
514. 25 g&gzeﬁké(rﬁ?lgggf‘ﬂ% é?ﬂﬂ%ﬁﬂgeéﬁrecﬁé?ﬁtﬂrggk%ehﬁgnééﬁ% )out adhesi ve

openi ng cou e posi t1one er to one side or the other. Tube
openi ng 512 peigetrailosedthdens AT TR m@ﬂm@aﬁﬂﬁsﬁtbyf@mEOWWGF fERksebr one

another in | | M) ard BicRlcfs 9d Hsy same
axis. Flow t%gd@%égjfsgggggg&tg E}%ﬂ%&?ﬁ@ﬂ%gi%@% 2 an% tége Oogenl ng 512.
30 Tube openRR@ :ﬁﬁafﬂxad ta flowduhes 801.sl i ghtly larger than flow tube 501 to
create a gap 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 inleg 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.
Fiow 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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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 openi ng 504,
and gap 506. Adhesive opening 504 provides access to gap 506 so that
adhesive may be applied 19 25 May 2006 to outer surface 51Qs5qfaf beog t ube
501 and inner surface 508 of tube opening 502. Tube opening 512 of FIG 5
has a dianeter slightly larger than flow tube 501 to create a gap 516

bet ween t ubetomptarisndadsl 21Goiidw tulvet5id @ndinner Adtfacs §@8 ofdube ngeniﬁgﬁoar ovi des

access to g 6. S0 t e 5 510 of
flow tube SﬁUbfn%mWe%ﬁété héggr@%lm%}gbg%ﬂ "éga?%érqg‘%gh&fﬁe Sive
bon]gs fIO\évlgubaefd)gauMG mweegmﬁeeugmnEMWartdghmmpe@mgﬁmmmeaper!nnﬂ .
sur f ace uhe enin | y e
Sae e 1 ovs Tnrbiis S8 I aRg S1e SRR EEh G RECIBIGE RS A8 Y |
fl gw gglm’ %rC&EJSofrfhwetubasm Ehfd innko spnfane&ﬁﬁ ofmmmf o;mnmg&mal Fhe hdlmasije f | ow
t ube iver ow t
Pi ck-of fs Lﬁ@"gﬁa]oﬂﬁﬂﬁ%gé?& '0geLF 5’888f 8\/9&9 r@%f nd 'Wksugf%% LPO and
]BFO det gct 5%15 efltitse dgdrlimgs1nns f:aused by the flhowdofI process nﬁt erial ||n
ow t ube an ener at s indi t he defl ecti,on The signals
are sent to net e%@}' oﬁoébo%(% £ S SYPHRRERW m?éerﬁ)é)nal s. 15 The
I olbl O\é\%ggt i dtiéz%hb@d ias?l@snﬁquowhﬁéte%mém@g ETSW dmﬁaese maneﬂmrldgél gw N
ube oueoenln ope g n oW, e irs
Lhes martll Scbipers BepEAmet hitioh dasrihs beb oD B aSH ek kit &Bhat 4,1
flow tube ﬁ%oﬁﬁht ﬁeﬁ@éﬁ@o rﬁlﬁi—oﬂt’é PO -anBHHFD hid'8lsd affikb@to low tutR 5N uf act ur er
positions a ti an_adhesi ve a&el i cator 722 hgy&ﬁhﬁs' v openi ng 504

PO httons gapickofs b EBOpﬁ’lQ(RﬁQtf@t%tC@r"O deflections; ¢ruse BOESh | nner

surface 508 phtdidbif 1IBRANGE 01 gﬁagehﬂ@@ SigrdislindRating tHeasdfsetighap Theat or 722
Is not vertical as it aggears I n Adhesi ve openi ng, 504, tube

openi ng 502, sighals arepyent @egiﬁf"%t"@"@ﬁ(@tﬁB?WEHﬁ@HPFOC%SaFHB SigRAl$- t her ef or e,
adhesi vey@ppl i catﬂ,@ fz@;%v :llhé‘ﬁ&éf, SGndtRbd ﬁ%ﬂh%;iaafa\di&rer a@b%g@mﬁwm«ng

504. One exarle*g ve applicator IS an m Cro- |spenser 25
nodel 1500 XubgARO1 mwbmmalm|Mﬂbe gp@mg %wfwmatﬂﬂ 5095 Firs the

syringe and man&a&%r'oﬁsﬂta%fthaabgéﬁiﬁg56§ gﬁ.wa%beh.ﬁg%es A fio R | Ong.

The manufacturer - 1 ntroduces an esive 720 in gap 506 between
out er surf acg0bama bprizdrtalplaneg; Referingia FiGindithe manaia@tw@cmtlona lBipofxéni ng

502 SAgggg'r V6 20O doBlfeatdl 7 2R MAREI B BGRI0 ook ap 06 exampl e of

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 inseried 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 need!e that is one-half inch long. The manufacturer -
introduces an amount of adhesive 720 in gap 506 between outer suiface 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 pravides for nearly 100%
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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
wi cking. The arrows in FIG 7 illustrate the w cking action. The wi cking
action provides for nearly 100% 20 25 May 2006 coverage of 2gapapfiis By

posi tioning tube opening 502, adhesive opening 504, and flow tube 501

hori zontal | y, adhesive 720 is not subjected to hydrostatic pressure.

Theref ore, adctwégeeoﬂg% 5046. | By pegiticning Wbe openmg SRR rahesiveiopeniop 564faet ed by
hydrostatic

502, 5t he (BRI ETEORAN RPER v ans BB gy R eth lsBRe T 09

manuf act ur erTh@’efd?éBacﬂféBﬁélme i Qap 606 due to wicing akdbs n'o'ha’femmiﬁg.act urer then
orientates tube open

orl entat es LD BRI S AN CPANAG S cndDd ([ a%phIEE 6381 On @

t ube opens ngihkAdicRng td&enaﬁ@rmmuﬁﬁ&nﬁ@«m Henineiripdilett aTHelmandfadteret 0 501 at
the sane tine, The manufacturer IBOSI tions tip 724 of adhesive applicator

722 in adhes?“ﬁé”%%’fﬂsh’& P40 cyeR93Rs108ap 516 proximte outer surface 510

of flow tube 501Tl?é‘ﬁiiaﬁﬂfabﬂ|'9@’fth§ﬁlbﬁ@f€t§teﬁ1§bé)6pénn¥g§51iﬂ?%ﬂh9§véé|ienuﬁ1m4
manuf acturer introduces an anount of adhesive 720 in '%Pﬂ'ﬁ’é‘w between outer

surface 510 and flewdybe $BLoma hogzentalpiase. sThis may hethe §p zopalRiane

Due to the sypbare ﬂﬂ%tﬁifb%ro%ﬁﬁgqfoz%%bébbérﬂﬁ@1@Qarﬁﬂél ,dmaﬂa ﬂ%wrtﬁB@e 515
adhesive 720 I1s drawn Into 516 due to capil]ary actjon lﬁ[lckl ng

posi ti oni®g BObet tts'sa@mmt"sqz%he maRaaciurepprsfiang tigl2d oiﬁﬂh??"é‘%@‘? t0501
hori zont al | y gﬂhg@te%g?o%%mng FQlto apkEd ¢ &oﬁw’t@et@ EGrfateeIBWIE-

Ther ef or e, eS|ve gap 516 due to wc mgzand is not affected
by hydrost at ﬂcwpml&@tﬂr and ammeaaw@am@ Srfdubegpaning $T2. (ke rasmgacdyref ype

open! ng 512, iRt 44 ARGBRENSHBS70 o 4 510 BRrgBth SUIBVSLAAGe 50 d ot The
manuf act ur er OWS ad cure screws nmay be

t hr eaded i nt GowdiblesS¥eanp nensyfase b 15md twomfﬁﬁ‘@prﬁl;@ laghe surfagehesi ve to
further | d £l 2P

agvant aggguspg}e% e(;c#%@te?%i]rfé%gt@éﬁq g@tgpg % Qgegafi ective |§?gaéz§\;ﬁ‘t%oo gaps
506 and 516 tap&dbdue té ba;wllamlaetuﬁoarwmlngnay pogitibaiog dubesreningdb €215, Bond
Strength Theaaﬁésq@qugen%?g%ﬂf% Lin%wlint 861 RBAHRANE&HEsCHoriyhet 501 and

t ube

--

subjected to hydrostatic pressure. Therefore, adhesive 720 filis gap 516 due to
wicking and is not affected by hydrostatic pressure. When adhesive 720 reaches
20 the ends of tube apening 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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openi ngs 502 and 512 depends on the type and anount of adhesive used, the
30 preparation of the surfaces being bonded, the humdity of the air when
the adhesive 1is curing, the tenperature of the surfaces when the adhesive
is curing, and the size of the gap between the surfaces bepsgbormed. 21
25 May 2006 Adhesive Sel ection The manufacturer can choose a type of
adhesi ve based on its viscosity. The viscosity of the adhesive affects how
t he adhesi ve AdiadsiveiSelgmioan 506 and 516. A preferred viscosity range for

adhesives is 2 to_ 110 ce poi se. . The anount
the strength needgfjﬁefrﬂzf’""??%“rﬁ&ﬁﬂ’ chapse Tg oggcﬁllem;vl%ﬁ%a?s%d Oﬁ'd&ts‘ﬁ%ogﬁg
manuf act ur i nouiscosity atthe Rdhesiveakfants Aow meeadr&asa/mlcmt_m dapsch06oanded16s Lk f ace

510 of flow tubg 501 |n fa 508. enl ng nner
surface 515 di'® "ﬁg ViRsan W"%E’réﬁﬁ%ﬁ'ﬂeso@gtqug W’?ep %ng’gﬂpgjurfaces
510, 508, mn%&és;var@e@ﬁepammnuhé@rren@dhﬁedwfcmhabguﬂ\d dlde speedsofatuddg,i N t he
background, fl ow tube 58 t&at I.s made of a fluoropolynmer substance, such
as PFA, has @ epsGOLHPPWAEERS, gy. This nakes it very hard for an
adhesi ve to howthdePrbharatibnibe 501. The fol | owi ng rret hod allows a

manuf acturer to create a stron bond to, outer of flaqw tube
501. The 15 manuf dQGFP aeﬁ"i?ﬁgg’oﬁﬂ't%fters“iﬂ‘fa&@@gfg% aﬁfd%ef@& Ptior to
assenbling flsp8 oftBbeLH &QﬁhSdﬁ‘%nmi’fﬂiéfréﬁﬁfa&@mE@ﬂu@é@beﬂﬂ@@ﬂZ&ﬂbﬁlﬁ% 510

usi ng a sodi um napht haI ene et chant. sodi H] e%pht@gﬁl ene,

et chants #e FEPH?'I'SéIP@Pa"@dy@Hrfaﬁﬁ‘rﬂ%?pséﬂfb?‘5 EieeﬂrﬁWr@ degre adnesye s ny|

Ether, and Teighgh k8ol backhdid mbwiRkiieso1 FapRemaie b 2fuspbiymenr
wi || appreciate that the Slr{r_ﬁ_%al er | ow tube 20 501 could etch outer

surface 510 seubstance: sushms @aeﬁ@ﬁ%bws%cﬁaf@fgvsowwkas itygey hatde to.
The manuf act %?5[159&&.&4@%d%h@m@g@mr@%uown@ BBl anbws gr  coul d use

an al cohol solution to clean outer surface . I nner surface 508 of tube

openi ng 502 anénifacurerde createea strangsr boodéo odgeaurfaresit? afflowdube 5Piephfed.
Assune f oy thr'nﬁ? rStdHabutdr 8l sﬁﬁéﬁlo'i\?’%bgég ﬁg@ﬁ%sé&ﬂmﬁ fighai Nl ess

st eel . The manu urer roughens tube openings An optim zed
surface roughmetss SBGUITUG prnsfastureneanrgteh otdes Burfags S1susing agbdwm t he case,

552, i nner SR uAGle RA" ESanHiag of BEAL AR GRT oty Arg Ebpeec Dace

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 502 and
512. An-optimized surface roughness could be about 64 microinch RMS. Asis
often the case, when the manufacturer machines tube openings 502 and 512 in U-
shaped base 552, inner surfaces 508 and 515 have a suiface roughness that is
adequate for a strong bond. The manufacturer then cleans inner surfaces 508 and
30 515 to remove machining oifs 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 surfacés 508 and 515

with alcohol prior to applying an adhesive.
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adequate for a strong bond. The manufacturer then cleans inner surfaces 508
and 30 515 to renove machining oils and ot her substances. The nmanufacturer
could clean inner surfaces 508 and 515 by washi ng i nner surfaces 508 and
515 with acetone in an ultrasonic bath. The manufacturer Qgwisy ab(wo cl ean
I nner surfaces 508 and 515 w th al cohol prior to applying an adhesive. 22
25 May 2006 Hum dity and Tenperature Hum dity and tenperature affect how an
adhesi ve curtbsniditpacd Fatpemturet r onger bond, the manufacturer could control
t he environnment r | fanska dhesi ves,
such as CA, are kﬁ;@?bf{hé%ﬁgﬁé@a@%ﬁg?\b?ﬂ?agh?%vre ul r:rg%{:)%ﬂofer surface
510 of fl ow strehgeSfshdatie manefactsraricacldsobbé thandvnﬁzmnerft in whichdiowhinelgs 502
and 512 for hesive 720 t I r cturer

coul d controfﬁj(atI §9W8|'3?“ 8“ gﬁd&?gg% Sé%h 3%\% v %Ln@‘éstﬁrgzérd ?ig%'ig%éng flo

met er 50 wWwbietueel asquieed/@outer mmfacagiw'ﬁlﬁﬂowelhlm 5@ tahd inngr syrfaces 908 be

kept between % 60% whi | e .adh L f tive 10

hum dity is g %1?50‘&/( ubgo %%m'&ﬁ %@P&?%'?eléc&r}?z& ecuhﬁggﬁ)p%h?hel p cure
adhesi ve 72fherdfbee, mmfaaafaurmr Umldllcﬂm&btstﬁeceianve)hum!dﬁybétipeemirunmem‘ t he
envi ronnment _ surrqun ro 0.or,.cantraol t rature of the
conponent s fﬁtksfwu“%ﬁ @ebg?&eﬂhg%ﬂ%ﬁ ® EHPY-a 'EJEF %B%I'H’"Bg?yset at
gbout 23 degff:)%ﬁ’tﬁbe?1 %tﬁeﬂﬁeeﬂ@@@ﬁ&ﬂﬁui@eﬁh@ ?SE!OﬁecoﬁngJalﬁmeSt@&tmeddSlG can
elrrportant to the stren the si ze s 50, and 516 is
sel ect edGaditmidify isiieo !ﬂ"é%@s"‘lcﬁ‘?s‘ﬁ? ag erﬁ@ﬁ&@?’@ebe ‘Eﬁ?fjﬁﬂ hg?) ﬁ@e%‘é&e of
applicati On,72fohqrwmbh@tﬁc&fer%@hﬂsms@c&memg&npmmmth&mﬁraameaner gi es of
outer surface 510 ‘of fl ow t ube 501 and i nner surfg& 508 and 2 515 of

t ube openi ngiimoynding flowmeter3BR ogconteel thedempprature ol He,garaPgnants, ‘?VV om 0.001

inches to 0.{éet BG@Eémg'ﬁ‘onHB@ YRS tnpdrAAreSEBUId be sBEatbRkit P de retebe adhesi ve
IS suppressed and there is insufficient adhesive coverage. IT the gap is
too large, t®siugdhesive may not wick and may not fully cure. An optimal
gap for giapsséggfgg 516 woul d be around 0.0035 inches to create a strong
bond. 25 A TXT‘UF‘F%pparatus- FIGS. 8-13 FIGS: 8-13 show a fixture

apparat us 800 i n Tas sisewfgapsS06tand 5|1ﬁ\¢éﬁtbﬁd'ﬂ?90ft@t>€9@?%5%w atthe bend- i s

configured tpSLYbFgsbd S0 ald Db BiseRkclddBsEE bRlthe SHEIHDF the adhesive

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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flow meter 500, during manufacturing of the flow neter. 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 8003 a¢o0py i sed of
a first section 802 a second section 804 as shown in FIGS. 8-9. First
section 802 and second section 804 could be 23 25 May 2006 nade fromDelrin

or stai nlgiSSmaﬂ@&bm rgéig?g)rsfm;lmrm@élz Fir_@tcéemggsaazéidcmgstauba to@@ﬂ%@@ng ' ud
portion on .an of first sectio : cond sect.iqn,804 includes
second tube Qﬁf@?ﬁﬁ?ﬁﬁ@f‘i%ﬂ %f@fgﬁtéﬁm?ﬁ'oé@’l Nolmd éS‘gtH’(ﬁ‘ ec'[‘agﬁg%m. End
913 of fir Séec@ﬂ@mmmgﬂﬁaﬁmm%ﬁ apfenderignsd seemid @etiBH804r End 98 iogur ed
to fit adjacent one anot her

5. .. EIGS. 10-11. sh first section 802
bosi {1 oned aUIPkeaCHon B08 Gl <D 1BGH Sae SSHHEM O BieLePIByEE A gEhasant o
section 82 grasseand section 804 forma fixture block 1000. Fixture
bl ock 1000 incl udes tube opening 1101 fornmed fromfirst tub openi ng
portion 912 and fé§§naot1g1b'5é‘°wg%i§¢§t'%§9g BRstianed J%‘WBL\PP‘?GHEI@P@?O"QA.&lO Tube
openi ng 1101wihanisicelUditicaaty, ey sbithm Si%la sddont sBBHidR 8020BNH Witixige
manuf act uri ng. Tube openin 1 is slighting | arger th% he di aneter of

110
flow tube 5009ck HIGQ. Jfrigtups gl@ﬁk 10edincluded hepesing: b ilife fredirgtddPes17 and
lleg 518 of L Wi@ﬁ@%% _seEér?&ttHf)@ngﬂﬁJj pbRPBA NamsaBhb@AGH PIG.AL IS

substanti al | r to a distance between an inner surface of |eg 517

and an i Hher T opaning 1 10kl fenliwlding flew tube 80 bpllavemgter 880 dHEYd al so i ncl ude
securing ne . SEC || : ﬁ@q [ & nd
second sect ?@%n%gm {' ﬁs'quhggggmﬁgg?ﬁ%%hao ﬁ?%/?/frlrtriat%tetpéwo.&%%%%i“ﬁ means
806 al i gns tibe 50pe fixtgreibiock 1000ts configureshlorit hgtvesndea AE7 9m¢lqﬂr51@@‘ﬂ&ped
base 552 in I ik TR bol ; . pin,
or any ot her?r}:a?g{:l g’ﬁg‘?j%%gt) FE??(ture a@ggr@? u‘é'g@gg)tﬁﬁlg%;@gtrtiséarft%gfﬁ‘l’gwélﬁl; tgjsrqt)engong
means 810 t hdistaate hetwesn dri inper steface ohlegGit 7tandsarcioner susface ohleg@®8. Fast eni ng

e Slhcoul S gl hlrapB0E e AR R B elind W B SoRRET.
800 forces fineans 80&s&Akes Grsbsection #08fnd seakndgeciion 8040 bushapedbaseSb2be
e oo Sob PR 30 HRRERGhERI ARl Sl BT 0,
Fi Xt ur e appasogpdnireysBI2 aidsH12 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.

Fixdure apparatus 800 performs the foliowing 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 o 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
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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 of fixture apparatus 800 in an exanple 30 of the invention.

Fi xture apparatus 800 includes a driver opening 1202. Drivers Mapeoddg 1202
extends froma surface of fixture block 1000 and intersects tube opening
1101 of fixture block 1000. In this exanple, U shaped base 552 al so

i ncl udes openi-apagéilbasargsze rSeandang neah? 626 secwes fikoresbioek #30Gtodd-sbaped ng

402 of 24 25 Ma 6 shaped e 552, curi eans 8 Y i xture
bl ock 1000 toba%é?eggga%% ' gé’f of 'iﬁﬁa‘h ﬁﬁ%\ﬂ{lﬁ?%\farﬁggﬁ@éﬁgﬁ%g& 552
with driver opairemibckd0800f fixture block 1000. Fi xture apparatus 800 al so
i ncl udes pick-off openings 1204. Pick-off 5 openings end froma
surface of fixtur 5”@‘!"’8&5‘%?@(1%9 %%a‘ﬁﬂf'@f@&'i?'cﬂ‘ OPeJ%W%ﬁ?&ﬁl?é}lk'gﬁl fixture
lFJ)!.OEk f1$0Qs |c_§be*nh1'g§ élggﬂl@’ﬂieﬂd fl‘dﬂﬁb&ﬂﬁﬁodl&ffﬁuﬁéﬁioaksopoiandlirgg?emdpb@i Egs 304.
i ck-0 openi ngs re on the i S as _ppeni.ngs shape
base 552. Sec®RR&HY H@ar?z filyee EIB%F@@FIP%Q‘&P@&BP%C&S_L dibzs sgéﬁgﬁed base
552 to align jpaatéed\gse 404, pigham egeling1 2arsionitheisateahds ddomgnigsngs
1204 of fixture block 1000. FIGS. 12-13 show.driver openi ékzg@?ain&l

pi ck-of f operffQfgef Ushepeg base 554t 5sHang@eans ?‘P@?‘?ﬁl’é&%ﬁ’&a@;ﬁa oD ver
openi ng 1202 eBbGke 853 t&ﬂ@h!dwaTgéaﬁéoﬁUL%p%bhs@ssﬂhﬁmﬁd&ﬁf and 404 of

U-shaped base 552. Driver openi nqiil 02 and/or pick-off openings 1204 could
be on a tHh seresings 1204 ofifdumlesal@0-800. In 15 this case, U shaped base

552 woul d not need&8. HAYS ARG ORG24 pickELR bEEAngoPRIPGHE 800

al so includes alignnment neans 1206. '‘Alignnment means 1206 1s configured to
fit into operbatigmigide of fiurerapparatyy8e0.5Bves egening d 208 andRIckfEAReTiNgs202 of
fixture bl ock . b %h% ! i joxt ur e
bl ock 1000 t01%d%0%198§ttggji ac@ ?ng%@d%%g%f ng ?gq bg?efgisg't l??géi?%?k@})édlooo.
Ali gnnent neaarsi/driaie-officpeniegs 1204 puldigBona temmaide o fixtHez apparatys §60. ihan a
di amet er | 1 |V, ' F_]egiq hakd i gnment
means 12 ﬁg%e%ﬁgg’n‘g%ﬁ%@%d g%égn]fﬁr?gﬁﬁ@ghgﬁn rﬁvhg%éggéﬁﬁﬁaaggg}gﬁga%ertai n

di stance. Lip 12@tsreappamntiusdd@®also inclutes aligomeetimeans el | Adigpmeat | gnnent

ane 1500 1 s 1ies B8t W dtinb'oBihi A2 P b-snbibed bB5E 682 ba o 9ot

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 alignment 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 ta 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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The followng is an exanple of a nmethod of using fixture apparatus 800 to
hold fl ow tube 501 when bonding flow tube 501 to U shaped base 552. A
manuf acturer inserts flow tube 501 through tube opening 502 of | eg 517 and
tube opening 515 of leg 518 in FIG 5. The manufacturer alzgmsyhoost hal f
section 802 30 and second half section 804 on U shaped base 552 The

manuf acturer abuts end 913 of first section 802 to end 915 of second
section 804 kectendodsda hfelmahdfahere'iﬁ'ilay seetnacfoituré iblcek 1000 ¢o bipshapad bpse t i on

912 and seco tube o enl or 1 form ture_bl ock 00. The
nmanuf act ur er gﬁ%&'?'@ﬂ? g‘&?é%ﬁn@ﬁmf‘ﬁ&gg%eﬁd" usgs ﬁ/ﬁ?%ﬂ%l‘gect i on
804. The mnuﬁn@wlarggg?oemwé@ émt&tw@cblsqok;fﬂg@@uﬁe)sm airhipadr smmf e 552
usi ng securi ans . u i nf roduces ap ,anpunt o
adhesive in gﬁﬁgg eﬁ@?ﬂ@@%@@?@%@ éﬁcfﬂ"@ %'VSF(’P‘F@W?E&%l and i nner
surface 5§08 pginutdehreO@Rid Mrodlck ik ddﬁ@snﬁéhpﬂ'ghﬁar&ddﬂ@ﬁ%&p@h&dgdsm as CA
The 5 manuf acturer coul.d introduce t ngg?lﬁﬁthrou&] an,adhesi ve

ho

openi ng, sucRIBESIVERRRNNG 2040 S | manyfagtdreralso in cés

manuf act ur er aglaffdunbof RINEERS in gap éﬁf@t}é&ve@ﬁ ctiresinice 510 gpfovbibe Hat wpan
outer surface 510 of flow tube 501 and Jjnner surface 515 of tube opening

514 of leg 5!’8‘”W@eﬁmdu?%%?%{’%?fd?%%ﬁe factors considered to
produce a strongetpjs Hlatlli&ﬂﬁ'la %déﬁﬁﬁéﬂehﬁ‘é'fa%&%%oné:ﬂ'er@a% pfddhaéastrbﬁgévet hod

could further include sel ectlng ype and anount of adhesjve used

pr epar i nd0of bpAdas desaribed aberag! 'Ulﬁfﬁféﬁﬁr thednethed cowlg fyrther inalde s8lecling he
air when t henﬁ’éjtﬁﬁ ahfourtibd SfheswORSE® |dré gt thd ﬁfﬁ&b@%b‘fn@ whaéde

surfaces whe esive |I's curilng sel écti ng an Optl mal gap si ze.

15 The fol o@pnlgolm tha howidity of the alawh@ﬂH@ma%eswulﬁgunn&mwéolﬁrwaﬁat us 800
to affix a ?ém;‘f(é‘rétuﬁée’gﬂg\a%ﬂhaé%@héﬁ th@rddﬁ%%@xst& bO¥hd s8EctREn 2@1631

manuf act ur er river conponent to al rgnment neans
Attachi ng i ngehisZesense does not nean that the driver conponent 1212 is

necessariyky securggl f?ﬂo@ngqggﬁ%&am B2 rﬂgtﬂgﬁgggélﬁgzxtﬁmn s 888 %o coul d

just be sét on an en nrrent means acturer applies
an adhesi ve tfixa érmefaompomeMHmépfdmrrﬂmmmbeﬁmTﬁéemowetoul d be a

dr ver - openi AQCHA53 el ShbehealgFE o GBHREREBate Hod. "MaHERH: Rendr D, N
means 1206 f dikynotmaean bht thmtdrivepemhmem 221:ai$d1&¢e"ss&rily sppenddily aliOtZIean he

manuf act ur er CORLAGHS bhFeAUMIInsR P92 B

jUSI 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 particutar, the method could further include selecting
the type and amount of adhesive used, preparing of the surfaces being bonded,

controfling the humidity of the air when the adhesive is curing, controliing the

26



25 of driver conponent 1212 to flow tube 501 using alignnment nmeans 1206.
Lip 1208 prevents-alignnent nmeans 1206 from pushing driver conponent 1212
too far and damaging flow tube 501. The nmanufacturer |ets the adhesive
cure. The manufacturer then renmoves alignment neans 1206 fxso0n.Qpe0 ng 402
and driver opening 1202. 30 This nethod may incorporate the factors
considered to produce a stronger bond as described above. In particular,
the nethod cdemnpedature oéthe surfavelewbeh d adhgsivelie curyng: and delentingan eptinaalhesi ve
used, prepar IQ%% t he surfaces being bonded, <controlling the humdity of
the air when &Xdhesi ve is curing, controlling the 26 25 May 2006

t enper at ure of thé‘hsmibmr@lsmhmahme eftthmethod of uisingrfixtuye appafahml@ﬁttd) ng an

appar at usa001Es Pigk R coibrgRehl Tt o ARSI 284 RO R e eindieny Rpo

to flow tgbe dkfaciner aftaches pickedfficanparidntdRes topalignrent meanpodasit 1214 to

| i t 206, ,Attachi t hi d t th
i ch-of ' conpueAPST Y1 18 dis 08t ndal (R EREE BRpsRRRNIZdns 1206,
Pi ck-of f comneﬁanly&%umubéhgmént rhearss1208) Ritk-off domipondntgn? cbuldphasts

1206. The manuf act urer es a adhesj 0 rface of .. pi ck-pff,
o onens 1o b8 St hE R ol me R e 208, TR 2BpisR i qekive
pi ck- of f com@a@mﬁa&@aﬁpuwwwuahpeﬁ@rnl1rm44tmeaﬂdeﬁwkomﬂTbe aomn'rmg 1204

usi ng al i gnnent ans 1206. FLG 13 shows. ali nrre t means f ul
inserted? Bnt o ‘T‘FF‘H@W@&“%HG aﬁ&@weabw oLay LPeEMRg r?u d’d‘ikLR
contacts the gpd Ime4%nbhﬂgﬁwemﬁéaﬁ>§ 1206 K=|@f 13 GABWS ARGHmdrd Hedne mbaw

t ube 501 usin nment nmeans 1206. Lip 1208 prevents alignnment neans
1206 from 15 'ﬁ' %%P@WPWW@@PHW'B@W% Eh‘%i”lfé]h'ﬁ’@?%%’ f1 ow t ube

501. The m%ﬁ%ﬁ%sradhs&.% &R el el \of plellofF comnaanmﬁqubﬁrtuwsm
renoves alignnent neans 1206 from openi ng 404 and pi ck-off eni ng 1204.

Driver conponéing aignmeahmepns k20 fLip JrE8 Resventsalignesnt erepas &9 Driver
D and pi g- Oyu%h.hggé&mhé%t’@&feﬁt @erwa'fxr aapistha n@ﬁg hoﬁXéﬁc—?ﬁ'@’r A Theref ore,
ns 1 IS ma

al i gnnment ne a non-nmagnetic terral, such as brass.
Thi s met hod wagnufaciaieplatathe adhesive cues: sTiwnén@féﬁt@fPfttbemfe@mr@é abgr!fﬂﬁ#lﬁnger

bond as descrrhgﬁg %@‘fﬁrm bﬂerﬁﬁé Ebtf%@bmk-d?ﬁodﬁ%ﬁr@%@?m d further include

sel ecting
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 methad for testing the alignment of a driver and pick-offs

30 on aflow 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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the type and amount of adhesive used, preparing of the surfaces being
bonded, 25 controlling the humdity of the air when the adhesive is curing,
controlling the tenperature of the surfaces when the adhesive is curing,
and selecting an optimal gap size. Method of Testing Drivers grag 2Bbgk- of f
Alignment - FIG 14 FIG 14 illustrates a nethod for testing the alignnent
of a driver and pick-offs 30 on a flow tube of a flow neter in an exanple

of the i nveryivapcompbiertabNand pickbff ddponentstia1tas lowdubabturbe e a
manuf acturing process is in affixin drivei{] colr{poF@ﬁts and ig%wff
conponent s tHaBuipryiRrcadled L@Ptléfsmedﬂé’qr@ttﬁ?t. h20) i B E Br&appg]frﬁg a flow
ﬁt erzoggngf aRbidrSice Wrtbetd fftéirrzg ﬂpeilﬁd iR ai‘épfﬁ@@isiueid%.GS. 8-13 to ?}‘fix ZE 25
y river conponent an i Ck-0 comnponent s 14 to ube
501, the manuf actateska towmetersthem '%“f%‘c"i%a‘%f%g?B&ﬁqvﬁé’%mpin?fr%r%ixture
appar at uss 80fve fP@qfu%ﬁaagﬁsiH WReadvet P408). Orhd thaptiRictuteDmag Nithataitse ek ow.  To
test a flow neter, the nmanufacturer vibrates the flow %ube ‘g‘{ ﬁ%ﬁ or nore

5 drive fredubaovesa areaiym efdrenueneies toagiygve mefe fayerabledesy vi brate
the flow t “P.%n&f‘é@@r@r (RBE GlrbBseing sy SRR GEESvd RicReft siytalshom thepizkabl e

results. The nanufacturer ‘uses a processing si{stemto I’ECZI vg \gi cblé of f
signal s froneffshid 4k kTheapieksoff signals repmesentiacwibrgting freguency 9fdhg taw fyoe,
vibrating fr | P¥hs iQFAS BhA Sighst RptdseAtiRpes t he
pi ck-of f si gﬁg‘%"@%%ﬁ? %ynmg?r;s‘ o epr g%gtr?ﬁpléﬁfﬁg&lo dri vle freqt?}enci,g'g’st o]

det er ni nt0 a_@necfoequencies dpdeteemine adequenpierespensesdrhe). ERRPRRPIHMht i fi es
unaccept abl e_al.i gn A Gk wldie dn e flolvube
based on thesgfsttpéradﬁzﬁg}esﬁ)@é“%}égﬁg@H&%@g@?“ﬁ%ﬁ? ﬁgﬁr@g,tﬁ? P n:t he ali gnrrgnt of
the driver andbettasedionkhofréquensy caspdnse (1888).he frequency response incl udes

only the first and third b ' : L SREs t
frequency responrs1"<';aic"'il %?rbcc?egrﬁgé g%n&%%ﬁﬁftggggg%n%l@gﬁﬁ% rmiaedog?' ?ﬁgthef | ow
tube, then t frequéregirestioase inchales oalyithe fiest age thidtbesdingyaodes olthe Sy t he

P o1 MRS TRRLA IR ML {0 Sl oo 1ot
spi ke in a ffewtubeiEinahisindieatesh pobeafiblalighmbet oftthe driveriand theipicktads. a poor
Nt S fic o aafsber FpEu B Shiesy>t o
unaccept abl ejs gRcasapies Ifahe fregaedricgnespainseinclutiesfd spike inbefirstitorsien mode
Pk of s 15 RS 80Tt i ek 5 AL SRS P the G B e and
20 pick-off. The processing system would indicate to the manufacturer that the laterat
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 wilt 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.

28



torsional node. Those skilled in the art will understand what the first,
second, and third bending nodes and the first torsion node of the flow
tube are. Therefore, an 25 explanation will be left out for the sake of
brevity. Based on the information fromthe frequency resporseMaleos

manuf acturer can determne the quality of the flow tubes being built. The
manuf acturer can also wuse the information to change fixture apparatus 800
or some ot hefrhé AER AN naflifactufe's EENUS@ tisimetipdio prehee sPaight fibwduless.

Manuf acturi ng Fl ow Tubes - FI FIG 15 .l lustrates a nethod for
manuf act uri n&efqr%et'ﬂ}ﬁﬁgerﬁéﬂé: ri%?? Nk 5ot 5‘#8\” substance in an exanpl e

Of‘bt he i n;/enti On-Tm?ﬂﬂéﬁﬁimmdwa gohﬁﬁﬁ@gﬁmSmmZeSﬂﬂJdmgtﬂyb?ﬂ(T@fﬂ-f | ow )
t ube manufacturers often have a curved, shape ow t ube
manuf act ur er $he fawidke tsHnadeem ‘PB%W’(SB‘ETE%’%%P&?'QW% %Fi%}}ugﬁgﬂ&b

Ref erencegnu SOM&Y adtbBtheléxtrater th RaipRRitGRthat ibdigbier thEnaroamnuf act ur er
extrudes a flow tube from an extrudi ng s§stem &'%892?&. T@&Pil owtube i's
made from a feruesralee.y fae manHBCRIfRILUtS R SRCURD QRN g k5 1lbe cones
out of the exfrifes af ianlsaBRBE fldsdtibh ot thedlow wbeto hildihe opitbdingler at ur e.
The manufacturer cuts a section of the flow tube %J(Eg% The manu{ acturer

Whih209)o £

t hen secur es shage etibeisgatiost straight ap dye setien caolRSP Finstanesy the

shape

of the secti %ﬁ{ﬁ%@gg&@? ﬁfahﬁ; REShERIh ts%orh‘i sd@aée to bhaighterH e fiowstubace, the

manuf act urer CcoO e section to a flat surface to atra{'g.hhén t he
flow tubd0 1Thetreanviactere couldalsoqut hefiaystubain porpe YR ATTIYE 19 EYREY ype of
mol d to St ralgh&Ds HNhER el ddhPuplhial chBiRa bn@ v tdightnie marlracurid | S

straight, thé hanufacturer packages the section of Tlow tube to, maintain

the straight pabkggesdhe seafionet fipwiube togpeintainihe it soaRg Frhe S6P¥P Ut the
flow tube in éi@d@ ;rﬁB‘?néHufé’c?qﬂéﬁ%g@ Rgﬁthg flolVQuBE BPscniStybb @fphateRying maidght

during stora I'pp1 ng acturer could also etch the section
of said flowtdkbep theffametubp straight digingrstorage or 8AIPPMRAI s coul d be very

conveni ent. for the, manufactur gg%‘e(g W RIbef Rsbrar er coul d
store thevsecti on'?-ma Wﬁ%@?cﬁ'ﬁsg‘gqlﬁ\é gﬁ@%&c&{t&?‘@’% n fc?fﬂggockagi n!?;t o avoid
exposi ng t he peekagiomtiaf sdction Thibeould Heivginy conveniest for egmanifegturerf tee ched
surface. The nuf act ur er coull e ' fi iha a 20
control | ed oo BREENINE H‘%é’gaﬁﬂ{r%leéos édz%t%en“‘%% %gﬁl&g%@g n@B?éAng\gP gﬁgﬁgb@ Bot h
of these st afpablelging 1o awid:xposingthe gedtion of flow ebectodigbtitosaroiddegradingne

flow tube. 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.

29



29 25 May 2006 What is Clained is: 1. A nmethod of assenbling a Coriolis
flow neter, conprising: providing a flow neter structure having a base
(522) and two legs 5 (517, 518), where the two |l egs are attached to the
base and are in a spaced apart relationship, the two | egs 2aahy beod ng a
cylindrical opening (502, 512) through the. leg, where the two cylindrical
openings are aligned in a co-axial relationship; providing a non-rigid flow
"tube (510) havV¥iiptds GlRimed igi anet er, where the outer diameter is
configured to fit into the two cylindrical openings (502, 512) in the 10
two | egs while | eavi ng a predefined gap; placing the non-rigid flow tube
(102) into the tw byfimsihedel asspamling @ Geriglis flow meler.icompsisinghe non-ri gi d
fl ow tube extends t I wher LgLd. flow tube
creates two predef ﬁﬁ%ﬁa’ggésﬁbgﬁ"%éﬁﬁtqﬁ%“%ﬂ?‘éwa‘%ﬁ%ﬁg?z’%‘f%’é% on-rigid
fl ow tube &nd ©EHé, $Hhewheredhetvr legh ard attackediodhé hgse aidd areniper spasgd apart

Flow tube oxt doeieBbrfiE e Bos YBRA nelfie™ BHnbiicu 3BENPELE, Stfufdfr e ©
-confi gurati on fediwieere Hige twseylindiicad dpesinge acaiakgmiedin aToeaxdtedt rélatorahip; | ai m |
adnesi ve openi ng. ( Boa B 8o eid iy R iR Paiaden Sctes o, e fip

i ntersects anaduter dimetenidi cnfiguret %o fihateiHel thdrdyfiedricapspenngys((802, 5 3) the)
each |l eg Q 17, 518 ng wht?re the axis of the two adhesive openings are in
essenti al I§ tl’i‘@oieéi?ﬁ“ﬂ dﬁ%"%ﬁpﬁﬁﬂﬁ%ée@ﬁépédhesi ve. openings and the
cylindrical openingge sl ik | W'y i My : ,
adhesive is 25 -i ngef?gghélg#‘aﬁig fﬁse\n{"ﬁ:gg@?i)?bgﬁh]é?Pév\hé%llrngﬂgﬂ*eyp%ﬁ{rgr@%&%r ace

of the non-ri gisgckernef thepen-rigid flave fube extends batween thectwerlegs, gndiare fhof
[l owt ube i 5.l HRGHGRPHIEBEr e GRS Gapndledh ik IRE! Aalridher g 0. °
t he etching i Bortdgid flesi tue and ¢ht inner diapieieradfdhe tved opemings; 30 25 May 2006 5.
The methofh of o i dhung ¥ hinddie R3AL 98 pRludriga gggs 197 d 11 ow tube
holding the section of thé non-rigid flow tube extending between the two legs
in an essentially straight configuration while the inserted adhesive cures.

2. The method of elaim 1 where the adhesive is inserted into each
20  predefined gap through an adhesive opening (504, 514) in.each leg, where each
éd-hesi\(e opening intersects and is perpendicular to the cylindrical opening
(502, 512) in each leg (517, 518) and where the axis of the two adhesive openings
. are in essentially the same plane and where the adhesive openings and the
7 cylindrical openings are held in _ai horizontél orientation while the adhesive is
25 inserted. - ' '

~ 3. The method of claim 1 where the outer surface of the non-rigid flow tube
~ is etched in at least one of a plurality of attachment areas whereby an attachment
area is an area where the non-rigid flow tube is attached to anether surface.
30
4. The methed:of claim 3 where the etching is done using a sodl‘um‘
naphthalene etchant.
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extendi ng between the two legs is held in an essentially straight
configuration by providing a fixture block (1000) where providing the.
fixture block conprises: inserting a first section (802) between said first
| eg and said second leg of 5 said base where the first sectspggyhass a first
t ube opening portion on an end of the first section; and inserting a
second section (804) between said first leg. and said second log: of said
base where the secofid Theatéthod hbdaimn twbereithesestiopefithe gopogidifow @bes) on

d (915 f f '
Sdapted to 1t oYpRugiETRAth i M § HelinaR e fRLY sEEM BrRgerangh by,
5, PLICS SRS e b 100 et oo )
or nme
portion, -and where {REHASA F?‘Sﬁeﬁé'qfﬁ@@ﬁ ﬁ ghaveed Spid fﬁg{ '?%gf"% &gtséﬁgﬁ%%gnr} °
portion of Saishiflibabe whebd trKirst Secifon Adea ARk ihd dpeniiigqiomidn avhan enqtmmcdl ng

the fixture *blﬁ?{{( éé'.ooo urther conprises: providing a driver opening.
(12021 extendi gt ¥ rface of said fixture block and, intersecting

sai d tube opening (Addting afsesdidsdctioh MR élhbﬁﬁéferﬂéﬁﬂ first ﬁg@nt!\s@rd sécdndiiggched

to said non-rigid, flowtube using saird driver openin rovi di ng at

| east one pi ckISPId bpignvierethe senond,seetion fies # seernskivbe 99?'?'%8068" (@3)pn
fixture bl ock @ngnd {§1@E§F§5ﬂi @.ctﬁﬁ' é&t:h Nbﬁl@mb%l@gecﬁﬂ%ﬁﬁdﬂ AdDIOd REf

whereat | east one ed to said non-rigid flow tube using

said at |d8st. aﬂa@ept texsaid end @b@aid figt sedtion. toferon afdieaibleek (:ﬂﬂﬁﬂhwsaicbm@ the
PO 10 XSk 1Pt e g (B 5, RO e 190 360 B Py
extend from sard whd&@m@pm@dﬂmﬂ wnd vitiepe khd moranigid flow tu!ael}satMin&w d

t ube opening (410 _ a| k, where the alignment neans 30 is
used tao hol d_él#ieé%qr@égagﬂﬁigntoh%attgﬁﬁp @?’d&ne pi ck-off in an aligned
position with respect to the non-rigid flow tube while being attached to
thenonr id flow,t 34 25 6 8. The odo cl ajm. ere
provi di ng "he fixt EREI"E%QD‘%%‘Q(%%WZ‘W%SWF%@W ?g c'ﬁ?@ggm%’rreans

(806) adapt edesmpfigssire said first section (802) and sai d second section

(804) to sald base (552) of said flow neter (500) to alrfg
providing a driver opening {1202} extending from a surface of said fixture

black and intersecting said tube opening (#101) of said fixture l:dock where a driver
is attached to said non-rigid flow tube: using said driver opening, and |
20 ~ providing at least one pick-off.opening (1204) extending from said surface of
 said fixture block and infersecting said tube opening of said ﬁxtlj'rie bleck where-at
* léast one pick-off is aftached to saidr'loq—d’gid‘ flow tube using said at least one pick-
off opening. ' '

25 - 7. The method of claim 6 where the providing fixture block furttier
compnses
providing an-alignment means {1206} adapted fo fit in said openings of said
fixture block (1000) and extend from said surface of said fixture block to an area -
adjacent $aid tube apening (1101) of said fixture black where the alignment means
30 isusedto hold the driver and the af least éne pick-off in an aligned position with
respect to the non-rigid flow fube while bemg attached to the non-rigid flow tube.
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said driver opening (1202) of said fixture block (1000) with a driver
opening in said base and to align said at | east one pick-off opening
(1204) of said fixture block with at |east one pick-off opening in said
base and using said securing means to secure said first sestygprgid said
second section to said base. 10 9. The nethod of claimI| where the
non-rigid fl ow tube i-s nmade of er fl uoroal koxyet hl ene (PFA). 10. The

net hod of claim 1. Eﬁ%“@ﬁ@drﬂfﬁfﬂ'mélmﬁfﬁm‘{'ﬁlbﬁ thes firtwigeblagk further

pol yt strafl uor&%lg}yslegne (PTFE). .19 11. The method of claim 1l where the
adhesi ve conprises a cyanoacryl ate adhesive. 12. The method of claiml
further conprisi ngPreddipg daeguring amepns (806) adapieddo sperie said fiss seclinw @92) o
attach to the t t he
fuo | 6gs: a1 oehe Pedtind seffiof (R el B SWds#yBr AU BRI (5060

| ocati ons &l oggiddiiver ngﬁmnﬁg‘l@% bbsaid Giktere hbc&é‘rﬁﬂﬁlg wwtha deiver gianing infsaid

coTPOneNt w8 3Rt Bidh i OGS B b 1Fr 8 3 By b O,
driver. 30 14at Ieaetmpnu-oﬁ’fopehmgm &aichblase andtusingeszild sevaring nidaes i seclrst y
of . conpone kof f 00 5. The method of claim 12
further corrpr%@#&sisfagg?r%ﬁ% ?ﬂgs Mﬁ%ﬁg% 98 Jhﬁl"sﬁ'r ality of components by
vibrating the non-rigid flow tube u5|ng at | east one of the plurality of
corrponent Lt0o driv Vi usi ng at | eas e of the plurality
of corrpon 1ts to si i—g F??éﬁ‘?}f?fr& ﬁWB?fettHE?‘@“rf&‘ffﬁ 'ﬁﬂert?mﬁ? e. it The
nmet hod of cl qgéma&oﬁmbw@meﬁ@wmm ng: adjusting t h_e predefined | ocations
for the plurality of conmponents based, of the result of the tested

positions. 10 17. The nethod of claim 1. further conprising:
‘q . 10. The method of claim 1 where the non-rigid flow tube is made of
polytetraflucroethylene (PTFE).
15 '
1. The method-of claim 1 where the aghesive compnses a cyanoacrylate
adhesive. '

) t2. The method of claim 1 furthier comprising:
_2_'@ " -providing a plurality of. cbmponents confi gured to attach {o the section of the
nofi-fgid flow tube extending bebween the twa fegs; :
aligning the plurality of components toa predeﬁned set of locations atong the
non-ngfd fiow tube; ‘

| atfaching the plurality of compenents to the non-ngid flow tube using the
25 adhesive - :

- 13. The method of claim 12 where at least one of the p!ural!ty of
camnonents is a driver.

30 . . 14, The method of claim 12 where at least one of the plurallty of
cemponents is a pickoff.
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manuf acturing the provided non-rigid flaw tube by extruding a section of
the non-rigid flow tube wherein the extruded section of nonrigid flow tube
has a tenperature above roomtenperatures; 15 securing the section of
extruded non-rigid flow tube to hold the l[ongitudinal shapgniy 2d0e
non-rigid flow tube, straight as the non-rigid flow tube coots.” 33
15. The method of claim 12 further comprising:
testing the position of the plurality of components by vibrating the non-rigid
flow tube using at least onie of the plurality of components to drive the vibration and -
using at least one of the pluralily of components fo sense the vibration of the
§ non-rigid flow tube. '

16. - The method of ciim 15 further comprising: _
- adjusting the predefined locations for the plurality of components based of
the result of the tested positions.
10
' 17. The method of claim 1 further comprising:
~ manufacturing the pravided non-tigid flow tube by extruding a section of the
non-rigid flow tube wherein the extruded section of non-rigid flow tube has a
- temperature above room temperature; | |
15 ~ securing the section of extruded nan-rigid flow tube to old the longitudinal
.shape of the:non-rigid flow fube straight as the non-rigid flow tube cools.
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