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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 oscillation 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 tube,
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 nmade 1 WO 03/046488 PCT/ US02/ 37034 out of netal, particularly
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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 notteach how a plastic flowmeter can be manufactured to generate accurate
information over a useful range of operating conditions.
It is a problem in some applicatior_]s that the typical Coriolis flow meter may

contaminate the process material. This is undesirable for systems in which material



30 not teach how a plastic flowreter can be manufactured to generate
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manufactured to generate accurate flow information. ¢ ON The above
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to be free of contam nants and to t BOLUUFION | evel. 25 A flow path

constructed entirely of PFA has many of the benefits of Tifanium and PFA
[ined flow t ubbe abéveand oierdraglemsare sepedandan PG&%%P@@G@ th

achieved by the present invention which discloses a Coriolis flowmeter having at
least one flow tube formed of perfluoroalkoxy 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 larger tube vibration

amplitudes at higher stress levels and resulting near infinite fatigue life span. Also,



superior chemcal resistance, little nmetal ion release, |ow particle
generation, and is manufacturable w thout expending |arge anounts of

capi tal . WbAsmeiesial is strong and can be extruded intoPhirgisozsmbity thin
wal I tubing. Thin-walled PFA tubing has 30 | ow flexural stiffness enabling
a hi gher SItIVJt to mass flow rate and,i ved tic
dynan o e Diaker ViBFRti ABBRCCRETPIEINE YBE oL T Pt TaRbdtst e e
nateri al lﬁﬂﬂnﬁﬂﬂbﬁd\fé@de?n%ﬂ?@éhéuﬁﬁtpénc?ﬁﬁm@hlt?% hdugevariatios. vi br ati on
anplitudes at higher stress levels and resulting near infinite fatigue life

ZF?QWSA!L S0, SWSOBVQB?IFGQQX@@W&UBGW@MBﬂm @ﬂieem\@ﬁ@pnwmmsew anpl i t ude
enei ty. JoueCha AR 2 ping R Biasie ABAHEEE TibrdfElly oinbtie BEF 2102,
G P et e v bt AL a1y connecs ocl Lo 8 & rmasive. metal
gﬁts)gdrhn% dhis\anphedimsphiths base imPshapsd ﬁdﬁ%‘é (ffo"‘f h&i’ef%%i‘ OUQ this
'P{oil] ed A8 Q%ﬁ?er'p%rﬁbﬁaf‘@\%qeé%géﬁé;?. i ;EJ_th_lrc{]\‘é&thﬁb@% Sk& #stnehr ough

hol es i eou er portion [astic flow tube is
af fi xed thmselstruchae bysheans of @ BDyring anan @ppeopriate i'adgeswe amaratptﬁadprl ate

g aly - saRapecBie wigh SURBanso e . PibEetes B lef b e T o
t ube 1PS Fhé inad) Sé)sea”TI'ﬂal E&ite oM@ TRW fubdik erd%'a?fblé&?@ﬂ@e@cdfﬂvéﬁ

signal fromsuitable nmeter electronics to vibrate the fl ow tube
t r ansver sidigh recewas a dn@e sigiiahfidmasiiteble meterrledgtranics iepdbratathe flowtikme i s

it or i 1 TABeeleithe Sto R apey SOnE ToREobotretif e BRIRPESE 2ng "

t er m nat Idwx pldietof Jickioff €BAsIrS vfieh Aot Bise CoroRCigspoAse afmza mrteriad lowof PFA.
PFA is a fluorinated polyner that is chemcally inert and has a very | ow

surface evithigihe vibrating flow wibes | Cenneated ipihg haseandigrabiating thaflew ties or
sol vg \M%;(?é)?oc?ésggf n%gc@% a\§oaﬁ1§dy6%t BPPRiANg between the PFA conponents of

t he f o] non- A preferred nmethod of manufacturing

| ECl udes ﬁ 20 Rﬂﬁomsuwww;tebpowmerﬁﬁm iswheoticaitySnert @ndtheseal verfgtlowi ng
changes the exterior surface chem st of the PFA conponents allow ng them
to be borfdE@ceenerL mraking K difd @h{%bo E"éﬁ'@ﬂcﬂﬁ‘"ﬂ)‘?rbegﬁ &SR & ?‘%‘V%Yrﬁrrgr si ng

E)Pg . szQbﬁg 'Hg?%\et%fécﬂslﬂé tut‘%1 %ﬂgﬁﬁi sz@?‘%é?\ FRPEA BbRPoReftsshe AbRihiter
and non-PFA components. A preferred ‘method of manufacturing includes a

20 process whereby the PFA components are etched. 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 flowmeter. 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
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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
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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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i nduggry floWthéter BAbHIRAItD ExRIMY R dvetPproREsS talefifowy ﬁ’a\fih%bn%lltféﬁ for
the wafers. The polishing 5 operation can take from60 to 90 seconds and

duri ng t hévelof perityHees framrgontammination duede ion dranatey fioohsaidi Grlialis flome| udi ng

ions transfercred fromthe f| ow,.tub eri 0t riey. The deposit of
even a si'ﬂﬁﬁeéi%ﬁﬁ'gsqrﬁ)‘é%ssl @ﬁleéﬁ’é%éfﬁqié%ﬁhggp t\a\gisgérpg chan short circuit
all or a portigfixieg atdiveVts 8flodtdbeenglats; iahdusel ess. It can be seen that an
aspect of the invention is a nmethod of manufacturing a 10 flowneter
adopted to extconling pdiek-ol Meanstesaidiewtubg Mead®: havi ng an ultra high

| evel, - of rj r - A | O, to ion transfer fromsaid

Cor i b)?l S tﬁ#Sﬁvét}ﬁﬂé?@&%r&?\%f@%fé&@?sﬂemgggﬁgl ; said nmethod conprising the
steps of : af f icoupling sdidiflosv tube raebhoto & blase e=id sipwetnble noeans formged frointk - of f

means to said flow tube neans; 15 the r¥et th further .hardacter.i zed by the
steps of :a material that keeps the process material free from contamination due to ion

0 be
a

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 from contam nation due to
ion trameDaes/ofigsesn material of said flow tube neans to saPdTArSOZE®34
material; and affixing inlet and outlet ends of said flow tube neans to at
| east one pro

said fl ow net rf%?%%8¥yg§ai‘gg tpis [&85&"2@%ggﬂp%@ﬁbﬁtbreﬁl%pa;g%%lﬁoélyag%éd%g;%ﬁ%ghsal d

base furtdtep of sRaIhteR%y b4id fRWeRIbeimesis e eihidald any inkleeerteanatirerored from
PFA to maintain said process material flow free from contam nation due to

i on transyrwanftedmesidualrhendsof a flow tube to process material. 25

Preferably sai : ' said f | &. base is proceeded
by the step O%eﬁérgﬁly%algglﬂgfgﬁkgl\;vﬁqag%g %o%rﬁéeégﬁ gé?e}gér ace suitable for
ggulolr!ﬂlg atnﬂ pﬂi{aéihgis]?w ﬂ¢wwhﬁmetanﬁ!irpar$€altghtemngfﬁmbj y said etching step
i et her .30 prigrnaRA Jamdust einans e SIpEnesing FduEtep of “heating sai d
etching sol utd e f i ; .said etching step
conprises the dsf{aggbglaﬁgéﬁatl ngﬂggﬁgﬂﬁl%W%%gﬁfﬁggk%&sai d etching

sol ution. 7 WoeoRMnpHedd fle@miubstaeavoidm saidstraightgningifistuse.ep of coupling

Trow tube rearrererabr s ates g a-aa HowatpE Srents oroad hasn EanRReSf i
bendsig Prlﬁb%ﬁ?}%’bﬂaﬁé’%rﬁnébéi%ifﬁm RibeHest R sADassasiidadisdsas of : 5

pl aci ng said ow tube neans in a straightening fixture;  heating said flow

t ube means andPreférabiysaid ghapcefi aitpching sai@ flowdybe inmgpnsdiocsaid base UpBIneans

and said st.rai,ghf.eni f el ' i means from said
strai ght e%ﬁ'{%gdﬁ?§é¥§r°§.p“ﬂ515§%g’ﬁ%ﬁﬁ%’ O?arq%\clﬁdg%eag%gfgn{léotg%&#%ggaef d fl ow tube neans
to said base comgsradhssaid Gtdpef jsing1y sid Abvatabe Mgests 1 ddid baselbempeises t o
sai d base using adhesive. Preferably said step of attaching said flow tube

means to %gidenaseounfingpaidflewddprlq 4aid haspsiigsan M8dep of using
cyanoggeryl at e BaeshPsaid step of affixing said driver means to said flow tube means

further comprises the step of attaching said 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 flow 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.



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

Pr ef er abl wogaiodb4sg ep of affixing said driver nmeans to sai @cCfriuse2/swbe nmeans
further conprises the step of attaching said driver neans to said fl ow tube

means using hesive. Preferably sai t of affixi ' Lyer. . reans
to said flow tq%S rﬁQ&rﬁa'é F{?ﬂcﬂbesre\éegﬁdbg?@(;@%grp@r@ce%gf%é}g@Z?%%Sg{pgﬁgggﬁl ate
adhesi ve.ind%i pd ARG hoffuther eomprised fHexétap of asmgiyakoatylateadbetivesai d
flow tube neans further conprises the step of attaching said pick-off

rreags to sai d Arefatablyiraidisteppf seeHER said fixedrarion 9f said Ppragess WNNREHORi ng
id pick-of f. : - | : f
o1 ng’ oy G TR 1R GornbBibq hREE B froadthh AfeeiBfiba BFsHiB® UL PP )

Cori olsi s grbowssesraiectiontifitersaid argedvireholeoupl i ng sai d at | east one process
connection to said base., Preferably said step of joining said procgss
connecti on t o Fygferablyssaid stapRf %e@yrni{g,éa@?f@ﬁgg rtion 8??@'9@990?%c%fqﬂeﬁ Chol e
into sai : i ' il &bd 8 of said process connection into
sai d recgp@iassnagd ﬁéo%éﬁﬁaﬁogg?lglgflf}éfg}e?séep of securing said fixed portion
of said procedermingreetoicking hdlewhosaicéntesling intergetidhe ceoteslingetthehe step of

adhering sai, 'fijﬁdiggo tion of said process connection into said receiving
hol e. 8 WEF®¥IN94¥AB 'F‘EZZI/USOZ/ 37034 Preferably said step of securing said

fi xeqgporti on jgéerfinh % IBERRETReGRIMES int0RaidTbekipgindle ﬁﬁp@r@#éﬁgsdl@' e further
conprises the step Of using cyanoacryl ate adhesi ve. referably said step

of securing sdixedfpoctian pbsaidqroegsssearmestion Bom moMiGet i on i nto said

or ocess connedtCEPh: i ik $ifEe e 5 TRERAY Plhebisti P o 8RS o © °

securing comhpstiddsindertingtd St serew that donfpressescsuid firéd portiondfeatdiprboessei vi ng
hol e conprises the steps of: formng a | ocking hol e whose centerline

i nt er sectCcanmectiemt erl i ne of the 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 i nsertwog3a4ddssgki ng nechani sminto said | ocking hole @®EoMIUSIZ8R34
inserting a set screw that conpresses said fixed portion of said process

connection. 1% Preferably said st . 1C ldn i jon to
sai d base co%?fe@@ytsﬁé&/ §‘FBF$’?<§P3§'8€P1§%'F§3‘L&3° fﬁ%?%ﬁg\ﬁgw% ﬁf?%z‘% té%ﬁ@ﬁ%?;ésai d
process csfyaRcatileast o Prosass chassstioRrodngiriiels\the dtab oft fihedingaadhbend of a
fixed portion of said of said process. connection onto said base further

conpr i sessaitBowtuhe preansita aid iase f spidatdeastengdieseseconnestiaRabl y sai d
step of affixi | e I t ryetly ' ne
process connec’:g}lg%%g@gr?%wss%é q%%eegls"{'%gémo%&e?l ar | ﬁ%wg%l?%hfeéna@%é? ISgal C?I ow

t ube Bearsf;saithat leasterie process dohhestied conprisesthe dtep ofultrasenicatiyngeldimgo

coni cal stub of ?ai 8 Iat %5 | east ., one Qrocer ,éonpec%i on. Preferably said
step of ataq gndigf saiddlovntybgrmeansta said facmel $aid A4 least 9n% AraGess| east ~ one
process CQYHp8EfidPN conprises the steps of: inserting said end of said flow
tube neans through said at |east one process connection until said end of
said flow t ubdreteaklysai stepsif seating saideersf offlovatube means to sAid face of ocess
connection;  , and sealing said end of said.fl t ube ans. to i d face of
said at 1ALAGRROns Bosess confiertiantmerisgs e R abetdp WelgBosAid,

Pr ef eigabl ghdSet i HEW tabe AfAinste sail fhcertd safd stakastdrivvproudss sEativa. sai d
face of said at | east one process connection conprises the step of adhering

said end of faeferablywaidistepralsesling saidiend efdlovoiubsangans tq sid faemef process
connect g o pEAESRP becah SofheRil o ipte ARnE G B BB AR,
step of wftgarbiow eadd theanb db Baid fase df eaid atflesstiohel provessubsnneetions. t o sai d
face of said at | east one process _connection, .
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:
a base ;
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
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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 wod3oficisai d fl ow tube nmeans to said face of sai dpatr/isea3t03one
process connection. Preferably said step of sealing said end of flow tube

neans to said f.ace.of said at, K |east rocess gann ' I ses the
step of |aser -8ffigedns %Oléﬁ%d k%‘fa'gggg’%BSW?%%%ﬁggﬁé}itﬁasSW§ :acga of
sai d at | eprdsepiifig MAFRITSiRafdfieeionssfthepdlionset shi¢ VibPatiig watgpial ng sai d

pi ck-of f nmeans conprises the step of 15 making portions of said flow tube
nmeans opalijed flow tibganeans pexximateagaid pick-off mganBcal  pick-offs. Preferably

said Coriolis | ' L1 1si ng
devi co o sai OB STIPPERr et Hadtis odiricy  SFERBANLE fedifs,

t enpemsat usimd sensi ng devi ce conprises the 20 step of affixing a resistance
tenperature neasuring device to said riolis flowreter. Preferably said
step of affi xighgpractes F‘a&'@F gaid dioy ngdﬁ%%aﬁ%ﬁﬁ%&aﬁtﬁwe RIPEHSSHf

af fi xi ng jnf: : ) | ' hi ¢

71 ounet ar oMM ERRREarsCIB e B ARRRpAIHACNS S ol CaiidoRO LRl S

f | ownet erfldwotubizbmeans to said propesscrmateriahraaulting inl awltraviung flaw pdthr a hi gh

| evel of tglurit f.rzle frO{n contam nation due to ion transfer fromsaid fl ow
meter to SERUPHSHLIOW MEIRLy i al:  said nmss flowreter conprising: a base :

f1 owfigube neans feraBlyeshid Covlis BRARLedS farmisd YEPFATDint@ftdiPssiaigiotésaw t ube
means for vibrating said flow tube neans at the resonant frequency of said

f1 ow t ubematesiad flowifreepfronaontaminatipadueiteien tiaasfeofrom sad flaw4gbe means
PCT/ US02/ 3703 i ck-of f .means coupled to said fl ow tube neans for
'S eSS aforedh

generatin nting induced Coriolis deflections of the

portions of sapgfarabhaddit Coralis flow meter cobaprisbswntObidgrfenosumlingsaidit e sai d
pi ck-of f nmeans; at |east one process connection nmeans coupled to said flow
t ube meanlow tubemeannie seidd1aseed in that said flow tube means and said at

| eastyone procgSFerably 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 portion 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
fl ow pat hwotoboeugh said flow nmeter. 10 Preferably said Corcaliss2/sioewnet er
is formed of PFAto nmaintain said process material flow free from

i nat i i or fer f id fl. id
orocess mt or i EieTerePly B PE AR fre ceRnE G S Sl FedBRRRES 20 G 1 ng
for coupling spieferablycstid tHiepéraaite dedsimgi devitiasie of e Mifefred &jpey sai d

Coriolis flow neter i's characterized in that said_process connection nmeans
i s coupled to said base. PreferRese¢ription ofike Drawingses at | east one

recei ving hol :Bﬁé)é'e %H{hiepgdgantgbﬁggnﬂgééth% &fthégirgsﬁtxe pigfﬁ%fiéi on

means. Preferably said recerving e for securin of said
process Réteramdeestoodimesmrectisn Withes cedlindPoetherfalidwingaledaiteslsdesooiption ses  at
| east one | oc ii&gphol e for securin ' process connection neans into

sal d
sai d repetl'“@f _@neqﬂpefqﬁ%ﬂgﬂvga_ﬁ'n nggpng hol e for securing said process
connecti on meang i1N§i8closéd § peRGRiciVEYicWbea 'fi%t?e%ﬁﬂﬁ?-e \ d?ﬁw%h?éﬁtlhby sai d

| ocki ng hole for securing said process connection Nns into sai
recei vi ngnkent®rconpri ses a | ocki ng nechani sm Preferably said | ocking

mechani sm f or 1ng sai.d process.cqnnecti ans into said receiving
hole is a set_é@ig\}? a%PBfVé‘?VéB?&%ﬁ@&ogmﬁﬁgg%nﬂgction nmeans is of the
f1arggconnect i piG. tige: fromtWidW of Bieambodmehtidf #1G! wbe neans conpri ses
portions that are opaque preventing |light from passing through said flow

tube means. PriGerdisiacroas-gecionaview takewaierg lines 414e0f Gk i ses a
sai 6 torper at U Be2nél 1 e bR Y AR R bR b PeVineE ERT ) 2.
t enper at upgseselefigns.devi ce is of the infrared type. Description of the
Drawi 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 alternative 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 RPO 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

12



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
descri pt iwp o3pi@seof in connection of the drawi ngs in whi eQT/UShEzB7034

di scl oses a perspective view of a first exenplary enbodi ment of the

I nvention. FLG | f.th nb 1 IG 3

a front JPERHEI C%Héﬁ%aﬁﬁ%qu\éhfavy&%eﬁc&edﬁ (Q%ZLPQ QECF& %i’héc&%’d:}‘nal Vi la\?v
taken al @ighdid Besr dbn@u@{orEH@Q ahd HLQo Metey eaeda@nme'm VRletdrasiectforfics

al ternative enbodi nent having a pair of base elenents. FIG 6 discloses a

dynami call2l neaeiyas the pickwiksignalsadetagnineston phase diitesencelbetmees, 7 and 8

di scl ose ;S e

f I ownet er‘%t%@%% %yfrq%ﬂﬁy C}Q}S @rg{slorplﬁlﬁéagkq&d?%bﬁ?gé%ngé}ﬁn%@ﬁbﬁgvi ng a
pai r of SH@ﬁialéﬁaI&loWo&érmp@tobétdeZ to whetlizatiorCSrcuiPnatraholwdh. di scl oses

anot her enbodi_nment of a_fl owreter

hayi n 0 of nanical |y bal anced
strai ght fl owthegaaterial tlow pasges &ogy Wg‘l’\t’ea?&?ﬂ‘aghr\%'ge% i hﬁ’évi ng a

le fl
0L PR SR s W g

di scl oseﬁoemt&nhtbeem&wmm deliveds thenmatexial flgwao si urgrapplicatianubEhis uber ai | ed

De SCRI PTI ON OF I G is a_
possi bl ¢ BRUREIOR KRR FREIOIHEIOR 20559 0t PoROand P eSS ae el Baket or

100 hgvi ng é‘séhﬁﬁ’&nbﬁ%r% WhRNti§ AppliEPtédie sBPfabe@F aldemicdAdudibr Ware 101.

Pi ck-of fs LPO and RPO and driver D are coupled to flow tube 102. Fl owreter
100 r eceitodemaagiabsedacaral be PHA matetial used suthel flow umesmwwram Fé@t &nds t he

oot o LRGP AROSS BB I T M e BRI R Eou % L
WO 03/ 046GApifdrred 145H2he (I8 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 return 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 ectroniwe 0302488 ecei ves the pick-off signals, determ nepCrhsopbmse

di fference between, determ nes the frequency of oscillation and applies

output inforpation,pertaining to 5 the mater.jal flow. o t. path 122
Co P | TDER ot RE e hodesidnndoldtEs AR BRhEr sto i HEE £ RPBsE L r, (abe
102 and tibpfpedhtud!bens?haticibets tiesl terapémtireefraiuph e 103und apsgiitsr et ur n
tube 103 through process connection 107 to exit tube 105 which delivers

t he nmt erdignals representingitherdeiesied demperatureneverpadh 123 pmeter eleptroRigShe a

sem cond b9 'IJ_ngl aé:i lity. The process nmaterial may 10 be a
sem condtMn—cé—r‘ s applied to the surface of a sem conduct or
waf er 5 to for &Gl atis auop &y oflievineferndOesfi FIG. ds Rick-offs heOf dral\RPObes

shown on FIG .1 ensures that the process material is free of inpurities
such as i¥kdriyardheaehinglyse aPP'&E:Sfé?&bﬂfﬁ*‘ﬁéﬁleﬂq{@e%m@h?ﬁm%gﬁ?? or gl ass
flow tub : | i ' 1@ X i ng
that of  anaghit WiiEh i3 AReH S e Bltor deich BRI It R b o I OTS o
gr am pl usEach off thesé eterhénts furtherdscludes arbiasie, sT¢h as 443 forddriver i asewelhas of

nes 0! " Hiin SHipcoTyRateeal stah 2edatian Ay eD DR R DL SR on t uba
102, qighe cgfrﬁwseeda ?ﬁﬁ@%ﬁﬁiriﬁ@%da?@tcpmméoil G%hiﬂriisahinhﬁ\g%ﬁﬁmig@fem y 2

grams. Vibrating flow tube™102 is a dynam cally 20 unbal anced structure.
Base 102 affixedhsBickeffahfOvaridyREOalsn baveratcerigspongingbase elerert andeithies a

appr ox et R B e 9 r 1S Babe elsfont? il oG tacl el ¥ Bfnd'
Vi brat i ongf a @8RETGHEGickFf td1Be droGibigHdd/byitheadtaps efigluinava mdyhet B2torihieh

material flow Process connections 107, 108, 109 and 110 connect tubes 104,
105 and wslersigeta RAfeflew debesiolying dhe geit Crioa arvted syiiing beark13dHor These

e 3 1G0T ) Bpohg 15q REEnhA (Y EREL aiclotife phpnth B ARRIMERRIEET ' o
recei ve sgpwardiyessthiat the magnethl fully eoters the opemingtin £dil C therasesitidiings shown

in FIG 4. The novable portion of rocess connectjions 107 through 110 are
t hr eaded Recelament 143 sngdemesth the B%‘t@QrYHBEQ A 5é§@§98&'?9&q3@0es to the

fixed b Od&eﬂenﬁ#ﬁg@fﬁ&%ﬁhﬁ%@%ﬂo‘?ﬁ oPBa%‘ a8 is bfiRed BY JURNE thaWurReetdfon

111 is a part se process connections function in a~ manner simlar to
t he wel | theonassieppase 146i ng fl ared 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 on 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 OF FIG. 3
FIG. 3 shows pick-offs LPO, RP0O 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 LPO, RPO 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 WD 03/046488 PCT/ US02/ 37034 Details regarding the process
connect i owe oanes4Btirt her shown in FIG 4. RTID is a tenper @carsoygnsor t hat
detects the tenperature of return tube 103 and transmts signals

representing.the t ed e u o] at 5 r ctronics.
DESCR! PTIGG V3954 @f@%&a 5%5 ‘?1811 \fﬁﬁ o5 \E\Fﬁﬁ?h {tg\‘ﬁnggtog’e"%@g of FIG 1.
Pi ck- of f sextéiSrthBRSWeR8GHAbd ofethe Bagadi pidkchfisleP@, RPOlanG.drivee D. ofhé hese
el enments further includes a magnet which is affixed to the bottom ortlon

of 11 ow takC 2od magratdmssocisted with eaﬂa@htf@ﬁeﬂ@@@n@u@ﬁbﬁ?@%n PREIG.

I ncl udes f
mat eri al fsﬁgz&a%&l@%‘ ?53;1%@?5{ Eg?. f).é e@re I'{Bhl n SFRI; crjrg'tﬁe)prg"ﬁiél "0
conpr 6%5 fe @ragﬁng;t@ﬁlpﬁxny Eg(l;kmen&td:l(lﬁ())mvmbcéss:mdne@tland OBtlsthn imtkit o) ﬂbwrtubeal S
arealxe I ckoffs and RP a a d I t
and a t hi 102; elemgnt 406 ﬁrBC?%CQ’H‘F? P”twg '%g@%%ﬁéﬁﬁgwq#h?gogffgngeﬁgﬁ?
facilitates thedRi bifionof13biHibYsls @nrbchof §0BfindiRdCmble Mighdshed by

the steps of gluing a magnet Mto erside of PFA flow tube, gluing
the coil whitb sarqwnrﬂoenlaﬂmgrthrﬁgam:arrdcejsmg(tfode 426 Icmate&b'rn b:gse #0tta attacng t he
nd the e Coi vvardly so that

?ﬁgmnggn:f Qﬂ'??qéﬁqgﬁsgfnﬁapgﬁgﬁ% Hé@'? HBXm I o Xefjfpé’ﬁt'%gf P OSﬁF%g base
el emapt 1hneREsk R169idh th@fhghf igdiffMal equppeaard dttathat hyahredds 40%imeo

el ements together so that the bottom of base 143 is affixed by glue to the
surface ofceiving helegi2ddopated in eement 40eofhase 10 eads 124 of process

connections 1 of
t hese el enent gﬁf(é&%hemnt ﬂ‘%‘l’ﬁ@%ﬁ@% Cé'g{ig?br}ggéeeﬂszélghggﬁg org 112,
113 and lgdtioVaparwitdRCthieutisaecaré thé nir'dv@blelpomonmms offprecesscdrinécti@nt o
mnimze drawing conplexity. However is to be understood that the

conduct or 08 1Brocess CQﬁﬂeqtpD 9 é‘rﬁi"‘ﬂ'ﬁﬂbﬁewp@ﬁ@nfﬁﬁfdﬁﬁ"@ﬁ& 1hof ﬁgqcegg
CESenbor R 488 ndl ol OnR B8 oS QS TIFAH bl e b
corrpr I Si nporabiewieei 4 83 bctsaas a ﬂatdmttlbgm tmcqadhet ngtnt erfd 6fl ioputttube 1;0@2 and a
coll Caf c];\}e)ﬁetﬁe tcgn|tc:glesttai?>‘s4e1 3OcIf flerCh rt?gn ?1 f ”?Hls creates aR&Cr)ngpedss%rnl fYtF ng
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 109. 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. 5
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 cwomaoidssns 108 and 109 and O- rings 430. O ringsPEIWSonspPBe fl ow
tube 102 to base 401. FIG 4 further discloses 14 WO 03/046488

PCT/ US02/ 37034 enl 402. 403 and 404 | e . The p h of
t hese ope .f(?f@é”ﬂﬁ?{;%@gslrp PW@&S(I\E?S%SEI%%G Sgﬁﬁtﬂégéﬁes%&@féﬁ%i%ﬁ% LPO,
RPO and dgiof suffiient Afass@8irhinfmize dhawibhation infsmeidasyedriver Oitoctheh of these

el enents is also showmn on FIG 4. Meter electronics 121 of FIG 1 _is not

shown on ®yresnicallyunbalancedstrictureccampiising Agwdshe PR Basemlements 905 in

process c ' LS.t | : a8l '
brocess NSRS fe obgutabeid'® ofkibineRt 1o Rhicr Wippoffyhask dEmBhs T ot |
111 ofs pretg,ess connection 108 includes male threads 409 which screwinto
mating threads in receivjng hole 420 | ocated in base 401 to attach fixed
por 1 9n 111t cAILlgANS ShanBENFSh SRPETARHD the SelSBRINErARS Bigbess 10
connecti o ; ' j | 4T I ' Fnﬁrﬁ&h by threads
409 into &)rrec P@?'r?grﬁ%'ﬁ"?ﬂz%%ﬁ é%é?egﬁ{sndbéf‘égﬁgﬁ?éﬂ%%&%‘%base %1. Fi xed

el ement 1ddsigriationaf eschalement whichidiffers ardhisy thahtheditetdigit ohtheapitt  porti on

124 whose t hreads receive the vabl e rti 41 f ,process connection
108, " Pr oo AeRARRA T ReToon: o Tl ian' Juibe, 1P 0 Cr Rarrespandn b Sihpe:
procegs lfbednasst Fes 5108 further includes on its left a conical stub 413
which together with novable elenment 415 acts as a flare fitting to force

tlgi rirﬁhtgé_ﬁﬁﬁﬂl@ﬁlﬁiﬂﬁe@_lm over the conical stub 413 of fixed portion
openi ng. of _sugity & USEBRES &t btbgtAleipuid SlopBiGR of iy 8¢, A" o

port i on 1ddm9|f|siﬁ@ﬁo‘wm@|860@mmﬁsidn‘I’Breffhﬁorinrthetemﬁodiﬂnem 6fUFS. A0ntRAt | s
positioned in process connection fixed Eort ion 111 and is flush with face

425 of stawmates S0Bhasiwe addigdlow hoep 683 which coraprisees dynamicallyp) v
tube g' %ﬂané&cﬁkd&greb%a't EB?% néﬂ%q‘éfre%%%éoéé?}i%x%%% sM@a@B%ﬁ?@} gpterial

fl ows erig hr oug ow tube portion process
connect i oRIGLOQ Basy €01 heay loand signifioénttyf lebs ovagsuthan 1@t of §161 6is Flowmbetdrace

connect or EARB2S PrRSESE BANBRBI LI B S SOTRAaLR 4 RIRSeS CRIRSCENs, o
i denti cal 16214628 RI1ESHCIH B6HIOA it hASpRRIeAL IONAECIIRWXSHIS 612. Process
material is received by flowmeter 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 LPO and RPO and transmitted via conductors not shown to meter
electronics element also not shown to minimize drawing complexity.
The material flow through tube 603 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
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connections 108 and 109 on FIG 4. DESCRIPTION OF FIG 5 FIG 5 discl oses
fl owmreter 500 as an alternative enbodi nent of the 30 invention simlar to
that of FWwG.03M4@rgept that the base of the flowreter 500 PETIHN2/370381 ngl e
el ement and conprises separate structures 517 and 518. Fl ow tube 502 and

507" ¢ e etk oBaRe B P bE ap o ReRBA haes phi B Bued PEANFBES g2 aReC ! o
connect i @u3 tdQroviGie \WRtELR/iINBRASRoPPERAIBMY 13 tASMmatehaimsn ThE PFA fidvs. 1.

FIl ownet er base el enents 517, 518 are separate and each s of sufficient
mass to tibgsensureibatthpragtesakiiawpaye ap uliya bigh/levelpfiyirithe dynani cal | y

unbal anc -Mﬁ%@éow tube 502. Base elenents 517 and 518
rest on ME‘ SR/ whi ch supports base elenents 517 and 5
518. 8l gl errﬂ?s?sﬂsrxmsm dpview dipefiawraeter 00ecamparabientodiowasetdo 100ei r
corresponding elenments on FIG. 1. This correspondence i.s sho t he

desi gnat i%KF1Gf Teathe differense Wﬂ”@ﬁ”&'??M?Wdy“?ﬂtst'ﬁirﬂatm%’”?%%%gi git of

t he part ' ' )| T, u ickl G 1

cor r baport IS 8RlsaP ettty 1B BLETRRL POERED PR IF o FESTR < i 6

di scl osedejettosnarershoval indtlGaBi asecamprisingrartEDRfighhgourne andipbntadiode

conpri si flo er. 600 whi 1.5 differ fromthe enbodi nen FIG 1
T That | BSRERER THY RS (G wilh POLORS GaP At PReSE MBS Rt Eomr 1 e
a dyRgm Gakl intdipoBal deersers tHelt U apdidhto-dRRfe. RE theqast pesitidheofAg Flowe base
such as base 101 of FIG 1. Base 601 may have S|gn|f|cantly | ess mass than

that of Rulge, anominalamamt obbghttrasses Hosstheddride the pBoteediode twagrerate

conpar abl e . rqc egt | - f ek i : L] it has
process @o’ﬁ‘%’ﬁgﬁl §H§ﬁ‘@ f%?‘gg 1§ _do&'}@x&aéé grz%éegng?rﬂaqf ﬂil]éBﬂPachtgé)g é@qgé/ééﬁotg\%net er 600
froma suprbunttafighbieeivedeybehotd-diddessh eiptidard infovennerites tise flowmelss i on
608 to the left end of flow tube 602. Flow tube 602 _extends through |eg
618 of bassreasesdhe gmat of lightTeeeived Bydhe phptardiode. Thesarsount qfélgbgnnect ed
to tyke Whi ' ' 607 1 w t ube 603.
F1 ow!BundoEaiey B9 the pRpicb e iaheRier fhn BAMLR ELivaf dalte oL f))

magnitude of the Coriolis vibration for the portion of the flow tube 702 associated

with the LED and the light source. The output of the photo-diodes 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 900 which corresponds to flowmeter 100 of

FIG. 1 except that flowmeter 900 is equipped with dynamic balancers 932 and 933.
Base 901 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 902. 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 t o wetosn46488 ect roni cs el ement al so not shown to m niPETASOZBE4 Ng
conplexity. The material flow through tube 603 proceeds to the right and

extends via rocess, connegctign 61 0.t ub 06 which .l ough
process &Rﬂﬁ%’@ﬂ%ﬁy 1@1‘10 "t %ﬁ@%%&hepmgs CSHPmSECf%"éﬁ’%g%%‘P‘%%§kaLP{?r ngflow
tube 605 fw fulbedst FIEerSsinédtHepparliatit 61 tHel give bAd nigsogRthe eadteaal filkedcess of
the end user. Flow tube 600 is advantageous in that it conprises a

dynani calVijraiag fewdgbestO2is dimiteddty thedipss fdbe basedhat most b pravidest toppa

masei vo BT HEBIBRER Vel 108q The 001G 1 BuB RERbER I BeE O M i rea.
Base 601 e 4l e masy efttieomateriakfilecavidrating fiow ubePBA inarbase 608nand 603

to provide output information pertaining to the material flow The PFA fl
t ubes ensRAundiRdpe Mmasskiit 9i%tgf'?'cf&eaél9§’tHEeMQ“P%rWL{j'If? @rémrquﬁe UPReS . W

DESCRI PT'%@ E!g@@;s fortj¥ge8iA thp? c%lagy ﬁﬁﬂ_it@?ﬁ% r%i@eoBf dorReréiap f 1 owret er

700 compar ownet er 100 ference between the two
enbodi nenapplicatiarsain whiotutiee 8owt0be 106 @f FKB. bpti cal detector for pick-offs
LPO and RPO. The det ai detectors are

tical . shown in FIG 8
corpr i ng a UBoMMaE: 908 ELS 65 ncitersPO0E O BTuRHER RPP IR P D Fube
702, 4§ t hhBAyhhRIWS bARACERIS3PRA 983 iate BFFEH td RodsP®17 hh@ D816 aBsérb
I nt erposed bétween the LED and photo-di ode. At the rest Bgsmlon of the

fl ow tubwuchohthe vibrationsimpaged ito Hie lepa by dhe dyoamicady upbatamced oibrating

Phe. 11 ow e bendE: Brached Whaflc BYRER 5P Bhay G BV e RUETRE oce.
an upwar theweaugtiora] nides dndypringeonfigardtidasesistvrsll lrowmin thie art ght recei ved
by the photo-di ode. The anount of |ight 15 received by the photo-di ode

trans| at edynaigRaANCSH™- current indicative of the rmagnitude of the
Che M SESCRIPPIOUE RIS R 01 e 11 on ! ihe, 07 25207 2L, e
over conduct orBiG/30 disclogéatfllowmsdter 1@0(ttat énidesticaltto ﬁbmeténg(m &xceptt o
T2 o Aol of L S EATRS ahiveh o A0 oL e
supply t ufesqorndtéd 19%2tarid 8337 OPhese 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 level 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 desiwpaBmdso facilitate the correspondence w th thepramlusorddfoBer ence
being the first digit of the designation of each el enent. 25 DESCRI PTI ON

OF FIG El G 9. discloses, flowreter 90 ich cokrespond ter 100
of FIG 1°€t§?EbB‘P”'PH£f the Siedpas a%@?%ecg%mliz’p‘f?é@ N FﬁC‘g‘ii}?aﬁdgo%'L" 108, < 030
and 933. wiiasmayHe tonsetbd & adnftapk HagehorehewhhemidPdizedraieg 1. The
dynam ¢ bal ancers function to counteract the vibrations inparted to | egs

917 and SpgpiexityasEhedualflovetubescofdpwamatent 190 vikrrie asciwmasicallythatanced
conpri si | ' ' i I h bodi t
of Pl PeHEsEofby Be ges 8PV 5BS o] bt St 3180 an DO FRIERTY! TR
eﬁbOdB_rrEFt%lb?é mgomhdﬁﬂgﬁ_e}‘réldriﬁdngrh gmsmbn%as'imdn %dg\é% Datﬁ)@d6 b tm.l?edam;s/ wei gh
appr oxi mat el y rans il e the bas , 17 ] 046488 PCT/ US02/ 37034
appr oxi meRstign ebihgddrshaped fiow tubgs ¢ ihgﬁlégloiiﬁ&@flﬁ?“%wglbyébﬁl i cations

for the J.%@Yfﬁ H)%%Rgl foﬁg@ﬂo}v gjbgg%ré H@Eé&’ébesy hgﬁi ;Sicf_?-'afftm())/ %'thﬁfi‘eﬁiafékr&fﬁs of

the materi ratin ow tube 102 | imte e nass of the
base t hatLRAisMeber glecivaniesi1121 furctiondtaabrly sigrets ovdrmath dA23 tajsause t he

3,000 t ) [ het h f th b I h .of th
mater i al GVEF ExOukE Ny tHhem 10bel 102 RESE 20855R0Bnd NogatiflS: n 't he mass
of the MaLesdie ddtbbRd 1y HekionRe PPAE RPEMY frandhitted Gvenpathal1 12259 120f

3,000 pounds for base 101. This clearly limts the range of conmmercial
appl i cat itomsetenelsistrohics Hd 21| which pecesges tie sigaalsianddesivestraatedabiiary FIG 9

has a w der rapge of co rci. a ' ' i . A )
bar ancer o eoalita wdics 8T fica BOB SiBLLOBR M8 2 dZBUGREERAM fter, oo
the vibrajhHoums i nmparted to the |l egs by the dynam cally unbal anced vibrating
flow tube 902. In practice, dynam c bal ancers (DB) may be of any type
i ncl udi nuﬁ&%ﬁiﬁ_ﬂﬁﬁ@ﬁw | . spring configuration as is well known
int art of ' )
di sclhl§ses a fIFA%? g‘r%g%aﬁ%géiasa%ddﬁ?%@aﬁ&tla %ﬁ%‘ﬁ%‘%ﬁ@ﬁ?&g ta t hat
t he dynanpair dfefloantubies 10 1FARE 1202 hichadretviterated invghasgpppoADBh byrdtiver e
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 to 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 FiIG. 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 output process
30 connection 1409 on the right. The flow tube 1402 is vibrated by driver D with the
resulting Coriolis deflections of the vibrating flow tube with material flow being
detected by pickoffs LPO and RPO 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 w0 0302688 Met er el ectroni cs 1021 recei ves si gnhal s pararSopatods 1023

fromactive dynam c bal ancer 1032 representing the vibrations applied by

t he dynam I bal anced vi.brating f tube 1002 to | 7, Meter

el ectroni%ﬁ&egew\%@‘{q{@éﬁe§?Bﬂ9@§t‘eﬂlgnt %ﬁﬁeﬁeﬁgga}e M%raﬁﬂ‘ég’gﬁ%ﬁ that is
appl i ed Gusterinpfifediwttube A iresANO IS hfb@hapedver PaB? 1425 eometer act the
flow tube vibrations. Operating in this manner, active 25 dynam ¢ bal ancer

1032 can alectomies t42%d to reduce the vibrations of leg 1017 to whatever

magni t ude may ' h ' . be of
an accept abl eﬁ%@%%@ggg%‘rﬁgﬁﬁ%gswhﬁ gm?'”%&b@ %‘Pl%q’g%?él@ée{'
dynangc brHeafireeis thaRBemmbidithent 0PFIG 01418 1hIypa shagefldRAibedd02t dhei n t he
same manner as_described for the actjye dynam ¢ bal ancer nount g-f\g% o leg

I

1017. 30 Meteta fiow extengs greugh this flaw PedTAp IRRE HrORRSSLANNREICAI ¥ nat i ve
enbodi ”E%e%gg?g'oﬂlge]gﬂl@v Eﬁﬂéé“#a%@gég #iﬁ)ﬁutf&ﬁf’?f&ﬁgé'%nﬁé Wt 4Bt Tokigut 1102

whi ch are sub nt i ave ght side legs 1103, 1104 and
| eft si daubedd40a i@ delivéqato arheerl SThaCemBoOdinterd®f P/ Usdres TOBhavebltitet om

ti f the side | t ed "y ti 1107 and 1108
Pt e eyl dghUBe siparatie i BRmre Lot BB M oun to. monim zo. drawi g
complygxi ty. Thasslupb mdsaive brs1461 ﬁbQYW@garrs bm&/@idw aktendmgdyvair cal |y

bal anced el enments around the axes WWand W-W of brace bars 1109 and
1110. Fl ovheeas irethelgrobodiment 06B1Gy & thiy massivehagaddd hashenlythesingle dri ver D

affixed to.t to pQrt i 0 U d . j0l4 s

def | ecti R &eﬁf%wqorgy %ér%(ﬁ@g "{ﬂ"%ﬁae‘l? [ ﬂ?ﬁﬁﬁﬂ‘é%@ﬁjf}%@ OF Wé\ﬁvs ﬁjgfec’g ‘far e
det ect ed gutforineltthe farctiohfof BBfAga deteirlotiph wibrafidnal hB&e asbielr aghect r oni cs
1121 functions to apply signals over_ path 1123 to cause drjiver Dt

\éi br at edfm@W't_iﬂﬂ)f@é plogsss cenoectionspHisdrengvdiei OR Fiehd4ctis Bnespaip O(F:)es ponse
eteqige e\@%ﬂlrsgn@&%{}iw W@n%ﬂgn BEQ 2ol ﬁ\?ﬁéeﬁgfbgﬁ%n%\’ﬁéd@ ffe thd€of tHef4 1O

met er “el processes nal's and derives materi al
flow i nfautivaipostiondi flowv tubet 13N sThé beateraimofapwandly gatdndin@ watls 1443

utilizat iaonras1ﬂ4r r%lcj)iUE\t Sr%tcesss ggx\ﬁéctgﬁg 1 lolg-lz)lnqﬁeq;ﬁ glngﬁAOjQZonA{}l\g r:ng3f1t.
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 DyvODB®4dsBOW tubes receive a material flow driver PDTMISO2/3M086 t he

flow tubes in phase opposition in response to a drive signal received over

th 1223 from et t ' 1221. T I, Q] h
Tt or i al (he4s BERGRG g PiaB TRRPoHor] PALRR RS o AP RIRSIRE 9O and
RPO V\nthdefp,@yéteqﬁétgk;yfpﬁj,ngomldned over conductors 1221 and 1224 to neter

el ectroni'cs which processes the received signals to enerate material flow

i nformation t Hdwe precegspmateriabflewsdaright op&iG. 15 twoughdlowtubeilb82i on circuit

embodi nertrobgHatty ToRY Bl taifie B e lod s 568 BRPAS“having an
out er 5pairevérsalipvaa@dypierdfenetinige compensated bidélemity hidcbrmectiond toas an

i nner pair of upwardly extending sidewalls 1417 and 1418, A single flow
t ube 140PigkeffstR0A ﬁBgerrQA ﬁ@ma%;w%@@g@h% signals:frem alllm@@f@rreﬁﬁ'aeg 't

t hrough t r t ' ' ; put process 30
connectioﬁ&fzggcgﬁ w%e@rzﬁg%.a%?ﬂlgggpo%vﬁ?ﬁ@éeh%i%'gs?ﬁ;glV| rated by driver D
with the resulte partsCehiovart on FAGf N8 oot spacifidallyheentidivest abayef drevidentisal ini t h
material flow being detected by, pickoff PO_and RPO which transmt

signal s dvastiqnie tP‘%‘HFEH?%QP%&W\%IG"@%‘%W}rlbeﬁ)éct roni cs 1421 which functions
in the SERSERMEIONDPE|®r{¢ey described 19 WO 03/046488 PCT/ US02/ 37034 or

FIG 1. Tenperature sensrng el ement RTD senses the tenperature of the
materi al fill ddgdreclé disblesesdntaltemativesenbadiment 460@ thatis similar gaithe 1425 to

nmeter electranic a2The fl ter of FLG 14 dj I that of FIG
1in two %’TP%‘@F‘&“?@%@U&-%?ﬁ%ﬁ%‘a&arﬁéh‘%‘hﬁ"aﬁrﬂ& A A
is only ansimigEpdstonet naad A8 rephee wallserd 13 and o 83f FIGIs14.haBgh thi s
flow tube frominput process connection 1408; the output of the flow tube

i s appl i atpwardlyrxtending potasseowtingarasts o643 eod t1@4§lf?9l§l%e wallsel 4480ad or

B g8 1a T SaEFRALIREY  FAR rforEfsuille SoNEbhtonbtid 0,
1401 has dbuut past 5510 anpat 8lhy aevdxs1dCopneetblss160hand d$00 aré bptiemd) @tidment
of FIG 1if égseirercriaﬂsosv\i/ }/uebeb1a 630e2 r%\%)l/ e%éjndogtht%//vatréhe/ tﬁriorl}%keposts 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
20 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
25 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.
It is to be expressly understood that the claimed invention is not to be limited
to the description of the preferred embodiment but encompasses other
30 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 to 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
wel | as awormswmisssig for process connections 107 through 1PQT/1US02/B10G 14,
t he i nner pai r of 15 walls 1417 and 1418 function as a zero notion

vi brationgl. nod or.t n tiv rtiqn.of. £l ow 02. The
out er pai '%Paﬂﬁ\ﬁﬁﬁmsyt%ﬁ% “&E%Pé“ibﬁf 'gﬁasﬁﬁlﬂ WGL&%%@%E@%
connect i oputdSraRe ot utefta @f\tﬂ\ejﬂ%ﬂﬂn@@rw@or!f@"@ond‘&fﬂbwmems Berghhocess
material Is received fromtube 1404 connected to process connection 1408.

The i nl etdigglosedhas applicedions iothefitean thasediarein ¢'§C|98Qﬂ:é:§§ exapieiect i on
1408. Fiq %’#I@g%q &é%lﬁﬂ+\ﬁﬂl%?ertrng é%@ﬁ%n éﬁédtf?)lnsfulm Wf‘flcthoth%gﬁmﬂh ht through

the two p proce connection 14 |ch is
connegt ehrbbEsHMapatial isiberdshag suTEh%spﬁtrib avidylardsinoomphatible Tér use with flow
specifically mentioned i mediatel y above are analogous to and performthe
functi onsm?éé%h?té'ﬁg a weta yyattedflaveRBBndi ng 25 el ements on the previous
FIGS. including FIG 1. DESCRIPTION OF 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 WO 03/ 046488 PCT/ US02/ 37034 these
signals as well as signals from pickoffs LPO and RPO of flow tube 1502 to
generate material flow information. The process material flows to right on
FIG 15 through flow tube 1502, through tube 1500 and flows to the left

t hrough flow tube 1503. This phase 5 reversal of mated pickoffs can be
conpensat ed by reversing the connections to pickoffs LPOA and RPOA 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 nmentioned 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 nent 1600 that is simlar to
the enbowDmeotcsss FI G 14. The differences are that upwardiryusexsmadi ng
i nner nounting posts 1617 and 1618 replace walls 1417 and 1418 of FIG 14.

Al so up\/ﬁd!m gi(t.endl'_ng outer nmounting posts 1643 and 1645 replace walls
1443 and a *G. 14. CQuter posts 1643 and 1645 prevent flow tube
1602 from pivoting about post 1617 and 1618 as an axis. Connectors 1608

and 1609 are optional and if desired flow tube 1602 may extend outwardly
t hr ough posts 1643 Amethedof manufactiyinga flowmater adrpted da extendAuacetvedube

user to trECtRpetera) A HEd Bl GERIETI S pANIRCE ROM AxlalRER T o °

f 1 ow Bubeduésdion arankferdidnashilcdCoiolisr flove Areterctorsaid provessd oikiterialisaid09 in a
simlar fashion as shown in detgil in FIG 4. In addition, flow 1602 tube
can be atMgBWELcaPiFRg essteBsRbcti ons similar in design as described in

FIG4. witht Iﬂhgglqh\,%p@o F‘?fb@@ﬂuﬁeﬁﬁééﬁé}%rﬂf t he process connection being
end. This all

| ocated at eac ows a conpression fitting fromflow 25 tube
1602 to the praplingagideoffinearsatd sdid dow tobenmesss; on fitting fromthe

users equi pnent .to.the sa rocess, connection. Posts 1443 and 1445 serve
as a m&HFi'ﬂ%thpgrfu'éBang&egﬁfggﬁ %688 Qhen provided. It is to be

expragsl y. undeaoﬁpﬂﬁg shitPlov ibeChBRAE ¢ hbERB! 5818 flot 1Bk rhalefdrindutfisn t o
the description of the preferred enbodi nent but enconpasses other 30

nmodi fi cata orateraldhall kespatthe procassnaterinkfree pa eentagnation diye toHeni nvent i ve

concept. , For. exanpl 1 |, t.e [ a L0, ARy be

oper at e AR Topaater a4 R Gbe S BEALoRRENE rRRAE Y oriver o
posi tioned on afigngfiniat avd butkéti eraisf df@aid AGW thise Aldany td lae ledist Bre presdsst o
nove upward away fromthe fl ow tube. 21 WO 03/046488 PCT/ US02/ 37034 This

can bet t egonnegtion ¢o farm an blira pe flovopathribraugh said 89w mater- ni ght degrade t he
accunacy or the output data of the flowreter. Also, the Coriolis flowreter
herein disclosed has applications other than those herein disclosed. For
exanpl e the d2.scl oBlsgiméthioddf dai ¢whetaotenzgd inghatsaid istepapiddupding sail i n

}“ﬂggﬂp;[‘ ?@Jvlé?d“qé'%gggg \rmg)) ggi%?q%%tfg%g} cérrsxpﬁgersrt Sel s\{eeb o? Hgingas%idﬂ' ﬁcgv(/ Itt?beacI d. and

means formed from PFA to maintain said process material flow free from
contamination due to ion transfer from material of said flow tube means to said

20 process material.

3. The method of claim 1 characterized in that said step of coupling said
flow tube means to said base is proceeded by the step of etching said flow tube
means to create a surface suitable for coupling and affixing flowmeter components.

25
4. The method of claim 3 characterized in that said etching step

comprises the step of using an etching solution containing a glycol diether.

5. The method of claim 3 characterized in that said etching step

30 comprises the step of heating an etching solution to an elevated temperature.

6. The method of claim 3 characterized in that said etching step

comprises the step of agitating said flow tube means in an etching solution.
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neters having a netal wetted flow path. 22 WD 03/046488 PCT/ US02/ 37034

What is Clainmed: 1. A nethod of nmanufacturing a fl owreter adopted to extend
a recei vewo opioiess material flow having an ultra high | evelr/usb2/pusity free
fromcontam nation 5 due to ion transfer fromsaid Coriolis flow neter to
said process material; said nethod conprising the steps of: affixing a
driver to a flow tube neans; and coupling a pick-off neans to said flow

tube neans; the metfoghethtd bRElah dichaiRtédRd iBXhat¥ai¢ bRipSofdjouphifg saidp! i ng

said fl ow tube neans to a base, said fl ow tube nmeans forned from a

mat eri al flovatubeowpsns tesaiddaseds praceedgd byrthe stemet strtighieningtsaitiflawe to i on
bna - ar f PRSP dimiPatst bl inbk Rt SHRBUTE Ui E FodialiBBRAER PLLS

procegs connection to forman ultra pure flow path through said flow neter.
15 2. The nmethod of_claim 1 characterized in that said step, of coupling
said flow tubdd nealhe methed Gpga%7pb?f%?r'4%’rﬂﬁrth§te%a'gﬁgagﬁ)‘t%‘"aﬂ S¥¥i ng said
flow tub o tEBrs'?@[%I)f'om PFA to maintain said process material flow
free from contam nation due to ion transfer frommterial of said flow

t ube neans t o @acidg 3aidfloe dste meaesiimb st@ighteringdixtuwe, of claim 1

characterized in that .sgid step of coupli.ng, sai 1 t ube nmeans to said
base is prpceé?f@d'nﬂfaﬂigo‘é’pt@tﬁeB?eaé‘rscﬁﬂdnﬁ"ggfra'gpfwmﬂ "Cheans to create a
Surfaqgﬁ SU'ta_tHd%)IiﬁgrsaRPﬂW'ttﬁlge A8 ahdaid sfrhionteigg figar@amants. 25 4. The
met hod of claim 3 Characterized in that said etching step conprises the

step of usi ng remminghsaid flow lwbeoneanmiremrsaid stiaigh{ering fixefrer. 5. The
met hod of claim 3 characterized in that said etching step 30 conprises the
step of heating an etching solution to an el evated tenperature. 6. The

met hod of claign 3 chad awitissd sEeain® 1tdharactelifbdeinathangnid stsp ofoswupling 8aid he
step of agitating said flow tube neans in an etching sol ution.
ow tube means to said base comprises the step of attaching said flow tube means

15 to said base using adhesive.

10. The method of claim 9 characterized in that said step of coupling said
flow tube means to said base using said adhesive comprises the step of using

cyanoacrylate adhesive.

20
11.  The method of claim 1 characterized in that said step of coupling said
flow tube means to said base comprises the step of coupling said flow tube means
to said base using an O-ring.
25 12. The method of claim 1 characterized in that said step of affixing said

driver means to said flow tube means further comprises the step of attaching said

driver means to said flow tube means using adhesive.
13.  The method of claim 12 characterized in that said step of affixing said

30 driver means to said flow tube means further comprises the step of using

cyanoacrylate adhesive.
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23 WD 03/046488 PCT/ US02/ 37034 7. The method of claim 1l characterized in
that said step of coupling said flow tube neans to said base is proceeded
by the stwp osfo4@B88 ai ghtening said flow tube neans to el i mcmatse2/amg4

i nher ent curvature or unwanted residual bends. 5 8 The nethod of claim?7

ol aci g sai d fibw rl5e LRIt geidh L ERaRE AR o PRRA 880 'EaRbRRT 88Ky 11 ow
t ube meansiciasd nsedrs Bidaid B6k eabd ehdanstfurtRer démpasds the ssep Of ttavkingibsidmeans
and said straightening fixture; and renovi n'g said flow tube neans from

sai d str igholmeans foaaid fowgdubermeanstyiing adhesive.m 1 characterized in that

said step of coupling said flow tube neans to said base conprises the step
of attaching said flow tube nmeans 15 to said base using adhesive. 10. The

met hog of clai?1p.9 dhtwr mettrd afedhinn14 hbaramér(tes!tlaphatfsambstpbioigosaiirmg flow

t ube means to said base usin ai d adhesi e conpri ses e step of usin
cyanoacr y3ad BicksifbRieans t%éa'ﬁq'owﬁﬁ’geﬁ@?ﬁBﬂ yth e(flrépémﬂ”fe% éﬁ P8 i n '? hat

sai d step.aho§ nghegld flow tube neans to said base corrprl ses the step
of coupli r?g ga&g&]ft?ow tube neans to said base using an Oring. 25 12. The

met hod of claim1 characterized in that said step of affixi ng said driver

means to said ns, furt e hi ng said
driver rreans t sal-‘(tf' Cﬁﬂf&'mﬂ&ha qr{%%?éﬁgstf'%esa'él@%t fa%&\%ﬁod of

cl ai fpl2 é&h%r?s@s%dubﬂﬁg 'sﬂldtéi%aét%rfé sroeBsPEomiddtishng saidishse30 driver neans
to said flow tube means further conprises the step of using cyanoacrylate

adhesi ve. 24 WD 03/046488 PCT/ US02/ 37034 14. The nethod of claim1l
characteri zed i ; | DO Sad: . i d
low tube mantf ur Ll cuBEy a1 RENBIABE RN Bailia 3ich, tbihg <3
process connection to said base comprises the steps of:
forming a receiving hole into said base; and

15 securing a fixed element of said process connection into said receiving hole.

18.  The method of claim 17 characterized in that the step of securing said
fixed element of said process connection into said receiving hole comprises the
step of adhering said fixed element of said process connection into said receiving

20 hole.

19.  The method of claim 18 characterized in that said step of adhering
said fixed element of said process connection into said receiving hole further

comprises the step of using cyanoacrylate adhesive.

25
20. The method of claim 17 characterized in that said step of securing
said fixed element of said process connection into said receiving hole comprises
the step of threading said fixed element of said process connection into said
receiving hole.
30

21.  The method of claim 17 characterized in that said step of securing
said fixed element of said process connection into said receiving hole comprises

the steps of:
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pi ck-of f neans to said flow tube nmeans using adhesive. 5 15. The nethod of
claim 14 characterized in that said step of coupling said pick-off neans
to sai d fwows3tudaes neans further conprises the step of usi PgT/ECSYaBMALr Y| at e
adhesive. 16. The nethod of claim1l characterized in that said nethod

base. 17, Tho Weoha 10r<Ep peR Btk afirer B iSO RES BRI o "coupi  ng

said prgegsigingHye@rdn to said base conprises the steps of: fornmng a
receiving hole into said base; and 15 securing a fixed el ement of said
process connednsesting atlecking machapisy kP Raiddocking hotente preverdais fixgdhi m 17

characterized in t'é?érpéﬁ\eof.ssf?ﬁp r%fceégﬁgﬁlix io%aljrcsjm rﬁb%ﬁ& el enent of said

process connection Thto said recelving hol'e conprisesSthe step of adhering
sai d 6i xed el ement of said process connection into said receiving 20 hole.

19. The nmethod of c¢laim 18 characterized in that said,ste f adherin
said fixed el &fent 6© @ﬁﬁwdﬁr}&%wm'ﬂﬁf@@ﬁ@ﬁgi'm%tééi S@B&E?Rﬁ%’i‘g‘%mg

further IG@{?@? Wa@ﬁ% ﬁﬁ@@aﬁfloig}ééﬁﬁﬂ?ﬁ)’wﬁﬁﬁé iﬁ%@ﬂiﬂg@ﬁt‘é‘érev?%ﬁo- The

met hod of aracteri ze at said step of securing said fixed
el enent donygaedses sdid Sixed elereenti dsaidhproceas doneedion. ng hol e conprises the
step of threading said fixed elenent of said process connection into said
receiving hole. 30 21. The nethod of claim 17 characterized in that said

stepqgf securizy IhebmbtheRbfAIARETS cﬁéra%eérﬁeariﬁwmwgt@ggh@umin@o sai d
receiving hole conprises the steps of: 25 WD 03/046488 PCT/ US02/ 37034

f or mi ng asaichpticegs soheectionste saishbase coraprisesthsestepof@adberinealfixed of the
recei ving,hole:. and. i i . i ; isminto said | ocking hole to
prevent s ?’&em ?Z&a'deé]@ﬁé# gﬁ?n%gh%%b%%%@%%ghnecti on from novi ng.

24. The method of claim 23 characterized in that said step of adhering
15  said process connection to said base further comprises the step of using

cyanoacrylate adhesive.

25. The method of claim 1 characterized in that said step of affixing said
ends of said flow tube means to said at least one process connection comprises
20 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

least one process connection.

25 26. The method of claim 1 characterized in that 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.
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5 22. The nethod of claim 21 characterized in that said step of inserting a
| ocki ng mechanisminto said | ocking hole conprises inserting a set screw
that conwpoassesissai d fixed el ement of said process conne®Crarso2/3®3£3. The
met hod of claim 16 characterized in that said step of coupling said

process connectjon to0 said .copprises, the st of . ri L xed

el enent of sai .prO@&@ebm?ésﬁql%ggﬁb%raggﬁrgegéggt_?atfg:lcﬁgtgﬁ d&%%ﬁ@’@é é%'%cl aim
23 char acdfy biZeeld iBwitiBé nsedind t6saRi fake A BAId Mdeadtoricdprdcpseansedtionnect i on
to said base further conprises the step of usin cyanoacryl at e adhesi ve.

25. The memwisesithelsiemotadiegingseid padof paidliea tubsi meanelp 2Aiddass @f ng sai d
ends of s Ii(gBI lq%\évtéﬁgggé%gg%ﬂt]g‘?a%nd at | east one process connection

conpri sed I'ng said end of said fl ow tube neans; and
inserging said flared end of said flow tube neans onto conical stub of said
at |east one é)rocess connection. 25 26. The nethod of c|

] € > aim1l . .
characterized 4& t hHie Rethpdafsiainy 26 charactryizediin th@r?@'%ﬁtega‘?rp(?eﬁl"&/s?@be
nmeans to i ' j ps of:
maorti nd BA (Tt AR ne e L Fac Bl I B AR P one
process coomprisds the steyi of ulrasahieaity wéldirg shid lead of shid e tdbeameansieh wit h
face of sai(_t’dJ t | eas I30 one Er ocess conqection; and sealing said end of

d. a
sai d flowdidfReeR0d ableast ong BrOcess COANGLUN | east one process connecti on.
26 W03/ 046488 PCT/ US02/ 37034 27. The method of claim 26 characterized in

that said step of sealing said end of said flow tube neans to said face of
sai d at | east 2fhe pFheeethasbefreiaim 36 chawmeterizeddn tihat said ptepfof s@aling 8gidsai d

ond of $34h &f B RSSO To 8 R0 258 A lpast B el RO 0552, o
seal i Ng s@rfprises the step of heat tip welding said end of said flow tube means to said face
of said at least one process connection.
15
30. The method of claim 26 characterized in that said step of sealing said
end of flow tube means to said face of said at least one process connection
comprises the step of laser welding said end of said flow tube means to said face of
said at least one process connectidn.
20
31. The method of claim 1 characterized in that said step of coupling said
pick-off means to said flow tube means comprises the step of making portions of

said flow tube means opaque in order to facilitate use of optical pick-offs.

25 32. The method of claim 1 characterized in that said method further

comprises affixing a temperature sensing device to said Coriolis flowmeter.
33. The method of claim 32 characterized in that said step of affixing a

temperature sensing device comprises the step of affixing a resistance temperature

30 measuring device to said Coriolis flowmeter.
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end of flow tube neans to said face of said at | east one process connection
conprises the step of ultrasonically welding said end of said flow tube
nmeans t o weaBwd4dsage of said at | east one process connecti @aT/UN02/2934 The

met hod of claim 26 characterized in that said step of sealing said end of

fl ow tube neans to_said fac f .sal | east ,on rQCess . C | Qn
conpri ses the ep 'RE oqu&lma#ﬁlgé@gfe&lzgﬂdnﬁ?ﬁégfcﬁsstppé&gﬁﬁﬁid greans to
sai d facqempbraigicdsatisih@asticetenpriecsdse §1@Praﬂcaﬁii>@ﬁg aA nfédted TORpeRitbed of
claim 26 characterized 1n that said step of sealing said end of flow tube

means t o reeashringadevige toasaid Loriolis ewsiedenr ocess connection conprises the
step of |laser welding said end of said fl ow tube neans to said face of
said at | east one process connection. 20 31. The nethod of claim!l

charagt eri zed 35 t amassifidwsheter Of00) fomheaguriray 8 pradess-materiakffow havingai d
fl ow tube neans conprises the step of nakin ortions of saijd fl ow tube
nmeans opajudtradigh level ?Bplfr&léifﬂeietfﬂrﬁCGE@Wf‘aMﬂH%ItO ndkansferiromsaiy — he
nmet hod of ' ' 0. ' . conprises
a1 xi ng 19°% BlefirtoaR BRICEEE Mstahtl, ol mas fo e o et er 35, The
met hod of cl aiab&se ctEacterized in that said step of affixing a

tenperature sensi ng device ri.ses the step .of affixing a resistance

t enper at ur e 3@"’%@@?@?%@5 @mgbfso%%{? t%?'ﬁ(ﬂﬁs§'flometer. 27 VO

03/ 046488 PCT/ 53D 3ffixeddo shREAGR tiInans iéf vibding RaidfidwriBed i n that
said step of affixing’a tenperature sensing device conprises the step of
af fi xi ng raeansat thegesorantdrequensy ofreaid flovniyibgaupars wish papeessdnatsiriab

flowmeter, 5 35. A nass flowneter (100) for measuring a process materi al
fl ow havifl?d‘” ultra high level of purity free fromcontam nation due to

ion transfer fgigbFahsand (LPO,/RIPE) cdgpleditd saidofs uberheangfor gemetiatiras s
fl owneter conprising: a base élOl i f|1$I)W }o%g%frtrr?ezingni(c)%g%’f s:aLi(()j?’\)ib%t)ilrJ\pl ed to
sai d basesignals representing induced Coriolis deflect p g
15  material filled flow tube means proximate said pick-off means;
at least one process connection means (107-110) coupled to said flow tube
means; and
characterized in that said flow tube means and said at least one process
connection means are formed of a material that does not transfer ions from said
20 flow tube means to said process material resulting in an ultra pure flow path

through said flow meter.

36. The Coriolis flowmeter of claim 35 characterized in that said flow tube
means is formed of PFA to maintain said process material flow free from
25 contamination due to ion transfer from said flow tube means to said process

material.

37. The Coriolis flowmeter of claim 35 characterized in that said Coriolis
flow meter comprises an O-ring (430) for coupling said flow tube means to said
30 Dbase.

38. The Coriolis flow meter of claim 35 characterized in that said process

connection means is coupled to said base.
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10 a driver (D) affixed to said flow tube neans for vibrating said flow
tube neans at the resonant frequency of said fl ow tube neans with process
mat eri al wOloowaesshd pi ck-of f neans (LPO, RPO) coupl ed to ®airdshi/emwss ube
means for generating signals representing induced Coriolis deflections of
the portions of said vibrating 15 material filled flow tube neans

proxi mate said pick-off neans; at | east one process connection nmeans

(107-110) couphed tme&%ribnialﬂewmétbemaamss ohash@tbRzaCihehazssld ibasehat said
fl ow tube means and said at | east one%ﬁocess connecti on neans are forned

of a mat epmprisehat ladstone secaiviag dioke (4200 forrseshrinaiadixedd 14 I balemasd ofreans to
sai d proceldsgfé%e%lg%éc?awrﬁé inan ultra pure flow path through said

f1 ow net &F 10 vvneter of claim 35 characterized in that
said §low tube neans is formed of PFA to nmaintain said process materi al

flow free from 25 contam nati on due o (on transfer. fromsaid,flowtube
means to sai d4fr ocdg Conglisfloymetgy o q‘ﬁé“ggrqr@@%tef'ﬁf{/\hﬁ‘g}‘@?sﬁg re¢elyiRPas
characterl feegth c?td??t said Coriolis flow nmeter conprises an Oring (430)
for coupl I'ng sal ow tube neans to said 30 base. 38. The Coriolis flow
meter of claim 35 characterized in that said process connection nmeans is

coupled to sai d ba 03/ 04648 CT/,USQ2/ 37034 3 The riolis
f1 owret er of @Iqal mﬁ-g‘ﬁ é@fé?\{\oépm%tgﬂofaﬁgf'ﬂég ‘&Qir tpaged '@ W%'ggj a3t | east
one RECeichirifisaslat léa‘!s?g?\efléﬁkl ﬁél(e'(ﬂgoﬁfoi"sé@lﬁhr(glééh proSEERorPkctioRi d
process connection neans. . The Coriolis floweter of claim 39

char act emieasts into smdtres@lvmgrf‘@tﬁal VI ng hole is threaded. 41. The Coriolis
fl ommeter of claim35 characterized in that said base 10 conprises at

| east one | ocking hole (130) for securing said process connection neans
into said recajvi nghaatériolis flowmeter of claim 41 characterized in that said locking

hole is threaded.
15
43. The Coriolis flowmeter of claim 41 characterized in that said locking

hole comprises a locking mechanism (411).

44. The Coriolis flowmeter of claim 43 characterized in that said locking

20 mechanism is a set screw.

45. The Coriolis flowmeter of claim 35 characterized in that said process

connection means is of the flare connection type.

25 46. The Coriolis flowmeter of claim 35 characterized in that said flow tube
means comprises portions (720) that are opaque preventing light from passing

through said flow tube means.

47. The Coriolis flowmeter of claim 35 characterized in that said Coriolis

30 flowmeter further comprises a temperature sensing device (RTD).

48. The Coriolis flowmeter of claim 47 characterized in that said

temperature sensing device is of the resistive type.
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42. The Coriolis floweter of claim4l characterized in that said | ocking
hole is threaded. 15 43. The Coriolis floweter of claim41l characterized
in that saDd3le@ks ng hole conprises a | ocking nechani sm @¢IN)S02/3W34 The
Coriolis flowreter of claim43 characterized in that said | ocking 20
mechanismis a set screw. 45. The Coriolis flowreter of claim 35
characterized in that said process connection neans is of the flare
connection typm, 25 HELBCordIis flevimetdrof tlanwast etiarattefizéd in Biat ehidr act eri zed in
that said flow tube neans conprises portions (720) that are opaque

pr event i igMpiegttire sefiRGdeyigg is Pﬁ‘i"'@d@ﬁa@éi%w-l ow tube means. 47. The
Coriolis floweter of claim35 characterized in that said Coriolis 30
flowmeter further conprises a tenperature sensing device (RTD). 48. The
Coriolsis flowreter of claim47 characterized in that said tenperature
sensing device is of the resistive type. 29 WO 03/046488 PCT/ US02/ 37034
49. The Coriolis flowreter of claim47 characterized in that said
tenperature sensing device is of the infrared type. 5 30
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