25 May 2006. MANUFACTURI NG OF A CORI OLI S FLOWNETER CONSI STI NG PRI MARI LY OF
PERFLUORALKOXY Field of the Invention 5 This invention relates to a nethod
of manufacturing a Coriolis floweter that nmeasures a flow of process
material having an ultra high level of purity. ProblemIt jsnapowgeto use
Coriolis effect mass flowneters to neasure mass flow and other information
pertaining to materials flow ng through a pipeline as disclosed in 10 U S

Pat. Nos. #addFhcOZand 98Ucdok@rds rhownBiEr Bons2briad - pRAfARKAR - orl pEREP SR RGYRE .
31,450 to J. E. Smth of Feb. 11, 1982. Flowneters have one or nore flow

tubes of astraight, curved or irregular configuration. Each flow tube has
a set of natural vibration nodes which nmay be of a sinple bending,

torsional, or twsting type. Each mi%?erlb%gtﬂé ‘tnlv‘éﬂ I)J]ow tube is driven to
oscillate at resonance in one of th nodes. The nat ur al
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connected material source on the inlet sPrblethhe naterial passes through
the flow tube or f et,side of the fl owneter.
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flowtubelagsthe driver; the phase on the outlet side |eads the driver.
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Material flows into the flowmeter from a connected material source on the

inlet side. The material passes through the flow tube or flow tubes and exits the

20 outlet side of the flowmeter.

A driver applies force to oscillate the flow tube. When there is no material
flow, all points along a flow tube oscillate with an identical phase in the first bending
mode of the flow tube. 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

25 the inlet side of the flow tube lags the driver; the phase on the outlet side leads the
driver. Pickoffs are placed on the flow tube to produce sinusoidal signals
representative of the motion of the flow tube. The phase difference between two
sensor signals is divided by the frequency of osciliation to obtain a delay which is
proportional to the mass flow rate of the material flow.

30 It is known to use flowmeters having different flow tube configurations.
Among these configurations are single tube, dual tube, straight tube, curved tubs,
and flow tubes of irregular configuration. Most of the flowmeters are made of metal
such as aluminum, steel, stainless steel and titanium. Glass flow tubes are also
known. In addition, all straight serial path flowmeters currently in the art are made
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known. In addition, all straight serial path flowreters currently in the
art are made 1 25 May 2006 out of netal, particularly Titanium, or are
metal tubes lined with plastic, particularly PTFE or PFA. The positive
attributes of Titaniumin these types of flowreters are its)dW@hoosdrength
and | ow coefficient of thermal expansion (CTE). The negative attributes of
5 Titaniumare its netallic properties and cost of manufacturing. For
exanpl e, in setofonetdl) phniculad§ Fitamiom es aremetairRibels linad withpastic osamticudriyant .
Met al ions iF_,Tg‘E?nt?aFct with the wafer areas of an integrated circuit can
cause a shor ' ¥“and ruin the device. Al so, a Titaniumflowneter is
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as well as that in which only the flow tube is formed of plastic. Much of this prior art
20 is directed to metal flowmeters and merely contains an assertion that a flowmeter
may be made of various materials such as steel, stainless steel, titanium or plastic.
This prior art is not instructive in so far as concerns the disclosure of a plastic
Coriolis flowmeter that can accurately output information over a range in operating
conditions including temperature.
25 The mere substitution of a plastic flow tube for a metal flow tube will produce
a structure that looks like a flowmeter. However, the structure will not function as a
flowmeter to generate accurate output information over a useful range of operating
conditions. The mere assertion that a flowmeter could be made out of plastic is
nothing more than the abstraction that plastic can be substituted for metal. It does
30 not teach how a plastic flowmeter can be manufactured to generate accurate
information over a useful range of operating conditions.
It is a problem in some applications that the typical Coriolis flow meter may

contaminate the process material. This is undesirable for systems in which material
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30 not teach how a plastic flowreter can be manufactured to generate
accurate information over a useful range of operating conditions. It is a
problemin some applications that the typical Coriolis flow neter may
contam nate the process material. This is undesirable for sysg@psops which
material 2 25 May 2006 of an ultra high level of purity nust be delivered
by the flowreter to a user application. This is the case in the
fabrication of arselre-higmigueltos purityfreust behdelivered by the fiawrhbter tsa usér a process
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ions into the nﬁterlal flow. The use of PFA for a flow tube i s suggested

in U S Pat.WREh cangaigasetheripad iona dppoihe olass into fippresessmatesial fy.aliR al to

the Vander pogarﬂe%%lgéuﬁsfﬁltnéﬁowmamaﬁﬁsd SHiceh @rﬁ%ﬁamasﬂd&f ormation
regar di ngq how a f] owreter having a PFA fl ow tube coul'd be 15 manufact ured

to gener & e accurfpiasti¢ tﬁﬁmﬁﬁﬁfﬁr‘ﬁtﬁ egiirom g aectien since tbﬁ@'\'ﬁée% af whish jt
probl ens are; s%h‘\éﬁs ngé‘ﬂoﬁ%%%% ﬁel%i Tr{ot]? RS lintb ?hé‘ﬁ'ﬁ'téﬂé‘? ﬁo-Py ThE Gs@besent

i nvention which oses a owret er havi ng east one fl ow
tube fornmed BFAferd flowtuhe !R@Mgg@@;binMr P@PNAW@H&@BBGO\M&MHPO!S s coupl ed

to a driver %@paﬁﬁ%#ﬁw%lﬁﬁgﬂlgﬁﬁeﬁél dﬁ%ﬁﬁwe élr?ceef?l%&bgeﬂt%cﬂég‘f hbhow tube

to function € accurat e out put
i nformation infmmaﬁmgigamm@pewaiﬁqvgneienthanﬁ’FAcﬂwatubatoauldeﬁe fl ow and

Fabr | cat fon AHAUEHu ERBRE Rl Py RImaEAr 21 T ow 1o bo free of

contanm nants and to the ionic I evel . QBLIATION)W path constructed entirely of
PFA has many of PIE—'% %enefl Ti t ani um ed aprfﬁan aged fl turPes wi t hout

the drawbacks. H&“?ﬁ{ FORIEInS @ Vance of the a

achieved by the present invention which discloses a Coriolis flowmeter having at
least one flow tube formed of perflucroalkoxy copolymer (PFA) plastic which is

20 coupled to a driver and to at least one pick-off sensor to enable the PFA flow tube
to function as part of Coriolis flowmeter that can provide accurate output
information over range of operating conditions for a material flow and ultra high
purity suitable for use in applications such as semi-conductor fabrication and the
like which require the material flow to be free of contaminants and to the ionic level.

25 A flow path constructed entirely of PFA has many of the benefits of Titanium
and PFA lined flow tubes without the drawbacks. PFA is a fluoropolymer with
superior chemical resistance, little metal ion release, low particle generation, and is
manufacturable without expending large amounts of capital. PFA material is strong
and can be extruded into high quality thin wall tubing. Thin-walled PFA tubing has

30 low flexural stiffness enabling a higher sensitivity to mass flow rate and improved
immunity to elastic dynamic interaction between the flow tube and the process
pipeline. The material and physical properties of PFA allow {arger tube vibration
amplitudes at higher stress levels and resulting near infinite fatigue life span. Also,
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superior chemcal resistance, little nmetal ion release, |ow particle
generation, and is nmanufacturable w thout expending | arge anounts of
capital. PFA material is strong and can be extruded into high quality thin
wal I tubing. Thin-walled PFA tubing has 30 |low flexural stiffmasso@nabling
a higher sensitivity to mass flow rate and inproved imunity to elastic
dynam c interaction between the flow tube and the process pipeline. The
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access of t nsors
whi on det ecriph PRsIERE A8 SiraP o eRonis MbiBleiobRbisa Via@ i IOl hu?
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and non-PFA components. A preferred method of manufacturing includes a

20 process whereby the PFA components are efched. Etching changes the exterior
surface chemistry of the PFA components allowing them to be bonded to non-PFA
components. The etching process entails submersing the PFA components into a
heated bath containing a glycol diether, preferably diglyme-sodium naphthalene,
and gently agitate the PFA components for a period of time.

25 Another characteristic of PFA, specific to tubing, is that its method of
manufacture results in tubing that has inherent bends or curvature that need to be
eliminated from the tubing prior to manufacturing it into a flowmster. A preferred
method of eliminating unwanted curvatures in the tubing prior to processing is to
straighten the flow tube through an annealing process. The annealing process

30 comprises placing the flow tube In a straightening fixture. The fixture restrains the
tube in a straight form suitable for processing into a flowmeter. The flow tube and
fixture are the heated for a period of time and then removed and allowed to cool to



and gently agitate the PFA conponents for a period of tine. 25 Another
characteristic of PFA, specific to tubing, is that its nethod of
manuf acture results in tubing that has inherent bends or curvature that
need to be elinmnated fromthe tubing prior to manufacturipgMaly 20060 a
flowreter. A preferred nethod of elimnating unwanted curvatures in the
tubing prior to processing is to straighten the flow tube through an
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preferred enbod connection to
forma flow phratingflloaRpbe.l n a further errbodl ment this connection is

covevedydy 1 | Rab0mubd AR o AR Mo il BBl BRGHH Che
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the nipple of the process connection. In another embodiment the flow tube is
inserted into the thru-hole of the process connection and sealed at the face of the
20  process connection.

In a preferred embodiment the tube is sealed to the face of the process
connection by the process of laser welding. Laser welding is a non-contact form of
welding that generates heat at the interface between the flow tube and the face of
the process connection. Other methods of sealing the flow tube to the face of the

25 process connection are heated tip welding, ultrasonic welding, and adhesives.

In addition to the tube being coupled to the process connection the process
connection is also coupled to the base. The preferred method of coupling the
process connection to the base is to form a hole in the base and secure the end of
the process connection into the hole. The process connection can be secured by

30 tapping the base hole and threading the process connection end into the tapped
hole. An alternative to the above method is to simply bond the process connection
end into the base hole using an adhesive. An additional method of securing the
process connection to the base is to form a locking hole in the base. The hole is




connection by the process of |aser welding. Laser welding is a non-contact
formof welding that generates heat at the interface between the flow tube
and the face of the process connection. O her nethods of sealing the flow
tube to the face of the 25 process connection are heated tiJ valdoow,
ultrasoni c wel ding, and adhesives. In addition to the tube being coupled to
t he process connection the process connection is also coupled to the base.
The pref er r eformedisudh tat toaigdriterting bicthe pockingsole Pieresdts aithttige tdrgetinsef i s to

forma hole | . base, and.,. secu t he gnd of he process connectj.on into
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and t hr eadi ninsehted e teseceiong ¢old, anockirt motiaridhe istiag@esd inhelokkindhole

.the process connection

alternative to the above nethod is tq sipply bond )

end into theiooﬁ%cé”%@\ee"rﬁ%‘?%gcoaﬂe%mﬁe% W@fg?rﬁﬁ epRpdimertdpr Iveking thegiroeessur i ng
the procBsscenutton intstHerebiging ®BR ib So t2p the IdkkmgHfKAMBtHGAEIntothe he base.
The hole is %CES I\k/ﬁ% 2006 forned ﬁuch that the centerline of the |ocking
hol e i nt er setC&INGNCIE 2 Bet scegyy Hiat what eamprepthedrracessrgnasetion anditevate hol es
are formed apf@veRenPr ocess connection end is inserted into the receiving
hol e, a | ocking nachani smis inserted in to |ocking hole to secure the
process connect i orthenfiow fike sanfiouiations aemroYided inagkprdgnea withothasss 5

connecti on i BinBoliitfent BCMEAVALGHN. erﬂéin%&\}mﬁnéc%ﬁ% bRElitAPuiR IR Jabr e

into the |ocking hole a set screw that ess _process
connect i &% afiw Bibesaihratingindhese opmsitian. fThese dubldubes riay ithen mef the e

Pivent | on ey R ARE ) dy B BhepBl 3 halPhley B of gF s dhi R cBSurldte, g 1
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struct ure andbegduces t he mass of the base required to nmount the flow
o tubt are. doSRCERl il Bl emsBem ol Sebh Bl b hase
opposi tion iare usetdhiaey sdydye momttad op itk Base ai VibratédCinl phiak@deposdidiviat i on in
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perpendicutar to the bottom surface of the U-shaped base eliminates vertical
shaking of the flowmeter structure but permits horizontal shaking if the dual flow
20  tubes are not dynamically balanced. The mounting of the flow tubes in a vertical
plane with respect to each other limit any undesired vertical vibrations.
An additional embodiment that can be associated with any tube
configuration is the implementation of a temperature measurement device, A
preferred embodiment is the use of a Resistive Temperature Device (RTD)
25 attached to a flow tube. In accordance with another embodiment the temperature
can be measured using an infrared temperature measurement device. The benefits
to this device is that it is non-contact and can be located off the tube, thereby
reducing mass on the tube.
In summary, the flowmeter embodying the present invention is
30 advantageous in that it provides for the measurement and delivery of an ultra pure
process material in applications that require the delivered material to be free of
contamination. This level of purity is provided by the use of a PFA plastic flow tube
which is chemically inert and which is superior to metals and glass permit ion
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shaking of the flowreter structure but permts horizontal shaking if the
dual flow 20 tubes are not dynam cally bal anced. The nounting of the flow
tubes in a vertical plane with respect to each other Iimt any undesired
vertical vibrations. An additional enbodinment that can be agsogiywdge W th
any tube configuration is the inplenentation of a tenperature reasurenent
device. A preferred enbodinent is the use of a Resistive Tenperature
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nmetal s and gl r L 4hQfki I

material to tﬂﬁezﬁuﬁ’g-cglg%ggﬁ%é@%?gﬁ@%é)gﬁ%éggggi@mﬁ}ét% ;Qreﬁﬁﬁch%%r;%'él |y
conpri se a slcanshorhirglit dlsoranpatiomafi tbe safigranddenderdt seeless. pol i shi ng agent

ol 1 Shi ng_oper at | B30 LB EER frdtApisiBed el entieh it o othRd timeditplipina 91
pol i shindg05 dpenetéraniopted to @kientiraoecéiVed proB8sseatenidt flew Having bnalttathight | me

the slurry st,be. free fromany .conta ants.including ions. t.ransferred
fromthe fl g\"f?"ﬁh%fg"“wa @?? fﬁ’mtct?" gd 0 'Gfrhtéa'&eg 'b§?'?%8‘fj QQ)'E’:“S g%'i ngl e
undesi red i ometertto saidgmrotessangefidipsaid@iatiiod canpridiey theGstepsdft all or a

portion of the waf@r. and renderﬂi tﬁg)séel €ss. Ié can be seen that an aspect
of the invention #4XA9 ZdiyerioA low bedreans AGda 10 f1 owreter adopted to

extend a recei vedcqupligapidkedfCmeahs fd £ad AGW ki@ MBankd:tra high |evel of
purity free from%ontarri nation due to ion transfer fromsaid Coriolis flow

meter t o'3ai hePeted furtharchatacterizad by tha #iees ebrpri sing the steps of
af fixing a drivercduplidg 5aid\WoltiSe FRAAS to & Blse, SAMPHIWHILR MEAHS Binfled GRS t O
said fl ow tube neans; the nethod further characterized by the steps of:
a material that keeps the process material free from contamination due to ion
transfer from material of said flow tube means to said process material; and
affixing inlet and outlet ends of said flow tube means to at least one process
20  connection to form an ultra pure flow path through said flow meter.
Preferably said step of coupling a flow tube means to said base further
comprises the step of using said flow tube means formed from PFA to maintain said
process material flow free from contamination due to ion transfer from material of a
flow tube to process material.
25 Preferably said step of coupling said flow tube to said base is proceeded by
the step of etching said flow tube to create a surface suitable for coupling and
affixing flowmeter components.
Preferably said etching step comprises the step of using an etching solution
containing a glycol diether.
30 Preferably said etching step comprises the step of heating said etching
solution to an elevated temperature.
Preferably said etching step comprises the step of agitating said flow tube
means in said etching solution.



coupling said flow tube neans to a base, said flow tube neans fornmed from
a material that keeps the process material free fromcontam nation due to
lon transfer fromnmaterial of said flow tube neans to said process
material; and affixing inlet and outlet ends of said flow tgba feang to at

| east one process 20 connection to forman ultra pure flow path through
said flow neter. Preferably said step of coupling a flow tube neans to said

base further commrifeeshly baid Stepofebuplignaidsiuvitibeqatidee igprsed«arbEref rom
PFA to nmai ntain ﬁfl d@ﬁrqcess terjal flow free from_.contam nati on due to

ion transfer ¥fR paing ggid flowrtubemeaps 1q elimipaiey inRgrapt curvatyrg or
Pref erably saimivait&Preiduabtetdsng said fl ow tube to said base is proceeded

by the step of etPChtj nqusai,d flow tube to create a surface suitable for
coupl ing and af f INXEIREATY sRiglstraighleping strmeampnsestiay siP§ oEai d et ching step

conpri ses g he st e@lé&fnd@did‘ﬂo@ﬂ:t@rﬁ@éﬂ&n%C&tﬂéﬁdr@éhing?ﬁﬂh?@;“i ng a glycol _
diether. 30 Preferably said etching step conpriseS the step of heating said
etching sol uti onngdtinghsaid owthe meagseand said straighteaingdidurgai d et chi ng step
conprises the stepygf ?@'-J%Wﬂg,es,ﬁé f iﬂvg ; i | ai d et ching
solution. 7 25 May 20“_6 IIDr_eferabI y %‘asié stald;%'gﬁ%ﬁ%?iﬂkg"%ai d flow tube to
a base is proceed&meying raid flowdpbeymeans kppiraithsinjghteningffixtue.t ube means to

elimnate any inh o j bl
Sai 0 Strai gntent g Seiaoh SELio B Rinind' B RO, MR o 280 3o EIFRAAD Y
means i n 18 sttheisightafaitaching said flow tulrreaieanstossaidi baseousing bdhesians and sai d

L ntent 10 ! 1o 4 oF St 66 (TR Ao AT o
Preferably s®adl adhegivefcompirisesithesstepoff using ¢yaneacpatesaditesbe. d base conpri ses
Pref or abl y sai d sf CHOGP DT P oh euirSe DaM b Emiaa o T30 bae S HnbEaie ng
sai d adhesi véhesteprof segplingsatt iy be s baid bayaneng lan @idgadhesi ve.

15 Preferably said step of affixing said driver means to said flow tube means
further comprises the step of attaching sald driver means to said flow tube means
using adhesive.

Preferably said step of affixing said driver means to said flow tube means
further comprises the step of using cyanoacrylate adhesive.

20 Preferably said step of affixing said pick-off means to said flow tube means
further comprises the step of attaching said pick-off means to said flow tube using
adhesive,

Preferably said step of affixing said pick-off means to said fiow tube means
further comprises the step of using cyanoacrylate adhesive.

25 Preferably said method of manufacturing a Coriolis flow meter further
comprises coupling said at least one process connection to said base.

Preferably said step of joining said process connection to said base
comprises the steps of:
forming a receiving hole into said base;
30 securing a fixed portion of said process connection into said receiving hole.
Preferably said step of securing said fixed portion of said process connection
into said receiving hole comprises the step of adhering said fixed portion of said
process connection into said receiving hole.

8



Preferably said step of joining said flow tube neans to said base conprises
the step of coupling said flow tube to said base using an Oring. 15
Preferably said step of affixing said driver neans to said flow tube neans
further conprises the step of attaching said driver neans tx gai dodd ow tube
means using adhesive. Preferably said step of affixing said driver neans
to said flow tube nmeans further conprises the step of using cyanoacryl ate

adhesive. 20 Prefmifhhdy saidbis) SPsRlirifd Sdid iﬁ?&} Sétish Bf $did BFJceQ?é@%écﬁor?ai d

flow tube means further conprises the step of attaching said pick-of

nmeans to sai BMG $Fdreaghdng beladurthessempuees tbﬁéF%r%fblswgﬁaﬂo%qfﬂﬁtecﬁd@ﬁWﬁxi ng
said pick-of [ Meamgedreniy ahid byt ddiliing @i ixed pEiBIEDT SATBIICEES chitechbieP Of
usi ng cyanoacryl ate aéﬁ)gs?ve. '52)5 .Igréeferab yx%awdflﬁfgtkod f manﬁ(%acturi ng a
Coriolis fl olpitheaiéredeivindhbole compppesive stapffithregdivgiadixad podipntofsald process
connect i t | EE% : Sal ., step of joining said process
connecti% tgmgg%%c asgtlonciggéﬁég%%ﬁﬁ?%ps of. formng a receiving hole
into sai d base; JFrefasahlysaig sderf Ofceduring said fixest pertioniofsaid pracesvporEction i nt o
sai d receivipg hol ?eceiﬁﬁ%ﬂcﬁé%gtr%mﬁé @e%‘e@)@ &§f securing said fixed portion
of said process connection in sald recéiving hole conmprises the step of
adhering sai d fi Xeanipgatlockingohols athdse pentedias interseetdhé centerline of #ied r ecei vi ng

hole. 8 25 referably said step of securing said fixed portion of
sai d procesgﬁ%gﬁﬁggpﬁ%ﬁn%into said receiving hole further conprises the

step of UXing cydmseainga ddckingdthechanism iRteedald loking aledtosireventtaiglecur i ng sai d
fi xed portion of é_sai d ﬁr og}gss. connection .J ntfo sai d receiving hole
conprises the st dpedPottions §pidpracess,connesdion fom BPVIedi d 5 process
connection into srbfératigehidisteh ahsortifyy #foekingInyechanirsihRpsaid loskipghokg sai d
fixed portion of said process connection into zsﬁi g%Jecei Vi Fg ,‘gol e

conpri ses t hEPrARTSES inserting et Rprew that kPHBresseLsaif H5ed rrher Pl $3id Prefess sect

t he centerligmnektidrne receiving hole; and

15 Preferably said step of coupling said process connection to said base
comprises the step of adhering a fixed portion of said of said process connection
onto said base.

Preferably said step of adhering a fixed portion of said of said process
connection onto said base further comprises the step of using cyanoacrylate

20 adhesive.

Preferably said step of affixing said end of said flow tube means to said at
least one process connection comprises the steps of:

flaring said end of said flow tube means; and

inserting said flared end of said flow tube means onto conical stub of said at

25 least one process connection.

Preferably said step of affixing said end of said flow tube means to said at
least one process connection comprises the steps of:

inserting said end of said flow tube means through said at least one process
connection until said end of said flow tube means are flush with face of said at least

30 one process connection; and

sealing said end of said flow tube means to said face of said at least one

process connection.



10 inserting a | ocking nechanisminto said | ocking hole to prevent said
fixed portion of said process connection fromnoving. Preferably said step
of inserting a |ocking nechanisminto said | ocking hole conprises
inserting a set screw that conpresses said fixed portion of 2sai, ;wpgcess
connection. 15 Preferably said step of coupling said process connection to
said base conprises the step of adhering a fixed portion of said of said

process connect i OFPreerlabP s step @3 gealfgakier @y of sard Tbwsiube Mdarsdb esidigea
fixed portion of s? sai d process.. connectign onto s‘%_:'d base, fu ther
Conmri ot 1 neapidtlostens Gogs S Giegion miges dir-grn of g AR o

step of affl)@aﬂmcﬁﬁﬂude%&rﬁfm %aidq'af:é Qﬂ%aﬁdJ@lqeéﬁi%ﬁé p?&e%gbdnﬁéctloh east one
process connecti o ri ses the steps of | aring said end of said flow

t ube neans; and | Sf’é?"ta ypaidhstgpof §?@tﬂ‘9éﬁt§’ Qﬂd of saldl flaveiybe mrangde said fage
coni cal staib @kagai ﬁza@f on@&oh@@s’séorﬁﬁetlcﬁf RSEes Qe 'oPUItraEérﬁéa@lSr%ldfné ai d

step of affixing said said flow tube neans to said at |eéast one
process conné@f‘?%ﬂﬁ’ fé@ﬁ@rﬂ%@b?wee@t%%aﬁffacq ofsaid atlgast ong PEPRESST sai d fl ow
tube neans t hpRERosal d at | east one process connection until said end of
said flow tube neans are flush with face of said at |east 30 one process
connection; and sBeferablysagidistepof sealivgisaidiens\efflawdubemeans to said teceade of

said at | easts,png R I dagggﬁé;gfoggﬁ]e&%cg& comprise¥ie zt%g%ffﬁéshﬁ;\ga Pg,aldd step

of seali n% sal _ ow tube neans to sal ace at | east
one procd8s codvésaid Sawdopmesos ta said facemf shidad keast one paicdseeahnettiorsai d

L S o, "2 LAy Rt of Sl SHRLo AR OB SO B,
face 5 of sshd dledstasd pmpesq)cmmhommmmmeisdlne stepof Iasesweldmg_sstampem
g;lt (rja:gn: g:|s|t°¥ 8%@ hg&g@ées%%éﬁ% e%ep& Eeﬁ:e of sald a?YgeasP gnee %%Qgs tt:cg)nnsé Iiodn.f ace of
Preferably said step of coupling said pick-off means comprises the step of
15 making portions of said flow tube means opaque in order to facilitate use of optical
pick-offs.
Preferably said Coriolis meter is characterized by affixing a temperature
sensing device to said Coriolis flowmeter.
Preferably said step of affixing a temperature sensing device comprises the
20  step of affixing a resistance temperature measuring device to said Coriolis
flowmeter.
Preferably said step of affixing a temperature sensing device comprises the
step of affixing an infrared temperature measuring device to said Coriolis flowmeter.
An additional aspect of the invention includes, A mass flowmeter for
25 measuring a process material flow having an ultra high level of purity free from
contamination due to ion transfer from said flow meter to said process material;
said mass flowmeter comprising:
abase;
flow tube means coupled to said base;
30 a driver affixed to said flow tube means for vibrating said flow tube means at
the resonant frequency of said flow tube means with process material flow; and

10



Preferably said step of sealing said end of flow tube neans to said face of
said at | east one process connection conprises the step of heat tip welding
said 10 end of said flow tube neans to said face of said at | east one
process connection. Preferably said step of sealing said emsdvaf 2000w tube
means to said face of said at | east one process connection conprises the
step of laser welding said end of said flow tube means to said face of

said at |east onepigk-6f AfcanSBOSEYH 'tc%h:d Fé@itﬁf@l‘?nb&@ﬁir@eﬁér@ﬂn@&gﬁé)b‘I0| ing said
pi ck-of f neans conprises the step of maki ng portions of said flow tube

means opaque4HELNERY ’WW%@PWHS&!@GMS&F t'@pﬁ"?'ﬁ@'l‘s ofiaidcvibratisg maferaby ab| v
said Corioli ﬁlléﬁo@ﬁubé rﬁéﬁ{s%éﬁﬁh%f&yc%ﬁlrﬁé% a tenperature sensing

device to said Coriolis flowreter. Preferably said step of affixing a

t enperature sensi ﬁﬁéeﬂ:ﬁé@ﬂ@@fQFGﬁ%ﬁmeﬂQm@eaQ@C@ﬂréﬁd tsx said flow tyhg eeanssi st ance
tenperatuge ggasuring device to said Coriolis flowreter. Preferably said
step of arffixing a tenperature sensing device conprises the step of

af fi xi ng an i nf r sthaaatengedrathat saiddlawivbemedny aod saig al iast gor process

flowreter. éﬂg@@ﬁéﬁ REAS aRSRRTEd 8f a Ew@?egfaﬁ?ﬁ%?E??@néﬂfdnﬁ%‘?ﬁ:ns'ﬁoﬁ??;aﬁd

fl owmeter f nmeasuring a process na having an ultra hig
| evel of pur flew tibegeednoim sagbproaessmastedal rdadtingini amultraanm‘ﬂnw patbm sai d f | ow

neter to sai CEs | ; said nass flowneter conprising: a base ;
fl ow tube neg]r@cou fg%@ﬁétésrg d base; 30 a driver affixed to said flow tube

means fotOvi brat |I?Tgfa;atnlsd shiddieriolib flowmeles issformédh ef PEA do azintéinsgiderogessf sai d
fl ow tube nean ess teri flow. a 006 |ck of f
means. coupl A ALvy PR SR eaftempafin dus 8 oR EPasien fom BRI PR SR8 | ng
i nduced Cori talgaid ptef:bg;:ﬁ-.afyﬁ_ﬂ,of the portions of said vibr at ing materi al
LR T ATt I SR M
that said fl wtubeenémaoe sakhasal d at | east one process
15 Preferably said Coriolis flow meter is characterized in that said process
connection means is coupled to said base.
Preferably said base comprises at least one receiving hole for securing a
fixed portion of said process connection means.
Preferably said receiving hole for securing a fixed pottion of said process
20 connection means is threaded.
Preferably said base comprises at least one locking hole for securing said
process connection means into said receiving hole.
Preferably said locking hole for securing said process connection means into
said receiving hole is threaded.
25 Preferably said locking hole for securing said process connection means into
said receiving hole comprises a locking mechanism. - -
Preferably said locking mechanism for securing said process connection
means into said receiving hole Is a set screw.
Preferably said process connection means is of the flare connection type.
30 Preferably said flow tube means comprises portions that are opaque
preventing light from passing through said flow tube means.
Preferably said Coriolis flowmeter further comprises a temperature sensing
device.
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connection nmeans are forned of a material that does not transfer ions from
said flow tube neans to said process material resulting in an ultra pure
flow path through said flow nmeter. 10 Preferably said Coriolis flbwreter
is formed of PFA to naintain said process material flow frgevhyoos
contam nation due to ion transfer fromsaid flow tube neans to said
process material. Preferably said Coriolis flow nmeter conprises an Oring

for coupling sai dprdbRplytdaRBerpapsiu %eﬁ@ﬂnﬁ dadRR8 is danEr&isivalype. sai d
Coriolis flow neter is characterized in that said process connection nmeans

i s coupl ed to sai hreferably spiddemparmtyresgnsing gexice dngfrthe édraged tyeast one

receiving hole for securing a fiﬁ@?cﬂ? o Qf‘tlﬁfnl%@\iiﬂg rocess connection
means. Preferably said receiving hole Tor securing a“fixed portion of said

process 20 conneftesmantether adyaniages aad features of tiel present inveatien meiPei ses at
P et ol NN . i
et onee| oS GoS0h, SR R S SRR TRESTAA

said recelvin ecuring sal'd process
connect i on ndarecfiinconnastipnl of theairawings moivkich:s t hr eaded. 25 Preferably said

|ocking hole Tor ERY hOhRRibALaRRSS RANISHLLAIER drliBindficdine

receiving hole conprises a 1o g nechanism sal I'ng
mechani sm f oinvestien.i ng sai d process connection neans into said receiving

hole is a set scr . ef . er abl i d_praces nection nmeans is of the
flare connection E%gﬁs aé@ﬁ iﬂPﬁ‘Jéﬁ%?'yB%@m?"f?@@v&t Sbe means conpri ses
portionsi@hat areFihagsea fropt eedrdf thgeibadimeht offiGassi ng t hrough said fl ow
tube neans. Pref ehg;bl y. sai

tenperat ure sensi ng- 4d&9iG ‘gs.sgs%g?h‘g‘l?ll SW&{“/”" t%iﬁrgg\e@ﬁeﬁ'ﬁ%‘g%’fﬁgg ![ :(rans)e?at ure
sensi ng devi ce i SFIQ. 5tifa pefspesiivendew yPan altéiheiiar eabydifRinthawmpe pairof
sensi ng devi Bgsé gle%fen};\e infrared type. Description of the Draw ngs
FIG. 6 discloses a dynamically balanced flowmeter having a U-shaped base.
15 FIGS. 7 and 8 disclose a flowmeter having optical pick-offs.
FIGS. 9 and 10 disclose flowmeters having dynamic balancers.
FIG. 11 discloses a flowmeter having a pair of substantially U-shaped flow
tubes.
FIGS. 12 and 13 discloses another embodiment of a flowmeter having a pair
20  of dynamically balanced straight flow tubes.
FIG. 14 discloses an altemative embodiment having a single flow tube and
no return tube.
FIG. 15 discloses an alternative embodiment having two flow tubes vibrated
in phase opposition.
25 FIG. 16 discloses an alternative embodiment having a single flow tube.
Detailed Description
DESCRIPTION OF FIG, 1

FIG. 1 is a perspective view of a first possible exemplary embodiment of the

invention and discloses a flowmeter 100 having a flow tube 102 inserted through

30 legs 117, 118 of base 101. Pick-offs LPO and RPQ and driver D are coupled to flow
tube 102. Flowmeter 100 receives a process material flow from supply tube 104
and extends the flow through process connection 108 to flow tube 102. Flow tube
102 is vibrated at its resonant frequency with material flow by driver D. The
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These and ot her advantages and features of the present invention nmay be 5
better understood in connection with a reading of the follow ng detail ed
description thereof in connection of the drawings in which: FIG 1

di scl oses a perspective view of a first exenplary enbodi nentsafat ime
invention. FIG 2 is a top view of the enbodinent of FIG 1. 10 FIG 3 is
a front view of the enbodinent of FIG 1. FIG 4 is a cross-sectional view
t aken al ong IresidngiCdrialis defléetions aré Getebted by pighesfisidRt arnvERPOavhicH apply

alternative eg | nent _havin ai,r..qQf _base, el enen i scl oses a

Gynam ool |y Suran " poRRidE 13200 1990 BT BIIOHREE 021, Mt dedioiess s

](cil: scl ose a 1;] Im/rred:?resl”thaf bing-olﬁmigmb, deterknirdsfithe pﬁzh]@?diff&eanflt)émeéinscl ﬁse
oWTet er s Vi ng. L c bal ancers. FIG 11 discloses, a fl owreter. ving a

Dot Ct e dethueb AT Enitied o Bisaiateh oo spplas s fnatel Rl uad ©

anot her egbodherriateriaf fidwv bVSNIIRbRPAIRYZNG Mutiiahtion ciljuRhotlsiswn.cal | y bal anced

straight flow tubes. FIG .14 discloses _an alternatjye enbodi nent having a
single flow tube iﬁ’ﬂmartﬁf'q, é‘?‘ﬁtpﬁs?‘i?ofé‘?mlﬂf’@t%mﬂ %‘%@@Hbﬁl“p@l‘“ﬁ%ﬁhi ve

enbodi ment  haydifgts the mdtesl leRaRrough réuftubé A0P IRSEHOPRRESS tsthection Td7G 16
di scl oses an al ternative enbodi ment havi ng? a single flow tube. Detailed

Descri ption BESERPEIIBRWIChqtivers the matarial oy tg,a Usprannligation. elhiv s fi r st
possi bl e exe F%ﬁoﬁ%@@é@_ﬁ@ml%n&ﬁt‘iorﬁrBUe‘é@th%ilﬁ?.dTﬁé?F&éé%@%eﬂ?rfiél ter
100 having a flow tube 102 inserted through "30 legs 117, 118 of base 101.
Pi ck- of f 40 pEearenisenduster gluryervhich israppliediisl the sudage of @ semisonditomwaleiret er

Flow ¢ hr ough ‘SraserSufiee Tl PERTMACH e By b 2o hodtih PG 00 @
vi brated at ensureg gt dhet processupateyialis fieewhinepurities suchwadpipndwhieh canld e 12
25 May 2006 transferred from the walls of metals or glass flow tubes.
In use, flow tube 102 is of a narrow diameter approximating that of a soda
15  straw and of negligible weight such as, for example, .8 gram plus .5 gram for the
process material. This excludes the weight of the magnets. The magnets
associated with the pick-offs and driver have a mass of about 0.6 grams total so
that the combined mass of the flow tube 102, the affixed magnets and the process
material is approximately 2 grams. Vibrating flow tube 102 is a dynamically
20 unbalanced structure. Base 102 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 3,000 to 1. A base of this mass is sufficient to absorb vibrations
generated by the dynamically unbalanced flow tube 102 with material flow.
Process connections 107, 108, 109 and 110 connect tubes 104, 105 and
25 106 to the ends of flow tube 102 and return tube 103. These process connections
are shown in detail in FIG. 4. The process connections have a fixed portion 111
that includes threads 124. Locking holes 130 receive set screws 411 to fixably
connect element 111 to base 101 as shown in FIG. 4. The movable portion of
process connections 107 through 110 are threaded onto male threads 124 to
30 connect their respective tubes to the fixed body of the process connection of which
the hexagonal nut portion 111 is a part. These process connections function in a
manner similar to the well known copper tubing flared process connections to
connect tubes 104, 105 and 106 to ends of flow tube 102 and retumn tube 103.
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resulting Coriolis deflections are detected by pick-offs LPO and RPO which
apply signals over conductors 112 and 114 to neter electronics 121. Meter
el ectronics 121 receives the pick-off signals, determ nes the phase
difference between, determines the frequency of oscillationsansl zmelies
output information pertaining to 5 the material flow over output” path 122
to a utilization ci rcuit not shown. The nmaterial flow passes fromfl ow tube

102 and throyshtaitdiegarfiy ?S’ces,@‘éghr‘ié‘cﬁbﬁs éntéefuﬁﬁéxesrﬂgg\}nlléfﬂg‘/& hR‘i’Bg%' areturn

tube 103 through process connection 107 to exit tu whi'ch del1vers
the material teMpratwesenserthalmistedathedamperature of eeturndpbe 183804 frangithe a

sem conduct org @aﬁf@@%\ﬂ%ﬁgé@ﬁﬂ detté/ﬁtedT%??p‘éﬁr@ﬁe i ﬁ%ﬂiz’is'torméfteﬂ@ie&?o

sen conduct or ace of a sem con ctor
wafer to formm,@_ﬂﬁ_ﬁe PFA material used in the flow tubes

shovvnonFIGl rdal ,is. fr ' ties
such as ions whi ¢ coul ds%ﬂ% tgﬁs@gr&ﬁge?f@rﬁ%t#@' ‘\IA.,aF|cE~ogf$ Lfgtéam%dr) gl ass
fl ow tubes. landubizer Dleawh indhedeldébil G. &hclohtheseelediembefughercippiudas anat i ng
that of a sod 1 traw f.n I gi bl i ght, su for.e e, .8
or am ol ue S Baanbl pBlch i e 5 w8 SR abrfon St i 3B 38 snpRb \EERERL o1

t he ma}gne:) s. EEth dfr&@setetemasisdimm'rmmdiesla ldse, @.idhkanfttBSfoaﬂl?waﬂEJ \afelrwdﬂaseba
mass of about 0.6 gra s of t ow t ube
105 the aff (30 sl AEhalethh suptan 9l Vo3 e Tha i Shas Mt

grams. Vilor atcongriké gwrhtdaﬂmiaﬁa bbardao WhigdHat bﬁd RQMH’dnﬂj t%ﬁﬁﬁ‘ﬁls’iéréUCt ur e.
Base 102 is Y % Yle Fi,FPQDrOXI mat el y pounds. This rowlges a
rati o of the%g g’f koHe Bgsaé'dt flae éYeacﬁﬁ%‘?qnéfngft?qSPé’éPrf“P'H\ﬁ“F@o Nof
appr oxi mat el %trip 4 té ﬂleltop'%flﬂ?é@as%felélheﬁ mﬁsSaﬂraﬁqgwefm fdcitdted meahﬁeﬁth.ﬁ

vi brations generate nam cal | y unbal anced fl ow tube 10

materi al f| off apfi¥eyQ @smmmmomvsheﬂm the stepsiod oliLing 2 srageet Mitadhss 104,
105 and 25 m@eﬁs@etd??’@(‘ﬁlﬁn fbef blﬂWgttH@%mIﬂ-@% %gillnfeﬁfwlﬂﬁg bubrl 133 ¢orThese.

process connections are shown I n tall rocess connecti ons
have a filRed dp¥eiiPlorosgitianing the: opemingud seil Crareurrs theamagned dkimeyingihesoil $0

nFI G 4. ety i hat e mE G 1 RARES 1 GG 1 kol DO A RSah e
t hreaded ont @amebmelmt 443 sndomesth thUMﬁdMng bazird 183 apd gluingtheabes t o t he
|1 520, 200 Ol PBERRE ST b3Sl B AHBESEIR g
the wel | knotve maggiex basfbi‘rfg flared process connections to
20 The male threads 124 of process connections 107-110 are shown on FIG. 2.
The inner details of each of these elements is shown an FIG. 4. Opening 132
receives conductors 112, 113 and 114. Meter electronics 121 of FIG. 1 is not
shown on FIG. 2 to minimize drawing complexity. However it is to be understood
that the conductors 112, 113 and 114 extend through opening 132 and further
25  extend over path 123 of FIG. 1 to meter electronics 121 of FIG. 1.
DESCRIPTION QF FIG. 3
FIG. 3 shows pick-offs LP0, RP0Q and driver D as comprising a magnet M
affixed to the bottom portion of flow tube 102 and a coil C affixed to the base of
each of elements LP0, RP0O and driver D.
30 DESCRIPTION OF FIG. 4
FIG. 4 is a sectional taken along line 4-4 of FIG. 2. FIG. 4 discloses all the
elements of FIG. 3 and further details of process connections 108 and 109 and O-
rings 430. O-rings 430 couple flow tube 102 to base 401. FIG. 4 further discloses
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connect tubes 104, 105 and 106 to ends of flow tube 102 and return tube
103. 13 25 May 2006 Details regarding the process connections are further
shown in FIG 4. RTIDis a tenperature sensor that detects the tenperature
of return tube 103 and transnmts signals representing the xelieeesh
tenperature over path 125 to neter electronics. DESCRIPTION OF FIG 2 5 In
FIG 2 is atop view of flowreter 100 of FIG 1. Pick-offs LPO and RPO and

driver \E\)heaﬁbpém@d;ym ,a08aind 404 ifcbade w1.tm©pﬁfembﬁhéww%gngmcl lﬁdes a
magnet e ed to t orti.on o] ube .1 S own in
Fra s "encrdpds il v sitiee pliheRabs phubials L 6b A SRS e T8t o
?L | V?L D, ?Scmm:cana?r?a@dtm Assdtibitad with eadhedfitidse Slehbntass 4183 sﬁown gnltF\r@\rm D. ]
e in strip erial copprise a pr wi ring bhaqar 0 ic
coil C and |f‘sM(f)a ﬁ”fgé} n&ﬁeﬂfi:?% E'S%Ph%""ﬁ"%gtﬁ prd ¢ ®48r0 al so
have a cogregwisl étgnbla,ﬁ@ egtiemBAL 405 p@odelsseonﬁédi.bﬁ1bsigemet.mettdf¢:omnb@f the
base el enent. This arrangerrent facilitates the nou a driver or a

pi ckof f to b&0%EIReN406dR PRFesheonestian 4f9 isithe ﬁgtleé qfrﬁ%é'be\ﬂQ% the
under si de of PFA ffkedURttiorH 14 &%r&é&s%@hhe&}thOﬁIerIddé%?ﬁaﬁé"tHer&’s hogrd 133

(for 15 driver D), positioni n% the opening in coil C around the nmagnet M
n

movi ng t he cwhfph@crqmwm enajing; f@avétmetmh@eWﬁﬂQﬂatqd iafhese 401 tea ing
incoil G 9 i ﬁhﬁfe‘ ﬁ&%&o%ﬁﬁ%&t q1]143n+éf}ﬂé %ﬂfoﬂ&f%o foddksnt ed wiring

board 133 an ments together so t ttom of base
143 is aii x@mnbytltyl Q9 oothmrémsnmd@lx#qumm angkatiaghed by threads 40infthe mal e

t hreads 124 @Eﬁlg{;@qﬁéeggmeq&g&ﬁ||R@%nileq'¥4&.g.gfgésee ,ﬁgown on FI G 2. The inper

details of eac sho 4. Opening 132 receives
conductors 112, Fisedeldmebdl1Mfitppocasseonnedtioas! 08Zdrtiedr idll@esla theeaded shown

o ! ot g T2 S S EBh Sl B RYBg s B Rl ESh 09,
25 extend ovH8. perobed8orfeckdrGl Odlistsimitartyesquipped! Fedeteniarit 1dfi def:’nce%s
([:)E ﬁpur?: 5 ;I' agﬁ&glﬁté%" fﬁ’%ﬁ“?&&%’nﬁ%@?'ﬁ@ Oe{ I&‘?‘H"Iﬁ_ﬂ?g 4bg 19(”’6]“&‘ g:(ge é‘R'fOZ and a
coil C af f | xddvdlte blendindes atts acare fitthlgaowrte tHeht BROohmutiiube @04 D.
over the conical stub 413 of fixed portion 111. This creates a compression fitting
that sealably affixes the flared opening of supply tube 104 onto the conical stub
portion 413 of fixed portion 111 of the process connection. The inlet of flow tube
20 102 is positioned in process connection fixed portion 111 and is flush with face 425
of stub 413. By this means, the process material delivered by supply tube 104 is
received by inlet 405 of flow tube 102. The process material flows to the right
through flow tube 102 to fixed portion 111 of process connection 109 where the
outlet 406 of flow tube 102 is flush with face 425 of stub 413. This sealably affixes
25  the outlet of flow tube 102 to connector 108. The other process connections 107
and 110 of FIG. 1 are identical to those described for the details of process
connections 108 and 109 on FIG. 4.
DESCRIPTION OF FIG. &6
FIG. 5 discloses flowmeter 500 as an alternative embodiment of the

30  invention similar to that of FIG. 1 except that the base of the flowmeter 500 is not a
single element and comprises separate structures 517 and 518. Flow tube 502 and
return tube 503 extend through the elements 517, 518 to process connections 507
through 510 which are comparable in every respect to process connections 107
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30 DESCRIPTION OF FIG 4 FIG 4 is a sectional taken along line 4-4 of FIG
2. FIG 4 discloses all the elenents of FIG 3 and further details of
process connections 108 and 109 and 0O- rings 430. Orings 430 couple flow
tube 102 to base 401. FIG 4 further discloses 14 25 May 206§ jopggs 402,
403 and 404 in base 101. The top of each of these openings exténds to the
| ower surface of the base of pick-offs LPO RPO and driver D. The coil C

and magnet M [ h t4h | FI G
3 Noror el ocion A0 PEEIS R INGERGRr DaE SRS BT S1b R garaiotia Gien
mni mi ze 5 drig®f sigficientmnassite yinimizathatvibratipnsimpaded by déwikkistthen 108 is the
inlet of flo , &R | : nﬁﬁct' ' e

out | et of fl‘éﬂthﬁﬁgcgil%gét?al%e f.g%gﬁp%S?'?P@%Rﬁqﬁé proée%ésgac%%ﬁ%% istgz 108

i ncl udes mal eandiri@aast opourfaghisdh of eleawnt 616 whichi sugpedts basdsiements &dir\andg

hol e 420 Iocajd in base 401 to attach fixed portion 111 to segnent 401 of
base 101. The fixed portion of process 10 connection 109 on the right is
simlarly equi ppedllztanants shdwnlob G epatatedi $he sdre manoei as dgthedl e 420

| ocated in el e Fixed el nt. 111 of process connection
108 further i%@?%oengd% (%i%m(%ﬁ%@@lﬂé;opt :TE'% ﬁ%’gﬁ%ieé'c?ﬁ%g@ "?yetg ive the
movabl e por t idesigdafiorodf gqach edesserd ovhictcdiffens onh0i thatitioe rskdigidphthetpgarin 109 i s
simlarly equj Fixed elenment, 111 of, proc 1 nnection, 108 further
el udes” o Ae88fatar o166 oL Tuds. bedPRn [ Pt A e s by

el ement 405 aohess@bomFid.&@.e fitting to force the right end of input tube
104 over thbﬁémmm fixed portion 111. This creates a
conpression F bly affixes the flared opening of supply
tube 104 onto theFrR® disdlosdsUet aRGthet SltbrddtfeUmibdanRentRPiHd iAlentibh f t he
process connection. The inlet of flow tube 20 102 |st§05|t|oned I n process

connect i on ficREWN3AA fipwpmeter S0 whichsistdiffasant fram thegrabogimentnf Ry iithat gy

this means, tﬂbﬁnﬁ'&é?%@%a@%@%bﬂ\}eWl%@&%@2%d%®@ﬂw{ﬁﬁ%ﬁ\?\5ﬁprﬂs@a Jiyﬁ’lanﬁiéél?i ved

by inlet 405 of flow tube 102. The process materia to the righ

through flPowbalgpeed suctyerthatetoes st fasiire the Bpsyve bassssushasemspd@? X9 wher e
Seal ably aff1ags 2 h LIAY bWEplopait ol Tase FER A brElo ™. Mghmiter 0: Py
process conn&8f hasproress cennectians 837 thratighl 6 W eonipisahle taprocess ¢rowectianscr i bed
for the detaih$.19h oPERSSSSin addition, it has process connections 611, 612. Process
material is received by flowrmneter 600 from a supply tube 604. The material
20  extends via a process connection 608 to the left end of flow tube 602. Flow tube
602 extends through leg 618 of base 601 and process connection 609 by means
where it is connected to tube 615 which loops back via process connection 607 to
flow tube 603. Flow tube 603 is vibrated in phase opposition to flow tube 602 by
driver D. The Coriolis response of the vibrating flow tubes 602 and 603 is detected
25 by pick-offs LLPO and RP0 and transmitted via conductors not shown to meter
electronics element also not shown to minimize drawing complexity.
The material flow through tube 803 proceeds to the right and extends via
process connection 610 to tube 606 which loops back through process connection
611 and tube 616, process connection 612 to return flow tube 605 which delivers
30 the material flow to the application process of the end user.
Flow tube 600 is advantageous in that it comprises a dynamically balanced
structure of flow tubes 602 and 603 formed of PFA material. The dynamically
balanced structure is advantageous in that the massive base 101 of FIG. 1 is not

16



connections 108 and 109 on FIG 4. DESCRIPTION OF FIG 5 FIG 5 discloses
fl ommeter 500 as an alternative enbodi ment of the 30 invention simlar to
that of FIG 1 except that the base of the flowreter 500 is not a single
el ement and conprises separate structures 517 and 518. Fl owstypea@y? and
return tube 503 extend through the elements 517, 518 to process connections
507 through 510 which are conparable in every respect to process

connections dQdirdd Basd\b %Q?Eetohﬁ&%hhéﬂép n‘%tss %h@wblahr{a PARIRE 6023Ad

el enents 517, 518 are separate and each 1s ficient mass to mnim ze

the vibrati b8 tprﬁﬁta\ruﬂ%aulleyt infarpatiorpperinining to f@?rﬁ@ﬁfﬁ@%llﬂoy' ubher it ey
structure cogpsd ﬁé?ﬂeiﬂé?‘ﬂﬁér\%,\\ﬁ ﬁpﬁowm%rﬁgﬁ%@ﬁe@e%f pafag, 518 rest on

surface 515 o enent supports base el enents 517 and 5 518. All
el enent s shc&ﬁﬁﬂ.ﬂ_QN QF fieBa7 ANDBt he sane rranner as do their

I Hﬁﬁ“
gg;rgﬁg?{bglnngf eeﬁ”??&@ﬁ@ %O&we‘y&??ers on y I'n ﬁw?l rstgﬁéa?g(?t of
the part dedfiRi@al.i dihealifferanceebetiwean the'ltMSanImﬁnpemstl%ﬁ@t floumeter F0G. 1
corr esponds s%s%“ tIXaI q]e?eélél'tf r@géoﬁ%Lﬁ) g’nd?m%f |s%\ftt%:o£::tlcg’l 6 FIG 6

di scl oses ye anot erna Avent i on
conpri si ng fdedmtm&eare &BOwmTI [EIIG. |85fascbofri;msm'ta L&D figbtreeuerebant ;nmm d@ﬂeFI G |

i n that 00 .has t ve f1 0 onpri se
a dynam cal ﬁymm%ég'b‘é{ﬁhﬂggﬂﬁg?%%? LW‘ R%Qn%?g@ﬁ%%% g‘?%ad%qﬁ o§$%é(¥\’fr$é:g’%t§e base
such as ffaseaiséQihterposdd liztwien BrdEDBaAd ph(ytohﬂnde shtghe test positign bithe flowss t han
that of FIG, 1. roc [of0) 07. t.hrough 610
oo ar bl o 110 AR ot of BSHE baBisp ors iy L & I Bhato-Hiab s Biferfe’ o
process conrzeﬁdmmasoﬁédt,sugﬁh? ARo0seard mﬁ&émémtaif thcsﬂdwumeradrebyes‘ thewnet er
600 from a Z@gg% h&e 604. The material 20 exteqq_s via a gfrgcgss

connecti on Y treqaived Ry the phpigwiedm @anapwardmoxemepkor tBp Jow iube, s
through Ieg o@%ﬁeaefasltmﬁ@fné\%o@ﬂ@ntﬁé@&@eﬁﬁbmermid-@iad@wh@hm&aﬂa lighhere it
i's connected to tube 615 which | oops via process connection 607 to

f1 ow t ub® sdsceiradhy themhopdions tf\?ﬂﬁlﬁ'&?é@aﬂﬁu s&ress edicative et 1he £ | ow t ube

602 by magnitude of the Coriolis vibration for the portion of the flow tube 702 associated
with the LED and the light source. The ocutput of the photo-dicdes are extended
over conductors 730 and 732 to meter electronics not shown in FIG. 7 to minimize

drawing complexity. The embodiment of FIG. 7 is otherwise identical in every

20 respect to the embodiment of FIG. 1 and includes supply tubes 704, exit tube 705
together with process connections 707 through 710 flow tubes 702 and exit tube
703. The parts of flowmeter 700 and their counterparts on FIG. 1 and are
designated to facilitate the correspondence with the only difference being the first
digit of the designation of each element.

25 DESCRIPTION OF FIG, 9

FIG. 9 discloses flowmeter 300 which corresponds to flowmeter 100 of

FIG. 1 except that flowmeter 800 is equipped with dynamic balancers 932 and 933.
Base 801 is smaller and of less mass than 101 of FIG. 1. The dynamic balancers

function to counteract the vibrations imparted to legs 917 and 918 of base 901 by

30 the dynamically unbalanced structure comprising the material filled vibrating flow
tube 802, In the embodiment of FIG. 1, these vibrations are absorbed by the
massive base 101. In this embodiment, the material filled flow tube with the
attached magnets weigh approximately 2 grams while the base weighs
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driver D. The Coriolis response of the vibrating flow tubes 602 and 603 is

- detected 25 by pick-offs LPO and RPO and transmtted via conductors not
- shown to neter electronics elenment also not shown to m nimze draw ng

conplexity. The material flow through tube 603 proceeds to ;tmaﬁ'ggm and
extends via process connection 610 to tube 606 which | oops back through
process connection 611 and tube 616, process connection 612 to return flow
t ube 605 whi GRPEXIMatelys!2 pmindre Thigtligtits dhe range/of commercipisippleatioon fasithe ess  of

the end user fioflt ] ' ﬁgp@i t.hat i ri

dynam cal | y bgl aﬁ%éegmgt ?%@?dﬁgé%%@@v { Ubes i}(?OEQQj arﬂéé%tggﬂ?c'#aﬁreéﬁﬂ g‘#“PFA

mat eri al . Theibgatingfiovatube 1084s lmiedtibystheurassof thesbamhthat mysiespiovideditn t he
massi ve base ! : [ 6 y be
of - conventi oferbantaieReed ybralBh o vid oS 08 iR EGSANITL: oo
i nformati 8n pese anththegnass otthe matenial flled virating fiew Ribe, Bh dvereasendfonensur e

that the matgpi.ad i.f V. . ' Level aof purity.. DESCRLPTION OF
Flas, 7 AnD BoURLchE iR 60 ol gl By R wo B Bl 3 ino RSt B pRe S o
to fl ownet er ofi8,000 pbuirddor basdl h@1.dTHié elcary imitethearangé bbcdmmersiddodi nent s i s
t hat fl ownret u .an.ontic e for pick-offs LPO and RPO. The
detail s of tﬁépl%;%ﬁ?%saﬁ%ﬁaéa g@ﬁ@%ﬁé‘?gﬁéﬂgﬁﬁ'ﬂn FIG 8 as conprising a LED
I7i28ht 3ource and_fﬂbwtrmt@limm:eot ffﬂlgelgshbeawiuoetrrnamge‘¢fastanimaeia79ap|itcwiddss{mﬂ.fet iLEBS
made ,Qpague,in order to iLi e usg, in 0s et wee e
and phot éﬁdi ed.y"ﬂf"'(fﬁ aP‘é%rf’gggépgitgg aBEfafm‘ﬁathPI'% {ﬁﬁ%‘fg&g% 4  anount
of I'ight pasmesghbf the vitretibfmDniparie & Hadbes 15 BdalyhamitRng LAbAlanced\@Fath
out put signal. A do rd| m),verﬁ nt of thgek?jl ow tyube ingreasgg_the_ arr?%)unt
of light r echﬁ%&e&}?ﬁ“ﬁe Pﬁﬁ%&@"@a@, bajangesse?B) may baehanyiyperrelydingy ¢ ube
decreases t htheamavéritionk! ad8bnd ng\/(ﬁﬁ:ﬁWaﬁ&?a@E%armd@Hﬁn i@ greafount of

i ght 15 recgi ved by the photo-diode translates to an output current
i ndi cati ve ofYauC bARGRPBuUde of the Coriolis vibration for the portion of

the fl owms ubpegeRIPPRNG O . 40M th the LED and the |ight source. 'The out put
of the photo-diodeS are extended over conductors 730 and 732 to neter

el ectroni cs not JHEwWHO discloses aflowmnaterioe that izlidentica) te bomwmetar 000 eXtapt

Croocy e ohaEhEovtal BHAREH BP0 B b BN flobafERR L0
designated 1032 and 1033. These active dynamic balancers are controlled by an
exchange of signals with meter electronics 1021 over paths 1023, 1024, 1025 and

20 1026, Meter electronics 1021 receives signals over path 1023 from active dynamic
balancer 1032 representing the vibrations applied by the dynamically unbalanced
vibrating flow tube 1002 to leg 1017. Meter electronics receive these signals and
generates a control signal that is applied over path 1024 to active dynamic balancer
1032 to counteract the flow tube vibrations. Operating in this manner, active

25 dynamic balancer 1032 can be controlled to reduce the vibrations of leg 1017 to
whatever magnitude may be desired so that the resulting mass of base 1001 may
be of an acceptable tevel for commercial use of flowmeter 1000. The active
dynamic balancer 1033 mounted atop leg 1018 of base 1001 operates in the same
manner as described for the active dynamic balancer mounted to leg 1017.

30 DESCRIPTION OF FIG. 11

FIG. 11 discloses yet another alternative embodiment comprising a
flowmeter 1100 having dual flow tubes 1101, 1102 which are substantially U-

Shaped and have right side legs 1103, 1104 and left side legs 1105, 1106. The
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together with process connections 707 through 710 fl ow tubes 702 and exit
tube 703. The parts of flowreter 700 and their counterparts on FIG 1 and
are designated to facilitate the correspondence with the only difference
being the first digit of the designation of each el ement. #5 S6hg PTI ON
OF FIG 9 FIG 9 discloses floweter 900 which corresponds to floweter 100
of FIG 1 except that flowneter 900 is equi pped wth dynam c bal ancers 932

and 933. Baggdif ?:o%l%n%‘m{é $ifle Fé@g afd corftiRetediBs Jo seOior’f116¥ (a?’ndﬁ 108 he

dynam c bal ancers unction to counteract the vibrations inparte
917 and 918 whichdeay bpgonnectd t@m@gﬂaméanpwmomongdWWMre

compri 5110 Bsn B o didi UGS ARldrooo it A% nga.cgr%@angéa rent

of FIG 1, e vib I ons are sor be nmassi v this
enbodi ment, elaments around thei dxes VY and WItW' ofibrace bars 1409 aothdd1Gabiowt s wei gh

i | ' . i,optely 12

o o) 0% ©L Kipa 1 TBIG02 o 13 ol By Wit A 8P 'L ) ¥ 12
of FIG | sipatonbkthefpehapadrfiow tubes hThe Codolisribfieatimsampatied bytheri al il | ed

br at fl 2. imted b t.h t hat t pe
or ovi ded 't o VR ettt nier Adp bEGs afs iEcBE g MR R G dftor Blios®
bet ween t he MSmtermtﬁnhasezawchm toespplyafignidieovertpath @123 tblcaase
1T o6 Pow Pk G B PSSPy i cLobme e 05s e e8habtnot 1 or
base 10110 Thiespohseaddtyctbd ﬁybﬁ:ktdwe L'F@Qﬂﬂl RO a9 FraRsfittal ovamdthwuzo 24N
which the fl ow tube 100 .of wnet er 900 of FI G has, a_w der

range of corﬁ%?%trea?’ea!ﬁw%éwo\ﬂ@cePm?sssefdhﬁﬁ@naﬁmc@rw mstesialfion, ang
933 are af fiprembtion ﬁﬁ@h%h@?ﬁiu@&évé&mﬁ%m 112498 AQftilikapnY chE@t hens

i nparted to the | egs by the dynam cally unbal anced vibrating flow tube
902. In pracﬁ"\% dynam c bal ancers (DB) may be of any type including the

convent i onal prasRIPNONOE MESCPPaNg§Ation as is well known in the art of
dynam c bal @ncers. 15 DESCRIPTTON OF FI G 10 FIG 10 discl oses a fl owreter

1000 t hatd i s i deit&ali2 apd 1B diaslssen dmerrecaﬂnpaianwrhﬂowmeteaga%havmaancer s
of FIG 10 gfi SinoWiEb8E 120 atd PSL RMEh 2P bk in phase opposition by driver

D. The flow tubes receive a material flow; driver D vibrates the flow tubes in phase
opposition in response to a drive signal received over path 1223 from meter
electronics 1221. The Coriolis response of the material filled vibrating flow tubes is
20  detected by pick-offs LPO and RPO with their output being applied over conductors
1221 and 1224 o meter electronics which processes the received signals to
generate material flow information that is applied over output path 1225 to a
utilization circuit not shown.
DESCRIPTION OF FIG. 14
25 FIG. 14 discloses an alternative embodiment 1400 of the invention

comprising a massive base 1401 having an outer pair of upwardly extending
sidewalls 1443 and 1444 as well as an inner pair of upwardly extending sidewalls
1417 and 1418. A single flow tube 1402 extends from an input process connection
1408 on the left through the four upwardly extending sidewalls to an cutput process
30  connection 1409 on the right. The flow tube 1402 is vibrated by driver D with the
resuiting Coriolis deflections of the vibrating flow tube with material flow being
detected by pickoffs LPO and RP0 which transmit signals over the indicated paths
to meter electronics 1421 which functions in the same manner as priorly described
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designated 1032 and 1033. These active dynam c bal ancers are controlled by
an exchange of signals with neter electronics 1021 over paths 1023, 1024,
1025 and 20 1026. Meter electronics 1021 receives signals over path 1023
fromactive dynam c bal ancer 1032 representing the vibratixgng,appid ed by
t he dynam cal ly unbal anced vibrating flow tube 1002 to |leg 1017. Meter

el ectronics receive these signals and generates a control signal that is
appl i ed over P&k fodemneratenei sepsity redernenttRITDiserses tHOBMperatoruolttre act t he

fl ow tube vi bpatdrR ' ' I S .active 25 anm ¢ _bal ancer
1032 can be controll gg@t&gﬁ%%%gdeir?ﬂéerni\t/;siglﬁggiﬂﬁ)grhgu%o\[eéga%)@' MetRat ever
magni t ude nayelﬁétfm t42d.so that the resulting nass of base 1001 may be of

ynan o bal ancer - 1054ennR B FBE14 HERrDlyh 5 S ERE 11B3%0 apkbIE Bsppvis: he
sane manrer BRe tsbisthaidne érobodimentot FIG: 1dysenly @ shalefise tubsoiyabedrheo | eg
1017. 30 DES . LG 11 di scl oses yet another alternative
enbodi ment coaurT oyt Sxtends bbb b 15 e fivg ek pracesh cpumection 1698: 1105
\INhi‘Ch a(r]I e isulj@eamtp'uabi tyeﬂewﬁhhbqoiegpgndd hia\ogl(t)%%ﬁt)&ce% E6hrleR8sn 13fébf3to(?]u}&ﬁ gnd
eft side le . The 1 Va ottom portion of the side

| egs are congtgg%égéq @%%%l%ﬁ{y.tg.a Ut ?f&ﬁséV"iW%md)fE@sM deasawt have te

connect ed to retwmfiowibite dongparaié teslewent 0FbIFI. 3¢ drawing conpl exity.  The
dual fl ownt ubes of flﬁ}\{é/rret er 1100 vibrate as dynam cally bal anced el enents

around the axes WNRPaFY® @ssite kasepiagd hasdwa paird of unwerdly ratermingwallst ubes

1101 and 1102vtmreaginitvesmbodimeAsss FIBRAShé HRRsihY pdsd i¥ednh@ the top
portion of the.U—shaggﬂ‘r fl ow tubes. The Cori (s)llb%{sgé e?ﬁgﬁgﬁgtﬁﬁg‘g?@ed by

the vibrati PFNPEUBFRANY extending walsil 17,8ed 118.cThresingle @airef walllg frt FI. dk- of f
RPO and | ef t peifeinéd the filiieEb | h&Si funct | appl y

si gnal s over p@at h 112§ to cgg{gggﬁ%?i%ﬁé hgﬂ?§§$?%%é?]e&%o%/\slo‘@€%é§a1101, 1102
in phase opp&GUtiBe forprrcess cornacions 102 towghel tet@r FiGL By the inkeopdisofLPO and
RPO as tnansky oklts 4 1 [ electronics 1121, which
processes the a’g%gﬂggﬁ%g\ﬁ@?l?ves ha éfol QP&% %V}aﬁ?ﬁggﬁg{qr%eﬁﬂ&%ﬂﬁpg
transmtted @¢We RS fouttube 102. Themuteripairnhupwarsiyoéxtenditg walls 146450Wn.

DESCRI PTI N Ghd th&Pmobist gibf2sbonnections 1408 on the left and 1409 on the right.
When in use, process material is received from tube 1404 connected to
process connection 1408. The inlet of flow tube 1402 is also connected to process
20  connection 1408. Flow tube 1402 extends the process material flow to the right
through the two pairs of sidewalls to output process connection 1409 to which is
connected the output tube 1406.
The part numbers on FIG. 14 not specifically mentioned immediately above
are analogous to and perform the functions identical to their corresponding
25 elements on the previous FIGS. including FIG. 1.
DESCRIPTION OF FIG. 15
FIG. 15 discloses an alternative embodiment 1500 which is similar in most
respects to the embodiment of FIG. 1. The primary difference is that in the
embodiment of 1500, the rear flow tube 1503 is not dormant as is return tube 103
30 of the embodiment of FiG. 1. Instead, on FIG. 15, rear tube 1503 is vibrated by its
driver DA with the resulting Coriolis deflections of this vibrating tube with material
flow being detected by its pickoffs LPOA and RPOA. Their output signals are
transmitted over paths 1542 and 1544 to meter electronics 1521 which receives
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15 FIGS. 12 and 13 di sclose a dynam cally bal anced fl owmmeter 1200 having a
pair of flow tubes 1201 and 1202 which are vibrated in phase opposition by
driver D. The flow tubes receive a material flow, driver D vibrates the
flow tubes in phase opposition in response to a drive signak ngegigged over
path 1223 fromneter electronics 1221. The Coriolis response of the
material filled vibrating flow tubes is 20 detected by pick-offs LPO and
RPO wi t h t hei rthesg pignaldas megll apsignats foore pickoffiLRO ané RPDZE Hoaiidnd 18@2 {0 Net er

el ectroni cs Wi fRb AGHR, go\;’tﬂ_ﬁorrn‘gagei ved signals to generate material flow

information that 1s applied over 'PBut path 1225 to a wutilization circuit
not shown. DESCRI PThelr@ess material fidks i fight bh RIGS 15 aresgaibvtdnarisebi ve

enbodi nent 14 ' [ o ri.si ng a_nassive base 1401 having an
outer pair of Qﬁ%ﬁ Pg‘frbf/e ie@tbgég’hifﬁgvs tgﬂgﬁhi’l’@g@l@%”w 1084 This pase as an

i nner pai r Sof reystealdif matad gioktiffsg:aitdessmpensatbd by randtsih %c&,ﬁbﬂ?ﬁﬁof | ow
tube 1402 ext %ﬁg&g%andmﬂfﬁocgﬂgs connection 1408 on the [eft

t hrough the four —up A9 Xt gt Gefeqnalis sigpals fremyall pigkoffs reeeived By
connect i on 1408teneibtteonidsolti21 afbadditied sHMandd ARtdrsenbiBvial ed by driver D
with the resulti nghCorioIis def Lections of the vibratindg flow tube with

material flow bei ng" ARELEHW @Y FiG- Abg1at spegifisalin menbioneshakave: araideritical in

signal s over firetiont ®alredrregiordingtceBht8lond@Ci£ oni cs 1421 which functions
In the saﬁrg 3 ri r'I:I desgri bed 19 25 May 2006 or FIG 1.
S

Tenperatu senses t he tenperature of the nmaterial

filled flow tube amdufer B &ise th St | 1425 1t ter
el ectronics 1421. T lé fl ow%?%rs ﬂ&%ﬂ@tﬂ%%ﬁo@hﬁ%ﬁ)@ﬁ{lﬁé '%@Prﬁlt 1in
two notabl e r@?é@@'f‘%e."t okflh d4+ The diffesenaestare that upwadiynedendifig ingr 14 i s

I o TN 0% 66 e FYGER Al DL oR SRS L HODAL L [
appl i ed via o¥peElfxtanding euienvoounting pbsG01643 andt 1845 replabe whild 644 Dkind

o et oA SDURE B8 oot oo oo bt
1401 has two PAUt ogf160gwaddBy8 axtaaraisigCorectors 1668 &8¢ 1600 bl tiBhadinaent
of FIG 1 thergBsRlaowlaEE 1é&lm|}1§dexperr]1|dyouwgrdﬁri tn%lugh posts 1643 and 1645 and
replace inlet tube 1604 and outlet tube 1402. The extended flow tube may be
connected downstream and upstream by a user to the user's equipment. When
connected to users equipment the flow tube 1602 can be attached to process
connection 1608 and 1609 in a similar fashion as shown in detail in FIG. 4. In

addition, flow 1602 tube can be attached to process connections similar in design

as described in FIG 4, with the nipple and movable portion of the process

connection being located at each end. This allows a compression fitting from flow

tube 1602 to the process connection and also a compression fitting from the users
equipment to the same process connection. Posts 1443 and 1445 serve as a
mounting for connector 1608 and 1609 when provided.

Itis to be expressly understood that the claimed invention is not to be limited
to the description of the preferred embodiment but encompasses other
modifications and alterations within the scope and spirit of the inventive concept.
For example, the flowmeter embodiments shown herein may be operated in an
upside down orientation it is desired fo have the driver D positioned on top of a
vibrating flow tube to allow the driver heat to move upward away from the flow tube.
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pair of upwardly extending walls 117 and 118. The single pair of walls in
FIG 1 perfornmed the function of being a zero notion vibrational node as
well as a nounting for process connections 107 through 110. On FIG 14,
the inner pair of 15 walls 1417 and 1418 function as a zer Q5mhy D006
vi brational node for the ends of the active portion of flow tube 102. The
outer pair of upwardly extending walls 1443 and 1444 nount process
connect i ons T4@8carbetiee isokfte thenflov 4l foom themal sthdss thitanightdegade theocess
material isr i.ved fro e 1404 connected t race connection 1408.
The I niet of FFORY dpie PRt Bigt de fGHARE dlleo dne PoRSETmBRRERHERY | on
1;]108. Fl ow t mnmlokéahaeaplplmommhar 1baa sisoseEiepsin alisciosew Koy fxgﬁlplé emhbt L hrough
the two pairs,of sidewal t 0 output process conpection, to which is
connect ed t h&%S [?Fﬁﬁg:eopﬂh%ﬁqwgt.e”fﬁétbﬁéfsﬁ ﬁ%ﬂB@W@H@T’F‘ i veic tgerﬂBY"'”g
fspecit ficabl épr?qehhml 1 ‘aitl hmmﬂroa_ fo3ive] suohlumviat ric%ggl, ar&in&f}m%tiﬁlégﬁ%epﬁfﬁmwnthe
unctions identic 0 e[ r correspondi ng el ements on e previous
FIGS. incl udi"?f‘ée’ﬁﬁl%"'"ﬂ.amﬁ‘?étﬁﬁ?ﬁsrﬁ%% ‘FIG 15 FIG 15 discloses an
alternative enbodi mrent 1500 which Is simlar in nost respects to the
enbodi ment of FIG 1. The primary difference is that in the enbodi nent of
1500, the rear flow tube 1503 is not dormant as is return tube 103 30 of
t he enbodi nent of FIG 1. Instead, on FIG 15, rear tube 1503 is vibrated
by its driver DAwth the resulting Coriolis deflections of this vibrating
tube with material flow being detected by its pickoffs LPOA and RPOA.
Their output signals are transmtted over paths 1542 and 1544 to neter
el ectroni cs 1521 which receives 20 25 May 2006 these signals as well as
signals from pi ckoffs LPO and RPO of flow tube 1502 to generate materi al
flow information. The process material flows to right on FIG 15 through
fl ow tube 1502, through tube 1500 and flows to the left through flow tube
1503. This phase 5 reversal of mated pickoffs can be conpensated by
reversing the connections to pickoffs LPOA and RPQOA so that the Coriolis
signals fromall pickoffs received by neter electronics 1521 are additive
to enhance neter sensitivity. The parts shown on FIG 15 not specifically
nmenti oned above are identical in
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function to their corresponding elenments on FIG 15. 10 DESCRI PTION OF FI G
16 Figure 16 discloses an alternative enbodi ment 1600 that is similar to
the enbodinment of FIG 14. The differences are that upwardly extending

i nner nounting posts 1617 and 1618 replace walls 1417 and 3418,,0fp06! G 14.
Al so upwardly extending outer nounting posts 1643 and 1645 replace walls
1443 and 15 1445 of FIG 14. Quter posts 1643 and 1645 prevent flow tube
1602 from pi vot Wit jsepiingpst 1617 and 1618 as an axis. Connectors 1608
and 1609 are optional and Tf desired flow tube 1602 nmay extend outwardly

t hrough posts 1643 and 1645 and replace inlet tube 1604 and outl et tube
1402. The extended f4 ow Y, cte tream and upstream by a
user to the user's equi pﬁﬁ@”@ﬁgWﬁgaéﬁgﬁ%@Wm exend & ow
tube 1602 can B&lY Bmeswqmr&taewhawngmqmw%hm;aﬁh@ggge y,Ema simlar
fashi on as Showwantam} | Hudd additiqn, flow 1 t ube can be
attached to process gﬁ@e%lgél %n@‘?FH?Z}P%‘JF&T‘%&‘S@%&@@&WW $sddipracess G 4.
with the nippl g“ﬁ%ﬁ'hﬁﬂdm@hgbmmmmthbmp@rﬁgess connecti on bei ng

| ocated at each endgy il compression fitting fromflow 25 tube
1602 to the pr cesa c?'ﬁ’gg‘?déﬁ@ﬁgﬂ%ﬁ%ggbﬁ ﬁp‘f‘@%ﬂtﬁﬂ?ﬁﬂmﬂmmmhhe
users equi pne anpesly from BYRE (odyteladie althyene)? 445 serve
as a nounti ngcgwnector 1608 and 1609 vvh)gﬁne rdg\%e@éﬁﬁpﬂ:i&gm}% be

expressly understdod that the clainmed invention is not to be limted to
t he description of ﬂflﬁénmadrberbckamiuﬁﬁmﬁeé?ﬁ enconpasses ot her 30

nodi fi cati ons and | thin the scope and spirit of the inventive
concept. For exanp%kg,ﬁﬁrﬁéeaﬁmtﬁﬁB&ﬂQ%WMMrei n may be
operated in an upsffikingioleh and ootkétante Bf ddi | w%l? ye the driver D
posi ti oned on cBRﬂ?éﬁu a vibrating flow tubelﬂtao a %1\%9?%% %??%Pnﬂgé'?c%
nove upward away "o the flow tube. 21 25 May 2006 This can better isolate
the flow tube fromthernmal stress that m ght degrade the accuracy or the
out put daja of the,flowgeter Also the Coriolis flowreter herein

di scl osed has appl4-cati m&thvémfphmmhamtmaimmts@m@dofoﬁgﬁw%ml e
the di scl oseflbwDtubieahiand toowieh i n_applications in Wi ch the
flowing 5 process @Bter' al is cﬁero |V%,Sd€€§ﬂﬂ%&3ﬁﬁ$9%? isé,?d flavgtube

i nconpat i bl e TBINYQL FifiaRe suitable for coupling and affixing flowmeter components.,

3. The methad of claim 2 characterized in that sald etching step

20  comprises the step of using an etehing solution containing a glycal diether.

4. The method of claim 2 characterized in that said etching step

comprises the step of heating an etching solution to an alevated temperature.
26 5. The methad of claim 2 characterized in that said etching step
comprises the step of agitating sald flow tube means in an siching solution.

6. The method of claim 1 characterized in that sajd step of coupling said

flow tube means to sald base js proceeded by the step of straightening said flow
30  tube means to eliminate any inherent curvature or unwanted residual bends,
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nmeters having a netal wetted flow path. 22 25 May 2006 What is O ained: 1.
A nmet hod of manufacturing a Coriolis flowneter adapted to extend a

recei ved process material flow having an ultra high I evel of purity free
from5 contanmi nation due to ion transfer from said Coriolissflepomser to
sold process material; said nethod conprising the steps of coupling a flow
tube neans to a base, wherein sold flow tube neans is forned entirely from
PTFE (potytetrafiuorethyiene) or PFA (perfluoroal koxy copolyner); 10
affixing a driver tg sai g,hfglrow t ube neans; coupli ngl a plck-off nmeans to
said flow tube meand: and grmethed,gf cigling characisizedin thalhaldbstraightaning ster ube
means to at | easmpPiBs AROSRPS of:CONNECtion. 1s 2. The method of claiml
characterized in that said step of coupling said flow tube neans to said

base |'s proceeded bpladng saidflowtubsrennsdn ecstauightening fixture; means to create a
f itable f b bl z nts. 3. Th
surface suitable Oﬁﬁwgé,&g@%ﬁ%ﬁg% %é,g;ggﬁmng@erﬁgwgn S e

nmet hod of c}hai m 2 char erized 1 n that sal 'ng 0 conprises the

step of usitg an etE‘Pﬁ‘]H@%ﬂi‘!’ﬂQWB{bGMiW@k&Stgﬁigbbhmnimmmnd_ 4. The
met hod of claim 2 chahafhgshid Howitibd RaansHb ﬁi{?@&n&ﬁlﬁgﬁ"‘c rises the
ed Yenper a

step of heating an etching solution to an eleva ure. 25 S. The
met hod of claim 2 characterized in that said etching step conprises the

: gt ati A . ! .
Tethod of el ai 3. char aci e et cFRART 1 charued 88 i that S ble b cBupit vy,
tube means to fiy tubeapeans ipsaid barsawmpyises thesstep af §ftaxthing siid fow tubesaieand! ow

30 tube meyNs th3g ) L.pherent curvature or unwanted resi dual
bends. 23 25 I\]}gy éﬂo g ;%)ﬁﬂgﬂﬁe od of claima characterized in that said

straightening step conprises the steps of. placing s_ai d flow tube neans in
a straightening {1l Ureng mathod of ciaim 8 characterized in that sald step of coupling sald

flow tube means to said base using sald athesive comprises the step of using
oyanoacrylate adhesive, |

15
10.  The methed of olaim 1 characterized in that sald step of affixing said

driver means to said flow tube means further comprises the step of attaching sald
driver means to said flow tube means using adhesive.

20 11, The methad of claim 10 characterized in that sald step of affixing said
driver means to said flow tibe means further comprises the step of using
oyanoacrylate adhesive.

12, The methed of claim 1 characterized in that sald step of coupling said _
25  pick-off means to sald flow tube means further comprises the step of attaching said
plck-off means fo said flow tube means using adhesive,

13.  The method of claim 12 characterized in that said step of coupling
sald pick-off means to said flow tube means further comptses the step of using
30 cyahoacrylate adhesive.

14.  The method of claim 1 further comprising coupling said at ieast one
process connaction to said base.
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heating said fl ow tube neans and said straightening fixture; 5 cooling said
fl ow tube neans and said straightening fixture; and renoving said flow
tube nmeans fromsaid straightening fixture. 8. The nmethod of claim!]l
characterized In that said step of coupling said flow tubezsmansgog said
base conprises the step of attaching said flow tube neans 10 to said base
usi ng adhesive. 9. The nethod of claim8 characterized in that said step of
coupling said flow tube neans to said base using said adhesive conprises
the step of using cyano late ,adhesi ye. 15 10. The nethod of claim]
characterized in tha?g'sa?@{éslwgg"gpg QP'?'] i‘fﬁﬁa@aﬁﬂdzewiWﬁhmngfmmm@am ow
tube means furt hecesooprrietion idwnid b @inpisba gl Qegpsar d  driver means to

said flow tube maani H,Ej n adhesi¥1e .20 11.. The nethod of claim10
characterized i n t hat TOIEF '8Fening halednto spictbasss and dr i ver nmeans to said flow

tube means further ceopringedixedelefleRPolhldisobess CHRBORMINbARR r@ﬂé}@lﬁg.‘fﬁﬂe.%zs
i .

The et hod claiml characterized in that said step of coupling s
pi ck-of f neans to said flow tube nmeans further conprises the step of

attaching said picl8of f Theamwthddofshiig 15 cpardctdieama it haichih SURRSH 3.
The net hod of Mgg%'ﬁ%ﬁt rized in ,haMai d stg‘g g‘fgsﬁupl | ﬁg}‘ﬁiﬁ?%
pi ck-of f neans to sard HOR lfg%eﬁ%ﬁ?@ef’ 1 (g saig fenahingshale sormprsessheusi ng
30 cyanoacryl astsronfaiiering said fixdd elemphbherbat] pocatdid Qf'@% '
coupl i ng sai dnzlp | east one process connecti%n to Sgalngb![)ﬂgg@&s% . R’k@
2006 15. The 0d of claim 14 characterized In that the step of coupling

said proc#8s connection to said base conprises the steps of forming a
recei ving hol e into,.sai bas%oagfl securing a fixed el ement of said process

connection into sait recdl®M @?i%1ﬁd?amﬁeﬁﬂ%dihdbai@a!dcﬂt@0ﬁammng
characterized $aidtfied slenserm tEERI®prossss bdnnBoffcH fito said receiving hola further

comprises the step of using cyancacrylate adhesive,

18 18.  The method of clalm 14 characterized in that said gtap of coupling
sald pracess cannection to sald base comprises the step of adhering a fixed
alsment of said process connection onta sald base.

13.  The method of claim 18 characterized In that sald step of adhering
20  said process connection to sald base further comprises the step of using
cyanvacrylate adhesive.

20.  The method of claim 1 characterized in that said step of affixing said

ends of said flow fube means to sajd at least one process conpnection comprises
26 the steps of:

flaring sald end of said flow tube means; and

inserting sald flared end of sald flow tube means onto conical stub of said at
least one process connection.

30 21. The method of claim 1 characterlzed in that said step of affixing said
end of said flow tube means fo sald at least ane provess connection comprises the
steps of;
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fixed el ement of said process connection into said receiving hole conprises
the step of adhering said fixed el enment of said process connection Into
said receiving hole. 10 17. The method of claim 16 characterized in that
said step of adhering said fixed element of said process conmegiiong | nto
said receiving hole further conprises the step of using cyanoacryl ate
adhesive. is 18. The nethod of claim 14 characterized in that said step of
‘coupling said procéwertithsad ehoof said faw tibbaneareoRiugheld st9adk 8Re process

adhering a fixeg a Qf: ' . connection, optqQ,sai d pbase. 19.
The nethod of c;'g'.’%“?g cﬁ'é%"ét% g#%g%gﬁﬁaﬁfpﬁmgﬁ?ﬂa@%'ﬁﬂw}ﬂ%?%ﬁﬁ ablgast,; g
process connec#® nmmmnm;wmer conprises the step of using

ca ot ep of aftixi Poing i dilfof Ry Gbe Rt p sSdar ofeeide emetomeoast
one procesﬁcoﬁ@é@%ﬁmmﬁpn.i ses 26 the steps of: flaring said and of said

fl ow tube neans; and inserting said flared end of said fl ow tube neans onto
conical stub of said at |east one process connection. 30 21- The method of

cl gi m 1 characteri 2% i Theimethedioficialme! cHaradtbixdd i thatisdid @t@ﬁ'oﬁéeﬁiﬁ%%ﬂd 0¥V
t t t :
25 25 Nay 20080 S IGR W Enl 358306 P ot est i rrorsse sumrediand ot
:c|eas':1 one pr omﬂsesmstabmﬁad![mddg sald shuosTSaRf ﬂ@@hﬁta%%sttﬂgﬁdrﬁ?é‘ﬁf Yeei d
ush w qu a%@@étdg%t%gﬁb?e%%ﬂnﬁéﬁagrocess connection; and sealing sai

end of said flow e of said at |east one 6 process
connection. 22. The nethod of claim 21 characterized in that said step of

sealing said and sal.d flow tybe neans to said face of said at | east one
process connect i pnﬁé’co?ﬂﬁ? Q@g’@tﬁg °§"E’B§1 &ﬁamﬁﬁ@ #hat sald stepaff sealing saldw
tube means t oendiofifiéw tebedineans to said face of said at least one process connection

comprises the step of laser welding sald end of said flow tube means to said face of
15  sald at least one process connestion.

24,  The method of claim 1 characterized in that said step of coupling sald
plek-off means to sald flow tube means comprises the step of making partions of
sald flow ube means opague in order to facilitate use of optical pick-offs.

20

25.  The methad of claim 1 further comprising affixing a temperature
sehsing device to said Coriolis flowmeter,

26.  The method of claim.25 characterized in that sald step of affixing a

25 temperature sensing device comprises the step of affixing a resistance temperature
measuring device to sald Corfolis flowmeter. "

27.  The method of claim 26 characterized in that said step of affixing a

temperature sensing device comprises the step of affixing an infrared temperature
30  measuring device to sald Corioiis flowmeter.

28. A Corlolis flowmeter (100) for measuring a process material flow
having an ultra high level of purity free from contamination due to ion transfer from
said flow meter to sald process material: said Cerolis flowmeter comprising:
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10 said at | east one process connection. 23. The nethod of claim2l
characterized In that said step of sealing said end of Row tube neans to
said face of said at | east one process connection Conprises the step-of

| aser wel ding said and of said flow tube nmeans to said facesqjfay 3Guecsaid at

| east one process connection. 24. The nethod of calml characterized in
that said step of cou%ng said pick-off neans to said flow tube neans
conprises the step oB ﬁi(ﬂg'f}i)ortions of said flow tube neans opaque in
order to facilitate f6® iGhe | b k- . .The nethod of claim!l
further conprising affjxi n&magathg Ug‘?g@{}r‘%{‘ﬁ@gﬁé?‘ﬂ@ %ﬂ'ce to said Coriolis
flowreter. 26. The n®tiH¥er )thﬁ)@'drﬁlsaiﬂﬂowmmnmahadd‘ﬁlb‘mﬁﬂiﬁiéaléﬁﬁ?tﬁ@p of
affixing a 25 t mEeRs at HerelBASH ' rises the step of affixing a
resi stance Efrrpﬁr ature maasﬂ?rlhﬁ%q @#ﬁ%@@éﬁ@gwm’ﬁ@&H%%t@mﬁﬂg
The met hod cll®Wim 26 characterized in that said step of affixing a

t enper at ure sensi ngﬁwb h&E e step. of .affbdng an infrared
tenperature 30 neasurli ng geka[e'P@bﬁng]ﬁo'@i#m’F%ﬁﬂPW\ng Weangior ppneaating| i s
}‘ | ovvlrret er ( 1_00)512@48 rapyesenting mdqned@siaﬁ%ﬂﬁﬂ%bﬁ@!ns ot mw£arhf%ﬁg BPSM%W@ P: gh
evel of puritymhtes | ion e to ion transfer from  sal ow
nmeter to said proce@;tzling{ﬂeril @F’B%%PW@PF@?%MWr@oml sing: 26 25
May 2006 a base (10@jleabtone prozessmmnactichGreardd Bo7cPith! ' !
driver (D) mffifﬁ%ﬁth?fﬂgng\ha%%ae me n‘,s for el?obr at | r?ggps!%‘%] %’%Wﬂ%
means at the resonant 1requ E‘ﬁipaﬁ\‘ Pof pressstaatadalt flow througis s

material 6 flow, pick-off neans (PO, RPO coupled to said now tube neans

for generating si S e tjng induced Coriolis deflections of the

portions of said vi 'ati'ﬁgéjﬁﬁa{?@rda&?ﬂql?ﬂq?wlm|2&mhamdemmmaaidrmuemaid

pi ck- of f neansmeansiisaforied sf PPN RiaBREH Ba &dd ﬂ%ﬁ% 110) coupl ed
t:] 0 P

to said flow t Q.nmeans . to forman ultra pure a process
material to f|%’H'ﬂ‘ﬁﬂgﬂ%‘-‘em%ntrHHSferfmmsaldﬂnwmbemaamwgaupm
18 materal,
30.

The Corlolls flowmeter of elaim 28 characterized in that said Coriolis
flow meter comprises an O-ring (430) for coupling said flow fube means to said

base.
20
31.  The Corlolls flow meter of slaim 28 characterized In that said process
connection means is coupled to said base. |
. .
32.  The Cariolis flowmeter of clalm 31 characterized in that said base
25

complises at least one receiving hole (420) for securing a fixed (111) slement of
said process connection means.

33.  The Coriolis flowmeter of claim 32 characterized in that said recalving
hale Is threaded.

30

34.  The Coriolis lowmater of claim 28 characterized in that said base

comprises at least one locking hole (130) for securing said process connection
means into said receiving hole,
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20. The Coriolis flowreter of claim26 characterized In that said fl ow tube
neans |s formed of PFA to maintain said process material flow free from
contam nation due to inn transfer fromsaid fl ow tube neans to sold process
15 material. 30. The Coriolis flowreter of claim28 charactgshzagdoos that
said Coriolis flow neter conprises an O-ring (430) for coupling said flow
tube nmeans to said base. 20 31. The Coriolis flow neter of claim 28
characterized in that said process connection neans is coupled to said

base. 25 conpri ses A conl Sons Abwefr S i S eBREEeL n ot edfl 10580,

(111) el enent diote &xihee ess connection nmeans. 33. The Coriolis flowreter
of claim 32 characterized In that said receiving hole |Is threaded. 30 34-
The Coriolis floweter of, claim?28 characterized in that said base

conprises at |east ocwe | d&RGRiicHeflevmeteoyl aleim 34charnolgrizad in that sslddecking

connection Snedite baYnpPrise §10oRAS nyd I 27 25 'May 2006 35. The Coriolis
flowmeter of claim 34pchar act erlﬁlggé(?n?ﬂ&?kg?nsai d locking hole is threaded.

36. The Coriolis flowreter of claim 34 characterized in that said | ocking

6 hole conprises a Byoki THe MRABR HoWMdtdldPelald A6 %f@"{é&%"i@ﬂo

claim 38 characterized in that said locking nechanismTs

38. The Cori ol MeHARGHL IS se3fSc@Bi m 28 characterized in that said process

connection neans |Is of the flare connection type. 39. The Coriolis

f I owret er % claim 28 characterized In that said flow tube neans conprises
0

portions (720) that3&r e bitGodolsfiowmataref clairgRB characiyrized imihatisiid provess
sai d flow t ubepsMitfttion means is of the flare connectlon type.

39.  The Ceriolis flowmeter of olalin 28 charactsrized In that sald flow tube
rmeans comprises portions (720) that are opaque preventing light from passing
18  through said flow tuba means.

40.  The Coriolls flowmster of clajm 28 characterized in that said Coriolis
flawmeter further comprises a temparature sensing device (RTD).

20 41.  The Coriolis flowmeter of tlalm 40 characterized in that sald
temperature sensing device is of the resistive type.

42.  The Corialis flowmeter of claim 40 characterized in that said

temperature sensing device is of the Infrared type.
25 ‘

43.  The method of tlaim 1 characterized in that said step of affiing infet
and outlet ends of said flow tube means to the at Jeast one process connection
further comprises the step of forming the at least ona pracess connecticn from
PTFE or PFA to form an ultra pure flow path for a procass material flow through

30 said flowmeter.

28



40. The Coriolis floweter of claim28 characterized In that said Corlolls
fl owret er further conprises a tenperature sensing device (RTC). 20 41. The
Coriolis flowreter of claim40 characterized in that said tenperature
sensing device is of the resistive type. 42. The Coriolis flsovaptess of
claim40 characterized In that said tenperature sensing device |Is of the
Infrared type. 25 43. The nethod of claim 1l characterized In that said step
of affixing inlet and outlet ends of said flow tube nmeans to the at | east
one process connection further conprises the step of farm ng the at Ieast
one process connect4bn fﬂ’hnrmamﬁ&lﬁfolalrﬁ’ﬁkhhmcimﬁﬁ%ﬂﬂﬂ&éﬂeBgJ'

The method of S oolel antt 856l Bl 3line’ nedft fo tog el st pne propos cmGeim
and out| et epdﬁwtbﬂl‘ mmie‘alsdhampmfmme aﬂ&sﬁbndtz ﬁ@%b?@lﬂmrﬁt%ﬂ&?ﬁﬁﬁmg
connect | on_ent T PTFE R AR Y an el o %@H%ﬂag@%ﬁeﬁ% NhMet h 1 or a

process matfer ithiough eaidflavmeatarh sai d 1 ow neter.
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