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PERFLUORALKOXY 5 Field of the Invention This invention relates to a

Coriolis nmass flowneter that neasures a flow of process material having an

ultra high level of purity. Problem It is known to use CorjphMa§ 26hHbect

mass flowreters to neasure nmass flow and 10 other information pertaining

to materials flow ng through a gi peline as disclosed in U S. Pat. Nos.
NUBACTYR!

4,491,025 issued to J. MA NG ORLA CQRIOYS FLOWMETRERSCONJISHAG 31 450 to
J. E. Smith of Feb. 11, 1982. FFBMARIEY OF RERELYARAKORGre f1 ow t ubes of a

straight, curved or irregular configuration. Each flow tube has a set of
natural vibration nodes which may be of a sinple bending, torsional, or
twisting&ype. Each material 15 fil |Feldfdfdhe dnention dri ven to oscillate at

resonance in one Qf these natura des, The _natura i bration des are
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source on the inlet 20 side. The nateri &¥oblg8ses t hrough the flow tube or

flow tubes and exj I I ' jes
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flow 1 and the material within the flow tubes. If desired, a flowmeter need not be driven at a
natural mode.
Material flows into the flowmeter from a connected material source on the inlet
20  side. The material passes through the flow tube or flow tubes and exits the 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
25  different phase with respect to other points on the flow tube. The phase on 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 osciltation to obtain a delay which is proportional to the
30 mass flow rate of the material flow.
It is known to use flowmeters having different flow tube configurations. Among
these configurations are singte tube, dual tube, straight tube, curved tube, and flow



25 May 2006 tubes of irregular configuration. Mdst of the flowneters are
made of netal such as alumnum steel, stainless steel and titanium dd ass
fl ow tubes are al so known. The positive attributes of titaniumin
flowneters are its high strength and low coefficient of theygml 20e8pansion
(CTE). The negative attributes of titaniumare its 5 nmetallic properties
and cost of {RANLAGYIER GonfdrsioR. MR OF I NRAEISUB TR dinetdPdith 4N
are a contam nant. tal 1ons 1n contact with the wafer areas of an
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material s sugBtahfons!#reh cobiamhiRhMS MetSiliSRd in dontROWAIRY whferBkdas of BRI S pri or
art is not instructive in so far as concerns the disclosure of a plastic

Cori ol i s nasi8tegrajegsireyit ¢atugausgrp otnirguidpyd odin he devigeorMae. dhtaiuver a
range in op | Ik ' [ erature. The nere substitution
of a plasti gﬁﬁﬁ%ﬁ{%&gfﬁ?@# gﬁéﬁ%swltg\% ube wi Il produce a structure that
| ooks |ike a fl ovifhetprior aHalso/suggests plastic flotvitukessand plastic flowmétecsn His a

fl ownet ta_generate accurate, output infornatiogn over.a useful nge of
operact 10 Soflifes BhE AERURET we Aty bhBIRRINGIS B bt af Wi I ace
out of pl astwiich 8nBGhe abWitdise RI6Endd eplddtie. MhIcTehis PRof dreineRdlpebhtgirsah be
substituted for netal. |t does not teach how a plastic flowreter can be

manuf act ur ecPSS8rt9a{bata Bowmetsr may termadeat Yasious sialerials guel aF steghgiainipss
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Coriolis mass ownet er contam nate e process nmaterial.
undesi r abl e distlosys béaplastic Goiriolis Massidveneter tiedt can asturatehhowtpull infoematibn

purity st be delivered by the flowreter. to a user application. This is
the cas&®i n Q§E2F3R9T DARSERHINGrcanditipag i W&P"\Hﬁf;’zﬁ’@'v\hi ch requires the

use of a process THatRéledubkiiation 8f 4 pRStICHow et 8 Artital flotuBE WilDprodlse a
mgrating fromthe tubes of the process material flow path. In such

appl i cat i onslrughyee thatdaoks ke adipwmatera Howaves the strustueawvilaet Binctivrasmat al
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def ecti ve. Toeditiane The meue absartion thiaha Sloviratertaolotl vdimzlde out of plastic is
20  nothing more than the abstraction that plastic can be substituted for metal. It does 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 Coriolls mass flowmeter
may contaminate the process material. This is undesirable for systems in which
25  material of an ultra high level of purity must be delivered by the flowmeter to a user
application. This is the case in the fabrication of semi-conductor wafers which
requires the use of a process material that is free of contaminants including ions
migrating from the tubes of the process material fiow path. In such applications, the
flow tube can be a source of contaminants. The metal walls of a flow tube can release
30 ions into the process material flow. The released ions can cause the chips on a

semi-conductor wafer to be defective. The same is true for a glass flow tube which



2 25 May 2006 can release the lead ions fromthe glass into the process
material flow. The sane is also true for the flow tubes forned of
conventional plastics. A plastic terned PFA is free fromthis objection
since the material of which it is conposed does not rel easg KRy obesi ous
ions into the material flow. The use of PFA 5 for a flow tube i s suggested

in U.S. Pat. dunrersaeel&,ezséd ions Yentgentss iftai the Fuﬁ;@%ﬁia&fhal flow] Tpbdameat to
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di sclosed in U S. 33 to D eter er,
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fromthe flow(:ctt.ltbl%ﬂoﬁ)v@fcﬁmaﬁorheaks and performance probl ens. The
manuf act uri ng process for lining the netal flow tubes with PFA is also

extremely costly.Fiay tH'Pﬁ’Q)'FFed'FHﬂ" Bbdwas dielogadia).5r Bat Nos5408.538Ite Bistamd an

advance t r i di scl oses
a Cori olfltfs rrah%éé'fé%é tt% grt&I av?iﬁéqhg%so%'eas@ ongé%?fbmfn%m?’ owﬁegnc
per fl uor oal k@ﬁ@iﬂn@bglesjmben((dnﬁmreqbhawtqhatlenﬂee thdteouldindd beisslved wptiktiet 0 a
driver and t n of f . senso abl e t he PFA fl ow
functi on s BEsbrfRoR! MdbRLupBE IR wit PRATIRE melphat miatae bioh
out put inf otheEthind?F}Dmtlrfgaﬂ% an inpaR& oW Gtreamctb chesScdammaRbRCARS, the

use in appllcatlons such

mat eri al fIO\&/@ff uItrag‘é? urltéAswtabIefor

as seni - cond0EfR} flowiyhe "F"@ha%ﬂ“%'ﬁ lingrehavgydiffarentdbermal pronerias: Fhisl 1 ow
to be frge ofaze @Qﬂ% | I constructed
entirely of PEI':A Eg@érﬁgﬁ.;lh%r t he @% g?ﬁnﬁsmca)’f@@asﬁlt%rﬁ%gatégg%%hp ned fl ow
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resi st ance, ease, low particle generation, and Is 30
manuf act ur abHe-At"J’ %ﬁexpggz&sﬁyg | arge anounts of capital. PFA material is

strong Solution
The above and other problems are solved and an advance of the art is

20  achieved by the present invention which discloses a Coriolis mass flowmeter having
at least one flow tube formed of perflucroalkoxy copolymer (PFA) plastic. The flow
tube is coupled to a driver and to at least one pickoff sensor to enable the PFA flow
tube to function as part of Coriolis mass flowmeter that can provide accurate output
information over range of operating conditions for a process material flow of ultra high

25  purity suitable for use in applications such as semi-conductor fabrication and the like
which require the material flow to be free of contaminants down to the ionic level.

A fiow 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

30  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 low
flexural stiffness enabling a higher sensitivity to mass flow rate and improved immunity
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and can be extruded Into high quality thin wall tubing. Thin-walled PFA
tubing has low flexural stiffness enabling a higher sensitivity to nass
flowrate and Inproved immunity 3 25 May 2006 to el astic dynam c
interaction between the flow tube and the process pipeline.2sTgy 2084 eri al
and physical properties of PFA allow [arger tube vibration anpli tudes at
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massi ve met alwblnaima anliplitlide dRWaRE tisé BEsMalonanasy irbfisducers, ahich et ow t ube.

The base S shag and the Iastlc fl ow t ube extends through coaxi al
hol es in he "PRIGVESL S(EWS?H%“ aﬂqémﬂl%ﬁctm%”\“f%“%be |s affixed to the
holes in the baseAlmr%tﬁ?ﬁ@ﬁe@gx@rﬁplﬁﬁpérﬁﬂé%ﬁéﬁt SRS H \éﬁtl r?s%saﬂowmet
cyanoacryl ate also ternmed Loct| ongl tu I na cen of the ﬂ ow

tube is ~af f hR¥ad asingle BFA@iastic flawrtabe coupled/tora miaissike lnmidlhaee wlmuﬂlr ive

the Tongt ¢ uaragreasne SR oY id Torshe holk fydd Vs B N L EalABERE R | s
bendi ng resopmlsuc ﬂaveqlbermqemfs thivaigh lcoaxialtotes imhiee fvlrcﬂl&g§5ftmt1¢ The pReft ed to
pi ckof f s, whi of the vibrating flow tube

t ect Oﬁ"“ olis.r ons
i th et oW RERE TS A &0 e e SiiBaBAEAbY MeRes 5f BRaPPORAAY sBosve Such
conventi onal as ei’@féhbﬂidwﬁ%ttemm&bﬁé 0, wrﬁ@uoﬁamﬁﬁaﬂ cehfer isﬁmetﬂawttnse Ls' ow

tube and a coil affixed to the base. In an altérnative enbodi ment
pi ckoffs ar eatised toan eleckre-macnatic driveg avhiohaeceives a give Sigaai from atmeter i s

nodul at ed by f

enbodi nent o?l%gg.gﬁ{%ﬁ?g ad\g%ﬁ?gélgwﬁb% r?#\}e“%ﬁ‘ygﬁ%tnglqu%ﬁggﬂaf%§ $ﬁﬂﬁg§‘ﬂé?%e S
renoved fronT hiheribva'\tlmnam'aylgebl tbwﬂrstbmnd’ﬁglresorimt &aqeamjmmé flovs tibel thiheiflow
The dri ver sour t .can alse he tenpera of the

pl asti CVI% heﬁ’#%l'ﬁ ?Pu‘%gp qﬂ%"ﬂ]%&‘?ﬁt@d& %ICBEBII'Sa"@ép? E%P’ E%"”Sﬁ"o‘{"he
gener at ed oufupdtwithhAEARTICW) - Inlthe filshembedirrgt, TRE lckbﬁ§rrﬂ\ In6S cdnentional
advant ageousl y affixed on top of the flow t ube en in 25 use. This

mount i ng ar r giREfENERENelcombipatiommith mganats affixed do theaflow iuberandeucaiafiixed to
o e o A el A el AARE] WY LR b SRR IRIE Gt
pi ckof f s havgeneoate adight béaro antltieat ismeadsiatdd byathe Vitratiaris dfake flow tube. The
20  optical sensing embodiment offers the advantage that the weight of the pickoff
magnets is removed from the vibrating flow tube. This increases density sensitivity.
The driver is a source of heat that can raise the temperature of the plastic; thermally
expand the plastic and degrade the accuracy of the generated output information. In
this embodiment, the driver is advantageously affixed on top of the flow tube when in
25  use. This mounting arrangement has the advantage that the heat generated by the
driver radiates upwardly away from the flow tube.

In accordance with another embodiment, the magnets associated with the
driver and sensor pickoffs have low mass since they are small and do not have
keepers or pole pieces. The magnets and coils have been optimized to make the

30  magnets as small (low mass) as possible. The magnet material has been chosen to
have the most magnetic field per unit mass as possible. The tube geometry has been
designed to achieve the desired motion with as little drive force as possible. PFA has
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keepers or pole pieces. The magnets and coils have been optim zed to nake
the 30 magnets as small (I ow nass) as possible. The magnet naterial has
been chosen to have the nost magnetic field per unit mass as possible. The
tube geonetry has been designed to achieve the desired nothoRWi dgdasas
little drive force as possible. PFA has 4 25 May 2006 naturally"| ow
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advant age that the overaII wei ght of the base structure may be reduced from

13 pounds d&RWMEseHBIRarL Tm?aﬂd@fatmsm%w@umlaeﬁémthe &60 pf adynareig
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tube operating in an unbal ein ooperation Wth a nassive base.
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of dual flow t% 3 %%/ant S)geous in that it provi
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tube configuration
flowmeter having a single straight tube operating in an unbalanced mode in

20  cooperation with a massive base. Other flow tube configurations are provided by
other embodiments of the invention. The invention may be practiced with the use of
dual flow tubes vibrating in phase opposition. These dual tubes may either be
straight, they may be u-shaped, or they may be of a irregular configuration. The use of
dual flow tubes is advantageous in that it provides a dynamically batanced structure

25  that reduces the mass of the base required to mount the flow tubes,

An additional embediment that can be associated with any tube configuration
is the provision of a temperature measurement device. A preferred embodiment is
the use of a Resistive Temperature Device (RTD) attached to a flow tube. If desired,
the temperature can be measured using an infrared temperature measurement

30 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. Also, the RTD can be mounted to another
flow carrying tube in the sensor which is not the vibrating flow tube.

5



I's the provision of a tenperature neasurenent device. A preferred

enbodi nent |Is the use of a Resistive Tenperature Device (RTD) attached to
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vibrated by separate drivers in phase opposition. Each flow tube also has its pair of

20  pickoffs for detecting the Coriolis response of its flow tube with material flow.

In summary, the Coriolis mass flowmeter embodying the present invention is
advantageous in that it provides for the measurement and delivery of a process
material having an ultra high level of purity. This level of purity is provided by the use
of a PFA plastic flow tube which is superior to metals, glass and ordinary plastics all

25  of which permit ion transfer from the flow tube material to the processed material. The
processed material may typically comprise a slurry which is an organic compound
used as a polishing agent in the fabrication of wafers in the semi-conductor industry.
This polishing operation provides a flat surface for the wafers. The polishing
operation can take about an hour during which time the slurry must be free from any

30  contaminants. The deposit of a single undesired ion onto a semi-conductor wafer can

short circuit all or a portion of the wafer and render it uselass.



25 of which permt ion transfer fromthe flow tube material to the
processed material. The processed material may typically conprise a slurry
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receives said si gn%pg\gqrrcgksltsagitcgggﬁic 0%3%"3%5‘%&%@‘b5%h§52ﬁe3 out put

i nformati on pesrtainirigngnid erecss matedalSewyat eri al flow, and 15 characteri zed

in that the entiret, ﬁ{ th tt th. ' 1.Qlel t
: ncl udi ng1%ai d :‘I o?!%lf ﬁ%ﬁ%cpﬁ&g@?ﬁﬂ8@9®ghﬁ% eﬁabg}féﬁ%%ﬂgﬁﬂg@ ﬁnalsr
per f our oal koxpaprésp@hy RILcePBERYoliddafisedohs dtdaid vibratingtfloantsibemesisi ons from

said flow tube neans to said Elrﬁ?chfﬁ?,mt erial. Preferably said flow tube

means conpr i seNANNORALPOGEER A ¥strai ght 20 flow tube conprising a

dynani cal | y unbal aperd efdoftfks fifit rédivesaiait Sighals fem saidickoffufiddnsiandcy
| arge to vibrationally comunicate with sai define a

r ; , d,flow tube t f
dynami cal | y baenaraies ostnutinfereatiey ReslaiRG WSakharassse ™ r@?ﬁ?‘f"oﬂ% of said

flow tubeys characterized in that the entirety of the wetted path of said Coriolis flowmeter
including said flow tube means is formed of a material, such as perflouroalkoxy
copolymer (PFA), having little or no transfer of ions from said flow tube means to -
said process material.
Preferably said flow tube means comprises a single substantially straight
20 flow tube comprising a dynamically unbalanced structure; and
said base has a mass sufficiency large to vibrationélly communicate with
said flow tube to define a dynamically balanced structure by balancing end node
vibrations of said flow tube.
Preferably said pickoff apparatus comprises a Iighrt source that emits a beam
25  and an optical detector that receives said beam;
séid light source and said optical detector are spaced apart from said flow
tube and positioned on opposite sides of said flow tube;
said vibrating flow tube is positioned between said light source and said
optical to alter the characteristics of a light beam received by said optical detector
30 from said light source, said optical detector is responsive to said alteration to
generate said signals representing said Coriolis deflections.
Preferably said base is u-shaped and has a lower surface and a pair of

upwardly extending side walls; and



Preferably said pickoff apparatus conprises a |light source that emts a
beam 25 and an optical detector that receives said beam said |ight source
and said optical detector are spaced apart fromsaid flow tube and

posi tioned on opposite sides of said flow tube; said vibrabisngafbmy tube is
positi oned between said |ight source and said optical to alter the
characteristics of a light beamreceived by said optical detector 30 from
sai d |ight sourceholgaieagi dfcsaid dpivexdoextesding swyalls sire eotixialbaslignadtter at i on
to generate said si nﬁls representing said Coriolis deflections. Preferably
sai d base isrﬁgﬁﬁﬁﬁgﬂ BWJUWQS a lower surface and a pair of wupwardly

ext endi ng si de waPlgferadlydsald BasdVBya 281AGebaingalar Blepsat definingizparpielepibyd;
extending walls are axially al

0 igned to . receive said flow tube.
P ef or abl'y sai o bR 18 4585 GAMELRUAN GRS STE1eE Brt LBeHTACHGT 49 base.
paral | el epi ped;  prirckablyM hith8f &id §ORNEEE PskvbsRaid Prcﬂe%s ¥edefia) fowtfim

surface of said base. 5"Preferably an inlet of said tlow tube receives said
process mat eRiSHPPIIREfrom a supply tube; an outlet of said flow tube is

coupled to an inl o@ﬁet%fé&?fit@% [{PHQ% aéﬁg%%{eqeégwttfgg?g?%nqwl ed to said

base and extends rough wa of sal return tube is
adopt ed to be corsadtaiumtiobais exipled Wwhsaid basx ardt dxteaid though aalls whsaidi al
fl ow tomrdsb%g%ﬁ{j application. Preferably the mass of said base is at
| east 100 to imes the mass of said single flow tube with process

mat eri al10 Pr ef er addid redushtobariscaduptedtebe smanstead fo aredxit tubeab dxteaslesaid
proxi mate said 15 node tain said, nodes at a reduced | evel of

t o, mai I
vi brati on. F‘?@P%?%Wﬁiﬁr@zﬂ%l”m @ Y58r 3RRiRURRans is an active dynamic

bal ancer ~ cont r olprgfbriply thenaxs BRE&IE Hake 3 SN1BLS WOLB RAOLIMSE Bie mass of
el ectronics. Preferably said flow tube neans conprises a first and a second

flow tube cifpFiaglefipvshibg willserogpes pE&a-oned paral lel to each other, said
first and second Fﬁ'@%&%l@%’ratdwgﬁliéﬁﬁlaﬁ@%%é 2nR&1 ¥ Hidbede bRoxHaRSsaid

opposition by sai
15 nodes to maintain said nodes at a reduced leve! of vibration.
Preferably said dynamic balancer means is an active dynamic balancer
controlled by the exchange of signals with said meter electronics.
Preferably said flow tube means comprises a first and é second flow tube
coupled to said base and positioned parallel to each other, said first and second
20 flow tubes are adapted to be vibrated in phase opposiﬁon by"said driver.
Preferably said first and set:ohd flow tubes are connected-in series with
respect to said material flow.
Preferably said first and second flow tubes are connected in parallel with
respect to said material flow.
25 Preferably a return tube is coupled 1o said base oriented parallel to said first
and second flow tubes;
said return fube receives said process material flow from said first and
second flow tubes and extends said material flow towards a user application.
Preferably said flow tube means comprises a single flow tube;
30 said Coriolis mass flowmeter further comprises:
a massive base affixed to ends of said single flow tube to reduce undesired
vibrations by creating stationary nodes at said ends;
~an inlet connector connected to said massive base and adapted to receive a
flow of said process material from a supply tube; '

8



Preferably said first and second fl ow tubes are connected in series with
respect to said material flow Preferably said first and second fl ow tubes
are connected in parallel with respect to said material flow 25
Preferably a return tube is coupled to said base oriented pasg§fdyelpobo said
first and second flow tubes; said return tube receives said process
material flow fromsaid first and second flow tubes and extends said
material flow towards a user application, Preferag%l said flow tube neans

conprises a si ngl e inlakof & sirgle Saw JRSE HIXes 1hes 1 RRBERACR GRIcHRPY
conprises: a IRS3LNE sBaRBIvAhh%eR dafi ipe of &did SRigle AbWalse fd avoltdef baid

reduce undesired vVvibrations by creating stationary nodes at said ends; an
i nl et connecteuppibibede eifetidhe gxignsigasif saidpuecessrnaiedaptiay in srid sbaplyduke

flow of said gr . al.. froma supply tube; 8 25 May 2006 an. inlet of
said single f@osw&fﬁﬁgl%% erd to said inlet connector, said. input

connect or Seal abl ya firsheetcsicseve i shid inlettconhectal thaditaigs said iplet conreater Hxed

outl et of said, supply. tube to .ef . the extension of said process

material flowWihs ﬁgay@éﬁ'bqe'(}‘a?ﬂlﬂ%t’s% said.single flowtube; 5-a first set

screw i n said inl etdhpenadixedrto saidreimleadow aitsk fonlvittratimnseid tsongld flove dubeni t h

respect to said mmssive, base; river affixed to said single flow tube for
ighte:

2af
vibrating saiPn&Imge said RceEates ning said process material flow an

outlet of said singlsytileredidbpgaf fiowRibetfhadiecrsstopdrmrentomr forexteridindi ng
10 said process material flow via an exit tube towards,K a user destination;

a pair oflOpi &t processmaterial oy yigar prpfubertpwards m s e3Pt e si des of
said driver for i i ' %‘frfqPé o t09E bAldppokitslisiaeslof said
defl ecti ons of sai% {/ﬁtﬁlg%f%éﬁprgﬂtegrt?gla@fil ed single flpg\?v .ltube' (r?e?aelr
el ectroni cs; drisetionganemting sianelsrentpsentng Sardisinduesd defiestions of said er

el ectronics f\}%ratir?d%%?&iamﬂlle%aéiﬂgl@ifﬁmwersi gnals to said neter electronics;

and
meter electronics;

15 conductors extending from said pickoffs to said meter electronics for

extending said pickoff signals to said meter electronics; and

said meter electronics receives said pickoff output signals and generates
output information pertaining to said process material flow.

Preferably a return tube is connected to said massive base parallel to said

20  single flow tube;

end portions of said single flow tube and said return tube are glued to said
massive base to maintain said single flow tube and said returmn tube immovable with
respect to said massive base,

an inlet of said return tube;

25 an intermediate tube connecting said outlet of said singlé'ﬂow tube and said
inlet of said return tube via said second connector to extend said process material
flow from outlet of said single flow tube to said return tube;

an outlet connector connected to said massive base for receiving said flow
of said process material from an outlet of said return tube;

30 said outlet of said return tube is affixed to said outlet connector, said outlet
connector sealably connects said outlet of said retum tube to an inlet of an exit tube

to effect the extension of said process material flow in said return tube to said exit

tube:



said neter electronics receives said pickoff output signals and generates
output information pertaining to said process material flow. Preferably a
return tube is connected to said nassive base parallel to said 20 single
flow tube; end portions of said single flow tube and said re hothe are
glued to said massive base to maintain said single fIOM/tube and said
return tube i movable with respect to said nassive base; an inlet of said
return-tube; 25 an d sdcontadt edrewtin BgiduUBERINnaetos Mdhtaltsl iid ebtles @banesutargl e
fl ow tube and i nl et of Séld return tube via said second connector to
extend said pré@ SydthiepReGtdp saif|B5R#% r om outl et of said single flow tube to

said return tuggg eﬂf\tu@étré Q&agﬁ@@ ReEkteRd SAI0PRSIRE nidte BRI ROWRSS Ly deRERaticr
receiving said flow of sai rocess material froman outlet of said return

tube; 30 said out | &reigraldypaid J'@WJPhe mesas ngs Righ fextbility agdiatpoduas @etifiness

connect or, §a'é11b§tléhh§ﬂy loWRPIMRATlow BBLIGINECONMHEE] 8- giabg outlet of said
return tube to an inlet of an exit tube to effect the extension of said

process material fFowerablysaid fipwitupemeane heewalls guistantially dbisnerthas theny 2006
a second set SELEWL Bf Ral; @weglabb'rt%n &r‘?ﬁé‘ﬁ&d&:ﬂfbé”??sbaﬁé{r{}éu%fh@.cptétatoeﬁnafe%f‘e“ or

fixed with respect to sai said exit tube 1s ad o extend said
process materit@wsf| ow to a user destination. Preferably said flow tube

means has high fle I y | ower
than a fl ow tube fﬁ%ﬁf}b&ysa%ﬁa@t&&e grg;‘hé% ngté 'al@s%%g%?gwhfdt & nmeans
has wal | s 19ubst ant Paéfén;ablyhsam&mwltLthebm hal:anmet er of t he inner portion of
the fl ow tube neans thr h_whi sai d t flows Pr ef er abl
fl ow tube means ha8 dé'vgﬁﬁg'r'eol'?ﬁyi cgqmpﬁtl%tﬁg{i?ﬁ (gﬁ QYR la§ ent"'fé’ ?—ﬁé? g?"'él)llse @‘al d
fl ow tube mamtﬁe@;ttvapdﬂioweaffsaﬁmmﬂm}aedﬁdnepﬁmd)n that extends over the
entirety of the ax en ortion of said f t ub
means; and furt herh‘ﬁb?r aa%sﬁoaplgda@c? {hagﬁ%leﬁ'g? ogﬁﬁ@ﬁﬁ‘t'mpfwﬁ@x@iti rety
of the axial |ength of the active portion of said flow tube means.

15
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| ength of the active portion of said flow tube neans. 15 10 25 May 2006
Description of the Drawi ngs These and ot her advantages and features of the
present invention nay be better understood in connection with a readi ng of
the follow ng detailed description thereof in connection of Mfiemdsaw ngs
in which: 5 FIG 1 discloses a perspective view of a first exenplary

enbodi nent of the invention. FIG 2 is a top view of the enbodi nent of
FIG 1. FIG 3 is a front viewof the enbodinent of FIG 1. FIG 4 is a
cross-sectional view taken al ong | Paexintion ¢fftheprawingsio F1G 5 is a

perspective view ofpan alt8Fk dv\éﬁtagg%)?gd gég eé“gfgh??réeﬁﬁih(leﬂfon_rﬁé\?@e

elements. FIG 6 discloses a dynam anc ownet er having a
U- shaped base bettél @8ersfocahid ®ndéatioh et arehtiiognttherfolwinghdelojled dedcripliarkof f s.

FIGS. 9 and 1Q disclose f|.o0 rs. having.dynam c bal ancers. 15 FIG 11
di scl oses a f?%%’vﬁ%‘ﬁ%F°W§€$‘%€g§‘t“§é’??w‘§$s 'Qg"bhé%ant ially U shaped flow tubes.
FIGS. 12 and 13 di BiG. 9gagicyee aharspeathadiiew of a Gfst axérhplarysdrebadiaenngf tee pai r

of dynam cal |y bal anced straight flow tubes. FIG 14 discloses an
al ternative ety68¥3ent having a single flow tube and no 20 return tube.

FIG 15 discloses ap alid £idalibyos tEasbmAbnttAFIGo.t wo Tl ow tubes vi brat ed
I n phase opposition. FIG 16 discloses an alternative enbodi nent having a

single flow tube. Fifledisa &anDievof heiampadmeSERIPTON OF FIG 1 FIG 1 is
Cvent | on and di sol Gsa 4 bR RERTEN By HETAGNT AN OTRE 202 [ neer ted
t hrough lgs 117,FIG18isod pbapecthe Viewdickodlfesnatipg embadiRrmt BadndgipaiofD ar e
coupled to fl é’vsetéigneaents.
FiG. 6 discloses a dynamically balanced flowmeter having a U-shaped base.
FIGS. 7 énd 8 disclose a flowmeter having optical pickoffs.
FIGS. 9 and 10 disclose flowmeters having dynamic balancers.
15 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 of
dynamically balanced straight flow tubes.
FIG. 14 discloses an alternative embodiment having a single flow tube and no
20 return tube, '
FIG. 15 discloses an alternative embodiment having two flow tubes vibrated in
phase opposition.
FIG. 16 discloses an alternative embodiment having a single flow tube.

Detailed Description

25 DESCRIPTION QF 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 legs
117, 118 of base 101, Pickoffs LP0 and RP0 and driver D are coupled to flow tube
102. Flowmeter 100 receives a process material flow from supply tube 104 and

30 extends the flow through connectar 108 to flow tube 102. Flowmeter 100 has a base
101, side walls 119 and 120, front wall 116 and top legs 117 and 118. Flow tube 102

may be vibrated at its resonant frequency with material flow by driver D. it may also

i1



102. Fl owneter 100 receives a process material flow from supply tube 104
and 30 extends the flow through connector 108 to flow tube 102. Fl owneter
100 has a base 101, side walls 119 and 120, front wall 116 and top | egs
117 and 118. Flow tube 102 nmay be vibrated at its resonant2fxmggessy wth
material flow by driver D. It may also 11 25 May 2006 be vibrated at a
non-resonant frequency. The resulting Coriolis deflections are detected by
pi ckof fs LPO and RPO which apply signals over conductors 112 and 114 to
meter el ectronjcs

121 Meter el ectronics 1 ' d1he. pickoff signals,
det er mi nes thebepH%rgée]daqtFfr?lr"é'ﬁ%"é’aﬂé{rﬁ%ueeﬂc*'mFe%%@@/%%'ﬂé% qeﬁlsmfopgﬁﬁeency of 5
oscillation armbtﬁm{d Jb;eﬁicknﬂﬁsmmlainﬂfmwmbibbapmzlstgaviatsiawgr tandubiersitlesridal 1|4f :c FW
over output path 122 to a Il ]zation circuif not shown. e terial flow
Pnsses fFom f BwisecuoBs ok Ve ehros b tahe s e Mol e ne
materi al 1 ow dJMref@R tRepidsd diffdeenceOsetwédl PUEN dernmines Gie fldhlehey @xit tube
105 which delivers the material flow to a user ag?l i cation, This user

appl i cati o” meéFchaion angdApekasRtR W InfpIeRties SERRININAIP he ateiialorPvsF Srlpks

material may bgp SaiLandioh Uredi Mt'sHowhi The inata@RPhde Palstim fow fbee of a
sem conductor wafer to forma flat surface. The PFA material used in the

flow tubes sHE&&ENEhrewgh tube 468 whish redieactstthe mstertad Jew frpegh turp Sulfer K8 of
i mpurities su | ' I . f f

netals or gl agﬁ}ogﬁoév&{ﬁé tgﬁhféécﬁ%ﬁﬁﬁ%gtﬁe@[aﬁ%ﬁr%%ﬁﬁ\?{eﬁgiétl Iﬁgvé\r{%allls"ge 11 to
fi xably conne@ppliEsbiorenThid tderzpplicatiend Gbyds sstaminomhictb pRicgssing faTlity. difiei r e

vi brating,structure of the ri.alis ss fl.owre .of Fl e . fornmed
of "Pra el | Socksmalesalagh? b dpiterBier YMUFHED itplrdin b Fitactor d

appr oxi mat i ng semizohductortwatér toform a Satdarfats. aMhe PEA nvdtédal ubédinene e tubeand of
negligi bl e wei ght su%r as, for exaﬁgl e, .8 %;ia{n g us .SUg{amf r the
process mat er PPN OFRIG T8nshiggdRatdhe PlRepsiHTaterialip fea Qb IRRENEFHORIAS IDRf net
associ at ed W {hichReuBibekRhb@rad fofl the SalldavR eI BSfaseiflonduBéA MRRIBYH hoRs
that the conbi ned mass of the flow tube 102, the affixed magnets and the

process mat ef Pafeceie spiricenstle o, ablyrconaect plaspenti'ig 19 PR 1PhBE S1O9 PR a
dynanmi cal {gy Pf%b@.' @H&gﬁkiré_wbhﬁwrsﬁuczﬁ?&tﬁé)’éoﬁaisrm&%If}beun?éigr_w@.hﬁma be
approximately I2 pounds. This provides a ratio of the mass of the base to
that of a nat@rined of PFA agtdriabw t ube of 25 approxi mately 3000. A base of

e e e
soda straw, but with thicker walls and of negligible weight such as, for example, .8
gram plus .5 gram for the process material . This excludes the weight of the magnets.

20 The magnets associated with the pickoffs and driver have a mass of .2 gram each so
that the combined mass of the flow tube 102, the affixed magnets and the process
material is approximately 2 grams. Vibrating flow tubs 102 is a dynamically
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

25  approximately 3000. A base of this mass is sufficient to absorb vibrations generated
by the dynamically unbalanced flow tube 102 with material flow.

Connectors 107, 108, 102 and 110 connect tubes 104, 105 and intermediate
tube 106 to the ends of flow tube 102 and return tube 103. These connectors are
shown in detait in FIG. 4. The connectors have a fixed portion 111 that includes

30  threads 124. The movable portion of connectors 107 through 110 are threaded onto
male threads 124 to connect their respective tubes to the fixed body of the connector

of which the fixed portion 111 is a part. These connectors function in a2 manner similar

12



Connectors 107, 108, 109 and 110 connect tubes 104, 105 and internediate
tube 106 to the ends of flow tube 102 and return tube 103. These connectors
are shown in detail in FIG 4. The connectors have a fixed portion 111
that includes 30 threads 124. The novabl e portion of connectsaygy, 460 t hr ough
110 are threaded onto nale threads 124 to connect their respective tubes
to the fixed body of the connector of which the fixed portion 111 is a
part. These CRNAECRksodrBiitdeP ol rdPdiifecdidlid dhndd s\, 2604nd fud he
er tubing re

wel | known copp cénnectors to connect tubes 104, 105 and
106 to ends wferdsoilawibidpe1§2 aaddetuat wba 1080 E'elYS regaseiag e qoegestes@get he

comnecto s S U IS AP e e RAL ohepgoata

detects theterrrt%erature return tu ransmts si

representing tehen teecd@Bemhdtimmpmitatsignas oepeesentng thehdaleded termpstrature over
electronigs. 8(12% TI%VCEFIG 21n FIG 2is atop viewof flowreter 100
of FIG 17 Pi 219 BECLAECHIS®and  driver D each include a coil C Each
of these el enpRESRIAMOREYF Fil2udes a magnet which is affixed to the bottom
portion of flow tybe 102 as shown_in FIG of .10t e el nts
further includes ﬁ“%’%g,‘séﬁ%‘"%‘go h%wrf’ﬁ'ier (!I&Q 95?]%%,1‘ &4 ﬁpsg§”§l§?ﬁieaﬁ'dst rip
of material, &NehDascHBBiubiaRh @ icY Fach-of HeBelemertt furhephcliBE€E infignaBy
conprise a printed vviring board to which coil C and its winding term nals

are affixed. Wigkisefixed rhgttommoriansyf TRmiebe, 182 A% 8RQYEhi Y- Babechetlenent

and a thiR stfi i f i
Faci 1t af 0" thadt el ookl Tbakd S BRAS 1855 er BIUSTSLOBRTRAL | 1y

the steps of ajimaterl,sucingnds3 fardoveriz Thritwsstde obmaterial May GomplEe 2 piniedg

the coil Cto.a inted W ri I . dri e oY t he
opening in c%f"?daté?aéé gou\ﬁla'cé ﬁ%pcn'géﬁgg &Aﬁn%%ﬁﬂag{sh%gég%dtpﬁgﬁrI%:Hyé}gjo t hat
t he magnet MARJ dlyo hawrt ec@Erdspendipg basegelemestoarid ahirt $tep fipexbstotthe topred tiease

el enent 143 ynder peat he printed wiring, bhoard 133 and gl ui ting
t hese el errent6§5?8 gpﬁgr+lg%agrﬁ-éqerqer?gf§6|¥%%§w8rw%qntgg§£a%ﬂ&%oga%?fggg%y
glue to ife sdedmeRh&d b e IBBIFGRIMPS thabRdt M T thamridersidy &fRiFA fldMtubt,
connectors 107-110 are _shown on FI G 2. The. jnner gglt ail.s . of each.of. these
el enents is ShHamheRoiH® a@.r'”@é'ﬁi‘%bola\?‘iﬁ%é@fa’é‘éer fefFicging e epeningig 5n g

114. Meter elgfErARingShd Arhghbt Nrl Fovidg iHe daRtc §;£1@arvag% thdtGhe RabBet® RiYi ze
drawi ng conplexity. However it is to be understood that the conductors 112,
113 and enters the opening in coil C, then positioning base element 143 underneath the

printed wiring board 133 and gluing or bolting these elements together so that the
20 bottom of base 143 is affixed by glue to the surface of the massive base 101.

The male threads 124 of connectors 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
25 114 extend through opening 126 and further extend over path 123 of FIG. 1 to meter

electronics 121 of FIG. 1. '

DESCRIPTION OF FIG. 3

FIG. 3 shows pickoffs LP0O, RP0 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

30  of elements LPQ, RPQ and driver D.

13



25 114 extend through opening 126 and further extend over path 123 of FIG
1 to neter electronics 121 of FIG 1. DESCRIPTION OF FIG 3 FIG 3 shows
pi ckof fs LPO RPO and driver D as conprising a nagnet M affixed to the
bottom portion of flow tube 102 and a coil C affixed to thezlgqu%gj%each

30 of elements LPO, RPO and driver 0. 13 25 May 2006 DESCRI PTI 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 connectors 108 and 109. FI G
4 further discloses openings 402, 403 and 404 in base 101. The top of each
of these 5 ope@ﬁﬁﬁﬂ&i@h@.ﬁ_@ihe | oner surface of the base of pickoffs

cO, RPO and driver gl 4 i JB8ea8ha kel WlofPRReA M BRECCIALEA dlikloRop B0l

these el enments is al so s ectronics 121
not shown on FEeEBenss @ferG43 amd furthemaexls efrcannemors dRPleadilDg. FEb.ehbthen05 in

connector 108 i,s the inlet flaw tuhe . : e ' ctor 109
Is the outlet SFCIPF%WQ%’BES%%%.JO%@"Fh@%f'ﬁgéae E)@it ﬁ%iof%?g%émgﬁtﬁgge%t or 108
i ncl Uﬁefs rrmlde bperaagsedéiiswhinetlowarsevace of themabé bfpitiufisads, RFROEmdalri4eD.t o
attac i xed connec ortlo 111 to se nt, 4 of, base .10 fixed
ody ot Comoct Bt cabe ah rasmer Y grtoded IR Farh 6Tt HRBA G AGoRa PR En by
threads 409 torged enenbtedddctRhicBagse ol BIG. 1k xedsiuwit drPRIGEL 3 it £enhieRtigs 108
further includes a threaded Eortlon 124 whose 15 threads receive the

movabl e porti offai® emrleitne Eleaent $27 Incatneelpb 108 the iglespifiqvaiubg 103qw pped.
Fi xed portion é%ﬁweﬂh@é’iﬂ%ﬁﬁr‘ié&for%@%|§Mé%ﬁétdf'?lﬁivqgﬁé‘l@“ its left a conical

stub 413 which together wth novable el enent acts as a flare fitting to
force' the 10ri ght enidedixed pption f ibef codvpecipei 08 insludeningtd theeadp 489 svhish screved

FPar ed openi ng 5t meuTteE BSHEAOTHE 509! k' BindcpoRER A1 ¥ sBghEHED 1

flared openi ng of coni cal porti
fixed portion dfbhseflOt hThe Oxecaidy of cd'rtr&zctanhée onfthé hgiwtstsjlh)éarlﬂﬂwlpmd and

positioned in n fi eg ortion %@ flush with the outer
surface of ﬁfﬁ? Eg(%gy%geq i gﬁ%ﬁlﬁ@enf 118 Ihaterial delivered by
supply tube 1Q4xéc5porﬁ@€ﬂ Véftobyedidr €8 féﬂﬁerﬁlﬁcltﬁdesvn mmedeaniofﬁhezzmmess
mat eri al flows to the ri (gsht t hr ough flog/w}ube 102 6&) &i xeddp 0t9 J] r?' of
connect or 1309 thi¢efe rqqedve *ﬂﬁl“@‘t’abi‘bBO'BP”f‘ﬂ gpgctor 108. Connector 109is. Simitarty ©'
equipped. Fixed portion 111 of connector 108 further includes on its left a conical
stub 413 which together with movable element 415 acts as a flare fitting to force'the
right end of input tube 104 over the conical stub 413 of fixed perticn 111, This creates -
a compression fitting that sealably affixes the flared opening of supply tube 104 onto
20  the conical stub portion 413 of fixed portion 111 of the connector. The inlet of flow tube
102 is positioned in connector fixed portion 111 and is flush with the outer surface 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 connecter 109 where the outlet 406 of flow _tube
25 102 is flush with the end of connector stub 413, This sealably affixes the outlet of tube
102 to connector 109, The other connectors 107 and 110 of FIG. 1 are identical to
those described for the details of connectors 108 and 109 on FIG. 4.

DESCRIPTIONOF FIG. 5
FIG. 5 discloses flowmeter 500 as an alternative embodiment of the invention

30  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 retumn

tube 503 extend through the elements 517, 518 to connectors 507 through 510 which
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25 102 is flush with the end of connector stub 413. This seal ably affi xes
the outlet of tube 102 to connector 109. The ot her connectors 107 and 110
of FIG | are identical to those described for the details of connectors
108 and 109 on FIG 4. DESCRIPTION OF FIG 5 FIG 5 disclosgsnfdyoposter 500
as an alternative enbodi nent of the invention 30 simlar to that of FIG 1
except that the base of the flowneter 500 is not a single elenent and
conpri ses separate structures 517 and 518. Flow tube 502 and return tube
503 extend through the elenments 517, 518 to connectors 507 through 510

whi ch 14 25 Mayr20f6paabledn epay adspectito ceverciors #8ptreudho! 10 Fé@t br Blowdigter

h h 110 of FIG , 1. Fl b d
teazzﬁuigs of saf PRES Sﬁf“%?gsg%t‘%‘?? as%te{ Jﬁ%@%%%g;%|%‘ﬁ%§|ﬂs§rt§§ﬁﬁi[ﬁég?$3er
D to the dynanvibadtions impateaitgedivet B tcthedenamirpiy witatpnced sluatuiscospisinBas e
elements 517 afty il 562 p R0 SHhAC8 Poy Bls RECEPIRE S 180 ERtmeny SHPRAES S

base el enents and enent s s own on operate I n the sane
manner as do th@gonsdmlseemmmﬁwmdéﬁénts on FIG 1. This correspondence

s Shown by the desponalicon o8l 53PS GIBGL ilthoil hbSHS BULP, Lhat the

first digit of the 'pa ron of el enent hus, supply tube 104
on FIG 1 cor remmspdsdmg em[rmmltg/ort Eibe 1500iscerBs@ndgnce fi@hGJEEQRI”FEW@'QHGUFI G

6 FIG 6 discl X AN it L SO H thitPur e HRA AR tnefarl AidriBriBHLI08. a8

conpri sing fld%ﬁﬁte rent odi nent
in that fl owwermenb0lhusasumphotube 104/en FIGw ¢anteepeuls taﬁdpréf)@bﬁ/rﬁodwncféﬁpﬁl se

a dynam ca,l |y %ﬁw; that does not require the nassive base
such as base T ase 601 may have significantly |ess nass
than that of FI G FIGFS disnlesey yeso0otheraltegmive embpdingoyoliine Byghtien®

compar abl et 0 GANRELAIAIAL dobuith IElRorchy b (et b Flbas ippaneCt of s

611, 612. Proce I'S recelve owrre er 0 froma supply tube
604. The mat erfloatmeatst @idsasviva aatiediondebe 50898d £03 wh@h ICéT”P”%E dymamicgly t ube

602. Flow tUb%a%?l%egé{rﬁﬁgrse [15'{ dp%léglﬂo rggutpel@e%asl%%%ﬁg%u@ﬂ% ERARNRAIRE®09 by

20 neans where’i I'S connec | oops back via connector
607 to floWw tulRese@E®.! mapbavedianifBoaty less/mgeathan that oﬁﬁ%é SPpsrter 890 has

1 ow tube 602 Byydllidrk or%m@bg bt iCERARERrOTOT D SFIGAN | NickickieM
ubes 602 and tecte
it has connectors 611, 612 Process material is received by flowmeter 600 from a
supply tube 604. The material extends via a connector 608 to the left end of flow tube
602. Flow tube 602 extends through leg 618 of base 601 and connector 609 by
20  means where it is connected to tube 615 which loops back via connector 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 by pickoffs
LP0 and RPO and transmitted via conductors not shown to meter electronics element
also nat shown to minimize drawing complexity.
25 The material flow through tube 603 proceeds to the right and extends via
connector 610 to tube 606 which loops back through connector 611 and tube 6186,
connector 612 to return flow tube 805 which delivers the material flow to the
application process of the end user.
Flowmeter 600 is advantageous in that it comprises a dynamically balanced
30  structure of flow tubes 602 and 603 formed of PFA material. The dynamically
balanced structure is advantagecus in that the massive base 101 of FIG. 1 is not

required. Base 601 may be of conventional mass and vibrating PFA tubes 802 and
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LPO and RPO and transm tted via conductors not shown to neter el ectronics
el emrent also not shown to mnimze draw ng conplexity. 25 The materi al

fl ow t hrough tube 603 proceeds to the right and extends via connector 610
to tube 606 which | oops back through connector 611 and tubes6i8; 200s0nnect or
612 to return flow tube 605 which delivers the material flow to the
application process of the end user. Flowneter 600 is advantageous in that
it conprises a dynamically balanced 30 structure of flow tubes 602 and 603
formed of PF terial. The .d qgm’ RV SdieSihi A U P ASY &iHedgeous
in that the %@P\?@O\’b&aes%m%t &%ehgln'nagééf&cre u%red Base 601 may be of
conventi onal ¢mem tascthe inhatatial figw REYe sublés hmme‘am@fmgrlt% May 2006 603 to
provi de outpM g to the material flow. The PFA flow
tubes ensur 5 h @m have an ultra high [evel of purity.
DESCRI PTI ON OF FI €8, 7/diédibsat dHopview diasohasatsr mammrmwﬂwmétemm efr 700
conparable to fl owreter 100 of i ffere

enbodi menfs i[AGt hat! hﬁl%ﬁﬁ?fﬁﬂ‘@b%eem@ééwcéﬁm-%g'me@é 15&%%13!&\1&&3 e\I’Iy%ﬁapl c‘ekg?fs

LPO and RPO. Bhéal%ie%tdr%p&cﬂoh@ LPDhe RPOdatneaietdils ot o;ﬁlbai\MQtelctbrEb@ 8 as

conprising a LED t source and photo-di ode to w_ t ube
702 |nterpose?(h\0‘b@'ﬂf\/\g@n Starecammmsig @ YRHHIG apgae a“atpﬁ‘m?ed“\?ﬂg@s‘f’g‘%}%ﬁ “t"ﬂb?. of

the flow tub%wq PO g&ﬂrﬁet\%er{ th@ DEDRFRIFRR- Hi@met Rethb F8at bBsitiGeof

phot o- di ode t o 19 enera a nom nal output signal. A downward novenent of
the flow tubehé fiow emsea notriireal anmumttof@mhtlpagms frasp dhe/ kD i the BolerHedR @i ode:

f the fl f d
by t o pABL o-canee 3 prarzkpuftt I41RF, 4 RETRERTTIOITRABPIB RIS Altessese! ve

transl at es t ahegmoutitfitigistuscewid byrttlé pfaxhtmdmd@f an Iuewauig'nmamt oighetlpw tube

Coriolis vibration f rthe 0 n of efI W 7 i with the

L2055 and ¢ Kectengn e simuet ohiabtBgied Do i Bfe " afe 2R00R Rhgdt 1t L1

over conduct QéseiveddH tﬁélehci’ta?dnédé Rk Rtesab an totpuit cerremnnchdmwmoﬁ the Fiagnitdde o
exity enbod 7 1S

m nim ze draw ng f o F r

i dentical in %U@r@'&]ﬂé@“oﬂ@rﬁ%pgﬁ%ﬂ HEE’PW%B?‘* %SSIOC'Q lﬁtyy‘ﬁges suppl y

tubes 7045 ?‘n& u’tieull%t thQ@cé ogRd B@:Eut\lufftﬂb SIRAGRIRE Brd denddrovergiondlittofd ow
return

t ubes 70 arts of flowreter 700 -and thei ﬁ
count er par t s 780 apd 232 to mﬁbﬁf@ieétréfégﬁ @{éf‘@‘d“ﬂfb*: &l teiminiire; W@W'GSFPQ‘?[% Ydence

wth the The embodiment of FIG. 7 is otherwise identical in every respect to the. err’lr_bodAim_ent
of FIG. 1 and includes supply tubes 70,4,‘elxit tube 705 together with ddnn;egt’o,rs 707
through 710 flow tubes 702 and return tube 703. The parts of flowmeter 700 and their
20  counterparts on FIG. 1 and are designated to facilitate the comespendence with the

only difference being the first digit of the designation of each element.
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.
25  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 the

dynamically unbalanced structure comprising the material filled vibrating flow tube

902. Inthe embodiment of FIG. 1, these vibrations are absorbed by the massive Vbase

101. Inthis erﬁbodiment. the matedal filled flow tube with‘ the a_ttéch,ed mafgnéts weigh
30  approximately 2 grams while the base weighs approximately 12 pounds. This limits

the range of commercial applications for which the flow tube of FIG. 1 since the upper

fimit on the size and mass of the material filled vibrating flow tube 102 is limited by the
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only difference being the first digit of the designation of each el enent.
DESCRIPTION OF FIG 9 FIG 9 discloses flowreter 900 which corresponds to
flowmeter 100 of FIG 1 except that flowreter 900 is equi pped with dynamc
bal ancers 932 and 933. 25 Base 901 is snaller and of |ess pasgytivag 101 of
FIG 1. The dynam c bal ancers function to counteract the vibrations
inparted to legs 917 and 918 of base 901 by the dynam cally unbal anced
structure conprising the material filled vibrating flow tube 902. In the
enbodi mrent of FIG 1, these vibrations are absorbed by the nmassive base
101. In this enbodinent, the material filled flow tube wth the attached
magnets wei gh n&s@p%@&a&hﬁlmﬁ bgl’p%m‘de\ﬂhcb hssdrbe:rbasmawmghmr&pmmgi wat el y

12 pounds. Thi the ran I‘CI al i cati for ch the
[rom tube of FRECo dialeSehgtd fsapeS{ R S5 4RRe il % @bl
mat eri al fill edibritibg 8owmgbd, laovindredss df@lﬂelpsudd imthe chasy of e rﬂﬁeﬁzﬁ le;hyﬂc%%

mmss of the bang.Ldl: Mshe BR (0N 49tha0 oPPEGY BortiRObARSRh 0 Bl ONS,

Using the 3,0 ween the mass basée an
the materi & fliditettie randsr eftdomgnécisherniibationaim Wiieh thesitovofubel80 gbbikd i n t he

mass of the materl %llowtrﬁ%t%?gq_[?]ljpﬂG taLH%% avwérdaﬁ Hﬂcro‘?nrﬁ@rcla'ﬂﬁﬁpﬁ@ﬁﬁm@fs rzgss of
3,000 pounds for base | ear | s the ramg8 conmmer ci al
appl i cati ons i fewnarhictistances932ane %@Gﬂf%ﬁﬁ'mcﬁo legs O gppdidfe FEooPUHI G 9

has a wider ragqge Qéraﬁgmﬁdd@b (g l’e&@&ylr ma%yﬁamguy &m:éheaamb%nhglnawcers
932 and 933 are affixe s 917 and to absorb much
vi brati ons i npaPe 8-t Pcfﬁ%ncleeé gagyic Pﬁ'é“?ﬁﬁ]@ﬁ)d%?# be gk ‘éi?f’c@&'”g‘f"ﬁr”éﬁl ng

flow tubgg90ZonkéhtBRAGhE SLand¥Hagicen -6 &k Ss (BBkndvay irtBe aft ctyhatyipe
including the 10 conventional mass and spring configuration as is well
known in the &¥3%6f  dynanmi ¢ bal ancers. DESCRI PTION OF FIG 10 FIG 10

di scl oses a flgmgerlenidAQ@F Fiatoi s i dentical to' flowreter 900 except that
t he dynam c bal ancgr HgfdiF G__10, are 0f10tog(?haaq(f§ fdgﬁtlc%aY ﬂ&%& ?d&dex%
a Vv

designated 15 103 &s f?wé"%% ynam ¢ ancers are con?tr ol l ed
by an exchangeﬁabfthad:@aa-licsbmnd:ermf EIG.dbex# oidhe estiveQZne 6VER) godtane depa3ted

1024, 1025 anq, g&%ﬁnam | Ofne B RFLL S RC b2 d CaR] AR IR PoNERo P D

1003 from actl Ve ancer representin e Vibrations applied
by the dynami @@hblywut’\bra&tafh@@ér@ni@ Hlﬁmigefﬂkéw 1R 1024, 1045 and 1025. Meter =

glectronics 1021 receives signals over path 1003 from active dynamic balancer 1032
representing th'e vibrations applied by the dynamically unbalanced vibrating flew tube
1002 to leg 117. Meter electronics receive these signals and generatas a contro!

20 signal that is applied over palh 1024 to active dynamic balancer 1032 1o counteract
the fiow tube vibrations. Qperating in this manner, active dynamic balancer 1032 can
be conirolled to reduce the vibrations of leg 1017 to whatever magnitude may be

- desired so hat 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

25 feg 1018 of base 1001 operates in the same manner as described for the active
dynamic balancer mounted to leg 1017.

DESCRIPTION OQF FIG. 11
FIG. 11 discloses yet another alternative embodiment comprising a flowmneter

1100 having dual flow tubes 1101, 1102 which are substantially U-Shaped and have
30 right side legs 1103, 1104 and left side legs 1105, 1106. The bottom portion of the
side legs are connected to form "Y" sections 1107 and 1108 which may be connected

to a suitable base not shown ta minimize drawing complexity. The duat flaw tubes of
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1002 to leg 117. Meter electronics receive these signals and generates a
control 20 signal that is applied over path 1024 to active dynam c bal ancer
1032 to counteract the flow tube vibrations. Qperating in this nmanner,
active dynam c bal ancer 1032 can be controlled to reduce thegy foati ons of
|l eg 1017 to whatever magnitude nmay be desired so hat the resulting nmass of
base 1001 nmay be of an acceptable |level for comrercial use of flowneter
1000. The active dynam c bal ancer 1033 nounted atop 25 | eg 1018 -of base
1001 oper at esfliwmethe! Waribraterasclynamicddisalinned ﬁ@ﬁemlﬁ@f@:@ﬁitﬂ%w@y\ﬁ%ﬁa@d

bal ancer mouned9oed piiiboo RSB ETHEN et ) b1, HoFLE dn i ssases ve!

another alternative e conprising a ownet er dual- now
tubes 1101, 1d®2>sﬂumb%dw&%amdanﬁmahbpomoﬁmmwumapmmt@@srTgmt si de

| egs 1103, 11 s,1105,..1106. .T ortlo of t he
(2 Tag ar eCeiMR el Ein PG B el AT arE S erab e ol Al bRRedl ot
connect eds t Oright ﬁi’dkdfﬁfbﬂ’@ab@l%ﬁ mdoffs_rmwmat@r emaasmmcsa 1én dwmiotignsclorapplyxi ty.  The
dual flow tubes of 17 25 % f | ownet er rat ggas dynam cal |y

bal anced el erténals wEopHb 1114 tch%e\ﬂvﬂwré?l@ V"’W’t °"’6f” 65 d Hépé'rﬂﬂ?@eand

1010. Flow ttm%s.ﬁérplrhelé&%n@&@sp@hééfsaea@d B??ﬁ:ﬁoﬁﬂ?ﬂ:@%h@ RPO a8 ¥radlEhien O
affixed to the top portion of U- shaped ow tubes. The Coriolis

def | ecti ons idygapatest 132, 1 hes 9 "B?f&f Plﬁgtrcrm@eﬂﬁéwhlm pregeses iha tignals and
detect 0 by Syl oo 81 nEPRLANI! b BHEHRED hBSbBNSi el seion cs

1121 functions to ap si gnal's over path to cau river
vi brate ﬂOowtttlimgnﬂdl@m[thﬂﬂb@wnn phase opposition. The Coriolis response

detected by éga; ansmtted over paths 1122, 1124 to
meter el ecter l SRE)?A% 4 the signals and derives materi al
flow i nformati on KiGisch2 iaadt1Baim:lusbtaeijrnam&allpualpmedrfan*mélémoomaamg@
utilizations cjircuyit not own OF .FILGS. 12 AND El 12
and .13 di scl #5& OgH%WEW ég(ﬁ ?nq)é?%@é'cg‘ 7% ‘(%\flé’tegrm fgsff“ Wﬁ‘&né dB‘f’ﬁ%'of
flow tubes 1203 fandubbeQdcel & habdrR RO IRLED WibrfBaGR ADRBES inghaby driver

D. The flow tubes receive a naterial flow driver D vibrates the fl ow
tubes i n!phaSBPasEion i EsPenssHoiAMeSIHALECEed OVRTRAD 1224/HM PSS ved over.

path 1223 frQmEcaEli&l1229] GhkICUMHoiSrelddise kit fFatdrRt fid Vit PRRTRWALLAL IS
material filled vibrating flow tubes is
detected by pickoffs LPO and RPO with their cutput 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
20  circuit not shown.
DESCRIPTION QF FIG. 14
FIG. 14 discloses an alternative embodiment 1400 of the invention cornprising
a massive base 1401 having an outer pair of upwardly extending side walls 1443 and
1445 as well as an inner pair of upwardly eﬂending side walls 1417 and 1418. A

25 single flow tube 1402 extends from an input connector 1408 on the left through the four

upwardly extending side walls to an output connector 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 LP0O and RP0 which transmit

signals over the indicated paths to meter electronics 1421 wﬁfch functions in the same
30 manner as priorty described or FIG. 1. Temperature sensing element RTD senses the

temperature of the material filled flow tube and transmits this information over path

1425 1o meter electronics 1421. .
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detected by pickoffs LPO and RPO wth their output being applied over
conductors 1221 and 1224 to neter el ectronics which processes the received
signals to generate material flow information that is applied over out put
path 1225 to a utilization 20 circuit not shown. DESCRI PTI @bINGky 306 14
FIG 14 discloses an alternative enbodi nent 1400 of the invention
conprising a nassive base 1401 having an outer pair of upwardly extending
side walls 1443 and 1445 as well as an inner pair of .upwardly extending:
side wal | s 1417 andTHeAflkBvmetelSf RGNty diffeisdrom thaboflZiGR 1eﬂtt‘e!¢m§ta¥ledﬁﬁ%ﬁt5i nput
connector 1408

to an out put cgﬁﬁﬁﬁt &t itsz?)te%{?g?%'een 9@%{30’1‘%_1158&@‘9%@%@% ?‘@%Zﬂlg%s# r\zg?laljs
bybgr \inte[1 Baweﬁagfrta??%»svsggf}ﬁmm&dgtggg?b ﬂs‘gd.m‘el feoot irpvt corfinetcher MOBrthe puiguf dfow
tlrjansm t signaf® M‘t“b?ﬁeaﬁﬂjigﬁ’ ¥aCLHP “g W{écﬁéqﬁ@& "hﬁg t?ﬁ%AI cs O\Ag?%e\%tl éh

functions ig tgrSINE enBRAMMHIGK FIES 1AoS hit o8 tid RadmdiowiBe cdmparable to
Tenperature sensing el enent RTD senses the tenperature of the material

filled flow tubBemgAti@3effdifi s this information over path 1425 to neter
el ectroni cs 1421. %scﬁhé\/ﬁﬁéf&@@@as@ﬂo‘(ﬂrﬁm BhirsPbf dﬂw@rdlglaﬂte@hﬂfﬂbwaﬂsf rom

that of FIG 1 in two notable respects first is that the enbodi nent
of FIG 14 is wheryaanrsﬂwa@momrmmtpnbl@ 14t maysiee base i@ pagpnly thasinge alpel

through this f| Ov?rﬁfﬂrté?c} ﬁ]@wﬂgqt‘?%gﬁ%t She glﬂ@tg a8 Wik Rk pe;fg,engd ow

tube is applleH connec 9too ut tube 1406 for delivery
to a 5 use. Tire fenrdnodlofrbemg afzefd Gotidivibrationah nedehay well Bs a BewmtiRgfidrow tube

conparable to el errent

pairs of upwar gieELf% ﬁ%stﬂ "\Q/EIT% aﬂfﬁbei‘%‘t Q%ngaa;’héﬁﬁlgﬁsseﬁﬁﬁﬁehg 1 the
nmassi ve base 1@:ﬁcmphwtefotnhmmalvrbg:hte;namddedebrthapnas df thecactieagontign offlovs 117
and 118. The single pair walls in erf U t|on of
bei ng a zero nPPAIR2viTBe qvt eﬁﬁa'rf*ﬁb%a% emm"ﬁ%é"a Sﬁ%‘g%?r‘%égf 4 fnd (nzgnnectors
107 through 11QynnERofd fa0sldh ink et AdinesooRaithe @ghtnal | s 1417 and 1418
function as a zero notion vibrational node for the ends: 8f t he %l ve

RO

portion-oft5f | ow t W¥eenipuseTpracenstastepails regeivehiiamdphe ¢ P1s 1443
and 1444 mount ., congecidr strkAA8 SokiBos ¢4d2 RRKIAPAeRdh  ofddattr 1408.

Flow tube 1402 extends the process material flow to the right through the two pairs of
side walis to output connector 1409 to which is cohnected the output tube 1406.
The part numbers on FIG. 14 not specifically mentioned immediately above are
20 analogous to and perfarm the functions identical to their correspanding elements on
the previous FIGS. including FIG. 1.

DESCRIPTION QF 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
25  embodiment of 1500, the rear flow tube 1503 is not dormant as is return tube 103 of
the embodiment of FIG. 1. Instead, on FIG. 15, rear tube 1503 is vibrated by its driver
DA with the resuiting Coriolis deflections of this vibrating tube with'material flow being
detected by its pickoffs LPOA and RPOA. Their output _signals are transmitied over
paths 1542 and 1544 to meter e1ec£ronics 1821 which réceivres_ these sig'nals'as well
30  as signals from pickoffs LPO and RPO of flow tube 1502 to Qeneréle material flow

inforrmation.
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15 When in use, process material is received fromtube 1404 connected to
connector 1408. The inlet of flow tube 1402 is also connected to connector
1408. Fl ow tube 1402 extends the process material flowto the right
through the two pairs of side walls to output connector 1469mMf Mosch is
connected the output tube 1406. The part nunbers on FIG 14 not
specifically nentioned i medi ately above are 20 anal ogous to and perform
the functions identical to their corresponding el enents on the previous
FIGS. including FIG 1. DESCRI PTION OF FIG 15 FIG 15 discloses an
alternative enbodi nent 1500 which is simlar in npst respects to.the _
enbodi nent of FI G 1Hhe AReessr#aTal lareteren e HE thkoysh @%‘”QS@%G’HPH@'M
of 1500, the rea#e fo0Wnkubes &PO3 1dBthr@ighdat ety 1402, | This phagaTeterbs of Biditaf

t he enmbodi nent of FIG 1. Instead, . on FIG 15, rear. tupe_.15 [ i br at ed
by i ta i ver PR a0 B RETRRCRAIED Ry st 18 caletiiert R eRi e 4P

I ON'S vVi'brating

t ube w th nat erPak sblteay theCogplis drihast fen b picksfs pecdiaf sy MPEA elstio RROMRG2 1
Their out put si transmtted pat hs 1542 and 1544 to neter

nal s. are, over
el ectronic 155’% %ﬁﬁ‘&ﬁt?%@é‘ﬁ@%g’%%ess‘?@s@%%hal s as wel | 30 as signals from
pi ckof fs LPO and RF®egfartt lshawn ol €!Q.502ndt speritaamentiniegratsive fareigentical in

i nf ormati on. %Bé%fggih%?ﬁ%?rgu%kﬁ,d;}{g&%géémg%qﬁGa{5 flows to right on FIG 15

through fiow tu e 1500 and flows to the left through

flow tube 1503DESERIPTHONIF Fkudbsal of mated pickoffs can be conpensated
by reversing the Ceppecid gsiosd 4M Sldhdive eRBbaHAL 1 &ROMNaS B sitidr 16 the
Coriolis signals from alflﬁﬂis)l ckoffs received

. . . by nmeter electronics "1-31 5
are additilfe temesliasie . dihasia pagq 1P0TTHeNt sHrgce E%"cﬁl\ﬁ'd&’l"ﬁi—?é‘} ‘é@"dnot
speci fical ly nr WanesBo%a2arBe bRRdiceakrd tRat dpwaedly ertehding réier mounting
i scl o565 an_ PSBrITA( 208 IEHD AR NEA00’ PRAC: ISO i 14r A8 PHErt)
enbodi nment of eE{eGdind;@utelrtrndmaSngapdsmseB{Berq 164508 plaseiwhiie &44Bdr8] 14655dd Fi@ | s
ext endi ng i nnar SRUFACHD TaarS TPl TuEkEEasr B5R e e kel o
of FIG 1% Aasd 16phas dh pxiseLoentitorg 1608 and n6eharermptipogiandibiesirahtiov 645
replace valls tl.;]b%‘]’%oﬁ%yle%éwdocfuhﬂr@y through 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. Posts 1443 and 1445 serve as a
. mounting for connector 1608 and 1609 when provided.
éO | 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 modifications
and alterations. Foar example, the flowmeter embodiments shown herein may be
operated in an upside down orientaticn 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
25 tube. This can better jsolate the flow tube from thermal stress that might degrade the
‘accuracy or the output data of the flowmeter. Also, the Coriolis mass flowmeler herein
disclosed has applications other than those herein disclosed. For example the
disclosed Coriclis mass flowmeter may be used in applications in which the flowing
process material is corrosive, such as nitric acid, and incompatible for use with flow
30 meters having a metal wetted flow path. All embodiments of the Coriolis mass
flowmeter herein disclosed may have the entirety of their vibrating structure formed of

a plastic substance such as PFA.
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14. Quter posts 1643 and 1645 prevent flow tube 1602 from pivoting about
post 1617 15 and 1618 as an axis. Connectors 1608 and 1609 are optional and
if desired flow tube 1602 nmay extend outwardly through posts 1643 and 1645
and replace Inlet tube 1604 and outlet tube 1402. The extensgth,flopy tube
may be connected downstream and upstream by a user to the user”s

equi pnent. Posts 1443 and 1445 serve as a nounting for connector 1608 and
1609 when provided. 20 It is to be expressly understood that the clainmed

i nvention i s nowlaidb€laimed:ted to the description of the preferred

enbodi nent but enconpasses other nodifications and alterations. For

exanpl e, the flowneter enbodi nents shown herein may be operated in an

upsi de down ori ent ati.on iA Corolid @siss @dwinetdndaremédraridy b\pescels peséndl doed on
top of a vibratj he t o, move upward away

ng flow.tube to.allow the driver J [
fromthe 1 ow 2Endbat Uiiatish i RLpTl it Pl BinaS Mour e mSig: her e
stress that m ght degbaste{1tié)e accuracy or the output data of the
flowneter. Also, the Coriolis flo er._herej. di scl osed, has. ‘
appl i cati ons ot her teﬁ? ntubﬁ%énmﬂ ﬁd%qvtwﬁoorggﬁ'.ve ﬁ%’? p&cfﬁf)fr@??rﬁéﬁo‘ai'scl osed
Coriolis mass fl ownsndrpontions loé szid ddwitubeappanarei conpled o véid Chsd twecrbbtew ng
process material, i ) DL ..d, and inconpatible for
use with flow ﬁ-@%&p@ﬁ@ﬁ%ﬁﬂ\fﬁaf rgotﬂ%gtag?alg\gw 8§ﬂ®ﬁ%’w path. Al enbodi nents of
the Coriolis nass fddrivee{®rcohpleeitonsaid 8oV bsmdneans fhavibratihg said tfiowatle of
their vibrati n%éér‘is“%n‘féiﬁiné%éi?& 8%3 rgatghg%hc substance such as PFA. 20 |

Armea= ot PRGSO

25 May 2006 VWhat "T's I'S ‘mass flowreter for neasuring a
process material fl pickofiappargtuafREDLLR0)cogpled dvedid 86w fulei mganssfar d Cori ol i s

mass fl ownret er I Si_ng. , . ?ﬂgm to
receive said pr%eglggésﬁngrg@ra ISZFP@?%V#&@HHE%Q Pl&)sﬁ%e?lg?l‘? @gﬁ:{g%ﬁgﬁﬁr u eoﬁgans
are coupl ed t o tsbeé chelans eonteintesatdeprosasssnatatigldlowy st ati onary nodes at said

cai " f1 ow tube  moalEEanBRE P it ook S adfRf T REC Mol rita' "0
appar at us ( RPOandr@nedemdwputticfosadiignitedainingiie saiglanigcese material flow; and
characterized in that the entirety of the wetted path of said Coriolis
flowmeter including said flow tube means is formed of a material, such as
perflouroalkoxy copolymer (PFA), h'éVing little or no transfer of ions from said flow

tube means to said process material.

2. The Coriolis flowmeter of claim 1 characterized in that said flow tube
means comprises a single substantially straight flow tube comprising a dynamically
unbalanced structure; and

said base has a mass sufficiency large to vibrationally communicate with
said flow tube to define a dynamically balanced structure by balancing end node

vibrations of said flow tube.

3. The Coriolis flowmeter of claims 1 or 2 characterized in that said
pickoff apparatus comprises a light source that emits a beam and an optical
detector that receives said beam; -

said light source and said optical detector are spaced apart from said flow .
tube and positioned on opposite sides of said flow tube;
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generating signals representing induced Coriolis deflections of said
vibrating flow tube nmeans containing said process material flow, neter

el ectronics (121) that receives said signals fromsaid pickoff neans and
generates output information pertaining to said process matewsinhybb@y and
characterized in that the entirety of the wetted path of said Corlolls

fl owreter including said fl ow tube neans is forned of a material, such as
per fl our oal koxy copol yner (PFA), having little or no transfer of ions from
said flow tube neans to said process naterial. 2. The Coriolis flowreter
of claim1l characterized in that said flow tube neans conprises a single

S ;Jbst ?nt iall ydst rai ghd va‘bmaNgtﬂuaau@@mbm%m @tdymmre%m%ouﬁatﬁ&da@md
Structure; an S I e ra

ot tot ot phttalir e Al dBdcqt fet BOgY o sl PR PP o1 ur e
by bal anci ng efrdmmezitklightisburaei sadopicalsdsitestdd iovespabsive B. sa%efte@emqmﬂq S
flowreter of chaidmiels s,gnap?é;ﬁ@ée%mgz% 'CBrlélﬁaéeﬂ%@t'iéi'ms pi ckof f appar at us

conprises a light source That emts a beam and an optical detector that
recei ves said beam said |ight source and said optical detector are spaced
apart fromsaid flow tUbe Gnidipoass flawreeteoof mwpﬁ&lalras $idgmradtedzad th fhhbw

tube; 21 25 Nagdgggge ?s% g'tla\faleg %‘ﬂ'h@gﬁlr.lw%(yt% Eﬁd B?>§|rto'f Q#\g%dg/]%xégﬁ% sai d

l'i ght source an haracterist ht beam
recei ved by sabide opti$ CR0).dedect or from sai d | i ght source, said optical

detector is reSDOHSHov&, (h@S)'i’ﬁ'e@cﬁlbltﬁcﬁégbv@é}d@%xt@@ﬂ@rv@éugaS@b&iax%l!Q'éﬁérfed to
representing said POE etl"geflec“ ons. 4. The Coriolis mass fl owreter of

any of clains YRR %ed in that said base is u-shaped and has a
| ower surface and a pair of upwardly extending side walls (120); and hol es

(416) in each of said U?@@bghaus%é%mtmflaﬁwexawm%gaéc@éﬁzg@mhéto

receive said flow tube Coriolis nmass z claips 1-4
characteri zed $3 basgt (104916 B2 I$ 269d wegnaylgT g'pmeat deflomg P3ralgleniRas ar
el enent defini ng aspirfi tebepi @edected to posts (1642, 1644) affixed to a top surface

(16158) of said base {101).

6. The Corialis flowmneter of any of ¢ctaims 1-5 characterized in that:
an inlet of said flow tube receives said process material flow from a supply tube;-

an outlet of said flow tube is coupled to an inlet of a return tube;

said return tube is coupled to said base and extends through walls of said

base; and
said retumn tube is adopted to be connected to an exit tube to extend said

process material flow towards a user application.

7. The Coriolis mass flowmeter of any of claims 2-6 characterized in that
the mass of said base is at least 100 to 1000 times the mass. of said single flow

tube with process material.
8. The Coriolis mass flowmeter of any of claims 1-7 further comprising:

a dynamic balancer means (DE) affixed to said base proximate said nodes
to maintain said nodes at a reduced levei of vibration.
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said flow tube is connected to posts (1642, 1644) affixed to a top surface
(1615) of said base (101). 6. The Coriolis flowreter of any of clains 1-5
characterized in that: an inlet of said flow tube receives said process
material flow froma supply tube; an outlet of said flow tghday 300s0upl ed
to an inlet of a return tube; said return tube is coupled to said base and
extends through walls of said base; and said return tube is adopted to be
connected to an exit tube to extend said process material flow towards a
user application. 7. The Coriolis mass flowreter of any of clainms 2-6
characterized in that the_mass of said base |is %t | east . 190 tho 10%8 tines
the mass. O said 8i ngl B Peiplismass Irmeie oo €8ke S tHpECtsFed 8 e Eori ol i s
mass fl owret ergypdmarbalaicechabnsiskbnfactive tiremic bapnési(ADB) cantdfiad by ¢hebal ancer
means (DE) affjxed tao i e j Ld nodes to maintain said
nodes at a retfﬂ&éhead]gfeé)\;é%ngffs%?bsrag{@%aﬁ%%gt@g&%ay 2006 9. The Coriolis mass
flowreter of claim8 characterized in that said dynam c bal ancer neans is

an rs;lcti vg dynam cI bl anﬂ'\_%rc&%}na%@ﬂb\ﬁéﬁgib_le@;éfb}ﬁin’i heha:féﬁfé}ﬁ@étgm tB?t sal'zcgﬂnﬁwlf i

with said neter el ectronics. riolis OWNEL er ai.m

char act eri zed % PRHS %%?FH'SPPS\@SJ&%@ aﬁggnssec%%r%?%é%wau |°r°§1f’%f'é§§%dand a
second (603) bheonatdipesitmeplpadaleblosaict otfisaswidiidt pussacoodddvpeasidrel to
each other, sajgbitshe 48 té@ﬁoaresébeuv;fnm6@ AEgrivafapied to be vibrated in

phase opposition by said driver (D). 11. The Coriolis mass fl owreter of
claim 10 characterized in that said first (602) and second (603) flow
t ubes are connect efl.i n TherG®Blishiabs fl@speter of daisal Weharatterized in tHadwaid12. The

Coriolis mass 'fLQB\H??aLrg%f%qngkﬁé{Pﬂ%& {08 G\ BhAZAL: hbel Rl Rlbocl hisly

(1105) and se%ﬁ bes ‘are connec In parallel "'wth respect
to said matematdriaffow. 13. The Coriolis nmass flowreter of claim 10 further
conprising: a return tube (616) coupled to said base oriented parallel to
said first (602) a‘lnzd The Coriclis mass flowmeter of claim 10 characterized in that said

first (1105) and second (1108) flow tubes are connected in parallel with respect to

said material flow.

13. The Coriolis mass flowmeter of claim 10 furthercomprising:
a return tube (616) coupled to said base oriented parallel to said first (602) and

second (603) flow tubes;
said return tube receives said process material flow from said first and

second flow tubes and extends said material flow towards a user application.

14. The Coriolis mass flowmeter of claim 1 wherein said flow tube means

comprises a single flow tube (102);
said Coriolis mass flowmeter further comprises:
a massive base (101) affixed to ends of said single flow tube (102) to reduce

undesired vibrations by creating stationary nodes at said ends;
an inlet connector (108) connected to said massive base and adapted to

receive a flow of said process material from a supply tube; . i
an inlet (405) of said single flow tube (102) is affixed to said infet conne_é_c_tor_, ‘

said input connector sealably connects said inlet of said single flow tube tb‘ah
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second (603) flow tubes; said return tube receives said process nmateri al
flow fromsaid first and second flow tubes and extends said material flow
towards a user application. 14. The Coriolis mass flowreter of claim1l
wherein said fl ow tube neans conprises a single flow tube267N2)200sai d
Coriolis mass flowneter further conprises: a nmassive base (101) affixed to
ends of said single flow tube (102) to reduce undesired vibrations by
creating stationary nodes at said ends; an inlet connector (108) connected
to said nassive base and adapted to receive a flow of said process

material froma supply tube; an inlet (405) of said single flow tube (102)
is affixed toulalef saifl stPrédHBR 109 o efigst thei RSP Fa I FBPCSE 4MBTY "e¥nnect s
said inlet ofiysaiddupbRali fblsaw sindre nbwwbe; 23 25 May 2006 outlet of said

supply tube (104) to effect t ext ensi id. . | ial.,flow in
sai d supply tube ?&ritéiegscé?‘ﬁé{@)ﬂ ilta fntqug?grgec?&rﬂ?'msa&%e%idr'gv%li ?ﬁ@%}cmlrn sai d
i nl et connectford mith néspiesstosaicimiasdiet basehnector fixed with respect to said

massive base; a déid\éi%r ((:%))aﬁ&&& kX8l Bi{agl%aiod: 15b& 8- @itk APl daltbandiefowitkueat i ng
Cc

said single flow tube ntaini ng said process material flow an outlet of
sai d singl e fBRNMBHEAIGPICREIMAITE ¥ ond connector (109) for extending
sai d process mat egp altidtionwaidisimganiexiube tafitred (d 6 8pcdralveanndsctar {198} for

destination; a pair of pi f L RO T gk Qg asisbgl e flow tube
on opposite e%‘fetﬁ@g’go 'dspgrf’éé(s%rrlt'%gﬁgfﬂ?‘r'vJg%?ﬁ?@ng?g?%n%l s representing
Coriolis inddeeéhatien] ecti ons of said vibrating material filled single flow

tube; meter el ect §onie8pickaRAUPbORBOY bRBledax baid dingg: fiawotubs @ntbppbsiteof f s t o
said neter electr ni,cs_%Zl&ﬁg{or.extenfin .4 pi SLOD@L clhighsS al d
neter el ect réfﬁe€§?5%iﬁ(ﬂ’”§ i]'a' eLRting SILE sorﬁ?rgggétg‘gg::‘%}égg Isnglé pic 8? Sout put
signal s and gessd atbestingoustpua! filed singetiowriuipsrt ai ning to said process
mat er! a! flow. 15mef@?%le@%ﬁi9$'i s mass flowneter of claim 14 further
conprising. conducto'rs (123) extending from said pickoffs to said meter electronics
(121) for extending said pickoff signals to said meter electronics; and

said meter electronics receives said pickoff output signals and generates

output information pertaining to said process material flow.

15.  The Coriolis mass flowmeter of claim 14 further comprising;

a return tube (103) connected to said massive base parallel to said single
flow tube,

end portions of said single flow tube and said return tube are glued to said
massive base to maintain said single flow tube and said return tube immovable
with respect to said massive base;

an inlet of said return tube;

an intermediate tube (706) connecting said outlet of said single flow tube
and said inlet of said retumn tube via said seccnd connector to extend said process
material flow from outlet of said single flow tube to said return tube; ’

an outlet connector (707) connected to said massive base for receiving said
flow of said process material from an outlet of said return tube; .'

said outlet of said return tube is affixed to said outlet connector, said _butle_f - 7

connector sealably connects said outlet of said return tube to anvinlet of an exit :
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a return tube (103) connected to said nassive base parallel to said single
fl ow tube; end portions of said single flow tube and said return tube are
glued to said massive base to maintain said single flow tube and said
return tube i movable wth respect to said nmassive base; arBSithQO(FB‘ sai d
return tube; an internediate tube (706) connecting said outlet of said
single flow tube and said inlet of said return tube via said second
connector to extend said process nmaterial flow fromoutlet of said single
flow tube to said return tube; an outlet connector (707) connected to said
massi ve base for receiving said flow of said process material from an
outlet of said return tube; said outlet of said return tube |s gffixed to
sai d outlet conwéetopifediisegatier Of?@n?{gﬁ?sérm%téﬁf"a{’éwn 58’&@@(% W53t | et
of said return &dthepd:0 an inlet of an exit 24 25 May 2006 tube to effect

the extension of said pr o(gg%%c?%ggggoﬂn Ja*d’%ﬁti%ﬂgfﬁe@t&r%a‘i‘r’itﬁin%@Qﬁ.étfﬁet.sai d

exit tube; a second &8 _ n sail connector naintains said
outl et connectannedtretixas with fesppede sai9b3t:d base; said exit tube is

adapt ed to exteng s@i QoRiLaRIIed B &idmlsald [8tdse rBatdBAfodastal usat testinatldh. The
Coriolis flowreter of clainms 1 or 2 characterized in that said flow tube
means has high flexibility and al so has a stiffness substantially | ower
than a flow tube fasnmedTied Costls flosmelgrad slaimy 1 of Beha@ractasizeéd Infthatsadd &aw of

claims | or 2 Ctrlr{']l?é I%%taﬁ% héﬁgi?hglegfﬂgi#ea?@ia%ofﬂé}vﬁ stiftheSs SRS BASIOWRL than a

substantial ly thinner ter of the inner portion of the flow
t ube neans t hr diggHubfarmed of aialiosgless- f1 ows. 18. The Coriolis flowreter of
claims 1 or 2 characterized in that said flow tube neans has a

substantially constant djangter. .19. The riolis,f : f,. Cl al or
2 characterized in ?Lﬁ'at d@ﬁrgo??'ﬁ\ﬂowmbeé °hgine ng? ?hggl’l bg&} fraéa%es%i:{/ﬁ%v}
def |l ecti on t hatutexmeacshas ealis srbstmtiallydbipnerftham thegipmpter ehigefipnesportipe of

active portionyof 45t el thOMd MRRGAGANS saliaterial flows.

18. The Coriolis flowmeter of claims 1 or 2 characterized in that said flow

tube means has a substantially constant diameter.

19.  The Cariolis flowmeter of claims 1 or 2 characterized in that said flow

tube means has:
a drivée frequency deflection that extends over the entirety of the axial length

of the active portion of said flow tube means; and
5 further has a Corlolis deflection that extends over the entirety of the axial

length of the active portion of said flow tube means.

20. The Coriolis mass flowmeter of claim 18 further comprising:
said driver is affixed to both said first flow tube (602) and said sacond flow
tube (803) and is adaptad to vibrate said first and second flow tubes in phase
opposition;
5 said pickoffs being affixed to both said first and secaond flow tubes to delect

the Coriclis deflections of said first and second flow tubes.,
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5 further has a Coriolis deflection that extends over the entirety of the
axial length of the active portion of said flow tube neans. 20. The
Coriolis nmass flowneter of claim 19 further conprising: said driver is
affixed to both said first flow tube (602) and said second #$4 gy 2bgbe (603)
and is adapted to vibrate said first and second fl ow tubes in pf){ase
opposition; 5 said pickoffs being affixed to both said first and. second
flow tubes to detect the Coriolis deflections of said first and second

fl ow tubes. 25 25 iy 2008 CzrolisTRessdgmimaierofiiads 1Plchanmstesizedin biehsaid 19

characterized fi:et (502 ard@dddond [d03Y 1&PRARs %F@c&%‘é?ﬂél@ i |§Q§Qs Jéilzhol’gsfl;_%% s&hC

connected in series wth respect to said material flow Corrolis
mass f1 owret erM@E&%Wm 19 characterized in that said first (1105) and
second (1106) flow tubes are connected in parallel with respect to said

material flow 23._.The riolis mass flo er.of claim19 further,
conprising: a retuf T tuﬁgEj %%'Hﬁ'? %EBP%H’QY\%%EQFH” E)%E'éa'@ﬁeé%ﬁc{e'& thatsgid el to
said first (6@ (e0d) asecothd{(60H) Ablvavbdsudre sonsattad ihasawmal Wit easpesiab ves
said process material flow fromsaid first and second fl ow tubes and

extends said TECETTEITPSw t owards a user application. 24. The Coriolis
mass flowneter of claim 19 characterized in that: said base (601) is

u- shaped and has upyar xt endi ng,wal | s 7. - said first and
second fl ow tubes “BXt eﬂ.l&%tc%rr@ﬁ%waggﬁodv%tlef ép%?'ms&]%h%%%o%ﬁ'”ghave i nl et
and outl et endseiproiube (6 1) chgyentd daireb mist wientulrfaamies tonfais tisti(68a) &:xd 25. The

Coriolis mass o Qf aim1l wherein said fl ow tube neans conprises
a single rowS%Al?geE§ i"gff%f%@nsed of a material -that does not transfer ions

from sai d single fhsveturbéubegessived saidopressssrasterialdlow fsan dai@dirstahids mass

fl owmeter fur ‘ rd : L: a f . ef of said
single flow téuéb}gﬁ% _?gg@%%%}gﬁ%@%ﬁé@?rgﬁ ﬂég”g%‘)é?'?%ﬁ's@;ea‘é@ 'é:gwg
stationary nodes at said ends; an inlet connector (108) connected to said

massive base and adaptfith EQiolis mass flowmeter of claim 19 charactsrizad in that:
said base (€01) is u-shaped and has upwardly extehding walis (617, 618);
said first and second flow tubes extend through said walls of said basz and
have infet and outlet ends projecting beyend the outsr surfaces of said walis.

o

25. The Coriclis mass flowmeter of clzim 1 whersin said flow tube maans
camprises a singla flow tube {102) formad of a material that does not iransfer ions
from szid single flow tube to said process material;

said Coriolis mass flowmeter further comprises:

a massive base (101) affixad to ends of said single flow tube (102} to reduce
undasirad vibrations by creating stationary nodss at said ends;

an inlet connector (108} connscted to said massive base and adapted to
raceive a flow of said process material from a supply tube;

an inlet (405) of said single flow tube (102) is affixed to said inlet connector,
said input connector sealably connects said inlet of said single flow tube to an
outlet of said supply tube (104) to effect the extension of said process material flow
in said supply tube to said single flow tube;

a first set screw (130) in said inlet connector maintains said inlet connector

fixad with respect to said massive base;
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receive a flow of said process material froma supply tube; an inlet (405)
of said single flow tube (102) is affixed to said inlet connector, said

i nput connector sealably connects said inlet of said single flow tube to an
outlet of said supply tube (104) to effect the extension of2sug2p0ecess
material now in said supply tube to said single flow tube; a first set
screw (130) in said inlet connector maintains said inlet connector fixed
Wi th respect to said nmassive base; 26 25 May 2006 a driver (D) affixed to
sai d single flow tasvédpP)affsedto said siagle lewigbeslior vig@tingisaid sngit Bawiuvg sai d
process mater ic@kta?—J' ainBr&ggg gliepl &AL d single flow tube .affixed to a
second connect or ir%% or extending said process material flow via an
exit tube (106) toWapdeteaf szjiésinglgdlon tHbg pdied i hegrnaropnAB(I ) ferro, RPO)

coupl ed to sapgh54Mgs8id drovkss #RRaR FOR PR &t t§l§:éjﬁ®6{){fow%?dlsde gedrver for
generating si 8nal's representing Coriolis induced deflections of said

vi brating nat @B#ERUT| 1 'ed single flow tube; and meter el ectronics;

conductors (123) @(ﬁﬁﬂ@?&oﬂ‘fﬁ@m@ﬂ%)@b@féﬁ foSsalddsiagié dowlins orebmRisi®Ni CS
(121) for ext e,Bdi nfgﬁg(s"fgi pi_ckof f F%iin.al S 'to saig rrﬁt er, el ctrﬁnbegcﬁ.; sai d
meter el ect r oRIFRSO i IETMES fr gepersiing §iEp'3 [RRSERENITG HATYUis Jrdege far arties

out put i nf or nEftdaR viP@EAG TR filRdShdk rwokpesanmt erial flow 26. The
Coriolis mass flo ter of claim?25 further conprising; a return tube (103)
connected to sai d%@%‘?'%r%‘é@e parallel to said single flow tube; end -
portions of said songlctors|{ a8 )ieurediandrosasall] piekaffsrio saildeneteeelgitwaitst o sai d

massi ve base intain said single f.lowt. Ld.return tube
i mrovabl e Wi(%21);ngrs?))gﬁqcﬂ?%sgngip&k%lgglgp%igé?oo%%g?%é%%%ﬁ?rgbﬂ%f said return tube;
an internedi at e t abid niét63eclomivsae taigpsssaidipickaf] adpub Bigsalsdndigageratesl ow t ube

and said inl %tmpg{tirﬁ&é%ﬁ?rﬁgo%gin@ﬂazcss%ib%;&gggﬁ%@%vfonnect or to extend said

process nmateri W mou salrd sing ‘ow tube to said return
t ube; :

" 26. The Coriolis mass flowmeter of claim 25 further comprising;
 a return tube (103) connected to said massive base parallel to said single
flow tube;
end portions of said single flow tube and said retum tube are glued to said
mazssive base to maintain said single flow tube and said return tube immovable

with respect to said massive base;

an inlet of said return tube; ¥

an intarmediate tube (706) connecting said outlet of said single flaw tube
and said inlet of said return tube via said second connector to extend said process
matzria! flow from outlet of said single flow tube to said raturn tube;

an outlet connector (707) connactzd to said massive base for receiving said
flaw of said process maierial from an outlet of said returmn tube;

said outlet of said return tube is affixed to said outlet connector, said outlet
connector sealably connects said outlet of said return tube to an inlet of an exit
tube to eﬁect the extension of said process material flow in said return tube to said

exit tube;
a second set screw (130) in sgid outlet connactor maintains said cutlet

connector fixed with respect to said base;
said exit tube is adapted to extend said process material flow to a user destinatio_n;
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an outlet connector (707) connected to said nmassive base for receiving said
flow of said process material froman outlet of said return tube; said
outlet of said return tube is affixed to said outlet connector, said outlet
connect or seal ably connects said outlet of said return tubest@ramndogl et of
an exit tube to effect the extension of said process material flowin said
return tube to said exit tube; a second set screw (130) in said outlet
connector naintains said outlet connector fixed with respect to said base;
said exit tube is adapted to extend said process material flow to a user
destination. 27 25 REy ZDGCSC&lis Themetr pblidim T tlamasiedreddf tivdtsiit flow tube -
characterized i i d. A ' L : '

t ube connected a{b ngtségl?sd&?fﬁﬂ%glg%/g\gngs’é?% ' oﬁggﬁrﬁ]tge%dqgg%grﬁﬁ %%flyﬁﬁﬁg&aﬁgwgg%v
struct ure when dynamisehounisiancedsiardtiae whenwibiaied it matena owdg sapdivedbri ol i s
flowmeter of claim1l characterized in that said fl ow tube apparatus has
high flexibility and also has a stiffness substantially |ower than flow

t ube apparatus forn@ ofThedicapiniowgnelssof clagm TTaharactrizg insthet sifBevs tubss

claiml char acﬁﬁﬁéréﬁg Ha8 Hidhaex®fitythrld A% RadhestirrpasidisumtiBRsiowal then flow
substantially thinner than the dianeter of the inner -portion of. "the flow

t ube t hrough” wiibeRPeaTaHSYaMmegd @l matpiRAg!as80. The Coriolis flowreter of claim
| characterized in that said flow tube, apparatus has a substantially
constant dianeter. 31. The Coriolis flowreter of claiml characterjzed in
that said flowtube® ap 5?59[]%1'5@8%’.”’959’&}’&5@?Fgﬁﬁétr’?%g%@ftﬁ@‘c?tai? #‘Pv’f hé?
extends over t&sppstil ket wal sutienbaiyahinhenigirntheefartdter afahé irmeppartiomoaf of
said flow tube a%garta{%u . 5 ar}ﬁ fur hef h@ﬁ a Coriolis deflection that
extends over tHE BAH %&WL@F“{ Q1 sag gpenp h of the active portion of
said flow tube apparatus. 32. The Coriolis mass f:l.owreter of. any preceding
clai mcharacterized,in hat . sai i ol WEt B | to
extend a fl ow of ch 5 osﬁls"eé?r%cfsf%p ?‘aﬁggﬁrﬁﬁ'ﬁﬁ}nﬁgﬁaﬁ%{”gﬁc a@t%;%t%@@%@tﬁge.
apparatus has a substantiafly constant diameter.

31. The Coriolis flowmeter of claim 1 characierized in that szid flow tube
apparatus has: )
a drive frequency deflection that extends cver the entirely of the axial lerigth -

of the active poriion of said flow tube apparatus;

and further has a Corlis daflaction that extands ovar the entirety of the

o

axial length of the active portion of said flow tube apparatus.
32. The Coriolis mass flowmeter of any praceding claim characterizad in

that said Coriolis mass flowmeter is adaptad to extend a flow of corresive material

including nitric acid.
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