25 May 2006 MANUFACTURI NG OF A CORI OLI' S FLOWETER CONSI STI NG PRI MARI LY OF
PERFLUORALKOXY 5 Field of the Invention This invention relates to a
Coriolis nmass flowneter that neasures a flow of process material having an
ul'tra high level of purity. Problem It is known to use Corjpiag 2684 ect
mass flowreters to neasure nmass flow and 10 other information pertaining

to materials fl ow ng throl%h a B eline as disclosed in U S.  Pat. Not
4,491,025 issued to J. MANUGHGIHRING OF A CQRIOLS FLOWMEIFRLCONRSHNG 31, 450 to

J. E Snith of Feb. 11, 1982. FPBIWARILY OF RERELUARAFONGr e f1ow t ubes of a

straight, curved or |rregul ar configuration. Each flow tube has a set of
natural vibration nodes which may be of a sinple bending, torsional, or
twi sting ®ype. Each material 15 fil |Heldfofdhe tntention driven to oscill ate at

resonance in one t.hes nat ur a i bration d

hot et rn part by nistiaegal foreS i AL AR B 1dRheElne! mER bR a RS 5 ©
within the f|meb§h&ﬂenélfhad|ﬂglah©ﬁra ligh Immrﬁmyﬁeed not be driven at a
natural node. Material flows into the flowneter froma connected nmateri al

source on the inlet 20 si de The mat eri EFoW885es t hrough the flow tube or

flow tubes and eXit‘isSkr’icﬂﬁ Q=6 on%h%\ﬁff h} ds8flolvhRE LS eaéhrgrrtj?i(s%rﬂoﬁpﬂﬁ €s

force to oscillate th ere 1 s norraerla
poi nts albng othef informatioa pestainirged enatetidis Bowing émbiiglah pipelise as distlesed i st

bendi ng node fothe fl accel era C e ojnt -on
Che 11 ow tubd SPiintie® A4l o eailfo "L o sBify vy et S GrAdee 3bs on
the flow tube J HheSrkRerF4L) 11he82N| FRéwmstedehde dritcord e flowdiabéaesat he
drﬂ)ver t he phase on the outlet side leads the driver. Pickoffs are placed
on

on’the f1ow Blipight suyed @nireasian ganfiowetios; @ﬁ&hé’ot"éﬂb%w get fdabyral vipration
notion of thﬁlofdlfeQWtﬁdi'ﬂ'ﬁa E?%f@@ﬁﬁpff e BLAdif § ngleto\“’ﬁ/ﬁ%l Vtgpéeﬁ ﬁf matdBp! S 1S
o) e which |'s

di vided by the frequency” of oscillation ta I'n a
propor t iténal fifed fidvetub8ds deean iblogeillatatad resbname inenerdf desenaturall modes. KFilewn t o

use fl ownete havi dlff rent ow, 1 ube, confi uratlons

bont 1 oot 1 ol Bl hbFEeHe ot il S5ARP eBkien Thsss TR Haw KRS 4
flow 1 25 Magn@fHebmateribbgition theTonoubas. 1F deiredl) aflowamsteritdd ot bbltiven at a
flowreters are made of netal such as alum num steel, stainless steel and

titanium @ 3Uramade ubes are al so known.
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
(ﬁ) _ 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 sinusoldal 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 defay 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




The positive attributes of titaniumin floweters are its high strength and
| ow coefficient of thernmal expansion (CTE). The negative attributes of
titaniumare its 5 nmetallic properties and cost of nmanufacturing. In

sem conductor wafer processing, netal ions are a contam nanisnMeb@ds i ons in
contact with the wafer areas of an integrated circuit can cause a short

circuit and Mje@,é}f g%%fecsgfqﬁét?& Mog 'o?ﬂi%'flﬁWmt "%ng de'c?n‘?étélféu HhE and
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i ncluding tenperature. The nere substitution of E astic flow tube for a

met al fl ow t iftegrajed|cirpuiberrceause %shoacsxframéan%aunt idei iKdst af THaRM er .
However, the é&ﬁgf#%@ﬁ%ﬁbnﬁ'gkpéﬁé%%ﬁ%oﬁ flowneter to generate
I'n

accur at e out put oA OVeR use range of operating conditions.
The mere asserti Ofhd pridr ast disoywgefests Mbdoh&ummastmfﬂommeﬁsc Tings 20
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re, than the abstract astic can be substi for
ot o O GoocAge prEAER WaGH e pritd ePinp e BsBbanurl e Bty o
generat e accwhigh®nlythe flBWithisElis FOMRId 6F plistity Mdcﬁ'whé)ﬁn&lﬁlﬂ ﬁbfe'lsgc&ﬁéiﬁs ghons.
Ot is a problemin sone applications that the typical Coriolis nass

f Lownet er  n@sseion thal ; Bewmetes maydedsadenat wariods matgrials such arstes!y alpinessor
systems in "Vé‘tbﬂhu%ﬁ.u%&re@hé{.c OfrhrégnH} Lt s dHe HReLENR) %B fMé {cﬁucHH&ttth

delivered by t appl cation. € case in the

fabri cati on disclssure of ampiistit Qorivkd mass ﬂviwmbter treaq bar aecdrhlelytmﬁpmﬁnfarmatMness
material _that is free, of contam nants, i cI udi ngﬁl ons mgratlng fromthe

t ubes ofl 9t hePY§¥ §J8REE iRRRSI3NT qanglPRING ud|n|g teMPREHBI i cations, the flow
tube can be a soyffeanele SMBhRGHONSMY ﬁlasﬂ"ﬁov&"ﬁfb@'foﬁ’@“e?al@lﬁwﬂulﬁé PN Jro@geeCan

rel ease 30 ions into the process nateri al OW. he rel eased i ons can cause
t he chi ps orstaictuse thatdenks like erflowaiater. tHowsayed dhestraciere withgoblianetidnsag a ue f or

o) 8 ot g hhece el ARl ShEPA TP BB Y PR T
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this Obbg cti nhrﬁgl} rf]ncc:oere shan tggtag tractlon that pﬁastlc can be substituted for metal. It does not
teach how a plastic fiowmeter can be manufactured to generate accurate information
over a useful range of operating conditions.
| {3 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 uitra high level of purity must be delivered by the flowmeter to a user
application. This is the cass 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




conposed does not release deleterious ions into the material flow The use

of PFA 5 for a flow tube is suggested in U S. Pat. No. 5,918,285 to

Vander pol . This suggestion is incidental to the Vanderpol disclosure since
the patent discloses no information regarding how a flowretseyiapayieng a PFA
fl ow tube could be manufactured to generate accurate flow informtion.

Fl ow tubes | i cecrelsiabl tHeHbad imsdions thasaks intoth&prddass mblebriabidl STRSSarhe is
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allow metal ions to mgrate through the thin PFA coating yer and |
the flow strc¥@fR§CE doseneluaieane daletasious mngdnto theematesiabliow.| The usthef PRA er i al

and the PEA |4 i - thar r ' Thi “caused the PFA
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probl ens. Thds ineitentat tauthie\andepokdisclbsure sinaiztige patentdisdidsels! ravinforfagiionni t h
PFA is also e nel,y costly. Solutio The ove d ot he robl ens are
Sol ved and ancSAdRmowET owdeter Paioy 9&’%&% &qs*y%ﬂ-’r?emméeﬁfeq t\generate
whi ch di scl osesumteXow Pfarmaess | owreter having at |east one flow tube
formed of perfluoroal koxy copol yner (PFA) plastic. The flow tube is

coupled to a dri vElowiHBes ineskwithBEA, andisglesadinU.S efrioNot 2465583 to PleterPFA
flow tukg ! Mdieighdrmprodto BatbinglinCBblild StrBRS drlbQHTRLEN abdiBlasfidn Pr OVi de
accurate output information over range of operating conditibns for a
process nat et¢cinolopies but endaunterad ghw2Salanges hat cotld mboebé eolved antilthe

appl i cations m - caonduct or fabrjcati nd the.like which require
TPE materi o PRty aeRER MAAGS Shet AL ER Alow siatflions hridrass dros

flow path cottet thinceal ceatingllayer 2at iRbAhdAGw BREIM @S ch kR RPRFhinhordTAIZS (tAYT UM
and PFA |ined fl ﬁ)lw tubes w thout the drawbacks. PFA is a fluoropolynmer with

superi or chefeta floydubs materal and the R Aviirerihave diffesend aasmal pioppdiesi dhis
gener at i1, gakedhed Praang %l%@hg 0t m%‘ffow%ﬂé’gﬂ'g%t% @aﬁ?a unts of
a ed 1nto nrg

capital. PFA material 1s strong can be extru quality thin
wal | tubi ng. Parfermanae peablens. The magufesturing\prodese farrdialngthée hieta Slowdnbdd witly a

hi gher sensi piXi: fl rate and i nmproved imunity 3 25 May 2006
to elastic dbﬁéﬁ%%’s{’%ﬂﬁé%"8§“¥bet ween the flow tube and the process

pi peline. The material and physical progehitioas of PFA allow | arger tube
vi bration anplitydes at |ower stress levels and result in near infinite
fatigue |ife sparhegbeye andethargrehlemsiars salvashantan advaneesf fhewrtishe use of

smal | | gpy Magchidved ByIHE Bresentil&itionWHidH Siscloses 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 henefits of Titanium
and PFA lined flow tubes without the drawbacks. PFA is a fluoropolymer with
superior chemical resistance, litle metal ion release, low particle generation, and is

30 manufacturable without expending large amounts of capital. PFA material is strong
and can be extruded info high quality thin wall tubing. Thin—wa!led PFA tubing has low
flexural stiffness enabling a higher sensitivity to mass flow rate and improved immunity



5 inproves density sensitivity and immunity to nount variation. A first
preferred exenplary enbodi nent of the invention conprises a flowneter
having a single PFA plastic flow tube coupled to a nmassive netal base which
bal ances the end node vibration of the flow tube. The base jspbk sh@ped and
the plastic flow tube extends through coaxial holes in the-twe | egs of the

U The pl ast i ¢ dikibldghhithfichonh bidn'te HF 8 8% 48 0B -0RRGHRY FRaNS of

an appropriate adhesrve su S cyanoacrylate The
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vi brati on nmayvibetion atblitulie GidwdBRAisBSf ERAP ARMaEE BEHSNRYErO Whicheh fuhew t ube.
The flow 15 tube is coupled to pickoffs which detect the Coriolis response

of the vi Brat/MR§eves sgnst siiivithanehimrpangly te maynt variatine. fi r st enbodi nent ,
the pickoffs may Befrgt srafR ' iRHIBORES ' ' | ets
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sensitivi1 y. o.The driver js ource of heat that can raise the tenperature
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pi I(:koffs havd h:foﬂbrarm myrbeeatﬂﬂneflirsamhdmmborm”IﬂfréQU@mg dim@ﬂolzkﬁﬁﬁeﬁ'&e%w
pol e pieges. .,The magne an 0i . ve been optim zed to, nake the 30
nmagnet s ﬁi siehg 'SE?%&%"}’E Wé‘%g‘%ﬁﬁt.tﬁef “H@b’f‘?@?oﬂﬁ‘gﬁh%wa?zﬁgglﬂ@\é’n
chosen to  haye wittemaRsibl IBVANRLKE fifst BhBodffertthe pleRSS; ﬁ%y%ﬁas%d%@nt‘omﬁ t ube
geonetry has been designed to achieve the desired notion with as f ittle
drive force &€chswrgsptcompinatipmswitnmagneaafixeddo theafiaw tubeyandaveailaffixedde so
drive force hs ndaBel I: ' ri ...the flow
fubo. AL of EeRa e ah ehomahe bbbl ¥ bR B delioes Shishucer
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T ownr &0 soAiral Sisiecerrdiimetiafizs i 4autaan Waishe HASBIOLIP AKGF e whose
~vibration i smagnets 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 Iin
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



m ni m zed by the massive base. The ratio of the nmass of the base to mass of
the single plastic flow tube together with its magnetic material mass is
in the order of 3,000 to 1. This results in a heavy base structure having
a wei ght of approximately 13 pounds for a flow tube, plus yegRebsoand
material mass having a total weight of about 10 2 grans. A-though the 13

pound wei ght mataialy I8P damBing] 49 dHvedtee & inh&RnfiP Beed@ tolddfectihd i lmféﬁﬁt f'ot
has a di sadvant alge of increasing the weight of” the equi pment” o I ch the
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practiced with the use of dual flow tubes vibratin ase opposi t on.
These dual t WPeEBd% 0y adlovhigtbe plus magineth and radgriatanassdhavingelptaliveight ofaboutay
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t enper at ur e FiEA3IS e Hihnely elpstrpaies witleh apelyzes the signaihiasd théwms @ coatrolisignail t

'S non- ta . . f e. there reduci nq, mass on
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The base has an iA§gienBowbdR theitreRRAeH eﬂ‘fbddﬂﬂ‘i@ﬁt%h beaUdngidpbts- The
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inner walls contain the stationary vibrational nodes the active portion
of the flow HQwaeter havingadsings sieigh tuhr eneratinmisarounbalancadimodedm i nl et of
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connected at t S arrangenent pr
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
f) 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. If desired,
the temperature can be measured using an infrared temperature measurement

30 device. The benefits fo 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.



dynam cal | y unbal anced structure conprising a single flow tube with any

vi brations at the nodes of the active portion of the flow tube being
suppressed by the inner pair of wupwardly extending walls. 10 Still another
enbodi ment of the invention conprises a nassive base havi ngs Mapangd v
extending side walls and a pair of flow tubes extending through holes in

the side walls. t 0. Seri i i as
concerns the pr ogggtggﬁwééaalew&ﬁvpﬂ?ﬁ|ag[ﬂ§%ﬁ%e F(g]rglw?@ dggééd%??tgﬂégé by
means of shorsidewwallsandda suh@egb\h tmﬁe @Eéndm@thr@.mntcoamal leoies iofthe sidebyeadile. Thi s

short u-shapﬁg. Iben%&jl of .tubi ?onnec s an etd end ’F he fi rstII fl ow
tube to an i nNEPEERYAFANIMET QB H&“ S HR Chyewa NONGERTS | J}?éﬁn‘?rr‘f"% fe
base paral | elcoh@irf i@ stdtiohiry MiPaidndbeoded dffthd S&tﬁe@bﬂ@ﬁ@ﬁmcaw fube; ihelokiterend
of the first flow tube and an outlet end of the second flow tube ar

00si 11 oned . Wl npugmnesmtawm@mﬂuﬁw@ theefaw b s fonnesiec,al opa &ed =l
two flow tubgs 56t of\ (h&FIGK RibelY corfRRY fﬁ%F &nd. "TINE3R/EN é}ﬁé’ﬁt' &bﬁ&bs gach

flow tube also has Its pair of 20 pICOf or det'ecting t Coriolis
response of wdysarhically unbisianaed btruclurerdoabprisingva single Sowiialve/with aey gbratigns st nass

fl t dy] . 2] ¥ | '

br ovi des. f or TR £t e RARE Bafigh RLRKASY B ogPERbRRSS By U bR&ipsbicty an

ultra high | epwhmtt}femwdimg/waﬂ&li s level of purity is provided by the use of
PFA pl ast fl t ube whi t t al | d di
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t he pr ocessedniaidRS &:@éndind$ide %%&ﬁﬁ%am ﬁéwmbeg%\étetnﬁmngr}dLMh%lﬁérh i a
Erry which T's an o%ganlc conpound used as a polishing agent in the

rication 8iflewsdller $he twa ﬂwmﬁﬂ&nﬂmﬁc&ﬁd insetes inyso farraﬁ songersstieng
oper ation pr ﬁl‘é’cg?? %ter’af"ﬁov? ”ﬂl\%& I'L&E(IO}I e #@F@F &edT%Bgﬁébéﬂ‘%Hr&geu- ; gt on

can take abo ur “duri‘ng urry - mus m any
30 cont ani nakehgth dﬂm:ﬁdmpmglat oné end sfﬂw lmsund’daw shert u-shaapedtiength of tubing

ander 1P usSmasels 40 Salet a5 Sbe TrakowiBe o & it B ot BesRonnd o R | ol <

mass f1 ownet ghich®y pmma 'lﬁ‘ﬂ\e%déé%%@! fmhsrrrs@how ks, At s @ﬂaui;érhmhargh
| evel of purity, said Coriolis nmass | owret er conprising: a base; flow

t ube means adlgieed of herfissidlowdube pad pnm&lgtsemféme %@conﬂcmw whe arﬁmsﬂmgd of
oL, o IR TEaRS AP LIRS BalB B EEeE BRI ORI B Y,
nmeans for vivbmatediy sspataté Idavers irbphaseeopposition. Each ﬂow tube also has its pair of
20  pickoifs 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.




containing said process material flow, 10 pickoff apparatus coupled to said
fl ow tube nmeans for generating signals representing induced Coriolis

defl ections of said vibrating flow tube nmeans containing said process
material flow neter electronics that receives said signal S5ygmes d

pi ckof f nmeans and generates output information pertaining to said process
material flow and 15 characterized in that the entirety of the wetted path

of said Coriolis floweter including_sa{}d_fjowt e neans is forned of a

material, such as pta$rReGHeHNRIVENIDISA FRERlS u‘*,%’vﬂﬁ%‘leﬁ MSESFED? no
transfer of i 0,(5}6?%%&%%16& RNVihy/BE LITRANIG el PR BaRIESS oNB nerskal .

Preferably sai ow tube neans conprises a single substantially straight
20 flow tube cliawneter semprigRGiani cal |y unbal anced structure; and said base
has a mass suffi ci oarge to vibrationally communicate with said flow
tube to define a dynam cal ly bal anced structure by bal anci ng end node

vi brations 5f sai d fiowdube tisens Rrlapted &b rarelyaisaidproress makpsiat 8%s conpri ses a

(LToht source that ek fr0RTGHDANEe AR Bl 664 bkbat, drese! ves

said beam said lig sour ce and sai d optical det r are spaced apart
from sai d f| owubsizatialynsiatiorsint hadesct saidegnsloirienssi des of said fl ow tube;

said vibrating flow tube is it t 11 ‘ aid
optical to alter tﬁeérﬁ’ﬁ%?w%f siailcg@&glt&% %?%%tf_gg{engﬁﬁhfp g%%f‘@@é@ﬁ E@’ezg%é’%
optical det tectd@h;aéra Egaiarr;?@aesktﬂnawnhl Mttur ce, Zal d opltl cal det ec% or is |
responsive to said alteratiop to ra ai d, si . ai
Coriolis d&lecti oR¥ O%FBFP@'F’ I%?“ggiggo Bﬁ@ﬁ?‘”smﬂg 5’%%%&3‘”;@"3{‘%%@%5,' O\II\S/Zr

swr face and a rpgreesting indysddboriofis Henstitings of skid vibrdtig flondtube 2aedisy 2006
hgj es in each rg‘?ﬂesai c?gtjpwar dly lext engi ng wal s are coaxially aligned to

recei ve said fPeRiningheald preaess ARG A 4P base is a solid rectangul ar el enent

defining a paral | ehrdRahironkAitRatirbOdd &ad kgnalemioas baid dickoffos¢amsaintli xed to
a top surface of sald base. 5 Preferably an inlet of said flowtuybe

receives sai dgsnetatessoutputdnoamatioron? taighg tasaidippicyss OienAAouEI%t of said
flow tube,gs coupl gehd0ealld fﬂltgét tH%] cftire8f HtRe WekBd pafi 6F Jaff BoRolisWRmeter
coupl ed to said base ang extends through walls of said N
including said flow tube means is formed of a material, such as perflourcalkoxy’
copolymer (PFA), having little or no transfer of ions from said flow tube meansto -
said process material. ' o
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 vibrationally communicate with

said flow tube to define a dynamically balanced structure by balancing end node

/-k-\}
e’
e

vibrations of said fiow tube. |
Preferably said pickoff apparatus comprises a light source that emits_, a beam

25 and an optical detector that receives sald 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 fo 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



base; and 10 said return tube is adopted to be connected to an exit tube to
extend said process material flow towards a user application. Preferably
the mass of said base is at |least 100 to 1000 tines the mass of said
single flow tube with process material. Preferably a dynamxg ¥ia) aower neans
affi xed to said base proximate said 15 nodes to nmaintain said nodes at a
reduced | evel of vibration. Preferably said dynam c bal ancer neans is an
active dynamc balla:ﬂeem eanbrdf saidl vy telerdivghaaltsea refcoaikigiip bignsidith sai d
nmeter el ectroni cs, {eratg%y said flow tube neans conprises a first and a
second fl ow t (R5&"Y c,Sd' 45 sai d base and positioned parallel to each

other, said first Petbrasiocard bate if bewlid mganae@dﬂahmbﬂnmgmpmbe:apmd; n
phase opposition by, Sﬁcl)d dr| ver. PreferabI%/ first.and secon fl ow
tubes are connect &@id oW gheds capperted ppsis a 66’ i @ toR:Pace of salspase.

Preferabl y said f Iﬁréferamyl aﬁ%@m el cPitev H%%eé‘é:@e&@éld?ﬁéc%%s'rﬁat@ﬁéﬁlokﬁﬁomﬂ th

respect to said material flow 25 Preferably a return tube is coupled
sai d base ori@pRRly pleal lel to said first and second flow tubes; sai d

return tube recei \éﬂ%&gﬁggﬁ%@ﬁﬁ H%?F’B@’,b{jfé&g dﬁlé%‘f‘é@tﬁimfth?ét and second

fl ow tubes and exten S a user appli'cation.
Preferably sai d f lsaid reture tulesis coupleptd seid bessiang|extdridswihranige ;waale of agid
Coriolis mass, %o%ggater further conprises: a nassive base affixed to ends
of said singl &SP tube to reduce undesired vibrations by creating

stationarlp nodes shidseiuln eudsis adopletiltebeconnesttdto anerit tikediotaxteari shidmssi ve
base and adapt ed to receive a ow of afpg*dt%rocess material froma supply

f
tuﬁ)e; 8 25 MRYPOESHENARNAflowt lowerdsd HSeE] Mow tube is affixed to said

infet connector, P?éféraHWb mé‘é%.%?%@%as%%'a@@aﬁt Wt@ﬂ(ﬁ)ﬁrﬁé@'thé’lﬁﬁés@ff sai d
single flowtube to an outlet of said supply tube to effect the extension

of said procé&did srgleflpwitube withiprooeap alekdl y tube to sai d single flow
tube; 5 a first SPFefﬁz%rbg)’% bhataik Galdtcet meane 8hkes td@ata rré@rrgte' i@t

connector fixed spect to sald nassive base; I xed to
said singbe fbdes toubsintain seidmodes alasadutedileng! of ﬂbcwtzonube
Preferably said dynamic balancer means is an active dynamic balancer
conirolled by the exchange of signals with said meter electronics.
Preferably said flow tube means comprises a first and a' 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 opposftion byA said driver.
Preferably said first and seéohd flow tubes are connected-in series with
respect to said material flow.
f”j Preferably said first and second flow tubes are connected in parallel with
7 respect to said material flow.
25 Preferably a return tube is coupled to said base oriented parallel to said first
and second 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.
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 fo receive a
- flow of said process material from a supply tube;

8



containing said process material flow, an outlet of said single flow tube
affi xed to a second connector for extending 10 said process material flow
via an exit tube towards a user destination; a pair of pickoffs coupled to
said single flow tube on opposite sides of said driver forysggagpedd ng
signals representing Coriolis induced deflections of said vibrating
material filled single flow tube; neter el ectronics; 15 conductors

extending fromsaid pickoffs to said ter electronics, for xt endi ng,said
; ihe g

. | ,
pi ckof f signals tcArsiiel ofseidsingletew Biheds affixRd 1Q 5P et epnnacialy $a3d Pt

recei ves sai dc&i@gﬂi’rfseaﬁébwonﬁb&a%ﬁi AR ORI ERE RSO HIRUD dntfL@ensl dah
pertaining to sald process nmaterial flow. Preferably a return tube:i

\ \ S
connected to seinly ibedpeferidbe extensionof seid psesags mafesalflpveintsalfPYRRMEUPENg

portions of S@l&iégiﬂgfeqlow%y tube and said return tube are glued to said
massi ve base mal nfai n sal 8' single flow tube and said return tube

i movabl e &ith r esfistsettsoravaindsaihinggtceninecier maintaing saiddnlekegraneser Jixedt ube;
25 an internedjiate tube co J.nQ idoutlet of said single flow tube and
said inlet o‘f"'%&efsﬁe?@&ﬁaﬁ{]@%g%{'é;aoléegai d second connector to extend said
process naterial & dowriafixed doshidtsimgfe Baw tibe fogvibrdtingveaidibieglediosedutier et ur n
tube; an outl et connector connec{eed fL{ﬁV'S&i d nmassive base for receiving said
flow of sai cFYHARIBISALREPPSH MAEER TWiout I et of said return tube: 30 said

outl et of said retgardutetbesdis sinblei floadtube afied to utdeebng coneattarfor exdendingt | et
connector seal ably connects said, outl et 8f said return ttblb . to an inlet of
an exit ti@be sadpioressmaterial Bow ¥iasamexibiube Aowards GoRes destiRFieli f1 ow in said

return tube to Saiﬁgpa%f_tpicﬁoﬁé_%bu&ea% May PHRRSHGW SO opBdsiteFid disarpi d
|

outl et connect or ntains said outlet connector fixed with respect to
sai d base; salreetor genetating sicagigpepgsentingeeiniisdaduregrdsfiestonsgfspidal 1 ow

to a user dez};}%ggr?d'sgﬁﬁeﬁalfﬁ@ﬂiﬁ%“Oﬁqh f1low tube neans has high

flexibility as a stifiness ‘substantially |ower than a flow
tube forned of netratemelecirass; Preferably said fl ow tube neans has walls

substant i gl ly thi nnﬁ#ﬁcih%%gegﬁmﬁoﬁﬂg%ﬁrpi&oﬁ% sgﬂqﬁétepgfetc-{rBﬁchbrt he flow

t ube meaﬂ througﬁ0 ,
extending said pickoff signals to said meter electronics; and

said meter electronics receives said pickoff output Signals and generales
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 return tube immovable w_ith

‘ fv respect to said massive base; | '

an inlet of said retumn tube;

25 an intermediate tube connecting said outlet of said sing!é_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 return tube to an inlet of an exit tube
to effect the extension of said process material flow in said return tube to s_aid exit

dube;



flows. Preferably said flow tube nmeans has a substantially constant
dianeter. 10 Preferably said flow tube neans has: a drive frequency
deflection that extends over the entirety of the axial length of the
active portion of said flow tube neans; and further has a b806

defl ection that extends over the entirety of the axial Iength of the
active portion of said flow tube neans. 15 10 25 May 2006 Descri ption of

the Drawi ngs These zagadond b&trschsly andzag esticd aonientdunaintaids $die optieenhector
invention may be.  better undergt ood in connection with a reading of the

fol | owi ng det Jxra@af'taé%qq%mw g¥fereof in connection of the drawi ngs in

which: 5 FI G daics:$taLios RSachphey @%ﬂd@ldﬂb@%ﬁ matdrial fdw &X8Mpkadaktination.
enbodi nrent of the invention. FIG is atop view of the e od| maﬁn

t of
FIG 1. FIG 3 isPefembitsad @Wa#betfﬁ%a%%d?'%ﬂ?x%'f“ym”éaf% # 8500098 5
Cross- sect '50n®ub¥thﬁt\{éu§z%§é}tﬁé:?agiowtuséfoélméd%?nFe'ta@or%Jas%O FIG 5is a

perspective view of an alternative enbodi nent havi n‘g a-pair of base

el enents. FIG 6 dPé&f@r@Qhrssaéd Ipmbedasans has wallseaibs Hbinngaiiandhe
U-shaped base. ar#étéﬁaftﬁefr{ﬂ% \Aﬁeﬁibﬁ%'r o tLEQ‘M@én%rt ai’i’zéh%@{f’éé;&ﬁ%a’caﬁa@ko“fs-'

FIGS. 9 and 1 di scl ose ters VI ng yn_amc ncers. 15 FIG 11
di scl oses a flflowset er having a pair of substantially U shaped flow tubes.

FIGS. 12 and 13 di ﬂy\gag Qﬁ\‘% a pair
of dynamcally ba?'%ké%ﬁ@ S?Pgﬁ%“ﬁ ub? éﬂ trJF% &ES%JUIT Y rz)ses %}%r
alternative enbodlmmfﬁrabia\samiglwvtsbagﬂiﬁnfslm tube and no 20 return tube.
FIG 15 discl oses an, ernative avin tvvoflow bhes ,vi brat ed
|n)] phase opposit i%ﬁ'qu:}r?ﬁu%y gﬁg%qqggg%ar{%ﬁ&agp? it veé't’ %8{1{%5&%{3' Kézg\gl{hng a
si.ngl e flow tohpe aclel portied ofiesie AowtilsnmaandaRaR| PT[ ONOF FIG 1
further has a Coriolis deflection that extends over the entirety of the axial
length of the active portion of said flow tube means.
16 -

10



FIG | is a perspective view of a first possible exenplary enbodi nent of
the invention and discloses a floweter 100 having a flow tube 102
inserted through legs 117, 118 of base 101. Pickoffs LPO and RPO and
driver Dare coupled to flow tube 102. Flowreter 100 recei vB3ya, PARCESS
material flow fromsupply tube 104 and 30 extends the flow through
connector 108 to flow tube 102. Flowreter 100 has a base 101, side walls
119 and 120, front wall 116 and top legs 117 and 118. Flow tube 102 my be
vibrated at its resonant frequency Rgscriptian®f thel Dramdagsy dri ver it may

D.
also 11 25 May 20 [ t - _—
resulting Coriolis eefsggggiog‘?]eg agrg%'ﬂé%egtég@? Séfﬁﬁg%E%éééfésmﬁ%x%%”ﬁaﬁ%ewm ch
apply signal s beter wdadtootion sodrdettiomditl 24eading ofeitefolieviagtdetailed sed@ibtiodet er

el ectronics 12] regeives the pickqff.signals, determ nes the phase
di f ference bet\]m? ?P%fmwe@&%&ﬁﬁﬁgwf}%q‘? Wbﬁﬂ'ency of 5 oscillation and

appl i es outgput i nf FIERY HRBIEES h peRbBgive XidWer ITRétaixeripldry embavietenout that
path 122 to a utilization circuit not shown. The material flow passes from

flow tube 102 hr ough tube 106 which redirects the material flow
through return t“bEFIéO?is5!&?%@@0&93@%58%9%@31‘#!9. ¢xit- tube 105 which
“flow appl i i

delivers the materi al 0 a user pli1cation. This user application
may be a sem condudi@r3 isroftedyiavwofithe pinbogimeThe F1G- Hrocess, material may be
a sem conductor sl Y, whi i YoJoJ M 3 > sem conduct or
wafer to forma fl al#rtlé‘éu'%a%‘g?g'gf%%g%,&%%a{?g?é gaﬁﬁnigiefgaf% ot? ﬁ‘eéjlf% ow t ubes

shown on BOG 1 en$iG.dsistaparspdutiveprieses an mitrastivel emisodiment falvingreppali afi es
such as ions which could be transferred fromthe walls of netals or glass
f1ow t ubes. Ld%‘?i?ier‘?ée’?f’dﬁl{l s 130 receive set screws 411 to fixably connect

el ement 111 to basekdb @scisdvWd@ami&iiybalanded fitwendtet having & Ustabied gase.
structure of the Corioli's mass fl owmreter of FIG &@g&y b formed of PFA
material . In use, FIGw7ansed digolopeafpwmetpihayog ap P'E]FOfgspproxi mati ng one

hal f that of a SORRSSY A 1PMEcMES fbvimitekelavBldysamiRbapincBR! i gi bl e wei ght
such as, for exanple.8 gramplus .5 gramfor tThé process material .. This

excl udes fhe wei ghFlGfl1disslasesadlovmets hanwgmemiradf subgaitially Lethaget flovhe

pi ckof fs and Qrge\éer have a mass of .2 gram-each so that the conbi ned nass
of the flow tuba 102, the affixed nmagnets and the process naterial is
approxi mately 2 grE@S. 1¥iabdatidigriddes wnbthbeerbbiimnsntof éyflrametat havingmpait ehced
structure. Bage 102 'hs? frassi vg aﬁﬁ vvetl Ehs approximately 12 pounds. This
provides a ra yRgFalybalanged SERIOFHIOYEESt o that of a material filled flow
tube of 25 approxifal e ¥is31086s atahasstiveleriiidnemsaving axiddie Gove nibet andatasor b
vi brations generated by the dynam cally unbal anced flow tube 102 with

mat eri al 49 owreturn 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 RP0 and driver D are coupied to flow tube
102. Flowmeter 100 receives a process material flow from SUpbly 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



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 connecisaygy 4606 t hrough
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 connectors function in a manner simlar 12 25 May 2006 to the

wel | known copper tubjng flared copnectors_to connegt .tub 04, 105 and
106 to ends ob® PR snongssaaat PEILERY- ¢ Uereraans FRyslerEnegas #ng ¢ he
connectors ar edetbsied BE picRIHRWIPO andfRED wiich By kignalsoeamminatictor 192msar 14hat
detects the tenperature of return tube 103 ée\nd tran%m' tiﬁﬁi %na]I S :
representing t't?é“‘ﬂ%”t"é%‘%‘@&'c?é?r%e {5 CeeClRRES b= hIRCRVEDECRERESBPA'S ect r oni cs.
DESCRI PTI ON ORddtbriined thé pldse diferbScefbdndenth@ivy, BétefrhinvdBledreqléiityef FI G 1.
Pi ckoffs LPO and RPO and driver D each include a coil C._ Each of these

el ement s f @rt hescilatos) andesprliesridpiadnforpatien PPEaIRING I e RICEHIONSVEIRHIMSY t i on
of flow tube 102, as %rlglgm:z&t%n?g&ihgbt skl Phe &@teﬁ%ﬁﬁﬁv 6&5%%_@%1% ﬂBWtBl'S%][

includes a base, suc river D, as well as a thin strip
mat eri al , such!02sind33obgh tulle 108 whibh raditectsrihe meterablier threwady ielirm wae 188npri se

a printed wryj i.ch..cai i i i re

af fi xed. Pi cké%@gg{%ngﬁ%ﬁ %ftg@d%%@eﬁg&‘c%%lgggﬁg%m%gﬂggg@e@e 'Zsr?gnt and a
thin strip fiapdidation.hEhis ogerabplidation bayg ée &l semdcindudlior proaessinyfeciiint The
facilitat t he mount | ng, of driver a pickoff to b ccoppli shed by
Lhe steps Bt ArERyMa AR B esidsadind P aihis eRiad Rt SRR oTAn: ng
the coil C tosampbhdichsh wiférite Goriaafist sidsce( e RFA welerfd) usads tHel i tobed he
opening in cojl C around the magnet M .novin t,hlg c'og,l C.upwardly, so that
the magnet M FUPWROn Bz drapsyies el & FgCess refefialds f?%@d”}?&&!ﬁ'qgi%'ﬁii‘ ﬁé'%‘ése

el enent 143 upgenreatbetRfsreREd REBAhYIWAINSF Re@Isthr hikds A0d tdhddi Neciig Rakd | ng
these el enents together so that the 20 bottom of Dase 143 is affixed by

glue to the sidd mseveretreevwekldi teelishiyeontect etpmentdl bta baseadkas showsron
connect or 10E1§5L1'.0Tﬁé Ent%g gw}ﬂi@g sEb&urezog gw-'éh@oﬁdﬁe %asg?lﬁgHe%r_o@f:l(f 3GHaPhe t hESE
n Kl : t

el enents I's shown on ening 132 recelves conductors 112, 7113 and
114. Meter el bemedol RBA gRteriel. FIG 1 is not shown on FIG 2 to minimze

S8 ol XL RS fou  f 8BRS bee s 112
of FIG 1 to swmhetrawehectithdnicles whld aod offie@ligible vRESCRUET 2 ENDIGKampE, .83
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
rj o malerial is approximately 2 grams. Vibrating fiow 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 df
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 106to 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 parl. These connectors function in a manner similar

12



FIG 3 shows pickoffs LPO RPO and driver D as conprising a magnet M
affixed to the bottomportion of flow tube 102 and a coil C affixed to the
base of each 30 of elenents LPO RPO and driver D. 13 25 May 2006
DESCRIPTION OF FIG 4 FIG 4 is a sectional taken along |ing ¥m¢2066 FI G 2.
FIG 4 discloses all the elements of FIG 3 and further details of
connectors 108 and 109. FIG 4 further discloses openings 402, 403 and 404
in base 101. Thend Q@ @Iom%&}??rftus@‘éﬁé‘reé 69%&9%0 é‘dﬂnﬁmﬁbés‘)?ddh%é%ﬁos

surface of the base o i cko and driver 0. The coil C and
magnet Massodo&ﬂé@lOﬁ/ﬂowiubadﬂZ@md retiss duhel Wide ieailsyeaardipa dhmegnnesionsmare,. 4.

AL St o BB 0, B8 it o

drawi ng conpl I'n" connector 108 1s the inlet fl.ow tube
102; el ement rd@6n iube 603 aed transniiBSignelistrapresentingtthe fletetled/tgraprratugpover0 The

fixed portion 1 ne r 108 includes nmale threads 409 which screw
%ﬂ) é}ib%ftp aggréecgaﬁyc:?() attach fixed connector portion 111 to

segnent 401 gedEReTINOFTHE,. 2i xed body of connector 109 on the right is
simlarly equipped attached hy threads.4 o, el 0l ase 101.
Fi xed portion 111 'GfF"go%ﬁe%iOBI”'eIﬁgﬂPWP’teﬁeé'd'%Pr?g?U%‘ekeé{&ﬁpxi‘gﬁ d rqtb?rﬁlﬁ 124
whose 15 t hr eggSerTRERIMECItdE BRNADPESCHEN the s eldhbn@fifurtn itides al%net
Connector 109 is simlarly equipped. Fixed

%ortlon 111 bf gﬂ)@ Eﬂ% 108
further incl usdiEhdhalfixed fodhe b %ﬁ‘?"&@[ﬂ of g ybg 1182\gHiSBAVR Bfdtner
movabl e efpme esé%ﬁé ssfuaﬁeﬁmfmcﬁersﬁqbéasbts@ 4014396 E@ Ve, ad welhés@nﬂh Sifip

i nput tube 104 over e conl ca fixed portion 111. This creates
a._conpr essi onof imEtBHalgsudfﬁaats ‘s?éa{om;ivser af fThe dyn ﬁtﬁ'@ off matertp! By SPMETIES 2 BUPRT y

tube 104 On%.ﬁg?ﬁwﬁtbg?rdctg%f ﬁ%&dﬁ%ﬂh&ﬂg f]'ejrﬁu £IJB kel OPikofRs %i?(ﬂ'?m the

connect or S p05| one I'n conngect i xed
portion 111 aReoiatsofHaush cmrtei;pmb:agdnase element acea tifin skipdsedittdhe B af the

means, the pr cesy mat eci al del iver t.u Q .
it 405 of PTEPRTIOY: 103 rrreerceis s HP R GIA et d BEBHE Be Y ugh
f1 ow t ubesl02a¢@niplisted HyQhé seps dddiuing acmymcmb tHOOndetsideot PieA Baw tubke, 406 of
flow tube 25 102 is flush with the end of, copnector stub. 413, This.seal ably
affixes the oditngihegoiil o Prived wigng BAREct3s{fof §gver e PStoaING s ARV S 107

and 110 of FlGyda@lAd méeﬁéqu@@M h@v;ngfﬁ%&ﬂ?%ﬁ%&a o tBat thé enzdabai hsiyof
connectors 108 and 10 DESCRIPTION CF FIG 5 FIG 5 d| scl oses

f| ownet er S0CETES &ie %nemgnappﬂ/@ tBaM BES VRO RAsalemerhdRtngrmeaB S nilar to
that of FIG L eXCRRhg bo 1§§'§n@§f§ﬁrg‘3} bbitfg ftheVBIERENBydtiferBlthal tid ngl e

20  bottom of base 143 is affixed by glue fo 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,

into matin I

9 113 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 tg meter
electronics 121 of FIG. 1. '
DESCRIPTION OF FIG. 3
FIG. 3 shows pickoffs LPO, 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, RP0 and driv_er D.



el ement and conprises separate structures 517 and 518. Fl ow tube 502 and
return tube 503 extend through the elenents 517, 518 to connectors 507

t hrough 510 which 14 25 May 2006 are conparable in every respect to
connectors 107 through 110 of FIG [I. Flowreter base el enepyfgapddos 518 are
separate and each is of sufficient mass to mnimze the. vibrations
inparted by driver Dto the dynam cally unbal anced structure conprising
flow tube 502. Base elements 517 and 518 rest on surface 515 of el enent 516
which 5 supports base elenents 517 and 518. All elenents shown on FIG 5
operate in t heDESGRIFHOMNOFAG.do fheir corresponding el ements on FIG 1.

Thi s correspondencqzlbs4 ?sha?é’)é%nc?}’l{alﬂgn gﬁ’%?ﬁgh"*%”ﬁf 2. eaeh 4 Qh &R ?E an\/mech

differs only in that 'the TiTrs art deSignation o
el ement . Thus elsomeplsyof FleS ékﬂéfuuﬂmrlaletaiisbf mueebp&)‘rﬂﬁ@rtdd%ulﬁbﬁyﬁmwer 504 on

FIG 5. DECRPTO\ICFFG 6 discl et _.an ternative
enbodi rrent of ?ﬁ%"?%ﬁf"f‘%“é&“”@a ?P%f%%as]eﬁgmg?[o%gga%pﬁﬁegs di fferent
fromthe es‘oodd;;rgamgs@&teﬁbﬁo the iowet b@facefdfuvwmrofﬁmofrsasba, &P Oeartd drivef Dow

tube 602 and 603 which conprise a dynam. alli’m al an ed tru%ture t hat does

not require t hEeeRlisy 9@ Ba i pasogiatad of fhege glemeRtsyis g SHORH PN my

have significangly. h%?&eﬁﬁ%%m&é"m éfh'ﬂ@ s fdt Shovin off FRYATE! SHd HROmthize
connectors 607 through 6 conparabl e to connectors 107-110 of FIG 1. 'Ih

addition; it dﬂa\sma@nm@m Flgnant 4§50 copngsios J08stae jndat of Bow Bibei 108 by
fl owneter 600 JiLQom qoﬁfwngctg% %8’?‘* -igr‘%?omb% p£Xxtends via a connector

608 to the left en tube ow tube 602 extends through |eg
6%8 of bas$@ 601 andhe Gradgwiton 16@@fbgnrmtmﬁéﬂmdmsmaiethr&e%&@ﬁe@@tm&wtube

625 which | oo 3|s
vibrated in pﬁ@gg&gfﬁﬂﬁﬁﬁ%’dﬁggﬁ %ﬁ a{tﬁ%ﬁf@%ﬁé’&gn&@?ﬁ@%& H:“% %I’I 0
response of t ébusdt@t imeg f&bmbodwif&snﬁétﬁomim@ﬂﬁenghtdemﬁmaéﬂemypmndca(uffs
LPO and RPO an tr Vi a con tor hown to nmeter el ectronics
el enent al so ﬁ%?heéfhﬁﬁleﬁ% %Q%ff)rﬁ'%e {R)ﬁsexi ty. 25 The matefi al

f1 ow through ¥ixea peRBnANoeeeskmetior ﬁtbt?fdnhghhciaﬂéis £¥iredd poiton 12@nwiestor 610

to tube 606 which | oops back through connector 611 ang t ube 130% connector
612 to retur ntiFeads eadee BEMNAPIEROFEIN 4@ cPRReCHAL!EP] P”’?‘?‘é‘% ip glglarly” "

appl i cation pE&’!ﬁEé&i qf;xédt%nﬁm1l4So@'e;onﬁéc@dyrﬁ@h%m@@@mmeaaﬁa@ueag@e@tscann that.
it conprises a dynam call'y bal anced structure of flow tubes 602 and 603

formed of PEAsthtddBivdiich tqgﬁéhqqywamwblqﬁlemantaﬂié@@t%q%@r afigingdo &?I%Wﬁageous
in that the nBs3iug PASE 101184 oVet the doricht B 413 of fixed portion 111. This creates -
a compression fitting that sealably affixes the flared opening of supply tube 104 onfo
20  the conical stub portion 413 of fixed portion 111 of the connéctor. 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 108 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 108 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 retum
tube 503 extend through the elements 517, 518 to connectors 507 through 510 which

14



requi red. Base 601 may be of conventional nmass and vibrating PFA tubes 602
and 15 25 May 2006 603 to provide output information pertaining to the
material flow The PFA flow tubes ensure that the material flow have an
ultra high level of purity. DESCRI PTION OF FIGS. 7 AND 8 FIGn4 g@(%closes a
top view of a flowreter 700 conparable to fl owreter 100 of F%/G 1. The
di fference between the two enbodi ments is that flowreter 700 uses an
optical detector for pickoffs LPO and RPO The details of the optical
detectors are shown in FIG 8 as conprising a LED Iight source and

phot o- di ode t oges Bekpavable iRevdry mypéml&eco?&%cﬁom H7posedh B0 weEl. tih &FldwiRtemnd

hot o- di ode. At the res I n t of
Ioi ght passes f 8T ?W@Tgﬁﬁgﬁampﬁ%?g eaanddéa%ﬁ/ %%ﬁgﬂegpgn%ggol nﬂg‘m%é;{he'
out put signal . v&raimvmpmammmnmn afthe Umafmloawtumbelantmﬂra;a:s@se cymprsmganount
of light recei hat f be
decregses t he ﬁ‘ﬂ%/ %& E? t% %e@ 5770‘%@yﬂ%n§£tp ’@Y@?F?B%foellﬁgggtr%gmﬁcgf
light rece veduﬂpprmsmes@bmchﬁjdeanﬁrsaasl ates to an output current
i ndi cative of the itude th tion of
the flow tube 702 Ep‘%& 8’9’33*’9\% ﬁthe‘ Lde%Hfté aﬁr-l'g ?ﬁb%r&%{aigﬁﬁﬁf The
out put of the a:htﬁspenuaogiemmns @xitleéntle@hio verespondencieds showrgly hadieyigmatipn
nmeter el ectron o i The
erbodi ment. of gceé A% In%e ﬁqchrhlf%:ersema%m tRatghQHg} &Iglt gftﬂ@‘ggﬂ d%?ﬁmxtﬁ?ﬁ otf}f're

ErWE SE° | ntic
enbodi ment.  of elémént. ITmndsupptyituidawWByﬁmbe@omamm ttﬂarbéof?%':@éet her

W th conne&torégégﬁigxggh%leﬁg%o flow tubes 702 and return tube 703. The

grts of f 20 counterparts on FIG 1 and are

‘desi gnated to faci FG.a distibesqet aedpoatensatvadribpdiment o itiejingntipeeence bei ng

the first digit of | vadihe I FIE Nt FI G 9
mpfis! aﬁg?/ﬁetg%@bbﬁﬂh% 9B %rﬁg?é"ém ?cfi?ﬁ n'tha

FIG 9 disclos ch corresponds ter 100 of FIG |
except that f Iﬂowrrmimﬁogmsnwo edivefipedule 602 andE03 whighhruneises QERmiggly 933.

25 Base 901 i rs?g%g@éry ?trruc?ur}g 1o ogfﬁ?tq@(ﬁﬁrettnéﬂwaggée Bise Augh a§ bag@%fibﬁrﬁ@ c

bal ancers countera brations I nparted eg 7 and
918 of bas@ 901 Hapetthe mmmmsmlfta;nﬂummraaﬁséharsthamftﬁjﬁdc6ﬁp‘m ¢rr§60hﬁ

material fill @gn,,vgct)gr% {,) eggwo%ﬁﬁga%%?e to'aanh.;@o@ﬁh@mﬁ%ﬂhm R Gudiddon,

t hese vi brati ons are a Massi ve base ) hi s .enmbodi nent,
the material fihks equacaws BUbeS R ﬁnooph%rr@tqrabﬁéﬁpewﬁgr?e’tﬂgwmﬁ'@@dwma '

appr oxi et el Y 2, 5 5B 6! e FferkRSRe RIS BRRIRY ENB IS IdkPeROBILS BN 5
(0}

limts the ra comerci al applications f whi ch the fl ow tube of
FIG | since 60 Ripydube §9ertensis thrﬁégfsies@ér@abﬁ%émoqndt%”?fﬁ?fe@qga{?y filled

vi bratinggf | oot ibGHdR3 ik SohddBtddad td¥ d188yhich 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
(\3 ;- L0 and RPO and transmitted via conductors not shown to meter electronics elermnent
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 farmed 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

13



16 25 May 2006 mass of the base that nmust be provided to absorb unbal anced
vi brations. Using the 3,000 to 1 ratio between the nmass of the base and
the mass of the material filled vibrating flow tube, an increase of one
pound in the mass of the material filled flow tube would regvayeo@n

I ncrease of mass of 3,000 pounds for base 101. This clearly 5 limts the
range of commercial applications in which the flow tube 100 of FIG 1.

Fl owmeter 900 of FIG 9 has a wi der range of comercial applications since
the dynamic b [ f 7 sorb
much of the a%(% %ﬁ m%ﬁ% r‘%ﬁ?’?fgr ti@ﬁ ? ?]rf’a '{[Hé%ﬁqgé%*ﬁgﬁgmﬁgﬁghﬁﬁggo%gced
vi brating fIovensnmhmtglﬁ)émaltenapﬂmha\ean ultyenigh evBbdfanger s (DB) may be of any
type i ncl udi ng I JBSS and spring configuration as is well
known in the & F rat-ahcers. DESCRI PTION OF FIG 10 FIG 10

di scl oses a flomevste;r 7m£zﬂb§ebattop aewcbfemﬂmmbter@'oo compataéle 19 0@vegtee 0 of hat
t he dynam c bal ancers of 10 are of the tive.t D! d

desi gnat ed® 15143032THadl f@@g@e beyRes thg o RN Rite ! %E@P&V eggraﬁ@ ué%%t%Pm | ed
by an exchanggpffa 8:8R8} forWdkbrERPANERRG.t TiRNistails 6Rhe optnal daddisrs 5oL 3,

1024, 1025 and 1026. Meter el ectronics 1021 recejves a g Fls over ath
1003 from act istevalipridf 8 asapawdeingd a 68D lighlssresaand pipte-AIds [agPReT witfs appl i ed
by the dynam gallbe/Hah@RGREq BoRegh s EIPdhd bGlo-cld2 At tnd et pbiiion P! er

el ectroni cs receive these signals an enerates a control 20 S|% that is
appl i ed over lﬂaﬂmvmoaa.ano:ah:nalamonmrynfd@hbmaaaﬁ@@rthg@@twedmwc P‘é\%F’ t he

1032 can "be SorPaH e J-biR el 2 SuEPARF oy EphE R RANG P ABES.

gni t ude rraytrieean@unhm;,evt reajéwad)bh&te plhhta drmlmupgvam@vemerbafs@emmw be

of an acceptahl e level for of, f t actlve
dynami ¢ bal ang‘é“r’e%f% %mﬁ't"étd)? ﬁeceﬂ’g 8" o%%agée%gg?ntoogg ates in
the same manngkeRsed B pHYEsldbas tr&ﬂi‘@atesiﬁola\reoldywtajmhenhadiaMNepfﬂmmmﬂ@duﬁ@ | eg
1017. DESCRIPTION OF FIG 11 FIG 11 d| ses %gbzanot Lhtt%r n%

enbodi nent  cofiphe SPgfisavitratiohier e poitipp s’ %WB FF?RE/' g4 1102

whi ch -ar eI§Ub§rfc?t'ﬂE n@%t'sﬁukéesm%@t@aaf th@pBoto3foddsat eeaeed @gscohtiBiors 104
and left side legs 1105, 1106. The bottom portion of the 1de l.egs . at.e

connected to THrand7A2 te@retporisclnTs NEHICHMIGR FifR £ 10 TRimZR @Hﬁ‘ﬁé’e Xty 4
sui table bas eTﬁéoémmnttcﬁ #?(‘3“? Hicfferdc@WMeRficA BV &Y l'ésbect-f@@)e%ﬂﬂodfrhw t ubes

of 17
of FIG. 1 and includes suppiy tubes 704, exit tube 705 together with conn,e_pt_o_‘r.s 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.

S " 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 dynaumic balancers
function to counteract the vibrations imparted to legs 817 and 918 of base 901 by the
dynamically unbalanced structure comprising the material filled vibrating flow tqbe
902. In the embodiment of FIG. 1, these vibrations are absorbed by the rﬁassiye _b_age
101. In this embodiment, the matedial filled flow tube with the attached ma_gr';e'tsfwéigh

30 approximately 2 grams while the base weighs approximately 12 pounds. T_his iimifs '
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

T



25 May 2006 flowreter 1100 vi brate as dynam cal ly bal anced el enents around
the axes WWand W-W of brace bars 1009 and 1010. Fl ow tubes 1101, 1102
are driven in phase opposition by driver D affixed to the top portion of
the U shaped flow tubes. The Coriolis deflections inpartedsialB6os
vibrating material filled flow tubes are detected by 5 right pitckoff RPO
and |l eft pickoff LPO Meter electronics 1121 functions to apply signals
over path 1123 to cause driver Dto vibrate flow tubes 1101, 1102 in phase
opposition. The Coriolis response detected by pickoffs LPO and RPO as
transmtted over paths 1122, 1124 to nmeter electronics 1121 which

processes the sgjanakg.Hde tﬁ@r&%@ﬁeﬁ%ﬁ%h@d ad doPWLAHIH BB LibRA onk| gang&?h;
transmtted over out put path 10 utilizations c rcuit noé shown.
DESCRI PTI ON OF 3/06d 11@‘*%@@"’93“ me@ﬂssﬁt“&rﬁff’i?naﬂ%%waéﬁo NG MFAEHAC Yl

bal ancgd fl gmbﬁeﬁnéﬂgﬁ nhlfé/Iaﬁgncﬁ\e%s@ajfbn@bodridowuﬁrwhdne?sl &thﬂ& nangial 222 fmm ch
are vibrated in phase opposition e Jglow e
material flow eixped FBQB‘W)F‘%{’E?SF%@?FFBW tﬁ% sp?‘ﬁ‘dﬁﬁ% §S§pE§ | tt‘algg’ﬁ in
response t o a Ghitd®eSageods do&me&rvetiamwnomhhvhlﬂﬂﬁefﬂpmuMQI@Of FeGett roni cs
1221. The Coriolis respons f e [ i S is
det ect ed bypi ckof f Jﬁci_vﬁ%tﬁhgocag&%‘ ?h é'\l"c?ér r%dp c?%owrpgré’igi %gl'é‘*lt’% é,HPee
conductors 12f# damltb%mrtersmandé%@m affikesktoukgchl TpMﬁ:%'@steSib%mb n?t@bel ved
signal s Lo 9eNGIAL GuRLAL l-flaget QLY BIRLL QPndri@hi hrBRRLLHb-ANRL niit PUL

path 1225 to a Clats V'P7a circul
FI G 14 di scl osks 9% ialnrmtmawwembajenmmimhﬁoft% tyngvadiedingnthe

(3rrpr| Si “%144‘%‘3%&%&%}3@% aaln% F‘&\éb%u%oﬁ?ﬁ& & witblkrlowd in et 6 dyngsicendi ng

de walls as an inner pair of upwardly extending
side walls 14IPlam@s1418. A 25 single flow tube 1402 extends from an i nput
connect or 140§@dr-dibe delice f:[ta;"p@lgh the four upvvardl y extending side walls
to an out put c¢onnecior 1409 on th | ow. tg & 1492%5 vi br at ed
by driver D with tHE ﬁ@éiﬂcquﬁgacBSWaﬂt?r108%#13«5&‘?’?)?}‘53 P NOWRER! ¥BY S5 £ 1 ow
tube with nat erdtade dﬁnam;é)@émgc@ebemedo e gitiek afthve tROADER) aRPEevdesnated

Funct i ons 7 HAG2 SHO3GTIARR o 0 BT Or ey AL P SO IoF B augraroe of ! €

Tenper at ure seshBwits nesnentletfiddicerge svedmsths H18efo2urg2oand Hegtaddeter al )
L Led fhow t uge and IANSELLS, Hilhe bk BP0 o 4183 Rl 30 1085 €1
represeniing the wbrauons applied by the dynamically unbalanced vibrating ﬂow tube
1002 to leg 1 17. Meter electronics receive these signals and generates a con!rol
20 signal that is applied over path 1024 to active dynamic balancer 1032 to counteract
the fiow tube vibrations. Operating in this manner, active dynamic balancer 1032 can
. be conirolled to reduce the vibrations of leg 1017 to whatever rmagnitude 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 ancther 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

17



The floweter of FIG 14 differs fromthat of FIG 1 in tw notable
respects. The first is that the enbodinent of FIG 14 is only a single flow
tube 1402. The material flow extends through this flow tube from i nput
connector 1408; the output of the flow tube is applied viauhpubos
connector 1409 to output tube 1406 for delivery to a 5 user, The enbodi nent
of FIG 14 does not have the return flow tube conmparable to elenent 103 of
FIG 1. Al so, the nassive base 1401 has two pairs of upwardly extending

wal | s wher easﬁomnetarei 1@613(Mhteraatiynémd§aIl&ba]bntﬁéelemla/aohasme}3@&3 Wa‘dl aml y-

o et 19 o’ 9 op YL YoRARATONE Bl Lol o ok HRe oA bRE" P T

vi brational nogpposiong drivasD affixed s thedop pclsmomofthe(t.t-sh@eﬁ(ﬂawtzdﬂfasu g‘he 110. On

FIG 14, the infnner r.of walls, 1417 14 n zro npti on
vi brational no L%&%ﬁ@”@ﬂaga@d leéeg@{q%gﬂpg?ﬁﬁ’ Eeatf&ﬁwpﬁ Y The
outer pair50f AgRNSIEINNREXARNET B&kWLP@ ﬂqéfbse@@ﬁoﬂ;éélﬁmmnonmww Ors 1408
on the left and 1409 on the right. I n use, process mater.i

recei ved fromS4i8ls oyarneth 6??(%@@@63? 6"“’96 Qﬁﬁé@f@? flewdigbesTH@1; Hi0dn Bll‘aslel ow
tube 1402 is aJpPesmnﬁﬁ@tc%ﬁoﬁsoreeﬁa%qe%teh%mkoﬁg QWota%E%#b“é%ztrﬁ?éh%ﬁs the

process material flowto the ri through the two pairs of side-walls to
out put connectoyer PRIGI 128, Wd«hmegercﬁmtremc@dnzhwh@bﬂ:mne%%be $igods anthe part

numbers on Fl Geg Je‘é éna? ﬁlnfh# unchmmw itk r%H@WpﬁP?YE 4 B 20

anal ogous to and I ons |de I'ca correspondi ng

el ements th mtﬂaamrs\clr(wlmdﬂsmum ncluding FIG 1. DESCRIPTION OF FIG 15

fF G 15 discl gs€ ) qgl ment 1500 which is simlar in nost
spects to tHRe et * —=The primary difference is that in the

25 enbodi ment of H@Q 13&&1 'raecasdéémyndn&canﬁtbalamsemmWrﬁ@tenmuo fesvings return

tube 103 of the e e nstead, ,on FIG 15,. ar, tube 1503
v brat od Yo o/on ks, 1 0mand 202 phlshraEe (P S bR S PPRSlie B Y

thi s vibratinghd ghetwned Rcoé alrhatbridiingw: BRePD vilialeS BefbWPibes b gHaekof s LPOA
and RPOA. Their output signals are transmtted. over aths 1542 and 1544

to meter ' ecoRPSSitiREinyeSOPNGH foh dpva-signad seceived ©vai Rl 32hEomangter3o- as A
signal's from piakaft ﬁzéPQ@“@omr%?oﬁé@W the %téfmuéo%&swwma@é grial

flow information. rocess matertal flows to right on
FIG 15 throu@ﬁe@QWPIQH@b‘eLEQ@Zd FiFrﬂwtlgﬂhe!rpuw@t hgjog appigdioveveonducteie | ef t

through flow %z‘é@%n&%’é’a to-l;Pétar &Q&?o%IJsWﬁéﬁﬁbcggsemeegcewed 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 comptising

a massive base 1401 having an outer pair of upwardly extending side walls 1443 and
1445 as well as an inner pair of upwardly ektending side walls 1417 and 1418. A
25 singie flow tube 1402 extends from én input connector 1408 on the left through the four
upwardly extending side walls to an output connector 1409 on the.righf. The flow tube
1402 s vibrated by driver D with the resulting Coriolis deflections ofih_e vibrating flow
tube with material flow being detected by pickoffs LPO and RPO which transmit
signals over the indicated paths to meter electronics 1421 Wthh 'fuhctiorns i 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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pi ckof fs can be conpensated by reversing the connections to pickoffs LPOA
and 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 FIG 15 not specifically nmentioned above are identj<g

function to their corresponding elenents on FIG 15. DESCRI PTI O(I CF FIG 16
Figure 16 discloses an alternative enbodi nent 1600 that is simlar to the
10 enbodi nent of FIG 14. It has a base 1601, front surface 1616,. side -
wal | s 1444 and frdfﬁeﬂmlnheterwfmem:ﬁﬁﬂéts frﬁtmethatldfﬂ:é@ehcrebvmtﬂmwspmr dly

t endi i 16 618 7 d 1418
O g e B P SRR Ok ok B8 bl 1L TR
]Elepl atcebvvallleﬁzﬂféfe?cf iaPiltol éafé@ﬁh%oﬁb?hlsﬂfvtf&lvmm lpmﬁgﬁ:;ﬂ:édtarm et efvent

OoOw t upe rom pivotin ou 0S an a,
Connectors 160Hhediow ! ‘.%B?)@ aé’Pge ?PB‘H CoRRgC ‘?rf‘“égé? PH@“??‘%E%@EE%J%EWM
ext end out war dbéért "Fﬁ@u%o@i%tn?oflﬁé3w&9eslr§f&aa@mer@mkm@~mdeaiompumxe 6604

and outlet tube 1402. The extended fl ow tube nay be connected downstream
and upstream b§lemedt¥3 af §iEhk user's equi pnent. Posts 1443 and 1445 serve

as a_ mounting { o GonRcholei kiR ANt RA0RGHIAS PLAWA IR xisrthd lialks 10 be

expressly understoo rmed 1nvention is not to be liTmted to
t he descri pti onhereag héhepembedln'edt effiiGd! therrnagsive hage IR wdeslydhs sipgle pair of

nodi fi cations _and alter tio FREDP

shown herein ndRV4dY eg5a a?ggﬁs %Fﬁ%nfﬁwh%cfgﬁbe%ﬂgﬁzsﬁén It '?ésdg‘jgm r ed

to have the drt‘hawncﬁbrp@rajdmgma@rocwmuotwmmmnat noidbraatweallgps 4 owuntinigdort o. al | ow
t-he driver heat to nov war wa mt e .now 25 better

sol ate the flGRNELHS ! 578’%"1"%?%I 5@% d?“%péﬁtotf§@8§ &%W ?S'Wcﬁqaccur acy
or the output fdadienak aldeso ﬁbﬁmbﬁhona‘l\hﬁﬂb fok e osicftfhes activepoftionofibdver

herein disclosed has_applicatiaons other than those herei i scl psed. For
exanpl e the drRe ek ethacipionairo! ypwardpy %‘%{E’Ef@rwﬂ‘éf“ﬂg eGP %Ppl i cati ons

in which the choﬂH‘%d?&s 1@@@%%@3%%%9 b§tHeQighesi ve, such as nitric acid,
and i nconpatible use wth flow 30. neters having a netal wetted flow

path. Al I 1®@nbodi neWhendt use @raosss platesiahia seceiver S iube Wf"éﬁoﬁn?ﬁt@cposed may
have .the enti rs},p{ecg{f 4B§ o&Eg rfgga%frg%é@%\ﬂﬁ%wﬁs%e&{%téﬁ to c%nﬁ’é@f?ftﬂflga |

subst ance suclf as Coriolis mass
fl owneter for Hmmbeumgz axtpn@s:mss)rwmwmatﬁnaf faowto thavlghgthmvgﬁlthﬁ woragnof evel

of purity, s als%ecwoarﬂg ?o oapﬂp c%%néété)%tg% whighhd &cﬁ'{n'egted the output tube 1406.

The part numbers on FIG. 14 not specifically mentioned immediately above are
20  analogous to and perfarm the functions identical ta 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 LPDA and RPOA. Their output s:gnals are transmitted over
~ paths 1642 and 1544 to meler eiectronncs 1521 which receives these sagnals as well
30  as signals from pickoffs LPO and RPO of flow tube 1502 to generate material flow

information.



a base (116); flow tube neans (102) adapted to receive said process
material flow. end portions of said flow tube neans are coupled to said
base to create substantially stationary nodes at said end portions; a
driver (D) coupled to said flow tube neans for vibrating sanjMfa%,gMbg ube
means containing said process material flow, pickoff apparatus (RPO LPO
coupled to said flow tube neans for generating signals representing

i nduced Coriolis deflections of said vibrating flow tube neans containing
said process material flow, neter electronics (121) that receives said
signals fromsaid pickoff means and generates out i nformation

pertai ning to sai d Proressssmateidl §pws [oight am§IC. éﬁégfééﬂ'éfrP‘Z’é’épq Wo?htﬁfmigﬁe
entirety of theetshadnpabhs &fthéeéfﬂh%h@bw&ﬂelﬂmetmrs pH¥6k wslicR@! sarhated | oW
tube neans is forned of a material, such, as erfl ouroal kox XY E[g olﬁ%cge
(PFA), having pickeffscadbefompeasais Py B?VefSH}Qéh?E eSUAE 1P IPER°R ns to

sai d process n’RPQAls@hhatft-’he dheiCeihalkifent dipuretie recefved lbgimetér abaivact astzed
in that said flowt rises.a single substantially straight

f1ow tube éonp?reﬁdﬂﬁ'v%toa‘ir}%ﬁﬂ‘f%ﬁﬁ I SeifihdV-anced structure; and said base has
a mass suffici ency Thangeas sieown dr BXS. ddadok ype@mnaﬁynn@aloeewabhve Faigknfitadim t ube

Vibrations of ARG S CopEFegtnB iR B Pl AR CTE P O “claims 1 or 2
characteri zed PESERMTIONIGE FIgi.d&of f apparatus conprises a |ight source that

emts a beam and ap Bg{1eCé&Lcxoégta%%tgrnaw@éms&%bme@mm :Q@iﬁﬁhrt@%@' i ght

source and said opt| C detector are spaced apart fromsaid fl ow tube and

p35| ti onedQon ppgingrs osFiged4oft r@alaopasredﬁm 6{9@‘ sutpco g BiRysidngls W4t gnd
ehi "R e T RREOTE TaRTma by Sautarm e
obtical et ecPBrS MBI DATSAS 1P ePGRE WelartY kTS SUE e o bRt s
responsi ve t 0 ex@hdingblLRF acfoumihgt;mstsgmraﬁe 68 B rehlsiegrais Sl 446 pne 9 648 ofgGsai d
o3, o 8L ol P TP R R B Ry B S Fh T2
pair of utsnar dhy 1@ &nah ags. Sordectuab 80 a!EO)QOQam@I optional and if desired flow
tube 16802 may extend outwardly through posts 1643 and 1645 and replace inlst tube
1604 and outlet tube 1402. The exténded flow tube may be connécted downstream
' and upstream by a user to the user's equipment. -Posts 1443 and 1445 serve as a
... mounting for connector 1608 and 1809 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 cutput data of the flowmeter. Also, the Coriolis mass ﬂ.owmeter herein
disclosed has applications other than thosa herein disclosed. For éxamp!e 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 Conohs mass -
flowmeter herein disclosed may have the entlrety of thenr vnbratmg structure formed of * -

a plastic substance such as PFA.

20




hol es (416) in each of said upwardly extending walls are coaxially aligned
to receive said flow tube. 5. The Coriolis nass floweter of any of clains
1-4 characterized in that said base-(10%, 916, 1016) is a solid
rectangul ar el ement defining a parallelepiped; said flow tyd %[g§ o§nnect ed
to posts (1642, 1644) affixed to a top surface (1615) of sal ase (101).

6. The Coriolis flowreter of any of clains 1-5 characterized in that: an
inlet of said flow tube receives said process nmaterial flow froma supply
tube; an outl etyyphtseifmbiow tube is coupled to an inlet of a return tube;
said return tube 1s 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 processqmat E;d(t:ahotislnﬁ)a/ystﬂ@ware@b&f@r MeSfuring Blprsodké Aaterial idne
Coriolis mass flowreter of an characterlz?dlnthat t he

mass of said badeving agtultrashigh }é’!@@ff’ﬁr'tmﬁp PPl rass fiowaeter GPMpEPIRgs; ng| e
flow tube with procgsgsdptierial. 8. The Coriolis mass fl owmet er of any of

claims 1-7 further conprising: ancer, means i xed to
Lt ase. bt oxi et o S ok abes (Fog) SaAMES 1o oAb s S e s et ev e
of vibration. 22 25 jayp &&%of%ald'ﬁbﬁ Gl h@hh§afé&‘ﬁ)ﬁplﬁeﬂ@d\@ﬁ enseofo erbatem 8

characterized in that said dc bal a nﬁans I's an active dynamc
bal ancer (ADB) éBtPﬁt?’Blall%ﬁtaB@X Hheo eé)?(t,ﬁ@ dé’P €Mgnal s with sai'd neter
el ectroni cs. 10. They @%r@b) SoupRE %o &é:@vmttlme mEad fat vibiktisg ssiadivaniuzed in

that said flow tube nean g{prl ses a fi [S I”‘;602) and a second (603) flow
tube coupl ed to”?éf‘ﬂco'ﬁé'é‘g‘ga?ﬁ B@§??51'Bﬂtgﬂapﬁf all el to each other, said

first and second fl q:&ftbl{dﬁ%%am% (RROAR®Eolipletito wiil flaw atbe meptsdoe opposi tion
by said driver (D). 11. .
characterized i ée‘%eﬁ%tf” s IPPFE&M["@O'&%CEHé°§'\é\fgse#§{ef:€q5§)0fP‘F' \X/:b? Fpgdion:
connected in sefubesnefdrfsmom&mgcéald gros@dstmaterhldivival | ow 12. The Coriolis
mass fl owneter of claim rized in th i d St . nd
second (1106) flow tTHELe ﬁ?t@"&cﬁﬁiﬁe@tt r‘?ci?'vﬁgrsgadltségpnaﬁq é@%ég?ﬁf?@an@al d
material flow 4@ gdiepateebutpli informastionfjeotainirigeto safd prbegssniatérid Gowhand
conprising. 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.

2. The Coriolis flowmeter of claim 1 characterized in that said flow tube
means comprises a single substantially straight fiow 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 fube.

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 abaﬁ from said flow .

tube and positioned on opposite sides of said flow tube;



a return tube (61.6) coupled to said base oriented parallel to said first
(602) and second (603) flow tubes; said return tube receives said process
material flow fromsaid first and second fl ow tubes and extends said
material flow towards a user application. 14. The Coriolis ygaybhguet er
of claim1l wherein said flow tube neans conprises a single flow tube
(102); said Coriolis mass flowreter further conprises: a nmassive base (101)
affixed to ends of said single flow tube (102) to reduce undesired

vi brations by creating stationary nodes at said ends; an inlet connector
(108) connected to said nmassive base and adapted to receive a flow of said

process material from AsiRPidy LB pidRichBh BEWeARSHidBEhERIELSiHala T | ow
tube (102) is affléed to, 6 sa conpgctor

d inlet connector, said Inpu
seal abl y tonnentiealiaer P harspiogSioq S p g o IngRRT (LN SFRREES SeeRR 2006
out |l et of sai direoppliyighudperdel 64l opticaktidtectbr shrespextien ) eaid efterstiordtopr ocess
material flow .d g Y, 0 <SRl chislid@s@chilpw tube; a first set -
screw (130) iﬁxggrgéF%Fgﬁﬂggﬁﬁ%%?%}lgg?ntafné-saié‘%nfet connector fixed -
with respect to said nassive base; a driver (D) affixed to said single flow
tube for vibrating4sai drisd Oghdtis iRwibumeter odatEOMIANGs I chapaceRd immber i al
flow, an outlet.of said single flowtube affixed to.a.sec nhect or
(109) for " extaitan & heepr b bR s 550 it v SR AR, SRS
towards a usersidededlsi(ha®iamd a pair of pickoffs (LPO RPO coupled to said
single flow tube 0ORRPRAS) fnfeachidfSSid @hwaRlytexEErdiRY wdIRlard BABHAY ialigheditgnal s
representing Coriolis induced deflections of said vibrating materi al

filled singl e #9H% $AHEW €er el ectronics; conductors (123) extending from
said pickoffs to said nmeter electronics (121) for extending said pickoff

signals to said mejfer %@g&g@ﬁé fiiss ﬁémnét?ibﬁ([éfﬁtcﬁﬁlaﬁﬁ§?}4r&ma%§er&@&fr‘mitH@cS sai d

pi ckof f output signals an enerates out 'nformation pertajning to said
process mat er Faid bepe 011816, 16 s i solid teciangulaf pigmoet €efingie 2 Paralis'ariPedar t her

conprising; a ret udid sk Ribeid3nreoraes beds (1Higaishiyasned & bapsupacal | el to
said single qug’) (EPS%% base (101).'

6.  The Coriolis flowmeter of any of claims 1-5 characterized in that:

. an inlet of said flow tube receives said proceés material flow from a supply tube;-
an outlet of said flow tube is cou.ipl'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 flowmeter of any of claims 2-8 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 Corioclis 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 level of vibration,
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end portions of said single flow tube and said return tube are glued to
said nmassive base to naintain said single flow tube and said return tube

i movable wth respect to said massive base; an inlet of said return tube;
an internediate tube (706) connecting said outlet of said sigwgh¢2bdew tube
and said inlet of said return tube via said second connector to extend said
process % material flow fromoutlet of said single flow tube to said
return tube; an outlet connector (707) connected to said nassive 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 connecor S&alGasiojs pesmERYECERPFIHMHE Ereraftedsdd et 8RR t ube t o

an inlet of:an d??férﬁ:c b&fhndér rh@é/ns&@@ﬁacﬁ»@hejnhmao&faﬂmér (ADB)exxhesrdyy teéd sai d
process material flow rn tu ;Oglcgal d exit tube; a second set

screw (130) ineé%ﬂaﬂg?)ﬁt '8‘93%8’% ‘56’?& E"ital NS said outlet connector fixed
with respect to said base; said exit tube is adapted to extend said process

material flowto ae‘féﬁer Tﬂﬁ%ﬁo‘nﬂﬁé r'nQQs ﬂouﬂr@eteﬂ&%ta@ﬁﬁ'&Ja?a%tér#z@wmﬁﬁf s&M &k ai ms

1 or 2 characteriz in that sard ng % %glblllty and
al so has a sti [4PEERENS FREWHAS %f!%(qoai/\%’?d i‘ ﬁ‘é‘f? (Sqq)él\ﬂi”tt% RIS S8F net al
or glass. 17. #he Lferpshticied barnetesads othbmisa fitst and Recharimettebézad i n t hat

said flow tUbedarP eaCPt% t{éhasﬁbr lgf\l,‘ﬁ 8 SérPégnh&J] h%éigﬁﬁv\ﬁ{(g _han_ t he di anet er of

the inner portf S t said materi al
flows. 18. The Coriolis flowrreter of claine 1 or 2 characterized in that
said flow tube m%ms h‘@!$e @oﬁél@sﬁ@datfioaheyema@trﬁno cﬂér@ﬁﬁfneéd in.thaétSaidThe

Qriolis flo ter aracterlz in_ t at ube
ane has. & drPVEOP st BRESe (Bl o RBRS AR FrabREn s 08 PRkhert Btad ot

t he axi al Ienghhtenaifﬂohhe active portion of said flow tube neans; and 5
further has a Coriolis deflection that extends over the entirety of the
axial length of the active portion of said flow ube 3.?0. Tjae
Coriolis mass flowigt er Bt €PERNMMAFS AQPMEL O GRS F'P‘@'a‘%ﬁ?‘?ff g3} &PIY; s
affixed to botftastS(am:!S)fahﬂSécdddqwnwmew(tﬁtﬁﬁzs)aramdnrmmu isg@aaid withonespeaibe (603)

and i s adapt e(::Isail: Y eng!z%gv said first and second flow tubes in phase

13.  The Coriolis mass flowmeter of claim 10 furth‘er:compri'sing:'
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

recelve a flow of said process material from a supply tube; ‘
an imet (405) of said single flow tube (102)is aff‘xed to sald snlet connector

said input connector seafably connects said inlet of satd smgle ﬂow tube to an - R
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11l opposition; 5 said pickoffs being affixed to both said first and
second flow tubes to detect the Coriolis deflections of said first and
second flow tubes. 25 25 May 2006 21. The Coriolis mass flowreter of claim
19 characterized in that said first (602) and second (603) jg%hms are
connected in series with respect to said material flow 22 e Coriolis
mass flowneter 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 flowreter of claim 19 further
conprising: a return tube (616) coupled to said base oriented parallel to
said first (60R2)etaicdaidsapplydut{es(18%) tbledactthbestengan df $a8d progesaibeterisldeMw es

sai d_process MRLAGLabo) Lo b LaRSRIghdd Lsk; and  second flow tubes and
extends said materia  ow t owar d e Coriolis

mass flowreter of &5 APISSTnUPaLREABg! fﬁgftﬁam'@mS%i%eteemsct?f
u- shaped and hiasd wipmesspkyt texbidncksstyewabé;s (617, 618); said first.and

second {1 ow t ubes £xbedol REOUON 3Pl Shatehbi il SAIRAPExaBacBYALLS L ot

and outl et ends projec ter suffaces o sal 25. The
Cori ol i s mass cphtaipmstsaid @Pcéﬁsdﬂﬁfﬁﬂa'\ﬁﬁé’r ein said flow tube means conprises

]9 si ngl edf | ow ][Ub]?elr(é&t%} Bf&é{lmﬂg@fﬂoﬂ 0B ke to@'ts’ﬁcoﬁ@@énr{j@e@fgg'(f(@?lﬁfrel’ i ons
romsaid single flow tube to s [ ocess saj i s mass
f1 owret er furgﬁéﬁ’ dipg AP pé%%essg'aﬁﬂ?é V'Bfgeenﬁi%aé?]fmygﬁist on‘ea(rr)lds of said

single flow tdbeingfid) to reduce undesired vibrations by creating

stationary nodes afp 3diafe (LAY et ELuRenBasIlinddAB) WaRIIIRGIRd 0 sal d

ssive base and a ecel ve'a flow of said r’r% tfl’l al froma
supply tube; afﬁeﬁ‘?ﬂseaﬂd dunss for generaling §'9’Pf'i‘j? EPressRirq e ‘(“fd?f”c?g gf5¥B t o
sai d inlet copnedbrating Baterianfllet stofefent mbeseal abl y connects said inlet of
said single flow tu outlet of said supply tube (104) to effect the
extensi on of sai d"b?qgre%%t%%éctsé ial flow in said supply tube to said single
flow tube; a firstosducters(t23)ExRoying frogesald pigkalts t@éﬁﬁé&?té'?e’?(ﬁfoﬁ‘tcél ns said

inl et connect@by) thi XREndhd Baill @RREE bighQs SRs4ld FRSE Ve:tbABE,; and6
said meter electronics receives said pickoff cutput signals and generates

output information pertaining to said process material flow.

156. The Coriclis 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 retumn tube;
an Intermediate tube (706) connecting said outlet of said single flow tube
and said inlet of said returmn 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 (707) connected to said massive base for receiving said
flow of said process material from an outlet of said return tube; I
said outlet of said return tube is affixed to said outlet connector Sald outTet '
connector sealably ¢ connects said outlet of said return tube to an mlet ofan exat

24



25 May 2006 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 @%FZOOG
destination; a pair of pickoffs (LPO, RPO coupled to said single flow tube
on opposite sides of said driver for generating signals representing
Coriolis induced deflections of said vibrating material filled single flow
tube; and neter electronics; conductors (123) extending fromsaid pickoffs
to said neter electronics (121) for extending said pickoff signals to said
neter electronics; said nmeter electronics receives_sajd pickoff out put,
signal s and gerebatoeaffechiliegutersion ¥ rlf PETCHRFEERI TRy hFadiel pines8 s
material flow LfwpEre Coriolis mass flowreter ‘'of claim25 further
conprising; a return tube 03) ¢ ecte I LM llel to
said single flow tﬁﬁ@?orgns&%%'?’aﬁ @ﬁ@ '%‘rga‘gg?“getss??hg‘? e fi%)i\}/{vt%{n%%%%aﬂgfegai d
return tube arecghamar fixed sithdespembvisad H¥a8e to maintain said single flow
tube and said ' Ldil pFREPERTntdridl B @ IBspidustidagse; an
inlet of said rsgidﬁxﬂ tl%%%g;ahga@iﬁﬁ?g?ﬁ%dg? atg tube (706) connecting said
outlet of said single flow tube and said inlet of said return tube via
sai d second connect @, tohex®&s Saitetpr ofictaims Inetehandctédzedinf thehsadifidwet of
said single flow tube to said,ref. i t '
connected to sgﬂb& iy Vgﬁﬁ%%%e%w ?%%:%?‘?/P%%Qs?gﬁﬁ S%fslugé}vgﬁk%q ggwd& ;?)r%éz:aess
mat eri al from dowdudtd fetmed ofcaetdl prglagsn t ube; said outlet of said return
tube is affixed to said outlet connector, said outlet connector sealably
‘connects said outlet_of _said return tub o_an i t 0 ' : to
ef fect the extensiol-of TEEiQ?”Bﬁ%@%E“%‘%&h"BF fqrc%?}aﬁacg‘%légd ?éb étrsnallfﬁ%‘é to
said exit tubgipeanseeand vedit sabstentialylBdner thasdhel dignetartof Heriprartgrtion of
mai nt ai ns sai d,;out | j.: Ty t to said base; said
exit tube is a%g{"‘e”ﬁhi’%”‘%%ﬁgﬁﬁ%g@ ‘ghigfg%g\giﬁenia?g‘rg\?ﬁl flowto a user
destination: 27 25 May 2006

18. The Coriclis lowmeter of claims 1 or 2 characterized in that said flow

tube means has a substantially constant diameter.

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

tube means has:
a drive 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 Coriolls deflection that extends over the entirety of the axial

(7 - length of the active portion of said flow tube means.

20. The Coriolis mass flowmeler of cla.im 19 further comprising:

said driver is affixed to both said first ﬂow tube (602} and said second flow
tube (603) and is adaptad to vibrate said first and sscond flow tubes in phase
oppaoasition;

szid pickoffs being affixed to both said first and second flow tubes to detect

(818

the Coriolis deflections of said first and second flow tubes.

25



27. The Coriolis flowreter of claim1 characterized in that said flow tube
- apparatus conprises a single flow tube connected to said massive base to
define a dynami cally unbal anced structure when vibrated with material flow
by said driver. 28. The Coriolis flowreter of claim!l charagthgl%,g@gg in that
said flow tube apparatus has high flexibility and al so has a stiffness
substantially lower than flow tube apparatus formed of metal or glass. 29.
The Coriolis flowreter of claim| characterized in that said flow tube
appar at us has wal | 2%kubdharioriald massflommeatertdfafainme cieastarized ofthetsaid nner
portion of. t | i T
Coriolis fl ovm@?te&bg&i#g%ﬁbqu c ?%%’%”é’???ﬁ%b&”@%gtd g%}efé "ﬂpﬁ_\?vsg%ﬁ)g e

appar at us has eatibkfiamtial |y constant diameter. 31.. The Coriolis
flowmeter of claiml| characterized in that said flow tube apparatus has: a

drive frequency deflection that extends over the entirety of the axial
length of the acti?de pbhe Coripligmassiflgwmetsr of gaiEn é%ﬁéﬁ"’ﬁ?@@ze@”éfﬂﬁi spigr t her

has a Corolis glgfih£53)2p0 bBHd @X6SME™ tQHé‘srar’ef&Sn@é%?édﬁﬂtphrﬂEl wilterespedt &

| ength of the actlve portion of said flow tube apparatus. 32. The Coriolis
mass fl owret ersa maijialfl¥tedi ng clai m characterized in that said Coriolis
mass flowneter is adapted to extend a flow of.corrosive material including

5” E’nrl \(;V aci d - 28 %5 Nalyhez Orf% lis %‘{a%szﬂcla\lwxg'lgter oi;w[arm 19 tMr’cEer comprlsf%)go c-Wrr w

a retumn tube (616) couplied to said base oriented paralie! to said first (602) and
second {603) flow tubes; _
E \) - said retum tube receives said process material flow from said first and

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

24,  The Coriolis mass flowmeter of claim 12 characterized in thal:
said basz (B01) is u-shaped and has upwardly extending walls (617, 618);
said first and second flow tubes extend through said walls of said base a2nd

have inlet and outist ends projecting beyond the outer surfaces of said walis. .

[=g

25, The Coriolis mass flowmeter ¢f claim 1 whersin said flow tube maans
comprises a single flow tube (102) formed of & material that does not transier ions
from szid single flow tube {0 said process materiai;

said Coriolis mass flowmeater further comprises: ‘

() a massive base {101) afiixad to ends of said single flow tube (102) to reducs
undssirad vibrations by creating stationary nodss at said ends;
- an inlet connectar (108) connected 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 connscior,
said input connector sealably connects said inlet of said single flow tube to an
outlet of said supply tube {104) to effect the extensicn of said process material flow
ih 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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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 {0 a second connector (109} for

extending said process material flow via an exit tube (106) towards a user

destination; ‘
a pair of pickoffs (LPO, RP0) coupled to said single flow tube on opposite

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 elsctronics

(121) for extending said pickoff signais to said meter electronics;
said meter electronics receives said pickoff oufput signals and generates

output information pertaining to said process material flow.

26. The Caoriolis mass flowmeter of claim 25 further comprising;

- a retumn tube {103} connected to said massive base parallal to said single

flow tube;
end portions of said single flow tube and said retum {ube are glued to said

mzssive base to maintain said single flow tube and said return tube immoveble

with respect fo said massive base;
zn inlet of said return tube; <
an intarmadiate tube (706) connecting said outlet of said single flaw tube
and said inlet of said rsturn tube via said sacond connector to extend said process
material flow from outlet of said single flow tube to szid raturn tube;
an outlet connector (707) connactzd to said massive base for raceiving said

flow of said process material from an oullet of said raturn 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 effect the extension of said process material flow in said return tube to said

exit tube;
a second set screw (130) in said outlet connector maintains said outlet

connector fixed with respect to said basé;
said exit tube is adaptad to extend said process material flow to a user destination

NN MMr OOr O JN
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27. The Coriolis flowmeter of claim 1 characterized in that said flow tube -
apparatus comprises a single flow tube connected to said massive base to define a
dynamically unbalanced structure when vibrated with materjal flow by said driver.

28. The Coriolis flowmeter of claim 1 characterized in that said flow tube

apparatus has high flexibility and also has a stiffness substantially lower than flow

tube apparatus formed of metal or glass.

. 29.  The Coriolis flowmeter of claim 1 characterized in that said flow tube
apparatus has walls substantially thinner than the diameter of the inner portion of .

the flow tube through which said material flows.

' 30.  The Coriolis flowmeter of claim 1 characterized in that said flow tube.

apparatus has a substantially constant diameter.

31. . The Coriolis flowmeter cf claim 1 characterized in that said flow tube

apparatus has: )
a drive frequency deflection that extends over the entirety of the axiat length -
of the active portion of said flow tube apparatus;

. . . £ .
and further has a Conblis daflection that extends over the entirety of the

axial length of the active portion of said flow tuba apparatus.

32. The Coriolis mass flowmeter of any praceding claim characterizsd in

that said Coriolis mass flowmnater is adapted to extend a flow of corresive material

including nitric acid.

28
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