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CONSI STI NG PRI MARI LY OF PERFLUORALKOXY 5 Field of the Invention This
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in US. Pat. Nos. 4,491,025 issued to J. E. Smith, et al. of Jan. 1, 1985
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Pi ckoffs are placed on the flow tube to produce sinusoidal signals
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strai ght anbthe matered withirethedftow fubms. 1f 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 oscillation 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 single tube, dual tube, straight tube, curved tube, and flow
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It is a problemin sonme applications that the typical Coriolis nass
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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 Coriolis 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 flow 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
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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 perfluoroalkoxy 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 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

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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convent i oaafyansiaseriate-aleQ trrmesoAntitRteen T\K)i%ﬁ”ﬁ'ﬂ@jﬁ'é@'é’eﬁqri Qfé%e lgwitHRe 1§ ow

t ube and .COj fi ] . . r i | t he
oo fs ATESLle A bl MBantli oRpE Skl rébhifed FIRL'naP ARG Fitbr |

nodul at edele¥tréies 16 Bibadte RS flel thbe tlaneverseleto thé dorifitudpial agis of ¢ns flow tube.
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advant ageously affixed on top of the flow tube when in 25 use. This
mount i ng electiogeagnet chmbinatonaviitamagnets afixedtie the:fowdebre and atcaihaffixed to
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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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fl owreter having a single straight tube operating i unbal anced mde in
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practi se o ow tubes vibrating I n phase opposition.

These duaddvianesge thay ted dVerall beigtitrofitighbasé beyctury nizy be edthyeed from 18hey nmay
be of a irregular configuration. The use of dual flow tubes is

advant ageRundsrdawiato aROWoReWRES. a dynani cal |y bal anced structure 25 that
e B R PP TS eI af 2 A 9500 P on
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 balanced structure
25  that reduces the mass of the base required to mount the flow tubes.
An additional embodiment 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. [f 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.
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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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concerns the Process mat eri al

fl . Thi i i l.i shed
means of 4wardlyexeadied sidewatlsag VgFfF%”It) ftlff"lc’l)g-‘ s 6 %ncbﬁg?}gr]%%gnﬁg{ozea{@_tﬁ¥hi s
hort u- f ' : ' fl
Sihe o SHa8 Sfans AR R ndw RN ohe dopRESEn 38yl 6 féiTks dindenfs inef ot L1 oW
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of the first flow tube and an outlet end of the second flgw tut())gé@ge
posi t i ond@ngthofifeA dubiag @baae @ng ofithe hasag Thia $hast ushapgd dendfl N9 The

t wo ow tubes.a ' . r | b Each
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response Whichtis pbbitivhéd iethel bdsemaranélab thé dvst flow tabemwWith thiban@ayeniens, arass
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pl astics @btated 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 useless.



25 of which permt ion transfer fromthe flow tube material to the
processed material. The processed material may typically conprise a slurry
which is womngasé c conpound used as a polishing agent i mrcrhEsot/atsi cation
of wafers in the sem -conductor industry. This poli sh| ng operation
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waf er Carbor@%%ﬁ circuit all or a portion of the wafer and render it
usel ess 039 046486 PCT/ US02/ 37031 An aspect of the invention is a
Coriolis mass & baseieter for neasuri ng a process material flow having an

uItr hi gh | ey, puri t conprising: a
base 5 flow tfﬁ’(%? arﬁ'gaﬁ%aﬂ?@ﬁ% 13 r?@%'&?\?@@%m&e?ﬁ \ﬁ%@ 4l f8¥%rial flow ends
of said flow tdihfy JrRai¢ f@hﬁtu%@qﬁéé*ﬁ's 123 é@u;ﬂe@@@ 8ail DaBEa8 cPeStb At AR

nodes at said ends; a driver coupled to said flow tube means for vibrating

sai d rovmdddseatrMends:ont ai ni ng said process rraterl al flow, 10 pickoff .
means coupled tq .said t ub ns for ge & al s resenting
Mduced Gor | ol dritiqaumlstbioss it BRG R moasieioa LA A AW theFRERAS Lbe
means co ﬁgpﬁgwal and rreter el ectronics that receives
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transfer ions from said flow tube means to said process material.
Preferably the entirety of the wetted flow path of said Coriolis mass flowmeter
comprises a PFA substance.
Preferably the entirety of the vibrating structure of said Coriolis mass flowmeter
20  including said flow tube means is formed of a PFA substance to maintain said
process material free from contamination due to ion transfer from said flow tube
means to said process material.
Preferably said pickoff means is an electro-magnetic device having a magnet
connected to said flow tube means and a coil.
25 Preferably said pickoff means alternatively comprises a light source and an
optical detector,;
said vibrating flow tube means is positioned between said light source and
said optical detector to alter the characteristics of the light received by said optical
detector from said light source,
30 said optical detector is responsive to said alteration to generate said signals

representing said Coriolis deflections.



connected to said flow tube means and a coil. 25 Preferably said pickoff
nmeans alternatively conprises a light source and an optical detector; said
vi brati ngwbloommdssbe means is positioned between said |ightczasozsroand said
optical detector to alter the characteristics of the light received by said
optical det edireferablyfaihbase hane lewar swfachardag "&ﬁﬁﬁR?é'lOd&V@:fﬂb/ is
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has a | ower swenffysAifiarh df RART upRard| éxtunmgdmseedaawclyrwgﬁe@m regeivie and
al so has an outer pair of upwardly ending side walls; openings in each of

sai d upweaaid ﬂowxubﬁmeeg\w/al | s coaxially aligned to receive said flow tube

et B upwar dEIPrERbaH RASE b HaPAEBRY R S8 RurdiR aoR Laftst uar ol

ext endi nqpiErHF SQexding lsiealvhiied to receive said flow tube neans.
Preferably ends of said flow tube means extend beyond said side walls. 10
Preferably salapelmm ineaghafisaitl vewamihyextendisgenalist caxfallyiatigned to receive
parall el e ﬁ Sald fl ow tube neans is connected to posts affixed to a
t op surfast%éCE pWdUPEMEANS.  preferably an inlet of said flow tube means

recei ves sal d mEROGRR RIS ld b WD B SHARI boydPsaid Biwans | et of

said flow tube nmeans”is coupled to an inlet of a return tube; said return
t ube10 s coupl eRfeferablyishidhase snal sokd mﬁamgwareeiepmnabbﬁmmg@ paratelepiped; t ube

means and extends_t hrough wal |l s of s base d exit tube is cgnnected
to an outl et e??(ﬁ HPWstﬁlP% meangrs CPUB%C ? t%PPéﬁoaafg’é‘?‘gpo %F%ég'ga%?éﬁ' fl ow
towards g qser application. 20 Preferably said flow tube means conprises a

single flow tube and that said base has a mass substantially greater than
t he mass of sdéPredfdrably druimdetwif shidofiow asdse meaheréedives said process material flow

from a supply tube;
15 an outlet of said flow tube means is coupled to an inlet of a return tube;
said return tube is coupled to said base and is positioned parallel to said flow
tube means and extends through walls of said base, and
an exit tube is connected to an outlet end of said return tube to extend said
process material flow towards a user application.

20 Preferably said flow tube means comprises a single flow tube and that said
base has a mass substantially greater than the mass of said flow tube with process
material.

Preferably the mass of said base is at least 1000 times the mass of said
single flow tube with process material.

25 Preferably the mass of said base is at least 100 times the mass of said single
flow tube with process material.

Preferably said driver is affixed to the top of said single flow tube when in use.
Preferably a dynamic balancer means coupled to said base proximate said
nodes to maintain said nodes at a reduced level of vibration.

30 Preferably said dynamic balancer means is an active dynamic balancer

controlled by the exchange of signals with said meter electronics.



Preferably the mass of said base is at | east 1000 tinmes the mass of said
single flow tube with process material. 25 Preferably the nass of said base
is at | eawD 030@486 nes t he nass of said single flow tube wcrhiSoz/emess
material. Preferably said driver is affixed to the top of said single flow
t ube when in Rreferablyefaid bbby isau-shaped ant dlasre lowersarfece anglacerit of sai d base
pr oxi mat e saig nodes, to, inﬁai n said nodesI at.a reduced Ifevel of. .

vi br at i orHPVErdlyftendipg picewallggentaining,coarially aligogAonedings fOEfaqelving said; ¢
bal ancer_siﬁ@ggfog}{ugg by the exchange of signals with said nmeter

el ectronics: WO 03/ 046486 PCT/US02/ 37031 Preferably said base is

u- shaped and Heeferablyvesid singfeafiev kit axteaids thrbughwasaxial/ helgs émdaidgvalisdeith

wal | s_cont aj ni ng . coaxi al | | i gned .openings for receiving said single flow
t ube.SPr é@%l%ﬁ'%é\%'%ﬂ?iélt&? gl‘}ﬁﬂg'@g eé’)@?’grﬁ?éé sidE YR -coaxial holes in
satd walls W terdaBlAi® fordlife PdiHsCdrhoitde b frsb et dibeal d si de
wal | s. Preferably sai ow tube neans conprises a tirst and a second fl ow

tube cou@upted to @it babesmdapubitipreidtparakel tp@ash lothert saiddirst anchsecorskiaw
first and second flow tubes are adapted to be vi brat E&_ i n phase opposition

by said dbbesare pdapteddpibe Yhraledin Rieasq QPRASHORRY 8AdSBIVRTsai d first flow
be and said fl.owy ; ' - ' id f] d
tube and sal ﬁ%i@l{%ﬁlyp%a(?d HHOY |Elé?|ﬁe?i% Bo?h%gﬂagflugggé\g Sté{t%é)éﬂa %a@]?élé&onb“t an

second flow t ase oppo lon; sai elng affixed to both

sai d1fi r slovafiibes e Rbaddpaed teibibrate Gaitbfige int vecotid flowltulsesizf preatel ons  of
said first and second flow tubes. Preferably said first and second fl ow

t ubes areomiibm;gd in series with 15 respect to said material flow
eapect 1o saiHRPTRPRTERRE ks BN TrRehARPRE e Bt ¥ uERctth,
base ori epbgslisdsrricti6hs b ssidifiistdridéecomddipames. f | ow tubes; 20 said return
tube receives said process material flow fromsaid first and second flow
tubes and ext ePriershiydsaid fiestiand selcond flonaiubes are sennegipd it sefiemwith
15  respect to said material flow.
Preferably said first and second flow tubes are connected in series with
respect to said material flow.
Preferably a return tube is coupled to said base oriented parallel to said first
and second flow tubes;
20 said return tube receives said process material flow from said first and second
flow tubes and extends said material flow towards a user application.
Preferably said base is u-shaped and has upwardly extending walls;
said first and second flow tubes extend through said walls of said base and
have inlet and outlet ends projecting beyond the outer surfaces of said walls.
25 Preferably said Coriolis mass flowmeter comprises a single flow tube formed
of a material that does not transfer ions from said single flow tube to said process
material;
said Coriolis mass flowmeter further comprises:
a massive base affixed to ends of said single flow tube to reduce undesired
30 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;
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Preferably said base is u-shaped and has upwardly extending walls; said
first and second flow tubes extend through said walls of said base and
have i nl ewoanm4casé | et ends projecting beyond the outer surcaase2sfodsai d
wal l's. 25 Preferably said Coriolis mass flowreter conprises a single flow

tube fornmed o@n wletsfspidsingledlovatibe in @ffixaddastaid inleffpnnestarssaid iIfAugl e

flow tube_to sai J.alr ' ; Qlel f urther
conpri sescomeRRuSBRET B AR SaliToist BFa A R SRS R o ilEt B il
reduce unglgsly fbe t8QfECPH EXRBASIEH of 68l progess Aidtonamowliadesd stpptubestads;
an inlet connector connected to said nmassive base and adapted to receive a

fl ow of ssaidspngirfew tube.eri al froma supply tube; 9 WO 03/ 046486

PCT/ US02/ 37031_.an iplet af sajd,single flow. e ' sal.d i nl et
connett or, sai%lf'fsﬁﬁﬁ{]s%rSWHB@?BJr '“&%&Pﬁﬁ?@‘%ﬁﬁ%@%ﬁ)’? éajg @%{;L@%@&@@ﬁ: si ngl e
f1 ow t ubewit rédheRtid SlidPhasiiddbagaippl y tube to effect the extension of said
process material flowin said supply tube to said siagjgl e flow tube; 5 a
first set screadriversaffiged to said singhe dowrtube for\dbrating ssiaifl sinpletflayotubect or

fixed wth respect to said r;gssi\ﬁe base; a driver affixed to said single
f1ow t ubeCQERINTI%7IH | RIGCESs MaleHRl'eWs | ow t ube contai ning said process

material flow, aﬁauﬁ%itdf%raidl)%ingg w tube! &riké @Yo hWeRoAd icoiREctbPfoR e&@,“r@ﬂfbb

connector for extending process material flow via an exit tube
t owalds asaid procksstmateriabfiow aigpan exibtubs tokerds aomepldestinatiaswi d single flow

tub ite ¢ f id dri f ti | ] ti

Cori ol 1's | hduchaaiel Pkolfs ouBleddaisad Fnglet e BPRPETS PREROLFGl . 11 ow

tube; andyg %r§éﬁ§r&fiﬁg§‘h@ﬁéls¥%g?§%ﬂtlﬁé@ ioﬁémgee@%éfree sebsqickoffs to
0 I ng al K

said neter electyonics exte prckoft signals to sard neter

el ect r oni vibratingimateriakfille singledlowctubecardves sai d pi ckof f out put signals
and generates output information pertaining to said process material flow.
Preferably themeliQdeGteoniess f1 ownreter further conprises;

15 conductors extending from said pickoffs to said meter electronics for extending
said pickoff signals to said meter electronics;
said meter electronics receives said pickoff output signals and generates
output information pertaining to said process material flow.
Preferably the Coriolis mass flowmeter further comprises;
20 a return tube 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;

25 an intermediate tube connecting said outlet of said single 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 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 return 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;
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20 a return tube connected to said massive base parallel to said single
flow tube; end portions of said single flow tube and said return tube are
gl ued to waeiod/o46¥86si ve base to maintain said single flow trayassazarosai d

return tube i movable with respect to said nassive base; an inlet of said
return tube; Zseepnchselrsesewn said mtlet epnnactongainipins said eutlelcosREEiosi ngl e

fl ow tube. i i et _.qof id return tube via said second connector to
pRAE oot it oat

extend s I low fromoutlet of said single flow tube to

sai d return tuhRg eRit tebl isedd=paedecegend eaiignioedss maeaiial floRsti y asdase for
receiving said flow of said process material fromsaid return tube; 30

sai d out |dastioptieni d return tube is affixed to said outlet connector, said

outl e connector._seal abl v, conn S i t S Al eiu e to an

i nl etéof an e>c<riB qefgraggl?gmﬁéq ﬁ%‘@?&ﬁ%@%gbfeéﬁ@l ‘J‘oaﬁa g?gsssil?edg%éeo{@eésés}intﬁal?eri al
flow in s@jhrighhy nbalRfcdPsEadtdreowhén ibbatod By SR 9AL6A6486 PCT/ US02/ 37031
a second set scréw in said outlet connector maintains said outl et connector

fixed with respreferably aaecomhfiew teke i couipled (gheaid snaasiys base to dsfinedl sai d
process terial flow to, a user estinatiqn; 5 Preferably a si.ngle. flow
Pube mourdianigaly,palaesd PrliSGin whes iBRlend Vst Far b Holidling sfic
Struct ur e, 4oess Midedied by said driver. Preferably a second flow tube is
coupl ed to sald nassive base to define a dynam cally bal anced structure
when1@i br at ed Prefarably shid deivemisi gositiooed avhemig uss on agop susfaceaf eaidaingleo
Preferably said driver is positioned when in use on a top surface of said
single f Wthfe. Preferabl y the Coriolis mass flowreter further conprises

a dynam ¢ bal aBLeErabRPRESCERIR!AAsS fodbibr TBRALY CorfBSedh UyhaRIChABEeMOdes

to reduce the vibration sai d nodes eferably sal ynam ¢ bal ancer
means i s aeaascoupledtoaaid maskapdase proxinraté kaid tyddshte redoba thgevibfationgfal s
with said neter electronics. Preferably the entirety of the wetted fl ow
path of s$8id NegePolis mass fl owneter

15 Preferably said dynamic balancer means is an active dynamic balancer
controlled by the exchange of signals with said meter electronics.
Preferably the entirety of the wetted flow path of said Coriolis mass flowmeter
comprises a PFA substance.
Preferably said single flow tube is formed of a PFA substance to maintain said
20  process material flow free from contamination due to ion transfer from said single flow
tube to said process material.
Preferably the mass of said massive base is at least 1000 times the mass of
said single flow tube.
Preferably said driver vibrates said flow tube at a resonant frequency of said
25  material filled flow tube.
Preferably said driver vibrates said flow tube at a non resonant frequency of
said material filled flow tube.
Preferably said Coriolis mass flowmeter is adapted to extend a flow of

corrosive material including nitric acid.
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conprises a PFA substance. Preferably said single flow tube is forned of a
PFA substance to maintain said 20 process material flow free from

cont am nawipon/odi4e6 t 0 i on transfer fromsaid single flow taraSHn3I®ai d
process material. Preferably the mass_of said massive base is at |east 1000
times the mass of said singl e PeskyiRtioR of hePEAWGS said driver vibrates

id fl b i ial fi
Cobe.  Pret or acise i GPRE AfiveRiGoas A6Y TR ol iné hueBufthiftnsioh mEY pe O
f requencypheifer uhabbtdtd ﬁ}f&@}{nefdtibhagtlhfé %fdm@éf therfeflewing! detsifedidé&dripibhs mass

flowreter is adapted to extend a flow of corrosive material including
nitric adhdreof in yunregtiondfdice BGWiDgeO M ®NTBL  Descri ption of the Drawi ngs

These_and oth agvantages and features of t.h resent inventio be
bt L& under oG T GUBSERR BRGPIYH Evr Bt hri cBPTRIAY Abatlnedl alRE e
descri ptialentigper €of in connection of the drawings in which: 5 FIG 1

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

i nvention. Fl &IG22iis adopoew ioétheoémbhdineiiediFi@nd. of FIG 1. FIG 3 is a

front view of e _enbodi nent of FIG  1..Fl i.S.a cross-sectional view
taken al ong | |r'tr{gs 348 & Tntpjiey Oﬁ.thelﬁmpp@\m%%iog%éépér spective view of an

alternative erm%th]?%tﬁraéé’-'bagti@rha‘?@ierw %fke&b%ﬂgp@\ A Ats-FIG. @ 6 discloses a

dynam cal |y bal anced fl owneter having a ase. FIGS. 7 and 8
di sci@se a f| dM@ebds ahmarspegctivet viewlof pnclitethativerdndSoditheat thatingdi pair of e
fl owret ers havi ng dynam c bal ancers. 15 FIG 11 discloses a floweter
havi ng a Bagerelemestivst antially U shaped flow tubes. FIGS. 12 and 13

ot onoee® sor oiFIEL 6RISa8LEPE byl DRl Bk Rabily'a Blshdbedtiase! | Y
FIGS. 7 and 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 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 legs
117, 118 of base 101. Pickoffs LP0 and RPO 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 connector 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

12



FIG 14 discloses an alternative enbodi mrent having a single flow tube and
no 20 return tube. FIG 15 discloses an alternative enbodi nent having two
fl ow t ubewowslos@sed in phase opposition. FIG 16 di scl osesTarsoabtosr nati ve
enbodi nent havi ng a single flow tube. Detailed Description 25 DESCRI PTI ON
OF FI G 1bevibratediat anqserespeant freqyensy. ofherrgsutting Geyialisiledlestiensarg v

ube 102 JASuiebds vHRYTEHAP 2n8 Rrg it 353y S FRy BagkiRcrf L 2.1 e
and dri vefo fReftir@la@tmice 210 Ko dledtonidd221 Rbevva e pidKbIf sigralges a
process material flow from supply tube 104 and 30 extends the flow through

connect ordetegningsfthe whase diffegencebetwaarcihemp gletersnineptefreauencyfifde wal | s

119 d 120, front | 1. 116 d , . | . b
1 br abed GenatoR Hnd hnies ERudldnfol Rt BepyRlfo el RlinoY 8FepSap i,
al so 12 N¥nOR0Re486ii-B6dh Redit RéPSHowRe Thehatefidl fdw Paseds frémdTtwtube
frequency. The resulting Coriolis deflections are detected by pickoffs LPO

alnd RPO wh)2 hnd tiroygb itgfrenll 86 wvhich rastingets ivesmateriahfiew through setwsn dibe 103
tronigs 121, Met t r oni i.ckoff sjgnal

det o m nebroud sonisten fERARNUBE, TEanh RS Versels miaredl ind I8y of s
oscillati I%Bﬁoﬁ.pﬁhlse&se?‘érp%é?tidﬂ Hayde é’@eﬁﬁ’ddrﬂiuﬁidi'ﬂ)réc%stsh% faRnigf.i phef 1 ow

over output’ path 122 to a utilizatidn circuit not shown. The mat'erial flow
passé8 frpmocesomatetia mdyhe anskricondgttot sleryMitchvs applieddortke serfade of a

material flow through return tube 103 th t Q7 .t i.t, tub
b5 b, cHeBIcoDANSIOr Harahib SPma A At s iagen ThedrFA SIIETRIdises I thafsw e °
applicati a ' | fael.Li

Toreri ol SRAR SN ICE IRARLARIEHY pRicBSE FRtpRalie fee dimpdfifes udH aPRTS

sen conduwhieh osaldbe tranbfanradafréinahe wallsaf enetalscorRjfdssiowe tulzds. usmakinghholes
fl ow tubes shown on FIG 1 ensures that the process erial is free of

i npuriti e%3%mel\ﬁsewwwﬂ&ht06ww srNNech glarasnteld tto t serl@1\ag showgy on
et a r . . | j

rxatipy cEfh 35 T i ¥ ting SiciOf BRrBCoil EES Raeior ¥R i bed
Vi br at i ngfostedGfPFA afatémg. Coriolis mass flowreter of FIG 1 may be forned

of PFA material.
In use, flow tube 102 is of a narrow diameter approximating one half that of a

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 tube 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, 109 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 detail 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 a manner similar
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In use, flow tube 102 is of a narrow di aneter approximting one half that
of a soda straw, but with thicker walls and of negligi ble weight such as,
for exanpwe,03/0848¢ram plus .5 gramfor the process nateri &CT/USHBB®3IEXC| Udes

the wei ght of the magnets. 20 The nmagnets associated with the &ickoffs and
driver hdodhewelidsowmn cappgr thing faresikconnestors he conngstivbesddd, 15 and 19Pow

tube 102, the affixed ets, and t r\QC . ri ' ] ely 2
g s, WiBERE RS ToPORPRne Aty dn e Ry ey Podklo the BRRABITRE Yace
102 i s nEgRh¥EsRh WEFIh 1. aRPDAK aBheYatlife BENSSIRhat détestsithe temparauresdfi o
of the mass of the base to that of a naterial filled flow tube of 25

appr oxi naetirg t@eH 003 anddansofitstsigralasepresenting thecdelacteddeapssatre/P¥rrat i ons
genegt ed 'ti)\é %Qedgg/na ] C II% unbal anced fl ow tube 102 with material fl ow.
Connett orRatA 772 19 faeteq B®CUARCS10 connect tubes 104, 105 and i nternedi at e
tube 106 ppsthrgpesty i Figopv t ube 102 and return tube 103. These connectors

are shown tn detall In FIG 4. The connectors have a fixed portion 111
t hat i ncl udes I8FIGhRéndton Riew Thitowmetds! 0paf EliGord . dPickeffmkll® @nd RBY andr ough

110 are threaded qnto, male fhread 4 to connec hei.r respective tubes
Lot he. t {dbeT bhegebmas 2 GalEcich Ithans elerprasfuniast ipohBEEA madiets s
part. Th ! | HbrRof AW Slibes 1 6 13T, iM@1835046485f

PCT/ USO2?@@8@??@&%ﬁé§$\i#mdn@mr@bo@%er tﬁl')tu’éng Iagrsgggvgolﬁ\?egtors to connect
t ubet) 104hed® elemnehtd GGrthérineludss afbasepsutchubs 123Fondrivardd,.aswellibe altbih strip
Details regarding the connectors are_ further, shown in FIG 4. RTDis a

t enper at Afdnateriabsuch a6 Pt ferdaverde. Tbegbinslip &f Materia)imay comprse gPrified

transmt s, Si I L ] t 0] 5to
et or el SUTing iRt ICRAERTRIIC o A8 RUFEB EIPAT it Op Rkofts BPITrk

f | owret erRROGIY hdva correbhording bas&SlamentRitd artisin sthip figed {0 thedbpiofithaide a
coil C. Each of these elenents further includes a nmagnet which is_affixed

to the bdasenglpment.omhisrarrangemenidaatitatesstherpaunting ef axdriver era pickeff 19 benese

thi it r iqscobisnel Ry 10E Stchetiuind s ipgBiar fig Al iipisRie o PEA 189 typR @
mat eri al drBngaRERGII €etePa Pﬁht@ueﬁirinwbbbmwg foit dfriQeMDb,qibsﬁQidingﬁh%gabérﬁrsg in

winding termnals are affixed. Pickoffs LPO and RPO also have
cor r esporatilg aveig tlesmagnetdv dmevingi theailiQ upwaedly so thatdhe spagrietéullypase

el ement. e-rn%rsst Earo%ré%‘lanr&elrr]\tcofila&'thé% %togﬁio”}\% ggsuenél'err]r%n?fmg u%%'eyﬁeratﬁrthéa pi ckof f

to be
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 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

30 of elements LP0O, RP0O and driver D.
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15 acconplished by the steps of gluing a magnet Mto the underside of PFA
flow tube, gluing the coil Cto a printed wring board 133 (for driver D),
posi ti oniwg wlessspening in coil C around the magnet M nwdmgor/Bm3coil C
upwardly so that the magnet Mfully enters the opening in coil C then
posi t i oni RESEAYBTIONRRFIG44 underneath the printed wiring board 133 and

gl uing or bolt these r 143
is affixed by %'?’ﬂe & T '°§§f‘?§§%a§&a'n‘%%§‘ I%)e baggeiglag%gég Qlf tH%afl(raeads
124 of codBRfin® &f BT -3.aAd Rirthet RW1IsT dohfectdrs T08 andno. deiGai4 farthef each
of these elenents is shown on FIG 4. Opening 132 receives conductors 112,

113 and Idigcloses operings H0Bn#@3 and #04fin base 191| sThﬁ)tOFJs(Pfcﬁmhd?f these 2 to

m ni drawi ng co | t ver | u t

cond[?bt orQPenngs ¥§”§§6°§§P§W$fémﬁaﬁ%°t o?@?% ﬁk%eﬁﬁﬁo‘gﬁﬁ afhkg rh)é D.
extend OVehe BG & A lgnE{ fA aé%ob%té@mh efRhesTithess Efendehts & alkd Shown on
DESCRI PTION OF FIG 3 shows pickoffs LPO, RPO and driver D as

conFrl si NglGa dreldleter emactedrﬁa:S(&ﬂ obFiGel bmqt@homcm 5}68f3 Ehd\f& tpunumm(m and a
coil Caffixed to t eba 30 of el .ver D.
14 WO 03/‘%' AN CPTP %@52 Q’it @WW@Q %? wﬂe °W4 lgj' ect i onal
taken al ofignidri906 ||408’rc1né:(l,tgr1(?9|s':th@0Lﬂlefjbf5g6\9~°t@l§e4bb the el erfentS,of FI G
3 and further details of connectors 108 and 109. FIG 4 further discloses
openilligs 402, 'ﬂl@@flaeuﬂpéﬂmnl‘rMbefamrmettor'nm inolpdes nwerthrebds HOSeviicly serewgs
extends to the | ower surface of the bas pi ckoffs O and driyver D.

e oot 1 B atng heackinbase AL 4 AHPCH et FOBNOHRE BRTEN oS aam el tAdT
shown on ofFBefée f|01 Mi"ESrfoJj %Bﬁggf'b%né'&&r PhHo Eht‘ﬁw%bghfsls@%né@%lﬁ%@al e he

and 4 to minimze I N connec

inlet of éttébhe*d&ethl@é?ds 4@9&)“Teletne4=ﬁa0|1rbfctmseem1or 109 is the outlet of flow
tube 102. 10 The fixed portion 111 of connector 108 includes mal e t hreads

409 whi chFized @artiomi b1 ehepmpaten Hdiinher ingdydesn threaded perion; 1etwhefect or

Phe. 15 gnihfedds BERTE e ddvabienSaRh 4 H ot otibddd the, Qe TP B et o)
of base %lp e&EHixeAridrion 1110®f:oﬁﬁmepuoafd;m?erfmkﬂnhecronrteuefdea:omddnreaded

portion ose
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 portion 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 connector 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.

DESCRIPTION OF FIG. 6

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 return
tube 503 extend through the elements 517, 518 to connectors 507 through 510 which
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15 threads receive the novable portion 415 of connector 108. Connector 109
is simlarly equipped. Fixed portion 111 of connector 108 further includes
on its | evDoaoe@sé cal stub 413 which together w th novablpeTalSengnsl 415

acts as a flare fitting to force the right end of input tube 104 over the
coni cal saretcosmarablefinayenpraspecitolpnnetiors 1687 datoagh 1a Ocefifie dsifewmetern ng

coni cal S8 HRMERbnSta U 9 SRR Rbrecr b FRuetinadediringg haT e,

of flow t i ' Lid ' ic@lly UnbSrineed strabtuld & ing f1ush
with the ﬁo%t%groﬁgﬁppgggggytdﬂg?ﬁ% tﬂ%ﬁ%’gﬁﬁm sykegﬁg,n t he procesgmr?gfggi al

del i ver edldwtuhep03. Babe eldirents 517l ¥H8irdst onrdustacedhl Soof ¢lemant &b which
The process nmaterial flo the _right through flow tube 102 to fixed

porti%n_ 13}’P98ﬁ33@§ﬁe%?6\e\p‘§%§%8ﬁ?é1bhe outlet 406 of flow tube 25 102 is
flush with t heAI?QI%n?éntQ%HB\%toWEljﬁ%ﬁé'@te ihthe safidl Aanherhs UéQﬁeﬁPeFlc’UGt | et

of tube 102 to connector 109. he ot'her connectors 107 and 110 o 1
ar e i dentdaredspoadirighelemetiéson Fb@d1.f Bhist tcmrebpoaidescefs showreby thesdagignatich 109

FIG 4. DESCRIPTION OF FIG 5 FI G di [ fl t . 500
glnternat i AfeachiRiamenhwhigh difgrs qﬂ}lémﬂ'@gthéﬁr%gﬁsmﬁfojrth%% si ?'Pﬁséf?]ge

except t I 5 | | I
conpri segé é@%@?aﬁgag’tg&gﬁﬂ@gfg %ﬁ(‘jﬁ 5?g9+r§?§)@v{c{ft8§l@g;y tgrt])% @gﬂﬁ rﬁﬁg?%be
503 ¢gt erESORIPTIONGFEHIGBNt s 517, 518 to connectors 507 through 510

whi ch 15 WD 03/046486 PCT/ US02/ 37031 are conparable in every respect to
connectors 107FiGhodigeloses yekanteer alterpative@mbpdingriof dhe jysptior 83 518 are

separate i L Gk ; 1 AL . | t4

par teq SR8 fofridiel 0 WhidHYs difent flo BleBrifiodifiens ¥t RIGH fhat |
f1ow t ubefidiietdd®DD RALHRNAGIVRovaiubeTEGR 486 B0BWHiIEH Eomprisd 3 dynaetiealnt 516
which 5 supports base el enents 517 and 518. All elenents shown on FIG 5

oper at e i palaneedsinactiemthat daes dot raaire the snassiysobaiansue) asrbase 181 of IFES. 1.

Thi d ' h t desi ' '

it 88 ofn Gar Coarey Rave FRateanly 65 ndRE st naBhe FRE Y, T RUEfEreh Bo6 has
el ement . ddHiectsrd BIMthidRM 410 copaidble fo EHHRIRENDT-1 10 SEPIB V1.t bsddifish,on
FIG 5. 10 DESCRI PTI ON FIG 6 FIG 6 discloses yet another alternative

enbodi nenit ha$ cohredtoredt 1,61 2asProcespmaleria) is resaivadeby BoometercdDQ Bomia f er ent
fromthe s,eu”;}%?{/j {u%%néolﬁf T (lacrinat%riélnexttehr?és 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
LPO and RPO and transmitted via conductors not shown to meter electronics element
also not 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 616,
connector 612 to return flow tube 605 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 advantageous in that the massive base 101 of FIG. 1 is not

required. Base 601 may be of conventional mass and vibrating PFA tubes 602 and

16



fl ommeter 600 has two active flow tube 602 and 603 which conprise a

dynam cal ly bal anced structure that does not require the nmassive base such
as base 1WD oof4ddB6S. 15 1. Base 601 may have significantlyPceadasoms®st t han
that of FIG 1. Flowreter 600 has connectors 607 through 610 c arable to
connect oré931toprevide siutpytdnformatian pegatninghto thegmatesial dowe dherk A %ﬁ?, tG@??

Process ' ' I . r supply tube 604. The
mat eri al %ﬁg«%%tl‘}ri?eaHﬁa‘f%%%lﬁ@g{)%?\;%grgﬂﬁ%elﬁﬁ@&e{lto?glr{gtyof flow tube 602.

Fl ow t ubeBEC REFTEINOK FIQ8gh AN[D 8618 of base 601 and connector 609 by 20
means where 1t 1 s connected to tube 615 which | oops back via connector 607

to flow tube FAG37 disclosesatomuiew of aflowmetar 100 eoraparabipiesiiawmatard G0 Qfw

502 dha- 408 s 1P alferants vpRiaed e ERERERdmRms Bkl Pafteld /e ihd
conduct orgptiaaf dsteei foiopiBRAfRY LRO &HHRF0.CTheldetdiztof thé Spticditdetdwivrn &
mnimze drawi ng conplexity. 25 The material flow through tube 603 proceeds

to the rispownand16x Bearieompdsing @nldeld tight sagce endutwtadddghicgathes with dack

uhi oh el oyoRDe f0d e BPred BRRucer e 2R siotdfods” AGhB Bt e, °°
user. Fl quggb®/ tuBB0a indnfHNEdthagfblightpaditls frdmaRERERSthe photadiciRd foy

bal anced 30 structure of flow tubeS 602 and 603 fornmed of PFA material.
The tiynargenerate a baninal edtputrsigrialr & dawnwardmaygoest ofithelilaw tube ineresses

SRR TR M NG TR TOREIINE & W e M O S
provi de %&P&ﬁ%ﬁb@[ﬁéﬂﬂ%fﬁﬁghf %c%iv@@héegbgﬁ]oﬁ??ddé‘ﬁﬁé ?Hﬁouﬁf‘@f g flow

tubes ensure tha material T1ow ra high level of purity.
DESCRI PTIrebkiGed ByGhe phofiNBiodleRtdaslatesitc ah osigmutzurmrept indioative of the oageitede 700
conparable to fl owreter 100 of

5 FIG 1. Th i ff . t
S aoratdhe Corili vitratipntas the arigecs the Aow LbE J02Aasoeiatid Vi the LED 1 o

LPO and RS j | gﬁ]te%r flP i as
corrpff‘?si %gathEE@hﬁggﬁcesOﬁiecé@l‘gHnghgtad cp-og(l?tg e toaa'gtae{]xg?n W twéé CBP ﬁg(\fc\i/otrﬁbe
702 i nt eryausand P8R\ enetbhelecibnies thopbladwn th BHE. 7 & ntiimizeed tawig compiexity.
the flow tube, a nom nal_ amunt of |ight passes fromthe LED to the

|. DaS S
phot o- di ctie embedingemidtle. 4 insthanyiseddentinal § greily. reppeip e MRedEReRt of
the flow 5#&?&. 1"EHC AR fUdes supply tubes 704, exit tube 705 together with connectors 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 correspondence 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. 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

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

limit on the size and mass of the material filled vibrating flow tube 102 is limited by the
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t he amount of |ight received by the photo-diode; an upward novenent of the
fl ow tube decreases the anobunt of |ight received by the photo-di ode. The
anount ofwbioglote4se ecei ved by t he phot o-di ode transl ates t @caruSouspat
current indicative of the ma(tgnitude_ of the Coriolis vibration for the
portion ohassef thedvaseubet Mot he preyided tp absaorbiunbalangedsyibiationheUpingHhe

and 732 rhoRBre Taubebus DR ass LR e BSRdsE s arBA fid °
conpl exi tybratin§ doRiBE! Qﬁ'l'ﬁcrfééslzélzgﬁbng pbEn@IMBleWh&ss bigiat inatdrial filleyBow

respect to the enbodiment o 1 and includes supply tubes 704, exit
t ube 705 tubgevduid reduine aminceeaser of mags of B,080gIounds for base 1@bs ThisTlegity

be 703. Th f. 5o 700 ir, 20
Fro 8 antiily Besases s Fammecilappkaeas ihar R IR R YRR onr
difference beigvhftef 96¢Ebf FiGld had alviBefRimgasFicopimeicif AphlicatRie bince

DESCRIPTION OF FIG 9 FIG 9 discloses flowreter 900 which corresponds to
f | owret erth@@ynamidcb&lantersx@3hand 1988 dre afiineddo 1990918 and @ 8dedbsotthmughani ¢

e oty R meaad & he o bR iR udbehes PR "
' ted I ' : d

sty tct ur o8 SBEF I bl dytiaflc AR IDBY mhalfbe EV AR LAR hU ERRahe e o
enbodp men¢ornvenfidrial Masg hed sprind canfiguratian as idwell Bpdwbyn theeariaf siynamizase

101. In this enbodinment, the material filled flow tube with the attached
magnet s WedIgRCceI® approxi mately 2 grams while the base wei ghs approxi mately

12 pounds ' [ At ange of conmmercial applications for which the
fl ow tubeDEEE{—Rj%HqNgEﬂ@ﬁ% upper |imt on the size and nass of the

material fill eRlGritrdiscloged hdowmeter 10€0 tiratlis identidallty flolenetdi OVDeRBEMU 6486
PCT/ US02/ 37031 mass of the base that nust be provided to absorb unbal anced
vi br at i onthat thei dyanmie batarmees pbFIG . 1 ate ofdhaastive hwendi2B)And ae designalrd

h h Ral  fill. ' '

poundt n 1412 e 835" mheshaclifé dyifpihaiahdr% SHBFaIATLY B GERnGE of e
i ncrease gfnamwiththeforQIGctRonic$02 Poveasethd Q023 T2, clo2srdand $026."Mesert he
range of conmercial applications in which the flow tube 100 of FIG 1.

FI owret erelecioniés F025] receives signalscaver patie1093 Formestyeadynapps balancend032nce
the d i c_bal 32.and_933 ffixed | 917 . b
mich  of IERESHIORANS VDA arlice 108 B itk JERS RokBRC o

vi brating1602W leg 117. Meter electronics receive these signals and generates a control

20  signal that is applied over path 1024 to active dynamic balancer 1032 to counteract
the flow tube vibrations. Operating in this manner, active dynamic balancer 1032 can
be controlled 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  leg 1018 of base 1001 operates in the same manner as described for the active
dynamic balancer mounted to leg 1017.

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
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 to minimize drawing complexity. The dual flow tubes of
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tube 902. In practice, dynam c balancers (DB) may be of any type including
the 10 conventional nass and spring configuration as is well known in the
art of dywemBo464b@l ancers. DESCRI PTION OF FIG 10 FIG 10 dacyalsoys®3n
flowmeter 1000 that is identical to flowreter 900 except that the dynamc
bal ancer Sloafmdéte1 100 viorateafs dyransicailyalapped ekbBInta ddoundetheeaxegndit\@dand 5

of 51 gnald W iaf biaechars 1008 &l T8 oBBvp B lie 17895 v Rl o
1026. Met osﬁ“bﬁ%yocggv!g% AAzdd KSR pShott .&makm&w%a@@ahnomseérqﬁbactIve

dynamic b ancer representing the vibrations appli by the
dynani calCorialishizflectiord iviparted hthel vbvating enatédatlilled ﬂomgtubla% ar¢/ghetacted by

appl 150 G Pisko FRRband lrhpkot LapnaMeer siacineiss TESbRPeid e the
flow tub %l%ﬂaﬁé 89%%‘.'{1‘1 1gﬁ§rt8tc'a e 'd'?iv%nhbsto NIz ﬂoﬁﬁ%ﬂﬁ\éﬂ fHANa7bg iRBhases e’
fions o

1032 can € con to re uce the vibra 1017 to what ever

magni t udeyppagitiod. ThesCokslissespansd Hetectsliby plmgoﬁatﬁ’OcﬂndolaB’G asafdnsmeittetde of
an acceptable | evel for commercial use of flowneter 1000. The active

dynami ¢ swesnaths 11823 1134 te aetar slectignics J 123 whish precasses e $gRRI%AN i n t he
sane man I ole
To17. oeda B e BRENTRE At I raf AR Lo R (1281 5D o0
enmbofl menitilieatigis Gicod nadt shewAet er 1100 havi ng dual flow tubes 1101, 1102
which are substantially U Shaped and have 30 right side [egs 1103, 1104
and IeftdEE_' ﬁéfﬂ Blj@!ﬂ.ﬂ%, Qﬁ()mﬁ/\ 1Bott om portion of the side legs are
connected to Lons 110 t

sui t abl e base Fﬂég ééfmﬁ%dm‘i éyﬁ}ﬁkﬁ%ﬂ?ggé%ﬁg ﬂlg?#n&%h :I%ﬁgow ?uges

of = 18 WL RBeBADOYEH $§@§0vhucfﬂ m@tedtmasd%mnm deerqzal ly

bal anced el enents around the axes WWand W-W of brace bars 1009 and
1010. FI olihe five subiesoreceiveGmaterial flowe driver Rivitretesdppdiomt tubgs by plaseer D

affixed to the taq ortio of ,t he .U-shaped flow tupe iolis
et | K11 rpasiionh soeniaseiie A AOySeiong TRaeupr GVer PRICERA M TBs: ar o
det ect ed éwctﬁorﬂw*ﬂézpl ?Kefdoriaﬁ’gréé&ds%fdf thé ‘Fﬂféifaﬁal'—fm@d Vihihg ﬂb\ﬁ%b@@lscs
1121 functions to apply signals over path 23 to cause driver
vi br at e fdetectedthypidkdits, LA 8ad iIRP@itbdheir 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
20  circuit not shown.
DESCRIPTION OF FIG. 14

FIG. 14 discloses an alternative embodiment 1400 of the invention comprising

a massive base 1401 having an outer pair of upwardly extending side walls 1443 and
1445 as well as an inner pair of upwardly extending 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 LPO and RPO which transmit
signals over the indicated paths to meter electronics 1421 which functions in the same
30 manner as priorly described or FIG. 1. Temperature sensing element RTD senses the
temperature of the material filled flow tube and transmits this information over path

1425 to meter electronics 1421.
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opposition. The Coriolis response detected by pickoffs LPO and RPO as
transmtted over paths 1122, 1124 to neter electronics 1121 which
pr ocesseswbDha/ogdsghal s and derives material flow informtipam/ush/stesi s

transmtted over output path 1124 to a 10 utilizations circuit not shown.
DESCRI PTI ON OFTiwe thsvmeteraNib 163 1#1difers frora thpt of Fd(Ss d lip §wo aotghie resects,

oo v by ol e Er s that e Bt asPRa) 1915 ond' SHERMAG RO M07 oBe Ve o
material fh@Mal How\exterddsvthRsuwgremid s tdsavrbmaApul Corttrter 14080 BRPSUTpUOBS i N

response to a drive signal received over path 1223 fromneter electronics
1221. Thethedlovotube is applied wiacfutphtecanmestar 41400itblasdiput thba 140§ for delivenbiesai s

Conau ordSer 9% emRodmart AL Pt 1 9oes bOF by i B nERAT a0, e

signal s tQ.gRMeHaBQfERGE i al flow information that is applied over output
path 1225 to a utrlization 20 circuit not shown. DESCRI PTION OF FIG 14
FI G 14 di scl oAlee, the mhssive base d40hhaditwerpairs4dQpsfardlyextending wals

oD ) il e b3 Tl o R RS Sl
Sl ae wa a I
e el i SRSl £ e e THEUO R RAKIAHS Vyeompatnt

t 0 amp out ghetfunctivrect bging 4G ro mdtioa vibgtionalTioe e howelldsea motd#ing dovi br at ed
by driver Dwith the resulting Coriolis deflections_of the vi bratigg fl ow

t ube wi t hcanitastarsl 107 theussi Ty d@pddPed4nineinBrp#is of palladd 1 keadu !
- H . . . ; . . h
ey ons G B0 VR RS ARy e SRUS b Bl iR SRl <

Tenper at UfupeSHIPS| Tite SLRIPAIr IRUPWERAIY @Xtdriting Wallpduds wne Bf44t teuntt eri al
filled flow tube and transmts this informati on over path 1425 to neter

el ect r oni eenneckars 1498\an he/lel @nde! 408ONAEENIE 031  The fl owneter of FIG 14
differs fromthat of FIG 1 in . Cl S 4l ' | 8:-t hat the
enbo 1'E’rrent of Fl n. 'THSPSPW)S)S ﬁ%ﬂ@ﬁé?%eg\ﬁcfﬁgﬁ &'@821. héedr{n?&ég?tloal fl ow
extends t fdHetlort 1408, FTIMNatRT flootibe MIAER i§ aftesdriiecldd® conrrctrt 1108, of
the flow tube is applied via output connector 1409 to output tube 1406 for
del i very Flowatube 1402 extends the process material flow to the right through the two pairs of
side walls to output connector 1409 to which is connected the output tube 1406.
The part numbers on FIG. 14 not specifically mentioned immediately above are
20 analogous to and perform the functions identical to their corresponding 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
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 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 these signals as well
30 as signals from pickoffs LPO and RPO of flow tube 1502 to generate material flow

information.
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5 user. The enbodi nent of FIG 14 does not have the return flow tube
conparable to elenent 103 of FIG 1. Also, the nassive base 1401 has two
pai rs of wpwanei4ge ext endi ng walls whereas in the enbodi meat/ush2/#o@ 1 the
massi ve base 101 had only the single pair of upwardly extending walls 117
and 118. The sThgpmcpsas mattriakfldves forigkitGn AIGdbitbraugth fkmtutmwﬂﬁstthmugbf

being a zero notion vibrat d f

300" he 00 o e i Bh R TopLEbo G T Bt s M
unction | | ' C

port 1 on drOHFFATLIBOHERL R ARBIRP IR [HindcBnF W BIROIGIPONANS 1443

and 1444 RPOAtso thatihecCorislislsigRalerironnall pidkoffaneceiv@dby meteeelectyhnics 152Nhen

in use, process material is received fromtube 1404 connected to connector
1408. 5 Theareradstitiver toranhancapeeter gensitivity. s o connect ed to connector 1408.

Fl ow tube 1402Tﬁé(é§&,agp5wﬁ dN PG 35 ﬁ@tfp} el cal 1@‘%8%%&%%{/9@% [d&ngeaint he

two pairs of sid 0 output” con ch i's connected the
out put t udclid¥io th‘éhﬁ:o@uﬁisboﬁuiﬂgeélém@htd:d:rGFIG41mot speci fically mentioned

i medi atel y above are 20 anal ogous to and performthe functions identical
Egstcgﬂyrn @O\I&WG: ts on the previous FIGS. including FIG 1.

Fl G 15 dis e r | %;}h 1500
which is sim I pugeﬂ%@&c‘ 33%%% esrﬁ%@\%t %@ﬁgﬂﬁk%ﬁr@zﬁp tY‘?t r%%ﬁﬁ € primary

di f f ¢ encembadinigit df FIGN§4 25 K2 Bas8 160 9] frafturfachel o18asidd walls bt 293 i s
not dormant as is return tube 103 of the enbodinent of FIG 1. Instead, on

Q) G I15 ﬁé@?tlrwalhswfalc&)%4% The differaness aresthat uwardlmd@ﬂﬂmgtlneem@untm%g
riolis b

Gt ot g B9S840 T 18 slace WAy i GaNbioft £ 74! Blsd LSWARAY) "
transm t t@ﬁeﬁmﬁglo&ﬁe}%uﬁﬁ@@aﬂ@ 13@%500161@5 ﬁéplﬁiee@ranmmg ah82U46M6HG.

recei ves these |'s as as signals from pickoffs LPO and RPO of
flow tube14_50mter(pa3m166436andat6345 prieventdlow tubfeotGR2 Rom plzothDWWSQW

Cube 1850234 AP3RGR N B L0DCRIATS PAANDEDRAP AUDAl Wil el PG 1503
i s phasgy Sy r@%%%téﬁ%ﬁwa?dg?‘f%i@h%@t@%@ﬁﬁ@%%%dmépfa@éqm‘ét b he
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.
20 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. 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
25  tube. This can better isolate the flow tube from thermal stress that might degrade the
accuracy or the output data of the flowmeter. Also, the Coriolis mass flowmeter herein
disclosed has applications other than those herein disclosed. For example the
disclosed Coriolis 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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RPOA so that the Coriolis signals fromall pickoffs received by neter

el ectronics 1521 5 are additive to enhance neter sensitivity. The parts
shown on Wb@3/0ddEsanot specifically nentioned above are i demrciramo2/am31
function to their corresponding elenents on FIG 15. DESCRI PTION OF FIG 16
Fi gure 16Wtatid Gdaimexdt al t ernati ve enbodi nent 1600 that is sinmlar to the
10 enbodi nent of FIG 14. It has a base 1601, front surface 1616, side

wal I's 1444 and front wall surface 1642. The differences are that upwardly

R R o kG T

repl ace veh LRraliigh |eved of fdibtyosailll Coriolitdnasdflewmetsrtconigisihgind 1645 prevent
fl ow tube 1602 fromﬁi voti ng about post 1617 15 and 1618 as an axis.
Connectors 1608basel(1BHD are optional and if desired flow tube 1602 may

and out et c o ARSI Albied By dkele Sl el iaeatolnc ( com

and ugst ream bandpsdiehs b shideflowp AibeSmRans i@ BbuplBa 36 Saitisabetotrédtd serve
as a nmounting for connector 1608 and 1609 when provided. 20 It is to be

expr ess| ysuhstantially stationary nedes absaid @NdRat®nN®n is not to be limited to

mai 11 cati ons 2 anverEDepipledi6 Saig FORLHE Moot o PEERESHE chbiifbraneare
shown hergiitaiifig $4d PRESY Rfatéflaldowipsi de down orientation it is desired

to have the driver D positioned on top of a vibrating flow tube to allow
t he driver heapickaff means{RRY; LP&\vagupleditotshid flowtubEsmeape forrgeneratimg bet t er

or 110 ouBels gabreSarnd BOkpo e ions deagroniy Suf Vbrd T AN meare
herein d'&ﬁgm,ﬁ?d é‘la?r@%@rﬁﬁfér@pﬁowt?ﬁd than those herein disclosed. For
%e d St 0s&d Cori ol s mass’

exanpl e t | ommeter nmay be used in applications
i n which the finetérredectpomicsed 1thatreatives saidrsigraly fronssaitl packofii meaos aodd,

and i nconpatible for u,s? with flow 30 neters havin F %Z%al wetted flow
path. Al | deniaiaseuipyt ipformadiopperiainiag f said RrPB‘\’rﬁﬁa'ﬁ'é erkfeVn di scl osed may

cubst ance suchiaRERSE T (B SAR A AL LRSI P pafor PR oss et

15  transfer ions from said flow tube means to said process material.

2. The Coriolis mass flowmeter of claim1 characterized in that the entirety

of the wetted flow path of said Coriolis mass flowmeter comprises a PFA substance.

3. The Coriolis mass flowmeter of claim 1 characterized in that the entirety
of the vibrating structure of said Coriolis mass flowmeter including said flow tube
means is formed of a PFA substance to maintain said process material free from

contamination due to ion transfer from said flow tube means to said process material.

4. The Coriolis mass flowmeter of claim 1 characterized in that said
pickoff means is an electro-magnetic device having a magnet connected to said flow

tube means and a caoil.

5. The Coriolis mass flowmeter of claim 1 characterized in that said

pickoff means comprises a light source (LED) and an optical detector (PD);
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1. ACoriolis mass flowreter for neasuring a process material flow having
an ultra high level of purity, said Coriolis mass flowreter conprising:. a
base (116wp oBloaswsé ube neans (102) adapted to receive sai dPomasews37oant eri al
flow 5 end portions of said flow tube nmeans are coupled to said base to

create subst asdid aibrgtirg faw tutze ppeandds pasitioned betwkegrosaid digbt seurde iandr (D)

o L Bl et AT e SRRtk 7 1Rl L ooty BY B 88181 0 1o
sai d gl O‘A%éetPP@r'ﬁBﬁ%aiHQibth%?t éaa_oggg?nsaaeabg is' RBPES&VS t Saidnslierstibn to

Coriolis ctions of “sal brati | ow tube neans containing said
process ngéreratd sditl gignasnckpreseantingl said Conblis défl@tipnshat recei ves said
signals fromsaid pickoff nmeans and generates output information
pertaining to said process material flow, characterized in that said flow

tube means is gor "%?boﬁoﬁ@ﬁ%rsgaﬂloﬁnh@t%rgf’lagirﬁqtzch %tEFé'%é’tff at Qé‘i%stfafs%m

said flow tube neans 10 sald process nater riol1s mas

f 1 owret er had a tdwerdurfdvaraet & intred pair dfhpiwdrbly exténding yideofalishd 1@ganedisd ow
path of said Coriolis mass flowreter conprises a PFA substance. 3. The
Coriolis hesanputripainel uiwardl eRdng Walla €14} zed in that the entirety of

the vibrating ] 40| i [ale L d flow
tube means 19 Sasiies o] in R bR tvr IR e SN RERS cbakalf abhetftel!,
free §r omecer@tsyd TRIW Ribeddeanhe i on transfer fromsaid fl ow tube neans to
said process material. 4. The Coriolis mass flowreter of claim1l

characterized in that said pickoff neans is an el ectro-nagnetic device

havi d iq, fl t . . i T

Cori o o g 1 owniig Copphig i pWridler bt BRI AR P ] that Spighlie
nmeans Congnj-§¥spedl AhdRbs 8aWERslidEd andd pHir SPlipwartlyisttesding siddvall2 WO
03/ 046486 PCT/US02/ 37031 said vibrating flow tube neans is positioned

bet ween si2®);l i ght source and said optical detector to alter the
characteristics of th recei

| i gh ed b id Jdcal 5 det. . id
light source, g%qran%fzﬁ(’ﬁﬁn tﬁ@?'éeflﬁ%/'gi@Vyaé'éggﬁ?g&\%hég"aélﬁicagté'gﬁig[igr?%ﬁ{gt o
gener gt e gRAefid Ao bR ResAsi ng said Coriolis deflections.

8. The Coriolis mass flowmeter of claim 1 characterized in that ends (407)

of said flow tube means extend beyond said side walls (120).

9. The Coriolis mass flowmeter of claim 1 characterized in that said base
(101, 916, 1016) is a solid rectangular element defining a parallelepiped;

said flow tube means is connected to posts (1642, 1644) affixed to a top
surface (1615) of said base (101).

10.  The Coriolis mass flowmeter of claim 1 characterized in that:
an inlet (405) of said flow tube means receives said process material flow
from a supply tube (104);
an outlet (406) of said flow tube means is coupled to an inlet of a return tube
5 (103);
said return tube is coupled to said base and is positioned parallel to said flow

tube means and extends through walls (120) of said base, and
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6. The Coriolis mass flowneter of claim1l characterized in that said base
has a | ower surface and an inner pair of upwardly extending side walls
(119) andwalosp464b@s an outer pair of upwardly endi ng wal | #CTAB0Y/3708peni ngs
(416) in each of said upwardly extending walls coaxially aligned to 5
recei ve said fdrosxit tube (1@anis.connedied t@can' anhtlei emdsd shidorateindube(1¢3)dom 1
characterized in that said ba IS u s a lower surface and a
pai r of UPNRNFPIPIPERRS rﬁateg;agﬁowépwgr B‘j’r a%‘g'@ﬁ]a%s (416) in each of
said upwardly extending walls coaxially aligned to 5 receive said flow
tube nmeans. 8. The Coriolis mass flowneter of claim1l characterized in that
ends (407) of11sai dThémuribUk)mamrmmaeteermtﬂclw;no]nm&rabtenzé«ﬂdntm}tlsaid(ﬂc%). 9.
The Corlolls mass flowreter of claim1 charactercijé@ bn t hat sai d bas

(10 é f I916u & MEANS GOIAPIESAS; 3 single How tuke aad thatsal hiay 2B %‘I‘q’%ﬁaﬁﬂeﬁﬁed
4) " af fi xed
surface. (RHET dERRER H8sSBRCAGES AR BrdckS fratehid) L1 ot by ot ofaim

1 characterized in that: an inlet (405) of said flow tube nmeans receives

said process material flow froma supply tube g104) an outl et (406) of
said flow tubeﬂmaﬁrshel Gogelispnass f'@Wmﬁtﬁ"n@fe‘%'am 13 chatasteriaegye that thegngss sai d

tube meartd 208 Biderst RUHES Fefiosh pr SRR GBTOUOERE vl affene' < T O
03/ 046486nERefial)S02/ 37031 an exit tube (105) is connected to an outlet end

of said return tube (103) to extend said process material flow towards a
user application. 11. The Coriolis mass flowreter of claim1 characterized

[ h idf iLngl | b { d
et et L AR R eI LA,
process rgidid Bhse %zat I&-Jé@ 1o tirRks %érﬁﬁa%sfdf%Wll%lﬁ?le(?fomﬁﬁ@e%ﬁﬂpﬁi&rs@t erized

in that the nass sald base is at | east 1000 fines the mass of said
si ngl e flroateriabe wi t h process

14. The Coriolis mass flowmeter of claim 11 in which said driver is affixed

to the top of said single flow tube when in use.

15.  The Coriolis mass flowmeter of claim 11 further comprising:
a dynamic balancer means (DE) coupled to said base proximate said nodes

to maintain said nodes at a reduced level of vibration.

16.  The Coriolis mass flowmeter of claim 15 characterized in that said
dynamic balancer means is an active dynamic balancer (ADB) controlled by the

exchange of signals with said meter electronics.
17. The Coriolis mass flowmeter of claim 1 characterized in that said base

is u-shaped and has a lower surface and a pair of upwardly extending side walls (119,

120) containing coaxially aligned openings for receiving said single flow tube.

24



material. 13. The Coriolis mass flowreter of claim 11l characterized in that
the mass of said base is at |east 100 tines the mass of said single flow
tube wit hwprosoesss material. 14. The Coriolis mass fl owrerem/ush2/gi0ai m 11 in
which said driver is affixed to the top of said single flow tube when in
use. 15. The O8.i olThe Guedslis massrlioemedér af claim 11 charadienzecbinghatssaid: a

dynan bl ne i TS GoEL SO0 bR 81k B e el e 2
1 owret erifiedidl (b RIRIAT LEIAe dalibddgigusal 6 dynart o bal ancer means s

an active nam c bal ancer contro the exchange of signals
with said neter electronics. 17. The Coriolis nmass flowreter of claim1l
characterized in that said base is u-shaped and has a_Ié)d/\ﬁr surface and a

pair of upwardl$ exthen@priglissmass flammetenaiclaim 3 haragiedsss wghabsaifal 1y

al i gned {.nas, f r I\ j i t | i
pcTi Usoz/ 0L misBhe pEFEISLEH 8 (802) AR cocBfi (0 1k i3 Colphedbaia
in that ssagd shdPositionew pardliel &xbackisthdry saig Hirsteamdd secondlfleav fubesaird wal | s
with endgaém?) of said single flow tube extending heyond said side walls.
19. The Gganied ¢o hayibrat se ePPeplipmby saithdE¥edR)zed in that said flow
tube neans conprises a first (602) and a second (603) flow tube coupled to
said base and positioned parallel to each other, said first and second

f1ow tubes ar epg adapiedotiflidmass Hodntster 6f GBS 89dORNGH ¢drapridivg:sai d dri ver
(D). 20. The Coriolis mass flowreter of claim19 further conprising: said

dr ibver is aff isaidldrimertieﬁgﬁwta baith §taid‘ﬁir§té\ﬂ?\ut§@bq 692) W&%‘éﬁlﬁc%ﬂ}?ﬁ f1 ow
503 . ; et !
bhase. _onbbeNErShand Raadapte 10 UBFE6 BaRblySs ppd SkeHO BB PG NSk “and”

second flowdditkes to detect the Coriolis deflections of said first and
second flow tubes. 21. The Coriolis mass flowneter of claim 19
char aBt eri zed said pickpffs beihd affised tq both) said first @ndragcoad Fow lubes te deteck the

connected_in series with.respect tp said
COI'iOlISS deflections of sala ICﬁrst and0 second flow tubes.

21.  The Coriolis mass flowmeter of claim 19 characterized in that said first
(602) and second (603) flow tubes are connected in series with respect to said

material flow.

22.  The Coriolis mass flowmeter of claim 19 characterized in that said first
(1105) and second (1106) flow tubes are connected in parallel with respect to said

material flow.

23. The Coriolis mass flowmeter of claim 19 further comprising:
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

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

24. The Coriolis mass flowmeter of claim 19 characterized in that:

said base (601) is u-shaped and has upwardly extending walls (617, 618),
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material flow 22. The Coriolis mass flowreter of claim 19 characterized in
that said first (1105) and second (1106) flow tubes are connected in

paral | el wotob/os@spect to said naterial flow 23. The Cor iPOTIGSonE®31
flowmeter of claim19 further conprising: a return tube (616) coupled to
sai d base ori esdidéirgpandldeebnd dowdubies extend(tBaftighessaid wadls ofidadoosie andw

tubes; said return tube receives sai,d prqcess terjal flow fromsaid first
and secorffvegnist gpdutleten p@l?(gﬁ'@sb%épa(i%f’é‘@ﬁurgﬂ%ﬁ/o{89}%\?1@'52& user
application. 24. The Coriolis mass flowreter of claim 19 characterized in
that: said base (601) is u-shaped and has upwardly extending walls (617,

618); 25 WO (Z5.046R(SCBAdNdIB2s Ho0aietesaf claim N wheraih sad dlod tubevneanses

extend through said walls of said base anfd have i nLet and o%tlet ends

proj ect i iPrHRNERTR singlelnw fubg, (1049 darmad afa matarialdhabdoesmel tansfel i08S mss

f I ownet er L A |y Sad: thbeigeans conprises a single flow
t ube (1023%03%#25'%% W&@erloaglgﬁgé&gges n(r)I "transfer ions fromsaid

single flow tukfd Corigié thazsdloaaneterflrthericongalsésCoriol i s mass fl owneter
further conprises: 5 a massive base (101) affjixed tg ends of said single

flow 3ube (102 massivedwase (10nlakixeddo ends af saidsingle HowaiupRd 102 hio EANF
nodes al Giledi88%rafitnd BY Blediarsigld @r%ﬁ%és GPOAAERE. to said mass ve base

and adapt al rocess nmaterral froma supply tube;

an inlet (405)awinigaohnstton|f0d) dnnbotd to ¥k massabfbasecaridadaptdditol et
connector, 10 said input connector seal ably connects said inlet of said

si ngl e f|reaeivetrflow ofsaisproeesomatesidl frosupsiupplytbbe 104) to effect the
extension of said, pr s, material fl i i he .t .4 _single
extensiion of  sgh B BBES I Bilh ol tltd [hAIamRlARL Sobt W RRghes
i nl e§g connggiiut cohnestorséNabRdfectstsaidtiletB¥sid SinBRSRow ktbaéxtalan vatlet dd)
affixed to said single flow tube for vibrating said single flow tube
cont ai ni nspid aupplyrtube 0420 effiest thie @dension ofisaidtprocesaimateyial flow inlsaid t ube
affixed to a second conn_ec} or ( %%96) for
supply tube to said single flow tube;
a first set screw (130) in said inlet connector maintains said inlet connector
fixed with respect to said massive base;
15 a driver (D) affixed to said single flow tube for vibrating said single flow tube
containing said process material flow;
an outlet of said single flow tube affixed to a second connector (109) for
extending said process material flow via an exit tube (106) towards a user destination;
a pair of pickoffs (LP0O, RPQ) coupled to said single flow tube on opposite
20  sides of said driver for generating signals representing Coriolis induced deflections of
said vibrating material filled single flow tube; and meter electronics;
conductors (123) extending from said pickoffs to said meter electronics (121)
for extending said pickoff signals to said meter electronics;
said meter electronics receives said pickoff output signals and generates

25  output information pertaining to said process material flow.

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;
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extending said process material flow via an exit tube (106) towards a user
destination; a pair of pickoffs (LPO, RPO coupled to said single flow

t ube on oppesitask0 sides of said driver for generating siPgmalsg2/37031
representing Coriolis induced deflections of said vibrating nmateri al
filled singl e eridoportiahepf said single flowl tabe raodi said resurdiubedres gluekto #3idendi ng

f id pickoffs t id nmeter.elect ' 121y f t endi '
bl ckch 1 InERRE bpse K HareraIG s avates 3o 3arbeety R BE IR ABIERL, | s
said pi C‘?@Ef)e&%@‘é?d ﬁliag?i@!?%a%,d generates 25 output information pertaining

to said process materia ' ow. 26. The Coriolis mass floweter of claim25
further conpriaiintet of saiek neturnttube; (103) connected to said nmassive base

[l el id si le fl ;26 WD 03/.046486, PCT/ US02/.37Q3 d
ot 11 ons of s @nInsrRcAteltghe (8 ontoctiussunt otead smdgfinbquvs 8% o s
Massi ve bsaa?(?{rﬂé’t é@g&@e{tﬂg@t@b@.v@é ngdesefc'oﬂg’chﬁéctﬁF‘fb 8RbAdsaid/prockyde

;
i nmovabl e W 0 sai massi ve base; an inlet of said return tube;

an i 19 er rrpdieniabflowioni 6062t ofwaie singhyflowitebenta $aid returs &ibi;si ngl e f1 ow t ube
and said inlet of said return tube via said iecon_d onnector to extend

sai d process 1 aulatcoanesioply §rsansgelad osRiIG BiagSYPRase for Eﬁﬁ_eﬂ‘ﬁ'ﬁ%sf‘@ sai d
return t gpogrgpﬁgaiﬁ rbtéévg%srscrﬂgfhgféﬁ Ront 4R &tl?@%&?ﬂ?& FérqurPtu%%‘ d massive base for

receivin sal d process na om an outlet of said return

tube; said outdsd oafletsstishid piturmtubels afffixedftbisaibotttet candector | ssid oatleect or ,
said outlet connector seal ably connects said outlet of said return tube to
an inl et egnnestansealabliheonnects saigiquilet of pridagtush dubmtaan inletpfanedtube to

ial f i i d. : L: i . . .
(130J5 ' <37 e eREPSobrm Sl PR s A BLAE n i BetunREEBi] Blat B
respect to saigsbasf s&idclew 180} inkRid sulstapinfdciop niaibiein sad dutlebcess

material flowto a user destination. 27. The Coriolis mass flowreter of
cl ai m 25 cimmestardixedodth respret tossaid hgbe: 1 ow t ube nounted to said nassive

base to define. a dynanjcally unbal,anced structur i . hy. sai d
arver . vt it feld RSt o SRRBURHE g Mtk ol IE R LSRR EnBtol
flow tube

27. The Coriolis mass flowmeter of claim 25 characterized in that a single

flow tube mounted to said massive base to define a dynamically unbalanced structure

when vibrated by said driver.

28. The Coriolis mass flowmeter of claim 25 comprising a second flow tube
coupled to said massive base to define a dynamically balanced structure when

vibrated by said driver while containing said process material.

29. The Coriolis mass flowmeter of claim 25 characterized in that said

driver is positioned when in use on a top surface of said single flow tube.
30. The Coriolis mass flowmeter of claim 25 further comprising:

a dynamic balancer means (DB, ADB) coupled to said massive base

proximate said nodes to reduce the vibration of said nodes.
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coupled to said nmassive base to define a dynam cally bal anced structure
when vibrated by said driver while containing said process material. 29.
The Cori oWwba3mesise f | owret er of claim25 characterized in toatuseass1 dri ver
is positioned when in use on a top surface of said single flow tube. 30.

The Coriolis ks flThewbetdis mass flaivmetsr oiclaine 30 chamatelizegh ingh c

bal ancer ans ., ADB) coupl ed t.o said massive b r QXxi i d nodes
to reducésrﬁﬁémﬁii%ggé?% e@f‘ségﬁaaﬁ ¥ dYnamiqpalgace, i@%@%ﬂg%’?é@%ﬂ 31.

The Cori Oéicﬁanaé%féigﬂ%&z«ia{saa RbRIrBItQropiey. act eri zed in that said dynanic

bal ancer neans™ I s af active dynam c bal ancer (ADB) controlled by the
exchange of signals with said neter electronics. 32. The Coriolis mass

fl owreter of claim aracterized in that the ntirety of the wetted
flow pach of S chhe Sionolsasass fowmetas ot sy 25 raeBiked I T e °3
The Cori ol I 155 Whsstet BornbBatesal PFASI ngl e
flow tubeé'?tge&go:fr%r%%\A%ﬁggt@l@Aﬁétngdg{%gﬁacgé{lgh@nah?a%t%g?n sa?d pr gceess mat eri al
flow fresubstarioecont am nation due to ion transfer fromsaid single flow

tube to said process material. 34. The Coriolis mass flowreter of claim 25
characterized in that the mass of said nmassive base is at |east 1000 tines

the mass of sajd .Siﬂﬁ]gg)ﬁélgs:“@taggﬂometeﬂ_g?clgﬁﬁi29'dh§r 8izdd @%ﬁ@éid‘)f claim

25 characterized in rrver vibrates sal ow tube at a resonant
f r equencysingleSowtutsatie faraded ofl 4 PEA $ubstandeeto mamtaifisaidpracebs snatesal flow
flowmreter of claim?25 characterized in that said drjver vibrates said flow
tube at drerfropreyitaminatioadgius toyiopitransfer frrm saidsingle flavytubed said,peocess .
The Cori OJPigi ss floweter of claim 32 or 33 characterized in that said
Coriolis Y owneter is adapted to extend a flow of corrosive nmateri al
including nitric acid. 28

34. The Coriolis mass flowmeter of claim 25 characterized in that the mass

of said massive base is at least 1000 times the mass of said single flow tube.

35. The Coriolis mass flowmeter of claim 25 characterized in that said

driver vibrates said flow tube at a resonant frequency of said material filled flow tube.

36. The Coriolis mass flowmeter of claim 25 characterized in that said
driver vibrates said flow tube at a non resonant frequency of said material filled flow

tube.

37. The Coriolis mass flowmeter of claim 32 or 33 characterized in that said
Coriolis mass flowmeter is adapted to extend a flow of corrosive material including

nitric acid.
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